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Abstract

Four methods of identification of nonminimum phase
systems with finite impulse response are compared in this
project.

Via Monte Carlo simulation, the following four methods
are compared:
(1) GM+T method - Giannakis and Mendel
(2) Bicepstrum method - Pan and Nikias
(3) MU method - Matsuoka and Ulrych
(4) RG method - Rangoussi and Giannakis

Different zero locations, noise types, signal-to-noise
ratios and data lengths, resulted in 48 cases. Zeros move-
close to the unit circle with one located inside it and the
other one located outside it. Additive noise is Gaussian,
white or colored. Signals are non-Gaussian distributed.

The simulation study suggests that estimation of the
IR coefficients, the bicepstrum method is the preferred
method. GM+T method shows very good stability at estimating
the magnitude of IR coefficients. Both MU and RG methods are
stable at estimating the phase of IR coefficients, but poor
at estimating the magnitude.
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L. Programn analysis of the four methods

Those programs used for GM+T, bicepstrum and MU algo-
rithms are functions in the United Signals & Systems,Inc.'s
Hi-Spec Computer Software . RG method's program is supplied
by Dr. Giannakis.

The program, arma_syn, used for generating MA model
non-Gaussian, non-linear phase signals and generating the
white or colored Gaunssian noise is one of Hi-spec's func-
tion also.

arma_syn
I
I -|
| N
rpiid filter
I
rand
( random number ( ARMA data
generator ) generator )

This program has the capability to generate AR, MA,
ARMA, and white or colored Gaussian data by inputing correct
parameters. The input data table will be described in the

next section.

A. GM+T method

After data for each testing case have been generat-
ed, we call ma_est to estimate the impulse response and its

magnitude and phase for each case.

ma_est

cum_est

cum2_est cum3_est cum4_est

compute
magnitude & phase



B. Bicepstrum method
After data for each testing case have been
generated, we call biceps to estimate the impulse response
and then compute the magnitude and phase for each case.
biceps

cum est

cum2_est cum3_est cum4_est

compute
magnitude & phase

C. MU method

After data for each testing case have been
generated, we call matul to estimate the impulse response
and then compute the magnitude and phase for each case.

matul
I
_______________ I
bispec_a flipud
I I
I
compute
magnitude &
phase



D. RG method

After data for each testing case have been generat-
ed, we call Dr. Giannakis's program -- rg to estimate im-
pulse response and compute its magnitude and phase for each
case.

rg

c3est cum3f zeropad crcshift mu bril magncov phasecov jacfftl

ce crecshift make delta

compute
magnitude &
phase



II. Simulations

A. Input cases

For each of the four methods, we have the follow-
ing parameters :

(1) data length - 2 lengths: 128x4 and 128x8

(2) zeros locations - 4 locations: non-minimum phase MA
system with two zeros located at
(0.8,1.25), (0.9,1.11),
(0.94,1.063) and (0.98,1.0204).

(3) snr - 3 levels: 20db, 5db and noiseless.

(4) noise - 2 types: white and colored Gaussian
distributed.

Total number of cases is 48. That means that each
method has been tested by 48 different conditions. Each case
has 30 times Monte Carlo simulations. So, total number of
simulations for each method is 1440.
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C. Output figures and data

For figures, see Appendix, pages 14-61. MSE's of impu}se
response for each method and each case are listed below.

Table 1. Mean and std. of MSE's of IR for GM+T method

S e s ot = e et e e s —
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0.1012 5 0.0754 o9 0.0647 13 0.0705 17 0.0508 21 0.0408
0.0007 0.0006 0.0003 0.0002 0.0003 0.0004

=

2 0.0612 6 0.0690 10 0.0606 14 0.0662 18 0.0510 22 0.0381
0.0002 0.0004 0.0003 0.0003 0.0004 0.0003

3 0.0784 7 0.0571 11 0.0671 15 0.0612 19 0.0647 23 0.0416
0.0004 0.0004 0.0004 0.0002 0.0004 0.0003

4 0.0804 8 0.0512 12 0.0642 16 0.0412 20 0.0547 24 0.0395
0.0004 0.0004 0.0003 0.0003 0.0004 0.0001

25 0.0419 29 0.0311 33 0.0508 37 0.0279 41 0.0410 45 0.0271
0.0003 0.0001 0.0003 0.0003 0.0003 0.0002

26 0.0507 30 0.0328 34 0,.0443 38 0.0413 42 0.0388 46 0.0272
0.0004 0.0002 0.0003 0.0003 0.0004 - 0.0003

27 0.0489 31 0.0390 35 0.0478 39 0.0514 43 0.0392 47 0.0283
0.0001 0.0002 0.0004 0.0004 0.0003 0.0002

28 0.0531 32 0.0320 36 0.0508 40 0.0435 44 0.0256 48 0.0341
0.0002 0.0004 0.0002 0.0003 0.0003 0.0003




Table 2. Mean and std. of MSE's for bicepstrum method.
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Table 3. Mean and std. of MSE's for MU method.
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Table 4. Mean ans std. of MSE's for RG method.
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III. Discussion

If we say "good" or "better" that means the mean of
MSE decreased and the standard deviation of MSE also
decreases. If we just say "more stable" that only means

the standard deviation decreases.

A. Compare output by data length

As data length increased from 128x4 to 128x8, some
results get better at the cost of more computing time.

IR coef. magnitude phase
GM+T | better a few better a few better
Biceps better better better
MU some better better better
RG some better some better some better

B. Compare output by zero's location

When zeros are getting closer to the unit circle at

locations (0.8, 1.25), (0.9,1.11), (0.94, 1.063) and
(0.98, 1.020), the results are confused. Part of the 48

cases get better; however, some of them get worse.

IR coef. magnitude phase
GM+T some better some better some better
Biceps worse some better worse
MU some better some better some better
RG some better some better some better

10



C. Compare output by snr

As snr increases from 5db, then 20db to noiseless ,
almost all cases get better except for very few cases of MU
and RG methods.

IR coef. magnitude phase
GM+T better better better
Biceps better better better
MU a few worse a few worse a few worse
RG better a few worse a few worse

D. Compare output by noise type

When noise distribution changes from white to colored
Gaussian, GM+T and MU keep getting better but biceps and
RG do not improve significantely.

IR coef. magnitude phase
GM+T better better better
Biceps some better some better better
MU better better better
RG some better some better some better

11



IV. Conclusions

(1) In general, bicepstrum method shows very good perfor-
mance for all cases,i.e. the lowest MSE and the smallest
std. of MSE. But its magnitude estimates are not so stable
as GM+T's, and its phase estimates are not as stable as RG.
Which method is more suitable for your problem seem to
depend on which factor, IR stability, magnitude or phase,
concerns you the most.

(2) From the previous section, we can have a simple
conclusion about the influence of data length. Bicepstrum
and MU methods are more sensitive than GM+T and RG. The
longer the data length is, the better the estimates in
bicepstrum and MU methods. If computing time is important ,
GM+T and RG provides quick solution .

(3) Zeros location is an interesting question. Once I
guessed that the results will be getting worse as zeros move
toward the unit circle. After all data have been simulated,
the results are so confusing that we can not have any con-
clusion on this variable. Only bicepstrum shows slight trend
of getting worse when zeros more towards the unit circle.

(4) When snr increases, results should be better, just
GM+T and biceps improve for all cases. RG and MU have some
exceptions.

(5) As noise type changed from white to colored Gaussian,
by our knowledge about the high-order spectrum, results will
get better. GM+T, bicepstrum and MU have this property. RG's
results has some exceptions about this.

If one or more of these parameters, data length(or
computing time), snr and noise type, are important,we sug-
gest that you check the characterictics of each method
before solving your problem.

12
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