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Recursive extended least squares identification

method based on auxiliary models

WANG Dong-qing
(College of Automation Engineering, Qingdao University, Qingdao Shandong 266071, China)

Abstract: For output error moving average systems with colored noises (OEMA model), this paper combines the
auxiliary model and the recursive extended least squares algorithm to present the auxiliary model based recursive extended
least squares (AMRELS) algorithm. In this approach, we replace the unknown true outputs in the information vector with
the outputs of the auxiliary model, and replace the immeasurable noise terms in the information vector with the estimated
residuals. To demonstrate the advantage of the proposed algorithm, this paper gives the recursive extended least squares
algorithm through model transformation. The analysis and simulation results indicate that the AMRELS algorithm is
simple in principle, with less computational burden, capable of generating more accurate parameter estimates and can be
implemented on-line.
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1 5|E (Introduction)

R8N H R 2 M B B R e i Bl P AR
7TY(OEMA: output error moving average model) ] 24
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PLA(z), i8R 41 ARMA XA Y :
A(2)y(t) = B(2)u(t) + A(z)D(2)v(t).  (2)
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Fig. 1 The stochastic systems with auxiliary models
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4 B HH (Comparison)

HRLAE B RELSHTAMRELS 8V () 11 5L /. %1
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Table 1 Comparison of computational efficiency

ok ek H IR EL
RELS*  2(n+nq)?+4(n4+na) 2(n+nq)>+3(n+nq)
[880] [860]
AMRELS 2n2+4n—|—na +ny 2n2+3n—|—na +np—1
[520] [504]

KIXEAL GV E D (2) S TR
5 {jj &E4F (Example)

F R8N A HX G
y(t) = fﬁj;u(t) T D()lt),

A(z) =1+ a1zt Fasr? =
1—1.602"" 4 0.80272,

B(z) = biz7 ' +byz7? = 0.4027" — 0.30272,

D(z)=1+dz ' =1+0.2027",

0=

T
a/laa/Qabl,bQ;dl} -

[—1.60,0.80,0.40, —0.30, 0.20] .

D7 FLF, N {w(t) R H 848 0107 2 A
AH 2C T I BE AL F1, {v(t) )R Z A T 2 Ko
(1) BE AL 1 e 75 7 410, 23 0] FIRELSAIAMRELS . %
KAl XA RGNS H, A R T 22 S8l
T B A% R 5 22 40 Sl i 2~ RS T OR, S Al oh
WIS = ||0(t) — 0||/]|6]|W o K AR A it 2%
K2, E3FTR, b He? = 0.10% flo? = 0.502 i,
RGMEAE EL Y 0, = 14.64% F6,,, = 73.20%.
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1) BEE % KRN, RELSFIAMRELSH.1:%
b TR ZE SR G AA R

2) WA LLEOR, SHUhTHR ZE R, S HU IR
SR B PR A B

3) FEAH R B K N, AMRELS S i (1) 2 5l
THREE — M EERELS S0k, 2 D2, 1813, mI e i
PR 20 i A AR e, RELS VAN S H B 2
Z .

4) 5#HHBox-Jenkins 5 4L R ) LI Bz /s
IS E—FEIOL WA L /NN T A R )

M.

&2 RELSHE#HARLIR Z(0? = 0.10%)
Table 2 The RELS estimates and errors (o2 = 0.10%)

t al as b1 bQ d1 5/%

100 —1.56681 0.76577 0.39449 —0.30891 0.21023 2.66971
200 —1.63611 0.81350 0.38903 —0.32599 0.36752 9.32450
500 —1.63380 0.81706 0.39164 —0.30705 0.35989 8.81487
1000 —1.59181 0.79559 0.39592 —0.29422 0.32273 6.59929
2000 —1.59797 0.79674 0.39858 —0.29750 0.30084 5.40405
3000 —1.60426 0.80263 0.39977 —0.29948 0.27698 4.12973

HA{H —1.60000 0.80000 0.40000 —0.30000 0.20000

A3 RELSHEH AR £(0? = 0.50%)
Table 3 The RELS estimates and errors (02 = 0.50?)

t al az b1 ba di 6/%

100 —0.45786 0.00217 0.40151 0.09644 0.30613 77.74504
200 —0.57416 0.08700 0.36921 0.06942 0.46750 71.20891
500 —0.85803 0.27860 0.35685 —0.00550 0.47860 53.22254
1000 —1.28216 0.54625 0.39543 —0.17326 0.41386 25.51653
2000 —1.53830 0.72332 0.40158 —0.28022 0.35042 9.68050
3000 —1.62272 0.80319 0.40356 —0.31043 0.31340 6.22103

HA{H —1.60000 0.80000 0.40000 —0.30000 0.20000

& 4 AMRELSfE# A L% £ (02 = 0.10%)
Table 4 AMRELS estimates and errors(c? =0.10?)

t al az b1 bz d1 6/%

100 —1.54836 0.76767 0.40202 —0.28806 0.42558 12.52456
200 —1.62627 0.82186 0.39740 —0.31898 0.41785 11.84814
500 —1.63915 0.82450 0.39761 —0.31222 0.30651 6.24981
1000 —1.58996 0.79122 0.39923 —0.29668 0.26810 3.71881
2000 —1.60280 0.80078 0.40013 —0.30295 0.22395 1.30120
3000 —1.60560 0.80265 0.40061 —0.30301 0.21119 0.70424

HAH —1.60000 0.80000 0.40000 —0.30000 0.20000

&5 AMRELSAE AR £ (02 = 0.502)
Table 5 AMRELS estimates and errors (o2 = 0.50?)

t a1 as b1 ba d1 5/%

100 —0.62579 0.20720 0.38165 0.00737 0.29731 63.44392
200 —0.73906 0.17427 0.37743 0.01247 0.46954 61.11543
500 —1.29280 0.51544 0.36178 —0.17115 0.46097 27.37347
1000 —1.58453 0.78885 0.39783 —0.28652 0.37205 9.29475
2000 —1.59308 0.79525 0.40342 —0.30140 0.28290 4.46472
3000 —1.61886 0.81014 0.40479 —0.30920 0.25377 3.14756

FL{H —1.60000 0.80000 0.40000 —0.30000 0.20000
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Fig. 2 The estimation errors versus ¢ (02 = 0.102)
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Fig. 3 The estimation errors versus ¢ (02 = 0.502)

6 4515 (Conclusions)
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