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Comparisons of bias compensation methods and other identification

approaches for Box-Jenkins models
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Abstract: For Box-Jenkins systems with correlated noises, a bias compensation least squares (BCLS) identification method
is proposed by means of the bias compensation principle. The analysis is then given to show that the BCLS algorithm can
give the unbiased estimates of the system model parameters. Finally, the advantages of the proposed BCLS algorithm over
the recursive extended least squares algorithm and recursive generalized extended least squares algorithm are shown by

using simulation tests.
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Fig. 1 Estimation errors A, v.s. t (62 = 0.50%)
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Table 1 Parameter estimates(o2 = 0.502)

RELSfh

al az b1

b & A% A%

100 -1.59102 0.80321 0.46724
200 -1.61501 0.81979 0.47046
300 -1.62318 0.82765 0.43080
500 -1.60509 0.81037 0.41826
1000 -1.60602 0.80660 0.40873
1500 -1.60985 0.80818  0.40804
2000 -1.59552 0.79678 0.41814
2500 -1.59317 0.79298 0.41514
3000 -1.59435 0.79450 0.41222

0.38467 -0.56153  6.22694 5.05868
0.27657 -0.57676  4.84224 3.83105
0.26047 -0.63869 3.21763 3.40176
0.29371 -0.68871 2.67781 1.08284
0.31304 -0.66793  1.51275 0.55519
0.29865 —0.66947 1.72644  0.90964
0.30074 -0.64410 0.62873 0.62734
0.29799 -0.66203 1.35586  0.80933
0.29372  -0.65939 1.31657 0.92380

H  -1.60000 0.80000 0.41200

0.30900 —0.64000

N
t
al az b1 ba di A/% As/%
100 —-1.49407 0.71224 0.47554 0.40736 — — 9.70469
200 -1.50853 0.71936 0.44702 0.31917 — — 6.83724
300 -1.49934 0.71189  0.40558  0.32766 — —  7.26416
500 -1.48568 0.70161 0.39597 0.36610 — — 8.70636
1000 -1.48560 0.70037 0.40324  0.37585 — — 8.91806
1500 -1.49137 0.70421 0.39934  0.35454 — — 8.18438
2000 -1.47918 0.69278 0.40732 0.34838 — — 8.93509
2500 —-1.47294 0.68582 0.40962  0.34827 — — 9.41708
3000 -1.47220 0.68542 0.40558  0.34489 — — 9.42632
BCLSHiit
t

al az b1 ba di A/% As/%
100 —-1.51138 0.65499 0.44903 0.38333 — — 10.16094
200 -1.80316 1.04112 0.48768 0.22307 — —-  18.019%4
300 -1.71156  0.91236  0.41904  0.25227 — — 9.04290
500 -1.56473 0.72414 0.38740  0.32559 — —  4.76868
1000  -1.60505 0.78866 0.40328  0.32556 — — 1.20652
1500 -1.62483 0.82112 0.40485 0.30311 — — 1.82036
2000 -1.61999 0.81695 0.41329 0.29301 — — 1.65070
2500 -1.60100 0.78293 0.41448 0.29829 — — 1.09204
3000 -1.59565 0.77282  0.40993  0.29826 — — 1.59101

HfH -1.60000 0.80000 0.41200  0.30900

#l 2 5 EEBox-JenkinsH T F 1A I EL X 4.

A =B)utt) elt), elt)= 5010

A(z)=14a12 ' a2 2 =1-1.602"140.80272,
(2) = bz #1272 = 0412271 +0.309272,
Cz)=14c¢z7' =1+0.80z71,
(2)

e=[0%,011", 0,=[c1,d1]T=[0.80, —0.64]T,
0 = [a1, az, by, bo)T = [~1.60,0.80,0.412,0.309]T.

5 B4 R B 1, M s 7 22 R A5 LE 2 ) A o2 =
0.40%H1 A, = 21.06%. FILS,BCLS,REGLSH 124
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A THRZE A B3R
21X MBox-jenkinsti & 1k gl — AN 1 L 1)
ARMAXR AL
A(z)y(t) =
B()u(t) + (14 fiz L+ for 24 +
frp 27" (1),
AN, = 1,2,3,- - i, AARELSEVEAG
St RAS R S H, ny = 2FIng = AR IRELSA 1
W FR2T 7R, REBBSHAL TR ZEA MW
Kl4FT R Ch T Hh e, B4 4 ) T RGELSAt i+
w2 k).
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Fig.3 Estimation errors A, v.s. t (02 = 0.40?)
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Table 2 Parameter estimates (02 = 0.402)

0.6

0.5¢

0.4

0.2

0.1

RELS(n,=2)

0 1
0 500

1 1
1000 1500
t

2000 2500 3000

K4 2 ABERIR N IIZ (02 = 0.40%)

Fig. 4 Estimation errors A, v.s. t (62 = 0.40%)

. RGELSfh it
al az b1 ba C1 di A/% As/%
100 —1.58135 0.78024 0.37289 0.41573 0.57843 -0.30106 19.83517  6.27837
200 -1.55382 0.75722 037702 0.42227 0.79784 -0.18851 22.16763  7.21053
300 —1.57282 0.77579 0.39045 0.38830 0.77593 -0.31262 16.01790  4.82819
500 -1.57735 0.78574 0.40593 0.36062 0.77192 -0.39767 11.80625  3.14063
1000 -1.57220 0.77538 0.41075 0.35350 0.76227 —0.48321 8.06525  3.11424
1500 -1.57785 0.78236 0.42242 0.33039 0.77309 —0.49379  7.20972  1.98681
2000 —1.58229 0.78247 0.41708 0.32390 0.77411 -0.51779  6.04061 1.58315
2500 -1.58391 0.78427 0.41875 0.31987 0.77681 -0.52993  5.43233  1.39050
3000 -1.58771 0.78743 0.42057 0.31820 0.77940 -0.54288  4.78163  1.16080
HfE -1.60000 0.80000 0.41200 0.30900 0.80000 —0.64000
: BCLS
ai az b1 b C1 di A/% As/%
100  -1.39726 0.52754 0.33093 0.42137 — — —  19.70426
200 -1.26872 0.34661 0.26704 0.48878 — — — 3261647
300 —1.45679 0.58949 0.35412  0.40299 — — — 1490717
500 -1.56808 0.75947 0.38165 0.34776 — — —  3.83065
1000 -1.57641 0.76919 0.42153 0.31981 — — — 222342
2000 -1.58763 0.78473 0.40107 0.32223 — — — 140172
2500 —1.60052 0.80419 0.40798 0.31033 — — —  0.32140
3000 -1.59377 0.79309 0.40806 0.31338 — — —  0.59174
; RELSit(n; = 2)
al az bl b2 C1 d1 A/% As/%
100 —1.58135 0.78024 0.37289 0.41573 — — — 1171162
200 -1.55382 0.75722 0.37702 0.42227 — — —  12.96340
300 -1.57282 0.77579 0.39045 0.38830 — — —  7.49283
500 -1.57735 0.78574 0.40593  0.36062 — — —  5.49604
1000 -1.57220 0.77538 0.41075 0.35350 — — —  6.00859
1500 -1.57785 0.78236  0.42242  0.33039 — — —  5.54747
2000 —1.58229 0.78247 0.41708 0.32390 — — — 596691
2500 —1.58391 0.78427 0.41875 0.31987 — — —  5.46609
3000 -1.58771 0.78743 0.42057 0.31820 — — — 534658
. RELSAith(ny = 4)
al az b1 ba C1 di A/% As/%
100 -1.58135 0.78024 0.37289 0.41573 — — — 17.49829
200 -1.55382 0.75722 037702 0.42227 — — — 12.47755
300  -1.57282 0.77579 0.39045 0.38830 — — —  6.68428
500 -1.57735 0.78574 0.40593  0.36062 — — —  3.47739
1000 -1.57220 0.77538 0.41075 0.35350 — — — 331167
1500 -1.57785 0.78236 0.42242  0.33039 — — —  2.13765
2000 —1.58229 0.78247 0.41708 0.32390 — — — 1.87355
2500 —1.58391 0.78427 0.41875 0.31987 — — — 150978
3000 -1.58771 0.78743 0.42057 0.31820 — — —  1.23031
HAE -1.60000 0.80000 0.41200 0.30900
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