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Abstract: Hammerstein models have always been the research focus on control field for their advantages of simple
structures and can reflect typical nonlinear characteristics. This paper mainly studies the identification problems of the
Hammerstein output-error autoregressive systems. The input nonlinear part of the system is described by piecewise-linear
functions and expressed as a parametric linear expression by introducing a switching function and position functions. For
overcoming the interference of colored noise, we derive the filtering identification model of the system through the key item
separation and the data filtering technique. On the basis of this model, the filtering-based forgetting gradient algorithm, the
filtering-based recursive generalized least-squares algorithm and the filtering-based multi-innovation forgetting gradient
algorithm are presented for estimating the unknown parameters. A simulation example is given to test the effectiveness of
the proposed algorithms and demonstrates that the identification performance of the recursive identification algorithms can
be improved effectively through the application of the multi-innovation identification theory.
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Table 1 The F-FG estimates and errors

t al

az

b1

b2 Ao

A1

A2

A3 A4 A5 X6 c1 51%

100 1.02031
500 1.04015
1000 1.06031
3000 0.99574
5000 0.78877

0.94374
0.95407
0.95066
0.95966
0.94479

0.44198
0.37094
0.32684
0.24902
0.18287

0.52829
0.44611
0.38968
0.30345
0.27331

0.35970 0.80454 0.84741 0.67932 0.17031 0.32517 0.5395 0.52286 73.7716
0.33019 0.73054 0.77682 0.65058 0.20721 0.37498 0.5572 0.51458 67.49568
0.30538 0.65706 0.70406 0.63117 0.24671 0.42585 0.57899 0.51097 61.9803
0.22387 0.41702 0.49820 0.57693 0.41028 0.63821 0.67547 0.42213 44.63161
0.16159 0.28656 0.38528 0.54314 0.53108 0.75488 0.73808 0.36632 32.96985

HAH 0.60000 0.83000 —0.16000 0.38000

0.04743 0.11920 0.26894 0.50000 0.73106 0.88080 0.95257 0.73000

k2

F-RGLS A& $ 4kt B % £

Table 2 The F-RGLS estimates and errors

al a9 b1 b2 AO Al

A2

A3 A4 A5 A6 c1 5/%

100 0.58070
500 0.58857
1000 0.63100
3000 0.61499
5000 0.59947

0.72894
0.87739
0.82765
0.82615
0.83443

0.05399
—0.09789
—0.09771
—0.13596
—0.16014

0.21855
0.36185
0.30583
0.34881
0.36153

0.10170
0.01836
0.07464
0.05136
0.04730

0.08353
0.10388
0.11442
0.11086

—0.00455 0.10870 0.53246 0.70665 0.75821 0.93513 0.34029
0.24932 0.47240 0.69959 0.88616 0.88870 0.60847
0.26601 0.49909 0.72659 0.90503 0.96540 0.66429
0.24613 0.50748 0.70844 0.89250 0.95438 0.68010
0.26638 0.50667 0.73228 0.88506 0.95844 0.70268

26.17778
8.30246
6.17389
3.58817
1.72513

HAH 0.60000

0.83000 —0.16000 0.38000 0.04743 0.11920

0.26894 0.50000 0.73106 0.88080 0.95257 0.73000

%3

F-MIFG A ¥ {5 it £ (p = 3,6,9)

Table 3 The F-MIFG estimates and errors (p = 3,6, 9)

t a1 as by bo Ao A1

A2

A3 A4 A5 A6 c1 0/%

100 0.66705 0.96558
500 0.73161 0.89714
1000 0.73803 0.93904
3000 0.63565 0.88681
5000 0.61546 0.85343

0.13031 0.38389 0.30811 0.61877
0.08610 0.36877 0.22546 0.44213
0.03988 0.34559 0.17875 0.32786
—0.0519 0.38742 0.09537 0.15683
—0.09478 0.41494 0.05477 0.10697

0.36657
0.28221
0.21024
0.18027
0.22588

0.80618 0.24900 0.41645 0.57157 0.44697 52.80375
0.72948 0.35565 0.61501 0.64284 0.53029 37.89654
0.68675 0.44444 0.72333 0.70909 0.49425 30.20239
0.58032 0.58525 0.86932 0.82535 0.50057 16.99842
0.53644 0.67711 0.87764 0.8599 0.61539 8.92185

100 0.72302 0.81047
500 0.80715 0.80727
1000 0.71367 0.86510
3000 0.63638 0.86218
5000 0.60705 0.83697

0.21307 0.16585 0.25748 0.36881
0.14730 0.24544 0.16410 0.23719
0.08048 0.26296 0.13292 0.19310
—0.06901 0.36619 0.05798 0.12224
—0.12012 0.40732 0.03654 0.09998

—0.02955 0.87545 0.56555 0.62017 0.69200 0.41089 43.14821

0.06360
0.07312
0.17828
0.25546

0.72963 0.59047 0.80341 0.77581 0.54770 29.25119
0.66402 0.63283 0.85393 0.82541 0.47572 24.32420
0.53655 0.66183 0.89726 0.90143 0.54016 12.20977
0.51015 0.72656 0.86921 0.91514 0.68459 3.98027

100 0.72130 0.69846 0.22677 0.07596 0.26470 0.29804
500 0.83293 0.77564 0.13303 0.19605 0.15744 0.18382
1000 0.69388 0.83539 0.05626 0.24212 0.13358 0.16209
3000 0.62603 0.85088 —0.10558 0.35998 0.05900 0.12320

5000 0.60593 0.82970 —0.13979 0.39514 0.04596 0.10867

—0.02405 0.79069 0.67146 0.71037 0.76969 0.39532 40.35586

0.14030
0.14372
0.21312
0.27539

0.66000 0.64537 0.87276 0.8419 0.53542 26.07243
0.60806 0.68464 0.89682 0.88297 0.47931 20.51625
0.52154 0.69446 0.90979 0.93566 0.58764 8.47415
0.51218 0.74631 0.87243 0.94106 0.72242 1.84622

0.60000 0.83000 —0.16000 0.38000 0.04743 0.11920

0.26894

0.50000 0.73106 0.88080 0.95257 0.73000
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