R 25 p A

5 33 B 11 3] Vol. 33 No. 11
2016 411 H Control Theory & Applications Nov. 2016

DOI: 10.7641/CTA.2016.50863

ST el d /s — SR I A R GE R BT 5 1%

mEET, REE HEH
(FEAHREAER) BAMER, JEat 102249)

FHE: AR SCHE T AR /I — 8t DR =2 o0 43 #T, At Sk S i 3 T8 ABE 2R B AR T i v 3 1 S 28 B R L S S 3 R
TEAEE TS () 3R R GE, HEAT T 3 U /s — e s R ST (R . A e /N — e DU B AN M Rl g Il A, A S
SRV PR 2 1 T 5 R O AL 325 5 22 A AL I A s /N — e UL B2 AT DA o IR T /s - e U PR R A
2 B A (SauS) 3 A7 R AR e N 75 P PRI B 2 1 00 K sl s, LA E AR R 50T 3, TSR B AR . TRIIN, JEd
R 5343 BT 25 BR AR 1) B % TG R NI R R AR O, W DAAS A 5 i — M. 7 B S8 3R W, AR SO T AR S 431
T TE A A AR T T [ SR B VR D AR R SR EAT BB RN, ) T AR Mg R NS SR s, B R AR
e, AT LSRR R T IR R G

FEEA: d/h—3%; IR R4, F R T A

FESHES: TP13 RRFRIRES: A

Qe

Identification of closed-loop system by partial least absolute deviation

XU Bao-chang’, LIN Zhong-hua, XIAO Yu-yue
(Department of Automation, China University of Petroleum (Beijing), Beijing 102249, China)

Abstract: Based on approximate least absolute deviation criterion and principal component analysis, a recursive partial
approximate least absolute deviation (PALAD) identification algorithm is deduced for closed-loop system whose model
order of feedback channel is lower than that of the forward channel and there is no noise in the feedback channel. To
solve the non-differentiable problem of the least absolute deviation, a deterministic derivable function is established to
approximate the absolute value under certain situations in this paper. The proposed method can overcome the disadvantage
of large square residual of least square criterion when the identification data is disturbed by the impulse noise which obeys
symmetrical alpha stable distribution(Sa.S). By adopting principal component analysis to eliminate the linear correlation
among the elements of data vector, the unique solution of model parameters can be easily acquired by the proposed method.
The simulation experiments show that the proposed method can be directly used to identify closed-loop system whose
model order of feedback channel is lower than that of the forward channel. Moreover, the proposed algorithm can restrain
the impact of impulse noise effectively, has strong robustness and can be better applied to closed-loop identification..
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I RGAHR R B ZK . A BEHLG: 5 2 A7)
A0 CH E MR I, B8 T de /N 3R N IR BV E B
R AR R Y T /s e U £ A i /S 3R
% (partial least squares, PLS)/ vz I F T 4t 1+ 4 b
R O ORI R M S A 2 11 SR 3 oy
3T 2B B AR R AR G, R TSR i A/
ZRTTIEAG TS HO DU A AR R 534k, A
¥ fe > 3R U7 ik is T3l REHHR LT
T+ 75014t — b BT e /N TR [l H ki 1 %
I AR R EOHR U7, B SR8 IREUD | TE R
BB RF A5 Antoine S LK MR 5 /N R Uy vE R A T
H 5] V3 4 3)) > 33 45 Y (vector autoregressive moving
average, VARMA)#F R, Jf- 15 5 TP el #Lg Al
T B A B S AT IR AT X L Laur 208142
1 P T PLS ) 42 i) & 1 H [21 5 (autoregress-
ive exogenous, ARX) TR R HHR T %, kBT
B TP RGBSR, B8 75 [EF FIPLS il
IR R G HF R I AE DG 1] . e Ab, 4 BE AL AN
W R IEAS 73 A I, 301 3R G A7 AE T /2 S oS 73 A1 Onf FRex
R 23 A AU 75 pH T B b oR 0 1)1 077 T,
BARAAAEAR N AR R 2 SR BR8N, S HHRZ
PR R (10201 ke gk 2. Mifs/h— e
HEMLR IR ZZ LB A E 9 H ARk 3, T AR ZEAE
—IRTTIE 5, HRREE XTI P I RURS L RIS,
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s /N FAE AN AT Gl sk £, AR 51— AN W] S e
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HARBREY, FELIER BAE S T T ol /N — et U
()b B3 /N — Te PR BA 22 4t 9% 1R 5925 (partial approximate
least absolute deviation, PALAD). A< 3 55y 76 {7 45 B¢
ZIN — e ) SRV AR VR ) R B, B H A ek AeT
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Fig. 1 Model structure of closed-loop system
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lute deviation)
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3.1 EEEJ?‘% 43 M (Principal component analysis)
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J(w) = 7 Infcosh %]. (15)

RAS)H: DA S, AR R L (w) S50
5. AL 05/ B {5, 4F 26 ¥k B #y Infcosh %] ~
|w|, BT (w) = [w], 38T F 2% 15 2 v U] 6 2. Y
n = 0.01, %R BOAT DAR 7 s el 4 x5 18 eR 2. X T
A ARG R IR RS, A T SR PR S R
H AR, SR A 21 6) IR e/ — e R B E A
IR U] B K
k) — T (k)0

J(0) = kilnlncosh[y( ) » I, 6)

AR/, I DI R HRORT DAAR S b3 AL 2 A BR 2
R T AR BB HERE.
3.3 HLHES (Algorithm derivation)
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aJ,

g(m) = Tgwe:@(m—l) =

8Jm—l

e(m)
o0 ‘O:G(m—l) ]

n
om)y 1)
n

— ¢(m) tanh]
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T E
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D' (m—1)B(m — 1) + @(m)e" (m) =
(m— 1P (m— 1)+ @(m)e'(m), (25
b(m—1)
@t (m)
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P(m— 1)@ (m—1) +@(m)@" (m).  (26)

AeDH: @(m) = VAm)e(m), &(m) R/ A(m)
B(m) 1T A, FTER E A AT AT

Hrd(m) =

Ag(m) = _[Hm]flg<m) =
— [F(m — )P (m — 1) + @(m)@"(m)] -
{g(m — 1) — p(m) tanh[e(;’”]}. 7
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HRAE S, AT AT DATE [ ASHE SE AR R B AR TR 17)
TRTEAR AL K HL S i AN LE R 75 I, A R R
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ST 11 17 308 T A AL i 2 HL S T8 3 AN A7 AE e S 4B
PRV IO, A e 7 R S e Mg s S5 AN ] SR TR Mg P -0
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%7 (least absolute deviation, LAD)F1 i £ /)N — 3¢ 5.
% (partial least absolute deviation, PLAD)# {75} Lb.

&P R GEAT 1A EE A
y(k) = —14y(k — 1) — 0.2y(k — 2) +
0.35u(k — 1)+ 0.11u(k — 2) + (k).
SUTHEIE AL
u(k) = 0.2y(k) — 3y(k — 1),

Horb NT A (k) RIMERE . TT N0 = THIRF
LWL 51, W75 7 Ao (k) NBME AR T 2o?
= TAIBEHL A PP 2. R PSR 7 A A UL I 40
AR AL FIMATLAB YRR, &S R G54
H AL TE. N ORUEDT B SIS I AT SE M, R — R
S HHEAT T 100 B HE K BEL = 3000 FE AT
RIS, DAAHN R ZE O RIS ST BEAE VAN AR AE.
7 FLSIZI6 A SR VA M 75 it JE S .S 43 AT 261, et ik

(1 aka e 73, FiES oS 43 A1 IR 2 B R N

1 = (_1)k—1
nx =k
sin(karn/2), 0 < o < 1;

I(ak + 1)|z|=k ...

A D) k%, o NFFIEFEEL, o) BUE BN,
2SS o AT I BEATL AR B R WRAEFE AR R AR (I 26
K, BEATAZ FEAE AR R Rk ek sk A .

Pt SauS 43 An B AL AE & 0] DL I DUR J7 53R
BT BV RAE (7, 5 ) B LB 509 A6 RO B 2
&, WE—MENINTRE M EdL AR &, JEHV
AW AH B AT, T

sin(aV)  cos((1 —a)V)
- (cos V)”O‘( W
MR MFRAES oS53
4.1 §iIEEENAEE A8 A T (Forward channel

with white noise only)

Y HI ) 38 TE A e S TP, PALAD &0
PLS®7% . LADEEFIPLAD S L3R 45 RN R 1 iy
N, Ferf, DEIN NS <5%FT T ERIREAREL, I TR N
VRISAT I R). T 2B R A TR, A SO A )
LADSE R H St BRI SR A 2 S 40l 1A, PLAD
B3R 2 Ay AR S T B R R 1 B — TR R U R 2
T R PRI R A, R PERIRI L TR ER T 1)

)(l—a)/a

fal@) =90 1 = (“1) N FEAR 2 J5 A HERB LT DA, JLA SR S PALADS:
w2 o DGR+ Diala™, FIPLS 514 AR F129, [, (X e AXPALADSE I FIPLS
1<a<?, FREAHE R A R 22 M2k, tn B2 s,
k1 ATeBE A AR F TR PR R
Table 1 The identification results when forward channel is disturbed by white noise only
Ak ax as b1 bo §/%  HEIN  tls
PALAD —1.4384 —0.2125 03499 0.1113  2.3405 405 0.9236
PLS  —1.3832 —0.2068 0.3420 0.1026 1.4875 190 07315
LAD  —1.3324 —1.0767 0.0509 0.1015 63.5722 - 2.5728
PLAD —1.3779 —0.2055 0.3409 0.1017  1.6815 — 2.3763
B —1.4000 —0.2000 03500 0.1100  0.0000 - -
0.40 S TE AN AEAE MR AN, LADSEY: h T s e e
g:z [ FEAEL A R, S EAGTHE AT E, &k
025l FLSEIS () ZHUAL THE AR ZE O HHF R B 22, v
& 60 15 3) FI3 R G R S HUbTHE, Bk, FEA ST
0.15 F - gﬁ;AD HoAth 7 JLS 50 b, A HULAD B I HH R 45 3.
0.10 PALAD $7% . PLADSVEFPLS 534 5EXT iy 7] 18
0.05 N TR ZHOIAT BN, Wk 7 DAMEHHAEIRAE

0.00

L = L 1 1  E—
0 500 1000 1500 2000 2500 3000
k
B 2 AUAAAE S 0 B R 22 2
Fig. 2 Relative error curves when forward channel is

disturbed by white noise only
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R, (HPLADSE AT 8] 235 K T PALAD 557%
1 PLS #yk. 454 K2, PALADH v FIPLS 27 [
HEURE BE RSSO FE 3 AR, (H R —H A LR
2, PLSHE ¥ 09 AH X i 22 1 B 5% 7 1 55
BN BAKTPALAD Sk, Hur & mHiRss g E
. 2% b, TR T B IE AR S U, PLS ¥
BT B/ — R U Y LAD 575 . PALADS 7%
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AMPLAD Sk BA AL R AR TERE.
4.2 H [ 38 38 X AF 7E 2R W e 7S T (Forward
channel with impulse noise only)
84 [ S 7 SR W P TR, 2R I P
LRI AN HAA RGNS 5, REHERRBERES
FIEURN RS, FRRET A EE RS Ao

I3 BT IV RS S U 4 SR B M, AR SC A3 R A
IF) 558 I (1) S D et P i it 2R e, B 23 9 SR F AR R R 2
HNa = 1.5, a = 1.28a = 0.98) 2R 1§ M 7 o 1)1
/N, RS E S I R R A MR 3R
PALADH i PLSHEMIPLAD S B R 45 54
R4, MR th & i 3-5 .

%2 B =1.50F0pHR4

Table 2 The identification results when o« = 1.5

5ok ai as b b 5/%  HEUN /s
PALAD —1.4115 —0.2093 0.3504 0.1134 1.0460 174 0.9242
PLS —1.4153 —0.2119 0.3529 0.1040 1.4033 122 0.7322
PLAD —1.3967 —0.2087 0.3467 0.1097 0.6741 — 2.4815
B  —1.4000 —0.2000 0.3500 0.1100 0.0000 — —
%3 HBa=12018995n4 E
Table 3 The identification results when o« = 1.2
5ok ai as b b 5%  BEUN  tls
PALAD —1.3875 —0.2062 0.3425 0.1061 1.1273 100 0.9301
PLS —1.3821 —0.2057 0.3408 0.1023 1.5322 95 0.7501
PLAD  —1.4038 —0.2092 0.3467 0.1088 0.7198 — 2.5458
HH —1.4000 —0.2000 0.3500 0.1100  0.0000 — —
4 o =091 RE R
Table 4 The identification results when o« = 0.9
8Ok al as by by 5%  SEEUN  t/s
PALAD —1.4206 —0.2145 0.3525 0.1196 1.3156 57 0.8908
PLS —1.3832 —0.2068 0.3420 0.1026 1.3950 88 0.7229
PLAD —1.3900 —0.2073 0.3438 0.1070  0.9690 — 2.7507
B  —1.4000 —0.2000 0.3500 0.1100 0.0000 — —

MF2-4TT DL H, Y HT [ A 52 B I 75
T, PALAD V% . PLS# 1 RIPLAD & i: 45
B RS B, TR S TR P R e 7R R, B
PURE AR AR, Horh, PLADSLIE I3 RS 5 5 v,
(B A2 SR F R R SR R 33 R B AR, A
RERLF FIELRHEN. 59— 7 TH, BE 5 QUG 7 R AiE

SR, PALAD SRR AIPLS B E (A X 15 2 T B4
5% It 7 (2 BOZ W8 2>, PALAD SV 1) ek i 15
2 43%, 75T PLS Hik. * a = 1.5 K, Npapap >
Nprs, PLSFHIRUNSHE FF 15 2% i3 T PALAD S, 24
o = 1.20, Npapap 5 NprsH ZE AN K, PLSH 7% i
SUEFERSTRT PALAD S, Ha=0.98F, Nparap<
Nprs, PLSE VAW SIGHE E B 2K T PALADEL VL. Fifi
T QUG Mg 7 5 PO T, PALADSRLY R AC8i i
WA, JERETEARPLS H.

MEI3-5FT AE ), TEAN[R] 58 SR S LT,
PALAD BE M HF RS FE s T-PLS S, (A = 2,
PLSEIAMIAINT R ZE 26 s S, FHEFa Ll

R R /N, PLSAH X 25 i 28 33k 5h # 21, TTTPALAD
AH 5 22 28 5 T AR, DRI, 7RG s T,
PALADBER A SE BB T S rafdie. 25 T
R, TE A ) 38 T8 A7 AR D Ve S AR 1S LT,
PALADSZHA F i i Hn g 1, I SO
bR, 3 BB o980, PALADS 2 (AL 35 58 i &

e

.

0.40 ¢
035F
0.30
0.25
< 020
0.15 — PALAD
0.10 | - PLS
0.05 FY__
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Fig. 3 Relative error curves when a = 1.5
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Table 5 The identification results when forward channel is disturbed by white noise and impulse noise

Bk ay as b1 ba 51%  BEUN t/s
PALAD —1.4206 —0.2139 0.3525 0.1196 1.8391 62 0.9149
PLS —1.3827 —0.2184 0.3398 0.1005 1.9677 113 0.7357
PLAD —1.3831 —0.2064 0.3426 0.1031 1.4201 — 2.5575
HIH —1.4000 —0.2000 0.3500 0.1100 0.0000 — —
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Fig. 6 Relative error curves when forward channel is

disturbed by white noise and impulse noise
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Fig. 7(a) Relative error curves when o = 1.5
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5 Z5i(Conclusions)
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