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FrequenC
A Library of C Functions for Frequency Stability Analysis

FrequenC is alibrary of C functions for the analysis of frequency stability that is distributed along with the Stable32 software
package as a 32-bit Microsoft Windows dynamic link library (Freque32.dil). It includes many of the specialized functions
needed to analyze time and frequency data. Included are functions for conversion between time and frequency data, conversion
between time and frequency domains, and the calculation of various Allan, Hadamard and total variances from phase or
frequency data. Thelibrary aso includes functions for drift calculation and removal, common statistical functions, and several
specia functions for identifying noise types and determining confidence intervals. These functions use an array data format
that defines analysis limits and can include gaps. The following tables list the FrequenC Library functions:

Allan Variance Functions

CalcPhaseSigma Calculate Allan deviation for phase data

CalcFreqSigma Calculate Allan deviation for frequency data

CalcPhaseModSigma Calculate modified Allan deviation for phase data

CalcFreqModSigma Calculate modified Allan deviation for frequency data
CalcPhaseOverlapSigma Calculate Allan deviation for phase data using overlapping samples
CalcFreqOverlapSigma Calculate Allan deviation for frequency data using overlapping samples
CalcFastModSigma Quickly calculate modified Allan deviation for gapless phase data
CalcGreenhallModSigma Calculate mod sigma for gapless phase data using Greenhall method

Hadamard Variance Functions

CalcHadamardDev Calculate the 3-sample Hadamard deviation for phase data

CalcPhaseOverlapHadamardDev | Calculate the Hadamard deviation for phase data using overlapping samples

CalcFreqOverlapHadamardDev Calculate the Hadamard deviation for freq data using overlapping samples
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Total Variance Functions

ModTotvarCalc

Other Stability Functions

TIErms

CalcMTIE

CalcFastMTIE

Théol

Drift Functions
CalcQuadraticDrift Calculate least-squares quadratic fit to phase data
CalcFirstDiff
CalcSecondDiff Calculate average of 2nd differences of phase data
CalcThreePointDrift Calculate frequency drift using first, middle and last phase data points
CalcLinFreqDrift Calculate least-squares linear fit for frequency data

CalcBisection Drift

Calculate freq drift using averages of first & last halves of freq data

CalcLogFreqDrift Calculate least-squares log fit for frequency data
RemoveQuadraticDrift Remove quadratic (frequency) drift from phase data
RemoveLinFreqDrift Remove linear drift from frequency data
RemoveLogFreqDrift Remove log drift from frequency data




FrequenC Library Reference Manual

Conversion Functions

ConvFreqToPhase Convert from frequency data to phase data
ConvPhaseToFreq Convert from phase data to frequency data
CalcDomain Calculate the time and frequency domain noise parameter h(a)
ConvDomain Convert between time and frequency domains
DateToMJD Convert calendar date to Modified Julian Date
MJIDToDate Convert Modified Julian Date to calendar date

Common Statistical Functions
FindMinMax Find min and max of phase or frequency data
FindMedian
CalcMean Calculate average of phase or frequency data
CalcPhaseStdDev Calculate the standard deviation for phase data
CalcFreqStdDev Calculate the standard deviation for frequency data

Data Modification

ScaleData Scale phase or frequency data by a+bx

NormalizeData

Normalize phase or freq data to zero mean

AveragePhaseData Do averaging of phase data
AverageFregData Do averaging of frequency data
FillGaps Fill gaps in phase or frequency data

FindFreqOutliers

Find, and optionally remove, outliers in frequency data
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Special Functions
CalcDegFree Calculate # degrees of freedom for overlapping frequency data
CalclnvChiSqgr Calculate value of chi squared for certain # of degrees of freedom
CalcChiSqrProb Calculate the area under the chi squared distribution
CalcNormalProb Calculate the value of the normal deviate
CountGaps Count # gaps in phase or frequency data
FindPlotScale Find scale factor for plotting phase or freq data
CalcBias Calculate the value of the B1 bias function for zero deadtime &
integer mu
CalcBias1 Calculate the value of the B1 bias function
CalcBias2 Calculate the value of the B2 bias function
CalcBias3 Calculate the value of the B3 bias function
CalcRatio Calculate the value of the R(n) function
License

A license is hereby granted for the use of this software within the immediate user group that purchased it. The
FrequenC Library source and object code may be installed on any number of computers within that group, and backup
copies may be made, but only one copy of the Library may be used at any time. Programs compiled using the
FrequenC Library may be distributed without any royality payment, but the Library source or object code may not be
distributed unless a copy of the Library is purchased for every copy thet is distributed.

The FrequenC functions have been extensively tested, but it is never possible to declare software completely bug-free.
No warranty is made, nor isany liability assumed, in connection with the use of this software.

Other Licenses
Portions of the FrequenC library utilize code adapted from other sources, and the user is required to obtain licenses
from those vendors, as hecessary, before utilizing it. A list of those source codes and their vendorsis asfollows:

The Hammer Library (Version 2.40 of 3/9/1990)
O.E.S. Systems

1906 Brushcliff Road

Pittsburgh, PA 15221

IPC-TC-006 Science and Engineering Tools (Revision 8.0 June 1992)
Quinn-Curtis, Inc.

18 Hearthstone Drive

Medfield, MA 02052

Numerical Recipesin C
Cambridge University Press
40 West 20th Street

New York, NY 10011

Specific references to these source codes are made in the text headers of the applicable FrequenC library files.

Installation

The FrequenC Library is distributed in packed form. To install it, copy the INSTALL.EXE file to the desired directory
on your hard disk, and run INSTALL to unpack the Library files. TheINSTALL program may then be deleted.
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Files

The FrequenC package includes source files for al functions, and a header file that contains ANSI C prototypes for
the functions. These source files may be compiled into a library using the complier and memory model of your
choice. Also included istest data, and adriver programs that demonstrate the use of each function.

Data For mat
The FrequenC functions use an one-dimensional array format for phase or frequency data where the first three
elements hold the number of data points, and the start and end analysis limits. The data is assumed to represent
equally-spaced points, with gaps denoted by the value zro. All zeros are considered gaps in frequency data, while
only embedded zeros are considered gaps in phase data. The sizes of the data arrays are determined by the calling
program.

Drift Analysis Functions
A complete set of drift analysis functions are provided for the calculation of linear and logarithmic drift for frequency
data, and quadratic and second-difference drift for phase data. The "Calc" functions calculate the drift parameters, and
the "Remove" functions drift-correct the data. These functions are summarized in the following table:
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Drift Type Phase Data Frequency Data
Linear CalcLinFreqDrift()
RemoveLinFreqDrift()
CalcThreePointDrift() CalcBisectionDrift()
Log CalcLogFreqDrift()
RemoveLogFreqDrift()
2nd-Difference CalcSecondDiff()
Quadratic CalcQuadraticDrift()
RemoveQuadraticDrift()

The arguments of all these functions include the name of the data array (x or y). The anaysis functions have
arguments for pointers to the relevant drift parameters (*p_slope, *p_intercept, etc.), and a pointer to the fit variance
(*p_variance). Drift parameter calculations are direct except for the logarithmic case where an iterative algorithm is
used. The removal functions have parameters for the values of the drift parameters (Sope, intercept, etc.) to be
subtracted. Drift removal does not include calculation of these parameters.

Variance Functions
A complete set of Allan, Hadamard and total variance functions are provided for the calculation of those statistics for
phase or frequency data. These functions are summarized in the following table:

Variance Type Phase Data Frequency Data
Standard CalcPhaseStdDev() CalcFreqStdDev()
Normal Allan (2-sample) CalcPhaseSigma() CalcFreqSigma()
Overlapping Allan CalcPhaseOverlapSigma() CalcFregOverlapSigma()
Modified Allan CalcPhaseModSigmay() CalcFreqModSigma()

CalcFastModSigma() (no gaps)
CalcGreenhallModSigma() (no gaps)

Time CalcPhaseModSigmay() CalcFregModSigma()
(multiply Mod sy(t ) by t /C8B) CalcFastModSigma() (no gaps)
Hadamard (3-sample) CalcHadamardDev()

The arguments of these functions include the name of the data array (x or y) and a pointer to the deviation (* p_dev) or
sigma (*p_sig) value. The phase data functions aso have an argument for the averaging time (tau). In addition, the
overlapping and modified Allan variance functions include an argument for the averaging factor (m). All these
functions except CalcFastModSigma() handle gaps in the data represented by zeros. Only embedded zeros are
considered gaps in phase data. All zeros are considered gaps in frequency data. The CalcFastModSigma() and
CacGreenhalModSig() functions are available for gapless phase data only. They are faster than
CalcPhaseModSigma(), and much faster than CalcFregModSigma(), especialy for alarge data set at alarge averaging
factor. The modified Allan variance for alarge data set at alarge averaging factor should therefore be performed with
gapless phase data if possible. The ConvFreqToPhase() and Fill Gaps() functions may be used to allow this to be done
for frequency data having gaps.

Progress|ndicator
An example of acalculation function prototype that includes a progress indicator is as follows:

int WNAPI Cal cPhaseMvdSi gma(F_TYPE x[], F_TYPE *p_sig, F_TYPE tau,

int m BOOL *bAbort, BOOL bProgress,
voi d (*ProgressFunction)(int nPercentDone, char *szMessage));

Thelast argument is a pointer to avoid function having the signature:
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void WiteProgressMessage(int nPercent Done, char *szMessage);

where the first parameter is the % of the calculation that is complete, and the second parameter is a string to be
displayed by the progressindicator. Thisfunction isnot included in the FrequenC library becauseit if specific to the
particular application. Both the % done and message text are generated by the cal culation function.

The calculation function is called as:

nModSi g=NewCal cPhaseMdSi gma(f Wor kDat a, &f ModSi g, f Tau*nAF, nAF,
&bAbort, 'bAIl Tau, WiteProgressMessage);

where the last argument isthe name of the progress function.

Abort Flag
The variance calculation functions having a progress indicator also have an argument BOOL *bAbort, a pointer to an
integer flag that indicates whether the calculation should be aborted. This variable must be defined and initialized to
FALSE (0) before each calculation. If it is set to TRUE (1) during a calculation, the calculation will be aborted the
next time the progress indicator is updated.

Sour ce Code
C source code for the FrequenC library is not included with the Stable32 software package, but is available for
separate purchase. Please contact Hamilton Technical Servicesfor further information.

List of Source Files

The following is a list of all the source files that comprise the FrequenC Library. The source files names directly
follow their corresponding function names. Source files are included for each individual function and combined into
one master source file, FREQUENC.C. The FreguenC header file, FREQUENC.H, must be included in any source file
that uses the FrequenC Library. Two test programs are incuded in both source and executable form. TEST_FC tests
all the FrequenC functions. CALC_FC is an interactive cal culator-mode program for some of the FrequenC functions.
The source file listings in this document are for informational purposes only, and the individual source files should be
used for compiling the FrequenC library.

Master SourceFile:
FREQUENC. C Al FrequenC Functions

Function Source Files

AFD. C Aver ageFr eqDat a()
APD. C Aver agePhaseDat a()
CB.C Cal cBi as()

CBl.C Cal cBi as1()

cB2.C Cal cBi as2()

CB3.C Cal cBi as3()

cBD. C Cal cBi sectionDrift()
CCsP. C Cal cChi Sgr Prob()
CFD. C Cal cDegFree()

cD2. C Cal cDomai n()

CFMS. C Cal cFregMbdSi gma()
CFMs2. C Cal cFast ModSi gma()
CFCs. C Cal cFreqQverl apSi gma()
CFs. C Cal cFreqgSi gma()
CFSD. C Cal cFreqStd Dev()
CFTP. C ConvFr eqToPhase()
CG C Count Gaps()

Cawvs. C Cal cG eenhal | ModSi gma()
CHD. C Cal cHadarmar dDev/()
cacs.Cc Cal cl nvChi Sqgr ()
CLFD. C Cal cLi nFregDrift()
CLFD2. C Cal cLogFreqgDrift()
M C Cal cMean()

CNP. C Cal cNor nmal Prob()
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CPMB. C Cal cPhaseMdSi gna()
CPCs. C Cal cPhaseCQver | apSi gna()
CPS. C Cal cPhaseSi gna()
CPSD. C Cal cPhaseSt dDev()
CPTF. C ConvPhaseToFr eq()
CD. C Cal cQuadraticDrift()
CR C Cal cRatio()
CsD. C Cal cSecondDi ff ()
CTPD. C Cal cThreePoi ntDrift ()
CD. C ConvDonai n()
DTM C Dat eToMIDX( )
FFO. C Fi ndFreqQutliers()
FG C Fill Gaps()
FMV C Fi ndM nMax()
FPS. C Fi ndPI ot Scal e()
MID. C MIDToDat e()
ND. C Nor mal i zeDat a()
RLFD. C Reroveli nFreqDri ft ()
RLFD2. C RermovelLogFreqDri ft ()
RQD. C RemoveQuadraticDrift()
SD. C Scal eDat a()

Header File

The FREQUENC.H header file invokes several Standard C Library header files, contains several macro definitions, and
gives prototype information for the FrequenC Library functions. It should be included with each of the FrequenC
Library source files when they are compiled. The F_TYPE definition determines the type of floating point variable
that is used for the phase and frequency data arrays and other FrequenC variables. It can be defined as either float or
double.

The PHASE and FREQ definitions are useful for determining the datype parameter. The PSD_Y, PSD_X, PSD_P,
PSD L, SIG_Y, MODSIG_Y and SIG_X definitions are useful for setting the domain conversion type parameter. The
W_PM, F_ PM,W_FM, F_FM and RW_FM definitions are useful for setting the domain conversion dpha parameter.

Test Program Files
TEST FC.C Source File for Test Programfor all FrequenC Functions
TEST_FC. EXE Execut abl e FrequenC Test Program
TEST. DAT Test Data for TEST_FC Test Program

TEST _CD.C Source File for Test Usage of Domain Conversion Functions
TEST_CD. EXE Execut abl e FrequenC Donai n Conver si on Program

CALC FC.C Source File for Cal cul ator Mbde for sone FrequenC Functions
CALC FC. EXE Execut abl e FrequenC Cal cul at or Program

Reference

An excellent reference for many of the FrequenC Library functions is NIST Technical Note 1337, "Characterization
of Clocks and Oscillators', Edited by D.B. Sullivan, D.W. Allan, D.A. Howe and F.L. Walls. Other references are
given in the Stable32 User Manua and the FrequenC Library source files.
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FrequenC.DLL Contents
Dunp of file FrequenC. dll

File Type: DLL

Section contains the follow ng Exports for

0
3E7C7282
0. 00

1

93

93

ordi nal

O©CO~NOOTA~WNPE
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FrequenC. dl |

characteristics
time date stanp Sat Mar 22 09:26: 10 2003

ver si on
ordi nal base
nunber of functions
nunber of nanes
hi nt nane
0 _AddpPsD@ (00001190)
1 _AddSigma@ (000013A0)
2 _AverageFregbData@ (00001000)
3 _AveragePhaseData@ (000012B0)
4  BasScal e@8 (00001440)
5 _BreakDate@6 (00001400)
6 _CalcBiasl@2 (00001800)
7 _CalcBias2@ (00001B00)
8 _CalcBias3@2 (00001D20)
9 _CalcBias@ (000016F0)
A _CalcBisectionDrift@ (000021D0)
B _Cal cChi SgrProb@ (000022A0)
C _Cal cDegFree@?2 (00003150)
D _CalcDiffusionFregDrift @0 (00003440)
E _Cal cDonmai n@6 (00002930)
F _Cal cFast Ml E@6 (00003A20)
10 _Cal cFast ModSi gmra@0 (00003FA0)
11 _CalcFirstDiff@ (000037A0)
12 _Cal cFregHadanmar dDev@ ( 000038FO0)
13 _Cal cFreghbdSi gna@?2 (00003DC0)
14  CalcFreqOfset@6 (000041A0)
15 _Cal cFreqQOverl apHadanmar dDev@?2 (000043B0)
16 _Cal cFreqQverl apSi gnma@z2 (00004570)
17 _Cal cFreqSi gna@ (000046F0)
18 _CalcFreqStdDev@ (000047EQ)
19 _Cal cGeenhal | ModSi gnra@0 (00004C10)
1A _Cal cHadanardB1@ (00004DEOQ)
1B _Cal cHadamardDev@e6é (000051EQ)
1C _CalclnvChiSgr@ (00005420)
1D _CalcLinFregDrift@6 (00005B20)
1E _CalclLogFreqgDrift @0 (00005D10)
1F _CalcMIl E@4 (00010170)
20 _CalcMean@?2 (00006030)
21  _Cal cNornal Prob@ (00006110)
22 _Cal cPhaseHadamar dDev@6 (000062Q0)
23 _Cal cPhaseMdSi gma@2 (00006500)
24  _Cal cPhaseOver| apHadamar dDev@0 (00006840)
25 _Cal cPhaseOverl apSi gna@0 (00006B00)
26 _Cal cPhaseSi gna@6 (00006D50)
27  _Cal cPhaseStdDev@sé (00006F30)
28 _CalcQuadraticDrift @8 (00007600)
29 _CalcRatio@2 (000079A0)

11
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43 2A _CalcSecondD ff@ (00007D40)

44 2B _CalcStarB1@0 (00007C50)

45 2C _CalcThreePointDrift@ (00007EQO)
46 2D _CheckFrequenC@ (00003790)

47 2E _ConvDonai n@6 (00002510)

48 2F _ConvFreqToPhase@0 (00004940)

49 30 _ConvPhaseToFreq@0 (000071Q0)

50 31 _ConvPhaseToFreqUsi ngTi net ags@8 (000073B0)
51 32 _CountGaps@ (00004B90)

52 33 _DateConv@4 (00007F80)

53 34 _DateToJulian@ (00008180)

54 35 _DateToMID@Z2 (00008250)

55 36 _DayOrWek@ (00008090)

56 37 _EDF@Z2 (000082B0)

57 38 _FillFloatGaps@ (00008310)

58 39 _FillGaps@ (00008670)

59 3A _FindFreqQutliers@2 (00008580)
60 3B _FindMedi an@2 (000088EQ)

61 3C _FindMnMax@6 (00009010)

62 3D _FindPlotScale@4 (00009170)

63 3E _GenNoise@4 (00009580)

64 3F _HadTotvarBias@ (0000B180)

65 40 _HadTotvarCalc@4 (0000B210)

66 41 _HadTotvar EDF@ (0000B7FO0)

67 42 _Hadamar dEDF@2 (0000A1AQ)

68 43 _HistoCalc@4 (0000A070)

69 44  JulianToDate@ (0000B8FO0)

70 45 _MIDToDate@6 (0000FF20)

71 46 _MIDtoDOY@ ( 0000FFEOQ)

72 47 _MIDtoGPS@ (00010140)

73 48 _MakeDate@?2 (0000BCDO)

74 49 _MedDev@ (0000BA30)

75 4A _MdTotvarBias@ (0000F9FO0)

76 4B _MdTotvarCal c@2 (0000FA80)

77 4C _ModTotvar EDF@ (00010060)

78 4D _Milti Taper SpectrunCal c@2 (0000BDA4)
79 4E _Noisel D@0 (000103D0)

80 4F _NornalizeData@®6 (00010320)

81 50 _RenoveDb ffusionFregDrift@8 (00010B20)
82 51 _RenoveFreqOfset@4 (00010BDO)
83 52 _RenovelLinFreqgDrift@0 (00010CC0)
84 53 _RenovelLogFreqDrift@8 (00010D50)
85 54 _RenoveQuadraticDrift@8 (00010E00)
86 55 _RoundAxes@z2 (00010770)

87 56 _Scal eData@4 (00011FEO)

88 57 _SpectrunCal c@4 (00010EDO)

89 58 _TlIErms@2 (000125D0)

90 59 _TotalvarBias@0 (000120B0)

91 5A _TotvarBias@ (00012170)

92 5B _TotvarCalc@4 (00012220)

93 5C _TotvarEDF@ (00012540)

Sunmmary

6000 .data
1000 .idata
3000 .rdata
3000 .reloc
1D000 .t ext

12
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AFD.C AverageFregData()
The FrequenC Library
NAME: FUNCTION:
Aver ageFr eqDat a Aver age frequency data by an integer factor
SYNOPSIS: i nt AverageFreqbData(F_TYPE y[], int af)
F _TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
int af Aver agi ng factor
RETURN: i nt The # of data points in averaged dat a,
or -1 if error

REMARKS: _
All data points are processed regardl ess of

Aver agi ng Factor=1 does not hi ng.
All zeros are treated as gaps in frequency

Aver agi ng factor nmust be >0 and £ # data points.

analysis limts.

dat a.

EXAMPLE:
#i ncl ude "frequenc. h"
F_TYPE y[512];

numcAver ageFreqDat a(y, af);
i f(nume=-1)

printf("\nError");
el se

printf("\n# Averaged Data Points = %",

int af; /* averaging factor */
int num /* # points in averaged data */
éf:2; /* assign value to averaging factor */

/* FrequenC header file */
/* frequency data array */

/* average freq data */
/* check for error */

/* error nessage */

num ; [* display num */

SEE ALSO: Aver agePhaseDat a()

REFERENCE: None

11
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Aver ageFr egDat a()

Function to do averagi ng of frequency data

Par amet er s:

Ret ur n:

Revi si on record:
04/ 11/ 97

01/01/98
04/ 21/ 03

F_TYPE y[] frequency data

y[ 0] # data points
y[ 1] anal ysis start
y[ 2] anal ysis end
aver agi ng factor

# points to conbine into each average

i nt af

i nt # data points in averaged data

or -1 if error

Al'l data points processed regardl ess of analysis
limts. Zeros are treated as gaps in freq data.
Error if af<l or af> # original data points.
af=1 is OK and results in no change in data.

Cl oned from Aver ageFrequencyData() of FrequenC Lib
Changed to use analysis linmts

Changes for MS VC++ conpatibility & warnings
Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1992-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL AverageFreqData(F_TYPE y[], int af)

{

int i;
int j;
int k=3;

int n=(int)(y[2]-y[1]+1); /* # original data points */

int num
doubl e sum

if( (af<l) || (af>n) )

return(-1);

}

for(i=(int)(y[1]+2);
{

suneo;

nunFaf ;

/* error */

i +af - 1<=(int)(y[2] +2); i +=af)

1R



{
sum-=* (y+i +j ) ;
}
el se
{
nunt - ;
}
}
i f(num
{
*(y+k++) =suni num
el se
*(y+k++) =0;
}
}
*y=f| oor(n/af);
*(y+1) =1. 0;
“(y+2) =*y;

for(j=0; j<af; j++)

HE(e(y+i+)))

return (int)*y;

FrequenC Library Reference Manual

/* don't average in a gap */

/[* end if */

/* end el se */
/* end for */
/* check if all gaps */

/[* end if */

/* end el se */
/* end for */

/* # data points in averaged data */
/* end AverageFreqData() */

1R
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AP.C AddPSD()
The FrequenC Library
NAME: FUNCTION:
AddPSD Add freq domain noise terns
SYNOPSIS:
fl oat AdAPSD(fl oat PSD{], int PSDtype)
fl oat PSD[ ] Array of PSD termns
i nt PSDtype PSD type macro (e.g. PSD L)
RETURN: f I oat Sum of PSD noi se terns
REMARKS:
Used with Cal cDomai n() and ConvDomai n() .
See domai n conversion type macros in frequenc.h
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
fl oat PSDO 5]; /* PSD array */
float sum /* sum of PSD terns */
;sum:AddPSD( PSD, PSD L); [* call function */
printf("\nPSD Sum = %", sun); [* display result */
SEE ALSO: Cal cDonmi n(), ConvDonwin(), AddSi gma()
REFERENCE:

12
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

AddPSIX )
Function to add freq domai n noise terns

Revi si on record:
05/ 03/ 97 Adapt ed from AddPSD() of STABLE A C
01/01/ 98 Changes for MS VC++ conpatibility & warnings
04/ 21/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1992-2003 Hamilton Technical Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL AddPSD(fl oat fPSD ], int nPSDType)

{

/1 Local variables

int i; /1 1 ndex

fl oat fNoise[5]; /1 So(f) val ues
float fAI; /1 Total So(f)

i f(n

}

el se

{

PSDType==PSD L)

/1 Convert L(f) log values to So(f) nunerical ones before adding
/1 So{f)=2*10"[L(f)/10]
for(i=0; i<5b; i++)

{
if(fPSDi])
{
f Noi se[i]=(float)(2*(pow 10, fPSOyi]/10)));
}
el se
{
f Noi se[i]=0.0;
}
}

/1 Sum noi se terns
f Al 'l =f Noi se[ 0] +f Noi se[ 1] +f Noi se[ 2] +f Noi se[ 3] +f Noi se[ 4] ;

/1 Convert sumto L(f)
if(fAIT)

{

}

el se

{
}

return (float)(10*1 oglO(fAI/2));

return 0.O0;

return (float) (sqrt (fPSD[0]*fPSD 0] +f PSD[ 1] *f PSD[ 1] +f PSD[ 2] *f PSD[ 2] +
f PSD[ 3] *f PSD[ 3] +f PSD[ 4] *f PSD[ 4] ) ) ;

10
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APD.C AveragePhaseData()

The FrequenC Library

NAME: FUNCTION: .
Aver agePhaseDat a Aver age phase data by an integer factor

SYNOPSIS: i nt AveragePhaseData(F_TYPE x[], int af)

F_TYPE x[] Phase data array:
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point
int af Aver agi ng factor
RETURN: i nt The # of data points in averaged dat a,

or -1 if error

REMARKS:

All data points are processed regardl ess of analysis limts.

Aver agi ng factor nmust be >0 and £ # data points.

Aver agi ng factor = 1 does not hi ng.

Enbedded zeros are treated as gaps in phase data.

Aver agi ng of phase data sinply omts the internediate points (i.e

deci mates the data).

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
int af; /* averagi ng factor */
int num [* # points in averaged data */
éf:2; /* assign value to averaging factor */
nunm=Aver agePhaseDat a( x, af); /* average phase data */
(1 f nume=-1) /* check for error */

printf("\nError"); /[* error nessage */
el se

printf("\n# Averaged Data Points = %", nun); [* display num */

SEE ALSO: Aver ageFr eqgDat a()

REFERENCE: None

2N
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1991-2003 Hamilton Technical Services Al Rights Reserved

/*

Aver agePhaseDat a()

Function to average phase data by an integer factor

Par amet er s:

float x[] = phase data array

X[0] = # data points
x[1] = analysis start
x[2] = analysis end
int af = averagi ng factor
Ret ur n: i nt = # points in averaged data
or -1 if error
Not e: Al data points are processed regardl ess of

analysis limts. Averaging phase data by
factor=af is done by sinply using only every
(af)th data point. A gap is retained if it is
one of the averaged points. FError if af<l or
af> # original data points. af=1is OK and
results in no change in the data.

Revi si on record:

12/ 30/ 91 Cr eat ed
12/ 31/ 91 Renaned

01/ 16/ 92 Edi t ed per FrequenC documentation
01/17/92 Edited title bl ock
Changed return to int=# points processed
01/ 18/ 92 Added error trap.
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
04/ 21/ 03 Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL AveragePhaseData(F_TYPE x[], int af)

{

int nune(int)x[0];
i

i nt

int j;

[* # original

/* J starts at the analysis start offset

/* which is 1 for original phase data starting at 1st data point

/*

if( (af<l) || (af>nun) )

{
}

=1

return(-1);

for(i=1;, i<=((numl)/af)+1;

{

*(x+H +2) = *(x+ +2);

j

+= af;

j

is increnented by the averaging factor af

/* error

i ++)

/* 2 is the data array of fset

21

phase data points to be averaged
/* index for averaged phase data
/* 1 goes from1l to ((num1l)/af)+1l averaged phase data points
/* index for original phase data

*/
*/
*/
*/
*/
*/
*/

*/
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} /* end for */
X[ 0] =((num 1)/ af ) +1;
x[ 1] =1;
x[2] =x[ 0] ;
return( (int) x[0]);

/* end AveragePhaseData() */

22
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AS.C AddSigma()

The FrequenC Library

NAME: FUNCTION:
AddSi gna Add tine domain noise terns
SYNOPSIS:

fl oat AddSi gma(fl oat sigma[])

Fl oat sigma[]

RETURN: fl oat Sum of signa noise terns
REMARKS:
Used with Cal cDomai n() and ConvDomai n() .
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
float sigma[5]; /* sigma array */
float sum /* sum of sigma terns */
SumFAddSi gma(si gnma) ; [* call function */
printf("\nSigma Sum= %", sun); [* display result */

SEE ALSO: Cal cDonmi n(), ConvDonain(), AddPSI()

REFERENCE:
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/*****************************************************************************/

/* */
/* AddSi grma() */
/* */
[* Function to add time donain noise terns */
/* */
[* Revi si on record: */
/* 05/ 03/ 97 Adapt ed from AddSi gma() of STABLE A C */
/* 01/01/ 98 Changes for MS VC++ conpatibility & warnings */
/* 04/ 21/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1992-2003 Hamilton Technical Services All Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL AddSi gna(float fSigma[])

{
return (float)(sqrt(fSignma[0]*fSigma[O0]+fSigna[l]*fSigma[ 1] +fSigna[2]*fSignma[ 2]+
fSigma[ 3] *fSi gma[ 3] +f Si gma[ 4] *f Sigma[ 4])) ;
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BD.C BreakDate()

The FrequenC Library

NAME: FUNCTION:

Br eakDat e Break down G egorian date into nonth, day and
year

SYNOPSIS:

voi d BreakDat e(l ong gdate, int *nonth, int *day, int *year)

| ong gdate Gregorian date (yyyymdd)

int *nonth Pointer to nonth (1-12)

i nt *day Poi nter to day (1-31)

int *year Pointer to year (4-digit, e.g. 2003)

RETURN: void

REMARKS:

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
| ong gdat e; /* Gregorian date */
i nt nont h; /* nmonth */
i nt day; [* day */
int year; [* year */
gdat 20030101 /* set ldate */
Br eakDat e( gdat e, &nmonth, &day, &year); [* call function */

printf("\nMonth = %, Day = %, Year = %", nonth, day, year);
/* display results
*/

SEE ALSO: MakeDat e()

REFERENCE:

2/
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/*****************************************************************************/

/* */
/* Br eakDat e() */
/* */
/* Function to break down a Gregorian date into nonth, day and year */
/* */
/* Par aneters: |ong gdate Gregorian date (yyyymdd) */
/* int * no nmonth (1-12) */
/* int * da day (1-31) */
/* int * yr year (4-digit) */
/* */
[* Ret ur n: voi d None */
/* */
[* Revi si on record: */
/* 07/ 17/ 97 Cl oned from brkdate() of Hammer Library */
/* Modi fied code so full 4-digit year is returned */
/* 04/ 21/ 03 Adapted for Version 2.0 source code docunentation

/* */
/* (c) Copyright 1997-2003 Hamilton Technical Services All Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

void _ decl spec(dl |l export) FAR PASCAL BreakDat e(LONG gdate, int *no, int *da,

int *yr)

{
*yr=(int) (gdate/10000L);
*mo=(int) ((gdate/100L) % 100L);
*da=(int) (gdate%dOOL);

}

27
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BS.C BasScale()

The FrequenC Library

NAME: FUNCTION:
BasScal e Fi nd neat plot scale

SYNOPSIS: i nt BasScal e (double min, double max, int n, double* smn,
doubl e* step)

double mn m ni nrum dat a val ue

doubl e nmax maxi num dat a val ue

int n maxi mum # of divisions in plot scale
doubl e *smn poi nter to scal e m ni mum

doubl e *step pointer to step size

RETURN: i nt 1if OK or -1if error

REMARKS:

This function is reconmended for a snmall relative data range, even

t hough its scale choice is often sub-optinum and the # of mnor tics
is not always 5.

Witten by Antonio Gom z Bas based on subroutine SCALE by J. A Nel der
(1976) and W Douglas Stirling (1981).

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* freq data array */
i nt n=10; [* # plot divs */
double m n, max; /[* data mn & max */
doubl e smn, step; /[* scale min & step size */
Fi ndM nMax(y, &mn, &max, FREQ DATA); /* get data mn & max */
BasScal e(m n, max, n, &mn, &step); /* get plot scale */
printf("\nMn = %, Step = %", smn, step); /[* display results */

SEE ALSO: Fi ndPI ot Scal e(), RoundAxes()

REFERENCE: A. Bas, "Finding Neat Scales for Plotting", C Users Journal,
March 2000

29



FrequenC Library Reference Manual

/*****************************************************************************/

/* */
/* BasScal e() */
/* */
/* Function to find neat plot scale */
/* Ref: A Bas, "Finding Neat Scales for Plotting", CU, Mirch 2000 */
/* */
[* Par anet ers: doubl e XM n = m ni num dat a val ue */
[* doubl e XMax = maxi num dat a val ue */
/* int N = max # divs in plot scale */
/* doubl e *SM n = pointer to scal e mninm */
/* doubl e *Step = pointer to step size */
/* */
[* Ret ur n: i nt =1if OKor Oif error */
/* */
/* Witten by Antonio Gom z Bas, 1999 based on subroutine SCALE */
/* by W Douglas Stirling */
/* */
[* Revi si on record: */
/* 03/ 09/ 02 Downl oaded and adapt ed */
/* Runs ACK and seens to produce nice tight scales */
/* 03/19/03 Adapted for FrequenC DLL */
/* 04/ 26/ 03  Adapted for Version 2.0 source code documentation */
/* */

/* (c) Copyright 2002-3 Hamilton Technical Services Al Rights Reserved */

/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL BasScal e (doubl e XM n, doubl e XMax,
int N, double* SMn, double* Step)

{
i nt i NegScl ; /1 Negative scale flag
i nt i NmL; /1 Nunber of scale subintervals
doubl e | flni Step; /1 Initial step
doubl e | f Scl St ep; /1 Scal ed step
doubl e | f Tnp; /1 Tenporary val ue
doubl e I f Scl Fct; /1 Scaling back factor
doubl e | f SMax; /1 Scal e maxi mum val ue
i nt it; /1 lteration counter
i nt i; /1 Neat step counter

/1 Neat steps

/1 Original version had these steps
int Steps [] = {10, 12, 15, 16, 20, 25, 30, 40, 50, 60, 75, 80, 100, 120, 150%;

/1 Try reduced choices for use in case of narrow range
/1 int Steps [] = {10, 20, 50, 100};

int iNS = sizeof (Steps) / sizeof (Steps [0]);

/1 Sonme checks
if (XMn > XMax)

{
[fTnp = XM n;
XM n = XMax;
Xvax = | fTnp;
}
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if (XMn == XMax) XMax = XMn == 0.0 ? 1.0 : XMn + fabs (XMn) / 10.0;

/1 Reduce to positive scale case if possible
if (Xvax <= 0)

{
i NegScl = 1;
[fTnp = XM n;
XM n = - XMax;
XMax = - fTnp;

}

el se
i NegScl = 0;

if (N<2) N= 2
iNTL = N - 1;

for (it =0; it <3; it++)
{
/1 Conpute initial and scal ed steps
[flniStep = (XMax - XM n) / i Nmi;
I fSclStep = I flni Step;

for (; 1fSclStep < 10.0; [fSclStep *= 10.0);
for (; 1fSclStep > 100.0; I[fSclStep /= 10.0);

/1 Find a suitable neat step
for (i =0; i <iNS & IfSclStep > Steps [i]; i++);
[fSclFct = IflniStep / |fSclStep;

/1 Conpute step and scal e mi ni mum val ue

do
{
*Step = 1fSclFct * Steps [i];
*SMn = floor (XMn / *Step) * *Step;
[fSMax = *SMn + i NnL * *Step;

if (Xvax <= | fSMax) /1 Function maximumis in the
/1 range: the work is done.

{
if (iNegScl) *SMn = -1|fSMax;
*Step *= iNmL / (N - 1);
return 1,
)
i ++;

}
while (i < iNS);

// Doubl e nunber of intervals

i NmL *= 2;
}
/1 Could not solve the problem
return O;

}

2N



FrequenC Library Reference Manual

21



FrequenC Library Reference Manual

CB.C CalcBias()
The FrequenC Library
NAME: FUNCTION:
Cal cBi as Cal cul ate the B1 bias function for zero dead

time and integer power |aw noise slope

SYNOPSIS: float Cal cBias(int num int nu)

int num

The # of data points

int nu

Log-1og slope, py, of Allan variance, s2,(t),
for a power | aw noise process:

Noi se Type u
Flicker valk FM 2
Random Wal k FM 1
Fl i cker FM 0
Wite FM -1
Fl i cker PM -2
Wiite PM -2

RETURN: fl oat

The value of the B;(N, r, ) bias function,
the ratio of the standard variance to the
Al'l an variance for zero dead tine (r=1) and
i nteger p power |aw s2,(t) noise process,
or -1.01if error.

REMARKS:

The val ue of mu nust be an integer between -2 and +2.

EXAMPLE:

#i ncl ude "frequenc. h"
float bil;

int num

int mu;

hur_rg(i nt) x[O0];

mu= ’
bl=Cal cBi as(num nmu);
i f(bl==-1.0)

printf("\nError");

/* FrequenC header file */

/* value of Bl bias function */
[* # data points */

/* power | aw noi se slope */

/* set num = # data points */
/* set mu for noise type */
/* calc Bl */

/* check for error */

/* error nessage */

el se

printf("\nBl = %", bl); [* display bl */
SEE ALSO: Cal cBi as1()
REFERENCE: NI ST Techni cal Note 1337

22
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cBi as()

Function to cal culate bias function B1(N, r=1, &, the ratio
of the standard variance to the Allan variance for N sanpl es,
zero dead-tinme, and integer log sigma vs log tau slope a

Par anet er s: int num = # sanples
int nu = sigma-tau slope (-2 to +2)
Ret ur n: f1 oat = B1 bias function val ue,

or -1 if error

Revi si on Record:
11/16/90 Created
12/31/91 Renaned
01/05/92  Changed error code to -1
Added error traps
01/18/92 Edited title bl ock
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98  Changes for Ms VC++ conpatibility & warnings
04/ 26/ 03  Adapted for Version 2.0 source code documentation

/* (c) Copyright 1990-2003 Hanmilton Technical Services Al R ghts Reserv

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
ed */
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cBias(int num int nu)

{

float n=(float)num
float b;

i f (n<=1)

{
}

return(-1); /* error co

swi t ch( mu)

{

case -2: /* white or flicker

b=((n*n)-1)/((float)(1.5)*n*(n-1));
br eak;

}

de */

PM */

case -1: /[* white FM */

{
b=1;
br eak;

}

case O: /* flicker

{
b=(n*(float)log(n))/(2*(n-1)*(float)log(2));
br eak;

22
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case 1: /* random wal k FM */
b=n/ 2;
br eak;

}

case 2: /* frequency drift or flicker walk FM*/

b=(n*(n+l1))/6;

br eak;
}
def aul t : /* unal |l owed mu */
{
b=-1; /* error code */
br eak;
}
} /* end switch */
return(b);

/* end Cal cBias() */

U
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CB1.C CalcBias1()

The FrequenC Library

NAME: FUNCTION:
Cal cBi as1 Cal cul ate the Bl bias function

SYNOPSIS: float Cal cBiasl(int num float r, float mu)

int num The # of data points
float r Dead tine ratio; r=T/t
float nu Log-1og slope, py, of Allan variance, s2,(t),
for a power | aw noi se process:
Noi se Type u
Flicker v\alk FM 2
Random Wal k FM 1
Fl i cker FM 0
Wiite FM -1
FI i cker PM -2
Wiite PM -2
RETURN: f I oat The value of the B,(N, r, p) bias function,

the ratio of the standard variance to the
Al l an variance for dead tine ratio r and
power |aw s2,(t) noise exponent ,

or -1.0 if error.

REMARKS:
The val ue of nu nust be between -2 and +2.
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
float bil; /* value of Bl bias function */
float r; /* dead tine ratio */
float nu; /* power | aw noi se exponent */
int num [* # data points */
hunF(int) X[ 0]; /* set num = # data points */
r=1.1; /* set r = dead tinme ratio */
nmu=0. 0; /* set mu for noise type */
bl=Cal cBi as(num r, nu); /* calc Bl */
i f(bl==-1.0) /* check for error */
printf("\nError"); /* error nessage */
el se
printf("\nBl = %", bl); [* display bl */

SEE ALSO: Cal cBi as()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cBi as1()

Function to cal cul ate bias function B1(N, r, & =
standard to Allan variance as a function of N = # sanples, r =
T/¢c = dead tine ratio and a = power |aw noi se exponent of ay(cg).
r =1 for no dead tinme. Bl =1 for N= 2.

rati o of

Ref er ences: (1) NBS Technical Note 375, J.A Barnes, "Tables

of Bias Functions Bl and B2,

for Variances

Based on Finite Sanples of Processes with

Power Law Spectral

Densities",

January, 1969.

(2) NI ST Technical Note 1337, TN-296 to TN 335,

J. A Barnes and D.W All an,

"Vari ances Based

on Data with Dead Ti ne Between the

Measur enent s".

(3) J.A Barnes, "The Analysis of Tine and
Frequency Data", Austron, Inc,

Decenber, 1991.

Not e: Faster direct solution Cal cBias() function

available for r=1 zero dead ti ne,

i nt e case.

# sanples (tested for 4 to 1024)

| arge # takes | onger
dead tinme ratio (tested for.001 to 8192)
< le6 to avoid QF

code for mu < -2 or mu > 2

Par anet er s: int num=
X for 2 to | NT_MAX
float r =
Bounded to le-4 < r
float mu= noise type (tested for -2 to +2)
Get -1 error
Ret ur n: fl oat = Bl bias function val ue,

or -1 if error

Revi si on record:
12/ 22/ 91 Drafted & debugged

12/23/91  Added nore bounds traps
12/24/91  Added traps for special

12/31/91 Renaned
01/ 05/ 92 More error trapping

cases

01/ 16/ 92 Edi t ed per FrequenC documentation

01/ 18/ 92 Edited title bl ock

02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98  Changes for Ms VC++ conpatibility & warnings
04/ 26/ 03  Adapted for Version 2.0 source code documentation

(c) Copyright 1991-2003 Hanilton Techni cal

Services All

Ri ghts Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cBiasl(int num float r, float nu)

{

doubl e f;
doubl e p;
doubl e s;
int i;

7

/[* termf

*/

/* product term*/

/* summation term*/
/* summation index */
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i f(nunx=1)

{
return(-1.0);

}

r=(float)fabs(r);
F((mu<-2) | | (mi>2))
{

return(-1.0);

}
i f(nume=2)
{
return(l.0);
}
i f(mu==2)
{
p=num
return(float) ((p*(num-l)
}
if((r==1)&&(m==1))
{
return(float) (nun 2);
}

i f((mu==-1)&&(r>=1))
{

return(l.0);
}

i f((mu==-2)&&(r! =0) &&(r! =1))
{

return(l.0);
}

i{f((rm==0)||(rm==-2))

}

i f (r<.0001)
{

}

i f(r>1eb)
{

}
p=num

p*=(num1);
s=0;

nmu+=(f1l oat) le- 6;

r=(float)le-4;

r=1e6;

/* NGif # sanples < 2

/* error code

/* avoid negative ratio

/* avoid ax-2 or &2

/* error code

/* end if

/* check for special case

/* end if

/* check for special case

/* done in two steps to avoid int overflow
)1 6);

/* end if

/* check for special case

/* end if

/* check for special case

/* end if

/* check for special case

/* end if

/* check for &0 or -2

/* to avoid singularity

/* end if

/* check for r near O

/* to avoid singularity

/* end if

/* check for very large r

/* to avoid overfl ow

/[* end if

/* initialize p
/* done in two steps to avoid int overflow
/[* initialize sumto zero
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for(i=1; i<num i++) /* do sunmation */
{
f=2*pow(i*r, mu+2) - pow (i*r)+1, nmu+2) - pow(fabs((i*r)-1), nu+2);
s+=(f*(numi))/p;
} /* end for */

f=2*pow(r, mu+2) - pow(r+1, mu+2) - pow(fabs(r-1), mu+2);

return(float) ((1+s)/(1+(f/2)));
/* end Cal cBiasl() */
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CB2A.C CalcBias?2()

The FrequenC Library

NAME: FUNCTION:
Cal cBi as?2 Cal cul ate the B2 bias function

SYNOPSIS: fl oat Cal cBi as2(float r, float mu)

float r Dead tine ratio; r=T/t

float nu Log-1og slope, py, of Allan variance s2,(t)
for a power |aw noise process:
Noi se Type
Flicker Wal k FM
Random Wal k FM
Fl i cker FM
VWite FM -
Fl i cker PM -
VWite PM -

RETURN: f I oat The val ue of the By,(r, M) bias function,

the ratio of the Allan variance with dead
time to the Allan variance wthout dead tine
for dead tine ratio r and power |aw s2 (t)
noi se exponent |, or -1.0 if error.

I\JI\JI—‘OI—‘I\JTC

REMARKS:
The val ue of nmu nust be between -2 and +2.
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
float b2; /* value of B2 bias function */
float r; /* dead time ratio */
float nu; /* power | aw noi se exponent */
?:1.1, /* set r = dead tinme ratio */
nmu=0. 0; /* set mu for noise type */
b2=Cal cBi as(r, mu); /* calc B2 */
i f(b2==-1.0) /* check if error */
{
printf("\nError"); /* error nessage */
}
el se
{
printf("\nB2 = %", b2); [* display b2 */

SEE ALSO: Cal cBi as3()

REFERENCE: NI ST Techni cal Note 1337

AN
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/*****************************************************************************/

/* */
/* Cal cBi as2() */
/* */
/* Function to calculate the bias function B2(r, u) = ratio of */
/* Al'lan variance with dead time to Allan variance wi thout dead tine */
/* as a function of r and u, where r = T/tau = dead time ratio and */
/* u = power |aw noise exponent of signa-tau. */
/* r =1 for no dead tinme and B2(1, u) = 1. */
/* */
/* Ref er ences: (1) NBS Technical Note 375, J.A Barnes, "Tables */
/* of Bias Functions Bl and B2 ...", Jan. 1969. */
/* (2) NI ST Technical Note 1337, TN-296 to TN 335, */
/* J. A Barnes and D.W Allan, "Variances Based on */
/* Data with Dead Ti ne Between the Measurenents". */
/* (3) J.A Barnes, "The Analysis of Tine and */
/* Frequency Data", Austron, Inc, Decenber, 1991. */
/* */
/* Par anet er s: float r = dead time ratio */
/* Tested for.0001 to 4096) */
/* Bounded to le-4 <r < 1le6 to avoid QF */
/* float mu= noise type (mu = -2 to +2) */
/* Get -1 error code for nu < -2 or mu > 2 */
/* */
/* Ret ur n: fl oat = B2 bias function val ue, */
/* or -1 if error */
/* */
/* Revi si on record: */
/* 09/21/02  Copied from Cal cBi as2() of FrequenC library */
/* 09/ 22/ 02 Fi xed error in F PM case */
/* 03/ 08/ 03 Brought into Ver 2.0 of FrequenC lib */
/* 04/ 26/ 03  Adapted for Version 2.0 source code documentation */
/* */
/* (c) Copyright 1991-2003 Hamilton Technical Services Al R ghts Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cBi as2(float r, float mu)
{

doubl e f; [* termf */

doubl e d;
r=(float)fabs(r);
Hf((mu<-2)| | (mui>2))
{

return(-1.0);

/* denom nator term*/
/* avoid negative ratio */
/* avoid ax-2 or &2 */

/* error code */

} [* end if */
i f(r==0) /* no need to calc for r=0 */
{

return(0.0);
} [* end if */
if(r==1) /* no need to calc for r=1 */
{

return(l.0);
} [* end if */

A1



FrequenC Library Reference Manual

i f (mu==2)
{

}
i f((mu==1) &&(r >=1))
{

return(((3*r)-1)/2);

return(r*r);

}
i f((rmu==-1)&&(r>=0))
{
i f(r<=1)
{
return(r);
}
el se
{
return(l.0);
}
}
i f(m==-2)
{
return((float)(2.0/3.0));
}
i f(mu==0)
{
nmu+=(f1l oat) le- 6;
}
i f(r<.0001)
r=(float)le-4;
}
i f(r>1eb)
{
r=1e6;
}
f=2*pow(r, mu+2) -

d=2*(1-pow(2, nu));

return(float) ((1+(f/2))/d);

pow(r+1, mu+2) -

/* special case for a2
/[* end if
/* special case for a2 and rol

/* end if

/* special case for a=-1 and ro0

/* end if

/* end el se

/* end if

/* special case for a-2 and r!'=0 or 1

N2

pow fabs(r-1),

/* end if
/* check for a0

/* to avoid singularity
/* end if
/* check for r near O

/* to avoid singularity
/* end if

/* check for very large r

/* to avoid overfl ow

/* end if

nu+2) ;

/* end Cal cBi as2()

*/

*/

*/
*/

*/

*/
*/

*/

*/
*/

*/
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CB3A.C CalcBias3()
The FrequenC Library
NAME: FUNCTION:
Cal cBi as3 Cal cul ate the B3 bias function

SYNOPSIS: float Cal cBias3(int m float r, float nu)

int m The # of averages
float r Dead tine ratio; r=T/t
float nu Log-1og slope, u, of Allan variance, s2,(t)

for a power | aw noi se process:

Noi se Type u
Flicker valk FM 2
Random wal k FM 1
Fl i cker FM 0
Wite FM -1
Fl i cker PM -2
Wiite PM -2

The value of the Bs(m r, p) bias function,
the ratio of the Allan variance with

di stributed dead tines to the Al an variance
with all dead tinme at end as a function of
# averages m dead tinme ratio r and power
s2,(t) noise exponent p, or -1.0 if error.

RETURN: fl oat

| aw

REMARKS:
The val ue of nu nust be between -2 and +2.
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
float b3; /* value of B3 bias function */
float r; /* dead tine ratio */
float nu; /* power | aw noi se exponent */
int m /* # averages */
ﬁFZ; /* set m= # averages */
r=1.1; /* set r = dead tinme ratio */
nmu=0. 0; /* set mu for noise type */
b3=Cal cBias(m r, nu); /* calc B3 */
i f(b3==-1.0) /* check for error */
printf("\nError"); /* error nessage */
el se
printf("\nB3 = %", b3); [* display b3 */
SEE ALSO: Cal cBi as2()
REFERENCE: NI ST Techni cal Note 1337

AA
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cBi as3()

Function to cal culate bias function B3(2, M r, u) = ratio of
All'an variance with distributed dead times to Allan variance

with all dead tine at end as a function of M# averages,
r=T/tau=dead tine rati o and u=power |aw noi se exponent of signma-tau.

r=1 for no dead tinme. Bl=1 for N=2.
Use product of B2 and B3 for averaged data with dead tine. */
*
/
Ref er ences: (1) NBS Technical Note 375, J.A Barnes, "Tables
of Bias Functions Bl and B2 ...", Jan. 1969.

(2) NI ST Technical Note 1337, TN-296 to TN 335,
J. A Barnes and D.W Allan, "Variances Based
on Data with Dead Ti ne Between the

Measur enent s".

(3) J.A Barnes, "The Analysis of Tine and
Frequency Data", Austron, Inc, Dec. 1991

Par anet er s: int m = # averages (tested for 1 to 1024)
X for 1 to INT_MAX, large n takes |onger

float r

dead tinme ratio (tested for.01 to 8192)

Bounded to 1le-4 <r < 1le6 to avoid QF

float nu
CGet -1 error

Ret ur n: fl oat

Revi si on record:

noi se type (tested for -2 to +2)
code for mu < -2 or mu > 2

B3 bi as function val ue,
or -1 if error

09/21/02  Copied from Cal cBi as2() of FrequenC library
03/ 08/ 03 Brought into Ver 2.0 of FrequenC lib
04/ 26/ 03  Adapted for Version 2.0 source code documentation

(c) Copyright 1991-2003 Hamlton Technica

Services Al Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL CalcBias3(int m float r, float mu)

{

doubl e f;
doubl e s;
int i;

i f(m==0)
{

}
meabs(m ;

r=(float)fabs(r);

return(-1.0);

Hf((mu<-2) || (mu>2))
{

return(-1.0);

AR

/[* termf
/* summmation term
/* summtion index

/* error code

/* avoid negative # points
/* avoid negative ratio

/* avoid ax-2 or &2

/* error code
/* end if

*/
*/
*/

*/

*/
*/

*/

*/
*/



if((r==1)]|(m==1)]]| (nu==2)) /* no need to calc if r=1 or mF1 or nu=2
{

return(l.0);
} /* end if
i f(nmu==-2) /* no need to calc if nmu=-2
{

return(float)(m;
} /* end if
i f(nu==0) /* check for a0
{

nmu+=(f1l oat) le- 6; /* to avoid singularity
} /* end if
i f(r<.0001) /* check for r near O
{

r=(float)le-4; /* to avoid singularity
} /* end if
i f(r>1eb) /* check for very large r
{

r=1e6; /* to avoid overflow
} /* end if
s=0; /[* initialize sumto zero
for(i=1;, i<m i++) /* do summation
{

f=2*pow(i*r, mu+2) - pow (i*r)+1, nmu+2) - pow(fabs((i*r)-1), nu+2);

f*=2;

f-=2*pow( (m+i)*r, mu+2) - pow(((mti)*r)+1, nu+2)

- powfabs(((m+i)*r)-1), nmu+2);
f-=2*pow (mi)*r, mu+2) - pow(((mi)*r)+1, nu+2)
- powfabs(((mi)*r)-1), mu+2);

fr=(mi);

s-=f;
} /* end for
s+=nt(2*pow( mFr, nu+2) - pow (n¥r)+1, mu+2) - pow(fabs((nfr)-1), nu+2));
s+=2*m
f=2*pow(r, mu+2) - pow(r+1, mu+2) - pow(fabs(r-1), mu+2);
f+=2;

FrequenC Library Reference Manual

return(float)(s/(f*pow(m mu+2)));

AR

/* end Cal cBi as3()

*/

*/

*/

*/
*/

*/
*/

*/

*/
*/

*/

*/

*/



FrequenC Library Reference Manual

N7



FrequenC Library Reference Manual
CBD.C CalcBisectionDrift()

The FrequenC Library

NAME: FUNCTION:
Cal cBi sectionDrift Calc freq drift using the average freq over
t he
first and | ast hal ves of the data points
SYNOPSIS:
fl oat Cal cBisectionDrift(F_TYPE y[])
F TYPE y[] Frequency data array
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
RETURN: fl oat Drift per unity data interval
REMARKS:

Only data points between start and end analysis limts are nodifi ed.
All zeros are treated as gaps in frequency data.

This is the best estimator of drift for the conbination of white and
random wal k FM noi se (see reference.

Tau=1 is assunmed. Drift is per tau interval.

This function calls FrequenC function Cal cMean().

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /[* data array */
float drift; [* drift */
drift=Cal cBi sectionDrift(y); [* call function */
printf("\nDrift = %", drift); [* display result */

SEE ALSO: Cal cMean()

REFERENCE: M Weiss, D. Allan, and D. Howe, "Confidence on the Second
Difference Estimation of Frequency Drift", 1992 | EEE Frequency Control
Synposi um pp. 300- 305, June, 1992.

AR
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cBi sectionDrift()

Function to cal cul ate frequency drift using the average frequency
over the first and Il ast hal ves of the data points.

Par anet er s: yl] frequency data array
Ret ur n: fl oat frequency drift

Notes: This is the best estimator of drift for the conbination
of white and random wal k FM noi se (see reference).
Tau=1 i s assuned. Drift is per tau interval.
This function calls FrequenC function Cal cMean().

Ref er ence:

M Wiss, D. Allan, and D. Howe, "Confidence on the Second Diff-
erence Estimation of Frequency Drift", 1992 | EEE Frequency Control
Synposi um pp. 300- 305, June, 1992,

Revi si on record:
11/ 01/ 92 Created
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98 Changes for MS VC++ conpatibility & warnings
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1992-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cBisectionDrift(F_TYPE y[])

{

F _TYPE start, end, md; /* original analysis limts & m dpoint
F _TYPE al, a2; /* frequency averages
float d; /* frequency drift
/* save original analysis limts */

start=y[1];

end=y[ 2] ;

/* find mdpoint of analysis data */
md = ((y[2]-y[1])+1)/2; /* not necessarily an integer

/* calc avg freq over 1st half */

y[1] =1;

y[ 2] =fl oor (m d); /* rounded down to the next snaller integer
Cal cMean(y, &al, FREQ; /* calc avg freq over 1st half

/* calc avg freq over 2nd hal f */
y[1] =y[2] +1;

y[ 2] =end;

Cal cMean(y, &a2, FREQ;

/* calc drift */
d=(float) ((a2-al)/(nmid));

AQ

/* FrequenC header file

*/

*/
*/
*/

*/

*/
*/

*/
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/* restore analysis limt */
y[1] =start;

return(d); /* frequency drift */
/* end Cal cBisectionDrift() */
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CalcChiSqgrProb()

The FrequenC Library

NAME:
Cal cChi Sqgr Pr ob

FUNCTION:

Cal cul ate the chi-square probability function

SYNOPSIS: fl oat Cal cChi SqgrProb(fl oat x,

fl oat df)

fl oat x

The chi -square val ue

fl oat df

The # of chi

square degrees of freedom

RETURN: fl oat

The val ue of the chi-square probability,
t he area under the chi-

chi -square val ue x and

t he
square curve for the
the # of degrees of

freedomdf, or -1.0 if error.
REMARKS: None
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
float p; /* value of chi-square probability */
float x; /* chi-square value */
float df; /* # degrees of freedom */
k:3.94; /[* set r = dead tinme ratio */
df =10; /[* set mu for noise type */
p=Cal cChi Sqr Prob(r, nu); /[* calc X2 prob */
i f(p==-1.0) /* check for error */
printf("\nError"); [* error nessage */
el se
printf("\np(X?,df) = %", p); [* display p */
SEE ALSO: Cal cl nvChi Sqr ()
REFERENCE: Col | ected Algorithnms from CACM Vol. |, # 299
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1991-2003 Hamilton Technical Services Al Rights Reserved

/*

Cal cChi Sgr Prob()

Function to cal cul ate the chi-square probability, the area under
the chi-square distribution

Ref er ence: Col l ected Algorithns from CACM Vol . |, #299
I.D. HIl and M C. Pike, 1965.

Par anet er s: float x = chi-square val ue
float df = # of degrees of freedom
Ret ur n: fl oat = chi -square probability val ue

or -1 if error

Revi si on record:
12/ 30/ 91 Creat ed
12/31/91 Renaned
01/ 18/ 92 Edited title bl ock
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98  Changes for Ms VC++ conpatibility & warnings
04/ 26/ 03  Adapted for Version 2.0 source code documentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cChi SgrProb(float x, float df)

{

i nt
BOOL
BOOL

f
even;
bi gx=FALSE

fl oat chiprob

doub

i f(x
{

}

f =
it (
{

}

a =

even
even
if(
{

}
if(
{

}

lea c, e, vy, z, s;
> 1416) /* avoid OF of exp(-0.5*x) < DBL_M N =+ 2.225e-308
bi gx=TRUE
/* end if
(int) df;
Xx <0.0]|| f<1.0)
return (-1.0); /* error code
/* end if
5 * x;
= (f %2);
= leven,
even || f > 2 && ! bigx)
y = exp(-a);
/[* end if
even)
s =,
/[* end if

R

*/

*/

*/
*/

*/



el se

}
if(
{

}
el se

{
}

retu

FrequenC Library Reference Manual

s = 2.0 * CalcNormal Prob((float)-sqrt(x));
/* end el se
f >2)
x = (float) (0.5 * (df - 1.0));
if (even)
{
z = 1.0;
} /* end if
el se
{
z = .5
} /* end el se
if (bigx)
{
e = (even) ? 0.0 : .572364942925;
c = log(a);
for (; z <=x; z +=1.0)
e =1log(z) + e
s = exp(c * z- a- e +s;
} /* end for
chiprob = (float)s;
} /* end if
el se
{
e = (even) ? 1.0 : .564189583548 / sqgrt(a);
c = 0.0;
for ( Z <= Xx; z +=1.0)
{
e=e*al z
c += e
} /* end for
} /* end el se

chiprob = (float)(c * y + s);
/* end if

chi prob (float)s;

/* end el se

rn (chiprob);
/* end Cal cChi Sqr Prob()

BA

*/

*/

*/

*/
*/

*/

*/
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CD.C ConvDomain()

The FrequenC Library

NAME: _ FUNCTION: . .
ConvDomai n Performtime-frequency domai n conversions
SYNOPSIS:

int ConvDormain(float h, float *z, float tau, float f, float v,
float fh, int type, int alpha, int n)

fl oat h Noi se paraneter, h(a)

float *z Pointer to output paraneter: 1=S/(f), 1/Hz, 2=
S,(f), sec?2/Hz, 3=5(f), rad?/Hz, 4=£(f),
dBc/Hz, 5=s,(t), 6= M s,(t), 7=s,(t), sec

float tau Averaging time t, sec

float f Fourier frequency f, Hz

float v Carrier frequency, Hz

float fh System hi gh frequency cut off, Hz

int type I nput paraneter type: 1=S/(f), 2=§(f),
3=5(f),
4=£(f), 5=s,(t), 6=Mod s,(t), 7=s4(t)

int al pha Power | aw noi se type, a

int n # sanpl es averaged; sanpling tinme=t,=t/n

RETURN: | nt Status: +1=0K, -1=Error

REMARKS: This function converts the noise paraneter h(a)to an out put
par anet er determ ned by type. Depending on the conversion desired,
the paraneters t, f, v, fh, alpha and n are used. Use the function
Cal cDomai n() for the inverse conversion fromone of the tinme or
frequency noise paraneters to h(a). A general domain conversion is
performed by using both functions. Calls FrequenC Library function
CalcRatio(). Oiginal z unchanged if bad parameter (error).

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
float h, tau, f, v, fh, type; /[* input paraneters */
float z; /* out put paraneter */
int al pha, n; /* input paraneters */

i nt status; /[* return code */
/* set paraneters */

ConvDormai n(h, &, tau, f, fh, type, alpha, n); [* call function */
printf("\nv = %", v); /[* display result */

SEE ALSO: Cal cDomai n()

REFERENCE: NI ST Techni cal Note 1337

[N
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

ConvDonai n()

Function to do tinme-frequency domai n conversions

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
01/ 25/ 92
01/ 26/ 92

02/ 03/ 96
04/ 26/ 03

float h
float *p_z

Noi se paraneter h(a)

Poi nter to output paraneter z:
Sy(f), 1/ Hz if type=1
Sx(f), secy/Hz if type=2
Si(f), rady/Hz if type=3

aff), dBc/Hz if type=4

ay(¢) if type=5
Mod ay(c¢) if type=6
ax(cg), sec if type=7
float tau Averaging tine ¢, sec
float f Fourier frequency f, Hz
float v Carrier frequency, Hz
float fh System hi gh frequency cut off, Hz
int type | nput paraneter type:
1=Sy(f), 2=Sx(f), 3=Si(f), 4=cff)
5=dy(¢), 6=Mbd ay(¢), 7=ax(¢)
i nt al pha Power | aw noi se type, a

Log=l og sl ope of Sy(f)=h(a)f"a
Wiite PM a=+2, Flicker PM a=+1
Wiite FM a= 0, Flicker FM a=-1
Random Wal k FM a=-2

int n = # sanpl es averaged

sanpling time = tau 0 = tau/n

i nt = Status: +1=0K, -1=Error

This function converts the noise paraneter h(a)
to an output paraneter determ ned by type.
Dependi ng on the conversion desired, the
paraneters t, f, v, fh, alpha and n are used.
Use the function Cal cDomai n() for the inverse
conversion fromone of the tinme or frequency
noi se paraneters to h(a). A general donain

conversion is performed by using both functions.

Call's FrequenC Library function CalcRatio().
Oiginal z unchanged if bad parameter (error).

Adapt ed from conversion() of DOVAIN F.C
Changed type #s to agree with Cal cDomai n()
Fixed errors in Sp & L cal cul ations

Modi fied for use as Wn 3.1 DLL

Adapted for Version 2.0 source code docunentation

(c) Copyright 1992-2003 Hamilton Technical Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

/* FrequenC Li brary header file */

int _ declspec(dllexport) FAR PASCAL ConvDonai n(float h, float *p_z,

{

float tau, float f,

doubl e pi

float v, float fh, int type, int alpha, int n)

/*

R7
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*/
*/
*/
*/
*/
*/

doubl e a;
doubl e b;
doubl e c;
doubl e d;
doubl e e;
doubl e Sx; [* Sx(f)
doubl e Sp; [* Si(f)
doubl e L; [* off)
doubl e Sy; /* Sy(f)
doubl e sy; 1* ay(¢)
doubl e sx; /* ax(g)
doubl e nod_sy; /* NMod ay(g¢)

/* check paranmeters */

if( (h==0) || (tau<=0) || (f<=0) |l (v<=0) || (fh<=0) |

{ (type<l) || (type>7) || (alpha<-2) || (alpha>2) || (n<l) )
return(-1);

}

/* initialize constants */

pi =4*atan(1);

a=4*pi *pi / 6;

b=2*1 og(2);

c=0. 5;

d=(1. 038+(3*1 og(2*pi *fh*tau)))/ (4*pi *pi);
e=(3*fh)/ (4*pi*pi);

/* perform basic frequency domai n conversion */
Sy=h*pow(f, al pha);
/* performbasic time donmain conversion */

swi t ch(al pha)

case 2: [* Wi */
{
sy=sqrt (e*Sy/ (f*f*tau*tau));
br eak;
}
case 1: [* Fi */
{
sy=sqrt (d*Sy/ (f*tau*tau));
br eak;
}
case O: [* W */
{
sy=sqrt (c*Sy/tau);
br eak;
}
case -1: [* Ff */
{
sy=sqrt (b*f*Sy);
br eak;
}

RQ
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case -2: [* RWT */
{
sy=sqgrt (a*f*f*Sy*tau);
br eak;
}
defaul t:
{
return(-1); /* error */
}
} /* end switch */

/* conpl ete specific conversion */

switch(type)

{
case 1: [* Sy(f) */
{
*p_z=Sy;
br eak;
}

case 2: [* Sx(f) */

Sx=8y/ (4*pi *pi *f*f);

*p_z=SX;
br eak;
}
case 3: [* Si(f) */
{
Sp=Sy*v*v/ (f*f);
*p_z=Sp;
br eak;
}
case 4: /* off) */
{
Sp=Sy*v*v/ (f*f);
L=10*1 0g10( Sp/ 2) ;
*p_z=L;
br eak;
}
case 5: /I* sy(¢) */
{
*p_z=sy,
br eak;
}

case 6: /* Mod sy(¢) */

if( (tau/n)<l)
{

}

nod_sy=sqrt (sy*sy*Cal cRati o(al pha, n, 2*pi*fh*tau/n));
*p_z=nod_sy;

br eak;

return(-1);

Ra
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case 7: /[* sx(¢) */

if( (tau/n)<l)
{

}
nod_sy=sqrt (sy*sy*Cal cRati o(al pha, n, 2*pi*fh*tau/n));
sx=t au*nod_sy/sqrt(3);

return(-1);

*p_z=sX;

br eak;
}
defaul t:
{

return(-1); /* error */
}

/* end switch */

return(l);

/* end ConvDomai n() */

AN
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CD2.C CalcDomain()

The FrequenC Library

NAME: _ FUNCTION: . .
Cal cDomai n Calc tine-frequency domai n noi se paraneters
SYNOPSIS:

int Cal cDomain(float *h, float z, float tau, float tau, float v,
float fh, int type, int alpha, int n)

float *h Poi nter to noi se paranmeter output, h(a)
float z I nput paraneter: 1=S/(f), 1/Hz, 2=S5,(f),
sec?/Hz, 3=S(f), rad?/Hz, 4=£(f), dBc/Hz,
5=s,(t), 6= Modd s (t), 7=s,(t), sec
float tau Averaging time t, sec
float v Carrier frequency, Hz
float fh System hi gh frequency cut off, Hz
int type I nput paraneter type: 1=S/(f), 2=§(f),
3=5&(f),
4=£(f), 5=s,(1), 6=Md sy(t), 7=s4(t)
int al pha Power | aw noi se type, a
int n # sanpl es averaged; sanpling tinme=t,=t/n
RETURN: | nt Status: +1=0K, -1=Error
REMARKS:

This function cal cul ates the power |aw noise paraneter h(a) for an
i nput paraneter type. Depending on the conversion desired, the
paranmeters t, f, v, fh, alpha and n are used. Use the function

ConvDormai n() for the inverse conversion fromh(a) to one of the tine
or frequency noi se paraneters . A general domain conversion is
performed by using both functions. Calls FrequenC Library function
CalcRatio(). Oiginal h unchanged if bad parameter (error).

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
float z, tau, f, v, fh, type; /* input paraneters */
float h; /* out put paraneter */
int al pha, n; /[* input paraneters */

i nt status; /[* return code */
/* set paraneters */

CaIcDonain(&h, z, tau, v. fh, type, alpha, n); [* call function */
printf("\nh = %", h); /[* display result */

SEE ALSO: ConvDomai n()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/* */
/* Cal cDonai n() */
/* */
/* Function to calc tine-frequency donain noi se paraneters */
/* */
/* Par anet er s: float *p_h = Pointer to noise parameter h(a) */
/* float =z = i nput paraneter: */
/* = Sy(f), 1/Hz if type=1 */
/* = Sx(f), secy/Hz if type=2 */
/* = Si(f), rady/Hz if type=3 */
/* = off), dBc/Hz if type=4 */
/* = ay(¢) if type=5 */
/* = Mod ay(c¢) if type=6 */
/* = ax(¢), sec if type=7 */
/* float tau = Averaging tine ¢, sec */
/* float f = Fourier frequency f, Hz */
/* float v = Carrier frequency, Hz */
/* float fh = System hi gh frequency cut off, Hz */
/* int type = Input paraneter type: */
/* 1=Sy(f), 2=Sx(f), 3=Si(f), 4=cff) */
/* 5=dy(¢), 6=Mbd ay(¢), 7=ax(¢) *1
/* int alpha = Power |aw noise type, a */
/* = Log=l og sl ope of Sy(f)=h(a)f~"a */
[* Wiite PM a=+2, Flicker PM a=+1 */
[* Wiite FM a= 0, Flicker FM a=-1 */
[* Random Wal k FM a=-2 */
/* int n = # sanpl es averaged */
/* sanpling time = tau 0 = tau/n */
/* */
[* Ret ur n: i nt = Status: +1=CK, -1=FError */
/* */
/* Not es: This function cal cul ates the power |aw noise */
/* paraneter h(a) for an input paraneter type. */
/* Dependi ng on the conversion desired, the */
/* paraneters t, f, v, fh, alpha and n are used. */
/* Use the function ConvDomai n() for the inverse */
/* conversion fromh(a) to one of the tinme or */
/* frequency noi se paraneters . A general domain */
/* conversion is performed by using both functions. */
/* Call's FrequenC Library function CalcRatio(). */
/* Oiginal h unchanged if bad parameter (error). */
/* */
[* Revi si on record: */
/* 01/ 25/ 92 Adapted fromtable calc() of DOVAIN C C */
/* 01/ 26/ 92 Changed title block type #s */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* */
/* (c) Copyright 1992-2003 Hanmilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

int _ declspec(dllexport) FAR PASCAL Cal cDonmai n(float *p_h, float z,
float tau, float f, float v, float fh, int type, int alpha, int n)
{

doubl e pi; [* a*/
doubl e a;
R



FrequenC Library Reference Manual

doubl e b;
doubl e c;
doubl e d;
i nt index; /* case index */

/* check paraneters */

if( (z==0) || (tau<=0) || (f<=0) |l (v<=0) || (fh<=0) ||

{ (type<l) || (type>7) || (alpha<-2) || (alpha>2) || (n<l) )
return(-1);

}

/* initialize constants */
pi =4*atan(1);

a=4*pi *pi ;

b=2*1 og(2);

c=2*pi *f h*t au;
d=1.038+(3*l og(c));

i ndex=((al pha+2)*7) +t ype;

/* process noise data entry */

swi t ch(i ndex)

{
case 1: /* Sy(f) for RWf a=-2 */
{
*p_h=z*f*f;
br eak;
}
case 2: [* Sx(f) for RWf a=-2 */
*p_h=a*z*f*f*f*f;
br eak;
}
case 3: [* Si(f) for RWf a=-2 */
{
*p_h=z*f*f*f*f/ (v*v);
br eak;
}
case 4: /* off) for RWf a=-2 */
{
*p_h=2*pow( 10, (z/ 10))/ (v*Vv);
*p_h*:f*f*f*f;
br eak;
}
case 5: /* ay(g¢) for RWf a=-2 */
{
*p_h=6*z*z/ (a*t au);
br eak;
}
case 6: /* Mod ay(g¢) for RWf a=-2 */
*p_h=6*z*z;
*p_h/=Cal cRatio(2, n, c/n);
*p_h/ =a*t au;
br eak;
}
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case

case

case

case

case

case

case

case

case

7:

8:

9:

10:

11:

12:

13:

14

15:

16:

/*
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ax(c) for RWf a=-2 */
*p_h=3*6*z*z;
*p_h/=Cal cRatio(2, n, c/n);
*p_h/ =a*t au*t au*t au;
br eak;

Sy(f) for Ff a=1 */

*p_h=z*f;
br eak;

Sx(f) for Ff a=1 */

*p_h=a*f*f*f*z;
br eak;

Si(f) for Ff a=1 */

*p_h=f*f*f*z/ (v*v);
br eak;

off) for Ff a=-1 */
*p_h=2*pow( 10, (z/ 10))/ (v*Vv);
*p_h*:f*f*f;

br eak;

ay(c) for Ff a=-1 */

*p_h=z*z/(b);
br eak;

Mbd ay(g¢) for F f a=-1 */
*p_h=z*z;

*p_h/ =b;

*p_h/=Cal cRatio(1, n, c/n);
br eak;

ax(g) for Ff a=-1 */
*p_h=3*z*z/ (b);

*p_h/=Cal cRatio(1, n, c/n);
*p_h/ =t au*t au;

br eak;

Sy(f) for Wf a=0 */

*p_h=z;
br eak;

Sx(f) for Wf a=0 */

*p_h=a*f*f*z;
br eak;
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case 17: /[* Si(f) for Wf a=0 */
{
*p_h=f*f*z/ (v*v);
br eak;
}
case 18: /* off) for Wf a=0 */
{
*p_h=f*f*2*pow( 10, (z/ 10))/ (v*Vv);
br eak;
}
case 19: /* ay(g¢) for Wf a=0 */
*p_h=2*z*z*t au;
br eak;
}
case 20: /* NMod ay(g¢) for Wf a=0 */
{
*p_h=2*z*z*t au;
*p_h/=Cal cRatio(0, n, c/n);
br eak;
}
case 21: /* ax(¢) for Wf a=0 */
{
*p_h=3*2*z*z*t au;
*p_h/=Cal cRatio(0, n, c/n);
*p_h/ =t au*t au;
br eak;
}
case 22: /[* Sy(f) for Fi a=1 */
*p_h=z/f;
br eak;
}
case 23: [* Sx(f) for Fi a=1 */
{
*p_h=a*f*z;
br eak;
}
case 24 [* Si(f) for Fi a=1 */
{
*p_h=f*z/ (v*Vv);
br eak;
}
case 25: /* off) for Fi a=1 */
*p_h=f*2*pow 10, (z/10));
*p_h/ =v*v;
br eak;
}
case 26 : /* ay(g) for Fi a=1 */
*p_h=a*z*z*tau*t au;
“p_h/=(d);
br eak;
}
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case 27: /* Mod ay(g¢) for F i a=1 */
*p_h=a*z*z;

*p_h/=Cal cRatio(-1, n, c¢/n);
*p_h*=t au*t au;

“p_h/=(d);
br eak;
}
case 28: /* ax(¢) for F i a=1 */
*p_h=3*a*z*z*t au*t au;
*p_h/=Cal cRatio(-1, n, c¢/n);
*p_h/ =t au*t au;
“p_h/=(d);
br eak;
}
case 29: /[* Sy(f) for Wi a=2 */
{
*p_h=z/ (f*f);
br eak;
}
case 30: [* Sx(f) for Wi a=2 */
{
*p_h=a*z;
br eak;
}
case 31: [* Si(f) for Wi a=2 */
*p_h=z/ (v*v);
br eak;
}
case 32: /* off) for Wi a=2 */
{
*p_h=2*pow( 10, (z/ 10));
*p_h/ =v*v;
br eak;
}
case 33: /* ay(g) for Wi a=2 */
{
*p_h=a*z*z;
*p_h*=tau*tau/ (3*fh);
br eak;
}
case 34: /* NMod ay(g¢) for Wi a=2 */
{
*p_h=a*z*z;
*p_h*=t au*t au;
*p_h/=Cal cRatio(-2, n, c/n);
*p_h/ =3*f h;
br eak;
}
case 35: /* ax(¢) for Wi a=2 */
{
*p_h=3*a*z*z;
*p_h*=t au*t au;
*p_h/=Cal cRatio(-2, n, c¢/n);
*p_h/ =3*tau*t au*f h;
br eak;
}
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defaul t: br eak;
/* end switch */
return(l);
/* end Cal cDomai n() */
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CDF.C CalcDegFree()
The FrequenC Library
NAME: FUNCTION:
Cal cDegFree Cal cul ate the # of degrees of freedomfor a

set of phase or frequency data

int m

SYNOPSIS: fl oat Cal cDegFree(int al pha, int num

i nt al pha The log-1og slope, a, of S/(f) for a power
| aw noi se process:
Noi se Type a
Flicker Wl k FM -3
Random Wal k FM -2
Fl i cker FM -1
Wiite FM 0
FI i cker PM 1
Wiite PM 2
int num The # of phase data points = # frequency
data points + 1
int m Aver agi ng factor

The # of chi-squared degrees of freedom for
num ful | y-over | appi ng phase data points with
an averaging factor of m or -1.0 if error.

RETURN: fl oat

REMARKS: None

EXAMPLE:
#i ncl ude "frequenc. h"
F TYPE x[513];

/* FrequenC header file */
/* phase data array */

float df; [* # of degrees of freedom */
int num /* # phase data points */
int m /* averagi ng factor */
i nt al pha; /* noi se exponent al pha */
hrz; /[* set m= # averages */
num=(int) x[ 0] ; /* set # data points */
al pha=0; /* set noise type al pha */
df =Cal cDegFr ee(al pha, num nj; [* calc df */
i f(df==-1.0) /* check for error */

printf("\nError"); [* error nessage */
el se

printf("\ndf = %", df); [* display df */

SEE ALSO: None

REFERENCE: NI ST Techni cal

Not e 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

*/

Cal cDegFree() */

*/

Function to calculate the # of chi-square degrees of freedom */
for phase or frequency data. */
*/

Ref er ence: NI ST Techni cal Note 1337, p.TN-85, Table 12-4 */
(as corrected). */

*/

Par anet er s: i nt al pha = power-|aw exponent of Sy(f) noise type */
int n = # phase data points */

= # frequency data points + 1 */

int m = fully-overl appi ng averagi ng factor */

*/

Ret ur n: fl oat = # chi-square degrees of freedom */
or -1 if error */

*/

Revi si on record: */
12/30/91 Created */
12/31/91 Renaned */
01/04/92  Changed switch from(2-a) to a */
Added default case for NG al pha */

Changed n and m paraneters to ints */

Do calcs with double versions dn and dm */

Added error traps */

01/18/92 Edited title block */

02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
01/01/98  Changes for Ms VC++ conpatibility & warnings */

04/ 26/ 03  Adapted for Version 2.0 source code docunmentation */

*/

(c) Copyright 1991-2003 Hanmilton Technical Services All Rights Reserved */
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cDegFree(int alpha, int n, int nm

{

doubl e dn; /* double version of n */
doubl e dm /* double version of m*/
doubl e df; /* # degrees of freedom */
doubl e df 1, df 2, df 3; /* terns of df calculation */

if( (n==0) [| (mF=0) )

return(-1.0); /* error code */
}
dn=(doubl e) abs(n); /* make sure nis positive */
dme(doubl ) abs(m; /* make sure mis positive */
swi t ch(al pha) /* al pha is exponent of power-|aw noise process */
{ /* slope of Sy(f) on log-log plot */
case 2:

{
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i f(dn==dm
{
return(-1.0);
}
df =((dn+1) *(dn-(2*dm) ) )/ (2*(
br eak;
}
case 1:
{
i f(dn==1)
{
return(-1.0);
}
df 1=l og((((2*dm) +1)*(dn-1))/
df 2=l og((dn-1)/(2*dn));
i f(df1*df2<0)
{
return(-1.0);
}
df =exp(sqrt (df 1*df 2));
br eak;
}
case O:
{
df 1=(4*dnmdn) / ((4*dntdn) +5)
df 2=(3*(dn-1))/(2*dn);
df 3=(2*(dn-2))/(dn);
df =(df 2-df 3) *df 1
br eak;
}
case -1:
{
i f(dm=e=1.0)
df =(2*(dn-2)*(dn-2))/((2
br eak;
}
el se
df =(5*dn*dn)/ ((4*dn) *(dn
br eak;
}
}
case -2:
{
i f(dn==3)
{
return(-1.0);
}
df 1=(dn-1) *(dn- 1);
df 2=(dn-2)/ ((dm *(dn- 3) *(dn-
df 3=(3*dm) *(1-dn) +(4*dntdm ;
df =df 2* (df 1+df 3) ;
br eak;
}

72

/* error code

dn-dm);

/* white phase noise
/* al pha=2

*/

*/
*/

/* error code */

(4));

/* flicker phase noise
/* al pha=1)

/* error code

/* white frequency noise
/* al pha=0

/* flicker frequency noise
/* al pha=-1
.3*dn)-4.9);
/* end if
+(3*dm));

/* end el se

/* error code

/* randomwal k frequency noi se
3)); /* al pha=-2

*/
*/

*/

*/
*/

*/
*/

*/

*/

*/

*/
*/
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defaul t: /* NG al pha */
{ df =-1. 0; /* error code */
} } /* end switch */
return(float)df; /* chi-squared degrees of freedom*/

/* end Cal cDegFree() */
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CDFD.C CalcDiffusionFreqDrift()

The FrequenC Library

NAME: _ FUNCTION:

Cal cDi f fusi onFreq Cal cul ate diffusion frequency drift. Fit

Drift() fractional frequency data to tinme-shifted
di ffusion nodel: y(t) = a + b*sqgrt(t+c)

SYNOPSIS:
int CalcDiffusionFreqDrift(F_TYPE y[], F_TYPE *a, F_TYPE *b,

F_TYPE *c, F_TYPE *v)

F _TYPE y[] Frequency data array
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE *a Pointer to offset coefficient
F TYPE *b Square root of time multiplier coefficient
F TYPE *c Time shift coefficient
F TYPE *v Pointer to fit variance
RETURN: i nt # non-gap data points processed,
or =1 if error

REMARKS:

Only data points between start and end analysis limts are used.

All zeros are treated as gaps in frequency data.

A value of c is chosen, the diffusion fit is found, and c is varied
iteratively until the rns error is belowa limt criterion.

Need at | east 2 non-zero data points.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* frequency data array */
F _TYPE a; [* fit paraneter a */
F_TYPE b; [* fit paraneter b */
F _TYPE c; [* fit paraneter c */
F TYPE v; [* fit variance */
int num /* # data points processed */

numE Cal cLogFreqDrift (y, &, &b, &, &v); /* call function */
printf("\na = %", b =%, ¢ = %, a, b, c); [* display results */

SEE ALSO: Cal cLogFreqDrift ()

REFERENCE: None
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cDi ffusionFregDrift()

Function to cal culate diffusion frequency drift
Fit fractional frequency data to tine-shifted diffusion nodel:
y(t) = a + b*sqgrt(t+c)

where: y(t) = fractional frequency
t =time
a = offset term
b =sqgrt time multiplier term
c = time shift term
Par anet er s: F TYPE y[] = frequency data
y[0] = # data points
y[1] = analysis start
y[2] = analysis end
F TYPE *p_a = pointer to offset term
F TYPE *p b = pointer to sqrt tinme nmultiplier term
F TYPE *p ¢ = pointer to tine shift term
F TYPE *p v = pointer to fit variance
Ret ur n: i nt = # non-zero anl aysi s points,
or -1 if error
Not es: Zeros treated as gaps in frequency data

A value of ¢ is chosen, the diffusion fit parameters
are found, and c is varied iteratively until the

rms error is belowa linmt criterion

Need at | east 2 non-zero data points.

Revi si on record:
06/ 09/ 97 Created from Cal cLogFreqDrift() of FrequenC Lib and
Cal cDi ffusionFregDrift() of Stable/Wn
06/ 10/ 97 Runni ng - converges K
12/ 09/ 97 Added to FrequenC Library
01/01/98 Changes for MS VC++ conpatibility & warnings
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1997-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cD ffusionFreqDrift(F_TYPE y[],

{

F_TYPE *p_a, F_TYPE *p_b, F_TYPE *p_c, F_TYPE *p_v)

int i; /* freq data index
int num= (int)(*(y+2) - *(y+1) +1); /* # frequency data points

#if(0) // Oiginal code of Release 1.01 - Doesn't always converge
doubl e error _limt=0.00000001; /* fractional error limt for variance
#endi f

#if(1) // Trial code 06/20/97

/1 This seens better - converges for all known test cases & results K
doubl e error _|imt=0.000001; /* fractional error limt for variance
#endi f
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doubl e err=1.0;

doubl e prev_err=0;
doubl e sum x;
doubl e sumy;
doubl e sum xx;
doubl e sum xy;
doubl e d=100. 0O;

*p_c=0. 0;

FrequenC Library Reference Manual
/* sum of squared error */

/* initialized so (err-prev_err)/err > error_limt */
/* sum of x=sqrt(t+c) */
/* sum of y=t */
/* sum of x"2 */
/* sum of xy */
/[* c iteration factor */

/* initial value for c */

whil e(fabs(((err-prev_err)/err))>error_limt) /[* iterate */

prev_err=err;

sumx = 0;
sumy = 0;
sum xx = 0;
sum xy = 0;
num = (int

) (*(y+2) -

/* save previous error */

/* sum of x=sqrt(t+c) */

/* sumof y */

[* sum of x"2 */

/* sum of xy */

*(y+1) +1); /* # frequency data points */

for( i=(int)(*(y+1)+2); i<=(int)(*(y+2)+2); i++) [* accunulate sunms */

HE(*(y+i))
{
sum x
sumy
sum xx
sum xy
}
el se
{
num -
}
}
i f(nunx2)
{
return(-1);
}
*p_b = sumxy -
*p_b /= sum xx-
*p_a = (sumy -
err=0;

/* gap in data? */
+= sqgrt(((double)(i-2))+ *p_c);
+= 5(y+ )
+= ((double)(i-2))+ *p_c;
+= sqrt(((double)(i-2))+ *p_c) * *(y+i);
[* end if */
/* end el se */
/* end for */
/* must have at |east 2 data points */
[* end if */
(sumx * sumy / nunj; /* find paraneters */
(sumx * sumx / nunj;
(*p_b * sumx ))/ num
/* calc sumof squared error */

for( i=(int)(*(y+1)+2); i<=(int)(*(y+2)+2); i++)
{

HE(e(y+i))
{

/1l error
err += SQR(*p_a + *p_b * sqrt((double)(i-2)+ *p_c) - *(y+i));

}

if(err>prev_err)

= SQR[ fit - actual = a + b*sqgrt(t+c) - y(t) ]

/* wong way? */

/* modify ¢ for next iteration */
7R/
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i f(*p_c<0.0) /* avoid sqrt domain error */
d *= -0.1;
*p_c=0. 0;
}
}
*p_v = err;

return(numn;
/* end NewCal cDi ffusionFregDrift() */
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CalcFirstDiff()

The FrequenC Library

NAME:
CalcFirstD ff

FUNCTION:
Cal cul ate the average of the 1st differences
(frequency offset) for phase data

SYNOPSIS:

int CalcFirstDiff(F_TYPE x[], F_TYPE *d)

There nust be at | east

F TYPE Xx[] Phase data array
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F TYPE *d Pointer to average of 1st diffs of phase data
RETURN: i nt # non-gap data points processed or -1 if
error
REMARKS:

Only data points between start and end analysis limts are anal yzed.
Enbedded zeros are treated as gaps in phase data.

2 adj acent non-gap phase data points.

EXAMPLE:
#i ncl ude "frequenc. h"
F TYPE x[512];

F_TYPE d; [* 1st diff

*/
int num [* # data points processed */
numeCal cFirstDiff(x, &d); /* call function */
printf("\nFreq Ofset = %", d); [* display result */

/* FrequenC header file */
/* phase data array */

SEE ALSO: Cal cFregO fset (

)

REFERENCE: NI ST Techni cal

Not e 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

CalcFirs

Function to cal cul ate average
Can al so be used to check pha
zero first differences (equa

Par anet er s: F TYPE x[] =

F _TYPE *p_d =
Ret ur n: i nt =
Not e: Enbedded gaps

There must be
whi ch require
phase data po

Revi si on record:
03/ 23/ 98 Created from

tDiff()
of 1st differences of phase data
se data for zero frequency due to
adj acent phase points)

array of phase data

x[ 0] = # phase data points
x[1] = analysis start
x[2] = analysis end

poi nter to average of first

di f ferences of phase data
frequency offset of phase data
0 if zero frequency point exists

# anal ysi s points,
or -1 if error

are treated as gaps in phase data.
at least 1 analysis point,

s at |east 2 adjacent non-gap

ints.

Csb. C

04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1998-2003 Hamilton Technical Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL CalcFirstDi ff(F_TYPE x[],

{

fl oat num
doubl e di;
doubl e sum
int i;
num = 0;
sum = 0;

for(i=(int)(x[1]+2); i<(int)(x[2]
{

PEC (x[i] && x[i+1]) || (i==3
/* no phase points are gaps,

+1); i+4)

&& x[4]) || ((i==x[0]+1) && x[i]) )
or 1st point with non-zero 2nd point,

F_TYPE *p_d)

*/

/* or last point with non-zero next-to-last point */

70

*/



}
i f(n
{

}

el se

{
}

{ if(dl = x[i+1]
{ sum += di;
numt+;
}
el se
{
*p_d = 0.0;
return(-1);
}
}
un0)

*p_d = sum/ num
return(int)num

return(-1);

FrequenC Library Reference Manual

- x[i])

QN

/* end if
/* end for

/* error

/* end CalcFirstDi ff()

*/
*/

*/

*/
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CFHD.C CalcFregHadamardDev()

The FrequenC Library

NAME: FUNCTION:
Cal cFr eqHadamar dDev Cal ¢ Hadanmard deviation fromfrequency data
SYNOPSIS:
i nt Cal cFreqHadamar dDev(F_TYPE y[], F_TYPE *dev)
F TYPE y[] Frequency data array
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F_TYPE *dev Poi nter to Hadamard devi ation
RETURN: i nt # non-gap data points processed or -1 if
error
REMARKS:

Only data points between start and end analysis limts are anal yzed.
Al zeros are treated as gaps in frequency data.
Must have at |east 3 adjacent non-gap freq data points.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* freq data array */
F_TYPE dev; /* Hadamard devi ation */
int num [* # data points processed */
num=Cal cFr eqHadamar dDev(y, &dev); [* call function */
printf("\nHadamard Dev = %", dev); [* display result */

SEE ALSO: Cal cPhaseHadanar dDev

REFERENCE: S. Hutsell, Proc. 27th PTTI Meeting, Dec. 1995

Q2
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cFr egHadanar dDev()
Function to cal cul ate Hadanmard vari ance from frequency data

L M2
H ayy(c) = AAAAAA & [y(i+2) -2y(i+1) -y(i)]ly
6(M2) i=1

Par anet ers: F TYPE y[] = frequency data
y[0] = # data points
y[1l] = analysis start
y[2] = analysis end
float *p_dev = pointer to Hadamard devi ation

Ret ur n: i nt = # anal ysi s points,
or -1if error

Not e: Enbedded zeros treated as gaps in freq data.
Must have at least 1 analysis point; this

requires at |east 3 adjacent non-gap freq data
poi nt s.
Ref er ence: S. Hutsell, Proc. 27th PTTI Meeting, Dec. 1995.

Revi si on record:
05/ 03/ 96 Adapt ed from hadanmardev_f () of STABLE A C
01/ 01/ 98 Changes for Ms VC++ conpatibility & warni ngs
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1996-2003 Hanilton Technical Services All R ghts Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFreqHadanardDev(F _TYPE y[],

{

F _TYPE *p_dev)

doubl e sum /* sunmm ng variable to calc sigm
int i; /* index for summng
int num = 0; /* # anal ysis points
for( i = (int)(*(y+1)+2), sum=0; i < (int)(*(y+2)+1); i++)
/* index goes from1l to n-2
/* for n data points from1l to n; data starts at y[3]
{
PFC *(y+) && *(y+i+1) && *(y+i+2) )
/* skip if any freq data value is zero
{
sum += SQR( *(y+i+2) - 2 * *(y+i+1) + *(y+) );
numt-+;
}
}

Q2
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i f(nune0)
{ *p_dev = ( sqgrt( sum/ (6.0 * num)));

return(nun; /* # analysis points */
LI se /* no analysis points */
i return(-1); /* error */

QA
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CFM.C CalcFastMTIE()

The FrequenC Library

NAME: FUNCTION: . . .
Cal cFast MTl E Qui ckly calculate maximumtinme interval error
for phase data

SYNOPSIS:
int Cal cFast Ml E(F_TYPE fX[], struct signmadata *results, BOCL

*abort, void *ProgressFunc(int percent, char *nsg))

F TYPE Xx[] Phase data array
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
struct signadata Pointer to signmadata structure for results
*results
BOOL *abort Pointer to abort flag (FALSE = no abort)
voi d *ProgressFunc( Pointer to function to display progress, with
i nt percent, int arg set to %calc conplete, and char* arg
char *nsgQ) set to text nessage to display. Can be NULL.
RETURN: i nt # MIIE points, or =1 if error
REMARKS:

Only data points between start and end analysis limts are used.
Enbedded zeros are treated as gaps in phase data.

Si gnmadata structure is defined in frequenc.h

This function cal cul ates a conplete set of MIIE points.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[512]; /* phase data array */
struct signmadata results; /[* MIIE results */
int num [* # MIIE points */
hunFCaIcFastNWIE(x, & esults FALSE, NULL); [* call function */

/* No aborting or progress display */
printf("\nMIE = %", results.sigma[0]); /* display 1%t MIIE point
*/

SEE ALSO: Cal cMTI E()

REFERENCE: S. Bregni and S. Maccabruni, "Fast Conputation of Maxinmum
Ti me
Interval Error by Binary Deconposition”, |EEE Transactions on |nstru-

ment ati on and Measurenent, Vol. 49, No. 6, Dec. 2000, pp. 1240-1244.

QAR
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cFast Mrl E()

Function to calc MIE (nmaxinmumtinme interval error) for phase data
Par anet er s:
F_TYPE f X[] = data array, where:
F_TYPE f X[ 0] # data points
F _TYPE f X[ 1] anal ysis start
F TYPE f X[ 2] = analysis end
MITE results sigmadata structure

pl otdata *pResults

Ret ur n:
k = Quter index (# MIIE points), or -1 if error

sigmadata structure elenents for signa data:
i nt poi nts nunber of sigma data points
fl oat *tau pointer to averaging tine data array
fl oat *num poi nter to nunber of data points array
fl oat *sigma pointer to sigma data array
fl oat *Ci poi nter to confidence interval
fl oat *sig_mn pointer to | ower signa error bar array
fl oat *si g_nmax poi nter to upper signa error bar array
fl oat *std_dev poi nter to standard deviation array
i nt *al pha poi nter to noi se type exponent array
i nt * af poi nter to averagi ng factor

Note: Signature of this function is necessarily different from
Cal cMII E() because it includes the outer averaging factor | oop.
It is used differently in main program

Basic Al gorithm
An n-point wi de windowis noved thru the phase data and the
di f ference between the nmaxi nrum and m ni num phase (tinme) val ues
is found at each wi ndow position. MIIE is the overall maxi mum
of this time interval error over the whol e data set.

Fast Al gorithm
Calc MITE in octave steps only. Store max and min for each tau
= AF*tau0 in two vectors. For next AF, just search these
vectors, not all data, for next maxs and mins.

Not es:
(1) This function does not handl e gaps.
(2) No abort option or progress message for this function
(4) # time intervals is N1, where N = # phase data points, so
AF can go from1l to N 1.
(3) B&M al gorithm uses AF sequence 1,3,7,15,...2" -1
where k is outer index that goes from1l to <= | 0g2(N)

Ref erence 1:

S. Bregni, "Clock Stability Characterization and Measurenent
in Tel ecommuni cati ons", |EEE Transactions on |Instrunentation
and Measurenent, Vol. 46, No. 6, Dec. 1997, pp. 1284-1294,
Eq. 14.

Ref erence 2:
S. Bregni and S. Maccabruni, "Fast Conputation of Maxi num Ti e

Interval Error by Binary Deconposition", |EEE Transactions on
I nstrunment ati on and Measurenent, Vol. 49, No. 6, Dec. 2000, pp.
1240- 1244.

Q7
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Revi si on record:

01/ 26/ 01 Drafted from Cal cMIl E()

01/27/01 Runni ng

01/28/01 Added progress nessage
Changed 2nd paramto plotdata struct
Changed min & max arrays fromF_TYPE to fl oat
Tried various speed enhancenents
Moved here fromstable r.c to use conpiler speed
optim zations - they work the best
Copy in stable r.c still has debug code if needed.

01/ 30/ 01 Added results on-the-fly & progress displ ay

03/ 22/ 03 Adapt ed for FrequenC DLL
Added abort flag & progress function argunents
Not yet fully-integrated into FrequenC DLL
Function prototype noy in frequenc.h

04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* (c) Copyright 2001-3 Hanmilton Technical Services Al R ghts Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

/1 Struct for signa run data

struct sigmadata /* structure tenplate for sigma data

{
int points; /* nunber of signa data points
int rows; [* # rows of results = # tau val ues
float *tau; /* pointer to averaging time data array
float *num /* pointer to nunber of data points array
float *signs; /* pointer to sigma data array
float *ci; /* pointer to confidence interval from SIGVA TAU file
float *sig_mn; /* pointer to |l ower sigma error bar array
float *sig_nax; /* pointer to upper sigma error bar array
float *std_dev; /* pointer to standard devi ation array
float *df; /* pointer to degrees of freedom array
int *al pha; /* pointer to power-|aw noi se type exponent array
int *af; /* pointer to averaging factor array

i

int _ declspec(dllexport) FAR PASCAL Cal cFast Ml E(F_TYPE f X[],

struct signadata *pResults, BOOL *bAbort,
voi d *ProgressFunction(int nPercentDone, char *szMessage))

// Local vari abl es

/1 Ints

int i; /1 Inner and general inner index
int j; /1 Mddl e index

int last_j; /1 Previous mddl e i ndex
int k; /1 Quter index

int p; /1 Span

int nStart; /1 Analysis start

i nt nEnd, /1 Analysis end

int nNum /1 # analysis points

i nt nAF; /1 Averaging factor

int nStop; /1 NMax val ue of outer index
int tic; /1 Progress interval

/1 Floats

float fMIIE; /1 Current MIIE val ue

QQ

*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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float *fSmall; /1 M n phase data val ue array
float *fBig; /1 Max phase data val ue array

/1 Initialize progress display
ProgressFunction(0, "Calculating MIE");

/1 Set analysis linmts
nStart=(int)fX 1];
nEnd=(int)f X 2];
NNumenEnd- nSt ar t +1;

/1 Alocate working nenory for max and min vectors

/1 First pass they nust be sane size as analysis data array (w o header)
/1 Together they hold all points in overlapping big/small pairs

/1 No point in reallocing as they get snaller

/1 Al ocate maxi num array
if((fBig=(float*)malloc((nNunj*sizeof (float)))==NULL)
{

}

/1 Alocate mninum array
if((fSmall=(float*)malloc((nNum *sizeof (float)))==NULL)

return -1; // Error

free(fBig);
return -1; // Error

}

/1 Initialize the max and mn arrays by copying the phase data into them
for(i=0; i<nNum i++)

/1 Copy data

fBig[i]=(float)fX nStart+ARRAY OFFSET+i -1];

fSmall[i]=(float)fX nStart+ARRAY OFFSET+i - 1] ;
}

[/ Calc MIIE
/1 Quter k loop over octave AFs up to max nAF = nNum 1
/1 nAF is 22k -1 and nmax k is | og2(nNum

/1 Find maxi mum outer index = |log2(nNum as truncated integer
nSt op=(int) (Il og(nNunm)/10g(2));

/1l Calc MTE points at octave averaging factors up to | argest possible
for(k=1; k<=nStop; k++)
{

/1 Find the current averaging factor nAF = 2"k -1
nNAF=(i nt) (pow( 2, k))-1;

/1 Find the current span p = 2*(k-1)
p=(int)(pow(2, k-1));

/1 Initialize previous mddle index
| ast _j =0;

Q0
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/1 Update the min & nmax vectors for this AF
/1 Loop through all nNum AF points
for(j=0; j<nNum nAF;, j++)

{

/* Set 1% interval for progress report */
tic=(int)ceil ((nNum nAF)/100);
/1 The max and min values are already initialized
/1 Find max & min values for each step in this w ndow of span p
/1 Note: This is apparently the section of code that takes the
/1 nmost time as nAF and k get larger, and p gets nuch | arger
/1 But its hard to see how one can do any better than the
/1 max() and mn() macros.
/1 This code was tried with index arithmitic outside |oop
/1 and just increnenting inside - little difference in speed
/] Pointer arithmitic was also tried - ditto
/1 What does help is to ask the conplier to optimze for speed
/1 That makes 5:1 inprovenent for any of the code versions
for(i=1; i<=p; i++)
{

fBig[j]=max(fBig[j+i], fBig[j]);

fSmal I [j]=mn(fSmal I [j+i], fSmall[j]);
}
/1 Display progress
/1 Note: This code provides updates only if index has changed
/1 by at least tic amount (1%
if((j-last_j)>=tic)
{

ProgressFunction((int)(100.0*j/(nNum nAF)),

"Calculating MIIE");

last _j=j;

}
}

/] Initialize the MIIE val ue
/1 Note that the results array is zero-based
fMIN E=(float)(fBig[0]-fSmall[0]);

/1 Loop thru the rest of the nNum nAF points in each vector
for(i=1; i<nNum nAF;, i++)
{
[/ MITE is the overall maxinum p-p excursion
fMIN E=(float)(max((fBig[i]-fSmall[i]), fMIE));
}

/] Store results

pResul t s->si gma[ k- 1] =f Ml E;

pResul t s- >poi nt s=k;

pResul t s- >af [ k- 1] =nAF;

pResul t s->nuni k- 1] =(f 1 oat) ( nNNum nAF) ;

/1 Note: tau calc external to this function

an



// Check for abort
i f(bAbort)
{

/1 Bail out - programflow goes to code bel ow,

FrequenC Library Reference Manual

t hen t o | DCANCEL

/1 handler, and finally back to where this function was called

br eak;

}

/1 Free working nenory
free(fBig);
free(fSmall);

/1 Done

/1 dear progress display
ProgressFunction(0, "");
return k;

Qa1
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CFMS.C CalcFregModSigma()

The FrequenC Library

NAME: FUNCTION:
Cal cFregMbdSi gma Cal cul ate nodified Al'lan deviation for
frequency data

SYNOPSIS: int Cal cFregMWbdSi gma(F_TYPE y[], F_TYPE *p_sig, int m

F _TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE *p_sig Pointer to sig, the nodified Allan
devi ation for the frequency data
int m Averagi ng factor, m= tau/tau_ 0
RETURN: i nt The # of non-gap data points processed,

or -1 if error.

REMARKS:

All zeros are treated as gaps in frequency data.

Only data points between start and end analysis limts are anal yzed.
There nust be at |east 2 non-gap anal ysis points.

Maxi mumm = (int) (# freq data points + 1) / 3.

This calculation of the nodified Allan variance fromfrequency data
that may contain gaps is slow. Use ConvFreqToPhase() and

Cal cPhaseModSi gma(), or preferably ConvFreqToPhase(), Fill Gaps() and
Cal cFast ModSigma() if the # of data points is |arge.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* frequency data array */
F _TYPE si g; /* nodified Allan deviation */
int m /* averaging factor */
int num /* # data points processed */
ﬁFZ; /* assign value to m */
nunCal cFreqModSi gma(y, &sig, n; /* calc nod sigma */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
prin "\'nMbd Sigma = %", siQg); /* display nod sigma */

tf("\
printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cFreqSi gma(), Cal cPhaseMbdSi gma()

REFERENCE: NI ST Techni cal Note 1337

a2
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cFregModSi gna()

Function to calculate nodified Allan deviation for freq dat

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
12/ 16/ 91
12/31/91
01/ 16/ 92
01/ 17/ 92
01/ 18/ 92
01/ 19/ 92
02/ 03/ 96
01/ 01/ 98
04/ 26/ 03

F_TYPE y[] = frequency data

y[0] = # data points

y[1l] = analysis start

y[2] = analysis end

pointer to nod Al l an deviation
averaging factor = tau/tau_0O

F TYPE *p_sig
int m

i nt # anal ysi s points,

or -1 if error

Zeros treated as gaps in frequency data.
Frequency data is not averaged before calling
this function. The data consists of num1l freq
sanples at interval tau 0. mnust be >0.

Denom nator term (num 3nmtl) nust be >=1

This sets max m=(int)(num 3), where nume
(# frequency points +1) before averaging.
Created
Renaned

Edi t ed per FrequenC documentation

Edited title

Edited title bl ock

Added error traps

Modi fied for use as Wn 3.1 DLL

Changes for M5 VC++ conpatibility & warnings
Adapted for Version 2.0 source code docunentation

(c) Copyright 1991-2003 Hamilton Technical Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFregMdSi gnma(F_TYPE y[],

{

F_TYPE *p_si g,

doubl e sumi, sumj,
float fm

i nt
i nt
i nt
i nt
i nt
i nt

i f (
{

}

[

i

k;
n_avg;
n_sun¥0;

int m

sum k; /* sunmi ng variables to calc nod signa
/* float version of m

/* index for inner sunm ng | oop

/* index for outer sunm ng | oop

/* index for inner averaging |oop

/* # points in averaging | oop

/* # points in outer summ ng | oop

num= (int)(*(y+2)-*(y+1)+2); [/* # phase data points for analysis

/* = # freq points +1

(me<l) || (nune3*m )

return(-1);

fe(fl oat) m
sum j =0;

/* error

a

*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
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for(j=1;, j<=num (3*m)+1; j++) /* outer |oop
/* j goes from1l to N-3mtl where N=# phase points & nravg factor
/* regardless of analysis linmts
{
sum i =0;
for(i=j+(int)(*(y+1))-1; i<=mtj-1+(int)(*(y+1))-1; i++) /* inner
/* 1 is the actual freq data index; it includes a term
/* *(y+1)-1 to account for the analysis starting point
/* the data array offset +2 is included in the code bel ow
{
sum k=0;
n_avg=0; /* # freq differences averaged
for(k=i; k<=i+m1; k++) /* find frequency averages
{
if(*(y+tk+2+n) && *(y+k+2)) /* skip if either is zero
sumk += *(y+k+2+n) - *(y+k+2);
n_avg++;
} /* end if
} /* end for
i f(n_avg) /* test to avoid div by 0 if all gaps
sum.i +=sum k/ n_avg;
}
/* end for
if(sumi)
{
sumj += SQR(sum.i);
n_sumt+;
} [* if
/* end for
i f(n_sunr0)
{
*p_sig = sqrt((sumj)/ (2. 0*fn¥fmn_sum);
return(n_sunj; /* # analysis points
}
el se
{
return(-1); /* error
}
/* end Cal cFreghdSi gna()

an

*/
*/
*/

*/
*/
*/
*/

*/

*/

*/

*/
*/
*/

*/

*/
*/

*/

*/

*/



FrequenC Library Reference Manual

oR



FrequenC Library Reference Manual
CFMS2.C CalcFastModSigma()

The FrequenC Library

NAME: FUNCTION:
Cal cFast MbdSi gma Qui ckly cal culate nodi fied Allan deviation
for gapl ess phase data

SYNOPSIS:
i nt Cal cFast ModSi gma(F_TYPE x[], F_TYPE *p_sig, F_TYPE tau, int m

F_TYPE x[] Phase data array:

x[0] = # data points

x[1] = analysis start point

x[2] = analysis end point
F TYPE *p_sig Pointer to sig, the nodified Allan

devi ation for the phase data

F TYPE tau The averaging tinme for the phase data
int m Averaging factor, m= tau/tau_0
RETURN: i nt The # of data points processed,

or -1 if error

REMARKS:

No gaps are allowed in the phase data.

Only data points between start and end analysis limts are anal yzed.
There nust be at |east 3 analysis points. Tau must be >O0.

Maxi mum m = (int) (# phase data points/3, and m nust be >0.

This cal culation of the nodified Allan variance from gapl ess phase
data is faster than any ot her nethod. Use Cal cPhaseMbdSi gna() if
there are gaps in the phase data, or, preferably, Fill Gaps() and

Cal cFast ModSigma() if the # of phase data points is |arge.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F_TYPE sig; /* nmod sigma */
F _TYPE t au; /* averaging tinme */
int m /* averagi ng factor */
int num [* # data points processed */
iauzl.o; me2; /* assign values to tau and m */
num=Cal cFast ModSi gma(x, &sig, tau, m; /* calc nod sigma */
i f(nume=-1) /* check for error */
printf("\nError"); [* error nessage */

el se

printf("\nMod Sigma = %", sigQ); /* display nod signma */

printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cPhaseMbdSi gma()

REFERENCE: NI ST Techni cal Note 1337

OR
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cFast ModSi gma()

Function to calculate nodified Allan variance for phase data
Uses faster algorithmthat avoids recal culation of inner suns

Ref er ence: D.W Allan, "Tine and Frequency Metrol ogy:
Current Status and Future Considerations",
Proc. 5th EFTF, pp. 1-9, Mrch, 1991

Par anet ers: F _TYPE Xx[]

phase data

X[0] = # data phase points
X[1] = analysis start
X[2] = analysis end

F TYPE *p_sig pointer to nod Al l an devi ation

F _TYPE tau = anal ysis averaging time = mitau_ O
int m = averaging factor = tau/tau_ 0
Ret ur n: i nt = # anal ysi s points,
or -1if error
Not es: No gaps allowed in data; check for enbedded zeros

before using this function. If gaps, use (sl ower)
Cal cPhaseMbdSi gnma(), or use Fill Gaps() first.
Phase data is not averaged before calling this
function. The data consists of num phase sanpl es
at interval tau 0. Denom nator term (num 3ntl)
nmust be >0. This sets nmax me(int)(nun 3),

where nun# phase points before averagi ng.

Revi si on record:
12/ 16/ 91 Creat ed
12/ 31/ 91 Renaned
01/ 16/ 92 Edi ted per FrequenC docunentati on
01/ 17/ 92 Edited title
01/ 18/ 92 Edited title bl ock
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/ 01/ 98 Changes for Ms VC++ conpatibility & warni ngs
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1991-2003 Hanilton Technical Services All R ghts Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFast ModSi gma(F_TYPE Xx[],
F TYPE *p_sig, F TYPE tau, int n

{

double sumi, sumj; /* sunmm ng variables to calc nodified sigm
float fm /* float version of m
int i; /* index for inner sunm ng | oop
int j; /* index for outer sunm ng | oop
int s = (int)*(x+1); /* analysis start
int e = (int)*(x+2); /* analysis end
i nt n_sume0; /* # points in outer sunm ng | oop
int num = e-s+1; /* # phase data points for analysis

fme(float)m

a7

*/
*/
*/
*/
*/
*/
*/
*/
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sum j =0;
sum i =0;

if( (nunk3*m) || (mel) || (tau<=0) )

return(-1); /* error */

/* 1st time find the average of all m phase points by sumrng them*/
for(i=s; i<mts; i++) /* i is the actual phase data index */
/* it includes the terms to account for the analysis starting point */
/* the data array offset +2 is included in the code bel ow */

{
sumi += *(x+i +2+(2*m)) - (2*(*(x+i +2+n))) + *(x+i +2);
}
sumj += SQR(sum.i);
n_sumt+;

/* for rest of points need only drop 1st sum and add next sum */
for(j=2; j<=num (3*m)+1; j++) /* j goes from2 to num 3m-l */
/* where nune# phase points & mravg factor */
/* regardless of analysis limts */

{
i =] +s-2; /* index of old sum.i being dropped */
sumi -= *(x+i +2+(2*m)) - (2*(*(x+i +2+n))) + *(x+i +2);
i =mtj - 1+s-1; /* index of next sum.i being added */
sumi += *(x+i +2+(2*m)) - (2*(*(x+i +2+n))) + *(x+i +2);
sumj += SQR(sum.i);
n_sumt+;
} [* end if */
i f(n_sunr0) /* avoid div by 0 */
{
*p_sig = sqrt((sumj)/(2.0*tau*tau*fnrfntn_sum);
return(n_sunj; /* # analysis points */
}
el se
{
return(-1); /* error */
}
} /* end Cal cFast ModSi gna() */

aQ
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CFO.C CalcFreqOffset()

The FrequenC Library

NAME: FUNCTION:
Cal cFreqO f set Calc freq for phase data as slope of |east-
squares linear fit to phase data: x(t)=a+bt
SYNOPSIS:
int CalcFreqOfset (F_TYPE x[], F_TYPE *a, F_TYPE *b, F_TYPE *v)
F_TYPE x[] Phase data array
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F TYPE *a paraneter one, and description of what it is
F TYPE *b Pointer to slope = freq offset
F TYPE *v Pointer to fit variance
RETURN: i nt # non-gap data points processed, or -1 if
error
REMARKS:

Only data points between start and end analysis limts are anal yzed.
Enbedded zeros are treated as gaps in phase data.

# non-gap data points nust be at least 2 and at least 3 to calc
finite

fit variance.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F_TYPE a; /* phase offset */
F _TYPE b; /* phase sl ope */
F_TYPE c; [* fit variance */
int num [* # data points processed */
num=Cal cFreqOF fset (x, &a, &b, &c); [* call function */
printf("\nFreq Ofset = %", b); [* display result */

SEE ALSO: RenoveFreqO fset ()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1997-2003 Hanilton Technica

/*

Function to calculate freq for

Paraneters

Ret ur n:

Not es:

Cal cFreqO fset ()

phase data: x(t)=atbt

pointer to slope = freq of fset

F TYPE x[] = phase data
X[0] = # data points
X[1] = analysis start
X[2] = analysis end
F TYPE p_a = pointer to y-intercept
F TYPE p_b =
F TYPE pv = pointer to fit variance
i nt = # anal ysis po

or -1 if error

nts,

Enbedded zeros treated as gaps in phase data
# non-gap data points nust be at
and at least 3 to calc finite fit variance

Revi si on record:

02/ 22/
01/ 01/
04/ 26/

97
98
03

| east 2

Adapted from Cal cLi nFreqDrift() of FrequenC
Changes for Ms VC++ conpatibility & warni ngs
Adapted for Version 2.0 source code docunentation

Services All R ghts Rserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFreqOifset (F_TYPE x[], F_TYPE *p_a,
F TYPE *p_b, F_TYPE *p_v)

{

int i;

int num= (int)(*(x+2)-*(x+1)+1);

doubl e sumx = 0;
double sumy = O;
double sumxx = 0
double sumyy =0
double sumxy = 0
for( i = (int)(*(x+1)+2); i <= (int)(*(x+2)+2);
i{f( (*(x+i)) || (i==3) [| (i==*(x+2)+2) )
sumx 4= i-2;
sumy += *(x+i);
sumxx += SR ( (float) (i-2) );
sumyy += SQR ( *(x+i) );
sumxy += (i-2) * *(x+i);
}
el se
{
num - ;
}

i ++)

/*

/* check for gap */

nust cast to float

*/
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i f(nunx2)
{
return(-1); /* error */
}
*p_b = (sumxy - ((sumx) * (sumy) / num);
*p_b =*p b/ (sumxx- ((sumx) * (sumx)) / num;
*p.a = ((sumy) / num - (*p_b * sumx / nun;
*p_v = 0; /* fit variance 0 if only 2 points */
i f(nune=3) /* need at least 3 analysis points to calc fit variance */
{
*p_v = sumyy - (sumy * sumy / num;
*pv -=*p_ b * *p b * (sumxx - (sumx * sumXx / num));
*p_v /= (num2);
}

return(numn;
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CFOHD.C CalcFreqOverlapHadamardDev()

The FrequenC Library

NAME: FUNCTION:
Cal cFreqQverl ap Description of what function does
Hadamar dDev
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one par anet er one, and description of what it is
F _TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

All zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude <frequenc. h> /* FrequenC header file */
F TYPE z[512]; /* data array */
F_TYPE one; [ * paranmeter one */
F_TYPE two; [* paranmeter two */
int num /* # data points processed */
one=1. 0; /* set 1st paraneter value */
t wo=2. 0; /* set 2nd paraneter value */
numeFunct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", nun); [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/* */
/* Cal cFreqQver | apHadanmar dDev () */
/* */
/* Function to cal ¢ Hadamard devi ati on usi ng overl appi ng sanpl es */
/* of frequency data */
/* */
/* Par anet er s: F TYPE y[] = frequency data array */
/* y[0] = # data points */
/* y[ 1] = analysis start */
/* y[2] = anal ysis end */
/* F TYPE *p_sig = pointer to Hadanard devi ation */
/* int m = averagi ng factor */
/* */
/* Ret ur n: i nt = # anal ysi s points, */
/* or -1if error */
/* */
/* Not e: Zeros treated as gaps in frequency data. */
/* Must have at least 1 analysis point; this */
/* requires at |east two adjacent non-gap frequency */
/* data points. mnmust be >0 and nust have at |east */
/* 3 non-gap adjacent frequency data points. */
/* */
/* Revi si on record: */
/* 03/ 06/ 99 Created from CFCS. C of Frequenc32 Library */
/* 04/ 26/ 03  Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1999-2003 Hanilton Technical Services All Rights Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFreqQverl apHadamar dDev(F_TYPE y[],
F TYPE *p_sig, int m

{
double sumj, sumi; /* sunmm ng variables to calc sigma */
float fme(float) m /* float version of m?*/
int i; /* inner index for averaging */
int j; /* outer index for sunmng 1st differences */
i nt nume=0; /* # anal ysis points */
int n; /* # frequency data points */
n=(int)(*(y+2)- *(y+1)+2); /* total # phase data points */
/* N=EM+1L where Mis # freq points */
i f(nxl)
{
return(-1); /[* error */
}
sum j =0;
for( j=1; j<=n-(3*m; |++) /* outer loop */
/* j goes over basic range from1l to N 3m */
{
sum i =0;



}
i f(n
{

}

el se

{
}
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for(i=(int)(j+(*(y+1)-1));

/* inner |oop
/* i index includes analysis start limt of *(y+l)
/* data array offset of 2 is included in code bel ow
{
if(*(y+i+2*mr2) && *(y+1+mt2) && *(y+i +2))
{
sumi += *(y+i +2*mt2) - *(y+i +m2) - *(y+i+me2) + *(y+i +2);
} /* end if
/* end for
if(sumi)
{
sumj += SQR(sum.i);
numt+;
} /* end if
/* end for
un0)

P<=(int) (j+(*(y+1))-1+m1); i++)

*p_sig=sqrt(sumj/ (6. 0*fmfnmnum);

return(numn;

return(-1);

/* # analysis points

/* error

/* end Cal cFreqgQOver| apHadanar dDev()

*/
*/
*/

*/
*/

*/
*/

*/

*/

*/



FrequenC Library Reference Manual

107



FrequenC Library Reference Manual
CFOSs2.C CalcFregOverlapSigmal()

The FrequenC Library

NAME: FUNCTION:
Cal cFreqQOverl apSi gna Cal cul ate overl apping Al lan deviation for
frequency data

SYNOPSIS:
int Cal cFreqOverl apSigma(F_TYPE y[], F_TYPE *p_sig, int m

F TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE *p_sig Pointer to sig, the overlapping Al an
devi ation for the frequency data
int m Averaging factor, m= tau/tau_0
RETURN: i nt The # of non-gap data points processed,

or -1 if error

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
There nust be at |east 2 non-gap anal ysis points.

Maxi mum m = (int)(# freq data points - 1)/2, and m nust be >0.

Al zeros are treated as gaps in frequency data.

EXAMPLE:
#i ncl ude <stdio. h> [* for printf() */
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* frequency data array */
F _TYPE si g; /* overlapping Allan deviation */
int m /* averagi ng factor */
int num [* # data points processed */
hrz; /* assign value to m*/
num=Cal cFreqSi gma(y, &sig, m; /* cal c overl apping sigma */
i f(nume=-1) /* check for error */
printf("\nError"); [* error nessage */
el se
printf("\nSigm = %", siQg); /* display overl apping sigma */

printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cFreqSi gma(), Cal cPhaseOverl apSi gma()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cFreqOver | apSi gma()

Function to calculate Al an deviation using overl appi ng sanpl es

of frequency data

Par amet er s:

F TYPE *p_sig

int m

Ret ur n: i nt

Mist have at
requires at
data points.

F_TYPE y[] =

yL 0]
y[1]
yl2]

frequency data array
= # data points

= anal ysis start
anal ysis end

pointer to Allan deviation
aver agi ng factor

# anal ysi s points,

or -1 if error

Zeros treated as gaps in frequency data.
| east 1 anal ysis point;

| east two adjacent non-gap frequency
m rmust be >0 and the # non-gap

this

frequency data points Mnust be > 2m1l

Revi si on record:

Edited title bl ock

Added error traps

use as Wn 3.1 DLL
Changes for M5 VC++ conpatibility & warnings

zero 1st difference renoved to avoid
problemwi th | ow precision data where two

adj acent frequency data point are identical
into Ver 2.0 of FrequenC lib

12/ 16/ 91 Cr eat ed

12/ 31/ 91 Renaned

01/ 18/ 92

02/ 03/ 96 Modi fied for
01/ 01/ 98

01/ 29/ 99 Test for

03/ 08/ 03 Br ought

04/ 26/ 03

/* (c) Copyright 1991-2003 Hanilton Technica

/*

Adapted for Version 2.0 source code docunentation

Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFreqOverl apSi gnma(F_TYPE y[],

{

F TYPE *p_sig, int m
doubl e sumj, sumi;
float frme(float) m
int i;

int j;

i nt nun¥0;

int n;

n=(int) (*(y+2)-*(y+1) +2);

if( (mel) || (n<2*m) )
return(-1);

}

sum j =0;

/* sunm ng variables to calc signa

/* float version of m
/* inner index for averaging

/* outer index for sunm ng 1st differences

/* # analysis points
/* # frequency data points

/* total # phase data points

/* N=eMH1 where Mis # freq points

/* error

*/
*/
*/
*/
*/
*/

*/
*/

*/



for(

{

}
i f(n
{

}

el se

{
}
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J:l, j<:n_(2*m; j++) /* outer Ioop

*/

/* J goes over basic range froml to N2m*/

sum i =0;
for(i=(int)(j+(*(y+1)-1)); i<=(int)(j+(*(y+1))-1+m1); i++)
/* inner |oop

/* i index includes analysis start limt of *(y+l)
/* data array offset of 2 is included in code bel ow
{
i f(*(y+i +mt2) && *(y+i +2))
sumi += *(y+i +mr2) - *(y+i +2);
} /* end if
} /* end for
sumj += SQR(sum.i);
numt+;
/* end for
un0)
*p_sig=sqrt(sumj/ (2. 0*fmrfmnum);
return(numn; /* # analysis points
return(-1); /* error

/* end Cal cFreqQverl apSi gna()

*/
*/
*/

*/
*/

*/

*/

*/

*/
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CFS.C CalcFregSigmal()

The FrequenC Library

NAME: FUNCTION:
Cal cFreqSi gna Cal cul ate Al an deviation for frequency data

SYNOPSIS: int Cal cFreqSi gma(F_TYPE y[], F_TYPE *p_sig)

F _TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE *p_sig Pointer to sig, the Allan deviation for the

frequency data

RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nust be at |east 2 non-gap anal ysis points.

All zeros are treated as gaps in frequency data.

EXAMPLE
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* frequency data array */
F _TYPE si g; /* Allan deviation */
int num /* # data points processed */
num=Cal cFreqSi gma(y, &sig); /* calc sigma */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
printf("\nSigma = %", sig); [* display sigma */
printf("\n# Data Points Analyzed = %", nun); [* display num */
}

SEE ALSO: Cal cPhaseSi gna()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cFreqSi gna()

Function to calculate A lan variance fromfrequency data

Par anet er s: F_TYPE y[] = frequency data
y[0] = # data points
y[1] = analysis start
y[2] = analysis end

F TYPE *p_sig pointer to Allan deviation

Ret ur ns: i nt = # anal ysis points,
or -1 if error
Not e: Zero value treated as gap in frequency data

Must have at least 1 analysis point; this
requi res at |east 2 adjacent non-gap frequency
data points.

Revi si on record:
12/ 16/ 91 Created
12/ 26/ 91 Changed to int returning # anal ysis points
12/31/91 Renaned
01/18/92 Edited title bl ock
Added error trap
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98 Changes for MS VC++ conpatibility & warnings
04/ 26/ 03  Adapted for Version 2.0 source code documentation

/* (c) Copyright 1991-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFreqSi gma(F_TYPE y[],

{

F _TYPE *p_siQ)

doubl e sum /* sunming variable to calc sigm
int i; /* index for summ ng
int num= 0; /* # analysis points
for( i = (int)(*(y+1)+2), sum=0; i < (int)(*(y+2)+2); i++)

/* index goes from1l to n-1
/* for n data points from1l to n; data starts at y[3]

{
if( *(y+i) && *(y+i+1l) ) /* skip if either value is zero
{
sum += SQR( *(y+i +1) - *(y+i) );
numt+;
} /* end if
/* end for
i f(nune0)
{
*p_.sig=( sqrt( sum/ (2.0 * num));
return(numn; /* # anal ysis points
}

*/
*/
*/

*/

*/

*/

*/
*/

*/
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el se
return(-1); /* error */

} /* end Cal cFreqSigma() */
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CFSD.C CalcFreqStdDev()

The FrequenC Library

NAME: FUNCTION:
Cal cFreqSt dDev Cal cul ate standard devi ation for frequency
dat a

SYNOPSIS: int Cal cFreqStdDev(F_TYPE y[], F_TYPE *p_dev)

F _TYPE y[] Frequency data array:
# data points

y[1] = analysis start point
y[2] = analysis end point
F TYPE *p_dev Pointer to dev, the standard deviation for

the frequency data

RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nust be at |east 2 non-gap anal ysis points.

All zeros are treated as gaps in frequency data.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* frequency data array */
F _TYPE dev; /* standard deviation */
int num /* # data points processed */
num=Cal cFreqSi gma(y, &dev); /* calc sigma */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
printf("\nStd Dev = %", dev); /* display sigma */
printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cPhaseSt dDev()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/* */
/* Cal cFreqSt dDev() */
/* */
/* Function to cal cul ate standard deviati on fromfrequency data */
/* */
/* Par anet er s: F_TYPE y[] = frequency data */
/* y[0] = # data points */
/* y[1l] = analysis start */
/* y[2] = analysis end */
/* F TYPE *p_dev = pointer to standard deviation */
/* */
/* Ret ur n: i nt = # anal ysis points, */
[* or -1 if error */
/* */
/* Not e: Al zeros treated as gaps in frequency data. */
/* Must have at |east 2 non-gap freq data points. */
/* */
[* Revi si on record: */
[* 12/ 16/ 91 Created */
[* 12/31/91 Renaned */
/* 01/ 18/ 92 Edited title block */
/* 01/ 19/ 92 Added error trap */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* 04/ 26/ 03  Adapted for Version 2.0 source code docunmentation */
/* */
/* (c) Copyright 1991-2003 Hamilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cFreqStdDev(F_TYPE y[],
F_TYPE *p_dev)

{
doubl e sun¥0; /* sunm ng variable */
doubl e avg; /* mean value of freq data */
int i; /* index for summ ng */
int num= (int)(*(y+2)-*(y+1)+1); /* # analysis points */
for(i=(int)(*(y+1)+2); i<=(int)(*(y+2))+2; i++) /* cal c average */
HE(*(y+i))
{
sum += *(y+i);
}
el se
{
num - ;
}
i f((num1)>0) /* check for <2 non-gap data points */

avg = suni num

}

el se

{
}

return(-1); /* error */
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sun=0;
for(i=(int)(*(y+1)+2); i<=(int)(*(y+2)+2); i++) /* cal c variance
if(*(y+i)) /* skip if value is zero
sum += SQR(*(y+i)- avg);
} /* end if
} /* end for
*p_dev = (sqgrt(sum (num 1)));
return(numn; /* # analysis points

/* end Cal cFreqStdDev()

*/

*/

*/

*/

*/
*/
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CFTP2.C ConvFregToPhase()

The FrequenC Library

NAME: FUNCTION:
ConvFreqToPhase Convert frequency data to phase data
SYNOPSIS:
i nt ConvFreqToPhase(F_TYPE y[], F_TYPE x[], F_TYPE tau, BOOL do_norm
F TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE Xx[] Phase data array
x[0] = # data points
x[1l] = analysis start point
x[2] = analysis end point
F _TYPE tau Averaging time of frequency data
BOOL do_norm Normalization flag: 0 = no, 1 = yes
RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS:

Only data between start and end analysis limts are convert ed.

Al zeros are treated as gaps in frequency data.

The averaging time (tau) of the phase data will be the sane as that
of the frequency data. The original frequency data is unchanged.
The do_norm flag determ nes whether or not the frequency data is
normal i zed to zero nmean before conversion to phase data.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* frequency data array */
F_TYPE x[513]; /* phase data array */
F _TYPE t au; /* averaging tinme */
int num [* # data points processed */
BOOL do_norm /[* normalization flag */
do_nor n=TRUE; /* set flag to do normalization */
num=ConvFr eqToPhase(y, x, tau, do_nornm); [/* convert freq to phase */
i f(nume=-1) /* check for error */
printf("\nError"); [* error nessage */

el se

printf("\n# Data Points Converted = %", nunm); /* display num */

SEE ALSO: ConvPhaseToFreq()

REFERENCE: None
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1991-2003 Hanilton Technica

/*

ConvFreqToPhase()

Function to convert frequency data to phase (tine) data

Par amet er s:

Ret ur n: i

F_TYPE y[] = frequency data
y[0] = # data points
y[1] = analysis start
y[2] = analysis end
F_TYPE x[] = phase data
F_TYPE tau = time interval between freq sanples

BOOL do_norm = nornalization flag:

O=don't normalize, l1l=normalize

nt # frequency data gaps,

or -1 if error

Not es:

Cal I's FrequenC functions nmean() and normalize().

Freq data nornmalized before conversion if do_norm

is TRUE.

This option allows origina
to remai n unnornmal i zed.

freq data
tau nust be >0.

Zeros treated as gaps in frequency data.
Phase data in gap extrapol ated fromlast previous
non-zero frequency val ue.

Function processes n = y[2]

- y[1] +1 freq points

and produces n+l phase points.

Revi si on record:
08/ 28/ 02

Created from ConvFreqToPhase() of FrequenC library
Changed code to preserve gap instesd of

i near

i nt egrated phase during gap

08/ 30/ 02
03/ 08/ 03
04/ 26/ 03

Br ought

Use average freq for gap interpolation
into Ver 2.0 of FrequenC lib
Adapted for Version 2.0 source code docunentation

Services Al Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL ConvFreqToPhase(F_TYPE y[],

{

F_TYPE x[], F_TYPE tau,
int g;

int i;

int j;

int num

F TYPE y_| ast;

F_TYPE y_avg
F_TYPE xbar, *p_xbar;
i f(tau<=0)

{

}

num = (int)(y[2]-y[1] +1);
X[ 0] = num

return(-1);

BOCOL do_norn

/* # freq gaps

/* y index

/* x index

/* # freq points

/* last non-zero freq val ue

/* average freq val ue

/* avg of x[] and pointer to it

/* error

/* set num= # freq points
/* # phase points

*/
*/
*/
*/
*/
*/
*/

*/

*/
*/
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x[1] = 1; /* # of 1st phase point
x[2] = num /* # of |ast phase point
p_xbar = &xbar; /* assign address to pointer

/* put freq data to be converted into x[] array */
j =3; /* initialize index for x[]
for(i = (int)(y[1]+2); i <= (int)(y[2]+2); i++)

x[i1 =vylil; /* copy freq data
j ++; /* increnment index
}
/1 Find average frequency val ue
Cal cMean(x, &y _avg, 1); /* calc avg freq
i f(do_norm /* normalize frequency data to be converted
if((Cal cMean( x, p_xbar, 1))==-1) /* cal ¢ average frequency
{
return(-1); /* pass along error
}
i f((NormalizeData( x, xbar, 1))==0) /* normalize frequency data
{
return(-1); /* pass along error
}
} /* end if

/* shift normalized frequency data up 1 position in x[] array */
for(i = num2; i >=3; i--)

{
}

X[ 0] ++;
X[ 2] ++;
numt+;

x[i+1] = x[i];

/* add 1 to # of data points

/* convert frequency data to phase data */

x[3] = 0; /* set 1st phase value to zero
y_last = 0; /* ditto for y_|ast
g=0; /* initialize # gaps

for(i = 4; i < numt3; i++)
/* phase data goes fromy[3] to y[numt2]
if( x[i] ) /* freq point not a gap

{

y_last = x[i]; /* save current freq

x[i] = x[i-1] + ( x[i] * tau );

/* Xx[i] is freq on RH side, converted to phase on LH side
} /* end if
el se /* freq point is a gap
{

/1 Avg freq gives better result for |arge gaps
x[i] = x[i-1] + ( y_avg * tau );

/1 Make phase val ue zero to preserve gap
x[i-1]=0.0;

g++;
} /* end el se

*/
*/
*/

*/

*/
*/

*/

*/

*/

*/

*/

*/

*/

*/

*/
*/
*/
*/
*/
*/
*/

*/
*/

*/
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} /* end for */

return( g );
/* end ConvFreqToPhase() */
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CG.C CountGaps|()

The FrequenC Library

NAME: FUNCTION:
Count Gaps Count the nunber of gaps in phase or
frequency phase data

SYNOPSIS: i nt Count Gaps(F_TYPE z[], BOOL datype)

F TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point

BOOL dat ype Type of data: O=phase, 1=frequency

RETURN: i nt The # of gaps counted

REMARKS:

Only data points between start and end analysis limts are anal yzed.
Al'l zeros are counted as gaps in frequency data.

Only i nbedded gaps are counted as gaps in phase dat a.

The datype flag determ nes whether the data is treated as phase or
frequency data. The data is unchanged by the Count Gaps() function.
No error codes are returned fromthis function.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
BOOL dat ype; /* data type flag */
int num [* # gaps */
dat ype=FREQ /* set flag for frequency data */
/* frequenc. h contains #define PHASE 0 and #define FREQ 1 */
num=Count Gaps(z, datype); /* count gaps in data */
printf("\n# Gaps = %", num; [* display num */

SEE ALSO: Fill Gaps()

REFERENCE: None
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Count Gaps()

Function counts the nunber of gaps in a phase or frequency
data file.
Par anet er s: F_TYPE z[] = phase or frequency data array

z[0] = # data points

z[1] = analysis start

z[2] = analysis end

BOOL datype = data type: O=phase, 1=frequency

Ret ur n: i nt = # gaps in data
Not e: Gaps in data are indicated by zero val ues.

Leading and trailing zeros are not counted as
gaps in phase data.

Revi si on record:
12/ 30/ 91 Created & edited
12/31/91 Renaned
01/ 18/ 92 Edited title bl ock
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98 Changes for MS VC++ conpatibility & warnings
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1991-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Count Gaps(F_TYPE z[], BOOL datype)

{

int i; /* array index
i nt count =0; /* # gaps

for(i=(int)(*(z+1)+3-datype); i<=(int)(*(z+2)+1l+datype); i++)
/* start at 1st and |ast data points for freq data,
/* 2nd and next to last for phase data

{
if(l*(z+i)) /* is data point a gap (zero)?
count ++;
} /* end if
} /* end for

return(count);
/* end Count Gaps()

*/
*/

*/

*/

*/

*/
*/

*/
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CGMS.C CalcGreenhallModSigma()
The FrequenC Library
NAME: FUNCTION:
Cal cG eenhal | Mod Calc nod Allan variance for phase data using
Si gma() faster Greenhall al gorithm
SYNOPSIS:
int Cal cGeenhal | ModSi gma(F_TYPE x[], F_TYPE *sig, F_TYPE tau, int m
F_TYPE x[] Phase data array
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point
F_TYPE *sig Pointer to nod Allan deviation, nod s,(t)
F_TYPE tau Anal ysis averaging tinme =t = nft,, where tq is
nmeasur enent interval of phase data
int m Averaging factor, m= t/t,
RETURN: i nt # anal ysis points, or -1 if error
REMARKS:

Only data points between start and end analysis limts are anal yzed.
No gaps are allowed in phase data.

Must have at | east 3 phase data points.

m must be >0, and cannot exceed (int)(n/3). tau nust be >0.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F_TYPE si g; /* nmod sigma */
F_TYPE tau=1. 0; /[* meas interval */
int m=100; /[* avg factor */
int num [* # anal ysis points */
num=Cal cG eenhal | ModSi gma(x, &sig, tau, nm; [* call function */
printf("\nMdSi gma = %", sig); [* display result */

SEE ALSO: Cal cPhaseMbdSi gma()

REFERENCE: C. A. Greenhall, "A Shortcut for Conputing the Mdified Al an
Vari ance", AFCS '92.
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CHB1.C CalcHadamardB1()

The FrequenC Library

NAME: FUNCTION:
Cal cHadamar dB1 Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude <frequenc. h> /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [* paraneter one */
F_TYPE t wo; [* paranmeter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /[* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/* */
/* Cal cHadanar dB1() */
/* */
/* Function to calc the Hadamard Bl Bias Function BHL(N, 1, nu), */
[* the ratio of the standard to Hadamard variances as a function of */
/* N = # sanples and integer mu = slope of log signa vs log tau plot */
/* for r =1 (no dead tine). This function applies for integer nu = */
/* -1 thru3and N>1. BHL =1 for N=2 for any mu. This function */
/* can be used to I D power |aw noises fromalpha =0 to -4. */
/* */
/* Noi se types handl ed: Alpha M1 FM */
/* -4 3 RR */
/* -3 2 FW */
/* -2 1 RW */
/* -1 0 F */
/* 0 -1 w */
/* */
/* Ref er ences: (1) NBS Technical Note 375, J.A Barnes, "Tables */
[* of Bias Functions Bl and B2, for Variances */
/* Based on Finite Sanples of Processes with */
/* Power Law Spectral Densities", January, 1969. */
/* (2) NI ST Technical Note 1318, J. A Barnes and DW */
[* Al l'an, "Variances Based on Data with Dead Time */
[* Bet ween t he Measurements", 1990. */
/* (3) NI ST Technical Note 1337, TN-296 to TN 335, */
[* J.A. Barnes and D.W Allan, "Variances Based */
[* on Data with Dead Tine Between the */
[* Measurenents”, 1990. */
/* (4) J.A Barnes, "The Analysis of Tine and */
/* Frequency Data", Austron, Inc, Decenber, 1991. */
/* (5) C A Geenhall, "A Hadamard Bl Bi as Function" */
/* (private conmunication), 04/23/99. */
/* */
/* Par anet er s: int num= # sanpl es */
[* Get -1 error code for n <2 */
/* int mu = noise type */
[* Get -1 error code for nu < -1 or mu >3 */
/* */
[* Ret ur n: f1 oat = B1 bias function val ue, */
[* or -1 if error */
/* */
[* Revi si on record: */
/* 04/ 24/ 99 Drafted & debugged */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* */
/* (c) Copyright 1999-2003 Hanmilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cHadamardB1(int num int mu)
{

doubl e n=(doubl e) num /1 Doubl e version of num
doubl e m=( doubl e) nu; /1 Doubl e version of nu
doubl e b; /1 BHLl bias function
doubl e bl, b2, b3; /1 Working vari abl es



i f(n<2)
{

}

retu
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/1 Num nmust be at least 2

rn(-1.0); /1 Error code

swi t ch( mu) /1 Switch according to mu

case
case
case

{

}

case

{

}

case

{

/] Different fornulae are required for
/I mu =0 &2 to avoid singularities

-1 /1 Wiite FM (al pha=0)
1 /1 Random Wl k FM (al pha=-2)
3: /1 Random Run FM (al pha=-4)

bl=2*pow(1-(1/n), m2);
b2=2*pow( 1+(1/n), m2);
b3=powmn, m;
b=b3* (4- b2-bl);

b1l=4/ (n*n);

b2=pow 2, m+3);

b+=- 8+b2+b1;

bl=pow(3, m;

b2=pow(2, m;

b3=- 15+24*b2- 9* b1l

b*=n/ ((n-1)*b3);

br eak;

0: /1 Flicker FM (al pha=-1)

bl=1-(1/n);
b2=1+(1/n);

b=l og(bl);
b*=-2*b1*b1;

b3=l og(b2);

b3*=- 2*b2* b2;
b+=b3;

b-=4*1 og(n)/ (n*n);
b+=8*1 0g( 2);
b1=24*1 0og(2)-9*l og(3);
b*=n/ ((n-1)*bl);
br eak;

2: /1 Flicker Wal k FM (al pha=-3)

bl=1-(1/n);
b2=1+(1/n);

b=l og(bl);
b*=b1*bl*bl*b1;
b3=l og(b2);
b3*=b2* b2* b2* b2;
b+=b3;

b*=-2*n*n;

b-=4*1 og(n)/ (n*n);
b- =24*1 og(n);
b+=32*1 0g( 2);
b1=96*1 0og(2)-81*l og(3);
b*=n/ ((n-1)*bl);
br eak;
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defaul t: /1 Unal |l owed nu
{
b=-1.0; /1 Error code
br eak;
}
}
return((float)b); /1 Return valid value of BHL bias function
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CHD.C CalcHadamardDev()

The FrequenC Library

NAME: FUNCTION:
Cal cHadamar dDev/() Cal cul at e Hadamard vari ance from phase data
SYNOPSIS:
i nt Cal cHadamar dDev(F_TYPE x[], F_TYPE *dev, F_TYPE tau)
F TYPE Xx[] Phase data array
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F_TYPE *dev Poi nter to Hadamard devi ation
F_TYPE tau Averaging tine
RETURN: i nt # anal ysis points, or -1 if error
REMARKS:

Only data points between start and end analysis limts are anal yzed.
Enbedded zeros treated as gaps in phase data.

Must have at |east 4 adjacent non-gap phase data points.

Tau nmust be >0.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[512]; /* phase data array */
F _TYPE dev; /* Hadamard dev */
F _TYPE tau=1. 0; /* avg tinme */
int num [* # analysis points */
num=Cal cHadamar dDev( x, &dev, tau); [* call function */
printf("\nHadamard Dev = %", dev); [* display result */

SEE ALSO: Cal cFr eqgHadanar dDev()

REFERENCE: T. Walter, "A Multi-Variance Analysis in the Time Donain",
Proc. 24th PTTI Meeting, Dec. 1992.
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/***************************************************************************/

/* */
/* Cal cHadarar dDev/() */
/* */
/* Function to cal cul ate Hadanard vari ance from phase data */
/* */
/* Par anet er s: F _TYPE x[] = phase data */
/* X[0] = # data points */
/* X[1] = analysis start */
/* X[2] = analysis end */
/* F TYPE *p_dev = pointer to Hadanard devi ation */
/* F _TYPE tau = tine between phase neasurenents */
/* */
/* Ret ur n: i nt = # anal ysi s points, */
/* or -1if error */
/* */
/* Not e: Enbedded zeros treated as gaps in phase data. */
/* Must have at least 1 analysis point; this */
/* requires at |east 4 adjacent non-gap phase data */
/* poi nts. Tau nust be >0. */
/* */
/* Ref er ence: T. Walter, "A Multi-Variance Analysis in the Time */
/* Donmai n", Proc. 24th PTTI Meeting, Dec. 1992. */
/* */
/* Revi si on record: */
/* 11/ 10/ 92 Created from CPS. C */
/* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 01/ 01/ 98 Changes for Ms VC++ conpatibility & warni ngs */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1992-2003 Hanilton Technical Services All Rights Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cHadamardDev(F_TYPE X[],
F TYPE *p_dev, F _TYPE tau)

{

doubl e sum /* sunming variable to calc sigma */
int i; /* index for sunmmng */
int num = 0; /* # anal ysis points */
i f(tau<=0)
{

return(-1); /* error */
}
for( i = (int)(*(x+1)+2), sum=0; i < (int)(*(x+2)); i++)

/* index goes from1l to n-3 */
/* for n data points from1l to n; data starts at x[3] */

i f( (i==*(x+1)+2 && *(x+i +1) && *(x+i +2) && *(x+i +3) )
[] ( *(x+i) && *(X+i +1) && *(x+i +2) && *(x+i +3) )
[|  ( 1==*(x+2) && *(X+i ) && *(x+i+l) && *(Xx+i +2) ) )
/* skip if any inbedded phase data value is zero */

sum += SQR( *(X+i +3) - 3 * *(x+i+2) + 3 * *(x+ +1) - *(x+i) )
numt+;
} /[* end if */



}
i f(n
{

}

el se

{
}

un0)
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/* end for

*p_dev = ( sgrt( sum/ (6.0 * num* tau * tau )));

return(nun;

return(-1);

/* # analysis points

/* error

/* end Cal cPhaseSi gna()

*/

*/
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CICS3.C CalcinvChiSsqr()

The FrequenC Library

NAME: FUNCTION:

Cal cl nvChi Sgr Cal cul ate the chi square val ue that
corresponds to a certain probability and
nunber of degrees of freedom

SYNOPSIS: float Cal cl nvChi Sqr (fl oat p, float df)

float p Chi square probability, p(X2, df)

fl oat df # of degrees of freedom df

RETURN: fl oat The chi square value, X2, or -1 if error
REMARKS:

This function uses an iterative process that is slow for very snal
values of p. It returns an error code (-1) for p £ 0.00001.

The # degrees of freedom does not have to be an integer.
This function defines p(X2, df) as the area under the upper tail of
the chi square distribution fromX2 to ¥. Depending on your usage,
you may need to use (1-p) instead of p as defined here.
Cal cl nvChi Sqr () calls Cal cChi SqrProb(), which uses Cal cNormal Prob().

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
float p; /[* chi square probability */
fl oat df; /* # degrees of freedom */
float x; /[* chi square value */
b:O.95; /* assign p value */
df =10. 0; /* assign df val ue */
x=Cal cl nvChi Sgr (p, df); [* calc Xe(p, df) */
i f(x==-1)

printf("\nError"): [* error nessage */
el se

printf("\nxX2 = 956.2f", Xx); [* display X2 */

SEE ALSO: Cal cChi Sqr Prob()

REFERENCE: None
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/*****************************************************************************/

/*

/* Cal cl nvChi Sgr ()

/*

/* Code to replace Cal clnvChi Sgr() of FrequenC32 library

/*

/* 1st function cal cul ates cl osed-form approxi mation to i nverse ch
/* square for large # degrees of freedom (K for df>10)

/*

/* Ref erences: (1) C. Geenhal | /JPL via e-nmail 12/06/96

/* (2) Abranowitz & Stegun, Handbook of Mathemati cal
[* Functions, Sections 26.2.22 & 26.4.17

/*

/* 2nd function uses a WIR iterative process to calculate the

/* val ue of chi squared associated with a given probability for

/* a certain # of degrees of freedom Calls Cal cChi SqrProb().

/*

/* Par anet er s: float p = chi squared probability val ue

/* float df = # of degrees of freedom (not necessarily
/* an integer)

/*

/* Ret ur n: fl oat = chi square val ue

[* or -1 if error

/*

[* Revi si on record

/* 02/03/97 Adapted from Cal cl nvChi Sgr() of FrequenC Library
/* 02/ 04/ 97  Added cl osed-formfunction for large df. Faster
/* and avoi ds possi bl e convergence probl ens.

/* 02/ 05/ 97 Fi xed problemwith wong tail for new large df calc
/* 05/ 16/ 00 Use NR routines to calc chi sqr probability

/* Fi xes discontunity in chi sqr vs. df

/* 04/ 13/ 02 Watch out when df<l - can hang up

/* 03/ 08/ 03 Brought into Ver 2.0 of FrequenC lib

/* 04/ 26/ 03  Adapted for Version 2.0 source code documentation
/*

/* (c) Copyright 1997-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

/1 Prototypes for Nunerical Recipes functions used here - not exported
float gamm n(float xx);

float gammp(float a, float x);

float gammy(float a, float x);

void gcf(float* gammcf, float a, float x, float* gln);

voi d gser(float* ganser, float a, float x, float* gln);

float _ decl spec(dllexport) FAR PASCAL Cal cl nvChi Sgr(float p, float df)
{

// Local vari abl es

doubl e x; /1 Chi-squared val ue

doubl e prob; /1 Degrees of freedom
doubl e sign; /1 lteration control sign
doubl e di v; /] lteration control divisor

// O osed-formvari abl es

doubl e a0=2. 30753; [/l Coefficients fromA&S 26. 2. 22
doubl e al1=0. 27601; /1l
doubl e b1=0.99229; [/
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doubl e b2=0.04481; [/
doubl e b;
doubl e n;

doubl e p1;
doubl e s;
doubl e t;
doubl e vy;

i f(p<=0.00001) /* check for small, zero or negative p
{ /* nol/ sl ow convergence for small p

return(-1.0); /* error code
}

/1 Use cl osed-form approximation for df > 100
i f(df>100)

{
/1 Use opposite tail of distribution

p=1-p;

/1 Calc approximation to inverse chi sqgr for large df
pl=mn(p, 1-p);

t=sqgrt(-2.0*1 og(pl)); Il A&S 26.2.22
n=t-((a0+(al*t))/ (1+(t*(bl+(t*b2))))); /"
b=2. 0/ (9. 0*df); [/ A&S 26.4.17
i f((p-0.5)<0) s=-1.0; /1 Greenhall revision
else if((p-0.5)>0) s=1.0; /1 1 function for
el se s=0.0; /1 both tails
y=1-b+(s*n*sqrt(b)); /1 A&S 26.4.17
x=df *powm(y, 3.0); /"
return (float)x;
}
[/ lterative solution for df<=100
x = df +(0. 5-p) *df *0. 5; /* start value for chi squared
prob=gammp(df/ 2, (float)(x/2));
pr ob=1- pr ob
div = 0.1;
whi | e(fabs((prob-p)/p)>0.0001) /* accuracy criterion
i f(prob-p>0) /* save sign of error
sign=1. 0;
}
el se
{
sign=-1.0;
x += df *(prob-p)/div; /* iteration increnent
i f(x>0) /* make sure argunent is +
{

prob=gammp(df/ 2, (float)(x/2));
pr ob=1- pr ob

*/
*/
*/

*/

*/

*/

*/
*/
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el se /* otherwi se restore it & reduce incremnment

x -= df*(prob-p)/div;

di v*=2;
i f(((prob-p)/sign)<0) /* did sign of error reverse?
{
di v*=2; /* reduce increment if it did
}
return (float)x;
}
/***************************************************************************/
/* */
/* Nureri cal Reci pes Routines to Calculate Chi Square Probability */
/* */
/* Call with p=gammmp(df/2, x/2); */
/* where p=chi sqr prob, df=deg of freedom x=chi sqr val */
/* */

/***************************************************************************/

/1 Defines
#defi ne | TMAX 100
#defi ne EPS 3. 0e-7

/***************************************************************************/

/* */
/* gam m() */
/* */

/***************************************************************************/

float gamm n(float xx)

{
doubl e x, t np, ser;
static double cof[6]={76.18009173, - 86. 50532033, 24. 01409822,
-1. 231739516, 0. 120858003e- 2, - 0. 536382e- 5} ;
int j;
X=xx-1.0;
t mp=x+5. 5;
tnp -= (x+0.5)*1 og(tnp);
ser=1.0;
for(j=0;j<=5;j++)
X += 1.0;
ser += cof[j]/x;
}
return (float)(-tnp+l og(2.50662827465*ser));
}
/***************************************************************************/
[* */
* gamp() !
[* */

/***************************************************************************/

float gammp(float a, float x)

fl oat ganser, gamcf, gl n;

*/

*/

*/
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if(x <0.0]||] a<=0.0)
/1 TRACE_STR("lnvalid argunments in routi ne GAMW");

}
if(x < (a+l.0))

{
gser ( &ganser, a, X, &gl n) ;
return ganser;
}
el se
{
gcf (&gammef, a, x, &gl n);
return (float)(1.0-gamcf);
}
}
/***************************************************************************/
/* */
I* gam() I
/* */

/***************************************************************************/

float gammy(float a, float x)

{
fl oat ganser, gammcf, gl n;
if(x <0.0]||] a<=0.0)
/1 TRACE_STR("Invalid argunments in routi ne GAMMY');
}
if(x < (at+l.0))
{
gser ( &gamser, a, X, &gl n) ;
return (float)(1.0-ganser);
}
el se
{
gcf (&gammcf, a, X, &gl n) ;
return gamcf;
}
}
/***************************************************************************/
/* */
/* gamef () */
/* */

/***************************************************************************/

void gcf(float* gammcf, float a, float x, float* gln)
{ .

int n;

fl oat gol d=0.0, g, fac=1.0, b1=1.0;

fl oat b0=0.0, anf, ana, an, al, a0=1. 0;

*gl n=ganm n(a) ;

al=x;

f or (n=1; n<=l TMAX; n++)

{
an=(float) n;
ana=an- a;
a0=(al+a0*ana) *f ac;
b0=(bl1+b0*ana) *f ac;
anf =an*f ac;
al=x*aO+anf *al;
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bl=x*b0+anf *b1;

if(al)
{
fac=(float)1.0/al;
g=b1*f ac;
i f(fabs((g-gold)/g) < EPS)
{
*gammcf =(fl oat) exp(-x+a*l og(x)-(*gln))*g;
return;
}
gol d=g;
}
}
}
/***************************************************************************/
/* */
/* gser () */
/* */

/***************************************************************************/

voi d gser(float* ganser, float a, float x, float* gln)

{ .
int n;
fl oat sum del, ap;
*gl n=ganm n(a) ;
if(x <= 0.0)
{
if(x <0.0)
{
/1 TRACE _STR("x less than 0 in routine GSER');
}
*ganser =0. 0;
return;
}
el se
{
ap=a;
del =sune(fl oat) 1. 0/ a;
f or (n=1; n<=l TMAX; n++)
{
ap += 1.0;
del *= x/ap;
sum += del ;
i f(fabs(del) < fabs(sum *EPS)
*ganmser =sunt (f | oat ) exp(-x+a*l og(x)-(*gln));
return;
}
}
return;
}
}
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CLFD.C CalcLinFreqDrift()

The FrequenC Library

NAME: FUNCTION:
Cal cLi nFreqDri ft Calculate the linear drift for frequency data
SYNOPSIS:

int Cal cLinFreqgDrift(F_TYPE y[],F_TYPE *p_a, F_ TYPE *p_b, F_ TYPE *p_v)

F TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE *p_a Pointer to intercept, a, of y(t)=a+bt
linear fit to the frequency drift
F TYPE *p_b Pointer to slope, b, of y(t)=atbt |inear

fit to the frequency data

F TYPE *p_v Poi nter to variance, v, of linear fit
to the frequency data

RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nust be at |east 2 non-gap anal ysis points.

Al zeros are treated as gaps in frequency data.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* frequency data array */
F_TYPE a; /[* intercept */
F_TYPE b; /* sl ope */
F TYPE v; /[* variance */
int num [* # data points processed */
hunrcaIcLinFrquxift(y, &a, &b, &v); [* calc linear drift */
i f(nume=-1) /* check for error */
printf("\nError"); [* error nessage */
el se
{
printf("\nlntercept = %", a); [* display slope */
printf("\nSlope = %", b); [* display intercept */
printf("\nVariance = %, Vv); /* display variance */
printf("\n# Data Points Analyzed = %", nun); [* display num */
}

SEE ALSO: Cal cLogFreqDrift ()

REFERENCE: None
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cLinFreqDrift ()
Function to calculate linear frequency drift y(t)=atbt
Par anet er s: F TYPE y[] = frequency data
y[0] = # data points
y[1] = analysis start
y[2] = analysis end
F TYPE p_a = pointer to y-intercept
F TYPE p_b = pointer to slope
F TYPE p_v = pointer to fit variance
Ret ur n: i nt = # anal ysis points,
or -1 if error
Not es: Zeros treated as gaps in frequency data

# non-gap data points nust be at |east 2

and at least 3 to calc finite fit variance

Revi si on record:
12/ 16/ 91 Cr eat ed

12/ 26/ 91 Changed to int returning # non-gap data points

12/31/91 Renaned

01/ 16/ 92 Edi t ed per FrequenC documentation
01/18/92 Edited title bl ock

01/ 19/ 92 Added error traps

02/ 03/ 96 Modi fied for use as Wn 3.1 DLL

01/01/98 Changes for M5 VC++ conpatibility & warnings
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1991-2003 Hamilton Technical Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cLinFreqDrift(F_TYPE y[],

{

F_TYPE *p_a, F_TYPE *p_b, F_TYPE *p_v)

int i;

int num= (int)(*(y+2)-*(y+1)+1);
doubl e sumx = 0;

doubl e sumy = 0;

doubl e sum xx = 0;
doubl e sumyy = 0;
doubl e sum xy = 0;
for( i = (int)(*(y+1)+2); i <= (int)(*(y+2)+2); i++)
{
i{f(*(y +i))
sumx +=i-2;

sumy += *(y + i)

sumxx += SQR ( (float) (i-2) ); /* must cast to float

sumyy += SQR ( *(y + 1) );
sumxy += (i-2) * *(y +1i);

11

/* end if

*/

*/
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el se
{
num - ;

} /* end el se
} /* end for
i f(nunx2)
{

return(-1); /* error
}
*p_b = (sumxy - ((sumx) * (sumy) / num);
*p_b =*p b/ (sumxx- ((sumx) * (sumx)) / num;
*p_.a = ((sumy) / num - (*p_b * sumx / nun;
*p_v = 0; /* fit variance O if only 2 points
i f(nune=3) /* need at least 3 analysis points to calc fit variance
{

*p_v = sumyy - (sumy * sumy / num;

*p_v -= *p_b * *p_b * (sumxx - (sumx * sumXx / num));

*p_v /= (num- 2);
}

return(numn;
/* end Cal cLinFreqDrift()

11A1
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CLFD2.C CalcLogFreqDrift()

The FrequenC Library

NAME: FUNCTION:
Cal cLogFreqDri ft Calculate the log drift for frequency data
SYNOPSIS:

i nt CaIcLogFrquxlft(F TYPE y[], F_TYPE *p_a, F_TYPE *p_b,
F TYPE *p_c, F_TYPE *p_v)

F_TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE *p_a Pointer to nultiplicative term a, of
y(t)=axn(bt+l)+c log fit to frequency data
F TYPE *p_b Pointer to tine term b, of log fit
F TYPE *p_c Poi nter to constant term c, of log fit
F TYPE *p_v Pointer to fit variance, v, of log fit
RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS: _
All zeros are treayed as gaps in frequency data.

There nust be at |east 2 non-gap anal ysis points.

Only data points between start and end analysis limts are anal yzed.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* frequency data array */
F TYPE a, b, c, v; [* fit paranmeters */
int num /* # data points processed */
hunFCaIcLogFrquxift(y, &a, &b, &c, &v); /* calc log drift */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
printf("\na = %", a); /* display a */
printf("\nb = %", b); /[* display b */
printf("\nc = %", c); /* display ¢ */
printf("\nv = %", v); [* display v */
printf("\n# Data Poi nt s Anal yzed = %", num; [* display num */
}

SEE ALSO: Cal cLi nFreqDrift ()

REFERENCE: M L- O-55310B, General Specification for Crystal Gscillators
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1991-2003 Hamilton Technical Services Al Rights Reserved

/*

Cal cLogFreqDrift ()

Function to calculate log frequency drift
Fit fractional frequency data to log drift nodel:

Ref er ence

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
12/ 16/ 91
12/31/91
01/ 18/ 92
01/ 19/ 92
02/ 03/ 96
01/ 01/ 98
04/ 26/ 03

y(t) = aul n(bt+1) +c

where: y(t) = fractional frequency
t =time
a = nmultiplicative term
b =log tinme term
c = constant term

M L- O 55310B, Ceneral Specification for Crysta
GCscillators

F TYPE y[] = frequency data

y[0] = # data points

y[1] = analysis start

y[2] = analysis end
F TYPE *p a = pointer to multiplicative term
F TYPE *p b = pointer to time constant term
F TYPE *p ¢ = pointer to constant term
F TYPE *p v = pointer to fit variance
i nt = # non-zero anl aysi s points,

or -1 if error

Zeros treated as gaps in frequency data.

A value of b is chosen, the linear fit paraneters
are found, and b is varied iteratively until the
rms error is belowa linmt criterion

Need at | east 2 non-zero data points.

Created

Renaned

Edited title bl ock

Changed error trap

Modi fied for use as Wn 3.1 DLL

Changes for MS VC++ conpatibility & warnings
Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cLogFreqDrift (F_TYPE y[],

{

F TYPE *p_a, F_TYPE

int i;

int num= (int)(*(y+2)-*(y+1)+1);
doubl e error _limt=0.00001; /* fractional error limt for variance
[* x=In(b*t+1)

/* sum of squared error

/* initialized so (err-prev_err)/err > error_limt
/* sum of x=l n(bt+1)

/* sum of y

doubl e x;

doubl e err=1.0;
doubl e prev_err=0;
doubl e sum x;
doubl e sumy;

*p_b, F_TYPE *p_c, F_TYPE *p_v)

/* freq data index
/* # frequency data points

117
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doubl e sum xx; /* sum of x~"2
doubl e sum xy; /* sum of xy
doubl e d=0. 1; /* b iteration factor
*p_b=1.0; /* initial value for b
whil e(fabs(((err-prev_err)/err))>error_limt) /[* iterate
prev_err=err; /* save previous error
sumx = 0; /* sum of x=l n(bt+1)
sumy = 0; /* sum of y
sumxx = 0 /* sum of x~"2
sum xy = 0; /* sum of xy
num= (int)(*(y+2)-*(y+1)+1); /* # frequency data points

for( i=(int)(*(y+1)+2); i<=(int)(*(y+2)+2); i++)

/* accumul ate suns for fit
{
if(*(y+i)) /* gap in data?
{
x=log((*p_b * (i-2))+1);
sumx += X;
sumy += *(y+i);
SuUm xXx += x*x;
sum Xy += X * *(y+i);
} /* end if
el se
{
nunt - ;
} /* end el se
} /* end for
i f(nunx2) /* must have at |east 2 data points
{
return(-1);
} /* end if
*p_a = sumxy - (sumx * sumy / nunj; /* find paraneters
*p_a /= sumxx- (sumx * sumx / nunj;
*p_c = (sumy - (*p_a * sumx ))/ num
err=0; /* calc sum of squared error
for( i=(int)(*(y+1)+2); i<=(int)(*(y+2)+2); i++)
{
HE(*(y+i))
{
err += SQR(*p_a * log((*p_b * (i-2))+1) + *p_c - *(y+i));
}
}
if(err>prev_err) /* wrong way?
{
d *=-0.5;
}
*p_b += *p b * d; /* modify b for next iteration
}
*p_v = err;
return(numn;
/* end Cal cLogFreqDrift()
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CM.C.C CalcMean()

The FrequenC Library

NAME: FUNCTION:
Cal cMean Cal cul at e average val ue of phase or frequency
dat a
SYNOPSIS:
int Cal cMean(F_TYPE z[], F_TYPE *p_avg, BOOL datype)
F_TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
F _TYPE *p_avg Poi nter to average
BOOL dat ype Type of data: O=phase, 1=frequency
RETURN: i nt The # of analysis points, or -1 if error

REMARKS:

Only data between start and end analysis limts are anal yzed.

Al'l zeros are treated as gaps in frequency data.

Only enbedded gaps are treated as gaps in phase data.

The datype flag determ nes whether the data is treated as phase or
frequency dat a.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE z[512]; /* data array */
F _TYPE avg; /* average val ue */
BOOL dat ype; /* data type flag */
int num [* # gaps */
datype:FRECz /* set flag for frequency data */
/* frequenc. h contains #define PHASE O and #define FREQ 1 */
num=Cal cMean(z, &avg, datype); /* calc avg */
i f(nume=-1) /* check for error */
printf("\nError); /* error nessage */
el se
{
printf("\nAverage = %", avgQ); /* display average */
printf("\n# Analysis Points = %", num; [* display num */

SEE ALSO: Nor nal i zeDat a()

REFERENCE: None
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cMean()

Function to cal cul ate average val ue of phase or frequency data

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
12/ 16/ 91
12/ 24/ 91

12/ 31/ 91
01/18/92
01/19/92
02/ 03/ 96
01/01/98
04/ 26/ 03

(c) Copyright 1991-2003 Hamilton Technical Services All Rights Reserved

F_TYPE z[] = phase or frequency data
z[0] = # data points
z[1] = analysis start
z[2] = analysis end

F_TYPE *p_avg
BOCOL dat ype

poi nter to average val ue of data
data type: O=phase, 1=frequency

i nt # non-gap data points,

or -1 if error

Al zeros treated as gaps in frequency data.
Enbedded zeros treated as gaps in phase data.

Created

Changed to nake datype a paraneter rather than
a global variable. Made function an int return-
ing # non-gap data points. y[] changed to z[].
Renaned

Edited title bl ock

Added error trap

Modi fied for use as Wn 3.1 DLL

Changes for M5 VC++ conpatibility & warnings

Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cMean(F_TYPE z[], F_TYPE *p_avg,

{

BOCOL dat ype)

doubl e sum = 0O;
fl oat num = O;
int i;

for( i=(int)(*(z+1)+2); i<=(int)(*(z+2)+2); i++)
/* loop thru all analysis points */

/* skip gaps */
if(*(z +1i) || ('datype && i==3) || ('datype && i==z[0] +2))

)

/* end if

*/

/* end for */

/* return # non-gap data points */

{
{
sum += *(z+i
numt+;
}
i f(nune0)
{
*p_avg = suni num
return(int)num
}
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el se

{
}

return(-1); /* error */

/* end Cal cMean() */
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CNP.C CalcNormalProb()
The FrequenC Library
NAME: FUNCTION:
Cal cNor mal Pr ob Cal cul ate the normal probability function

SYNOPSIS: fl oat Cal cNormal Prob(fl oat x)

float x The normal vari abl e val ue

RETURN: f | oat The val ue of the nornal ity, the area
under the normal or CGaussian distribution to
the left of the normal variable x.

REMARKS:

No error codes are returned by this function

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */

fl oat p; /* value of normal probability */

float x; /* normal variable value */

k:1.5; /* assign value to x */

p=Cal cNor nal Prob(x); /* calc normal probability */

printf("\np = %.3f", p); /[* display p */

SEE ALSO: None

REFERENCE: Col | ected Al gorithnms from CACM Vol .
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/***************************************************************************/

[* */
/* Cal cNor mal Prob() */
[* */
[* Function to cal culate the cunul ati ve normal distribution, * [
[* the area under the normal or Gaussian distrubution to the * [
[* |l eft of the normal variabl e x. * [
[* */
/* Ref er ence: Col l ected Algorithns from CACM Vol. |, #2009, */
[* D. | bbetson and E. Brothers, 1963. * [
[* */
[* Par anet er : float x = normal variable * [
[* */
/* Ret ur n: fl oat = p(x) = normal probability val ue */
[* */
[* Revi si on record: * [
[* 12/ 30/ 91 Cr eat ed * [
[* 12/ 31/ 91 Renaned * [
[* 01/ 18/ 92 Edited title block */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL * [
/* 01/01/98  Changes for Ms VC++ conpatibility & warnings */
/* 04/ 26/ 03  Adapted for Version 2.0 source code docunmentation */
[* */
/* (c) Copyright 1991-2003 Hamilton Technical Services Al R ghts Reserved */
[* */

/***************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cNornal Prob(fl oat x)

{

double w, vy, z;

if (x == 0.0)
{
z = 0.0;
} /[* end if */
el se
{
y = fabs(x) / 2.0;
if (y > 3.0)
{
z = 1.0;
} /[* end if */
el se
{
if (y <1.0)
{
W=y *y;
z = ((((((((0.000124818987 * w
-.001075204047) * w + .005198775019) * w
-.019198292004) * w + .059054035642) * w
-.151968751364) * w + .319152932694) * w
-.531923007300) * w + .797884560593) * y * 2.0;
} /[* end if */
el se
{
y =y - 2.0
Z = ((CCCCCC(((((-.000045255659 * y

1RR
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+.000152529290) * y
-.000676904986) * y
-.000794620820) * y
+.006549791214) * y
+.011630447319) * y
+.005353579108) * y
+.000535310849) * y

if (x >0.0)

{
}
el se

{
}

return (float)((z + 1.0) / 2.0);

return (float)((1 - z) / 2.0);

- .000019538132)
+ .001390604284)
- .002034254874)
- . 010557625006)
- . 009279453341)
- .002141268741)
+ .999936657524;

N
KKK

/* end el se
/* end el se
/* end el se

/* end if

/* end el se
/* end Cal cNor nProb()

*/
*/
*/

*/

*/
*/
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CPHD.C CalcPhaseHadamardDev()

The FrequenC Library

NAME: FUNCTION:
Cal cPhaseHadamar dDev Cal cul at e Hadamard devi ati on from phase data
SYNOPSIS:
i nt Cal cPhaseHadanmar dDev(F _TYPE x[], F_TYPE *dev , F_TYPE tau)
F TYPE Xx[] Phase data array
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F_TYPE *dev Poi nter to Hadamard devi ation
F_TYPE tau Averaging tine
RETURN: i nt # non-gap data points processed or -1 if
error
REMARKS:

Only data points between start and end analysis limts are anal yzed.
Enbedded zeros are treated as gaps in phase data.

Must have at | east 4 adjacent non-gap phase data points.

Tau must be > 0.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F_TYPE dev; /* Hadamard devi ation */
F _TYPE tau=1. 0; /* averaging tinme */
int num [* # data points processed */
num=Cal cPhaseHadamar dDev(x, &dev, tau); [* call function */
printf("\nHadamard Dev = %", dev); /* display result */

SEE ALSO: Cal cFr egHadamar dDev

REFERENCE: T. Walter, "A Multi-Variance Analysis in the Tinme Donmain"
Proc. 24th PTTI Meeting, Dec. 1992.
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cPhaseHadarar dDev/()

Function to cal cul ate Hadanard vari ance from phase data

Par anet er s: F _TYPE x[] phase data

X[0] = # data points
X[1] = analysis start
X[2] = analysis end

F _TYPE *p_dev poi nter to Hadanard devi ation

F _TYPE tau ti me between phase neasurenents
Ret ur n: i nt = # anal ysi s points,
or -1if error
Not e: Enbedded zeros treated as gaps in phase data.

Must have at least 1 analysis point; this
requires at |east 4 adjacent non-gap phase data
poi nts. Tau nust be >0.

Ref er ence: T. Walter, "A Multi-Variance Analysis in the Tine
Donmai n", Proc. 24th PTTI Meeting, Dec. 1992.

Revi si on record:
04/ 26/ 96 Created from STAB F45.C
01/ 01/ 98 Changes for Ms VC++ conpatibility & warni ngs
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1996-2003 Hanilton Technical Services All R ghts Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cPhaseHadamar dDev(F_TYPE X[],

{

F TYPE *p_dev, F _TYPE tau)

doubl e sum /* sunmm ng variable to calc sigm
int i; /* index for summng
int num = 0; /* # anal ysis points
i f(tau<=0)
{

return(-1); /* error
}
for( i = (int)(*(x+1)+2), sum=0; i < (int)(*(x+2)); i++)

/* index goes from1l to n-3
/* for n data points from1l to n; data starts at x[3]

*/
*/
*/

*/

*/
*/



FrequenC Library Reference Manual

( *(x+) && *(X+ +1) && *(x+i +2) && *(x+i +3) )

i f ( (0 ==*(x+1) +2 && *( X+ +1) && *(x+i +2) && *(x+ +3) )
| |
[ i==*(x+2)  && *(x+i ) && *(x+i +1) && *(x+i +2) ) )

/* skip if any inbedded phase data value is zero
{
sum += SQR( *(x+i +3) - 3 * *(x+i+2) + 3 * *(x+i+1) - *(x+i) );
numt+;
} /* end if
} /* end for
i f(nune0)
{
*p_dev = ( sgrt( sum/ (6.0 * num* tau * tau )));
return(numn; /* # anal ysis points
} /* end if
el se /* no analysis points
{
return(-1); /* error
} /* end el se

*/

*/
*/

*/
*/
*/

*/
*/
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CPMS3.C CalcPhaseModSigmal()

The FrequenC Library

NAME: FUNCTION:
Cal cPhaseMbdSi gma Cal culate the nodified Al an deviation for
phase data

SYNOPSIS:
int Cal cPhaseModSi gma(F_TYPE x[], F_TYPE *p_sig, F_TYPE tau, int m

F_TYPE x[] Phase data array:
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point

F TYPE *p_sig Pointer to sig, the nodified Allan

devi ation for the phase data
F TYPE tau The averaging tinme for the phase data
int m The averagi ng factor
RETURN: i nt the # of non-gap data points processed,

or -1 if error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nust be at |east 3 non-gap anal ysis points.

Enbedded zeros are treated as gaps in phase data.

Maxi mum m = (int) num 3, and mnust be >0. Tau nust be >0.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[512]; /* phase data array */
F _TYPE si g; /* nodified sigma */
F_TYPE tau; /* avergaing tinme */
int m /* averaging factor */
int num /* # data points processed */
fau:1.0; /* set tau value */
nm=2; /* set mvalue */
num=Cal cPhaseModSi gma(x, &sig, tau, m; /* calc nod sigma */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
printf("\nMbd Sigma = %", siQ); [* display sigma */
printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cFast MbdSi gna(), Cal cFregMdSi gna()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cPhaseMdSi gna()

Function to calculate the nodified Allan variance for phase data,

be used if there are no gaps.

Par amet er s:

possibly with gaps. A faster function, Cal cFast MdSigma(), can

F_TYPE x[] = phase data

x[0] = # data phase points

x[1] = analysis start

x[2] = analysis end
F TYPE *p_sig = pointer to nod Allan deviation
F_TYPE tau = anal ysis averaging time = n¥ttau_ O
int m = averaging factor = tau/tau_0O
BOCOL *bAbort = pointer to abort flag

Ret ur n:

Not es:

Revi si on record:
12/ 16/ 90
12/31/91
01/ 18/ 92
01/ 19/ 92
02/ 03/ 96
06/ 15/ 02

01/ 28/ 03

03/ 08/ 03

03/ 09/ 03
04/ 26/ 03

BOCOL bProgress progress indicator flag
voi d *ProgressFunction()
= pointer to progress indicator
function with args int nPercent Done
and char *szMessage

i nt = # anal ysis points,
or -1 if error

Enbedded zero phase val ue treated as gap in data
Phase data is not averaged before calling this
function. The data consists of num phase sanpl es
at interval tau 0. Denomi nator term (num 3m+1)
nmust be >0. This sets nmax ne(int)(nunm 3),

where nun¥# phase points before averaging.

m rmust be >0 and tau nust be >0.

Use faster Cal cFast MbdSigna() if no gaps in data.

The progress function pointer can be NULL, but is
intended as a way to display the % done and a
nmessage about the cal cul ation

The abort flag provides a way to abort the calc.
It rmust exist but does not have to be used.

Created

Renaned

Edited title bl ock

Added error traps

Modi fied for use as Wn 3.1 DLL

Copi ed here for revision. Added gap fl ag.

Fi xed error for small AF and |l arge sets of |ow
resol ution noi se where sumi can be zero wo gap
Added progress indicator & argunent

Brought into Ver 2.0 of FrequenC lib

Added progress nessage function pointer to arg |ist
Added bAbort pointer to arg |ist

Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1990-2003 Hanmilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/
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#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cPhaseMdSi gma(F_TYPE Xx[],
F TYPE *p_sig, F_TYPE tau, int m BOOL *bAbort, BOCOL bProgr
voi d *ProgressFunction(int nPercentDone, char *szMessage))

/!l Local vari abl es

ess,

doubl e sumi, sumj; /* sunmi ng variables to calc nod sigma */
float fm /* float version of m?*/
int i; /* index for inner sunming |oop */
int j; /* index for outer summing |oop */
int n_sum=0; /* # points in outer summing |oop */
int num= (int)(*(x+2)-*(x+1)+1); /* # phase data points for analysis */
int gap; /* gap flag */
int nTic; /* Increnment for progress indicator */
int nLast_j=0; /* Previous value of index */
/1 Check args
if( (nx1) || (nunx3*m || (tau<=0) )
{
return(-1); /* error */
} [* end if */
/1 Initialize increment for progress report
nTi c=(int)ceil (nunm 100);
/] Start
i f(bProgress)
/1 Initialize progress display
Pr ogressFuncti on(0,
"Calculating Md/ Tine Sigma (with gaps)");
} [* end if */
/1 Initialize outer |oop
fe(fl oat) m
sum j =0;
/1 Calc nod sigma
for(j=1;, j<=num (3*m)+1; j++) /* outer |oop */
/* ] goes from1l to N3mtl where N=# phase points & mravg factor */
/* regardless of analysis limts */
{
sum i =0;
gap=1;
for(i=j+(int)(*(x+1))-1; i<=mt-1+(*(x+1))-1; i++) /* inner |oop */
/* 1 is the actual phase data index; it includes a term*/
/* *(x+1)-1 to account for the analysis starting point */
/* the data array offset +2 is included in the code bel ow */
{
i f( (i=mj+(*(x+1))-1 && *(X+i +2+m) && *(x+i +2+(2*m)) )
[ ( *(x+i+2) && *(X+i +2+m) && *(x+i +2+(2*m)) )
[ P==mj-1+(*(x+1)) -1 && *(x+i +2+m) && *(x+i) ) )
[* skip if any inbedded phase data value is zero */
{
sumi += *(x+i +2+(2*m)) - (2*(*(x+i +2+n))) + *(x+i +2);
gap=0; /* not a gap */
} [* end if */
} /* end for */
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i f(!gap)
{
sumj += SQR(sum.i);
n_sumt+;
} [* end if */
/1 Display progress
/1 Updat e when index has changed by at |east tic anount
if(((j-nLast_j)>=nTic) &% (bProgress))
{
ProgressFunction((int)(0.5+100.0*j/(num 3*m),
"Cal culating Md/ Tine Sigma (with gaps)");
nLast j=j;
} [* end if */
/1 Check for abort
i f(*bAbort)
{
br eak;
}
} /* end for */
/1 Done
/1 dear progress displa
ProgressFunction(0, "");
/] Return results
i f(n_sunr0) /* make sure no div by 0 */
{
*p_sig = sqrt((sumj)/(2.0*tau*tau*fnFfntn_sum);
return(n_sunj; /* # analysis points */
}
el se
{
return(-1); /* error */
}
/* end Cal cPhaseMdSi gma() */
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CPOHD2.C CalcPhaseOverlapHadamardDev()

The FrequenC Library

NAME: FUNCTION:
Cal cPhaseOverl ap Description of what function does
Hadamar dDev
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysi os end poi nt
F_TYPE one par anet er one, and description of what it is
F _TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

All zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude <frequenc. h> /* FrequenC header file */
F TYPE z[512]; /[* data array */
F_TYPE one; [ * paranmeter one */
F_TYPE two; [* paranmeter two */
int num /* # data points processed */
one=1. 0; /* set 1st paraneter value */
t wo=2. 0; /* set 2nd paraneter value */
numeFunct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", nun); [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cPhaseCQver | apHadamar dDev()

Function to cal c overl appi ng Hadanmard vari ance from phase data

Par amet er s:

F_TYPE *p_dev

F_TYPE tau
i nt m

Ret ur n: i nt

Not e
Must have at
requires at
poi nt s.

Ref er ence: T. Wl ter
Domai n", Proc.

F_TYPE x[]

phase data

X[ 0]
X[ 1]
X[ 2]

# data points
anal ysis start
anal ysis end

poi nter to Hadanmard deviation
ti me between phase neasurenents
aver agi ng factor

# anal ysi s points,
or -1 if error

Meet i ng,

Enbedded zeros treated as gaps in phase data.

| east 1 anal ysis point;
| east 4 adj acent non-gap phase data
Tau nust be >0.

this

"A Milti-Variance Analysis in the Tine
24th PTTI

Dec. 1992.

Modi fied by WIR to use fully-overl appi ng sanpl es.

Revi si on record:
03/ 05/ 99
04/ 26/ 03

/* (c) Copyright 1999-2003 Hanilton Technica

/*

/**************************************************************************

#i ncl ude "frequenc. h"

Services Al

Created from CPHD. C of FrequenC32 Library
Adapted for Version 2.0 source code docunentation

Ri ghts Reserved

int _ declspec(dllexport) FAR PASCAL Cal cPhaseQver| apHadamar dDev(F_TYPE X[ ]

{

F TYPE *p_dev, F_TYPE tau,

doubl e sum

int i;

i nt nuneO;

float fme(float)m

i f(tau<=0)
{

}

for(i=(int)(*(x+1)+2),

return(-1);

sunme0;

int m

/* sunming variable to calc sigm

i <=(int)(*(x+2)+2-3*m
/* index goes from1l to n-3m*/
/* for n data points from1l to n;

/* index for summ ng
/* # analysis points
/* float version of m

/* error

i ++)

data starts at x[3]

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/

*/
*/
*/
*/

*/

*/

*/
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( *(x+) && *(X+ +M) && *(x+ +2*m) && *(x+ +3*m) )

PF( (iE=F(XHL) 42 && *(XH +N) && *(x+H +2%n) && *(x+H +3*m) )
|
[T i=="(x+2)  && *(x+i ) && *(x+i+m) && *(x+i+2*m ) )

*/

*/
*/

*/
*/
*/

*/

/* skip if any inbedded phase data value is zero
{
SUME=SQR( (* (x+i +(3*m) ) ) - 3*(*(x+i +(2*m) ) ) +3* (*(x+i +m) ) - (*(x+i)));
numt+;
} /* end if
} /* end for
i f(nune0)
{
*p_dev=sqgrt (suni (6. 0*nunttau*tau*fnrfm);
return(numn; /* # anal ysis points
} /* end if
el se /* no analysis points
{
return(-1); /* error
} /* end el se

*/
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CPOS.C CalcPhaseOverlapSigma()

The FrequenC Library

NAME: FUNCTION:
Cal cPhaseOver | apSi gma Cal cul ate the Allan devi ation for overl appi ng
sanpl es of phase data

SYNOPSIS:
i nt Cal cPhaseOverl apSigma(F_TYPE x[],F_TYPE *p_sig, F_TYPE tau,int m

F_TYPE x[] Phase data array:
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point

F TYPE *p_sig Pointer to sig, the Allan deviation for

over |l appi ng sanpl es of phase data

F TYPE tau The averaging tinme for the phase data

int m The averagi ng factor

RETURN: i nt the # of non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nust be at | east 3 non-gap anal ysis points.

Enbedded zeros are treated as gaps in phase data.

Avg Factor mnust be >0 and < # data points/2. Tau nmust be >O0.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[512]; /* phase data array */
F _TYPE si g; /[* sigma */
F _TYPE tau; /* averaging tine */
int m /* averaging factor */
int num /* # data points processed */
fau:1.0; /* set tau value */
nm=2; /* set mvalue */
num=Cal cPhaseOverl apSi gma(x, &sig, tau, nm; /* calc sigma */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
printf("\nSigma = %", sig); /* display sigma */
printf("\n# Data Points Analyzed = %", nunm); /* display num */

SEE ALSO: Cal cPhaseSi gma(), Cal cFreqOver!l apSi gma()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/* */
/* Cal cPhaseCQver| apSi gna() */
/* */
/* Function to calculate Allan variance using overl appi ng sanpl es */
/* of phase data */
/* */
/* Par anet er s: F_TYPE x[] = phase data array */
/* x[0] = # phase data points */
/* x[1] = analysis start */
/* x[2] = analysis end */
/* F TYPE *p_sig = pointer to Allan deviation */
/* F_TYPE tau = averaging tine of phase data */
/* int m = averagi ng factor */
/* */
/* Ret ur n: i nt = # anal ysis points, */
[* or -1 if error */
/* */
/* Not es: Enbedded zeros treated as gaps in phase data. */
/* Must have at least 1 analysis point; this */
/* requi res at |east 3 adjacent non-gap phase data */
/* points. Averaging tinme for sigma calculation is */
/* mtinmes the tau paraneter of the phase data. */
/* m must be >0 , tau nust be >0, and the # non-gap */
/* phase data points N nmust be > 2m */
/* */
[* Revi si on record: */
[* 12/ 16/ 90 Created */
[* 12/31/91 Renaned */
/* 01/ 18/ 92 Edited title block */
/* 01/ 19/ 92 Added error traps */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1990-2003 Hanmilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) Cal cPhaseOverl apSigma(F_TYPE x[], F_TYPE *p_sig,
F TYPE tau, int m

{
doubl e sun¥0; /* sunming variable to calc sigma */
float fnem /* float version of m?*/
int i; /* index for summation */
i nt nunme0; /* # analysis points */
int n; /* # frequency data points */
n=*(x+2) - *( x+1) +1; /* total # phase data points */

Hf( (mel) [ (n<2*m) || (tau<=0) )

return(-1); /* error */
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for( i=*(x+1)+2; i<=n-2*m2; i++) /* summ ng | oop */
/* i basically goes from1l to NN2mwhere N is # phase data points and */
/* mis averaging factor. Term*(x+l1l) is the analysis start limt (1 */

/* if all data used) & the 2 accounts for the data array offset */
{
i f( (P==r(x+1)+2 && *(Xx+i+m) && *(x+i +(2*m)) )
[ *(x+i) && *(x+i+m) && *(x+i +(2*m)) )
[| ( i==n-2*m+2 && *(x+i+m) && *(x+i) ) )
/* skip if any inbedded phase data value is zero */
{
sum += SQR ( *(x+i +(2*m)) - (2 * (*(x+i+m))) + *(x+i) );
numt+;
} [* end if */
i f(nune0)
{
*p_sig=sqrt( sum/ (2.0*tau*tau*fntfmnum);
return(numn; /* # analysis points */
}
el se
{
return(-1); /* error */
}

/* end Cal cPhaseOverl apSigma() */
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CalcPhaseSigma()

The FrequenC Library

NAME:
Cal cPhaseSi gma

FUNCTION:

Cal cul ate Al'l an deviation for phase data

SYNOPSIS: i nt Cal cPhaseSi gma(F_TYPE x[],

F TYPE *p_sig, F_TYPE tau)

F_TYPE x[]

Phase data array:

x[ 0]
x[ 1]
x[ 2]

# data points
anal ysis start point
anal ysi s end poi nt

F TYPE *p_sig

Poi nter to sig,

phase data

the Al an deviation for the

F _TYPE tau The averaging tinme for the phase data
RETURN: i nt the # of non-gap data points processed,
or -1 if error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nmust be at | east 3 non-gap anal ysis points.
Enbedded zeros are treated as gaps in phase data. Tau nust be >0.

EXAMPLE:

#i ncl ude "frequenc. h"
F_TYPE x[512];

F _TYPE si g;

F TYPE t au;

int num

fau:1.0;
i f(nume=-1)

printf("\nError");

el se

{
printf("
printf(

num=Cal cPhaseSi gna(x, &sig, tau);

\nSigma = %", siQ);
"\ n# Data Points Analyzed = %", num; [* display num */

/* FrequenC header file

/* phase data array

/* Allan deviation

/* averaging tine

/* # data points processed

/* set tau val ue
/* calc sigm
/* check for error

/* error nessage

[* display sigma

*/

SEE ALSO: Cal cFreqSi gma()

REFERENCE: NI ST Techni cal

Not e 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1991-2003 Hamilton Technical Services Al Rights Reserved

/*

Cal cPhaseSi gnma()

Function to calculate Al an variance from phase data

Par amet er s:

Ret ur n:

Revi si on record:
12/ 16/ 91
12/31/91
01/ 18/ 92

02/ 03/ 96
01/01/98
04/ 26/ 03

F_TYPE x[] = phase data
X[0] = # data points
x[1] = analysis start

x[2] = analysis end
pointer to Allan deviation
ti me between phase neasurenents

F TYPE *p_sig
F_TYPE tau

i nt # anal ysi s points,

or -1 if error

Enbedded zeros treated as gaps in phase data.
Must have at least 1 analysis point; this

requi res at |east 3 adjacent non-gap phase data
points. Tau nust be >0.

Creat ed

Renaned

Edited title bl ock

Addded error traps

Modi fied for use as Wn 3.1 DLL

Changes for MS VC++ conpatibility & warnings

Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cPhaseSi gma(F_TYPE Xx[],
F TYPE *p_sig, F_TYPE tau)

doubl e sum
int i;
int num= O;

i f(tau<=0)
{
return(-1); /* error
}
for( i = (int)(*(x+1)+2), sum=0; i < (int)(*(x+2)+1); i++)
/* index goes from1l to n-2
/* for n data points from1l to n; data starts at x[3]
{

/* sunming variable to calc sigm
/* index for summ ng
/* # analysis points

*/
*/
*/

*/

*/
*/
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i f ( (0 ==*(x+1) +2 && *(x+i +1) && *(x+i +2) )
[ *(x+i) && *(X+i +1) && *(x+i +2) )
[ (1=="(x+2)+1 && *(x+i ) && *(x+i+1) ) )

/* skip if any inbedded phase data value is zero
{
sum += SQR( *(x+i +2) - 2 * *(x+i+1) + *(x+i) );
numt+;
} /* end if
} /* end for
i f(nune0)
{
*p_sig=( sqgrt( sum/ (2.0 * num* tau * tau )));
return(numn; /* # anal ysis points
}
el se
{
return(-1); /* error
}
/* end Cal cPhaseSi gna()

*/

*/
*/

*/

*/

*/
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CalcPhaseStdDev()

The FrequenC Library

NAME:
Cal cPhaseSt dDev

FUNCTION:
Cal cul ate standard devi ati on for phase data

SYNOPSIS: int Cal cPhaseStdDev(F_TYPE x[], F_TYPE *p_dev, F_TYPE tau)

F_TYPE x[]

Phase data array:

Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point

F TYPE *p_dev

Poi nter to dev, the standard devi ation for
t he phase data

RETURN: i nt

The # of non-gap data points processed,
or -1 if error

REMARKS:

There nust be at

Only data points between start and end analysis limts are anal yzed.

Enbedded zeros are treated as gaps in phase data. Tau nust be >0.

| east 3 non-gap anal ysis points.

EXAMPLE:

F_TYPE x[513];

#i ncl ude "frequenc. h" /* FrequenC header file */

/* phase data array */

F _TYPE dev; /* standard deviation */
F_TYPE tau; /* averaging tine of phase data */
int num /* # data points processed */
fau:1.0; /* assign value to tau */
num=Cal cPhaseSi gna(x, &dev, tau); /* calc std dev */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
{
printf("\nStd Dev = %", dev); /* display std dev */
printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cFregSt dDev()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1990-2003 Hamilton Technical Services Al Rights Reserved

/*

Cal cPhaseSt dDev()

Function to cal cul ate standard deviati on from phase data

Par amet er s:

Ret ur n:

Revi si on record:
12/ 16/ 90
12/31/91
01/ 18/ 92
06/ 05/ 95

02/ 03/ 96
01/01/98
05/ 15/ 00

03/ 08/ 03
04/ 26/ 03

F_TYPE x[] = phase data
X[0] = # data points
x[1] = analysis start
x[2] = analysis end

F_TYPE *p_dev
F_TYPE tau

poi nter to standard deviation
time interval between data points

i nt # anal ysi s points,

or -1 if error

Enbedded zeros treated as gaps in phase data.
Must have at |east 3 non-gap phase data points,
and tau must be >0.

Created

Renaned

Edited title bl ock

Corrected num per standard_dev() function of
STABLE. S/B # frequency (not phase) data points.
Modi fied for use as Wn 3.1 DLL

Changes for MS VC++ conpatibility & warnings
Added New to function nane & put into Stable r.c
to fix |long-standing error

Brought into Ver 2.0 of FrequenC lib

Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cPhaseStdDev(F_TYPE X[],

{

F_TYPE t au)

doubl e sun¥0;

doubl e avg;

int i;

int num= (int)(*(x+2)-*(x+1));

i f(tau<=0)
{

}

return(-1);

for(i=(int)(*(x+1)+2); i<=(int)(*(x+2)+1);
{

/* sunm ng vari abl e
/* mean value of freq data
/* index for summ ng
/* # freq anal ysis points

/* error

i ++) /* calc average freq

F_TYPE *p_dev,

*/
*/
*/
*/

*/

*/
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i f( ( *(x+i) && *(x+i +1) )
[l (1 == *(x+1)+2 && *(x+i +1) )
[T (1 == *(x+2)+1 && *(x+i) ) )
/* if don't have an enbedded zero data point */
{
sum += *(x+i +1) - *(x+i); /* freq is 1st diff of phase */
}
el se
{
nunt - ;
}
}
i f((num 2)>0) /* check for <3 non-gap data points */
{
avg = suni num
}
el se
{
return(-1); /* error */
}
sun=0;
for(i=(int)(*(x+1)+2); i<=(int)(*(x+2)+1); i++) /* cal c variance */
i f( ( *(x+i) && *(x+i +1) ) [* skip if */
[] (0 == *(x+1)+2 && *(x+i +1) ) /* non-inbedded zero */
[T (1 == *(x+2)+1 && *(x+i) ) )
{
sum += SQR( ( *(x+i+1) - *(x+i) ) - avg );
} [* end if */
} /* end for */

*p_dev = sqgrt(sum ((num1)*tau*tau));

return(numn; /* # non-zero data points */
/* end Cal cPhaseStdDev() */
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CPTF2.C ConvPhaseToFreq()

The FrequenC Library

NAME: FUNCTION:
ConvPhaseToFr eq Convert phase data to frequency data

SYNOPSIS: i nt ConvPhaseToFreq(F _TYPE x[], F_TYPE y[], F_TYPE tau)

F_TYPE x[] Phase data array:
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point

F _TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point

F _TYPE tau Averagi ng time of phase data

RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS:

Only phase data between start and end analysis |limts are converted.
Enbedded zeros are treated as gaps in phase data. Tau nust be >0.
The averaging time (tau) of the frequency data will be the sane as
that of the phase data. The original phase data is unchanged.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[513]; /* phase data array */
F TYPE y[512]; /* frequency data array */
F _TYPE tau; /* averaging tinme */
int num /* # data points processed */
fau:1.0; /* assign value to tau */
num=ConvPhaseToFreq(x, y, tau); /* convert phase to freq */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se

printf("\n# Data Points Converted = %", num; [/* display num*/

SEE ALSO: ConvFr eqToPhase()

REFERENCE: None
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/*****************************************************************************/

/* */
/* ConvPhaseToFr eq() */
/* */
/* Enhanced function to convert phase (tine) data to frequency data */
/* */
/* Par anet er s: F TYPE x[] = phase data */
/* x[ 0] = # phase data points */
/* x[1] = analysis start */
/* x[2] = analysis end */
/* F TYPE y[] = frequency data */
/* F TYPE tau = time interval between phase sanples */
/* BOOL z = flag to avoid zero freq */
/* */
/* Ret ur n: i nt = # frequency data gaps, */
[* or -1 if error */
/* */
/* Not es: Enbedded zeros treated as gaps in phase data. */
/* Frequency data in gaps interpol ated from nearest */
/* non- gap phase values. Function processes n = */
/* x[2] - x[1] +1 phase points and produces n-1 */
/* frequency points. tau must be >0. */
/* */
[* Revi si on record: */
[* 12/ 27/ 91 Created */
[* 12/31/91 Renaned */
/* 01/ 18/ 92 Edited title block */
/* 01/ 19/ 92 Added error trap */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 01/01/98 Changes for M5 VC++ conpatibility & warnings */
/* 05/ 22/ 01 Added flag for avoiding gaps if zero freq */
/* 03/ 08/ 03 Brought into Ver 2.0 of FrequenC lib */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1991-2003 Hamilton Technical Services All Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL ConvPhaseToFreq(F_TYPE x[], F_TYPE y[],
F_TYPE tau, BOOL z)

{

int g; /* # phase gaps */
int i; /[* x index */
int j; /[* y index */
int num /* # phase points */
i f(tau<=0)
{

return(-1); [* error */
}
nume(i nt) (x[ 2] - x[ 1] +1); /* set num = # phase points */
y[ 0] =num 1; /* # freq points */
y[ 1] =1; /* # of 1st freq point */
y[ 2] =num 1; /* # of last freq point */

/* put phase data to be converted into y[] array */
j =3; /* initialize index for y[] */
122
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for(i=(int)(x[1]+2); i<=(int)(x[2]+2); i++)

{
ylil=x[i];
j ++;
}
/* convert phase data to freq data
9=0;

for(i=3; i<=num+2; i++)

*/

PEC (y[i] & y[i+1]) || (i==3 && y[i+1])
or 1st point with non-zero 2nd point,
/* or last point with non-zero next-to-last point

/* neither phase point a gap

ylil1=(y[i+1]-y[i])/tau;

/* avoid zero freq = gap */
if('y[i] && 2)
{

y[i]=1le-99;
}
}
el se
{
y[i]=0
g++;
}
}
return(g);

/* copy phase data
/* increnment index

/* initialize # gaps

(y[i] && i==num+2) )

/* end if
/* inbedded gap

/* end el se
/* end for

/* end ConvPhaseToFreq()

*/
*/

*/

*/
*/

*/
*/

*/
*/
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CcQDbh.C CalcQuadraticDrift()

The FrequenC Library

NAME: FUNCTION:
Cal cQuadraticDrift Cal cul ate the | east-squares quadratic fit
for phase data

SYNOPSIS:
int CalcQuadraticDrift(F_TYPE x[], F_TYPE tau, F_TYPE *p_a,
F_TYPE *p_b, F_TYPE *p_c, F_TYPE *p_v)

F_TYPE x[] Phase data array:
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F TYPE tau Averaging tinme for phase data
F TYPE *p_a Pointer to constant term a, of quadratic fit
x(t)=atbt+ct?, y(t)=b+2ct, freq drift=2c
F TYPE *p_b Pointer to linear term b, of quadratic fit
F TYPE *p_c Pointer to quadratic term c, of fit
F TYPE *p_v Pointer to fit variance, v
RETURN: i nt The # of non-gap data points processed,
or -1 if error

REMARKS: Enbedded zeros are treated as gaps in phase data.

Gaps are filled during analysis and restored thereafter.

Only data points between start and end analysis limts are anal yzed.
There nmust be at | east 3 non-gap analysis points. Tau nust be >0.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[513]; /* phase data array */
F TYPE a, b, c, v; [* fit paranmeters */
F_TYPE tau; /* averaging tine */
int num /* # data points processed */
hunFCaIcCpadraticEXift(y, &a, &b, &c, &v); /* calc quad fit */
i f(nume=-1)
printf("\nError"); /* error nessage */
el se
{
printf("\na = %, b =%, c¢c = %", a,b,c); /* disp fit parans */
printf("\nv = %", Vv); /* display fit variance */
printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: Cal cLi nFreqDrift ()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*

/* Cal cQuadraticDrift()

/*

/* Function to cal cul ate | east-squares quadratic fit to phase data
/* x(t) = a + bt + cty

/*

/* Ref er ence: J. A Barnes, "The Measurenent of Linear Frequency
/* Drift in Gscillators", Proc. 15th Annual PTTI
/* Meeting, 1983, pp. 551-582.

/*

/* Par anet ers: F TYPE x[] = phase data array

/* X[ 0] = # phase data points

/* X[1] = analysis start

/* X[2] = analysis end

/* F TYPE tau = tinme interval for phase data

/* F TYPE *p_a = pointer to phase intercept

/* F TYPE *p_b = pointer to frequency intercept

/* F TYPE *p _c = pointer to frequency sl ope

/* F TYPE *p_v = pointer to fit variance

/*

/* Ret ur n: i nt = # analysis points

/* or -1if error

/*

/* Not es: x(t) , t &ain sec, bin sec/sec, c in sec/secy.
/* Frequency drift (slope) = 2c; intercept = b

/* t is time interval of equally-spaced phase data.
/* t goes from1l to n with no mssing points.

/* Cal | s FrequenC functions Count Gaps() and

/* Fill Gaps() as needed. To preserve gaps, save
/* data before calling this function

/*

/* Revi si on record

/* 12/ 29/ 91 Created

/* 12/ 31/ 91 Renaned

/* 01/ 18/ 92 Edited title bl ock

/* 01/ 19/ 92 Added error traps

/* 01/ 22/ 92 Added error trap for tau<=0

/* 11/ 04/ 92 Changed gap handling -- was NG

/* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL

/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation
/*

/* (c) Copyright 1991-2003 Hanilton Techni
/*

cal Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int F__declspec(dllexport) CalcQuadraticDrift(F_TYPE X[],

F_ TYPE *p_a, F_TYPE *p_b, F_TYPE *p_c,
{

doubl e aa, bb, cc, dd, ee, ff, gg;

doubl e sx, sxX, snx, snnx;

i nt n=x[2]-x[ 1] +1;

int i;

int j=1;

/* FrequenC header file

F_TYPE t au,
F_TYPE *p_v)

/* fit terns

/* summations

/* # points

/* data index

/* summation i ndex

*/

*/
*/
*/
*/
*/
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/* check argunents */
i f(tau<=0) /* tau negative or zero? */
{
return(-1); /* error */
}
i f(n<3) /* need at least 3 points to calc paraneters */
{
return(-1); /* error */
}
/* fill gaps if necessary */
i f( Count Gaps(x, PHASE) ) /* any gaps? */
Fill Gaps(x, PHASE); /* fill gaps in phase data */
}
/[* initialize sums */
SX = SXX = snx = snnx = 0;
/* calculate sunms for quadratic fit */
for(i=x[1]; i<=x[2]; i++)
sx += x[i+2];
sxx += SQR(x[i+2]);
snx += x[i+2] *j;
snnx+= X[ i +2] *j *j ;
j ++;
} /* end for */
/* calculate terns for quadratic fit */
aa = 3*((3*n*(n+l)) +2);
bb = -18*((2*n) +1);
cc = 30;
dd = (12*((2*n)+1)*((8*n)+11))/ ((n+1)*(n+2));
ee = -180/(n+2);
ff = 180/ ((n+l)*(n+2));
99 = n*(n-1)*(n-2);
/* calculate coefficients for quadratic fit */
*p_a = ((aa*sx)+(tau*bb*snx) +(tau*tau*cc*snnx))/(gg );
*p_b = ((bb*sx)+(tau*dd*snx) +(tau*tau*ee*snnx))/ (gg*tau );
*p_c = ((cc*sx)+(tau*ee*snx) +(tau*tau*ff*snnx))/(gg*tau*tau);
*p_v=0; /* fit variance O if only 3 analysis points */
i f(n>=4) /* need at least 4 analysis points to calc fit variance */
{
*p_v = (sxx-(*p_a*sx)-(tau**p_b*snx)-(tau*tau**p_c*snnx))/(n-3);
}
return(n);

/* end CalcQuadraticDrift() */
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CR.C CalcRatio()

The FrequenC Library

NAME: FUNCTION:
Cal cRati o Cal culate R(n), the ratio of the nodified
Al l an variance to normal Allan vari ance

SYNOPSIS: fl oat Cal cRatio(int al pha, float num float bw)

i nt al pha The log-1og slope, a, of S/(f) for a power
| aw noi se process:
Noi se Type a
Flicker Valk FM -3
Random Wl k FM -2
Fl i cker FM -1
Wiite FM 0
Fl i cker PM 1
Wiite PM 2
fl oat num The # of phase data points = # frequency
data points + 1
int bw Bandwi dth factor = 2psf %,
where f, i s neasuring system bandw dth
RETURN: f | oat The R(n) ratio function = Md s2,(t)/s2,(t),
or -1 if error
REMARKS:
The bandwi dth factor applies only to the a = +1 Flicker PM case
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
X[ 513]; /* phase data array */
float bw /* bandwi dth factor */
float r; [* R(n) */
int num /* # phase data points */
i nt al pha; /* noi se exponent al pha */
al pha=0; /* set al pha */
num=(int) y[O]; /* set # data points */
bw=10. 0; /* set bw */
r=Cal cRati o(al pha, num bw); /* calc R(n) */
if(r==-1) /* check for error */
printf("\nError"); /* error nessage */
el se
printf("\ndr = %", r); [* display r */

SEE ALSO: None

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cQuadraticDrift()

Function to cal cul ate | east-squares quadratic fit to phase data

x(t) = a + bt +

Ref er ence

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
12/ 29/ 91
12/31/91
01/ 18/ 92
01/ 19/ 92
01/ 22/ 92
11/ 04/ 92
02/ 03/ 96
04/ 26/ 03

(c) Copyright 1991-2003 Hamilton Technical Services All Rights Reserved

cty

J. A Barnes, "The Measurenent of Linear Frequency

Drift in Gscillators", Proc. 15th Annual PTTI
Meeting, 1983, pp. 551-582.

F TYPE x[] = phase data array
X[ 0] # phase data points
X[ 1] anal ysis start
x[2] = analysis end

F TYPE tau = time interval for phase data
F TYPE *p_a = pointer to phase intercept

F TYPE *p_b = pointer to frequency intercept
F TYPE *p_c = pointer to frequency sl ope

F TYPE *p v = pointer to fit variance

i nt = # anal ysis points

or -1 if error

x(t) , t &ain sec, b in sec/sec, c in sec/secy.

Frequency drift (slope) = 2c; intercept = b

t is time interval of equally-spaced phase data.
t goes froml to n with no mssing points.

Cal I s FrequenC functions Count Gaps() and

Fill Gaps() as needed. To preserve gaps, save
data before calling this function

Created

Renaned

Edited title bl ock

Added error traps

Added error trap for tau<=0
Changed gap handling -- was NG
Modi fied for use as Wn 3.1 DLL

Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

/* FrequenC header file */

int F__declspec(dllexport) CalcQuadraticDrift(F_TYPE x[], F_TYPE tau

{

F TYPE *p_a, F_TYPE

*p_b, F_TYPE *p_c, F_TYPE *p_v)

doubl e aa, bb, cc, dd, ee, ff, gg;
doubl e sx, sxx, snx, snnx;

int n=x[2]-x[1] +1;

int i;

int j=1;

[* fit terns

/* summati ons

/* # points

/* data index

/* summati on i ndex

*/
*/
*/
*/
*/
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/* check argunents */
i f(tau<=0) /* tau negative or zero? */
{
return(-1); /* error */
}
i f(n<3) /* need at least 3 points to calc paraneters */
{
return(-1); /* error */
}
/* fill gaps if necessary */
i f( Count Gaps(x, PHASE) ) /* any gaps? */
Fill Gaps(x, PHASE); /* fill gaps in phase data */
}
/[* initialize sums */
SX = SXX = snx = snnx = 0;
/* calculate sunms for quadratic fit */
for(i=x[1]; i<=x[2]; i++)
sx += x[i+2];
sxx += SQR(x[i+2]);
snx += x[i+2] *j;
snnx+= X[ i +2] *j *j ;
j ++;
} /* end for */
/* calculate terns for quadratic fit */
aa = 3*((3*n*(n+l)) +2);
bb = -18*((2*n) +1);
cc = 30;
dd = (12*((2*n)+1)*((8*n)+11))/ ((n+1)*(n+2));
ee = -180/(n+2);
ff = 180/ ((n+l)*(n+2));
99 = n*(n-1)*(n-2);
/* calculate coefficients for quadratic fit */
*p_a = ((aa*sx)+(tau*bb*snx) +(tau*tau*cc*snnx))/(gg );
*p_b = ((bb*sx)+(tau*dd*snx) +(tau*tau*ee*snnx))/ (gg*tau );
*p_c = ((cc*sx)+(tau*ee*snx) +(tau*tau*ff*snnx))/(gg*tau*tau);
*p_v=0; /* fit variance O if only 3 analysis points */
i f(n>=4) /* need at least 4 analysis points to calc fit variance */
{
*p_v = (sxx-(*p_a*sx)-(tau**p_b*snx)-(tau*tau**p_c*snnx))/(n-3);
}
return(n);

/* end CalcQuadraticDrift() */
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CSB1.C CalcStarB1()

The FrequenC Library

NAME: FUNCTION:
Cal cSt ar B1 Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude <frequenc. h> /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [* paraneter one */
F_TYPE t wo; [* paranmeter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /[* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cStarB1()

Function to calculate the Barnes Bl ratio of the N-sanple to 2-sanple
(standard to Allan) variance for frequency data treated as phase data
which is used to resolve al pha=3 or -4 anbiguity for Hadamard si gnas.
This is called *Bl to distinguish it fromthe normal Bl ratio.

Par anet er s: F TYPE *fData Data array
BOCOL bDat aType Data type (0O=Phase, 1=Freq)
i nt f Tau
i nt nAF Aver agi ng factor

Ret ur n: f1 oat fB *Bl ratio

or -1.0if error

Not es: What we are doing here is to use Chuck Greenhall's
idea to calculate the Bl ratio for the freq data
as phase data, and use the standard noi se |ID nethod
except for adding 2 to the resulting mu (subtracting
2 from al pha).

Ref er ences: 1. CA Geenhall, (private comunication)
2. D Howe, et al PTTI 2000 paper

Revi si on record:
11/ 14/ 00 Created
11/ 15/ 00 Changed paraneters
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 2000-3 Hanilton Technical Services Al Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Cal cStarB1(F _TYPE fData[],

{

BOOL bDat aType, F_TYPE fTau, int nAF)

/1 Local variables
F_TYPE *fWrk; /1 Pointer to working data array

F TYPE fSig; /1 Alan deviation

F TYPE fStdDev; [// Standard deviation
int nNum /1 # data points

int i; /1 1 ndex

/] CGet # data points in data array
nNune=(int)fData[0];

/1 Alocate working array of freq data
/] Data is subject to being averaged, so nust use a working array
i f((fWwork=(F_TYPE*) mal | oc(( nNumtARRAY_OFFSET) *si zeof (F_TYPE) ) ) ==NULL)

!/l Error
return -1.0;

*/
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/1l For phase data, convert it to freq data in working array
i f (bDat aType==PHASE_DATA)

/1 Conv phase data to freq data
ConvPhaseToFreq(fData, fwWwrk, fTau, TRUE);

}

else // Freq data - no conversion needed - copy it to working array

/1 Copy freq data to working array
for(i=0; i<nNum-ARRAY_ OFFSET; i ++)

fwork[i]=fData[i]:
}

/1 Average working freq data
Aver ageFr eqDat a(f Work, nAF);

/1 Calc its sigma and std dev as if it were phase data
Cal cPhaseSi gma(fWork, &f Sig, fTau);
Cal cPhaseSt dDev(fWork, &f StdDev, fTau);

/1 Free the working nenory
free(fWrk);

// Calc & return *Bl = ratio of standard to Al an vari ance
return (float)(SQR(fStdDev/fSig));
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CSD.C CalcSecondDiff()

The FrequenC Library

NAME: FUNCTION:
Cal cSecondbDi f f Cal cul ate the second difference for phase
dat a

SYNOPSIS: int Cal cQuadraticDrift(F_TYPE x[], F_TYPE *p_d)

F_TYPE x[] Phase data array:
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point
F TYPE *p_d Poi nter to the average of the 2nd differences

(frequency drift) for the phase data

RETURN: i nt The # of anal ysis points processed,
or -1.0if error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
There nust be at | east 3 non-gap anal ysis points.

Enbedded zeros are treated as gaps in phase data.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[513]; /* phase data array */
F TYPE d; /* 2nd difference */
int num [* # analysis points */
hunFCaIcSecondEiff(x, &d) ; /* calc second difference */
i f(nume=-1)
printf("\nError"); /* error nessage */
el se
printf("\n2nd Diff = %, d); /* display 2nd difference */

SEE ALSO: Cal cQuadraticDrift()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1991-2003 Hanilton Technica

/*

Cal cSecondDi ff ()

Function to cal cul ate average

Par anet er s: F TYPE x[] =

F_TYPE *p_d =
Ret ur n: i nt =
Not e: Enbedded gaps

There nust be

whi ch requires at

phase data poi

Revi si on record:

12/ 29/ 91 Creat ed

12/ 31/ 91 Renaned

01/ 18/ 92 Edited title

01/ 19/ 92 Added d paraneter for
int = # analysis points,

02/ 03/ 96 Modi fied for

01/ 01/ 98 Changes for

04/ 26/ 03

of 2nd differences of phase data

array of phase data

X[ 0] = # phase data points
X[1] = analysis start
X[2] = analysis end

poi nter to average of second
di fferences of phase data
frequency drift of phase data

# anl aysi s points,
or -1 if error

are treated as gaps in phase data.

at least 1 analysis point,
| east 3 adj acent non-gap
nts.

result, changed return to
added error trap

use as Wn 3.1 DLL
MS VC++ conpatibility & warnings
Adapted for Version 2.0 source code docunentation

Services A

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/

Ri ghts Reserved */

*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cSecondDi ff(F_TYPE Xx[],

{

fl oat num
doubl e di;
doubl e d2
doubl e sum
int i;
num = 0O;
sum= 0

for(i=(int)(x[1]+2);
{

i<=(int)x[2];

i ++)

F_TYPE *p_d)

*/
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ifO(x[i] & x[i+1] && x[i+2]) || (i==3 && x[4] && x[5]) \
Il (x[i+1] && x[i] && i==x[2]))

/* no phase points are gaps, */

/* or 1st point with non-zero 2nd & 3rd points, */

/* or last point with non-zero next-to-last & */

/* next-to-next-to-last points */

{
di = x[i+1] - x[i];
d2 = x[i+2] - x[i+1];
sum += d2 -di;
numt+;
} [* end if */
/* end for */
i f(nune0)
{
*p_d = sum/ num
return(int)num
}
el se
{
return(-1); /* error */
}

/* end Cal cSecondDi ff() */

20N
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CTPD.C CalcThreePointDrift()

The FrequenC Library

NAME: FUNCTION:
Cal cThreePointDri ft Cal cul ate frequency drift using the first,
m ddl e and | ast phase data points.
SYNOPSIS:
float Cal cThreePointDrift(F_TYPE Xx[])
F_TYPE x[] Phase data array
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point
RETURN: fl oat Frequency drift per tau interval
REMARKS:

Only data points between start and end analysis limts are anal yzed.
Enbedded zeros are treated as gaps in phase data.

This is the best estimator of drift for the combination of white and
random wal k FM noi se (see reference).

Tau=1 i s assuned. Drift is per tau interval.

This function calls FrequenC functions Count Gaps()and Fill Gaps().

To preserve gaps, save original phase data before calling this
function.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /[* data array */
float drift; [* freq drift */
drift= Cal cThreePointDrift(x); [* call function */
printf("\nDrift = %", drift); /[* display result */

SEE ALSO: Cal cQuadraticDrift()

REFERENCE: M Weiss, D. Allan, and D. Howe, "Confidence on the Second
Difference Estimation of Frequency Drift", 1992 | EEE Frequency Control
Synposi um pp. 300- 305, June, 1992.
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Cal cThreePointDrift()

Function to calculate frequency drift using the first, mddle
and | ast phase data points.

Par anet er s: X[] phase data array

Ret ur n: fl oat frequency drift

Notes: This is the best estimator of drift for the conbination
of white and random wal k FM noi se (see reference).
Tau=1l is assuned. Drift is per tau interval.
This function calls FrequenC functions Count Gaps() and
Fill Gaps(). To preserve gaps, save original phase data
before calling Cal cThreePointDrift().

Ref er ence

M Wiss, D. Allan, and D. Howe, "Confidence on the Second Diff-

erence Estimation of Frequency Drift",

Synposi um pp. 300- 305, June, 1992.

Revi si on record:
11/ 01/ 92 Creat ed
02/ 03/ 96 Renoved unused vari abl e: int

Modi fied for use as Wn 3.1 DLL

01/ 01/ 98 Changes for Ms VC++ conpatibility & warni ngs

1992 | EEE Frequency Contro

04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1992-2003 Hanilton Technical Services All R ghts Reserved

*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

/* FrequenC header file

float _ decl spec(dl | export) FAR PASCAL Cal cThreePointDrift(F_TYPE X[])

{

int start; /* first phase anal ysis point
int md; /* mddl e phase anal ysis point
int end; /* last phase anal ysis point
float nl, n2; /* # analysis points in 1st and | ast hal ves
float n3; /* avg # analysis points in each half
float d; /* frequency drift per tau interval
/* fill gaps if necessary */

i f( Count Gaps(x, PHASE) )
{

}

Fill Gaps(x, PHASE);

/* calculate drift */
start = (int) x[1];
md = (int) ((x[2]-x[1])+2)/2;

end (int) x[2];

nl = (float) md-start;
n2 = (float) end-md;
n3 = (nl+n2)/2;

/* any gaps?

/* fill gaps in phase data
/* end if

/* first anal ysis point
/* mddl e anal ysis point
/* last anal ysis point
/* # points in 1st half
/* # points in 2nd half
[* drift interval
2N

*/

*/
*/
*/

*/
*/
*/

*/

*/
*/

*/
*/
*/
*/
*/
*/
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d = (float) ((((x[end+2]-x[m d+2])/n2) - ((x[md+2]-x[start+2])/nl))/n3);

return(d); /* frequency drift */
/* end Cal cThreePointDrift() */
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DC.C DateConv()

The FrequenC Library

NAME: FUNCTION:
Dat eConv Convert nonth & year to day of week, DOY,

MID, and # days in nonth

SYNOPSIS:
voi d DateConv(int *IpnMonth, int *I|pnDaysl nMont h,

int *lpnYear, int *I pnDON int *|pnDOY, |ong *Ipl nMID)

int *p_nonth Pointer to nonth # (January=1)

int *p_days Pointer to # days in nonth

int *p_year Pointer to 4-digit year (e.g. 2003)
int *p_dow Poi nter to day of week (Sunday=0)
int *p_doy Pointer to day of year

long *Ip_md Pointer to Modified Julian Date
RETURN: voi d

REMARKS:

Calling programsets nonth and year. 1st day of nonth is assuned.
Function cal cul ates correspondi ng day of week, day of year, MID and
# days in nonth.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
i nt nont h; /* nmonth # */
i nt days; [* # days in nonth */
int year; [* year */
int dow, /* day of week */
i nt doy; [* year */
| ong n d; [* MID */
nont h=1; /* set month */
year =2003; /* set year */

Dat eConv( &ront h, &days, &year, &dow, &doy, &njd); /* call function */
printf("\nDOW = %", DOY = %, MID = % d, Days/Mnth = %", dow, doy,

n d, days); /* display results */

SEE ALSO: MIDt oDOY(), MIDt oDat e()

REFERENCE: None

20A
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/*****************************************************************************/

/* */
/* Dat eConv() */
/* */
/* Function to convert nonth & year to day of week, DOY and MID, */
/* pl us # days in nonth. */
/* */
/* Calling programsets nonth and year. 1st day of nonth is assuned. */
/* Function sets correspondi ng day of week, day of year, MID and */
/* # days in nonth. */
/* */
/* Uses date functions from Hamer |ibrary. */
/* */
[* Par anet ers: */
/* int | pnMonth pointer to nonth (January=1) */
/* int | pnDayslnhbonth pointer to # days in nonth */
/* int |pnYear pointer to year (e.g. 1995) */
/* int | pnDOWV pointer to day of week (Sunday=0) */
/* int | pnDOY pointer to day of vyear */
/* long | pl NMID pointer to Mdified Julian Date */
/* */
/* Ret urns not hi ng (void) */
/* */
[* Revi si on record: */
/* 03/ 30/ 96 Adapted fromdate_conv() of SCRN CAL.C */
/* 04/ 08/ 97 Fi xed bug in century |l eap year |ogic */
/* 07/ 18/ 97 Changed to new date function to avoid Hanmer Library */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1996-2003 Hamilton Technical Services All Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

void _ decl spec(dl | export) FAR PASCAL DateConv(int *|pnhbnth,
int *| pnDayslnhonth, int *lpnYear, int *I pnDOWN int *|pnDOY, |ong *I| pl nMID)
{

static int sunf] ={ O, 31, 59, 90, 120, 151, 181, 212,
243, 273, 304, 334, 365 };

static int numdays[] = {31, 28, 31, 30, 31, 30, 31, 31
30, 31, 30, 31};

/1 Local variables

int nont h;

int year;

int dow, /* day of week: O=Sunday ... 6=Saturday */
i nt day=1; /* day of nonth always 1 */
i nt doy; /* day of year */
int | eap=0; /* leap year flag */
I ong int gdate; /* (regorian date */
long int jdate; /* Julian day # */
long int njd; /* NModified Julian Day */

/1 Initializations
nont h=*| pnhbnt h;
year =*| pnYear ;

/] Date conversions
gdat e=MakeDat e( nont h, day, year);
Br eakDat e(gdat e, &month, &day, &year);
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dow=DayOr Week( gdat e) ;

doy=suni nont h- 1] +day;

if( year %4 == 0 & year % 100 !'= 0 ||

{
| eap=1;
i f(nonth>2)
{
doy++;
}
}

j dat e=Dat eToJdul i an(gdat e) ;
nj d=j dat e- 2400001L;

/1 Pass results
*| pl nMID=nj d;

*| pnDONEdOW,

*| pnDOY=doy;

i f(nonth!=2)
{

}

| eap=0;

*| pnDays| nMont h=num days|[ nont h- 1] +l eap;

2NQ

year %400 == 0 )

/[* end if */
/[* end if */

[* end if */

/* end date_convert() */
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DTM.C DateToMJD()

The FrequenC Library

NAME: FUNCTION:

Dat eToMID Convert date to MID

SYNOPSIS:

| ong DateToMID(i nt day, int nonth, int year)

i nt day Day of date to be converted to MID

i nt nonth Month of date to be converted to MID

int year Year of date to be converted to MID

RETURN: | ong Modi fied Julian date # for date

REMARKS:

Exanpl e: Novenber 11, 1992 is MID 48937.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
int day=11; [* day */
i nt nont h=11; /[* nmonth */
int year=1992; [* year */
| ong njd; [* MID */
ﬁ]’ d=Dat eToMID( day, nonth, year); [* call function */
printf("\nMID = %d", njd); [* display MID */

SEE ALSO: MIDt oDat e()

REFERENCE:
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/****************************************************************************/

/* */
/* Dat eToMIX) */
/* */
[* Function for date to MID conversion */
/* */
[* Par anet ers: */
/* int day day of date to be converted to MID */
[* int nonth nonth of date to be converted to MID */
/* int vyear year of date to be converted to MID */
/* */
[* Ret ur n: */
/* long njd nodi fied Julian day # for date */
/* */
/* Exanpl e: */
[* Novenber 11, 1992 is MID 48937. */
/* */
[* Function revision record: */
[* 11/11/92 Created */
/* 11/ 28/ 92 Adapted for FrequenC Library */
/* 02/ 03/ 96 Changed constant 679019 to L */
[* Modi fied for use as Wn 3.1 DLL */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* */
/* (c) Copyright 1992-2003 Hami|lton Technical Services Al Rights Reserved */
/* */

/****************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC header file */

long _ decl spec(dl |l export) FAR PASCAL Dat eToMID(i nt day, int nonth, int year)
{

i f(nonth>2)
{
nmont h++;
} [* end if */
el se
{
nmont h+=13;
year- - ;
} /* end el se */

return(-679019L+(1 ong) (365. 25*year) +(1 ong) ( 30. 6001* nont h) +day) ;

} /* end DateToM d() */
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DOW.C DayOfWeek()

The FrequenC Library

NAME: FUNCTION:

Day Of Week Find day of week for a given Gegorian date
SYNOPSIS:

int WNAPI DayOF Week(| ong gdat e)

| ong gdate Gregorian date (yyyymdd)

RETURN: i nt Day of week (0=Sunday, 6=Saturday)

REMARKS:

Covers years 1900-2099
Cal | s BreakDat e()

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
| ong gdat e; /*Gregorian date */
int dow, /* day of week */
gdat e=20030101; /* set date */
dow=DayOf Week( gdat e) ; [* call function */
printf("\nDOW = %", dow); [ * display dow */

SEE ALSO: MakeDat e(), BreakDate()
REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

DayOf eek ()

Function to find the day of the week for a given Gregorian date

Note: Calls Brkdate() above

Paraneters: |ong gdate Gregorian date (yyyymdd)

Ret ur n:

i nt Day of week (0=Sunday,

Revi si on record:

6=Sat ur day)

07/ 17/ 97 Cl oned from dayofwk() of Hammer Library
Changed error return to -1
Modi fied for 4-digit year from BreakDate()
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1997-2003 Hamilton Techni cal Services All

Ri ghts Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL DayO Week(| ong gdate)

{

/1 Local variables
int a, b, no, da, yr;
static int nmos[12] ={ 0,3,3,6,1,4,6,2,5,0,3,5 };

BreakDat e(gdate, &mo, &da, &yr);

/1 Convert 4-digit year into 2-digit year
[l yr=yr %100; // Only OK 1900-1999

yr=yr-1900; /1 Better; OK 1900-2099
if ( mo<l || no>12 || da<l || da>31 || yr<0)
return (-1); /* error - bad date */
}
a = (yr/4) + yr + da + nos[no-1];
b=(a%7) + 1;
if (nmo<=2 && yr!=0 && (yr % 4)==0)
{
b =(b==0?6: b - 1;
}
b =(b==07?7: b - 1;
return (b); /* return day of week (0-6) */

/* FrequenC Li brary header file */

*/
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DTJ.C DateToJulian()

The FrequenC Library

NAME: FUNCTION:
Dat eToJdul i an Convert Gregorian date to Julian day number
SYNOPSIS:
| ong Dat eToJul i an(l ong gdate)
| ong gdate Gregorian Date (yyyymdd)
RETURN: | ong Jul i an day nunber
REMARKS:
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
| ong gdat e; /* Gregorian date */
long jd; [* Julian day # */
j d=Dat eToJdul i an( gdate) ; [* call function */
printf("\nJulian Day # = % d", jd); [* display results */

SEE ALSO: MJIDt oDOY(), MIDt oDat e()

REFERENCE: None
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/******************************************************************************/

/* */
/* Dat eToJul i an() */
/* */
/* Function to convert Gregorian date to Julian day nunber */
/* */
/* Par aneters: |ong gdate Gregorian date (yyyymdd) */
/* */
/* Ret ur n: | ong jdate Julian day nunber */
/* */
[* Revi si on record: */
/* 07/ 17/ 97 Cloned fromdatjul () of Hamrer Library */
/* Changed error return to -1 */
/* Modified to use 4-digit year return from BreakDate() */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1997-2003 Hanmilton Technical Services Al R ghts Reserved */

/* */

/******************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

long _ decl spec(dl |l export) FAR PASCAL DateToJdulian(long gdate)
{

// Local vari abl es

long jdate; /* Julian Day Number for given date */

int nmo, da, yr, c, ya;

if (gdate<=0L || gdate==19000000L) /[* if zero or negative, return -1 */
{
return (-1L); /* error */
}
BreakDat e(gdate, &mo, &da, &yr);
if (no>2)
{
no- =3;
}
el se
{
no+=9;
yr--;
}
c=yr/ 100;
ya=yr %4.00;

j dat e=(146097L*c)/ 4L + (1461L*ya)/4L + (153L*no+2L)/5L + da + 1721119L;

return (jdate);
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FG.C FillGaps()

The FrequenC Library

NAME: FUNCTION:
Fill Gaps Fill gaps in phase or frequency data
SYNOPSIS:
int FillGaps(F_TYPE z[], BOOL datype)
F TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
BOOL dat ype Type of data: O=phase, 1=frequency
RETURN: i nt The # of gaps filled
REMARKS:

Only data gaps between start and end analysis limts are fill ed.
Al zeros are treated as gaps in frequency data.

Only enbedded gaps are treated as gaps in phase dat a.

The datype flag determ nes whether the data is treated as phase or
frequency data. The gaps processed are filled with interpol ated
values. No error codes are returned by this function.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
BOOL dat ype; /* data type flag */
int num [* # gaps */
dat ype=FREQ /* set flag for frequency data */
/* frequenc. h contains #define PHASE O and #define FREQ 1 */
numeFi Il (z, datype); [* fill gaps in data */
printf("\n# Gaps Filled = %", nun); [* display num */

SEE ALSO: Count Gaps()

REFERENCE: None
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Fill Gaps()
Function to fill gaps in data with interpol ated val ues
Par anet er s: F TYPE z[] = phase or frequency data

z[0] = # data points
z[1] = analysis start
z[2] = analysis end

BOOL datype = data type: O=phase, 1=frequency
Ret ur n: i nt = # gaps renoved
Not e: Al zeros treated as gaps in frequency data

Enbedded zeros treated as gaps in phase data.

Revi si on record:

12/ 16/ 91 Created

12/ 24/ 91 Changed to nake datype a paraneter rather than a
gl obal variable. Renove call to inc_extension().

12/31/91 Renaned

01/ 18/ 92 Edited title

07/ 22/ 93 Fi xed bug that changed i inside interior gap |oop

02/ 03/ 96 Modi fied for use as Wn 3.1 DLL

01/01/98 Changes for MS VC++ conpatibility & warnings

04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1991-2003 Hamilton Technical Services All Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Fill Gaps(F_TYPE z[], BOOL datype)

{

int g =0; /* total gap count
int i; /* general (outer) index
int i_start; /* index of |ast data point at start of gap
int i_end; /* index of next data point at end of gap
int j; /* inner index
int k; /* local gap count
int n = (int)*z; /* # data points
doubl e i ncrenent; /* freq increment for interpolated data

for(i=(int)(*(z+1)+3-datype); i<=(int)(*(z+2)+1l+datype); i++)
/* elimleading gaps
{

if(l*(z+i)) /* is data point a gap?
for(j=i; j<n+2; j++) /* move all data up to renove gap

*(24) = *(24 +);

} /* end for
i--; /* after shifting, nmust test the first data point again
g++; /* increnent the total gap count
n--; /* decrement the data counts
*z=n;

*(z+2)=*(z+2)-1

*/

*/
*/
*/
*/
*/
*/

*/

*/

*/

*/

*/

*/
*/
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} /* end if
el se
{
br eak; /* stop when first non-gap data point is reached
} /* end el se
} /* end for
for(i=(int)(*(z+2)+1+datype); i>=(int)(*(z+1)+3-datype); i--)
/* elimtrailing gaps
{
if(l*(z+i)) /* is data point a gap?
{
for(j=i; j<n+2; j++) /* move all data up to renmpbve gap
*(z+)) = *(z+) +1);
/* end for
g++; /* increnent the total gap count
n--; /* decrement the data counts
*z=n;
*(z+2)=*(z+2)-1
} /* end if
el se
{
br eak; /* stop when | ast non-gap data point is reached
}
} /* end for
k=0; /* replace interior gaps with interpol ated val ues

for(i=(int)(*(z+1)+3-datype); i<=(int)(*(z+2)+1l+datype); i++)
if(l*(z+i)) /* is data point a gap?

K++; /* increnent the local gap count
} /* end if
el se

i f(k) /* are we at a gap?

{
i_end =i; /* save the index for the end of the gap
i_start = i-k-1; /* save index for the start of the gap
increment = (*(z+i _end) - *(z+i _start)) / (k+1);

for(j=1;, j<=k; j++)

*(z+i _start+j) = *(z+i _start) + increnent*j;
g++; /* increnent the gap count
} /* end for
k=0; /* reinitialize count for next gap
} /* end if
} /* end el se
} /* end for

return(g); /* return total # gaps renoved
/* end Fill Gaps()

*/

*/
*/
*/
*/
*/
*/
*/

*/
*/

*/

*/

*/

*/

*/

*/
*/

*/

*/

*/
*/
*/
*/
*/
*/

*/
*/
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FM3.C FindMedian()

The FrequenC Library

NAME: FUNCTION:
Fi ndMedi an Fi nd nedi an value in data array
SYNOPSIS:
int FindMedi an(F_TYPE z[], BOOL datype, F_TYPE *nedi an)
F TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
BOOL dat ype Type of data: O=phase, 1=frequency
F _TYPE nedi an Medi an val ue
RETURN: i nt Oif OK or -1if error
REMARKS:

Only data between start and end analysis limts are anal yzed.

Al zeros are treated as gaps in frequency data.

Enbedded zeros only are treated as gaps in phase dat a.

The datype flag deternm nes whether data is treated as phase or freq.
Medi an i1s always center value for odd # data points.

Medi an is average of two center values for even # data points <100,
and is sinmply the smaller of the two for even # data points >=100.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* freq data array */
BOOL dat ype=FREQ /* data type flag */
/* frequenc. h contains #defines PHASE O and FREQ 1 */
i nt code; /[* return code */
éode:FindNbdian(y, dat ype, &nedi an); [* call function */
printf("\nMedian = %", nedian); /[* display result */

SEE ALSO:

REFERENCE: None
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/****************************************************************************/

/* */
[* Medi an Functi ons */
/* */
/* Functions to find nmedian value in array. */
/* Fi ndMedi an() calls Fi ndMedi an1() or Fi ndMedi an2() dependi ng on */
/* array size. FindMedianl() calls FindMed() for size <100. */
/* Fi ndMedi an2() calls nrselect() for size >=100. */
/* Only top-level FindMedian() function is exported. */
/* */
[* Revi si on record: */
[* 03/ 18/ 03 File Created */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation  */
/* */
/* (c) Copyright 2003 Hanmilton Technical Services Al Rights Reserved */
/* */

/****************************************************************************/

/1 Include FrequenC header file
#i ncl ude "frequenc. h"

/1 Local wrapper function prototypes
i nt Fi ndMedi an1(F_TYPE fData[], BOOL bDataType, F_TYPE *pfMedian);
i nt Fi ndMedi an2(F_TYPE fData[], BOOL bDataType, F_TYPE *pfMedian);

/****************************************************************************/

/* */
/* Fi ndMedi an() */
/* */
/* Function to call one of two FindMedi an w apper functions */
/* */
/* Par anet er s: F_TYPE f Dat a = data array */
/* fData[0] = # data points */
/* fData[ 1] = analysis start */
/* fData[2] = analysis end */
/* */
/* BOOL bDat aType = data type flag: O=phase, 1=freq */
/* */
/* F_TYPE *pfMedi an = pointer to nmedi an */
/* */
[* Ret ur ns: i nt =0if Kor -1if error */
/* */
/* Not e: One of two FindMedi an wapper functions is called */
/* dependi ng on size of data array */
/* */
[* Revi si on record: */
[* 05/ 07/ 02 Created */
/* 03/ 18/ 03 Adapt ed for FrequenC. dl| */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation  */
/* */
/* (c) Copyright 2002-3 Hanmilton Technical Services Al R ghts Reserved */
/* */

/****************************************************************************/

int _ declspec(dllexport) FAR PASCAL Fi ndMedi an(F_TYPE fData[],
BOOL bDat aType, F_TYPE *pf Medi an)

{
// Local vari abl es
int nSize; /1 Size of data array
i nt nCode; // Error code
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/1 Find size of data array

nSi ze=(int) (f Dat a[ 2]

-fData[ 1] +1);

/1 Call one of two wapper functions

i f(nSi ze<100)
{

nCode=Fi ndMedi an1(f Data, bDataType, pfMedian);

else // Large array

{

nCode=Fi ndMedi an2(f Dat a, bDat aType, pfMedian);

}

// Done
return nCode;

/****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Par amet er s:

Fi ndMedi anl()
W apper function to safely call FindMed()for small array size
F TYPE fData = data array
fData[0] = # data points
fData[ 1] = analysis start
fData[2] = analysis end

Ret ur ns:

Not e:

Revi si on record:
09/ 14/ 98
03/ 18/ 03
04/ 26/ 03

BOOL bDat aType = data type flag: O=phase, 1=freq

F_TYPE *nmedi an = pointer to nedi an
i nt =0if Kor -1if error
Enbedded zeros treated as gaps in phase data.

Al'l zeros gaps in frequency data.
Must have at |east 1 data point.

Created
Adapt ed for FrequenC. dl|
Adapted for Version 2.0 source code docunentation

/* (c) Copyright 1998-2003 Hamilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/****************************************************************************/

/1 Prototype for I|ocal

int Fi ndved(F_TYPE z[],

nmedi an function

BOOL datype, F_TYPE *nedi an);

int FindMedi anl(F_TYPE fData[], BOOL bDataType, F_TYPE *pf Medi an)

{

/! Local variables
int i;

int nNum

F_TYPE *f Tenp;

/1 General index
/1 # data points in input array
/1 Pointer to tenporary array to save original data

/1 Save data in tenporary array

/1 Get array size
nNum=(i nt)f Dat a[ 0] ;
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/1 Al ocate nenory
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i f((fTenp=(F_TYPE*)mal | oc(( nNumtARRAY_OFFSET) *si zeof (F_TYPE) ) ) ==NULL)
{

*pf Medi an=0. 0;

return -1; // Error code

}

// Save dat a

for(i=0; i<nNum-ARRAY_ OFFSET; i ++)

fTenp[i]=fDatafi
}

/1 Call FindMed()

l;

Fi ndMed(f Dat a, bDat aType, pfMedian);

// Restore data

for(i=0; i<nNum-ARRAY_ OFFSET; i ++)

fData[i]=f Tenp[i
}

l;

/1 Free tenporary data array

free(fTenp);

// Done
return 0; // K

/****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Fi ndMedi an2()

W apper function to safely call NR nrselect()

Fi ndMed() gives

strictly correct result for # odd or even

Faster nrselect() used when # > 100

Par anmet er s:

Ret ur ns:

Not e:

Revi si on record:
05/ 06/ 02
03/ 18/ 03
04/ 26/ 03

F_TYPE f Dat a data array

fData[0] = # data points
fData[ 1] = analysis start
fData[2] = analysis end

BOCOL bDat aType
F_TYPE *nedi an

data type flag: O=phase, 1=freq
poi nter to nedi an

Oif OKor -1 if error

i nt

Enbedded zeros treated as gaps in phase data.
Al'l zeros gaps in frequency data.
Must have at |east 1 data point.

This function best used for large N, say N>100
It handles analysis limts & gaps. It is X10
faster than full sort for large N

Created and worki ng
Adapt ed for FrequenC. dl|
Adapted for Version 2.0 source code docunentation

/* (c) Copyright 2002-3 Hamilton Technical Services Al Rights Reserved
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[* */

/****************************************************************************/

/1 Prototype for NR select() function used in nmedian calc
float nrsel ect(unsigned long k, unsigned long n, float arr[]);

int FindMedi an2(F_TYPE fData[], BOOL bDataType, F_TYPE *pf Medi an)
{

/!l Local vari abl es

int i; /1 General index

int k; /1 Secondary i ndex

int nStart; /1 Analysis start point

int nNum /1 # analysis points

i nt nGaps=0; /1 # gaps found

float *fTenp; /1 Pointer to tenporary array for nmedian calc

/1 Copy analysis data into tenporary working array using indices 1 to nNum
/1 Get start # and # analysis points

nStart=(int)fData]1];

nNune(int) (fData[ 2] -fData1]+1);

/1 Alocate nenory for analysis data only - no header
/1 The +1 allows the array index to start at 1 per NR style
i f((fTenp=(float*)malloc((nNumtl)*sizeof (float)))==NULL)

{
*pf Medi an=0. 0;
return -1; // Error code
}
/1 Copy analysis data into tenporary float array
k=1;
for(i=1; i<=nNum i++)
{

i f (bDat aType==FREQ _DATA)

/1 Al zeros are gaps to be onitted
i f((fTenp[k]=(float)fData] ARRAY OFFSET+nSt art +i - 2] ) ==0)

nGaps++;
}
el se
{
k++;
}

}

el se // Phase data

/1 Al except 1st & last zeros are gaps to be onitted
i f((fTenp[k]=(float)fData] ARRAY OFFSET+nSt art +i - 2] ) ==0)

if( (k=1) || (k=nNum )

{
nGaps++;
}
el se
{
k++;
}
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}

/1 Adjust # points
nNum =nGaps;

// Call NR function

FrequenC Library Reference Manual

to find nedian

/1 1st arg is kth smallest value to find = (N+1)/2
/1 This is exactly correct nmedian for N odd

/1l For N even, strictly speaking,

/1l W aren't going to worry about that, esp for large N

*pf Medi an=(F_TYPE) nr sel ect ((unsi gned | ong) ((nNum+1)/2),

f Tenp) ;

/1 Free tenporary data array

free(fTenp);

// Done
return 0; // K

nmedian S/B avg of N2 and N2 +1 points

(unsi gned | ong) nNum

/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1992-2003 Hamilton Technical Services Al Rights Reserved

/*

Fi ndMed()

Function to find nmedian of array of phase or frequency data

Par anmet er s:

Not es:

Ret ur n:

Revi si on record:
05/ 03/ 97
01/ 01/ 98
03/ 18/ 03
04/ 26/ 03

F_TYPE z[] = phase or frequency data
z[0] = # data points
z[1] = analysis start
z[2] = analysis end

BOOL datype = data type: O=phase, 1=frequency
F_TYPE *nmedi an= pointer to nedi an val ue of data

Al zeros treated as gaps in frequency data.
Enbedded zeros treated as gaps in phase data.
This function first fills gaps in the data
with interpolated values by calling fill().

It then sorts the data into assendi ng order
using gsort(), to find the nedian val ue.

The nedian is the center value for an odd # of
data points, and the average of the two center
val ues for an even # of data points.

i nt = error flag: 0=0OK, 1=NG
Adapt ed from Fi ndMedi an() of STABLE A C

Changes for MS VC++ conpatibility & warnings
Adapt ed for FrequenC. dl

Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/
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/1 Declare conparison function - not exported */
static int median_conpare(const void *a, const void *b);

int FindMed(F_TYPE z[], BOCOL datype, F_TYPE *nedi an)

{

int i; /* 1st index
int j=0; /* 2nd i ndex
int start=(int)z[1]; /* anal ysis start
int end=(int)z[2]; /* anal ysis end
int nume(int)z[0]; /* # data points
F_TYPE *tenp; /* pointer to tenporary data storage array
F_TYPE ned; /* medi an val ue

/1 save data
if((temp=(F_TYPE *)mal | oc((numt3) *si zeof (F_TYPE))) ==NULL)

/* allocate tenporary data storage space
{
return(l); /* error return
} /* end if
for(i=0; i<numt3; i++)
{
tenp[i]=z[i]; /* save data
} /* end for

/* Fill any gaps in data */
Fill Gaps(z, datype);

/* elimnate non-analysis points */
for(i=start+2; i<=end+2; i++)

z[j]=z[i];

j ++;
} /* end for
nunrend-start +1

/* sort data into nunerical order */
gsort((void *) z, (size_t) num sizeof (F_TYPE), nedian_conpare);

/[* find & return nmedi an */

i f(nunm@) /* is num odd?
{
med=z[ nun 2] ; /* mddle val ue
} /* end if
el se
/* nis even
med=(z[ (num 2) - 1] +z[ num 2] )/ 2. O; /* average of 2 mddle val ues
} /* end el se

// restore data
for(i=0; i<numt3; i++)

{

z[i]=temp[i]; /* restore data
} /* end for
free(tenp); /* deallocate tenp[]
*medi an=ned; /* set median to ned = medi an of data
return(0); /* normal return

/* end Fi ndMedi an()
292A
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/*****************************************************************************/

/* */
/* medi an_conpar e() */
/* */
/* sort conpare function for finding nmedian of array */
/* */

/*****************************************************************************/

static int medi an_conpare(const void *a, const void *b)

{

F TYPE x = (*(F_TYPE *) a) - (*(F_TYPE *) b) ;

return (x>0) ? 1 : (x<0) ? -1: O;
}
/*****************************************************************************/
[* */
/* nrsel ect () */
[* */
/* Fast Nunerical Recipes function to find nedian of array */
[* */

/*****************************************************************************/

/1 Copied fromon-line NR, Sec. 8.5 (later version than | have in book)
/1 Note: The NR working array arr[] indices go from1l to n; arr[0] not used
/1 Note: The nrselect() array is just a float, but this precision SIB K

/1 Local nacro
#defi ne SWAPP(a, b) tenp=(a); (a)=(b); (b)=tenp;

/1 Start of function - prototype is at top of this file - not in Stable wh
/1 This function returns the kth snmallest value in the n-point array arr[]
/1l kis set to (n+1)/2 to find nedi an
/1 About x10 faster than sorting - snaller elenments noved in arbitrary order
float nrsel ect(unsigned long k, unsigned long n, float arr[])
{

unsigned long i,ir,j,!,md;

float a,tenp;

| =1;
ir=n;
for(;;) {
if (ir <=1+1) {
if (ir == 141 & arr[ir] < arr[l]) {
SWAPP(arr[l],arr[ir])
}
return arr[K];
} else {

md=(l+ir) > 1

SWAPP(arr[md],arr[l+1])

if (arr[I] > arr[ir]) {
SWAPP(arr[l],arr[ir])

if (arr[I+1] > arr[ir]) {
SWAPP(arr[Il+1],arr[ir])

}

if (arr[I] > arr[l+1]) {
SWAPP(arr[l],arr[l+1])

}
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i =l +1;
j=ir;
a=arr[| +1];
for (5;) {

do i++; while (arr[i] < a);
do j--; while (arr[j] > a);
if (j <i) break;
SWAPP(arr[i],arr[j])

arr[l+1]=arr[j];
arr[j]=a;

if (j >=k) irg-1;
if (j <=k) I=i;
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FMM.C FindMinMax()

The FrequenC Library

NAME: FUNCTION:
Fi ndM nMax Find the m ni nun and maxi mum val ues of phase
or frequency data
SYNOPSIS:
int FindM nMax(F_TYPE z[], F_TYPE *p_mn, F_TYPE *p_max, BOOL datype)
F_TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
F TYPE *p_mn Poi nter to m ni num
F_TYPE *p_nmax Poi nter to maxi num
BOOL dat ype Type of data: O=phase, 1=frequency
RETURN: i nt The # of analysis points (may be 0 if no
non-gap data points)

REMARKS:

Only data between start and end analysis limts are anal yzed.
Al zeros are treated as gaps in frequency data.

Only enbedded gaps are treated as gaps in phase dat a.

The datype flag determ nes whether the data is treated as phase
(datype=0) or frequency (datype=1) data.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
F TYPE m n; /[* m nimum val ue */
F_TYPE max; /* maxi mum val ue */
BOOL dat ype; /* data type flag */
int num [* # anal ysis points */
dat ype=FREQ /* set flag for frequency data */
/* frequenc. h contains #define PHASE 0 and #define FREQ 1 */
numeFi ndM nMax(z, &m n, &max, datype); [* find mn & max */
printf("\nMn = %", mn); * di splay m nimum */
printf("\nMax = %", max); [* display maxi num */
printf("\n# Points = %, nun; * display # analysis points */

SEE ALSO: Fi ndPI ot Scal e()

REFERENCE: None
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/***************************************************************************/

/* */
[* Fi ndM nivax */
/* */
/* Function to find mn and max of phase or frequency data */
/* */
/* Par anet er s: F_TYPE z[] = frequency data */
/* z[0] = # data points */
/* z[1] = analysis start */
/* z[2] = analysis end */
/* F TYPE *p_min = pointer to mninum data val ue */
/* F _TYPE *p_max = pointer to maxi num data val ue */
/* BOOL datype = data type: O=phase, 1=frequency */
/* */
/* Not es: Al zero treated as gaps in frequency data. */
/* Enbedded zeros treated as gaps in phase data. */
/* mn & max set to 0 if no non-gap data points. */
/* */
/* Ret ur n: i nt = # non-gap data points */
/* */
[* Revi si on record: */
[* 12/ 16/ 91 Created */
/* 12/ 26/ 91 Changed to nake datype a paraneter rather than */
/* a global variable. Made function an int return- */
/* ing # non-gap data points. y[] changed to z[]. */
/* 12/31/91 Renaned; min & nmax argunents reversed */
/* 01/ 18/ 92 Edited title block */
/* 01/ 19/ 92 Changed to min=nax=0 if no non-gap data points */
[* 02/ 20/ 92 Rewritten to elimnate use of MAXFLOAT */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 01/01/98 Changes for M5 VC++ conpatibility & warnings */
/* */
/* (c) Copyright 1991-8 Hanmilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Fi ndM nMax(F_TYPE z[], F_TYPE *p_mn,
F_TYPE *p_max, BOOL datype)

{
int i; /* index */
i nt nunme0; /* # non-gap data points */
BOOL fl ag=FALSE; /* flag to indicate 1st non-gap point found */
*p_max = 0; /* initialize max & mn to 0 */
*p_mn = 0; /* they will remain O if no non-gap data points */
for( i = (int)(*(z+1)+2); i <= (int)(*(z+2)+2); i++)

if(*(z +i) || (‘datype & i==3) || (!datype && i==z[0]+2))
i f(f1ag)
{ if( *(z +1i) > *p_max )
p_max = *(z +i);

} /* end if */
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if( *(z +i) <*p_min)

*pomn =*(z +i);

}

}

el se

{
*p_max = *(z +i);
*pomn =*(z +i);
flag = TRUE

}

numt+;

}

return(numn;

229

/[* end if
/[* end if
/* |st non-gap data point

/* end el se

/* end if
/* end for

/* end Fi ndM nMax()

*/
*/
*/

*/
*/
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FPS.C FindPlotScale()

The FrequenC Library

NAME: FUNCTION:
Fi ndPI ot Scal e Find plot scale for phase or frequency data
SYNOPSIS:

int FindPlotScale(F_TYPE mn, F_TYPE max, F_TYPE *p_scale_m n,
F_TYPE *p_scal e_max)

F TYPE mn Data m ni nmum

F_TYPE max Dat a maxi mum

F _TYPE *p_scale_mn Poi nter to scale m ninmum

F_TYPE *p_scal e_max Pointer to scal e maxi num
RETURN: | nt The # of scale tick intervals, or -1 if error
REMARKS:

Error if mn > mx

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* frequency data array */
F TYPE m n; /* mnimum val ue */
F _TYPE nax; /* maxi mum val ue */
F TYPE scal e_m n; /* scale min */
F _TYPE scal e_nax; /* scale max */
int ticks; [* # scale ticks */
Fi ndM nMax(y, &mn, &max, FREQ; /* find min & max for data */
ti cks=Fi ndPl ot Scal e(m n, max, &scale_mn, &scal e _max); * scale */
if(ticks==-1)

printf("\nError"); /* error nessage */
el se
{

/* display scale min */
* display scale max */

prin nScale Mn = %", scale_mn);
ks) /* display # ticks */

tf("\ n
printf("\nScale Max = %", scal e_nax
printf("\n# Tick Intervals = %, tic

SEE ALSO: Fi ndM nMax()

REFERENCE: None

2



FrequenC Library Reference Manual

/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Fi ndPI ot Scal e()

Function to find scale factor for plotting phase or freq data

Par amet er s:

Ret ur n:

F_TYPE min = mnimum freq val ue
F_TYPE nax = maxi mum freq val ue
F TYPE *p_scale_nmin = pointer to scale m ninum

F_TYPE *p_scal e_nax poi nter to scal e maxi mum

Revi si on record:

12/ 16/ 91
12/ 26/ 91
12/ 31/ 91
01/ 04/ 91

01/ 05/ 92
01/ 15/ 92

01/ 16/ 92

01/18/92
01/ 22/ 92
02/ 17/ 92
02/ 03/ 96
01/01/98

(c) Copyright 1991-8 Hanilton Technica

int = # tick intervals in scale,
or -1 if error
Cr eat ed
Changed to int returning # decades in scale
Renaned

Changed return value to # ticks

Added 4 and 8 tick choices

Added range check & error code return if range
Added 6 tick choice; changed to else if style
Changed to tighter range check logic at end
(int) casts nade floor() or ceil() to avoid OQF
Added e in fine tests; added 3 tick choice

Addi tional changes to range check/correction lo
Edited title bl ock

Changed order of min and max paraneter pairs
Changed min & max parans from pointers to val ue
Modi fied for use as Wn 3.1 DLL

Changes for M5 VC++ conpatibility & warnings

Services Al

NG

gic

S

Ri ghts Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

{

int _ declspec(dllexport) FAR PASCAL Fi ndPl ot Scal e(F_TYPE min, F_TYPE
F TYPE *p_scale_mn, F_TYPE *p_scal e_nax)
doubl e range, |og_range, coarse, fine, ticks;
doubl e full _scale, digits, e;
int k; [* # ticks a
e=le- 6; /* error toler
range = max - mn;
i f(range<=0) /* check for NG r
*p_scal e_m n=0;
*p_scal e_nmax=0
return(-1); /* error
}
| og_range = | 0gl0(range) + 100;
coarse = floor(log_range);
fine = log_range - coarse;

2R

max,

dded

ance

ange

code
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if(fine < 10g10(2)+e)

{
ticks = 2;

}
else if(fine < 10gl0(3)+e)
{

ticks = 3;

else if(fine < 10gl0(4)+e)

{
ticks = 4;
}
else if(fine < 10gl0(5)+e)
{
ticks = 5;

}
else if(fine < 10gl0(6)+e)

{
ticks = 6;

else if(fine < 10gl0(8)+e)

{

ticks = 8;
}
el se
{

ticks = 10;
}

full _scale = powm 10, coarse - 100) * ticks;
i f(loglO(full_scale) >= 0)

digits = floor(loglO(full _scale));
}
el se
{
digits = ceil (loglO(full _scale)) - 1;
}

if((mn/ pow(10, digits)) >= 0)
{

/[* end if
/[* end if
/* end if
/* end if
/* end if
/* end if

/* end el se

/* end if

/* end el se

*p_scale mn = floor(mn / pow(1l0, digits)) * pow 10, digits);

} /* end if
el se
{

*p_scale_mn = (floor(mn / pow(10, digits))-1) * pow 10, digits);
} /* end el se
*p_scale max = *p_scale_nmin + full _scale;
k=0;
i f(*p_scal e_max < max) /* check for scale max too snall

whil e(*p_scal e_max < nax)

{

*p_scale_max += full _scal e/ticks;
*p_scale mn += full _scal e/ticks;

2R
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if(*p_scale_mn > nin)

while(*p_scale_nmin > nin) /* add tic interval to max
{
*p_scale mn -= full _scale/ticks;
k++;
}
}
}
else if(*p_scale_mn > nin) /* check for scale min too |arge
{
while(*p_scale_nmin > nin) /* move scal e down
{
*p_scale max -= full _scal e/ticks;
*p_scale mn -= full _scale/ticks;
i f(*p_scal e_max < max) /* add tic interval to mn
whil e( *p_scal e_nmax < max)
{
*p_scale_max += full _scal e/ticks;
k++;
}
}
}
ticks+=k; /* adjust # tic intervals

return(int)ticks;
/* end Fi ndPl ot Scal e()
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HC.C HistoCalc()

The FrequenC Library

NAME: FUNCTION: .
Hi stoCal c Cal cul ate hi stogram from phase or frequency
dat a
SYNOPSIS:

void HistoCal c(F_TYPE z[], float bins[], float hist[], F_TYPE *nmax,
int num BOOL datype)

F_TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
fl oat bins[] Array of histogram bin val ues
float hist[] Array of histogram count val ues
F _TYPE *max Maxi mum z[] val ue
int num # hi st ogram bi ns
BOOL dat ype Date type (O=phase, 1=frequency)
RETURN: void

REMARKS:

Only data points between start and end analysis limts are anal yzed.
Enbedded zeros are treated as gaps in phase data.

All zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
float *bins, hist; */ pointers to float arrays */
F TYPE z[512]; /[* data array */
F _TYPE nax; /* data maxi num */
i nt nune50; /* # histo bins */

/* allocate bi ns[nunl and hist[num arrays */

Hi st oCal c(z, bins, hist, &max, num 1); [* call function */
printf("\n# Hi sto Points = %", num; [* display num */
SEE ALSO:

REFERENCE:
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Hi st oCal c()

Function to cal cul ate histogramfrom frequency data
Par anet er s:

yll

anal ysi s dat a; y[ 0]
y[1] = analysis start; y[2]

# data points
anal ysis end

bi ns[] = hi stogram bi n val ues

hi st[] = hi st ogram count s

y_max = maxi mnum y[] val ue

num bi ns = # hi st ogram bi ns

bDat aType = data type (O=phase, 1=frequency)

Ret urns not hi ng (void)

Revi si on record:
12/ 28/ 96 Adapt ed from St abl e/ DOS histo_cal c() of STAB F15.C
12/ 29/ 96 Up and running
12/ 30/ 96 Added gap handling (H sto never had that!)
03/ 20/ 03 Adapt ed for FrequenC DLL
Added BOOL bDat aType ar gunent
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) Copyright 1996-2003 Hanmilton Technical Services Al R ghts Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

void _ decl spec(dllexport) FAR PASCAL Hi stoCal c(F_TYPE y[], float bins[],

{

float hist[], F_TYPE *y max, int numbins, BOOL bDataType)

/!l Local vari abl es

int i; /* general index
int j; /* bin index
int points=(int)(y[2]-y[1]+1); /* # analysis points
int offset=(int)(y[1]+2); /* index of 1st analysis point

/1 Calc histogramof y[] values from[offset] to [points]
/1 Using bins[] from[0] to [numbins]

*/
*/
*/
*/

/1 Counts of # data values/bin go into histogrni] from[0] to [num bins-1]

/1l y_max keeps track of the largest bin count for the normal curve fit
*y _max=0. 0;
for(i=offset; i<offset+points; i++)
{ if( y[i] || (bDataType==PHASE_DATA && i ==3) |
(bDat aType==PHASE DATA && i==y[ 0] +2) )
{ for(j=0; j<numbins; j++)
if(y[i]<=bins[j+1])
{ hist[j]++;
}f(hist[j]>*y_nax)

}

*y max=hist[j];
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br eak;
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HEDF.C HadamardEDF()

The FrequenC Library

NAME: FUNCTION:
Hadanmar dEDF Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [ * paranmeter one */
F_TYPE t wo; [* paranmeter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Hadamar dEDF()

Function to calc the estimated # of chi-squared degrees of freedom
for the overl appi ng Hadamard vari ance of a power |aw noi se process.

Par anet er s: int N = # phase data points
int m = averagi ng factor
int b = beta (-2 to -6)
Ret ur n: f1 oat = Hadamard edf
or -1 if error
Ref er ence: C. Geenhall, "Hadamard edf Al gorithn, May 1999

(private conmunication via e-mail)

Revi si on Record:
05/15/99 Created fromhedf3.c per C. Geenhall suggestions

/* (c) Copyright 1999 Hanmilton Technical Services Al Rights Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

/1 Local function prototypes - not exported
doubl e Rx(double t, int b);
doubl e Log(doubl e x);

float _ decl spec(dllexport) FAR PASCAL HadamardEDF(int N, int m int b)

{

// Local nmcros

#defi ne JMAX 100 [/ Max # terms to calc as sum
#define SUM 0O /1 Calc using sum

#defi ne BOUND 1 /1 Cal ¢ using upper bound
#define SMALL 2 /1 Calc using smaller sum

/1 Local variables

int MEN-3*m /1 MEN-3m

int j; /1 1 ndex

int jmax; /1 Max j for summation

int mprinme; /1 Smaller summ

int c; /1 Calculation type (SUM BOUND or SMALL)
doubl e a0; /1 edf upper bound 1st term
doubl e al; /1 edf upper bound 2nd term
doubl e edfi nv; /1 Inverse of Hadamard edf
doubl e r=0; Il r(t)

doubl e rO0; /1 r(0)

doubl e e; [/ edf summation term

doubl e t; /1 Argunment of r(t)

doubl e p; /1 Mm

// Check for allowed beta
if(b<-6 || b>-2)

return -1; // Error code
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/1 Check for enough points: N nust be >3m
i f(M=0)
{

}

/1 Find jnmax
jmax=mn(M 3*m;

return -1; // Error code

swi tch(b) /1 Different calc for each noise type
{
case -2: /1 VWiite FM
{
/] Set rO
r0=12;
/] Test jnmax
i f(j max<JIMAX) /1 Calc edf as sum
{
/1 Set calc type
c=SUM
/1 Find sum
for(j=1; j<=jnmax; j++)
{
t =(doubl e)j/ (doubl ) m
e=Rx(t, b);
r+=e*e*(1-((double)j/(double)M);
}
}
el se /1 Too many terns
{
/] Test M
i f(M>=3*m /1 Calc edf as upper bound
{
/1 Set calc type
c=BOUND;
/1 Set coefficients
a0=0.777778; [l 7/9
al=0. 5;
}
el se /] Use smaller sum
{

/1 Set calc type
C=SMNALL,;

/1 Find nearest integer to JMAX/p
p=(doubl e) M (doubl e) m
m pri me=(int) (((doubl e) IMAX/ p) +0. 5) ;

/1 Calc sumusing this m
j max=m n(JVAX, 3*m prine);
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// Find smaller sum
for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m pri ne;
e=Rx(t, b);
r+=e*e*(1- ((doubl e)j/ (doubl e) INAX)) ;

}
}

}
}
br eak;
case -3: /[l Flicker FM
{

/[l Set r0

r0=13. 49604; /1 48*1 0g(2)-18*l og(3)

/] Test jnmax
i f(j max<JMAX) /1 Calc edf as sum

/1 Set calc type
c=SUM

/1 Find sum
for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m
e=Rx(t, b);
r+=e*e*(1-((double)j/(double)M);

}
}
el se /1 Too many terns
{
/1 Test M
i f(M>=3*m /1 Calc edf as upper bound
{
/1 Set calc type
c=BOUND;
/1 Set coefficients
a0=1. 0;
al=0. 62;
}
el se /1 Use snmaller sum
{
C=SNALL;

/1 Find nearest integer to JMAX/p
p=(doubl e) M (doubl e) m
m pri me=(int) (((doubl e) IMAX/ p) +0. 5) ;

/1 Calc sumusing this m
j max=m n(JVAX, 3*m prine);

2/AR



FrequenC Library Reference Manual

// Find smaller sum
for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m pri ne;
e=Rx(t, b);
r+=e*e*(1- ((doubl e)j/ (doubl e) INAX)) ;

}
}
}
}
br eak;
case -4: // Random Wal k FM
{
/[l Set r0
r0=12;
/] Test jnmax
i f(j max<JMAX) /1 Calc edf as sum
/1 Set calc type
c=SUM
/1 Find sum

for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m
e=Rx(t, b);
r+=e*e*(1-((double)j/(double)M);

}
}
el se /1 Too many terns
{
/1 Test M
i f(M>=3*m /1 Calc edf as upper bound
{
/1 Set calc type
c=BOUND;,
/1 Set coefficients
a0=1.033334; // 31/30
al=0.607143; // 17/28
}
el se /1 Use snmaller sum
{

/1 Set calc type
C=SMNALL,;

/1 Find nearest integer to JMAX/p
p=(doubl e) M (doubl e) m
m pri me=(int) (((doubl e) IMAX/ p) +0. 5) ;

/1 Calc sumusing this m
j max=m n(JVAX, 3*m prine);
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// Find smaller sum
for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m pri ne;
e=Rx(t, b);
r+=e*e*(1- ((doubl e)j/ (doubl e) INAX)) ;

}
}
}
}
br eak;
case -5: /1 Flicker Wl k FM
{
/1 Set rO
r0=44. 89093; /1 -192*| og(2)+162*1 og( 3)
/] Test jnmax
i f(j max<JMAX) /1 Calc edf as sum
/1 Set calc type
c=SUM
/1 Find sum

for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m
e=Rx(t, b);
r+=e*e*(1-((double)j/(double)M);

}
}
el se /1 Too many terns
{
/1 Test M
i f(M>=3*m /1 Calc edf as upper bound
{
/1 Set calc type
c=BOUND;
/1 Set coefficients
a0=1. 06;
al=0. 53;
}
el se /1 Use snmaller sum
{

/1 Set calc type
C=SMNALL,;

/1 Find nearest integer to JMAX/p
p=(doubl e) M (doubl e) m
m pri me=(int) (((doubl e) IMAX/ p) +0. 5) ;

/1 Calc sumusing this m
j max=m n(JVAX, 3*m prine);
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// Find smaller sum
for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m pri ne;
e=Rx(t, b);
r+=e*e*(1- ((doubl e)j/ (doubl e) INAX)) ;

}
}
}
}
br eak;
case -6: // Random Run FM
{
/[l Set r0
r0=132;
/] Test jnmax
i f(j max<JMAX) /1 Calc edf as sum
/1 Set calc type
c=SUM
/1 Find sum

for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m
e=Rx(t, b);
r+=e*e*(1-((double)j/(double)M);

}
}
el se /1 Too many terns
{
/1 Test M
i f(M>=3*m /1 Calc edf as upper bound
{
/1 Set calc type
c=BOUND;
/1 Set coefficients
a0=1. 30;
al=0. 54;
}
el se /1 Use snmaller sum
{

/1 Set calc type
C=SMNALL,;

/1 Find nearest integer to JMAX/p
p=(doubl e) M (doubl e) m
m pri me=(int) (((doubl e) IMAX/ p) +0. 5) ;

/1 Calc sumusing this m
j max=m n(JVAX, 3*m prine);
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// Find smaller sum
for(j=1; j<=jnmax; j++)

t =(doubl e)j/ (doubl ) m pri ne;
e=Rx(t, b);
r+=e*e*(1- ((doubl e)j/ (doubl e) INAX)) ;

}
}
}
}
br eak;
}
switch(c) /1 Different way for each calc type
{
case SUM /1 Calc using sum
{
r*=2.0;
r+=r0*r0;
edfi nv=r/(Mr0*r0);
}
br eak;
case BOUND: /1 Cal ¢ using upper bound
{
p=(doubl e) M (doubl e) m
edf i nv=(1/p)*(a0-(all/p));
}
br eak;
case SMALL: /1 Calc using smaller sum
{
r*=2.0;
r+=r0*r0;
edf i nv=r/ (JMAX*r 0*r 0) ;
}
br eak;
}
return (float)(1/edfinv); /1 Return Hadanmard edf
}
/***************************************************************************/
[* */
[* Rx() */
[* */
/* Function to calculate Rx(t,b) for Hamanmard edf */
[* */
/* Par anet er s: double t = tine (>0) */
/* int b = beta (-2 to -6) */
[* */
/* Ret ur n: doubl e = Rx(t,b) */
[* */
[* Revi si on Record: */
[* 05/15/99 Created */
[* */
/* (c) Copyright 1999 Hamilton Technical Services Al Rights Reserved */
[* */

/***************************************************************************/
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doubl e Rx(double t, int b)

swi tch(b) /1 Different expression for each noise type
{

case -2: /1 Wiite FM Rx(t)=-|t]

{

return -20*t+15*(t+1) +15*fabs(t-1)-6*(t+2)-6*fabs(t-2)+
(t+3)+fabs(t-3);
}

case -3: /1 Flicker FM Rx(t)=t*t*In(|t])
{
return 20*t*t*l og(t)-15*(t+1)*(t+1)*Log(t+1)-

15%(t-1)*(t-1)*Log(fabs((t-1)))+
6*(t+2)*(t+2)*Log((t+2))+
6*(t-2)*(t-2)*Log(fabs((t-2)))-
(t+3)*(t+3)*Log((t+3))-(t-3)*(t-3)*Log(fabs((t-3)));

}

case -4: /1 Random Wl k FM Rx(t)=-]|t|"3
{
return 20*t*t*t-

1I5*(t+1)*(t+1) *(t+1) -
15*fabs((t-1)*(t-1)*(t-1))+
6*(t+2)*(t+2)*(t+2) +
6*fabs((t-2)*(t-2)*(t-2))-
(t+3)*(t+3)*(t +3) -
fabs((t-3)*(t-3)*(t-3));

}

case -5: /1 Flicker WValk FM Rx(t)=-t*t*t*t*In(|t]|)
{
return -20*t*t*t*t*l og((t))+

I5*(t+1) *(t+1) *(t+1)*(t+1) *Log((t+1))+
I5*(t-1)*(t-1)*(t-1)*(t-1)*Log(fabs((t-1)))-
6*(t+2)*(t+2)*(t+2)*(t+2)*Log((t+2)) -
6*(t-2)*(t-2)*(t-2)*(t-2)*Log(fabs((t-2)))+
(t+3)*(t+3)*(t+3)*(t+3) *Log((t+3)) +
(t-3)*(t-3)*(t-3)*(t-3)*Log(fabs((t-3)));

}

case -6: /1l Random Run FM Rx(t)=-|t|"5
{
return -20*t*t*t*t*t+

IS*(t+1)*(t+1) *(t+1) *(t+1)*(t+1) +
15*fabs((t-1)*(t-1)*(t-21)*(t-1)*(t-1))-
6* (t+2) *(t+2) *(t+2) *(t+2) *(t +2) -
6*fabs((t-2)*(t-2)*(t-2)*(t-2)*(t-2))+
(t+3)*(t+3)*(t+3) *(t +3) *(t +3) +
fabs((t-3)*(t-3)*(t-3)*(t-3)*(t-3));
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/***************************************************************************/

/* */
/* Log() */
/* */
/* Wapper function for log(x) nodified to return 0 for x=0 */
/* */
/* Par anet er s: doubl e x = argunment for |og(x) */
/* */
/* Ret ur n: doubl e = | og(x) */
[* or 0if x=0 */
/* */
/* Note: x can be 0 but must not be negative */
/* */
[* Revi si on Record: */
[* 05/10/99 Created */
/* */
/* (c) Copyright 1999 Hanmilton Technical Services Al Rights Reserved */
/* */

/***************************************************************************/

doubl e Log(doubl e x)

i f(x)
{
}
el se

{
}

return | og(x);

return O;
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HTB.C HadTotvarBias()

The FrequenC Library

NAME: FUNCTION:
HadTot var Bi as Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [* paraneter one */
F_TYPE t wo; [* paranmeter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /[* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

HadTot var Bi as()

Function to cal cul ate the Hadamard Totvar bias function

Par anet er s: i nt nAl pha = noise type (-4 to 0)

Ret ur n: float fBias = Mdd Totvar bias factor
or -1 if error

Note: fBias is independent of T and tau, and depends only on the
the noise type. It is defined as a=[ E{ Tot Hvar}/E{Hvar}]-1,
but is calculated and used here as sinply the ratio.

This fBias is exactly the same as that for MIOT, but a
separate function is used just in case that shoul d change,
and because of the diffeent al phas that apply.

Al pha Noi se a HTOT/ HVAR = l1+a
0 W FM -0. 005 0. 995
-1 F FM -0. 149 0. 851
-2 RW FM -0. 229 0.771
-3 FW FM -0.283 0.717
-4 RR FM -0.321 0.679

The Hadamard Totvar bias factor is the ratio of the expected val ue
HTOT to HVYAR  To correct a cal cul ated Hadamard Totdev value for a
certain noise type, divide the uncorrected Mod Totdev val ue by the
square root of the bias factor returned by this function

Not es: (1) This function applies to -4 >= alpha >= 0
(2) This function applies for all T/tau

Ref er ences: (1) E-mail fromD. A Howe/ N ST, 10/27/00
(2) Final draft of PTTI 2000 HTOT paper
Fi nal 3- PTTI - 00. pdf rcv'd 12/24/00

Revi si on record:
10/ 28/ 00 Cr eat ed
12/ 24/ 00 Revi se coefficients per Ref. 2

(c) Copyright 2000 Ham I ton Technical Services Al Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL HadTot varBi as(int nAl pha)

{

// Local variable
float fBias;

/1 Verify paraneter
i f(nAl pha<-4 || nAl pha>0)

return (float) -1.0; // Error
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/1 Sort by noise type
swi t ch( nAl pha)

{

}

case O0: // WFM

{

fBi as=(float) 0.995;
}
br eak;

case -1: // FFM

{

fBi as=(float) 0.851;
}
br eak;

case -2: // RWFM
{

}

br eak;

fBias=(float) 0.771;

case -3: /| FWFM
{

}

br eak;

fBias=(float) 0.717;

case -4: // RRFM
{

}

br eak;

fBias=(float) 0.679;

return (fBias);

2R/



FrequenC Library Reference Manual

2RR



FrequenC Library Reference Manual
HTC.C HadTotvarCalc()

The FrequenC Library

NAME: FUNCTION:
HadTot var Cal ¢ Cal cul ate the Hadanmard total deviation from
frequency data

SYNOPSIS:
int HadTotvarCal c(F_TYPE y[], F_TYPE *dev, int af, BOOL *abort, BOCOL
progress, void *ProgressFunc(int percent, char *nsg))

F TYPE y[] Frequency data array
y[0] = # data points
y[1] = analysis start point
y[2] = anal ysi os end point
F_TYPE *dev Poi nter to Hadamard total deviation
int af Aver agi ng factor
BOOL *abort Pointer to abort flag
BOCOL progress Progress indicator flag
voi d *ProgressFunc Poi nter to progress indicator function with
args int percent and char *nsg
RETURN: i nt # anal ysis points, or -1 if nenory allocation
error, or -2 if no result error

REMARKS:

Only data points between start and end analysis limts are anal yzed.
All zeros are treated as gaps in frequency data.

This calculation is done with a new array that is deleted after

the function cl oses.

Use of the progress indicator is optional.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* freq data array */
F _TYPE dev; /* Hadamard totdev */
int af =1; /* averaging factor */
BOOL abort; /* abort flag */
int num /* # data points processed */

numeHadTot Cal c(y, &dev, af, &abort, FALSE, NULL); /* call function */
printf("\n# Data Points Analyzed = %", nun); [* display num */

SEE ALSO: HadTot var Bi as(), HadTot var EDF()

REFERENCE: D. Howe, et al, "A Total Estimator of the Hadamard Function
Used for GPS Qperations”, Proc. 32th Meeting, Novenber 2000.
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

HadTot var Cal c()

Function to cal cul ate the Hadamard Total Variance fromfreq data.

Par amet er s:

Uses uninverted even reflection of offset-renoved freq data.
This function uses fast inner |oop algorithm
F_TYPE y[] = freq data
y[0] = # data points
y[1] = analysis start
y[2] = analysis end
F TYPE *fHTDev = pointer to Hadanmard Tot dev
int nAF = averagi ng factor
BOCOL *bAbort = pointer to abort flag

Ret ur n:

Not es:

Overvi ew.

Descri ption:

Ref er ence

BOCOL bProgress progress indicator flag
voi d *ProgressFunction()
= pointer to progress indicator
function with args int nPercent Done
and char *szMessage

i nt = # Hadamard Totvar anal ysis points,
or -1 if menory alloc error
or -2 if noresult error

1. Calculation is done entirely with a new array
that is deleted after this function cl oses.

2. Progress indicator is optional

3. This is fast nmethod, and it handl es gaps.

Simlar to nod totvar cal c except freq instead of
phase data. Uses 3m point subsequence from which
linear freq drift is renoved before being doubly
extended by uninverted, even reflection at each end.
No tau argunent needed. Different final scaling.

Gven the freq data array y[], Had Totvar is
cal cul ated using z[], which is conputed froma
subsequence of y[] conprising 3mpoints, where m
the avg factor nAF. This subsequence is forned
fromy[i] where i=n thru n+3m 1, where n is an
overall index that goes from1l to the # of freq
data points nNum The subsequence z[i] is found
fromy[i] by renoving the frequency drift by
subtracting the slope found by averaging the 1st
and | ast halves of the subsequence and dividing by
hal f the interval

Thi s subsequence is then extended at both ends by
an uni nverted even reflection according to z(n-k)=
z(n+k-1) and z(n+3mtk-1)=z(n+3mk) for k=1 thru 3m
thus creating a new subsequence having a tripled
range fromi=n-3mto i =n+6m 1

Had Totvar is then calculated as the average of its
nNum 3m Tot var sub-esti nat es.

D. Howe, et al, "A Total Estimator of the Hadamard
Function Used for GPS Qperations", Proc. 32th PTTI
Meeti ng, Novenber 2000 (to be published).
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

FrequenC Library Reference Manual

Revi si on record:

Made progress function and abprt flag argunents

Repl aced G obal All ocPtr() with malloc(), etc

10/ 28/ 00 Cl oned from NewiwbdTot var Cal c()
10/ 29/ 00 Runni ng

03/ 09/ 03

03/ 14/ 03 Moved into FrequenC DLL

04/ 26/ 03

(c) Copyright 2000-2003 Hanmilton Technica

Services Al

Adapted for Version 2.0 source code docunentation

Ri ghts Reserved

*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL HadTotvar Cal c(F_TYPE fY[],
int nAF, BOOL *bAbort,

BOCOL bProgress,

voi d *ProgressFunction(int nPercent Done,

int i; /1 Main index

int j; /1 Auxilary index

int k; /1 1nner index

int m /1 Aias for averagi ng factor nAF
int nNum /1 # points

int nStart; /1 Analysis start

i nt nCount =0; /1 # analysis points

int nTic; /1 Increnment for progress indicator
int nLast_i=0; /1 Previous val ue of index

doubl e *fZ; /1 Subsequence array pointer

doubl e fC1; /1 Subsequence 1st hal f average
doubl e fC2; /1 Subsequence 2nd hal f average
doubl e fC /1 Freq slope (drift)

doubl e f Sun0; /] Overall Had Totvar summation
doubl e f Subsun=0; /1 Subsequence Had Totvar sumation
doubl e f Tenp; /1 Tenporary data val ue

doubl e fZ1; /1 1st freq average

doubl e fZ2; /1 2nd freq average

doubl e fZ3; /1 3rd freq average

[/ Initializations

nStart=(int)fY[1];
NNum=(int) (fY[2]-fY[1] +1);
nme=nAF,;

nTi c=(int)ceil (nNum 100); /1 Increnment for

/!l Local vari abl es

/1 Set fTenp to nean val ue of overal
Cal cMean(fY, &f Tenp, FREQ DATA);

/] Start
i f(bProgress)

/1 Label progress bar

ProgressFuncti on(0, "Cal cul ati ng Hadamard Tot dev");

char *szMessage))

/1 Analysis start point
/1 # analysis freq data points = N
/1 Averaging factor

freq data

2RQ
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/1 Alocate 9mpoints of fZ[] working menory with index fromO to 9m 1
/1 wo array header (#, Start, End)

i f((fZ=(doubl e*)malloc((9*m *si zeof (doubl e)))==NULL)

{

}

/1 Quter loop thru all nNum 3m+t1 subsequences of 3mfreq data points
/1 A subsequence will be processed during each iteration

/1 and the average used to find Had- Tot var

/] This allows a max m of nNuni 3

return(-1); // Error - nenory reallocation failed

/1 To handle analysis limts, initialize index to nStart-1 not O

/!l and end it before nStart-1-3*m+1l i nstead of nNum 3*m+1

for(i=nStart-1; i<nStart-1+nNum 3*m+l; i ++)

{
/1 Copy data subsequence into working array starting at index 3m
/1 Note: The fY[] array needs offset for its header info
for(j=0; j<3*m j++)

/1 Test for gap (zero val ue)
i f(fY[i+ +ARRAY_COFFSET])

fZ[ 3*m#j | =f Y[ i +] +ARRAY_OFFSET] ;
f Tenp=f Z[ 3*m+j ] ;

}
el se
{
/1 Replace gap with interpol ated val ue
/1 if adjacent points are thensel ves not gaps
if( (fY[i+] +ARRAY_OFFSET-1]) && (fVY[i+ +tARRAY_OFFSET+1]) )
fZ[3*m+j ] =
(fY[i+] +ARRAY_OFFSET- 1] +f Y[ i +] +ARRAY_OFFSET+1])/ 2. 0;
}
el se
{
/1 For lack of a better idea,
/1 replace gap with last OK val ue
/1 or, if haven't found one, the overall nean val ue
fZ[ 3*mtj ] =f Tenp;
}
}

}

/1 Do renoval of frequency drift
/1 Find slope fC by averaging the 1st and | ast hal ves of the subsequence
/1 subtracting them and dividing by half the interval
f C1=0;
f C2=0;
for(j=0; j<3*ml2; j++)
{
fCl+=fZ[ 3*mtj ] ;
fC2+=fZ[ 3*m+(int)ceil (3. 0*(doubl e)n 2.0) +j];
}
f C1l/ =(doubl e) (3*ni 2);
f C2/ =(doubl e) (3*ni 2);
fC=(fC2-fCl)/ceil (3. 0*(doubl e)ni 2.0);
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/1 Then subtract slope fromeach point
for(j=0; j<3*m j++)

f Z[ 3*m+j ] - =f C* (doubl e)j ;
}

/1 Do uninverted even reflection at bottomand top
for(j=0; j<3*m j++)

// Bottomreflection
fz[jl1=fZ[6*m 1-j];

/1 Top reflection
fZ[6*m+j]=fZ[]];
}

/1 Calc Hvar for the fZ[] subsequence

/1 WIIl need to add gap testing and analysis linmts

/1 This data array does not need an of fset

/1 This code inplenments the summati on of Eq(4) of the reference

// Initialize inner sum
f Subsun¥0;

/1 W have a doubl y-ext ended subsequence fZ[] of 9m points

/1 and are going to form m point averages

/1 in 6mtl groups of 3 (called fzl, fZ2 and fZ3)

/1 fromwhich all possible fully overlapping 2nd differences
/1 will be used to cal cul ate Hadanard Tot var

/1 Note: Only 6mof the 6m+l possible 2nd differences are used
/1 because the last one is a duplicate

/1 This inplements Eq. 1 of the reference

for(j=0; j<6*m j++)

i f(j==0)
{

/1 Find the 3 freq averages for the first 2nd difference
/1 Initialize freq averages

f 21=0. 0;

f Z2=0. 0;

f Z3=0. 0;

/1 Sumfreq averages for 1st 3 sets of mpoints
/1 using points O thru m1, mthru 2m1 and 2mthru 3m1

/1 Note: These freq suns are divided by m= # points of each

/1 sumin the 2nd difference expression bel ow
for(k=0; k<m k++)

{
fz1 += fZ[Kk];
fZ2 += fZ[ k+ni;
fZ3 += fZ[ k+2*n];
}
}
el se
{

/1 Now do the rest of the points wo summing all each tine

/1 Just subtract the old point and add the new one
/1 Sumfreq averages for 3 sets of mpoints
/] using points j thru j+m1l, j+mthru j+2m 1 and
[l j+2mthru j+3m 1
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/1 Note: These freq suns are divided by m= # points of
/1 each sumin the 2nd difference expression bel ow

f71 = fz1 -f2[j-1] +HZ[ ] +m 1] ;
f72 = fz2 -fZ[j+m1]  +fZ[j+2*m1];
73 = f23 -fZ[j+2*m1] +Z[j+3*m1];

}

/1 Calc 2nd diff of one of the rest of the émsets of 3 freq avgs
f Subsum += SQR((fz1 - 2*fz2 + fZ3)/m;
}

// Scale the subsumand add it to overall sum
f Sumt=f Subsum (6*n);

// Increment the sum count
nCount ++;

/1 Display progress
/1 Update when index has changed by at |east tic anount
if(((i-nLast_i)>=nTic) &% (bProgress))

{ ProgressFunction((int)(0.5+100.0*i/(nNum 3*nm)),
"Cal cul ati ng Hadarmard Tot dev");
nLast _i=i;
}
/1 Check for abort
i f(*bAbort)
{
br eak;
}

/1 Free the subsequence array
free(f2);

/1 Scale result - See Eq (4) of Reference

/1 Wthout gaps, nCount=nNum 3m

/] Note: Divisor S/B 6

/1 But 3 gives result that agrees exactly with nornmal and overl appi ng

/1 Hadamard deviation for AF=1 for FREQ DAT test data

/1 6 OK for other AFs

/1l Results agree exactly with T.Peppler/ NIST with 6 for all AFs

/1 So 6is clearly right - lowresult for AF=1 is apparently a property of HTOT
f Sunml =(6*nCount ) ;

/1 Find Hadanmard Tot dev
i f(nCount && f Sunr0)

{
*f HTDev=( F_TYPE) sqrt (f Sum ;
}
else // No result error
{
*f HTDev=0. O;
nCount =- 2;
}
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/1 Done
/1 dear progress displa
ProgressFunction(0, "");

return(nCount); // Return # freq analysis points
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HTEDF.C HadTotvarEDF()

The FrequenC Library

NAME: FUNCTION:
HadTot var EDF Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [* paraneter one */
F_TYPE t wo; [* paranmeter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /[* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/* */
/* HadTot var EDF() */
/* */
/* Function to determine the estinmated # of chi-squared degrees of freedom */
/* for the Hadamard total variance (HTOT) of a power |aw noi se process. */
/* */
/* Parans: i nt nAl pha = al pha */
[* float fRatio = T/tau = Nm */
/* where: N = # phase data points */
/* m = avg factor = tau/tau0 */
/* */
/* Return: float edf = estimated degrees of freedom */
[* or -1 if error */
/* */
/* The edf is nodeled by the expression (T/tau)/[bO+bl(tau/T)], where: */
/* */
/* Al pha Noi se b0 bl Val ues per D. Howe, et.al */
/* 0 W FM 0. 559 1. 004 12/ 24/ 00 draft of PTTI' 00 paper */
[* -1 F FM 0.868 1.140 */
[* -2 RW FM 0.938 1.696 */
/[* -3 FW FM 0.974 2.554 */
[* -4 RR FM 1.276  3.149 */
/* */
/* Notes: (1) This function applies only to -4 >= alpha >= 0 */
/* (2) This function applies only for m> 16 */
/* (3) Tis defined as tau0 * # phase data points */
/* */
/* References: (1) E-Mail fromD. A Howe/ N ST, 10/27/00 */
/* (2) Final draft of PTTI 2000 HTOT paper: */
/* Fi nal 3- PTTI - 00. pdf rcv'd 12/24/00 */
/* */
/* Revision record: */
[* 10/ 28/ 00 Created */
/* 12/ 24/ 00 Revi sed per Ref. 2 */
/* */
/* (c) Copyright 2000 Hamilton Technical Services Al Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL HadTot var EDF(i nt nAl pha, float fRatio)
{

// Local vari abl es

fl oat f EDF;

doubl e bO;

doubl e b1;

/1 Verify paranmeters
i f(nAl pha<-4 || nAl pha>0)

{
return -1.0; // Error
}
swi t ch( nAl pha)
{
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case 0: // WFM noi se

{
b0=0. 559;
b1=1. 004;
}
br eak;

case -1: // F FM noi se

{
b0=0. 868;
b1=1. 140;
}
br eak;

case -2: // RWFM noi se

{
b0=0. 938;
bl=1. 696;
}
br eak;

case -3: // FWFM noi se

{
b0=0. 974;
b1=2. 554;
}
br eak;

case -4: // RR FM noi se

{
b0=1. 276;
b1=3. 149;
}
br eak;

f EDF=(fl oat) ((fRati o)/ (bO+(bl/fRatio)));
return fEDF;
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JTD.C JulianToDate()

The FrequenC Library

NAME: FUNCTION:
Jul i anToDat e Convert Julian day nunber to Gegorian date
SYNOPSIS:
| ong Jul i anToDat e(l ong j date)
| ong jdate Jul i an day nunber
RETURN: | ong Gregorian date (yyyymdd)
REMARKS:
Cal | s MakeDat e()
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
| ong j dat e; [* Julian day # */
| ong gdat e; /* Gregorian date */
jdat €=24050000; /[* set Julian day # */
gdat e=Jul i anToDat e(j date) ; [* call function */
printf("\nGegorian Date = % d", gdate); [* display result */

SEE ALSO: Dat eToJul i an(), MakeDate()

REFERENCE:
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/*****************************************************************************/

/* */
/* Jul i anToDat e() */
/* */
/* Function to convert Julian day nunber to Gregorian date */
/* */
/* Par aneters: |ong jdate Julian day nunber */
/* */
/* Ret ur n: | ong Gregorian date (yyyymdd) */
/* */
[* Revi si on record: */
/* 07/ 17/ 97 Cloned fromjuldat() of Hamrer Library */
/* Changed error code to -1 */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

I ong __decl spec(dllexport) FAR PASCAL Jul i anToDate(long jdate)
{
extern long int makdate();
long int gdate; /* Gegorian Date (yyyymdd) for given Julian Day */
int no, da, yr;
long int td, tm ty;

if (jdate<=0L) /* if zero or negative, return -1 */

{
}

jdate-=1721119L;

ty=(4L*j date-1L)/ 146097L;
jdate=4L*jdate - 1L - 146097L*ty;
t d=j dat e/ 4L;

return (-1L);

j date=(4L*t d+3)/ 1461L;
td=4L*td + 3L - 1461L*j date;
td=(td+4L)/ 4L;

tme(5L*td - 3L)/153L;
td=5L*td - 3L - 153L*tm
td=(td+5L)/5L;

ty=100L*ty + jdate;

if (tmcl0L)
{
t m=3L;
}
el se
{
tm=9L, ty++;
}

da=(int) td; nmo=(int) tm yr=(int) ty;
gdat e=MakeDat e(no, da, yr);

return(gdate);
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MD.C MedianDeviation()

The FrequenC Library

NAME: FUNCTION:
Medi anDevi ati on Cal cul ate the nedi an absol ute deviation from
fregency data
SYNOPSIS:
int MedDev(F _TYPE y[], float *mad)
F TYPE y[] Frequency data array
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
float *mad Poi nter to nmedi an absol ute devi ation
RETURN: i nt # anal ysis points (including filled gaps)
REMARKS:
The nedi an absol ute deviation (MAD) is a robust statistic based on the
medi an of the data. It is the nedian of the scal ed absol ute

devi ations of the data points fromtheir nedian value, and is defined
as MAD = Median { | y(i) - m| / 0.6745 }, where meMedian { y(i) },
and the factor 0.6745 nmakes the MAD equal to the standard deviation
for normal ly distributed data.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE y[512]; /* freq data array */
fl oat mad; /* medi an absol ute deviation */
Medi anDevi ation(y, &mad); [* call function */
printf("\nMAD = %", nmad); /[* display results */

SEE ALSO: Fi ndMedi an()

REFERENCES: (1) Gernot MR Wnkler, "Introduction to Robust Statistics
and Data Filtering, (2) D.B. Percival, "Use of Robust Statistical
Techniques in Tinme Scal e Formati on.
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/*****************************************************************************/

/* */
/* MedDev () */
/* */
/* Function to cal c nedian of absolute deviation fromfregency data */
/* Based on Stabl e/DCS function F37 of STAB F37.C */
/* */
/* meddev = nmed { | x - Median | / 0.6745 } */
/* */
/* Procedure for cal cul ati ng neddev: */
[* 1. Sort data */
[* 2. Find Median of data */
/* 3. Subtract Median fromall data points */
[* 4. Cal cul ate absolute value of these differences */
/* 5. Divide values by 0.6745 (This makes the expected val ue of */
/* nmeddev = the std dev for nornmally distributed data.) */
[* 6. Resort data */
[* 7. Find medi an val ue = neddev */
/* These operations are perfornmed in-place on a working data array t[] */
/* */
[* Par anet ers: */
/* yl] = frequency data; y[0] = # data points */
/* y[1l] = analysis start; y[2] = analysis end */
/* p_mad = pointer to nedi an absol ute deviation */
/* zero freq value treated as gap in data */
/* Returns num = # analysis points (including filled gaps) */
/* */
/* Ref erences: (1) Gernot MR Wnkler, "Introduction to Robust */
/* Statistics and Data Filtering". */
/* (2) D.B. Percival, "Use of Robust Statistical */
/* Techniques in Tinme Scal e Formation". */
/* */
[* Revi si on record: */
[* 01/ 14/ 95 Created */
[* 01/ 15/ 95 Added 0.6745 factor for unbiased estimte */
/* 04/ 30/ 96 Modi fied as MedDev() for Stable/Wn */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* 04/ 26/ 03 Adapted for Version 2.0 source code docunentation

/* */
/* (c) Copyright 1995-2003 Hamilton Technical Services Al Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"
/1 Declare conparison function - not exported

static int MedDevConpare(const void *a, const void *b);

int _ declspec(dllexport) FAR PASCAL MedDev(F _TYPE y[], float *p_nad)
{

int i; /* 1st index */
int j=0; /* 2nd index */
int start=(int)y[1]; /* analysis start */
int end=(int)y[2]; /* anal ysis end */
int nume(int)y[0]; /* # data points */
F _TYPE *t; /* pointer to tenporary data storage array */
F_TYPE ned; /* medi an val ue */
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/1 Alocate storage for tenporary array
i f((t=(F_TYPE *)mal | oc((numt3) *si zeof (F_TYPE)) ) ==NULL)

/* allocate tenporary data storage space
{
return(l); /* error return
} /* end if
/1 Copy data
for(i=0; i<numt3; i++)
t[il=ylil; /* copy data
/* end for

/1 Fill any gaps in data
i f(Count Gaps(t, FREQ)

Fill Gaps(t, FREQ:; /* fill gaps
} /* end if

/1 El'imnate non-anal ysis points
for(i=start+2; i<=end+2; i++)

tfil=tli];

j ++;
} /* end for
nunrend- st art +1;

/1 Sort data into nunerical order
gsort((void *)t, (size_t) num sizeof (F_TYPE), MedDevConpare);

// Find nmedian

i f(nunm@) /* is num odd?
{
med=t [ nun 2] ; /* mddle val ue
} /* end if
el se
/* nis even
med=(t[ (num 2)-1] +t[num 2])/2.0; /* average of 2 mddle val ues
} /* end el se

/1 Subtract nedian, get absolute value and scal e data points
for(i=0; i<nunm i++)
{
t[i]-=med;
t[i]=fabs(t[i])/0.6745;
} /* end for

/1 Resort data into numerical order
gsort((void *)t, (size_t) num sizeof (F_TYPE), MedDevConpare);

// Find neddev

i f(nunm@) /* is num odd?
{
*p_mad=(float)t[num 2]; /* mddle val ue
} /* end if
el se
{ /* nis even
*p_mad=(float) ((t[(num 2)-1]+t[num 2])/2.0); [/* avg of 2 md val ues
} /* end el se
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free(t); /* deallocate tenporary array */

/1 Done

return(nun; /* # non-zero data points */
} /* end MedDev() */
/*****************************************************************************/
/* */
/* Conpari son Function for gsort() */
/* */

/*****************************************************************************/

i nt MedDevConpare(const void *a, const void *b)

{
F TYPE x = (*(F_TYPE *) a) - (*(F_TYPE *) b) ;
return (x>0) ? 1 : (x<0) ? -1: O;
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MD2.C MakeDate()

The FrequenC Library

NAME: FUNCTION:

MakeDat e Make Gregorian date from nonth, day and year
SYNOPSIS:

| ong MakeDate(int nonth, int day, int year)

i nt nonth Month (1-12)

i nt day Day (1-31)

int year Year (4-digit, e.g. 2003)

RETURN: | ong Gregorian date (yyyymdd)

REMARKS:

Year must be 1900 or greater

EXAMPLE: _

#i ncl ude "frequenc. h" /* FrequenC header file */
| ong gdat e; /* Gregorian date */
i nt nont h; [* nmonth */
i nt day; [* day */
int year; [* year */
ﬁonthzl; /* set nmonth */
day=1; [* set day */
year =2003; /[* set year */
gdat e=MakeDat e( nont h, day, year); [* call function */
printf("\nDate = % d", gdate); /[* display results */

SEE ALSO: Br eakDat e()

REFERENCE: None
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/*****************************************************************************/

/* */
/* MakeDat e() */
/* */
/* Function to nmake Gregorian date from nonth, day and year */
/* */
/* Paraneters: int no Month (1-12) */
/* i nt da Day (1-31) */
/* i nt yr Year (2 or 4-digit) */
/* */
/* Ret ur n: | ong Gregorian date (yyyymdd) */
/* */
[* Revi si on record: */
/* 07/ 17/ 97 Cl oned from nakdate() of Hammer Library */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

long _ decl spec(dl |l export) FAR PASCAL MakeDate(int no, int da, int yr)

{
yr = (yr<=100 ? yr+1900 : yr);
return ((long int) yr*10000L + no*100L + da);
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MT.C MultitaperSpectrumCalc()

The FrequenC Library

NAME: FUNCTION: .

Mul ti t aper Spect r untCal Description of what function does
c

SYNOPSIS:

int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)

F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F _TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [* paraneter one */
F_TYPE t wo; [* paranmeter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /[* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*********************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

MT. C
ANSI C Code for Miltitaper Spectral Analysis

A sinple set of subroutines in ANSI-C are presented for nultiple taper

spectrum estimation. The nultitaper approach provides an optinmal spectrum
estimate by mnimzing spectral |eakage while reducing the variance of the
estimate by averagi ng orthogonal eigenspectrum estinmates. The orthogona
tapers are Slepian np prolate functions used as tapers on the w ndowed tine
series. Since the taper functions are orthogonal, conbining themto achieve
an average spectrum does not introduce spurious correlations as standard
snoot hed singl e-taper estimates do. Furthernore, estinates of the degrees of

freedom and F-test values at each frequency provi de diagnostics for
determ ning | evel s of confidence in narrow band (single frequency)

periodicities. The program provided is portable and has been tested on both

Uni x and Maci nt osh syst ens.

Ref er ences:
1. J.M Lees and J. Park, "A C Subroutine for Conputing Miltiple-Taper

Spectral Analysis", Conputers in Ceoscience, Vol. 21, 1995, pp. 195-236.
2. D.J. Thonmson, "Spectrum Estimation and Harnoni ¢ Anal ysis", Proc. |EEE

Vol. 70, No. 9, Septenber 1982, pp. 1055-1096.

3. DB. Percival and A T. Wal den, Spectral Analysis for Physical Applica-

tions, Canbridge University Press, 1993.
Downl oaded from ftp://ftp.iang.org/VO.21/v21-2-2.zip

Requi red project source files are JFOURL. C, JREALFT.C, JTAP.C and JL.H
The three Cfiles are conbined into this one.

It is not necessary to invoke the JL.H header file

Al'l necessary nmacros and prototypes are included in this source file

Adapted by W Riley, Hamilton Technical Services, as MIAP July 9, 2002

Revi si on Record:
07/ 19/ 02 Up-and running OK as separate program
07/ 20/ 02 Moved MTAP into Stable32 as Stable c.c.
Made many revisions to adapt for Stabl e32 usage.
Basically working - getting reasonable plots.

07/ 25/ 02 Tri m down unwant ed feat ures
03/ 15/ 03 Adapt ed for FrequenC DLL
04/ 26/ 03 Adapted for Version 2.0 source code docunentation

(c) 2002-3 W Riley Hanmilton Technical Services Al Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/

/*********************************************************************************/

/1

I ncl udes

#i ncl ude "frequenc. h"
#i ncl ude <stdi o. h>

#i ncl ude <stddef. h>
#i ncl ude <stdlib. h>
#i ncl ude <mat h. h>

#i ncl ude <menory. h>

/1 Local Macros
#define Pl 3.14159265358979
#define ABS(a) ((a) < (0) ? -(a) : (a))
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#define MAX(a,b) ((a) >= (b) ? (a) : (b))
#define DI AGL O
#define JM ADD 0O

/1 Menory allocation functions

float *alloc_fvec(long first , long |ast)

{
float *v;
v=(float *)malloc((size t) ((last-first+1+JM ADD)*sizeof (float)));
return v-first+JM ADD

}

doubl e *all oc_dvec(long first , long |ast)

{
doubl e *v;
v=(double *)malloc((size_t) ((last-first+1+JM ADD)*si zeof (double)));
return v-first+JM ADD

}

int *alloc_ivec(long first , long |ast)

{
int *v;
v=(int *)malloc((size_t) ((last-first+1+JM ADD)*si zeof (int)));
return v-first+JM ADD

}

/1 Local function prototypes
int get_pow 2(int inum;
float get_cos_taper(int n, int k);

int adwait (doubl e *sqr_spec, double *dcf, double *el, int nwin, int numfreq,
doubl e *ares, double *degf, double avar);

voi d get F val ues(doubl e *sr, double *si, int nf, int nwin, float *Fval ue,
doubl e *b);

void do_map_spec(float *data, int npoints, int kind, int nwn, float npi
int inorm float dt, float *ospec, int klen);

int hires(double *sqr_spec, double *el, int nmin, int numfreq, double *ares);

void jfourl(float data[], unsigned long nn, int isign);

void jrealft(float data[], unsigned long n, int isign);

int jtridib_(int *n, double *epsl, double *d, double *e, double *e2, double *Ib,
doubl e *ub, int *mll, int *m double *w, int *ind, int *ierr, double *rv4,
doubl e *rv5);

int jtinvit_(int *nm int *n, double *d, double *e, double *e2, int *m
double *w, int *ind, double *z, int *ierr, double *rvl, double *rv2,
doubl e *rv3, double *rv4, double *rve);

void nt_get spec(float *series, int inum int klength, float *anp);

int multitap(int n, int nsMn, double *el, float npi, double *tapers,
doubl e *tapsum;

void zero_pad(float output[], int start, int ol ength);

doubl e renmove_nean(float *x, int |x);

float get_cos_taper(int n, int k);

/*********************************************************************************/

/*

/* Mul ti Taper Spct runtal c()

/*

/* Function to calculate and plot multi-taper power spectrum simlar to
/* SpectrunmCal c() that uses ordinary periodogram net hod.

/*
/* Paraneters:
/* F TYPE y[] = time-domain data; y[0] = *y = # data points
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

fl oat
fl oat
fl oat
i nt
fl oat
i nt
i nt

fl oat
BOCOL

Ret ur ns:

Not e:

i nt

FrequenC Library Reference Manual

dat a[ ] = real data points -> PSD results
freq[] = Fourier freq results
dt = time interval of data sanples
numpoints = # time series data points
npi = # pi-prolate functions
nw n = # summ ng W ndows
ki nd = kind of analysis (way eigenspectra are conbi ned)
1 = hires
2 = adwai t
3 = nai ve periodogram
i norm = nornal i zati on met hod
1 = standard = npoints
2 = other = 1/dt
3 = sqgrt(npoints)
Wi n_type = wi ndowi ng net hod code:
0 = Rectangul ar
1 = Hanni ng
2 = Hanmi ng
p_type = phase_noi se_type:
0 = Sx(f)
1 = So(f)
2 = L(f)
corr_factor = correction_factor to adjust PSD for carrier freq
bDat aType = data type
0 = Phase
1 = Frequency
num freqs = # FFT frequenci es

Calling function nust allocate the correct data & freq array size.

This size is 1+klen/2, where klen is twice the snallest power of 2
t hat enconpasses the data (e.g. for 500 data points, klen is 1024 & array
size is 1+512=513).

Revi si on record:

07/ 20/ 02

07/ 25/ 02

07/ 30/ 02
03/ 15/ 03
03/ 16/ 03

04/ 26/ 03

Adapt ed from Spectruntal c()

ojective is to call from SpectrunCal cDl gProc() instead of
SpectruntCal c() to offer nulti-taper spectral analysis
Elimnate QP file and Fval ues calc

El i m nate naive spectrumcalc

El i mnate dof calc and file

Revi sed to handle analysis linmts

Adapt ed for FrequenC DLL

Added bDat aType par anet er

Changed fromvoid to int to return # fregs

Adapted for Version 2.0 source code docunentation

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/

/*********************************************************************************/

int _ declspec(dllexport) FAR PASCAL Ml ti Taper SpectrunCal c(F_TYPE y[],
float data[], fl

i nt

kind, in

t in

BOCOL bDat aType)

/! Local

/[l Ints

i nt
i nt
i nt
i nt

[

k;

npoi nt's;
kl en;

oat freq[], float dt, int numpoints, float npi, int nwn,
orm int win_type, int p_type, float corr_factor

Vari abl es

// General index
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int numfreqgs;

int K

int freqw n;

int increase;

int isign = 1;

int offset; /1 Index of first data point to be anal yzed

/1 Floats

fl oat *spec

float fWdth;

float df;

float nyquist;

float bw corr; /1 Bandwi dth correction factor
float log_mult; /1 Log PSD multiplier scale factor

/| Doubl es
doubl e nean;

/1 WIR Notes re original input paraneters 7/19/02

/1 name = input tinme series data fil enane
/1 npi = order of pi-prolate taper functions
/1 Choose sone snall integer (j=2, 3 or 4)

[/ This sets resolution BW2W
/1 Wis set to a small multiple of the fundanental frequency 1/(NDelta t)
/1 so W= j/(NDeltat). See Percival & Walden p.335. Use 3.

/1 nwin = # sunmi ng wi ndows (Percival recommends 6 for |owest bias) Use 5.
/1 kind = way the eigenspectra are conbi ned

/1 1 = hires=best for white noise

/1 2 = adwai t=opti nmal adaptive wei ghts=best for col ored noise

/1 3 = nai ve periodogram

/1 For our purposes, where colored noise is often encountered, use 2
[/ inormenormalization method

/1 1 = standard

/1 2 = ot her

/1 So, our paraneters are typically filenane 3 52 1

/1 I nput parameters

/1 dt = sanpling interval

/1 num points = # input points
/1 npi = # pi-prolate functions
/1 nwin = # sunmmi ng w ndows

/1 kind ki nd of analysis

[/ inorm= normalization nethod

/1 Notes re paraneters:

/1l See p. 335, Percival and Wl den

/1 Choose npi = 2,3,4 (sonme snall integer)

/1 Then W= npi/(num points*dt) or num points*W= npi/dt
/1 K < 2*num poi nt s* W dt

[/ nmin =0...K1

/1 Cal c BW parans
f W dt h=npi/ ((fl oat)num poi nts*dt);
K=(int) (2*num poi nt s*f Wdt h*dt);

/1 Calc Nyquist frequency (2 sanpl es/cycle)
nyqui st=(float) (0.5/dt);

/1 Calc zero-padded power-of-2 data | ength
kl en=get _pow_2( num _poi nts);
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i ncrease=1,;
kl en=(i nt) (kl en*pow( (doubl )2, (double)increase)); [/ This doubles klen

/1 Calc # Fourier frequencies
num f reqs=1+kl en/ 2;

/1 Data entry fromarray

/1 The xdata array gets |loaded with the tinme donain data.

/1 This array is allocated with space for the # points & analysis linmts.
/1 These are put into the xdata array initially to allowit to use the

/1 NewFi || Fl oat Gaps() functi on.

/1 Then the header info is renoved fromthe xdata array for the FFT cal cs.

/1 Find index of first data point to be anal yzed
of fset =(int)y[ 1] +2;

/1 Copy y[] analysis data into data]] with header info
dat a[ 0] =(f | oat ) num poi nt s;

dat a[ 1] =1. 0O;

dat a[ 2] =(f | oat ) num poi nt s;

for(i=0; i<numpoints; i++)

{
}

/1 Make sure no there are gaps in the tine domain data
Fi || Fl oat Gaps(data, bDataType);

dat a[ i +tARRAY_OFFSET] =(fl oat) y[i +of f set];

/1 El'imnate header from analysis data
for(i=0; i<numpoints; i++)

dat a[ i ] =dat a[ ARRAY_OFFSET+i ] ;
}

npoi nt s=i ;
k=1;

/1 Renmobve average
nmean=r enove_nean(data, npoints);

df =2* nyqui st/ kl en;
fregwin=(int)(fWdth/df)/2;

spec=al | oc_fvec((long)0, (long)klen);
do_ntap_spec(data, npoints, kind, nwin, npi, inorm dt, spec, klen);

/1 Must allocate correct size at calling function
for(i=1; i<numfreqgs-1; i++) // Start index excludes dc conponent

/1 Copy Fourier fregqs to freq array
freqi-1] =df *i;
}

/] Cal c bandwi dth correction

/1 Note: There are 2 other ways of doing this:
/1 1. Use 2Wwhere Wt/ Nedelta t

/1 2. Normalize the results appropriately

bw corr=(float)!l ogl0(freq[0]);
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/1 Set log multiplier factor
if(p_type==2) // L(f)
{

| og_nul t =10;
}
else // Sx(f) & So(f)
{
| og_nul t =1;
}

/1 Convert spectral data to |og form

/1 Note that data is PSDresult & freq is Fourier freq

/1 for(i=0; i<numfreqs; i++)

for(i=1; i<numfreqgs-1; i++) // Start index excludes dc conponent

{
/1 Save power spectrum val ues plus correction factors
data[i-1]=(float)(log_mult*(l oglO(spec[i]*corr_factor)- bw corr));

}

/1 Save PSD data - elimnated 03/16/03 - now done by calling function
/1 PSDWite(szPSDFile, freq, data, numfreqgs-2);

/'l Free allocated arrays
free(spec);

/1 Done - return # fregs
return numfreqgs;

}

/* _______________________________________________________________________________ */
/* nt _get_spec */
/* _______________________________________________________________________________ */

void nmt_get_spec(float *series, int inum int klength, float *anp)
{
/* series = input tine series */
/* inum = length of tine series */
/* klength = nunber of elenments in power spectrum (a power of 2) */
/* anp = returned power spectrum */
int i, isign =1,
unsi gned | ong nn
nn = kl engt h;

/* copy anp onto series and apply zero padding to klength */
for(i =0; i < inum i++)

{
}

zero_pad(anp, inum klength);

anp[i] = series[i];

/* Fast Fourier Transform Routine: here we are using the Nunerical */
/* Recipes routine jrealft which returns the fft in the 1-D input */
/* array packed as pairs of real nunbers. The jrealft routine */
/* requires the input array to start at index=1 so we nust decrenent */
/* the index of amp */
jrealft(anmp - 1, nn, isign);
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_______________________________________________________________________________ */

do_nt ap_spec */

_______________________________________________________________________________ */

void do_map_spec(float *data, int npoints, int kind, int nwmn, float npi

{

i nt

inorm float dt,

float *ospec, int klen)

/* data = floating point input tinme series */
/* npoints = nunber of points in data */

/* kind = flag for choosing hires or adaptive weighting coefficients */

/!l Local vari abl es

i nt

doubl e *| anbda,

I I &

FI LE *fopen();
float *b;

i nt

iwn, kk;

doubl e anrm norm

doubl e *ReSpec,
doubl e *sqr_spec,

fl oat *anp;
doubl e avanp, tenp,
doubl e sum *tapsum

i nt
i nt

i nt

num freqgs;

/* nwin = nunber of taper windows to calculate */
/* npi = order of the slepian functions */
/* inorm= flag for choice of normalization */

/* dt = sanpling interval (time) ospec = output spctrum */

/* klen = nunber of frequecies calculated (power of 2) */

*t apers;

*| nSpec;
*anu;

sqr anp;

I en_taps, numfreq_tap;
doubl e *dcf, *degf,

nl, n2, kf;

avar,

/* lanbda = vector of eigenval ues tapsum = sum of each taper, saved */
/* for use in adaptive weighting tapers = natrix of slepian tapers */

/* packed in a 1D double array */

| anbda = al | oc_dvec((long)0, (Ilong)nw n);
tapsum = al |l oc_dvec((long)0, (I ong) nwi n);
len_taps = npoints * nwn;

tapers = alloc_dvec((long)0, (long)len_taps);
numfreqs =1 + klen / 2

numfreq_tap = numfreqs * nwn;

/1 Get a Slepian taper
k = nmultitap(npoints,

nwi n, |anbda, npi, tapers, tapsun);

/1 Choose nornalization based on inormflag
anrm= 1.

switch(inorm

{

case 1:

anrm = npoints;

br eak;
case 2:

anrm= 1/ dt;

br eak;
case 3:

anrm = sqrt ((doubl e) npoints);

br eak;
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def aul t :
anrm= 1.;
br eak;

/1 Apply the taper in the loop. Do this nwn tines
b = alloc_fvec((long)0, (Iong)npoints);

amu = all oc_dvec((long)0, (long)numfreqs);
sqr_spec = alloc_dvec((long)0, (long)numfreq_tap);
ReSpec =all oc_dvec((long)0, (long)numfreq_tap);

| nSpec = alloc_dvec((long)0, (long) numfreq_tap);

for(iwin = 0; iwn < nwn; iwn++)
{
kk
kf

iwin * npoints;
iwin * numfreqgs;

for(j = 0; j < npoints; j++)
{

/1 Application of iwin-th taper

b[j] = (float)(data[j] * tapers[kk + j]);
}

anp = alloc_fvec((long)0, (long)klen);

/1 Calculate the eigenspectrum
nt _get spec(b, npoints, klen, anp);

/1 This causes error & programterm nation
/1 Renoved WIR 7/19/02 - Programthen runs to conpletion
/1 free(b);

/1 New code to elimnate multiple free()s WR 7/19/02
i f(iw n==nw n-1)

free(b);
}

sum = 0. 0;

/* get spectrumfromreal fourier transform*/
norm= 1.0/ (anrm?* anrnj;

for(i =1; i <numfreqgs - 1; i++)

if(2*i + 1 >Kklen)

{

fprintf(stderr, "error in index\n");
}
if(i + kf > numfreq_tap)
{

fprintf(stderr, "error in index\n");
}

sqranp = SQR(anp[2 * i + 1]) + SQR(anp[2 * i]);
ReSpec[i + kf] amp[2 * i];

| nSpec[i + Kkf] amp[2 * i + 1];

sqr_spec[i + kf] = norm* (sqgranp);

sum += sqr anp;
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sqr_spec[0 + kf] = norm* SQR(fabs(anp[0]));
sqr_spec[numfreqs - 1 + kf] = norm* SQR(fabs(anp[1]));
ReSpec[ 0 + kf] = anp[O0];

| nSpec[0 + kf] = 0.0;

ReSpec[num freqs - 1 + kf] = anp[1];

| nSpec[numfregqs - 1 + kf] = 0.0;

sum += sqr_spec[0 + kf] + sqgr_spec[numfreqs - 1 + kf];

if(numfreqs - 1 + kf > numfreq_tap)

fprintf(stderr, "error in index\n");

}
tenp = sum/ (double) num fregs;

if(temp > 0.0)

{
avanp = sqrt(tenp) / anrm
}
el se
{
avanp = 0.0;
/1 fprintf(stderr," avanp = 0.0! \n");
}
free(anp);
}

/1 Choice of hi-res or adaptive weighting for spectra
swi t ch( ki nd)

{

case 1:

{
hires(sqr_spec, | anbda, nwin, numfreqgs, am);
for(i =0; i < numfreqgs; i++)
{

ospec[i] = (float)(amu[i]);

}
br eak;

}

case 2:

{

/* get avar = variance */
nl = 0;

n2 = npoints;

avar = 0.0;

for(i = nl; i < n2; i++)
{
avar += (data[i]) * (data[i]);
}
swi tch(inorm
{
case 1:
{

#if(0) // Oiginal code - NG for npoints >=65536 - get int QF
avar = avar / (npoints * npoints);
#endi f
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#if(1) // New code - WR - 07/28/02
avar = avar / ((doubl e)(npoints) * (double)(npoints));

#endi f
br eak;
}
case 2:
{
avar = avar * dt * dt;
br eak;
}
case 3:
{
avar = avar / npoints;
br eak;
}
def aul t :
{
br eak;
}

}

dcf = alloc_dvec((long)O,

degf =alloc_dvec((long)0, (long)numfreqs);
dcf, lanbda, nwin, numfreqs, anmu, degf, avar);

adwai t (sqr_spec

/1 Wap up
for(i =0; i < numfreqgs; i++)
{

ospec[i] = (float)(amu[i]);
}
free(dcf);

free(degf);

br eak;

}

/1 Free up nmenory and return

free(anu);
free(sqr_spec);
free(ReSpec);
free(l nSpec);
free(lanbda );
free(tapers);

nmul titap(int num poi
doubl e *tapsum

(1 ong) num freqg_tap);

nts, int nwin, double *lam float npi, double *tapers,

/* get the multitaper slepian functions: numpoints = nunber of

/* points in data stream nwin = nunber of w ndows | ane vector of
/* eigenval ues npi = order of slepian functions tapsum = sum of each
/* taper, saved for use in adaptive weighting tapers = matrix of

/* slepian tapers,
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int i, k, Kkk;

double ww, cs, ai, an, eps, rlu, rlb, aa;

doubl e dfac, drat, gamma, bh, tapsq, TWOPI, DPI

doubl e *di ag, *offdiag, *offsq;

doubl e *scratchl, *scratch2, *scratch3, *scratch4, *scratch6;

/* need to initialize iwlag = 0 */
doubl e anpi

doubl e *el | ;

int *ip;

doubl e *evecs;

long | en;

int ierr;

int nll;

DPl = (double) PI

TWOPI = (double) 2 *DPI

anpi = npi

an = (double) (numpoints);

ww = (double) (anpi) / an; /* this corresponds to P&Ws Wval ue */
cs = cos(TWOPI * ww);

ell = alloc_dvec((long)0,(long) nwin);

diag = alloc_dvec((long)0, (long)numpoints );
of fdiag = all oc_dvec((long)0, (long)numpoints );
of fsq = all oc_dvec((long)0, (long)numpoints );

scratchl = alloc_dvec((long)0, (long)numpoints );
scratch2 = alloc_dvec((long)0, (long)numpoints );
scratch3 = all oc_dvec((long)0, (long)numpoints );
scratch4 = alloc_dvec((long)0, (long)numpoints );
scratch6 = alloc_dvec((long)0, (long)numpoints );

/1 NMake the diagonal elenents of the tridiag matrix
for(i = 0; i < numpoints; i++)
{
ai = (double) (i);
diag[i] =-cs * (((an - 1.) / 2. - ai)) * (((an - 1.) [/ 2. - ai));
offdiag[i] = -ai * (an - ai) [/ 2.
offsq[i] = offdiag[i] * offdiag[i];

ip = alloc_ivec((long)O, (long) nwn);

/1 Call the eispac routines to invert the tridiagonal system

jtridib_(&wum points, &eps, diag, offdiag, offsq, &lb, &lu, &Ml, &nwin,
lam ip, & err, scratchl, scratch2);

#i f (DI AGL)
fprintf(stderr, "ierr=% rlb=%8f rlu=%8f\n", ierr, rib, rlu);

fprintf(stderr, "eigenvalues for the eigentapers\n");

for(k = 0; k < nwin; k++)

{
fprintf(stderr, "%20f ", lanfk]);
}
fprintf(stderr, "\n");
#endi f
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len = num points * nw n;

evecs = alloc_dvec( (long)0, (long)len);

jtinvit_(&wum points, &wum points, diag, offdiag, offsq, &mwin, lam ip,
evecs, & err, scratchl, scratch2, scratch3, scratch4, scratch6);

free(scratchl);
free(scratch2);
free(scratch3);
free(scratch4);
free(scratch6);

/* W cal cul ate the eigenval ues of the Dirichlet-kernel problemi.e. */
/* the bandwi dth retention factors from Sl epi an 1978 asynptotic */

/* formula, gotten from Thonmson 1982 eq 2.5 suppl enented by the */

/* asynptotic fornmula for k near 2n from Sl epi an 1978 eq 61 nore */

/* precise values of these paraneters, perhaps useful in adaptive */

/* spectral estimation, can be calculated explicitly using the */

/* Rayl ei gh-quotient fornmulas in Thonson (1982) and Park et al (1987) */

df ac = (double) an *DPl * ww
drat = (double) 8. *dfac;
dfac = (double) 4. *sqrt(DPlI * dfac) * exp((double) (-2.0) * dfac);

for(k = 0; k < nwin; k++)

lanf k] = (double) 1.0 - (double) dfac;
dfac = dfac * drat / (double) (k + 1);
[* fails as k -> 2n */

}

gamma = | og((double) 8. * an * sin((double) 2. * DPI * ww)) +
(doubl e) 0.5772156649;

for (k = 0; k < nwin; k++)

{

bh =-2. * DPI * (an * ww - (double) (k) /

(double) 2. - (double) .25) / ganmg;

ell[k] = (double) 1. / ((double) 1. + exp(DPl * (double) bh));
}
for (i =0; i < nwin; i++)
{

lanfi] = MAX(ell[i], lanfi]);
}

/* Normalize the eigentapers to preserve power for a white process */
/* i.e. they have rns value unity */

/* tapsumis the average of the eigentaper, should be near zero for */
/* antisymmetric tapers */

for(k = 0; k < nwin; k++)
{
kk = (k) * num_points;
tapsunf k] = O.
tapsq = 0.;
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for(i = 0; i < numpoints; i++)
{
aa = evecs[i + kk];
tapers[i + kk] = aa;
tapsunf k] = tapsunf k] + aa;
tapsg = tapsq + aa * aa;

}

aa = sqrt(tapsq / (double) num points);
tapsunf k] = tapsunik] / aa;

for(i = 0; i < numpoints; i++)
{
tapers[i + kk] = tapers[i + kk] / aa;
}
}
/* Free Menory */
free(ell);
free(diag);

free(offdiag);
free(offsq);
free(ip);
free(evecs);

return 1,
_______________________________________________________________________________ * [
adwai t */
_______________________________________________________________________________ * [
int adwait (doubl e *sqr_spec, double *dcf, double *el, int nwin, int numfreq,

doubl e *ares, double *degf, double avar)

/* This version uses thonson's algorithmfor calculating the */
/* adaptive spectrumestinate */
doubl e as, das, tol, al, scale, ax, fn, fx;
doubl e *spw, *bi as;
doubl e test _tol, dif;
int jitter, i, k, kpoint, jloop;
float df;
/* Set tolerance for iterative schene exit */

#i f(0)
fprintf(stderr, "test input\n adwait: % % %\n", nwin, numfreq, avar);
fprintf(stderr, "\n Data=\n");

for (i =0; i <numfreq; i++)
{
fprintf(stderr, "% % \n", i, sqr_specl[i]);
}
#endi f

tol = 3.0e-4;
jitter = 0;
scal e = avar;
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/* W scale the bias by the total variance of the frequency transform*/
/* fromzero freq to the nyquist */

/* in this application we scale the eigenspectra by the bias to avoid */
/* possible floating point overflow */

spw = al l oc_dvec((long)0, (I ong) nwi n);
bias = all oc_dvec((long)0, (long)nw n);

for(i =0; i <nwin; i++)
{
bias[i] = (1.00 - el[i]);
}
#if(0)

for( i=1;i<=nwin; i++) fprintf(stderr,"% %\n",el[i], bias[i]);
fprintf(stderr,"\n");
#endi f

// START do 100
for(jloop = 0; jloop < numfreq; jloop++)

for(i =0; i < nwin; i++)
{
kpoi nt
spwi]

jloop + i * numfreq;
(sqgr_spec[kpoint]) / scale;

}

/1 First guess is the average of two | owest-order eigenspectral estinates
as = (spw0] + spw1]) / 2.00

/! START do 300

// Find coefficients
for(k = 0; k < 20; k++)
{

i < nwn; i++)

sqrt(el[i]) * as / (el[i] * as + bias[i]);
al * al,

fn+al * spWi];

fx + al;

}

ax = fn/ fx;
dif = ax - as;
das = ABS(dif);

#i f(0)

fprintf(stderr,"adwait: jloop = % k=% % % % %\n",
jloop, k, fn,fx, ax, das);

#endi f

test tol = das / as;
if(test_tol < tol)
{

br eak;
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#i f(0)
fprintf(stderr,"adwait:
#endi f

k=%l test tol=

/!l Flag if
if(k >= 20)
{

}

ares[jloop] =

iteration does not converge

jitter++;
as * scal e;

/1 Cal cul ate degrees of freedom

df = 0.0;
for (i =0; i < nwin; i++)
{
kpoint = jloop +i * numfreq;
def [ kpoint] = sqgrt(el[i]) * as [/ (
df = (float)(df + dcf[kpoint] * dc
}

%\ n", Kk,

el [i]
f[ kpoint]);

test _tol);

/* end 300

* as + bias[i]);

*/

/* W nornmalize degrees of freedomby the weight of the first */
/* eigenspectrumthis way we never have fewer than two degrees of freedom */

degf[jloop] = df * 2. / (dcf[jloop] *
}
fprintf(stderr, "% failed iterations\n",
free(spw;
free(bias);

return jitter;

doubl e *si, int

doubl e *b)

/* bis fft of slepian eigentapers at zero freq sr si

dcf[j 1 oop]);

jitter);

nf, int nwn,

/* end 100

fl oat *Fval ue,

are the

/* eigenspectra anmu contains |ine frequency estinmates and f-test parameter

doubl e sum sunr, sum, sun®;
int i, j, k;
doubl e *amur, *anui;
sum = 0.
amur = alloc_dvec((long)0, (long)nf);
amui = alloc_dvec((long)0, (long)nf);
for(i =0; i < nwin; i++)
{
sum = sum+ b[i] * b[i];

}
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for(i =0; i <nf; i++)
{

amur[i] = 0.;

amui [i] = 0.;

for(j =0; j <nwin; j+4)

{
k =i +j * nf;
amur[i] = amur[i] + sr[k] * b[j];
amui [i] = amui[i] + si[k] * b[j];
}
amur[i] = amur[i] / sum
amui [i] = amui[i] / sum
sun = 0.;
for(j =0; j < nwin; j++)
{
k =i +j * nf;
sunt = sr[k] - amur[i] * b[j];
sum = si[k] - amui[i] * b[j];
sun = sun? + sunr * sunr + sum * sum;
}
Fval ue[i] =
(float)((nwin - 1) * (SQR(amui[i]) + SQR(amur[i])) * sum/ sun®);
}
free(amur);
free(amui);
return;
H RES
int hires(double *sqr_spec, double *el, int nmMin, int numfreq, double *ares)

int i, j, k, kpoint;
float a;

for(j =0; j < numfreq; j++)

{
ares[j]
}
for(i =0; i < nwin; i++)
{
k =i * numfreq;
a = (float)(1. / (el[i] * nwin));
for(j =0; j <numfreq; j++)
{
kpoint = + k;
ares[j] = ares[j] + a * (sqr_spec[kpoint]);
}
}
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for(j =0; j <numfreq; j++)

{
if (ares[j] > 0.0)
ares[j] = sqgrt(ares[j]);
el se
printf("sqrt problemin hires pos=% %\n", j, ares[j]);
}
return 1,
}
| o e e e e o e e e e e e e e e e e e e e e e e e eeeee e
/* jtinvit
| % o e e e e o e e e e e e e e e e e e e e e e e e e e eeeee e

#i ncl ude <mat h. h>

#define abs(x) ((x) >= 0 ? (x) : -(x))
#defi ne dabs(x) (doubl e)abs(x)

#define dmn(a, b) (double)m n(a, b)
#define dmax(a, b) (doubl e) max(a, b)

int jtinvit_(int *nm int *n, double *d, double *e, double *e2, int *m
double *w, int *ind, double *z, int *ierr, double *rvl, double *rv2,
doubl e *rv3, double *rv4, double *rv6)

[/ Initialized data
static doubl e machep = 1.25e- 15;

/1 System generated |ocals
int z dim, z offset, i1, i2, i3;
doubl e d1, d2

// Builtin functions
doubl e sqgrt();

/!l Local vari abl es
static doubl e nor m

static int i, j, p, Qg r, s;
static doubl e u, v, order
static int gr oup;

static doubl e x0, x1;

static int i, ji, ip;
static doubl e uk, xu;

static int tag, its;

static double eps2, eps3, eps4;
static doubl e rtem

/* This subroutine is a translation of the inverse iteration technique
/* in the Al gol procedure tristurmby Peters and W1 ki nson

/* Handbook for Auto. Conp., Vol.ll-Linear Al gebra, 418-439(1971).

/* This subroutine finds those eigenvectors of a tridiagonal symetric

/* matrix corresponding to specified eigenval ues using inverse iteration

/* On input:
/* nmmust be set to the row di nmensi on of two-di nensional array
/* paranmeters as declared in the calling program di nmensi on statenent
/* nis the order of the matrix
/* d contains the diagonal elenments of the input matrix
/* e contains the subdi agonal elenents of the input matrix in its |ast
/* n-1 positions
/* e(l) is arbitrary
202
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e2 contains the squares of the corresponding elenments of e, with
zeros corresponding to negligible elenents of e
e(i) is considered negligible if it is not larger than the product
of the relative machine precision and the sum of the magnitudes of
d(i) and d(i-1).
e2(1) nust contain 0.0d0 if the eigenvalues are in ascendi ng order
or 2.0d0 if the eigenvalues are in descending order. |If bisect,
tridib, or imqglv has been used to find the ei genval ues, their output
e2 array is exactly what is expected here
mis the nunber of specified eigenval ues
w contains the meigenval ues in ascendi ng or descendi ng order
ind contains inits first mpositions the submatrix indices
associ ated with the corresponding ei genvalues in w --
1 for eigenvalues belonging to the first submatrix from
the top, 2 for those belonging to the second submatrix, etc.
On out put:
all input arrays are unaltered
z contains the associ ated set of orthonornal eigenvectors.
any vector which fails to converge is set to zero
ierr is set to:
zero or normal return
-r if the eigenvector corresponding to the r-th
eigenvalue fails to converge in 5 iterations
rvili, rv2, rv3, rv4, and rv6 are tenporary storage arrays.
nmachep i s a nachi ne dependent paraneter specifying
the relative precision of floating point arithmetic.

/* machep = 16.0d0**(-13) for long formarithnetic on s360
/* for f_floating dec fortran data machep/ 1. 1d- 16/
/* for g_floating dec fortran
/*
/* Questions and comments should be directed to B. S. Garbow,
/* Applied Mathematics Division, Argonne National Laboratory
/1 Parameter adjustments
--rv6;
--rvé4,
--rv3;
--rv2;
--rvi,
--e2;
__e;
__d;
z dim = *nm
z offset =z dinl + 1
z -= z_offset;
--ind;
- W,
/1 Function body
*Terr = 0;
if (*m==0) {
goto L1001;
}
tag = 0O;
order = 1. - e2[1];
q=20;
/* establish and process next submatrix */
L100:
p=q+1
il =*n;
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for (g =p; g <=1l ++q) {
if (q=="n) {
goto L140
}
if (e2[q + 1] == 0.) {
goto L140
}
}
/* find vectors by inverse iteration */
L140:
++t ag;
s = 0;
il ="*m

for (r =1; r <=1i1; ++r) {
if (ind[r] !'=tag) {
got o L920;
}

its = 1;

X1 =wr];

if (s!=0) {
goto L510;

}

/* check for isolated root */
Xu = 1.;
if (p!=aq {
goto L490
}

rve[p] = 1.
goto L870;
L490:
norm =

(d1 = d[p], abs(dl));
ip:p+
m

i2 ;
for (i
nor

1
1
q
ip; i <=1i2; ++i) {

= norm+ (dl = d[i], abs(dl)) + (d2 = e[i], abs(d2));

}

/* eps2 is the criterion for grouping, */

/* eps3 replaces zero pivots and equal */

/* roots are nodified by eps3, */

/* eps4 is taken very small to avoid overflow */

eps2 = norm* .001

eps3 = nmachep * norm

uk = (double) (q - p + 1);

eps4 = uk * eps3;

uk = eps4 / sqrt(uk);

s = p;

L505:

group = 0;

goto L520;

/* look for close or coincident roots */

L510:

if ((dl = x1 - x0, abs(dl)) >= eps2) {
got o L505;

}

++gr oup;

if (order * (x1 - x0) <= 0.) {
x1 = x0 + order * eps3
}
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/* elimnation with interchanges and initialization of vector */
L520:

v =0.;
12 =q;
for (i =p; i <=1i2; ++i) {
rve[i] = uk;
if (i ==p) {
got o L560;
}
if ((dl1 = e[i], abs(dl)) < abs(u)) {
goto L540
}
/* warning -- a divide check may occur here if */

/* e2 array has not been specified correctly */
xu =u/ e[i];
rva[i] = xu;

rvi[i - 1] = e[i];
rv2[i - 1] =d[i] - xZ1;
rv3[i - 1] = 0.
if (i 1=29q) {
rv3[i - 1] = e[i + 1];
}
u=v- xu*rv2[i - 1];
v = -xu * rv3[i - 1];
got o L580;
L540:

xu =-e[i] I u;
rva[i] = xu;
rvifi - 1] = u;

rv2l[i - 1] = v;
rv3[i - 1] = 0.
L560:
u=di] - x1 - xu* v;
it (i I=q) {
v = e[i + 1];

}
L580:

}

if (u==20.) {
u = eps3;

}

rvifq] = u;

rv2[q] = 0.;

rv3[q] = 0.;

/* back substitution for i=q step -1 until p do -- */
L600:
12 =q;
for (ii =p; ii <=i2;, ++ii) {
i =p+q- ii;
rtem=rv6[i] - u* rv2[i] - v * rv3[i];
rve[i] = (rtem [/ rvl[i];
vV = u;
u rveli];
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/* orthogonalize with respect to previous nmenbers of group */
if (group == 0) {

goto L700;
)
o=
i 2 = group;
for (jj =1; jj <=12; ++j) {
L630:
-1
if (ind[j] !'=tag) {
goto L630;
}
xu = 0.;
i3 =q;
for (i =p; i <=1i3; ++i) {
[* L640: */
Xu +=rve[i] * z[i + ] * z_dinl];
}
i3 =q;
for (i =p; i <=1i3; ++i) {
rve[i] -=xu * z[i +j * z_dim];
}
}
L700:
norm= 0.;
12 =q;

for (i =p; i <=1i2; ++i) {
norm+= (dl = rv6[i], abs(dl));
}

if (norm>=1.) {
goto L840
}

/* forward substitution */
if (its ==5) {

got o L830;
}

if (norm!=0.) {
goto L740
}

rve[s] = eps4;
++S;
if (s>q) {
s = p;
}

goto L780;

L740:

Xu = eps4 / norm

12 =q;

for (i =p; i <=1i2; ++i) {
rve[i] *= xu;

}

/* elimnation operations on next vector */
[* iterate */

L780:

12 =q;

for (i =ip; i <=i2;, ++i) {
u=rve[i];
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[* if rvl(i-1) .eq. e(i), a rowinterchange was performed earlier */
/* in the triangul arization process */
if (rvl[i - 1] !'=e[i]) {
got o L80O;
}

u=rveli - 1];
rve[i - 1] = rve[i];
L800:
rve[i] = u - rv4[i] * rve[i - 1];
} .
++its;
got o L600;
/* set error -- non-converged ei genvector */
L830:
*Terr = -r;
xu = 0.;
goto L870;
/* normalize so that sumof squares is 1 and expand to full order */
L840:
u=20.;
12 =q;
for (i =p; i <=1i2; ++i) {
/* Conputing 2nd power */

dl = rve6[i];

u +=dl1 * di;
}
xu = 1. / sqgrt(u);
L870:
i2 = *n;

for (i =1; i <=1i2; ++i) {
z[i +r * z_ dinl] = 0.
}

12 =q;
for (i =p; i <=1i2; ++i) {
z[i +r * z dinl] = rv6[i] * xu

}
x0 = x1;
L920:
}
if (g <*n) {
goto L100;
}
L1001:
return O;
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_____________________________________________________________________________ */
jtridib */
_____________________________________________________________________________ */
jtridib_(int *n, double *epsl, double *d, double *e, double *e2, double *Ib,
doubl e *ub, int *mll, int *m double *w, int *ind, int *ierr, double *rv4,
doubl e *rv5)
[/ Initialized data
static doubl e machep = 1. 25e- 15;
/1 System generated |ocals
int i1, i2;
doubl e d1, d2, d3;
/1 Local variables
static int i, j, k, I, p, q, r, s;
static double u, v;
static int nl, ng;
static double t1, t2, x0, x1
static int nR2, ii;
static double xu;
static int isturm tag;
/* This subroutine is a translation of the Al gol procedure bisect, */
/* Num Math. 9, 386-393(1967) by Barth, Martin, and WI Ki nson. */
/* Handbook for Auto. Conp., Vol.ll-Linear Al gebra, 249-256(1971). */
/* This subroutine finds those eigenvalues of a tridiagonal symmetric */
/* matrix between specified boundary indices, using bisection. */
/* On input: */
[* nis the order of the matrix */
/* epsl is an absolute error tolerance for the conputed ei genval ues. */
/* if the input epsl is non-positive, it is reset for each submatrix */
/* to a default value, nanely, minus the product of the relative machine */
/* precision and the 1-norm of the submatrix */
/* d contains the diagonal elenents of the input matrix */
/* e contains the subdi agonal el enents of the input matrix */
/* inits last n-1 positions. */
/* e(l) is arbitrary */
/* e2 contains the squares of the corresponding el ements of e. */
/* e2(1l) is arbitrary */
/* nll specifies the | ower boundary index for the desired ei genval ues */
/* m speci fies the nunber of eigenval ues desired. The upper boundary */
[* i ndex nR2 is then obtained as nR2=mll1+m 1. */
/* On output: */
/* epsl is unaltered unless it was reset to its (last) default val ue */
/* d and e are unaltered el ements of e2, corresponding to elenents of e */
/* regarded as negligible, have been replaced by zero causing the */
/* matrix to split into a direct sum of submatrices. */
/* e2(1l) is also set to zero */
/* I'b and ub define an interval containing exactly the desired */
/* ei genval ues */
/* w contains, inits first mpositions, the eigenval ues between */
/* i ndices nll and n22 in ascendi ng order */
/* ind contains inits first mpositions the submatrix indices */
/* associ ated with the corresponding ei genvalues in w -- */
/* 1 for eigenvalues belonging to the first submatrix from */
/* the top, 2 for those belonging to the second submatrix, etc. */
[* ierr is set to: */
[* zero for nornmal return */
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/* 3*n+l if multiple eigenvalues at index mll make uni que */
/* sel ection inpossible */
/* 3*n+2 if multiple eigenval ues at index n22 make uni que */
/* sel ection inpossible */
/* rv4d and rv5 are tenporary storage arrays */
/* Note that subroutine tqgll, imqll, or tglrat is generally faster than */
/* tridib, if nmore than n/4 eigenval ues are to be found. */
/* machep is a machi ne dependent parameter specifying the relative precision */
/* of floating point arithmetic. */
/* machep = 16.0d0**(-13) for long formarithnetic on s360 */
/* for f_floating dec fortran */
/* data machep/1.1d-16/ for g floating dec fortran */
[* */
/* Questions and comments should be directed to B. S. Garbow, */
/* Applied Mathematics Division, Argonne National Laboratory */
/1 Parameter adjustnents

--rvb;

--rvé

--e2;

--e;

__d;

--ind;

--W

*ierr = 0;
tag = O;
xu = d[1];
x0 = d[1];
u=20.;

/* look for small sub-diagonal entries and determ ne an */
/* interval containing all the eigenval ues */

il =*n;
for (i =1; i <=1i1; ++i) {
x1 = u;
u = 0.
if (i '=*n) {
u=(dl =e¢[i + 1], abs(dl));
}

/* Conputing MN */
di =d[i] - (x1 + u);
Xu = mn(dl, xu);
/* Conputing MAX */
dli =d[i] + (x1 + u);
x0 = max(dl, x0);
if (i ==1) {

goto L20;

}

if ((d1 = e[i], abs(dl)) > nmachep * ((d2 = d[i], abs(d2)) + (
d3 =d[i - 1], abs(d3)))) {

goto L40

}

L20:

e2[i] = 0.;

L40:
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/* Conputing MAX */

dl = abs(xu), d2 = abs(x0);

x1 = max(dl, d2) * machep * (double) (*n);

Xu -= x1;

tl = xu;

x0 += x1,

t2 = x0;

/* determine an interval containing exactly the desired ei genval ues */
p =1

q=r*n

m o= *mil - 1
if (ml == 0) {

goto L75;
}
isturm= 1;
L50:
v = x1;

x1 = xu + (x0 - xu) * .5;
if (x1 ==v) {

got o L980;
}
got o L320;
L60:
if ((il=s- nl) <0) {
got o L65;
} elseif (il ==0) {
goto L73;
} else {
goto L70;
}
L65:
Xu = x1,
got o L50;
L70:
x0 = x1,
got o L50;
L73:
Xu = x1,
tl = x1,
L75:

m2 =m + *m
if (nmk2 == *n) {

goto L9O0;

}

x0 = t2;

isturm= 2;

got o L50;

L80:

if ((il=s- n2) <0) {
goto L65;

} elseif (il ==0) {
got o L85;

} else {
goto L70;

}

L85:

t2 = x1;

L90:

q=0;

r = 0;

N1
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/* establish and process next subnmatrix, refining */
/* interval by the gerschgorin bounds */

L100:
if (r =x*m {
goto L1001;
}
++tag;
p=qg+1
xu = d[p];
x0 = d[p];
u=20.;
i1 ="*n
for (g =p; g <=1i1; ++q) {
X1l = u;
u=20.;
v = 0.;
if (g =="+*n) {
goto L110;
}
u=(dl =¢e[q + 1], abs(dl));

/* Conputing MN */
diq] - (x1 + u);
m n(dl, xu);
/* Conputing MAX */
dl =d[q] + (x1 + u);
x0 = max(dl, x0);
if (v ==0.) {
goto L140
}
}

L140:

/* Conputing MAX */

dl = abs(xu), d2 = abs(x0);
x1 = max(dl, d2) * machep;
if (*epsl <= 0.) {

*epsl = -x1,;
}
if (p!=a) {
goto L180;
}

/* check for isolated root within interval */
if (t1 >d[p] [| d[p] >=1t2) {
goto L940

}
m = p;
n = p;
rvS[p] = d[p];
got o L900;
L180:
x1 *= (double) (q - p + 1);
/* Conputing MAX */
di =1t1, d2 = xu - x1
*I b = max(d1l, d2);
/* Conputing MN */
dl =1t2, d2 = x0 + x1;
*ub = min(di, d2);
x1 = *|b;
isturm= 3;
2N2
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goto L320;

L200:

nm =s + 1

x1 = *ub;

isturm = 4;

goto L320;

L220:

mn = s;

if (m > nR2) {
goto L940

}

/* find roots by bisection */
x0 = *ub;
isturm= 5;
il = ng;
for (i =m; i <=il, ++i) {
rvs[i] *ub;
rvafi] *| b;

}

/* loop for k-th eigenval ue */
/* for k=n2 step -1 until ml do */
/* do not used to legalize conputed go to */
k = n2;
L250:
Xu = *|b;
/* for i=k step -1 until nl do */
il =Kk;
for (ii =m; ii <=11;, ++ii) {

i =m + k- ii;

if (xu>=rv4[i]) {

goto L260;
}

Xu = rv4[i];
goto L280;
L260:

}
L280:

if (x0 >rv5[k]) {
x0 = rv5[K];
}

/* next bisection step */

L300:

x1 = (xu + x0) * .5

if (x0 - xu <= machep * 2. * (abs(xu) + abs(x0)) + abs(*epsl)) {

goto L420
}
/* in-line procedure for sturm sequence */
L320:
s =p- 1
u=1,;

il =q;
for (i =p; i <=1i1; ++i) {

if (ul=0.) {

got o L325;

}
v = (dl = ¢e[i], abs(dl)) / machep;
if (e2[i] ==0.) {
v = 0.;
}

2N
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got o L330;
L325:
v =e2[i] I u
L330:
u=di] - x1 - v;
if (u<o0.) {
++S;
}
}

switch ((int) isturm {
case 1:

goto L60;
case 2:

got o L8O0;
case 3:

got o L200;
case 4:

goto L220;
case 5:

got o L360;
}

/* refine intervals */
L360:
if (s >= k) {
goto L400
}

Xu = x1;

if (s > nl) {
got o L380;

}

rva[ m] = x1,;
got o L300;
L380:
rva[s + 1]
if (rv5[s]

rvs[ s]
}

got o L300;

L400:

x0 = x1,

got o L300;

/* k-th eigenval ue found */

L420:

rv5[ k] = x1;

__k;

if (k >= nl) {
goto L250;

}

/* order eigenvalues tagged with their submatrix associations */

x1;
x1) {
x1;

I v 1

s =r,;
r=r +n2 - nm+1
=L
k = mi;
il=r;
for (I =1; I <=1i1; ++) {
it (j >s) {
goto L910;
}

201
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if (k >n2) {
goto L940
}

if (rv5[k] >=wI]) {
goto L915;

for (ii =j; ii <=i2;, ++ii) {
i =1 +s - ii;
Wi +1] =wi];
ind[i + 1] =ind[i];

}

L910:

WI] = rv5[k];

ind[I] = tag;

++k;

got o L920;

L915:

++j ;

L920:

}
L940:

if (g <*n) {
goto L100;
}

goto L1001;

/* set error -- interval cannot be found containing */

/* exactly the desired eigenval ues */
L980:

*ferr = *n * 3 + isturm

L1001:

*Ib = t1;

*ub = t2;

return O;

i nt
get _pow 2(int inum

{

int j, klength;
/* find snmall est power of 2 that enconpasses the data

for (j =1, pow((double) 2, (double) j) < inum j++);
return klength = (int)(pow (double) 2, (double) j));

20K
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/* ________________________________________________________ */
[* e - FemVe _MBaNn-----------------------oomo oo */
/* ________________________________________________________ */
doubl e renmove_nean(float *x, int |Xx)
{
int k;
doubl e nean;
nmean = 0.
if (Ix <2
return nean;
for (k = 0; k <= 1x; kt++) {
nmean = x[ k] + nean;
}
nmean = nean / (float) IXx;
for (k = 0; k <= 1x; k++) {
x[ k] = (float)(x[k] - mean);
}
return nean;
}
/* ________________________________________________________ */
[* e - zero_pad------------------------------- ---*
/* ________________________________________________________ */

void zero_pad(float output[], int start, int ol ength)

{

int i;
for (i = start; i < olength; i++) {
output[i] = 0.0;
}
}
/* ________________________________________________________ */
[* e - get_cos_taper-------------------------------- */
/* ________________________________________________________ */
float get_cos_taper(int n, int k)
{
int I;
float vw n;
vwin = 0.0;
if (k<O0]| k>n)
return vw n;
vwin = 1.0;
Il =(n - 2) / 10;
if (k <=1)
vwin = (float) (0.5 * (1.0 - cos(k * Pl / (I + 1))));
if (k>n-1-2)
vwin = (float)(0.5 * (1.0 - cos((n - k - 1) * Pl / (I + 1))));
return vw n;
}

20A
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/***********************************************************************************/

[* */
/* File JREALFT.C */
[* */

/***********************************************************************************/

#i ncl ude <mat h. h>

void jrealft(float data[], unsigned long n, int isign)

{

void jfourl(float data[], unsigned long nn, int isign);

unsigned long i,i1,i2,i3,i4,np3;

float c¢1=0.5, c2, hlr, hli, h2r, h2i

doubl e wr, wi , wpr, wpi , wt enp, t het a;

t het a=3. 141592653589793/ (doubl e) (n>>1);

if (isign == 1) {
c2 = -0.5;
jfourl(data, n>>1,1);

} else {

c2=0.5;

theta = -theta;

}

wt enp=si n( 0. 5*t het a) ;

wpr = -2.0*wt enp*w enp;

wpi =si n(t het a);

wr =1. O+wpr ;

W =wpi ;

np3=n+3;

for (i=2;i<=(n>>2);i++) {
i 4=1+(i 3=np3- (i 2=1+(i1=i+i-1)));
hilr=cl*(data[i 1] +data[i 3]);
hli=cl*(data[i2]-datali4]);
h2r = -c2*(data[i 2] +data[i4]);
h2i =c2*(data[i 1] -data[i 3]);
data[i 1] =(float) (hlr+w *h2r-w *h2i);
data[i2]=(float) (hli +w *h2i +w *h2r);
data[i 3] =(float) (hlr-w*h2r+w *h2i);
data[i 4] =(float) (-hli +w*h2i +wi *h2r);
W =(Wt enp=wr ) *wpr - Wi *wpi +wr ;
Wi =W *wpr +wt enp*wpi +wi ;

}

if (isign == 1) {
data[ 1] = (hlr=data[1]) +data[2];
data[ 2] = hilr-data[?2];

} else {
dat a[ 1] =c1*((hlr=data[ 1] ) +data[ 2] );
dat a[ 2] =c1*(hlr-data[2]);
jfourl(data, n>>1,-1);

}

}
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/***********************************************************************************/

[* */
/* File JFOURL. C */
[* */

/***********************************************************************************/

#i ncl ude <mat h. h>
#define SWAP(a, b) tenpr=(a);(a)=(b); (b)=tenpr

void jfourl(float data[], unsigned long nn, int isign)

{
unsigned long n,max, mj,istep,i;
doubl e wt enp, wr, wpr, wpi , Wi , t het a;
float tenpr,tenpi;
n=nn << 1,
j =1
for (i=1;i<n;i+=2) {
if (j >i) {
SWAP(data[j],data[i]);
SWAP(dat a[j +1], data[i +1]);
}
nmeEn >> 1;
while (m>=2 &&j > n {
j -=m
m >>= 1;
}
] = m
}
nax=2;
while (n > mmax) {
i step=max << 1;
t het a=i si gn* (6. 28318530717959/ mmax) ;
wt enp=si n( 0. 5*t het a) ;
wpr = -2.0*wt enp*w enp;
wpi =si n(t het a);
w =1. 0;
wi =0. 0;
for (nel; nxkmmax; mr=2) {
for (i=mi<=n;i+=istep) {
j =i +nmax;
tenpr=(float)(w*data[j]-wi *data[] +1]);
tenpi =(float)(w*data[j+1]+w *data[j]);
data[j]=datali]-tenpr;
data[j +1] =data[i +1] -t enpi ;
data[i] += tenpr;
data[i+1] += tenpi;
}
W =(WE enmp=wr ) *wWor - Wi Fwpi +wr;
Wi =W *wpr +wt enp*wpi +wi ;
}
nmax=i st ep;
}
}
#undef SWAP

2NQ
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MTB3.C ModTotvarBias()

The FrequenC Library

NAME: FUNCTION:
ModTot var Bi as Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = anal ysios end poi nt
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

Al zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F _TYPE z[512]; [* data array */
F_TYPE one; [* paraneter one */
F_TYPE t wo; [* paraneter two */
int num [* # data points processed */
one=1. 0; /[* set 1st paraneter value */
t wo=2. 0; /* set 2nd paraneter value */
num=Funct i onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", num; [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/* */
/* ModTot var Bi as() */
/* */
[* Function to cal cul ate the Mbd Totvar bias function */
/* */
/* Par anet er s: i nt nAl pha = noise type (-2 to +2) */
/* */
/* */
[* Ret ur n: float fBias = Md Totvar bias factor */
[* or -1 if error */
/* */
/* Al pha Noi se MIror/ MWAR */
/* +2 W PM 0.94 */
/* +1 F PM 0. 83 */
/* 0 W FM 0.73 */
/* -1 F FM 0.70 */
/* -2 RW FM 0. 69 */
/* */
/* The Mbd Totvar bias factor is the ratio of the expected val ue of */
[* MIOT to MVAR.  To correct a cal cul ated Mbd Totdev value for a */
/* certain noise type, divide the uncorrected Mod Totdev value by the */
/* square root of the bias factor returned by this function. */
/* */
/* Not es: (1) This function applies to -2 >= alpha >= 2 */
/* (WPM FPM WFM F FM RW FM noi se) */
/* (2) This function applies for all T/tau */
/* */
[* Ref er ence: E-mail fromD.A Howe/N ST, 3/13/00 */
/* */
[* Revi si on record: */
[* 03/ 25/ 00 Created */
/* 05/ 05/ 00 Corrected val ues per D. Howe e-nail */
/* */
/* (c) Copyright 2000 Ham [ ton Technical Services Al Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL MdTot varBi as(int nAl pha)
{

// Local variable
float fBias;

/1 Verify paramneter
i f(nAl pha<-2 || nAl pha>2)
{

}

/1 Sort by noise type
swi t ch( nAl pha)

return (float) -1.0; // Error

{
case -2: // RWFM
{
fBi as=(float) 0.69;
}
br eak;
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case -1: // FFM

{

fBias=(float) 0.70;
}
br eak;

case -0: // WFM

{

fBias=(float) 0.73;
}
br eak;

case 1: // F PM

{

fBi as=(float) O.83;
}
br eak;

case 2: /| WPM

{

fBi as=(float) 0.94;
}
br eak;

}

return (fBias);
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MTC2.C ModTotvarCalc()

The FrequenC Library

NAME: FUNCTION:
ModTot var Cal ¢ Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

All zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE z[512]; /* data array */
F_TYPE one; [ * paranmeter one */
F_TYPE t wo; [* paranmeter two */
int num /* # data points processed */
one=1. 0; /* set 1st paraneter value */
t wo=2. 0; /* set 2nd paraneter value */
numeFuncti onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", nun); [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

ModTot var Cal c()

Function to calculate the Mdified Total Variance from phase data

Uses uni nverted

Par amet er s:

Ret ur n:

Not es:

Descri ption:

Ref er ence

Revi si on record:
12/ 12/ 99

even reflection of offset-renoved phase data
F_TYPE x[] = phase data

X[0] = # data points

x[1] = analysis start

x[2] = analysis end

F_TYPE *f MIDev poi nter to Mbd Tot dev

F_TYPE f Tau = interval between phase data points
int nAF = averagi ng factor
BOCOL *bAbort = pointer to abort flag

BOCOL bProgress progress indicator flag
voi d *ProgressFunction()
= pointer to progress indicator
funct with args int nPercent Done
and char *szMessage

i nt = # Mod Totvar anal ysis points,
or -1 if menory alloc error
or -2 if noresult error

1. Calculation is done entirely with a new array.
that is deleted after this function cl oses.

2. Progress indicator and abort not necessary.

3. The phase data need not be endnmat ched before
calling this function.

G ven the phase data array x[], Md Totvar is
cal cul ated using z[], which is conputed froma
subsequence of x[] consisting of 3m points, where
mis the averagi ng factor nAF. This subsequence is
given by x[i] where i=n thru nt3m 1, where nis an
overall index that goes from1l to the # of phase
data points nNum The subsequence z[i] is found
fromx[i] by renoving the frequency of fset by
subtracting the slope found by averaging the 1st
and | ast halves of the subsequence and dividing by
hal f the interval

Thi s subsequence is then extended at both ends by
an uni nverted even reflection according to z(n-k)=
z(n+k-1) and z(n+3mtk-1)=z(n+3mk) for k=1 thru 3m
thus creating a new subsequence having a tripled
range fromi=n-3mto i =n+6m 1

Mod Totvar is then calculated as the average of its
nNum 3m Tot var sub-esti nat es.

D. A Howe and F. Vernotte, "Generalization of the
Total Variance Approach to the Mdified Al an
Variance", Proc. 31th PTTI Meeting, Dec. 9, 1999,
(to be published).

Adapt ed from Totvar Cal ¢c() and Cal cPhaseMdSi gna()
of FrequenC Library.
MR
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*/
*/
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*/
*/
*/
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*/
*/
*/
*/
*/
*/
*/
*/
*/
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*/
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*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1999-2003 Hamilton Technical Services Al Rights Reserved

/*

12/ 16/ 99
12/ 26/ 99
12/ 30/ 99
02/ 06/ 00
02/ 08/ 00

02/ 12/ 00

02/ 23/ 00
05/ 06/ 00

03/ 09/ 03
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Basi ¢ code drafted - no gaps or analysis linits
Changed progress bar argunment fromlpfn to flag
Fi xed & cleaned up a few details

Changed to fully overlapping per D. Howe review
Changed inner sumindex limt froméml to 6mto
elimduplicate term and change divisor to 6m
Added trace code to aid debuggi ng

Added alternative freq of fset renoval nethod
Added code to handle analysis linmts

Not sure about gaps - no specific code for them
But seens like they S/IB OK as-is

Added abort and progress args

Changed from d obal Al l ocPtr() to malloc()

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL MdTot var Cal c(F_TYPE fX[],

F_TYPE fTau, int nAF, BOOL *bAbort, BOCL bProgress,
voi d *ProgressFunction(int nPercentDone, char *szMessage))

/! Local variables
int i;

int j;
int k;
int m

i nt nNum
int nStart;

i nt nCount =0;
int nTic;

int nLast_i=0;

doubl e *fZ;
doubl e fCi1;
doubl e fC2;
double fC

doubl e f Sun¥0;
doubl e f Subsun¥0;

doubl e fZ1;
doubl e fZ2;
doubl e fZ3;

// Initializations
nStart=(int)fX 1];

/1 Main index

/1 Auxilary index

/1 1nner index

/1 Aias for averagi ng factor nAF
/1 # points

/1 Analysis start

/1 # analysis points

/1 Increnment for progress indicator
/1 Previous val ue of index

/1 Subsequence array pointer

/1l Subsequence 1st hal f average

/1l Subsequence 2nd hal f average

/1 Phase sl ope=frequency offset

/] Overall Md Totvar summation

/1 Subsequence Mdd Totvar sumation

/1 1st phase average

/1 2nd phase average
/1 3rd phase average

/1 Analysis start point

nNune(int)(fX[2]-fX[1]+1); // # analysis phase data points = N

MENAF,; /1 Averaging factor
nTi c=(int)ceil (nNum 100); /1 Increnment for progress report
/] Start

i f(bProgress)

/1 Label progress bar
ProgressFunction(0, "Calculating Md Totdev");

F_TYPE *f MIDev,
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/1 Alocate 9mpoints of fZ[] working menory with index fromO to 9m 1
/1 wo array header (#, Start, End)

i f((fZ=(doubl e*)malloc((9*m *si zeof (doubl e)))==NULL)

{

}

/1 Quter loop thru all nNum 3m+t1l subsequences of 3m phase data points
/1 A subsequence will be processed during each iteration

/1 and the average used to find Md- Tot var

/1 This should allow a max m of nNuni 3

/1 Note: PTTI Paper uses only nNum 3m subsequences

/1 but at my suggestion the "official" version has now been expanded
/] to use nNum 3m+l as done here

return(-1); // Error - nenory reallocation failed

/1 To handle analysis limts, need to initialize index to nStart-1 not O
/!l and end it before nStart-1-3*m+1l i nstead of nNum 3*m+1
for(i=nStart-1; i<nStart-1+nNum 3*m+l; i ++)
{

/1 Copy data subsequence into working array starting at index 3m

/1 Note: The fX[] array needs offset for its header info

for(j=0; j<3*m j++)

fZ[ 3*m#j ] =f X[ i +j +ARRAY OFFSET]
}

/1 Do renoval of frequency of fset

/1 Find slope fC by averaging the 1st and | ast hal ves of the subsequence
/1 subtracting them and dividing by half the interval

f C1=0;

f C2=0;

for(j=0; j<3*ml2; j++)

f Cl+=f Z[ 3*mHj ] ;
f C2+=f Z[ 3* m+(i nt ) cei | (3. 0*(doubl €)nf 2. 0) +j ] ;
}
f C1/ =(doubl €) (3*m 2) ;
f C2/ =(doubl €) (3*m 2) ;
f C=(fC2-fCl)/ cei | (3.0*(doubl e) mi 2. 0);

/1 Then subtract slope fromeach point
for(j=0; j<3*m j++)

f Z[ 3*m+j ] - =f C* (doubl €)j ;
}

/1 Do uninverted even reflection at bottomand top
for(j=0; j<3*m j++)

{
// Bottomreflection
fz[j]=fZ[6*m 1-]];
/1 Top reflection
fz[6*m+j]=fZ[]];

}

/1l Calc Mrar for the fZ[] subsequence

/1 WIIl need to add gap testing and analysis linmts

/1 This data array does not need an of fset

/1 This code inplenments the right sunmation of Eq(8) of the reference
217
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// Initialize inner sum
f Subsun¥0;

/1 W have a doubl y-ext ended subsequence fZ[] of 9m points

/1 and are going to form m point averages

/1 in 6mtl groups of 3 (called fzl, fZ2 and fZ3)

/1 fromwhich all possible fully overlapping 2nd differences
/1 will be used to calculate Md Totvar

/1 Note: Only 6mof the 6m+l possible 2nd differences are used
/1 because the last one is a duplicate

/1 NOTE: For 6m+l version, use j<6*mtl instead of j<6*m
for(j=0; j<6*m j++)

{
/1 Find the 3 phase averages for this 2nd difference
/1 Initialize phase averages
f 21=0. 0;
f Z2=0. 0;
f 23=0. 0;
/1 Sum phase averages for 3 sets of mpoints
/] using points j thru j+m1, j+mthru j+2m 1 and j+2mthru j+3m1
/1 Note: These phase suns are divided by m= # points of each sum
/1 in the 2nd difference expression bel ow
for(k=j; k<j+m k++)
{
fz1 += fZ[Kk];
fZ2 += fZ[ k+nj;
fZ3 += fZ[ k+2*nj;
}
[/l Calc 2nd difference of one of the 6msets of 3 phase averages
f Subsum += SQR((fz1 - 2*fz2 + fZ3)/m;
}

/1 Scale the subsumand add it to overall sum
/1 NOTE: For 6mtl version this expression uses (6*mtl) instead of (6*m)
f Sumt=f Subsum (6*n);

// Increment the sum count
nCount ++;

/1 Display progress
/1 Updat e when index has changed by at |east tic anount
i f(((i-nLast_i)>=nTic) &% (bProgress))

{
ProgressFunction((int)(0.5+100.0*i/(nNum 3*nm)),
"Cal cul ating Mod Tot dev");
nLast _i=i;
}
[/ Check for abort
i f(*bAbort)
{
br eak;
}
}
/1l Free the subsequence array
free(f2);
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/1 Scale result - See Eq (8) of Reference
/1 Wthout gaps, nCount=nNum 3m
f Suni =(f Tau*f Tau* nAF* nAF* 2* nCount ) ;

/! Find Md-Tot dev
i f(nCount && f Sunk0)

{

*f MTDev=( F_TYPE) sqrt (f Sum ;
}
else // No result error
{

*f MTDev=0. O;

nCount =- 2;
}
/1 Done
/1 dear progress displa
ProgressFunction(0, "");

return(nCount); // Return # phase analysis points
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MTDOY.C MJDtoDOY()
The FrequenC Library

NAME: FUNCTION:
M Dt oDOY Convert Modified Julian Date to Day of Year

SYNOPSIS:
int MIDtoDOY(l ong m d)
long md Modi fied Julian Date

RETURN: i nt Day of year

REMARKS:
Cal | s MIDToDat e()

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
| ong njd; /[* MID */
i nt doy; [* DOY */
nj d=50000; /* set MID */
doy=MIDt oDOY( j d) ; [* call function */
printf("\nDOY = %", doy); [* display result */

SEE ALSO: MJDToDat e()

REFERENCE: None
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

M Dt oDOY()

Function to convert long integer MID to DOY

Par amet er s:

| ong nMID
Ret ur n: i nt nDOY
Dependenci es:

MIDToDat e()

Revi si on record:
03/ 20/ 02 Cr eat ed

MID val ue

Day of year

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

/* FrequenC Li brary header file */

int _ declspec(dllexport) FAR PASCAL MIDt oDOY(| ong | nMID)

{

/! Local variables

/!l Ints

i nt nYear;

i nt nDOY;

i nt nhont h;

i nt nDay;

static int nSunf] ={ 0, 31, 59,
334, 365 };

[/l Start of code
/1 Convert integer MID to date
MIDToDat e(1 nMID, &nDay, &nhbnth,

/1 Convert data to DOY
nDOY=nSun{ nMont h- 1] +nDay;
i f(nYear%==0 && nYear %4.00! =0 | |
{

i f (nMont h>2)

{

}

nNDOY++,

}

// Return DOY
ret urn nDOY;

90, 120, 151, 181, 212, 243, 273, 304,

&nYear);

nYear %100==0)
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MTD2.C MJDtoDate()

The FrequenC Library

NAME: FUNCTION:

MIDt oDat e Convert MID to cal endar date
SYNOPSIS:

void MIDtoDate(long md, int *day, int *nmonth, int *year)
long md Modi fied Julian Date

i nt *day Poi nter to day #

int *nonth Pointer to nonth #

int *year Poi nter to year

RETURN: void

REMARKS:

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
| ong njd; /[* MID */
i nt day; [* day */
i nt nont h; /* month */
int year; /[* year */
nj d=50000; /* set MID */
MIDt oDat e(nmj d, &day, &nonth, &year); [* call function */

printf("\nDay = %, Month = %, Year = %", day, nonth, year);
/* display results
*/

SEE ALSO:

REFERENCE: None
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/****************************************************************************/

/* */
/* MIDt oDat e() */
/* */
[* Function for MID to cal endar date conversion */
/* */
[* Par anet ers: */
/* long njd nodi fied Julian day # to be converted into date */
/* int *day pointer to day of date to be found from MID */
/* int *rmonth pointer to nonth of date to be found from MID */
/* int *year pointer to year of date to be found from MID */
/* */
[* Ret ur n: */
/* none (void) */
/* */
[* Function revision record: */
[* 11/11/92 Created */
/* */
/* (c) 1992 W Rley Hamlton Technical Services Al R ghts Reserved */
/* */

/****************************************************************************/

#i ncl ude "frequenc. h" /* FrequenC Li brary header file */

void _ decl spec(dl |l export) FAR PASCAL MIDtoDate(long njd, int *day,
int *month, int *year)
{

nj d+=679019;
*year=(int)((nd-122.1)/365.25);
*mont h=(int) ((n d- (1 ong) (365. 25**year) )/ 30. 6001);
*day=nj d- (i nt) (365. 25**year) - (i nt) (30.6001**nont h);
i f(*nont h<14)
{
*mont h- =1;
} [* end if */
el se

{
*mont h- =13;
} /* end el se */

i f(*nont h<3d)

{
*year +=1;
} [* end if */

} /* end M dToDate() */
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MTEDF.C ModTotvarEDF()

The FrequenC Library

NAME: FUNCTION:
ModTot var EDF Description of what function does
SYNOPSIS:
int FunctionName( F_TYPE z[], F_TYPE one, F_TYPE two)
F TYPE z[] Phase or frequency data array
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
F_TYPE one paraneter one, and description of what it is
F_TYPE two paranmeter two, and description of what it is
RETURN: i nt # non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Enbedded zeros are treated as gaps in phase data.

All zeros are treated as gaps in frequency data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE z[512]; /* data array */
F_TYPE one; [ * paranmeter one */
F_TYPE t wo; [* paranmeter two */
int num /* # data points processed */
one=1. 0; /* set 1st paraneter value */
t wo=2. 0; /* set 2nd paraneter value */
numeFuncti onNane(z, one, two); [* call function */
printf("\n# Data Points Scaled = %", nun); [* display num */

SEE ALSO: Rel at edFuncti onNane()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/* */
/* ModTot var EDF() */
/* */
/* Function to determine the estinmated # of chi-squared degrees of freedom */
/* for the nodified total variance (MIOT) of a power |aw noi se process. */
/* */
/* Parans: i nt nAl pha = al pha */
[* float fRatio = T/tau = Nm */
/* */
/* Return: float edf = estimated degrees of freedom */
[* or -1 if error */
/* */
/* The edf is nodeled by the expression b(T/tau) - c, where: */
/* */
/* Al pha Noi se b c Oiginal val ues */
/* 2 W PM 1.90 2.10 */
/* 1 F PM 1.20 1.40 */
/* 0 W FM 1.10 1.20 */
[* -1 F FM 0.85 0.50 */
[* -2 RW FM 0.75 0.31 */
/* */
/* Al pha Noi se b c New val ues per D. Howe */
/* 2 W PM 2.16 2.28 e-mai | of 05/20/00 */
/* 1 F PM 1.73 2.99 */
/* 0 W FM 1.33 1.89 */
[* -1 F FM 0.92 0.76 */
[* -2 RW FM 0.79 0.37 */
/* */
/* Notes: (1) This function applies only to -2 >= alpha >= 2 */
/* (WPM FPM WFM F FM and RW FM noi se) */
/* (2) This function applies only for m> 8.0 */
/* (3) Tis defined as tau0 * # phase data points */
/* (4) The t/tau ratio should never be < 3 */
/* */
/* References: E-Mails fromD. A Howe/N ST, 3/13/00 & 5/20/00 */
/* */
/* Revision record: */
[* 03/ 25/ 00 Created */
[* 03/ 30/ 00 Paraneter verification revised */
/* 05/ 21/ 00 Paraneters revised per D. Howe update */
/* */
/* (c) Copyright 2000 Hamilton Technical Services Al Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL ModTot var EDF(int nAl pha, float fRatio)
{

// Local vari abl es
fl oat f EDF;

/1 Verify paranmeters
i f(fRatio<3.0)
{

}

return -1.0; // Error

RPN
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i f(nAl pha<-2 || nAl pha>2)

{
return -1.0; // Error
}
swi t ch( nAl pha)
{
case 2: // WPM noi se
{
[/l fEDF=(float)(1.90*fRatio - 2.10);
fEDF=(fl oat) (2. 16*fRatio - 2.28);
}
br eak;
case 1: // F PM noi se
[/l fEDF=(float)(1.20*fRatio - 1.40);
fEDF=(float) (1. 73*fRatio - 2.99);
}
br eak;
case 0: // WFM noi se
[/l fEDF=(float)(1.10*fRatio - 1.20);
fEDF=(fl oat)(1.33*fRatio - 1.89);
}
br eak;
case -1: // F FM noi se
{
// fEDF=(float)(0.85*fRatio - 0.50);
fEDF=(fl oat)(0.92*fRatio - 0.76);
}
br eak;
case -2: // RWFM noi se
[/l fEDF=(float)(0.75*fRatio - 0.31);
fEDF=(fl oat)(0.79*fRatio - 0.37);
}
br eak;
}
return fEDF;
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MTG.C MJIDtoGPS()

The FrequenC Library

NAME: FUNCTION:

MIDt oGPS Convert MID to GPS Week #
SYNOPSIS:

int MIDt oGPS(1 ong MID)

| ong MID Modi fied Julian Date
RETURN: i nt G obal Positioning System week #
REMARKS:

The origin (time zero) of GPS System Tine was 00: 00: 00 UTC on
6 January 1980, Julian Day 2, 444,244(.5), MD 44244.
A GPS cycle is 1024 weeks.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
| ong njd; /[* MID */
i nt week; /[* GPS week # */
n d=50000; /* set MID */
week=MIDt oGPS( nj d) ; [* call function */
printf("\nGPS Wek = %", week); [* display result */

SEE ALSO: MJDt oDOY(), MIDt oDat e()

REFERENCE:
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

MIDt oGPS()
Function to convert MID to GPS Wek #
Par aneters: |ong MID
Ret ur n: i nt GPS Week #
Not e: The origin (time zero) of GPS System Tinme was 00: 00: 00 UTC
6 January 1980, Julian Day 2,444, 244.500, MID 44244. A
GPS Cycle is 1024 weeks.

Revi si on record:
01/ 25/ 98 Cr eat ed

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL MIDt oGPS(| ong MID)

{
}

return ((int)((MD 44244L)/7)9%024);

2270
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MTIE.C CalcMTIE()

The FrequenC Library

NAME: FUNCTION: . .
Cal cMIl E Calc maximumtime interval error for phase
dat a
SYNOPSIS:

int Cal cMTI E(F_TYPE x[], F_TYPE *MIIE, int af, BOOL *abort,
BOOL show, void *ProgressFunc(int percent, char *nsq))

F_TYPE x[] Phase data array
Xx[0] = # data points
x[ 1] = analysis start point
X[ 2] = analysis end point
F TYPE *MIl E Pointer to MIIE result
int af Aver agi ng factor
BOOL *abort Poi nter to abort flag (FALSE = no abort)
BOOL show Flag to show progress (FALSE = no di spl ay)
voi d *ProgressFunc( Poi nter to function to display progress, with
i nt percent, int arg set to %calc conplete, and char* arg
char *msgQ) set to text nessage to display. Can be NULL.
RETURN: i nt # non-gap data points processed

REMARKS:
Only data points between start and end analysis limts are used.
Enbedded zeros are treated as gaps in phase data.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F TYPE Ml E; [* MIIE value */
int af=1; /[* avg factor */

int num [* # data points processed */

hunrcalcNWIE(x, &MII E, af, FALSE, FALSE, NULL); [* call function */
/* No aborting or progress display */
printf("\nMIE = %", MIIE); [* display MIIE */

SEE ALSO: TI Erns()

REFERENCE: S. Bregni, "Clock Stability Characterizati on and Measurenent
in Tel econmuni cations", | EEE Transacti ons on |Instrunmentati on and
Measurenent, Vol. 46, No. 6, Dec 1997, pp 1284-1294, Eqg. 13.
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Function to calc MIE (maxi mumtime interval

Par anet er s:
F_TYPE f X[]
F _TYPE f X[ 1]
F_TYPE *fMI
i nt nAF
BOOL *bAbort

Cal cMTI E()

data array;

anal ysis start;

pointer to MIIE
aver agi ng factor
poi nter to abort

E

BOOL bProgress = progress indicat

voi d *ProgressFunction()

= pointer to progress indicator function with
args int nPercentDone and char *szMessage

Ret ur n:

F_TYPE f X[ 0]
F_TYPE f X[ 2]

flag
or flag

num = # analysis points (not very useful)

Al gorithm

error) for phase data

# data points
anal ysis end

An n-point wi de windowis noved thru the phase data and the

di f ference between the nmaxi nrum and m ni num phase (tinme) val ues
MM E is the overall maxi num

t he whol e data set

is found at

each wi ndow position.

of this tinme interval error over

Not es:

(1) This function handl es gaps because Fi ndM nMax() does.

(2) No test suite values to check results against. Results are
consistent with the p-p range of the test data.

(3) MIIE has no tau or AF dependence for white pmnoise. It has
a taur+1/2 log slope for WFM noi se. It
peak val ues (transients or outliers).

(4) # time intervals is N1, where N = # phase data points, so
AF can go from1l to N 1.

Ref er ence

Revi si on record:
12/ 07/ 96

06/ 03/ 98
06/ 04/ 98
01/ 27/01
03/ 09/ 03

is very sensitive to

S. Bregni, "Cock Stability Characterization and
Measur enent in Tel econmuni cati ons”,
Transactions on Instrunentation and Measurenent,
Vol . 46, No. 6, Dec 1997, pp 1284-1294, Eq. 14.

Drafted - seens to run K -

| EEE

pat ched into Sigma

function instead of TOTALVAR (for freq data!) since

that call has same si
Put into Stabl e32

gnat ure.

Refi ned progress display
Ext ended al | owabl e i ndex by 1

Added abort and progr

ess args

(c) Copyright 1996-2003 Hamilton Technical Services

Al

Ri ghts Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Cal cMIl E(F_TYPE fX[],

i nt nAF, BOOL *bAbor
voi d *ProgressFuncti

t, BOOL bProgress,
on(i nt nPercent Done,

21
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/1 Define local variables

/1 Ints

int i; /1 1 ndex

int last_i=0; /1 Previous index

int tic; /1 Progress interval

int nStart; /1 Analysis start

i nt nEnd, /1 Analysis end

int nNum /1 # analysis points

/1 F_TYPES

F _TYPE fM n; /1 M n phase data val ue within w ndow
F_TYPE f Max; /1 Max phase data val ue within w ndow

/1 Set analysis limts & progress interval

nStart=(int)fX 1];

nEnd=(int)f X 2];

NNumenEnd- nSt ar t +1;

tic=(int)ceil ((nNum nStart-nAF)/100); /* 1% interval for progress report */

[/ Initialize MIE val ue
*f Ml E=0. 0;

[/ Calc MIIE

/1 The anal ysis window is nAF points wide. It starts at the 1st data point
/1 and nmoves thru all the data until the end of the windowis at the end of
/1 the anal ysis data.

/1 Initialize progress display
i f(bProgress)
{

}

/1 Was i<nNum nAF until 01/27/00
for(i=nStart; i<=nNum nAF; i++)

ProgressFunction(0, "Calculating MIE");

{
// Find the mn & max values within the data w ndow
fX 1] =i;
f X[ 2] =i +nAF;

Fi ndM nMax(f X, & M n, &f Max, PHASE DATA);

/1l MITE is the overall maxi mum p-p excursion
*f MM E=max(*f MTIE, fMax-fMn);

/1 Display progress
/1 Note: This code provides updates only if index has changed
/1 by at least tic anount (1%
if( ((i-last_i)>=tic) && (bProgress) )
{

ProgressFunction((int)(0.5+100.0*i/(nNum nSt art-nAF)),

"Cal cul ating MIIE");
last _i=i;
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// Check for abort

i f(*bAbort)

{
/!l Restore analysis linmts
fX[1] =nStart;

f X[ 2] =nEnd,;
// Bail out
br eak;

}

/!l Restore analysis linmts
fX[1] =nStart;
f X[ 2] =nEnd,;

/1 Done

/1 dear progress display
i f(bProgress)

{

}

/1 Return # analysis points
return nNum

ProgressFunction(0, "");
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ND.C NormalizeData()

The FrequenC Library

NAME: FUNCTION: .
Nor mal i zeDat a Nor mal i ze phase or frequency data by renoving
mean val ue

SYNOPSIS: i nt NornalizeData(F_TYPE z[], F_TYPE avg, BOOL datype)

F TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
F_TYPE avg Average (nmean) value to be renoved from data
BOOL dat ype Type of data: O=phase, 1=frequency
RETURN: i nt The # of anal ysis points (can be 0)

REMARKS:

Only data between start and end analysis limts are anal yzed.

Al zeros are treated as gaps in frequency data.

Only enbedded zeros are treated as gaps in phase data.

The datype flag determ nes whether the data is treated as phase
(datype=0) or frequency (datype=1) data.

Cal cMean() nmay be used to cal culate the value of avg to be renoved.
No error codes are returned fromthis function.

Returns O if all gaps; an array of constant data can be nornalized

to all zeros, and thus will be treated as all gaps.
EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* freq data array */
F_TYPE avg; /* average */
BOOL dat ype; /* data type flag */
int num [* # anal ysis points */
dat ype=FREQ /* set flag for frequency data */
/* frequenc. h contains #define PHASE O and #define FREQ 1 */
Cal cMean(y, &avg, datype) /* calc avg */
/* include error check for CalcMean() as required */
num=Nor mal i zeDat a(y, avg, datype); /* normalize data */
printf("\n# Points Processed = %", num; [* display num */

SEE ALSO: Cal cMean()

REFERENCE: None
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/***************************************************************************/

/* */
/* Nor mal i zeDat a() */
/* */
/* Function to nornalize phase or freq data by renovi ng nean val ue */
/* */
/* Par anet er s: F _TYPE z[] = phase or freq data */
/* z[0] = # data points */
/* z[1] = analysis start */
/* z[2] = analysis end */
/* F_TYPE avg = average value to be renoved */
/* int datype = data type: O=phase, 1=frequency */
/* */
/* Ret ur n: i nt = # non-gap data points (rmay be 0) */
/* */
/* Not es: Al zeros treated as gaps in frequency data */
/* Enbedded zeros are gaps in phase data */
/* */
[* Revi si on record: */
[* 12/ 16/ 91 Created */
/* 12/ 24/ 91 Added datype paranmeter & int return value */
/* 12/ 26/ 91 Changed avg paraneter frompointer to val ue */
[* 12/31/91 Renaned */
/* 01/ 18/ 92 Edited title block */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* */
/* (c) Copyright 1991-8 Hanmilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL NormalizeData(F_TYPE z[], F_TYPE avg,

BOCOL dat ype)
{
int i;
int n=0;
for( i = (int)(*(z+1)+2); i <= (int)(*(z+2)+2); i++)
if(*(z+i) || ('datype && i==3 || !'datype && i==z[0] +2))
{
*(z+i) -= avg
n++;
} [* end if */
} /* end for */
return(n);
} /* end NornmalizeData() */
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NID.C NoiselD()

The FrequenC Library

NAME: FUNCTION: .
Noi sel D Det er mi ne power |aw noi se type from Bl or
R(n) ratio
SYNOPSIS:

int WNAPI NoiselD(int num int sigtype, int af, float bw, fl oat
rati o)

int num # non-gap data points
int sigtype Sigma type (e.g. NORVAL_SI GVA nacr o)
int af Aver agi ng factor
fl oat bw Bandwi dt h factor
float ratio Bl or R(n) ratio (fromdata anal ysis)
RETURN: i nt Al pha (power | aw noi se type)

-4 <= 3 <=2 (RRFMto WPM

REMARKS:

Use CalcStarBl() before call to this function with NORVAL_SI GVA as
alternative to using Cal cHadamardB1() with Hadamard si gnas.

See sigma type macros in frequenc. h.

EXAMPLE:

#i ncl ude <frequenc. h> /* FrequenC header file */
i nt al pha; [* al pha */
i nt num=100; /* # data points */
i nt si gt ype=OVERLAPPI NG_SI GVA; [* sigma type */
int af=1; /* averagi ng factor */
fl oat bw=10. O; /* BWfactor */
float ratio0=50.0; /[* Bl ratio */

/* Bl found as ratio of standard & Al an vari ances for the data */

al pha=Noi sel D(num sigtype, af, bw, ratio); [* call function */
printf("\nAl pha = %", al pha); [* display al pha */

SEE ALSO: Cal cBias(), CalcRatio(), Cal cHadamardB1(), Cal cStarB1()

REFERENCE: NI ST Techni cal Note 1337
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/*****************************************************************************/

/* */
/* Noi sel () */
/* */
/* Function to determ ne power |aw noise type fron Bl or R(n) ratio, where: */
[* Bl is ratio of normal variance to Allan variance */
/* R(n) is ratio of nodified to normal Allan variance */
/* */
/* Paraneters: i nt nNum # non-gap data points */
/* (# data points-# gaps) */
/* i nt nSi gnaType Sigma type */
/* i nt nAvgFact or Aver agi ng factor */
[* f1 oat f BW Bandwi dt h factor */
/* fl oat fRatio Bl or R(n) ratio */
/* */
/* Return i nt nAl pha Al pha (noi se type) */
/* -4 <= al pha <= 2 */
/* RR FMto WPM */
/* */
/* Note 1: Use CalcStarBl() before call to this function with NORVAL_SIGVA */
/* as alternative to using Cal cHadamardB1() herein w th Hadamard */
/* si gnas. */
/* */
/* Note 2: Sigma types are as follows: NORMAL_SI GVA */
/* OVERLAPPI NG_SI GVA */
/* MODI FI ED_SI GVA */
/* TI ME_SI GVA */
/* TOTAL_SI GVA */
/* MODTOTAL_SI GVA */
/* TI METOTAL_SI GVA */
/* HADAVARD_SI GVA */
/* OVERLAPHAD S| GVA */
/* HADTOTAL_SI GVA */
/* */
[* Revi si on record: */
/* 03/ 14/ 99 Added OVERLAPHAD S| GVA sigma type */
/* 04/ 24/ 99 Added usage of Cal cHadamar dB1() */
/* 12/ 26/ 99 Added MODTOTAL_SI GVA signa type */
/* 05/ 06/ 00 Added TI METOTAL_SI GVA sigma type */
/* 11/ 05/ 00 Added HADTOTAL_SI GVA signa type */
/* 11/ 15/ 00 Moved TIME SIGVA to with other nod signa cases */
/* 11/ 23/ 00 Changed Drift or FWFM case to al pha=-3 */
/* */
/* (c) 1996-9 W Riley Hamilton Technical Services All R ghts Reserved */
/* */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Noi sel D(i nt nNum int nSignaType,
i nt nAvgFactor, float fBW float fRatio)

{
/1 Local variables
/1 Ints
i nt nAl pha; /1 Al pha exps
/1 Floats
float fBrrfm fB fwm fBrwim fBffm fBwm fB pm // Bias functs
float fRrwim fRffm fRwWm fRfpm fR wm /1 Ratio functs

27



FrequenC Library Reference Manual

#i f def LOGE NG

/] Chars

char szBuff er[ BUFFER_SI ZE+1] ; /1 Text buffer
#endi f

sw t ch(nSi gnaType)

{
case NORVAL_SI GVA:
case OVERLAPPI NG SI GVA:
case TOTAL_SI GwA

{
/1 Note: 2nd arg in CalcBias() is mu
fB_fwf m=Cal cBi as(nNum  2);
fB rwf m=Cal cBi as(nNum 1);
fB ffm=Cal cBias(nNum 0);
fB wfm =Cal cBi as(nNum -1);
fB pm =Cal cBi as(nNum -2);
#i f def LOGE NG
sprintf(szBuffer, "NoiselD() using "
"fBfwm%, fBrwm%, fBffnm%, fBwWnm%, fB pm%",
fBfwm fBrwim fBffm fBwm fB pn);
WitelLog(60, szBuffer);
#endi f
if(fRatio>((fB fwim-fB rwim/2))
{
/[l Drift or FWFM
/1 Note: Can make it -2 to avoid al pha<-2
/1 which causes trouble in C calcs
/I O can let it be -3 to detect FWFM noi se
/1 and deal with potential C calc problem separately
/1 The latter approach is used
nAl pha=- 3;
}
else if(fRatio>sqrt(fB rwinffB ffm)
{
/1 Random Wl k FM
nAl pha=- 2;
}
else if(fRatio>sqrt(fB ffmrfB win)
{
/1 Flicker FM
nAl pha=-1;
}
else if(fRatio>sqrt(fB win¥fB pn))
[/ Wiite FM
nAl pha=0;
}
el se
/1 White or Flicker PM
/1 Make it +1 to agree with what Run function does
nAl pha=1; // Could also be +2
}
}
br eak;
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case MODI Fl ED_SI GVA:
case TI ME_SI GVA:

case MODTOTAL_SI GVA:
case TI METOTAL_SI GVA:

/] Note:

fRr
fR f

fRf

f R wom =Cal cRati o( 2,

#ifd
spri

Wit
#end
if(n
{

}

1st arg in Cal cRatio()
/1 Was wong (nNun) until

wf meCal cRati o(-2, nAvgFactor,
fm=Cal cRati o(-1, nAvgFactor,
fRwWm =Cal cRati o( 0, nAvgFactor,
pm =Cal cRati o( 1, nAvgFactor,

ef LOGE NG

nAvgFact or,

fBW ;
fBW ;
fBW ;
fBW ;
fBW ;

ntf(szBuffer, "NoiselD) using "
f R wf m=9% ,
fRrwm fRffm fRwWm fRfpm fR wn);

"fRrwm=%, fRffn=9%,

eLog(60, szBuffer);
i f

AvgFact or ==1)

/1 Undefi ned
nAl pha=0;

else if(fRatio>sgrt(fRrwinffR ffm)

{

/1 Random Wl k FM
nAl pha=- 2;

}
else if(fRatio>sqrt(fR ffmrfR wmm)

/1 Flicker FM
nAl pha=-1;

}
else if(fRatio>sqrt(fRwWnrfR fpm)

{

}

[/ Wiite FM
nAl pha=0;

else if(fRatio>sqgrt(fR fpmfR wpn)

}

el se

br eak;

/1 Flicker PM
nAl pha=1;

/1 Wiite PM
nAl pha=2;
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case HADAMARD Sl GVA:
case OVERLAPHAD SI GWA
case HADTOTAL_SI GVA:

mu

m=-2 (F or F PM

f B_wWf me9%

fB pme% ",

{
/1 Note: 2nd arg in Cal cHadanardB1() is
fB_rrfmeCal cHadamar dB1(nNum  3);
f B_f wWf m=Cal cHadarmar dB1(nNum  2);
f B_rwf m=Cal cHadamar dB1(nNum  1);
fB_ffm =Cal cHadamar dB1(nNum  0);
f B_wf m =Cal cHadamar dB1(nNum -1);
/1 Use ordinary Bl ratio for
fB pm =Cal cBi as(nNum -2);
#i f def LOGE NG
sprintf(szBuffer, "NoiselD() using "
"fBrrfm%, fB fwmo%, fB ffn=9%,
fBrrfm fBfwm fBffm fBwm fB pn);
WitelLog(60, szBuffer);
#endi f
if(fRatio>((fB rrfmfB fwin))
{
/I RR FM
nAl pha=- 4;
}
else if(fRatio>((fB fwimfB rwin))
{
/[l Drift or FWFM
nAl pha=- 3;
}
else if(fRatio>sqrt(fB rwinffB ffm)
{
/1 Random Wl k FM
nAl pha=- 2;
}
else if(fRatio>sqrt(fB ffmrfB win)
/1 Flicker FM
nAl pha=-1;
}
else if(fRatio>sqrt(fB win¥fB pn))
{
[/ Wiite FM
nAl pha=0;
}
el se
/1 White or Flicker PM
/1 Make it +1 to agree with what Run function does
nAl pha=1; // Could also be +2
}
}
br eak;

return nAl pha;
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RA.C RoundAxes()
The FrequenC Library
NAME: FUNCTION:
RoundAxes Find plot scale

SYNOPSIS: voi d RoundAxes(F_TYPE *min, F _TYPE *max, F_TYPE *tics)

F TYPE m n Poi nter to data m nimuminput; becones scale
m ni num out put

F_TYPE max Poi nter to data maxi muminput; becones scale
maxi mum out put

F TYPE *tics Pointer to tic size output

RETURN: voi d

REMARKS:
This function is reconmended for a large relative data range.
EXAMPLE: _
#i ncl ude "frequenc. h" /* FrequenC header file */

F TYPE y[512];

double mn, max; /* data and scale mn & max */

doubl e tics;

Fi ndM nMax(y,

RoundAxes(&m n, &max, &tics); /* get plot scale */

printf("\nMn

/* freq data array */

/[* tic size */

&mn, &max, FREQ DATA); /[* get data min & nmax */

= %, Max = %, Tics = %", mn, max, tics);
/* display results */

SEE ALSO: Fi ndPI ot Scal e(), BasScal e()

REFERENCE: Ref :

Quinn-Curtis S&E Tool s | PC-TC- 006 SEGRAPH. C
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

RoundAxes()

Still another function to find plot scale
Ref: Quinn-Curtis S&E Tools | PG TC 006 SEGRAPH. C

Paraneters: realtype *al = pointer
becones

realtype *a2 = pointer

becones

realtype *tics poi nt er

Ret ur n: None (void)
Revi si on record:

03/ 10/ 02 Copi ed and adapt ed
03/ 12/ 02 Added log O trap

03/ 19/ 03 Adapt ed for FrequenC DLL

to data mn input
scal e m n out put
to data max input
scal e max out put
to tics size output

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

/1 FrequenC header
#i ncl ude "frequenc. h"

/1

Local

function prototypes

F_TYPE | og10x(F_TYPE real nunj;
int NumExp(F_TYPE real nunj;
F_TYPE Power Cal c(F_TYPE real num F_TYPE power);

// RoundAxes function

voi d

{

F_TYPE *tics)

F TYPE dr1, dr2, px2, pc2

int d

alneg
azneg

il, di2, digits, a2neg, alneg;

(*al < 0);
(*a2 > 0);

if (NunBExp(*a2) > NunExp(*al))

px2
el se
px2
pc2
dr2
drl

di2 =
b ((

dil =
b ((

if
d

el se
i f
di 2
el s
d

= NunkExp(*a2) - 1;

= Nunkxp(*al) - 1;
Power Cal ¢(10. 0, px2);
(*a2) / pc2;

(*al) / pc2;

__decl spec(dl | export) FAR PASCAL RoundAxes(F_TYPE *al, F _TYPE *a2,

(int)ceil (dr2 + 0.000001+(dr2-dr1)*0.05);

di2 >0) & (dr2 <= 0.0)) di2 = 0;

(int)floor(drl - 0.000001- (dr2-dr1)*0.

dil <0 & (drl1 >=0.0)) dil = 0;

abs(di2) < 10)
2 = di2 + a2neg;

( abs(di2) < 60)
= ((di2/ 5) + a2neg ) * 5;
e
i2 =((di2/ 10) + a2neg) * 10;
22N
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if ( abs(dil) < 60 )

dil = ((dil/ 5) - alneg) * 5;
el se

dil = ((dil/ 10) - alneg) * 10;

*al = dil * pc2;
*a2 = di2 * pc2;
digits = abs(di2 - dil);
if ( digits <10)
*tics = 1.0;
el se
if ( digits <20)
*tics = 2.0;
el se
if ( digits <40)
*tics = 5.0;
el se
if ( digits <80)
*tics = 10.0;
el se
if ( digits < 100)
*tics = 20.0;
el se
if ( digits < 151)
*tics = 20.0;
el se
if ( digits < 200)
*tics = 50.0;
el se
*tics = 100. 0;

*tics = *tics * pc2 / 10.0;
}

/1 Local subroutines adapted from SELIB.C
F_TYPE | 0g10x(F_TYPE real nunm
{ F_TYPE fret;

/1 Avoid log O

i f(real num==0. 0)

{

}
fret = 10gl0(real nun;

return(fret);

r eal nunrle- 99;

}

int NunExp(F_TYPE real nun

{
int fret;
fret = (int)floor(loglOx(fabs(real num));
return(fret);

}

F_TYPE Power Cal c(F_TYPE real num F_TYPE power)

{
F TYPE fret;

fret = pow(real num power);
return(fret);

U



FrequenC Library Reference Manual

UR



FrequenC Library Reference Manual
RDFD.C RemoveDiffusionFreqDrift()

The FrequenC Library

NAME: FUNCTION:
RenoveDi f f usi onFr eq Renove the diffusion fit drift from frequency
Drift dat a

SYNOPSIS: i nt RenoveDi ffusionFreqDrift(F_TYPE y[], F_TYPE a, F_TYPE b,
F_TYPE c)

F _TYPE y[] Frequency data array:

y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE a Paraneter a of y(t) = a + b(t+c)”1/2
di f f usi on
fit to the frequency drift to be renoved
F TYPE b Paraneter b of y(t) = a + b(t+c)"1/2
di f f usi on
fit to the frequency drift to be renoved
F TYPE c Paraneter ¢ of y(t) = a + b(t+c)”1/2
di f f usi on
fit to the frequency drift to be renoved
RETURN: i nt The # of non-gap data points processed
REMARKS:

Only data points between start and end analysis limts are
processed. All zeros are retained as gaps in the frequency data.
Use Cal cDiffusionFreqDrift() to calculate fit parameter of drift to
be

renoved. No error codes are returned fromthis function.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* frequency data array */
F_TYPE a; [* fit parama */
F_TYPE b; [* fit paramb */
F_TYPE c; [* fit paramc */
num [* # data points processed */
Cal cDiffusionFreqDrift(y, &a, &b, &c); /[* calc diffusion fit */
/* include error check for CalcDi ffusionFreqDrift() as required */
num=RenoveDi f fusi onFreqDrift(y, a, b, c¢); [* renmove diff drift */

printf("\n# Data Points Processed = %", num; [* display num */

SEE ALSO: Cal cDi ffusionFreqgDrift()

REFERENCE:
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/*****************************************************************************/

/* */
/* RermoveDi f fusi onFreqDrift () */
/* */
/* Function to renove diffusion frequency drift y(t) = a + bl(t+c) */
/* */
/* Par anet er s: F _TYPE y[] = frequency data */
/* y[0] = # frequency data points */
/* y[1] = analysis start */
/* y[2] = analysis end */
/* FTYPEa = atermof diffusion fit */
/* FTYPEb =b termof diffusion fit */
/* F _TYPE c =c termof diffusion fit */
/* */
/* Ret ur n: i nt = # data points processed */
/* */
/* Not es: Al zeros treated as gaps in frequency data. */
/* Use function CalcD ffusionFregDrift() to */
/* calculate diffusion fit paranmeters a and b. */
/* */
[* Revi si on record: */
/* 06/ 11/ 97 Created fromfirst RenoveDi ffusionFreqDrift() */
/* 12/ 09/ 97 Added to FrequenC Library */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* */
/* (c) Copyright 1997-8 Hami|lton Technical Services Al R ghts Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL RenoveDi ffusionFreqDrift(F_TYPE y[],
F_TYPE a, F_TYPE b, F_TYPE c)

{

int i; /* index */
i nt nunme0; /* # points processed */
for(i = (int)(*(y+1)+2); i <= (int)(*(y+2)+2); i++) /[* analysis limts */
if(*(y+i)) /* check for gap */

{
*(y+i) -= a + (b * sqrt((double) (i-2)+c)); /* renmove drift */
num+; /* increnment count */
} [* end if */
} /* end for */
return(numn; /* return # points processed */
} /* end NewRenoveDi ffusi onFreqDrift() */
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RFO.C RemoveFreqOffset()

The FrequenC Library

NAME: FUNCTION:

RenoveFreqO f set Renove the frequency of fset from phase data
SYNOPSIS: i nt RenpveFreqOf fset (F_TYPE x[], F_TYPE a, F_TYPE b, BOOL bA)
F_TYPE x[] Phase data array:

Xx[0] = # data points

x[ 1] = analysis start point
X[ 2] = analysis end point
F TYPE a Intercept, a, of x(t)=a+bt linear fit
to the frequency offset to be renoved
F TYPE b Sl ope, b, of x(t)=a+bt linear fit
to the frequency offset to be renoved
BOOL ¢ Flag for constant term renoval
RETURN: i nt The # of non-gap data points processed
REMARKS:

Al'l enbedded zeros treated as gaps in phase data.
Use Cal cFreqOfset() to calculate linear fit paraneters a and b.
No error codes are returned fromthis function.

EXAMPLE:

#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F_TYPE a; /[* intercept */
F_TYPE b; /* sl ope */
F TYPE v; [* fit variance */
BOOL c=TRUE; /* constant renoval flag */
int num [* # data points processed */
Cal cFreqO fset (x, &, &b, &v); [* calc linear fit parameters */
num=RenoveFreqOi fset (x, a, b, c); [* call function */
printf("\n# Data Points Processed = %", num; [* display num */

SEE ALSO: Cal cFregOfset ()

REFERENCE:

U



FrequenC Library Reference Manual

/*****************************************************************************/

/* */
/* RermoveFr eqO f set () */
/* */
/* Function to renove freq offset fromphase data: x(t) = a + bt */
/* */
/* Par anet er s: F _TYPE x[] = phase data */
/* x[ 0] = # phase data points */
/* x[1] = analysis start */
/* x[2] = analysis end */
/* F TYPE a = intercept of linear fit */
/* F TYPEb = slope of linear fit = freq offset */
[* BOOL bA = switch for constant term renoval */
/* */
/* Ret ur n: i nt = # data points processed */
/* */
/* Not es: Al'l enbedded zeros treated as gaps in phase data. */
/* Use function CalcFreqOfset() to calculate |inear */
/* fit parameters a and b. */
/* */
[* Revi si on record: */
/* 02/ 22/ 97 Adapt ed from RenovelLinFreqDrift() of FrequenC */
/* 02/ 27/ 97 Added BOOL bA paraneter */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* 04/ 23/ 03 Adapted for Version 2.0 source code docunentation */
/* */
/* (c) Copyright 1997-2003 Hamilton Technical Services Al Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL RenoveFreqOffset (F_TYPE x[], F_TYPE a,
F_TYPE b, BOOL bA)

{
int i; /* index */
i nt nunme0; /* # points processed */
/1 To avoid conpiler warning if paramater a isn't used
a=a;
for(i = (int)(*(x+1)+2); i <= (int)(*(x+2)+2); i++) /[* analysis limts */
PfC (*(x+i)) |] (i==3) || (i=*(x+2)+2) ) /* check for gap */
{
i f(bA)
{
/1 Renove slope and intercept - nake average zero
*(x+i) -= a + (b * (i-3)); /* renove slope and intercept */
}
el se
{
/1 Renove sl ope only
*(X+i) -= b * (i-2); /* renove sl ope */
}
num+; /* increnment count */
}
}
return(numn; /* return # points processed */
}
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RLFD.C RemoveLinFreqDrift()

The FrequenC Library

NAME: FUNCTION:
RenovelLi nFreqDri ft Renove the linear drift fromfrequency data

SYNOPSIS: i nt RenpveLinFreqDrift(F_TYPE y[], F_TYPE a, F_TYPE b)

F _TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE a Intercept, a, of y(t)=a+bt linear fit
to the frequency drift to be renoved
F TYPE b Sl ope, b, of y(t)=a+bt |inear
fit to the frequency data to be renoved
RETURN: i nt The # of non-gap data points processed
REMARKS:

Only data points between start and end analysis limts are
processed. All zeros are retained as gaps in the frequency data.
Use Cal cLinFregDrift() to calculate intercept and slope to be
renoved. No error codes are returned fromthis function.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F_TYPE y[512]; /* frequency data array */
F_TYPE a; /[* intercept */
F_TYPE b; /* sl ope */
F TYPE v; /* variance */
int num [* # data points processed */
Cal cLinFreqDrift(y, &a, &b, &v); [* calc linear fit paranms */
/* include error check for CalcLinFreqDrift() as required */
num=RenovelLi nFreqDrift(y, a, b); /[* renmove linear drift */
printf("\n# Data Points Processed = %", num; [* display num */

SEE ALSO: Cal cLi nFreqDrift()

REFERENCE: NI ST Techni cal Note 1337, TN-264 to TN-295
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Rermoveli nFreqDri ft ()

Function to renove linear frequency drift y(t) = a + bt

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
12/ 16/ 91
12/ 26/ 91

12/ 30/ 91

12/ 31/ 91
01/18/92
02/ 03/ 96
01/01/98

F _TYPE y[] = frequency data

y[0] = # frequency data points
y[1] = analysis start
y[2] = analysis end

F TYPE a = intercept of linear fit

F TYPE b = slope of linear fit

i nt = # data points processed

Al zeros treated as gaps in frequency data.
Use FrequenC function CalcLinFregDrift() to
calculate linear fit paraneters a and b

Created

Changed to int returning # data points processed
Changed slope & intercept frompointers to val ues
Changed to include internal call to drift_calc()
with slope and intercept paraneters renoved
Renaned

Edited title bl ock

Modi fied for use as Wn 3.1 DLL

Changes for M5 VC++ conpatibility & warnings

/* (c) Copyright 1991-8 Hanmilton Technical Services Al R ghts Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL RenovelLinFreqDrift(F_TYPE y[],

{

F_TYPE a, F_TYPE b)

int i;
i nt nun¥O;

/* index
/* # points processed

for(i = (int)(*(y+1)+2); i <= (int)(*(y+2)+2); i++) /* analysis lints

if(*(y+i)) /* check for gap
{
*(y+i) -= a + (b * (i-2)); /* renmove drift
num-+; /* increment count
} /* end if
} /* end for

return(numn;

/* return # points processed
/* end Renoveli nFreqDrift ()

2R1
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RLFD2.C RemoveLogFreqDrift()

The FrequenC Library

NAME: FUNCTION:
RenovelLogFreqDri ft Renove the log drift fromfrequency data
SYNOPSIS:

int RenoveLogFreqDrift(F_TYPE y[], F_TYPE a, F_TYPE b, F_TYPE c)

F TYPE y[] Frequency data array:
y[0] = # data points
y[1] = analysis start point
y[2] = analysis end point
F TYPE a Mul tiplicative term a, of
y(t)=axn(bt+1l)+c log fit to be renoved
F TYPE b Time term b, of log fit to be renoved
T _TYPE c Constant term c¢, of log fit to be renoved
RETURN: i nt The # of non-gap data points processed

REMARKS:

Only data points between start and end analysis limts are anal yzed.
All zeros are retained as gaps in frequency dat a.

Use Cal cLogFregDrift() to calculate quadratic fit to phase data.

No error codes are returned fromthis function.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE y[512]; /* freq data array */
F TYPE a, b, c, v; /* log fit paraneters */
int num /* # data points processed */
Cal cLogFregDrift(y, &, &b, &c, &v); /* calc log fit parans */
/* include error check for CalcLogFreqDrift() as required */
num=RenovelLogFreqDrift(y, a, b, c); /* renmove log drift */
printf("\n# Data Points Processed = %", num; [* display num */

SEE ALSO: Cal cLogFreqDrift ()

REFERENCE: M L- O-55310B, General Specification for Crystal Gscillators
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/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

RermovelLogFreqDri ft ()

Function to renove frequency drift using | og nodel

y(t) = a*ln(bt+1)+c, where:
y(t) = fractional frequency
t =time
a = nmultiplicative term
b =log tinme term
c = constant term
Par anet er s: F _TYPE y[] = frequency data
y[0] = # frequency data points
y[1] = analysis start
y[2] = analysis end
FTYPEa =1log fit paraneter a
FTYPEb =1log fit paranmeter b
F _TYPE c =log fit paraneter c¢
Ret ur n: i nt = # data points processed
Not e: Al zeros treated as gaps in frequency data

Revi si on record:
12/ 16/ 91 Created
12/ 26/ 91 Changed to int returning # data points processed
Changed a, b & ¢ frompointers to val ues
12/31/91 Renaned
01/18/92 Edited title bl ock
02/ 03/ 96 Modi fied for use as Wn 3.1 DLL
01/01/98 Changes for M5 VC++ conpatibility & warnings

/* (c) Copyright 1991-8 Hanmilton Technical Services Al R ghts Reserved

/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL RenovelLogFreqDrift(F_TYPE y[],

{

F TYPE a, F_TYPE b, F_TYPE c)

int i; /* index
i nt nunme0; /* # points processed

for(i = (int)(*(y+1)+2); i <= (int)(*(y+2)+2); i++) /* analysis lints

if(*(y+i)) /* check for gap

{
*(y+i) -= ¢ + (a* (log((b * (i-2))+1))); /* renmove drift
num+; /* increnent count
} /* end if
} /* end for
return(numn; /* return # points processed

/* end RenovelLogFreqDrift ()
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RQD.C RemoveQuadraticDrift()

The FrequenC Library

NAME: FUNCTION:
RenoveQuadraticDrift Renove the quadratic drift from phase data
SYNOPSIS:

int RenoveQuadraticDrift(F_TYPE x[], F_TYPE a, F_TYPE b, F_TYPE c)

F_TYPE x[] Frequency data array:
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F TYPE a Constant term a, of x(t)=atbt+ct?
gquadratic fit to be renoved
F TYPE b Li near term b, of quadratic fit to be
renoved
T TYPE c Quadratic term c¢, of quadratic fit to be
renoved
RETURN: i nt The # of non-gap data points processed

REMARKS:
Only data points between start and end analysis limts are
processed. Enbedded zeros are retained as gaps in phase data.
Use Cal cQuadraticDrift() to calculate log fit to frequency data.
No error codes are returned fromthis function.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE x[513]; /* phase data array */
F TYPE a, b, c, v; [* fit paranmeters */
int num /* # data points processed */
Cal cQuadraticDrift(x, &, &b, &c, &v); /[* calc fit paranms */
/* include error check for CalcQuadraticDrift() as required */
num=RenoveQuadraticDrift(x, a, b, c); /* renmove quad drift */
printf("\n# Data Points Processed = %", num; [* display num */

SEE ALSO: Cal cLogFreqDrift ()
REFERENCE: NI ST Techni cal Note 1337, TN-264 to TN 295

2R



FrequenC Library Reference Manual

/***************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

/* (c) Copyright 1990-6 Hanmilton Technical Services Al R ghts Reserved

/*

RermoveQuadraticDrift ()

Function to renove frequency drift from phase data
by renoving quadratic fit x(t) = auln(bt+l) + ¢

Par amet er s:

Ret ur n:

Not es:

Revi si on record:
12/ 16/ 90
12/31/91
01/ 18/ 92
02/ 03/ 96

F _TYPE x[] = phase data

x[ 0] = # phase data points
x[1] = analysis start
x[2] = analysis end
F TYPEa = multiplicative term
FTYPEb = log term
F TYPE ¢ = constant term
i nt = # data points processed

Enbedded zeros treated as gaps in phase data.
Use FrequenC function CalcQuadraticDrift() to

calculate quadratic fit parameters a, b and c.

Cr eat ed

Renaned

Edited title block

Modi fied for use as Wn 3.1 DLL

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) RenoveQuadraticDrift(F_TYPE x[], F_TYPE a,

{

F_TYPE b, F_TYPE c)

int i; /* index
i nt nunme0; /* # points processed
for( i = *(x+1)+2; i <= *(x+2)+2; i++) /* renmove quadratic fit
if(*(x+i)) /* check for
{
*(x+i) -= a+ (b*i) +(c*i *i); /* renove quad term
numt+; /* increnent count
} /* end if
} /* end for

return(numn;

/* end RenoveQuadraticDrift()

2RR

*/
*/

*/

*/
*/
*/
*/

*/



FrequenC Library Reference Manual
SC.C SpectrumCalc()

The FrequenC Library

NAME: FUNCTION:
Spectruntal c Cal cul at e power spectrum

SYNOPSIS: int SpectrunCal c(F_TYPE z[], float x[], float y[], float tau,
int n, int wwn_num int wn_type, i nt pn_type, float corr, int af, int
data type)

F_TYPE z[] Ti me-domai n data; z[0] = *z = # data points
float x[] Real data points -> PSD results

float y[] Imdata points (0) -> Fourier freq results
float tau Tinme interval of data sanples

int n # anal ysis data points

int W n_num # w ndow ngs

int win_type W ndow ng net hod: Rect=0, Han=1, Ham=2

int pn_type Phase noise type: 0=S(f), 1=S(f), 2=£(f)
float corr Corr factor: 0=1, 1=(2pno)¥, 2=( pno)y & x10
int af Averagi ng factor (int power of 2)

int data type Ti me-donmai n data type: O=phase, 1l=freq
RETURN: i nt # FFT frequencies

REMARKS:

# data points nust be a power of 2
Dat a nmust not have any gaps

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
F TYPE z[512]; /[* time-domain data */
float x[512], y[512]; /* FFT data */

float tau=1.0, corr=0.0;
int n=512, win_nunmel, win_type=0, pn_type=2, af=1, data_type=0,
fregs;

freqs SpectruntCal c(z, x, y, tau, n, win_num w n_type, pn_type, corr,

af, data_type); [* call function */
prlntf("\n# FFT Points = o%d", freqs); [* display # results */
SEE ALSO:

REFERENCE:
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Spect runtal c()

Function to calculate & plot power spectrum

Uses FFT functions from Sci ence & Engi neering Tool s
# data points nmust be a power of 2

Dat a nust not have any gaps

Function calls fromQinn-Curtis S&E Library:
W ndowrFFTDat a()
Power Spect runtal c()

Par amet er s:

yll]

time-domain data; y[0] = *y = # data points

xdat a[ ] = real data points -> PSD results
ydat a[ ] = imaginary data points (0) -> Fourier freq results
tau = time interval of data sanples
n = # analysis data points
Wi n_num = # w ndow ngs
2*wi n_type = wi ndowi ng net hod code:
0 = Rectangul ar win type =0
1 = Parzen (not used)
2 = Hanning 1
3 = Wlch (not used)
4 = Hammi ng 2
5 = Blackman (not used)
phase_noi se_type: 0=Sx(f), 1=So(f) , 2=L(f)
correction_factor: 0=1 , 1=(2*&*v)y , 2=(a*v)y & x10
af = averaging factor (int power of 2)
data type = tinme-donmain data type: O=phase, 1l=freq
Ret urn = # FFT frequenci es

Revi si on record:
12/ 26/ 96
04/ 12/ 97
04/ 01/ 02
07/ 11/ 02
07/ 27/ 02
07/ 30/ 02
03/ 20/ 03

Adapted from spectrumcal c() of Stabl e/ DOS
Added code to preserve original data

Added af paraneter & trial code for averaging
Added PSD data saving to disk

Added zero paddi ng

Revi sed to handle analysis linmts

Adapted to FrequenC DLL

Added data_type argunent and return

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

/'l FrequenC header file
#i ncl ude "frequenc. h"

/! Local

#def i ne
#i f ndef
#def i ne
#def i ne
#def i ne
#def i ne
#def i ne
#def i ne
#endi f

defi nes

real type fl oat
RECTANG
RECTANG 0
PARZEN 1
HANNI NG 2
WELCH 3
HAMM NG 4
EXACTB 5

2R7



FrequenC Library Reference Manual

/1 FFT Wndowi ng Types

#defi ne RECTANGULAR WN 0
#defi ne HANNI NG W N 1
#defi ne HAMM NG W N 2
#define MULTI TAPER WN 3

/1 Local function prototypes - not exported

doubl e RemoveMean(float *x, int |x);

voi d W ndowDat a(real type *x,int nundat,int w ndow);

voi d W ndowrFTDat a(real type *xreal,realtype *yimg, int nundat,int w ndow);

void fft(realtype *xreal, realtype *yinmag, int nundat, int flag);

voi d Power SpectruntCal c(realtype *xreal, realtype *yinag,int nundat,realtype delta);
void fft2 (realtype *aa, realtype *bb, int n, int m int ks);

void reorder (realtype *aa, realtype *bb, int n, int m int ks, int reel);

/1 SpectrunCal c() top-level function

int _ declspec(dllexport) FAR PASCAL SpectruntCal c(F_TYPE y[], float xdata[],
float ydata[], float tau, int n, int win_num int wn_type,
i nt phase_noise_type, float correction_factor, int af, int data_type)

{
int i; /1 General index
int j; /1 Index for # w ndow ngs
int k; /1 I ndex for averagi ng
static int offset; /1 Index of first analysis data point
static int nn; /1 Padded array size
static int nNum /1 # data points in input array
static int nFFT; /] # data points in one FFT section
static float pad_factor; /1 Correction factor for zero paddi ng
static float correction[3][4] =
{
{ (float)0.00, (float)0.000, (float)0.000, (float)0.000 },
/1 Rectangul ar
{ (float)0.00, (float)0.426, (float)0.563, (float)0.647 },
/1 Hanni ng
{ (float)0.00, (float)0.401, (float)O0.542, (float)0.627 }
/1 Hamm ng
i

/1 These are | og power anplitude corrections factors for w deband noi se
/1 1st index is win_type; 2nd index is w n_num

static float bw correction

static float log_nult;

static F_TYPE avg

/1 The xdata array gets |loaded with the tinme domain data.

/1 This array is allocated with space for the # points & analysis linmts.
/1 These are put into the xdata array initially to allowit to use the

/1 FillFloatGps() function

/1 Then the header info is renoved fromthe xdata array for the FFT cal cs.

/1 Input paraneter n the # of analysis points - not necessarily a power-of-2

/1 Find data offset
of fset=(int)y[1]+2; // Index of first data point to be anal yzed

/1 Copy analysis limts info into xdata[]
xdat a[ 0] =(f | oat) n;
xdat a[ 1] =(fl oat) 1;
xdat a[ 2] =(f | oat) n;
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/1 Load analysis data into the xdata array with header info
for(i=0; i<n; i++)

{
}

/1 Make sure no there are gaps in the analysis data
Fi || Fl oat Gaps(xdata, data type);

xdat a[ i +ARRAY_OFFSET] =(fl oat ) y[i +of fset];

/1 El'imnate header fromthe analysis data

for(i=0; i<n; i++)

{
xdat a[ i ] =xdat a[ ARRAY_OFFSET+i ] ; /* real data points */
ydata[i]=0. 0; /* imagi nary data points */

}

/1 Renove DC conponent
RenmoveMean( xdata, n);

/1 The original FFT code just analyzes the entire data set as one bl ock

/1l w o averaging. Thus a longer record at the same tau increases the

/1 frequency resolution but does not reduce the variance of the FFT

/1 results. To do that, one nust break the data into sections, analyze

/1 each section separately, and then average themto produce better FFT

/1 values. Doing so obviously shortens each individual data record, so

/1l the FFT results won't extend to as |ow a Fourier frequency. The variance
/1 of the FFT values is thereby reduced from 100%to 100% di vi ded by the

/1 sqrt of the # averages, which should be an integer power of 2.

/1 The averaged FFT can be done in the same pair of xdata and ydata arrays.
/1 The xdata array starts with the real data points, and is filled with the
/1 PSD results. The ydata array starts with 0's and gets the Fourier fregs.
/1 For averaging, just FFT each section separately in-place. Then sumthe
/1 PSDs and Fourier fregs in the 1lst section, and divide themby # averages.
/1 Then continue to apply BWcorreftion and log nult to 1st section

/1 Both nNum and nAF are integer powers of 2, so k is also

/1l e.g. if nis 512 and nAF is 8 then k goes fromO to 7

/1 and each section of FFT has nFFT=64 points.

/1 Find size of next higher power-of-two = allocated size
nn=(i nt)pow 2.0, (double)(ceil(log(n)/l1og(2))));

/1 Zero the padded portion of the data
for(i=n; i<nn; i++)
{
xdat a[ i
ydat a[ i

] =0. 0; /* real data points */
] =0. 0; /* imagi nary data points */
}

/1 Zero padding correction factor
/1 Square of ratio of total to actual (non-zero) FFT points
pad_factor=((float)(nn)*(float)(nn))/((float)(n)*(float)(n));

/1 Calc the # of averaged FFT points
nFFT=nn/ af ;

// Perform FFT on each section
for(k=0; k<af; k++)
{
/1 Apply the desired wi ndowi ng function
j =W n_num
280
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while(j--)
{
W ndowrFFTDat a( &dat a[ k* nFFT], &ydat a[ k*nFFT], nFFT, win_type);
/* window win_numtines */

}

/1 Calculate the power spectrum using S&E function
Power Spect runtal c( &dat a[ k*nFFT], &ydat a[ k*nFFT], nFFT, tau);
/* cal c power spectrum */

}

/1 Sumthe results into the 1st section
/1 Note that summation starts a k=1 (not k=0) - don't add 1st section to itself
for(k=1; k<af; k++)

{
for(i=0; i<nFFT; i++)
{
xdat a[ i ] +=xdat a[ k*nFFT+i ] ;
ydat a[ i ] +=ydat a[ K* nFFT+i ];
}
}

/1 Find the average values in 1st section
for(i=0; i<nFFT; i++)
{
xdata[i]/ =af;
ydata[i]/=af;
}

/1 Calc bandwi dth correction
bw correction=(float)l oglO(ydatal1]);

/1 Apply zero paddi ng correction
correction_factor*=pad_factor;

/1 Set log multiplier factor

i f (phase_noi se_type==2) [* L(f) */
{ | og_nul t =10;
Llse /* Sx(f) & So(f) */
i | og_nul t =1;

/1 Drop dc termfrom PSD and convert spectral data to | og form
/1 Note that xdata is PSD & ydata is Fourier freq
for(i=0; i<(nFFT/2)-1; i++)

ydata[i]=ydata[i+1]; /* Fourier frequency val ues */
i f(xdata[i+1]>0)

xdata[i]=(float)(log_nult*(loglO(xdata[i+1]*correction_factor)

- bw correction + correction[wi n_type/2][wi n_nuni));
/* power spectrumvalues plus correction factors */
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el se

{

/1 Error in power spectrumcalc
br eak;

}

/1 Save PSD data - Miust nove to Stable32 calling function
/] PSDWite(szPSDFile, ydata, xdata, (nFFT/2)-1);

return (nFFT/2)-1;

}

/*****************************************************************************/
/* */
/* Quinn-Curtis Science & Engineering Library FFT Functions */
/* */
/* TC-006 S/'N 18146 Rev 8.01 Date: 6/1/92 File: FFT.C (Excerpt) */
/* */
[* Functi ons: */
/* Par zen() Hanni ng() Harmm ng() Exact Bl ackman() */
/* Vel ch() W ndowDat a() W ndowFFTDat a() fft() */
/* fft2() reorder () SumAnd Squar e() Power Spect runtal c() */
/* */
/* Not e: The Stable/Wn usage of these functions is with realtype */
/* defined as a float. The local header fft_.h is a special version */
/* of fft.h that calls in reeltype. h which defines realtype as fl oat */
/* and has prototypes for these functions. */
/* */
/* Copyright (c) Quinn-Curtis, 1992 */
/* */

/*****************************************************************************/

/1 File macros

#i fndef M Pl // Defined in math.h under Borland C++ but not Visual C++
#define M_PI 3.14159265358979323846

#endi f

/* Apply a parzen w ndow */
real type Parzen (realtype n, realtype j)

{
realtype fret;
fret = (realtype) (1.0 - fabs((j - 0.5 * (n - 1.0)) / (0.5 * (n - 1.0))));
return(fret);

}

/* Apply a hanni ng wi ndow */
real type Hanning (realtype n, realtype j)

{
realtype fret;
fret = (realtype) (0.5 * (1.0 - cos(2.0 * MPI * j [/ (n-1.0))));
return(fret);

}
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/* Apply a hanm ng w ndow */
realtype Hanmming (realtype n, realtype j)

{
realtype fret;
fret = (realtype) (0.54 - 0.46 * cos(2.0 * MPI * j / (n-1.0)));
return(fret);

}

/* Apply a bl ackman wi ndow */
real type ExactBl ackman (realtype n, realtype j)

{
realtype fret;
fret = (realtype) (0.42 - 0.50 * cos(2.0 * MPI * j /(n-1.0)) +
0.08 * cos(4.0* MPI * j [/ (n-1.0)));
return(fret);
}

/* Apply a welch w ndow */
realtype Welch (realtype n, realtype j)

{
realtype fret;
fret = (realtype) ((j - 0.5 * (n- 21.0)) / (0.5 * (n + 1.0)));
fret = (realtype) (1.0 - fret*fret);
return(fret);
}

/* Apply a window for an array */
voi d Wndowbata (realtype *x, int nundat, int w ndow)
{ . .

int i;

realtype multiplier;

for (i =0; i < nundat; i++)
{
switch ( window )
{

case RECTANG
nmul tiplier
br eak;

case PARZEN:
nmul tiplier
br eak;

case HANNI NG
nmul tiplier
br eak;

case WELCH:
nmul tiplier
br eak;

case HAMM NG
nmul tiplier
br eak;

case EXACTB:
nmul tiplier
br eak;

defaul t:
nmul tiplier
br eak;

(realtype) 1.0;

Parzen ((realtype)nundat, (realtype)i);

Hanni ng ((real type)nundat, (realtype)i);

Wel ch ((real type)nundat, (realtype)i);

Hamm ng ((real type)nundat, (realtype)i);

Exact Bl ackman ((real type) nundat, (realtype)i);

(realtype) 1.0;
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x[i] = multiplier * x[i];

}

/* Apply a window for both x and y data sets */

voi d WndowrFTData (real type *xdat a,
{

W ndowDat a (xdata, nundat, w ndow);
W ndowDat a (ydata, nundat, w ndow );

}

/* Conpl ex Fourier Transform*/

/* nunber of points n nmust be a power of 2 */

void fft (realtype *xr, realtype *yi,
{

int nn, j;

i nt m

real type pp, qg;
m= -1

nn = n

/* determ ne power of 2 */
while (nn > 0)
{

nn = nn >> 1,

mt+;

}

fft2 (xr, yi, n, m n);
reorder (xr, yi, n, m n, 0);
if (inverse)

{
pp = (realtype) 1.0/ n;
aq = -pp;
for (j =0; j <n; j++)
{
Xr [j] *= pp;
yi [j] *=qq;
}
}
el se
{
for (j =0; j <n; j++)
} yiljil =-yiljl;

}

/* FFT for one variable of dinension
void fft2 (realtype *x, realtype *y,
{
i nt i ndx, kO, k1, k2, k3,
real type rad, cl, c2, c3, si,

real type *ydata, int nundat,
int n, int inverse)

n = 2"m*/

int n, int m int ks)

span, j, k, kb, kn, mm nk;
s2, s3, ck, sk, sq;

real type x0, x1, x2, x3, y0, yl, y2, y3;

int *cc;

cc = (int *) calloc (m+ 1, sizeof (int));
sq = (realtype) 0.707106781187;

sk = (realtype) 0.382683432366;
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ck = (realtype) 0.92387953251

cc[n = ks;
mm=(m/ 2) * 2
kn = 0;
for (k =m- 1;, k >=0; k--)
cc[k] = cc[k+1] /| 2;
rad = (realtype) 6.28318530718 / (cc[0] * ks);
nk = m- 5;
do
{
kb = kn;
kn = kn + ks
if (nm!=m
{
k2 = kn;
kO = cc[m] + kb
do
{
k2- -
kO- -;
x0 = x [k2];
yo =y [k2];
x[ k2] = x[ kO] - xO;
x[ kO] = x[ kO] + xO;
y[k2] = y[k0] - yO;
y[k0] = y[kO] + yO;
} while (kO > kb);
}
cl = (realtype) 1.0, sl = (realtype) 0.0;
i ndx = 0;
k = mm- 2,
j =3
if (k >=0)
goto |2;
el se
if (kn <n)
conti nue;
el se
br eak;
while (1)
{
if (cc[j] <= indx)
{
indx =indx - cc[j];
j--;
if (cc[j] <= indx)
{
indx =indx - cc[j];
j--
k += 2;
}
}
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el se

i ndx =
i =3

c
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br eak;

c[j] + indx;

span = cc[K];
if (indx !'=0)

{

f N T

KO- -)

si;
cl;
s2;
c2;
s3;
c3;

€2 = indx * span * rad;
cl = (realtype) cos (c2);
sl = (realtype) sin (c2);
c2 =cl * cl- sl * s1;
s2 = (realtype) 2.0 * s1 * cl
c3 =c¢2 * cl - s2 * s1;
s3 =c¢2 * s1 + s2* cl
(kO = kb + span - 1; kO >= kb
kil = kO + span;
k2 = k1 + span;
k3 = k2 + span;
x0 = x[ kO] ;
y0 =y [kO];
if (s1 ==0)
{
x1 = x[k1]; y1 =y [Kk1];
x2 = x[k2]; y2 =y [k2];
x3 = x[k3]; y3 =y [Kk3];
}
el se
{
x1 = x[k1] * cl - y [k1]
yl = x[k1] * s1 + vy [k1]
x2 = x[k2] * c2 - y [k2]
y2 = x[k2] * s2 + vy [k2]
x3 = x[k3] * ¢3 - y [Kk3]
y3 = x[k3] * s3 + y [k3]
}
x [kO] = x0 + x2 + x1 + x3; y[kO]
x [k1] = x0 + x2 - x1 - x3; y[k1]
x [k2] = x0 - x2 - y1 + y3; y[k2]
x [k3] = x0 - x2 + y1 - y3; y[k3]
(k > 0)
k =k - 2
goto |2
= k3 + span
(kb < kn)
if (j ==0)
k = 2;
j =k
goto |1;
}
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it (j == 1)
{
cl =cl1l * ck + s1 * sk;
sl =s1 * ck - ¢c2 * sk
}
el se
{
cl = (cl - sl1) * sq
sl = (s1 + c¢2) * sq
}
goto | 5;

}
}
while (kn < n);

free (cc);

}

void reorder ( realtype *x, realtype *y, int n, int m int ks, int reel)

{
int i, j, indx, k, kk, kb, k2, ku, lim p
realtype tenp;

int *cc, *|st;

cc = (int *) calloc (m+ 1, sizeof (int));
st = (int *) calloc (m+ 1, sizeof (int));

cc [n = ks;
for (k =m k > 0; k--)
cc [k-1] =cc [Kk] / 2
p=] =m- 1
i =kb =0
if (reel)
{
ku =n- 2
for (k = 0; k <= ku; k += 2)
{
tenmp = x [k + 1];
x [k + 1] =y [Kk];
y [k] = tenp;
}
}
el se
m-;
lim=(m+ 2) /| 2
if (p >0
do
{
ku = k2 = cc [j] + kb
indk. =cc [m- j];
kk = kb + indx
do
{

k = kk + indx;
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do

{
tenp = x [kk];
X [kk] = x [k2];
X [k2] = tenp;
temp =y [kk];
y [kk] =y [k2];
y [k2] = tenp;
kk++;
k2++;

}

while (kk < k);

kk = kk + indx;

k2 = k2 + indx;

}
while (kk < ku);

if (j >1im
{
j--, 0+
I'st [i] =]j;
conti nue;
}
kb = k2;
if (i >0
{
j =1Ist [i];
-
conti nue;
}
if (kb < n)
i =p;
el se
br eak;
}
while (1);
free (cc);
free (Ist);

}
real type SquareAndSum (realtype a, realtype b)
real type fret

fret =a* a+ b * b;
return(fret);

}

/* Calculate the power spectrum periodogram of a sanpl ed dataset */
voi d Power Spectruntal c(real type *xreal, realtype *yinag,

int nundat, realtype delta)
{

real type tinespan, normal, n;
int i;

n = (fl oat) nundat;
normal = (realtype) 1.0/ (n * n);
fft (xreal, yimag, nundat, 0);
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xreal [ 0] = Squar eAndSum (xreal [0], yimag[0]) * nornal;

for (i =1; i <= (nundat / 2) - 1; i++)
{
xreal [i] = normal * (SquareAndSum(xreal[i], yimag[i]) +
Squar eAndSum ( xreal [ nundat - i], yimag[nundat - i]));
}
i = nundat / 2;
xreal [i] = SquareAndSun{xreal[i], yimag[i]) * nornal;
ti mespan = (realtype) ((1.0*nundat) * delta);
for (i =0; i <= (nundat/2); i++)
{
yimag[i] = (realtype) (1.0*i) / tinmespan;

}

/* Renove nean fromdata array */
/* doned fromsanme code used in nmultitaper PSD calc */
doubl e RemoveMean(float *x, int Ix)

{
int k;
doubl e nean;
mean = 0.
i f(lIx<2)
{
return nean;
}
for(k=0; k<=l x; k++)
{
nmean= x[ k] +mean;
}
mean=nean/ (fl oat) | x;
for(k=0; k<=l x; k++)
x[ k] =(f1oat) (X[ k] - mean) ;
}
return nean;
}
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SD.C ScaleData()
The FrequenC Library
NAME: FUNCTION:
Scal eDat a Scal e phase or frequency data by a+bx

SYNOPSIS: i nt Scal eData(F_TYPE z[],

F_TYPE add, F_TYPE mult)

F TYPE z[] Phase or frequency data array:
z[0] = # data points
z[1] = analysis start point
z[ 2] = analysis end point
F TYPE add Addend, the nunber to be added to al
non- gap data points
F TYPE mul t Mul tiplier, the nunber to nultiply al
data poi nts by
RETURN: i nt The # of non-gap data points processed
REMARKS:

Only data points between start and end analysis limts are nodifi ed.
Mul tiplication is done first,
Enbedded zeros are treated as gaps in phase data.
Al zeros are treated as gaps in frequency data.
No error codes are returned fromthis function.

t hen addi tion.

EXAMPLE:

F TYPE z[512];
F _TYPE add;

F TYPE nul t;
int num

add=1. 0;
mul t =5. 0;
num=Scal eDat a( z,

#i ncl ude "frequenc. h"

/*

add, nult);

printf("\n# Data Points Scaled = %", nun);

/* FrequenC header file */
/[* data array */

/* addend */

[* multiplier */

# data points processed */

[* set addend val ue */

/* set multiplier value */
/* scale data */

[* display num */

SEE ALSO: None

REFERENCE: None
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/***************************************************************************/

/* */
/* Scal eDat a() */
/* */
/* Function to scal e phase or frequency data by multipling by a */
/* nmul tiplier constant and addi ng an addend constant: */
/* z[i] = addend + z[i] * nmultiplier */
/* */
/* Par anet er s: F TYPE z[] = data array */
/* z[0] = # data points */
/* z[1] = analysis start */
/* z[2] = analysis end */
/* F _TYPE add = addend */
/* F TYPE mult = multiplier */
/* int datype = data type: O=phase, 1=frequency */
/* */
/* Not es: Al zeros treated as gaps in frequency data */
/* Enbedded zeros are gaps in phase data */
/* */
/* Ret ur n: i nt = # non-gap val ues processed */
/* */
[* Revi si on record: */
[* 12/ 16/ 91 Created */
/* 12/ 26/ 91 Changed to int returning # data points processed */
/* Added datype paraneter; changed array to z[] */
/* Changed add and mult to val ues not pointers */
[* 12/31/91 Renaned */
/* 01/ 18/ 92 Edited title block */
[* 02/ 03/ 96 Modi fied for use as Wn 3.1 DLL */
/* 01/01/98 Changes for M5 VC++ conpatibility & warnings */
/* */
/* (c) Copyright 1991-8 Hanmilton Technical Services Al R ghts Reserved */
/* */

/***************************************************************************/

#i ncl ude "frequenc. h"

int _ declspec(dllexport) FAR PASCAL Scal eData(F_TYPE z[], F_TYPE add,
F _TYPE nult, BOOL datype)

{
int i;
i nt nun¥0;
for(i = (int)(*(z+1)+2); i <= (int)(*(z+2)+2); i++)
if(*(z+i) || ('datype && i==3 || !'datype && i==z[0] +2))
*(z+i) *= mult; /* multiply data by multiplier */
*(z+i) += add; /* add addend to data */
numt+;
} [* end if */
} /* end for */
return(numn;
} /* end Scal eData() */
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TB2.C TotvarBias()

The FrequenC Library

NAME: FUNCTION:

Tot var Bi as Cal cul ate TOTVAR bi as

SYNOPSIS: fl oat TotvarBi as(int nAl pha, float fRatio)

i nt al pha Al pha of power |aw noise type (-2 to +2)
float ratio Record length/tau = T/t = to xN / t
RETURN: fl oat TOTVAR bias factor, or -1 if error
REMARKS:

The TOTALVAR bias factor is the ratio of the expected val ue of TOTVAR
to AVAR To correct a calcul ated TOTDEV val ue for a certain noise
type, record length & analysis tau, divide it by the square root of
the bias factor returned by this function. It applies to -2 3 g 3 2 (W
PM FPM WFM F FM RWFM noise), and for T/t 3 2.0, where T = t, x#
phase data points. No bias correction is necessary for WPM F PM & W
FM noise (a= 2, 1 or 0).

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
i nt al pha=0; /* al pha */
float ratio=10.0; /* record length/tau */
fl oat bi as; /* TOTVAR bias factor */
bi as=Tot var Bi as(al pha, ratio); [* call function */
i f(bias==-1.0) /* check for error */
printf("\nError"); /* error nessage */
el se
printf("\nTOTVAR Bias = %", bias); [* display result */

SEE ALSO: Tot var EDF(), Totvar Cal c()

REFERENCES: D. A. Howe, "Method of Inproving the Estimation of Long-Term
Frequency Variance", Proc. 11th EFTF, Mrch, 1997, and private e-nail
conmuni cation fromC. A Geenhal | /JPL via D. A Howe/ N ST 03/28/97.
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/*****************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Tot var Bi as()

Function to cal cul ate the TOTVAR bi as function

Par amet er s:

Ret ur n:

The TOTVAR bi as
TOTVAR t o AVAR

i nt nAl pha
float fRatio

noi se type (-2 to +2)
T/ ¢

TOTVAR bi as factor
or -1 if error

float fBias

factor is the ratio of the expected val ue of
To correct a calculated TOTDEV val ue for a

certain noise type, record length & analysis tau, calc the T/¢

ratio, call this function,

by the square root of the bias factor returned by this function.

Not es:

Ref er ence:

Revi si on record:
12/ 06/ 97
12/ 09/ 97
12/ 21/ 97

01/01/98

(c) Copyright 1997

(1) This function applies to -2 >= alpha >= 2

(WPM FPM WFM F FM RW FM noi se)

(2) This function applies only for T/¢ >= 2.0

(3) Tis defined as ¢0O * # phase data points

(4) No bias correction is necessary for WPM
F PM & WFM noi se (al pha=2, 1 or 0)

D.A Howe and C.A. Geenhall, "Total Variance: A
Progress Report on a New Frequency Stability
Characterization", Proc. 29th PTTI Meeting,

Dec. 2, 1997, (to be published).

TOTVAR Bias Factor = 1 - a * (tau/ T)

where a =0 for WFM noi se (no bias) (al pha=0)
1/(3 1n 2) for F FMnoise (al pha=-1)
3/ 4 for RWFM noi se (al pha=-2)

Note that the fRatio entered is T/tau not tau/T!

Created & debugged

Added to FrequenC Library

Fi xed error reported by D. Howe/ N ST:

F FM and RWFM constants were reversed
Changes for MS VC++ conpatibility & warnings

Ham I ton Technical Services Al Rights Reserved

and di vide the uncorrected TOTDEV val ue

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL TotvarBias(int nAl pha,

{

// Local vari abl es
float fBias;

272
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/1 Verify paranmeters
i f(fRatio<2.0)
{

}

i f(nAl pha<-2 || nAl pha>2)
{

}

/1 Sort by noise type
swi t ch( nAl pha)
{

return -1.0; // Error

return -1.0; // Error

case -2: // RWFM
{

FrequenC Library Reference Manual

fBias=(float)(1.0 - 0.7500/fRatio);

}

br eak;

case -1: // FFM
{

fBias=(float)(1.0 - 0.4809/fRatio);

}

br eak;

case -0: // WFM
{

}

br eak;

f Bi as=1. 0;

case 1: // F PM
{

}

br eak;

f Bi as=1. 0;

case 2: // WPM
{

}

br eak;

f Bi as=1. 0;

}

return (fBias);
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TC.C TotvarCalc()
The FrequenC Library
NAME: FUNCTION:
Tot var Cal ¢ Cal cul ate TOTVAR using doubly refl ected phase
dat a
SYNOPSIS: int TotvarCal c(F_TYPE x[], F_TYPE *totdev, F_TYPE tau, int
af, void *progress)
F_TYPE x[] Phase data array:
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F_TYPE *t ot dev Poi nter to total deviation
F_TYPE tau Averaging tine of data t,
int af Aver agi ng factor t/tg
voi d *progress( Pointer to function to display progress, with
i nt percent, int arg set to %calc conplete, and char* arg
char *nsgQ) set to text nessage to display. Can be NULL.
RETURN: i nt # TOTVAR anal ysis points, or -1 if nenory
al l oc
error, or -2 if no result error
REMARKS:

cl oses.

Cal cul ation is done in new array that

The progress indicator is not necessary.
The phase data need not be end matched before calling this function.

is deleted after function

EXAMPLE:

F_TYPE x[512];
F_TYPE totdev;
F_TYPE tau=1. 0,

#i ncl ude "frequenc. h"

i nt af=2; */ avg factor */
int num /[* return code */
hunFTotvarcalc(x, totdev, tau, af, NULL); [* call function */
i f (nunx0) /* check for error */

printf("\nError"); [* error nessage */
el se

printf("\nTOTDEV = %"

/* FrequenC header file */
[* data array */

[* TOTDEV */

/* meas interval */

t ot dev) ; /* display result */

SEE ALSO: Tot var EDF(),

Tot var Bi as()

Meeting, Dec. 1997.

REFERENCE: D. A. Howe and C. AL G eenhal |,
Report on a New Frequency Stability Characterization",

"Total Variance: A Progress

Proc. 29th PTTI
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/*****************************************************************************/

/*

/* Tot var Cal c()

/*

/* Function to cal cul ate TOTVAR using doubly reflected phase data
/*

/* Par anet er s: F_TYPE x[] = phase data

/* X[0] = # data points

/* x[1] = analysis start

/* x[2] = analysis end

/* F_TYPE *Tot Dev= poi nter to TOTDEV

/* F_TYPE f Tau = interval between phase data points
/* int nAF = averagi ng factor

/* void *I pfnProgress = ptr to progress display funct
/*

/* Ret ur n: i nt = # TOTALVAR anal ysi s points,

/* or -1 if menory alloc error

[* or -2 if noresult error

/*

/* Not es: 1. Calculation is done entirely with a new array.
[* that is deleted after this function cl oses.

/* 2. Progress indicator and abort not necessary.

/* 3. The phase data need NOT be endnmat ched before
/* calling this function

/*

[* Ref er ence: D.A. Howe and C.A. Geenhall, "Total Variance: A
/* Progress Report on a New Frequency Stability

/* Characterization", Proc. 29th PTTI Meeting,

/* Dec. 2, 1997, (to be published).

/*

[* Revi si on record

/* 12/ 06/ 97 Adapt ed from Refl ect edTot al var Cal c()

/* 12/ 09/ 97 Added to FrequenC Library

/* 01/01/98 Changes for M5 VC++ conpatibility & warnings

/*

/* (c) Copyright 1997-8
/*

Ham [ ton Technical Services Al Rights Reserved

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/*****************************************************************************/

/] Headers
#i ncl ude "frequenc. h"
#i ncl ude <wi ndowsx. h>

/1 For dobal AllocPtr() & G obal All ocFree()

/1 For Wn 3.1 and Wn32 Conpatibility

#i f ndef W N32
#defi ne HUGE huge

#el se
#def i ne HUGE
#endi f

/1 Defines

#defi ne ARRAY_OFFSET 3

int _ declspec(dllexport) FAR PASCAL TotvarCal c(F_TYPE fX[],

/] Offset to 1st data point

F_TYPE fTau, int nAF, void *I pfnProgress)

{

/! Local variables
int i;

int j;

i nt nNum

/1 1 ndex
/1 Auxilary index
/1 # points
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int nStart; /1 Analysis start

i nt nDumy; /1 Dunmy variable to avoid conplier warning
i nt nCount =0; /1 # analysis points

#if(0) // Not needed if no progress indicator

int nTic; /1 Increnment for progress indicator

int nLast_i=0; /1 Previous val ue of index

#endi f

doubl e HUCGE *f P; /1 TOTVAR phase array pointer

F_TYPE f Sune0; /1 TOTVAR sumati on

F_TYPE f Edge; /1 Phase data value at edge of reflection

/1 Avoid conpiler warning if no progress indicator
| pf nPr ogr ess=I pf nPr ogr ess;

[/ Initializations
nStart=(int)fX 1]; /1 Analysis start point
nNunme(int)(fX[2]-fX[1]+1); // # analysis phase data points = N

#if(0) // Not needed if no progress indicator
nTi c=(int)ceil (nNum 100); /1 Increnment for progress report

i f(IpfnProgress!=NULL)

{

| pf nProgress(0, "Calculating Total Sigma"); // Label progress bar
}
#endi f

#if(0) // For testing - check input parans
TRACE_EXP(f Tau);

TRACE_INT(nStart);

TRACE_| NT(nNunj ;

#endi f

/1 Allocate a new "virtual" phase data array to size 3N-4, where Nis
/1l the # of phase data points to be analyzed. This virtual array is the
/1 result of extension by reflection about both endpoints. N2 reflected
/1 points are added at both ends of the original phase data to be anal yzed.
/1 Do NOT need the array header (#, Start, End)
/1 Note that fP is cast to a huge double ptr and that array size is |ong
i f((fP=(double HUGE *)d obal Al | ocPtr ( GHND

(1 ong) (3*nNum 4) *si zeof (doubl e) ) ) ==NULL)

{

#if(0) // Elimnated for FrequenC DLL usage

Al'l ocError Message();

#endi f

return(-1); // Error - nenory reallocation failed
}

/1 Note that in the referenced paper the index of the virtual phase data
/1 array goes from3-N (a negative nunber) to 2N-2 (a positive nunber),

/1 with the original data having indices from1 to N CQur indices start at
/1 0 and go to 3N-5. The lower reflected data has indices fromO to N 3.
/1 The original data in the mddle of the virtual array has indices from
/1 N2 to 2N-3. The upper reflected data has indices from2N2 to 3N 5.

/1 Copy original phase data array fX[] to (headerless) working array fP[]

/1 Analysis limts are handl ed by copying only the points between the

/1 start and end. i is the index into the virtual array fP[]. | is the
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/1 variable part of the index into the original phase data array fX].
j =0:
for(i=nNum2; i<2*nNum2; i++)

fP[i]=fXj+nStart+ARRAY_OFFSET- 1] ;
j ++;

}

/1 Fill the |ower reflected phase data

/1 These values are twice the first phase data point mnus the particul ar
/1 data point value to be reflected

j =0;

f Edge=2*f P[ nNum 2] ;

for(i=0; i<nNum2; i++)

fP[i]=f Edge-fP[ 2*nNum 4-j ] ;
j ++;

}

/1 Fill the upper reflected phase data

/1 These values are twi ce the |ast phase data point mnus the particul ar
/1 data point value to be reflected

j =0;

f Edge=2*f P[ 2* nNum 3] ;

for(i=2*nNum2; i<3*nNum4; i++)
fP[i]=fEdge-fP[2*nNum 4-]];
j ++;

}

#if(0) // For testing - examine virtual array
for(i=0; i<3*nNum4; i++)

{

TRACE_EXP(fP[i]);
}
#endi f

/1 Calc TOTVAR - See Eq (3) of Reference
for(i=nNuml; i<2*nNum3; i++)
{
#if(1) // To elimnate gap checking
/1 Check for gap

if( (fP[i-nAF] && fP[i] && fP[i+nAF]) |
(i ==nNumtnAF- 2 )
(i ==2* nNum nAF- 3 ) )

#endi f

{

// Sum 2nd differences
f Sumr=SQR(f P[i-nAF]-2*fP[i]+f P[i +nAF]);
nCount ++;

#if(0) // For testing - display gap index
el se

{

}
#endi f

TRACE I NT(i);
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#if(0) // Not needed if no progress indicator or abort

/1 Display progress

/1 Note: This code provides updates only if index has changed
/1 by at least tic anount

/1 Uses pointer to progress display function PFVi argunent

/1 Pass NULL for no progress display

i f(((i-nLast_i)>=nTic) && (Il pfnProgress!=NULL))

| pf nProgress(0.5+100. 0*i / nNum "Cal cul ati ng Total Sigm");
nLast _i=i;

}

// Check for abort

i f(bAbort)

{
nCount =0; /* force error */
br eak;

}
#endi f

#if(0) // For testing - display # points anal yzed
TRACE_|I NT(nCount) ;
#endi f

/1 Scale result - See Eq (3) of Reference
f Suni =(f Tau*f Tau* nAF* nAF* 2* nCount ) ;

// Find TOTDEV
i f(nCount && f Sunk0)

{
*f Tot Dev=sqrt (f Sunj;

else // No result error

{
*f Tot Dev=0. O;

nCount =- 2;
}

/1 Free nenory
nDumy=d obal FreePtr (fP);

nDunmy=nDunmy;

return(nCount); // Return # phase analysis points
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TE.C TotvarEDF()

The FrequenC Library

NAME: FUNCTION:
Tot var EDF Det ermi ne the equival ent # of chi-squared
degrees of freedomfor the total variance.

SYNOPSIS: fl oat Totvar EDF(int al pha, float ratio)

i nt al pha Al pha of power | aw noi se process

float ratio T/t = toxNt = Record | ength/averaging tine

fl oat edf = equivalent # of degrees of

RETURN: f1 oat freedom or -1 if error

REMARKS:
This function applies only to -2 £ a £0 (WFM F FM and RW FM noi se),
and for T/t 3 2.0, where T = t, x# phase data points.

EXAMPLE:
#i ncl ude "frequenc. h" /* FrequenC header file */
i nt al pha=0; /* al pha */
float ratio=10. 0; /[* ratio */
fl oat edf; *[ edf */
edf =Tot var EDF(al pha, ratio); [* call function */
i f(nume=-1) /* check for error */
printf("\nError"); /* error nessage */
el se
printf("\neEDF = %", edf); [* display result */

SEE ALSO: Totvar Cal c(), TotvarBias()

REFERENCE: D. A. Howe and C. A. Greenhall, "Total Variance: A Progress
Report on a New Frequency Stability Characterization”, Proc. 29th PTTI
Meeting, Dec. 1997.
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/*****************************************************************************/

/* */
/* Tot var EDF() */
/* */
/* Function to determine the estinmated # of chi-squared degrees of freedom */
/* for the total variance (TOTVAR) of a power |aw noise process. */
/* */
/* Parans: i nt nAl pha = al pha */
/* float fRatio = T/¢ */
/* */
/* Return: float edf = estimated degrees of freedom */
[* or -1 if error */
/* */
/* Notes: (1) This function applies only to -2 >= alpha >= 0 */
/* (WFM F FM and RW FM noi se) */
/* (2) This function applies only for T/¢ >= 2.0 */
/* (3) Tis defined as ¢O * # phase data points */
/* */
/* Reference: D.A Howe and C.A. Geenhall, "Total Variance: A */
/* Progress Report on a New Frequency Stability */
/* Characterization", Proc. 29th PTTI Meeting, */
/* Dec. 2, 1997, (to be published). */
/* */
/* Revision record: */
[* 12/ 06/ 97 Created */
/* 12/ 09/ 97 Added to FrequenC Library */
/* 01/01/98 Changes for MS VC++ conpatibility & warnings */
/* */
/* (c) Copyright 1997-8 Hanmilton Technical Services Al Rights Reserved */
/* */

/*****************************************************************************/

#i ncl ude "frequenc. h"

float _ decl spec(dllexport) FAR PASCAL Totvar EDF(int nAl pha, float fRatio)
{

/1 Local variables

fl oat fEDF;

#if(0) // For testing
TRACE_I NT( nAl pha) ;
TRACE_EXP(f Rati 0);
#endi f

/1 Verify paranmeters
i f(fRatio<2.0)

{

return -1.0; // Error
}
i f(nAl pha<-2 || nAl pha>0)
{

return -1.0; // Error
}
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swi t ch( nAl pha)

{ case O: /1 W FM noi se
f EDF=(fl oat) (1. 500*f Rati 0);
Lreak;
case -1: /1 F FM noi se
f EDF=(fl oat) (1. 16832*fRatio - 0.222);
Lreak;
case -2: /1 RWFM noi se
f EDF=(fl oat) (0. 92715*f Rati o -0. 358);
Lreak;
}

#if(0) // For testing
TRACE_EXP( f EDF) ;
#endi f

return fEDF;
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TIE.C TIErms()

The FrequenC Library

NAME: FUNCTION:
TI Er ns Calc rnms time interval error for phase data
SYNOPSIS:
int TIErns(F_TYPE x[], F_TYPE *TIE, int af)
F TYPE Xx[] Phase data array
x[0] = # data points
x[1] = analysis start point
x[2] = analysis end point
F_TYPE *TIE Pointer to TIE rnms result
int af Aver agi ng factor
RETURN: i nt # non-gap data points processed, or -1 if
error
REMARKS:

Only data points between start and end analysis limts are used.
Enbedded zeros are treated as gaps in phase data.

Must have at least 1 analysis point; this requires at |east 2
adj acent

non- gap phase data points.

EXAMPLE:

#i ncl ude <frequenc. h> /* FrequenC header file */
F_TYPE x[512]; /* phase data array */
F TYPE TIE; [* TIE val ue */
int af=1; /[* avg factor */
int num [* # anal ysis points */
numeTlI Erms(x, &TIE, af); [* call function */
printf("\nTIE rms = %", TIE); [* display TIE rnms */

SEE ALSO: Cal cMTl E()

REFERENCE: S. Bregni, "Clock Stability Characterization and Measurenent
in Tel econmuni cations", | EEE Transacti ons on |Instrunmentati on and
Measurenent, Vol. 46, No. 6, Dec 1997, pp 1284-1294, Eqg. 13.
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/****************************************************************************/

/*

/* TIErms()

/*

/* Function to calc rns tine interval error from phase data

/*

/* Par anet ers: F TYPE fX] = phase data array

/* fX[0] = # data points

/* fX[1] = analysis start

/* fX[2] = analysis end

/* F TYPE *fTIE = pointer to TIE rns

/* int nAF = averagi ng factor

/*

/* Ret ur ns: i nt = # anal ysis points,

/* or -1if error

/*

/* Not e: Enbedded zero value treated as gap in phase data.
/* Must have at least 1 analysis point; this

/* requires at |east 2 adjacent non-gap phase

/* data points.

/*

/* Ref er ence: S. Bregni, "Cock Stability Characterization and
/* Measur enent in Tel ecommuni cations", |EEE

/* Transactions on |Instrumentati on and Measur ement,
[ * Vol . 46, No. 6, Dec 1997, pp 1284-1294, Eq. 13.
/*

/* Revi si on record:

/* 06/ 03/ 98 Creat ed

/*

/* (c) Copyright 1998 Hanilton Technical Services Al Rights Reserved
/*

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

/****************************************************************************/

#i ncl ude "frequenc. h"

int _ decl spec(dllexport) FAR PASCAL TIErns(F_TYPE fX[], F_TYPE *fTIE,

i nt nAF)
{
F _TYPE f Sum=0; /* summing variable to calc TIE */
int i; /* index for summ ng */
i nt nNun¥0; /* # anal ysis points */
for( i = (int)(fX[1]+2); i <= (int)(fX2]+2-nAF); i++)
/* For full analysis limts, index goes from3 to nNum2- nAF */
/* In sunmation, snallest index is 1st data point=3, and */
/* largest index is nNum+2 */
{
i f( (i==fX[1]+2 && fX[i +nAF])
[] (FX[i1] && fXi+nAF])
[| (i==fX[2]+2-nAF && fXi]))
/* skip if any enbedded phase data value is zero */
{
fSum += SQR(fX[i +nAF] - tX[i]);
nNum++;
}
}
i f(NNun»0)
*f Tl E=sqgrt (f Suni nNunj ;
return(nNum ; /* # analysis points */
el se
*f Tl E=0;
return(-1); /* error */
}
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