Hadamard edf al gorithm

C. Greenhall, May 1999
This algorithm computes the equivalent degrees of freedom
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for the unbiased fully overlapped estimator

N-3m

Z [AZ, X(NT0)]?

6(mr )2 (N 3m) <

of Hadamard variancef (mro) from N sampled time residuaignzo). In general, it is assumed that
X(t) is a process with stationary, Gaussiarganzerothird differences; in particular, the
computation is carried out for pure, unfiltered power-law noB€s) « v#, g = -2,-3,-4,-5,-6.
We do not treat the situatigh > -1 (flicker PM, white PM), where a high-frequency cutoff has to
be taken into account.

Declarations

1. Given a noise model of white FM through random run FM for time residk(@)stake the
(unscaled) generalized autocovariance funcRe(t) and coefficientso, a; from the following
table. For the flicker models, note tHat(0) must evaluate to O.

Noise S u Rx(t) ao ai

WHFM -2 -1 —|t| 79  1/2
FLFM -3 0 t?Injtf 1.00 0.62
RWFM -4 1 t? 31/30 17/28
FWFM -5 2 -t%Int|] 1.06 0.53
RRFM -6 3 -t 1.30 0.54
2. Define the function

r(t) = —9R«(t)
= 20R(t) — 15R(t + 1) — 15R(t — 1) + BRy(t + 2) + BR(t — 2) — Re(t + 3) — Ry(t — 3).

[This is the autocovariance function of the stationary proegsgt).]
3. Define the function

min(M,3m) .
edfinv_{m M) = 2(0)[2(0)+2 Z (1——) (JW)J # (edfinv-t)

wherem, M are positive integers. [This is a truncated version of the exact expression for 1/edf, in
which the summation index goesitb(OK, M — 1).]
4. Define the function

edfinv_qp) = (a —%)

for positive reabp. [This is an upper bound for the limit of 1/edf as— o, M/m - p, provided that
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p > 3. The sum tends to an integral.]

5. Define a constanlyax, the maximum number of terms that you will tolerate ref: edfinv-j ).
Suggestmax = 100.

Inputs

N = number of time residual samples
m = averaging time / sample period
Assume 81 < N

Output

edf =equivalent degrees of freedom of fully overlapped Hadamard variance estimate

Procedure

M=N-3m

J = min(M, 3m)

p = M/m{[floating divide]

If J < Jmaxthen
[Small number of terms; compute the sum]
edfinv = edfinv_tim M)

ElseifM > 3mthen
[mlarge,p > 3, so use limiting form]
edfinv = edfinv_qp)

Else
[M andmlarge,p < 3, so use sum with smaller proportiomalM]
m’ = nearest integer tdmax/p
edfinv = edfinv_t{m’, Jmax)

Endif

edf = 1/edfinv
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