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Scaling factor identification based self-tuned feedback neural network
fault-tolerant algorithm design for space robot
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(School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China)

Abstract: A scaling factor identification based self-tuned feedback neural network fault-tolerant algorithm is proposed
for space robot systems with partial loss of actuator effectiveness. Firstly, a conventional neural network control algorithm
is designed for the fault-free system. Then, the real scaling factors are identified by using the scaling factor observer.
Finally, a self-tuned feedback neural network fault-tolerant control algorithm is obtained by combining the above neural
network control algorithm with the identified scaling factors. The stability criteria of observers and controllers are given
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strictly based on Lyapunov function method. Numerical simulation verifies the feasibility of the control method.
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Vito < 0. *ETELyapunovE%ﬁ?iﬁfﬂl,HQWIJ?X)rd
MRZEp; = ps — poRHHEIEEE. O

EHSE— TEE’JIE T RGNS HARE R E
T B B PR T 2 A, AR ST Y Hﬁfﬂl?i)u)”]%ﬁi’]
B S0 S A DR ) A A
24 BRIERIGHEMEREITHE LRI

I I OULI A (51) 15 2 Al T Ee B R S A
LA Sk (18) M &, 15 2] T U i B R IE
SR8 A 4% AR 8 1) R

T=p; 7. (55)

4 S TFHETRGAEG), HETH 1~ e
3, AR AE AR | B2 (55) T AR IE 2R e (¥ 7 B BRER 1% 72
eq —BURAA T, BN RG(S) & — B4t

WERR  i%4% Lyapunov IRECA (23), Bl V;y = V;,
¥ Vi XN IE) 5K 3, W] 43

si (Nibi + fi + 9ibib; ' Tit
g’L(p’L p’L) Tz + h — .Tﬂd) — Hzfmflezf_

cT —1

1)
ezgnzg 911} 7715 - & Ni¢ fz =
Vi + Si 9iDib; Ti <

F |sTgipip; il < Eup, Eip NIEHHL WA
Vip < —kis? + & (57)

Hygb o] 0, HE PR R 2 s, WAL |si] > \/&ir/Ri,
W Vi < 0. 1T BRERRZ ey M s, BB B, MR8
Lyapunov EL# 75 %, BREF IR 7 ey AR 5. O
b AT 0, AR S0 4 ) SR S A T X R 1) 338 4 G
FRE e, M T RGHRAS IR A2 (33) AT ik —
BT T R GRS TR # (49); 2R )5, B iU
A% (49) 7]t — BB TE g PR I # (51); B, K
AT AR B AP DR 7 5 A 1) 2 (18) 2 ol 7 At 2 il 2%

(55), AT RAIE 1 ki 2 G0 PR e, i ) 2 1
116 I E.
3 fiEHEH

N T BSUE 4545 ] (fault-tolerant control, FTC) 4.
% (55) WA 280, X1 7R ()1 T PR EF (n = 2)
Ilﬁﬂi‘ﬂ%ﬁ/\%?ﬁ 43 I E T 5 A5 A g o A X
ATHUE T 3L, R 5E 5 SCR (18] B TH A s il
(computed torque control, CTC) 5Lk i#E(T %] L.
CTC ik MH Rk AN
Tore = Dlda — kuo(q — da) — kp(G — Ga)] + Hq. (58)
Hrbigq = [oq, 014, 02a)" NIHVENIE, Ky, Ak, N IE
T HLEE N RGBS ECh: Bk & 40 kg,
AT 1 FIEEAT 2 1) 5T B 3508 3 kg B B B ol 2
RSO I FE BN 1.5 m, 3B AT 1 FLEFTF 2 K
FE35 9 3 m; BAA 0 B ) 5B N 34 kg-m?, SE T 1A
A2 L E R R 1 kg m?.
FTCHERE RIS HUERCN: A = 102, k; = 28,
nis = 0.002, ;e = 0.004, n;y = 0.000 3, n;, = 0.0005,
Nifo = 0.0003, 7590 = 0.0005, ni50 = 0.04, 1, =
0.03,msp = 0.0002,1;; = 5,12 = 5,115 = 20,1105 =
20. CTC HZEMERIZHON: k, = 4.k, = 6. FIHEHL
N 00q = cos(0.257t) — 1,014 = sin(0.27t), Ooq =
cos(0.27tt).
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3.1 EEERN

5 (AL AR N AE IE B R I8 AT, AT 2% 1 Le gl
KFAp; = 1(i = 0,1,2). Fi B&EF a1 3K 4 Fr
7. B 3 g PR e ) 2 ) 7 B R R 4 X L, 4
B A8 R 0L 00 25 £ 1) 225 R

0.5 —W@BE FIC —cic]
= .
<
£ 05
>
s |
X

-2.5
0 5 10 15 20
t/s
(a) # 14

L.5 - MEPUE — FIC —CIC
o
<
£ 05
N
?E -0.5
K

-1.5 .
0 5 10 15 20
t/s
(b) KITEAT1

1.5 —M%HE _ FTC —CTC
< .
S
=
&
i
W

0 5 10 15 20
t/s

(c) KATEF2
E3 ERRATEPEHIEERGERERE R

1.1 —
— bRl — IR AIE
< 1.0
0.9 s
5 10 15 20
1.1
ilﬂﬂ
0.9 s
0 5 10 15 20
1.1
X 1.0
0.9 - - -
0 5 10 15 20
t/s

El4 EERNTEEHIEFIMFAIRANER

EH P 3 ], 7 OE B R, AR SCHE I FTC 4%
) S5V A STRR [18] ) CTC 42 il S92 35 BE FRAIE BR A 2
BERATIEAE4s W EIA TR A S, i 477
0, AR (51) BETE 1.5 PN SEIU6S B8 L A8 B8 1 FRD R
R .

32 #HBEERER

LA AT 1 RNSEHT 2 FIPAT 8% R A= 543 2%
R, HEGI R 72 308 0.7 0.8 F10.6. )7 H &5 3
WS R 6 fiT . B S R 4 i) R0k 1) o7 1 IR BB
g5 SN LE, 16 DA b A1 R -7 ML 2% 1 14 1 45 R

0.5 [ W% — FTC — CTC
=] N\
£ -05
)
E -1.5}
&
-2.5
0 5 10 15 20
t/s
(a) # &
1.5 —— WL FTC —CIC
< / \
£ 05} \
= ,
§—§ -0.51
K
-1.5 .
0 5 10 15 20
t/s
(b) RITE1
1.5 [ ML FTC — CIC ]
< N -
£
<
&
Eas
K
0 5 10 15 20
t/s
(c) KRITHEF2
Bls SR TR AR B R BTt
0.8 — byl — VU
< 0.7
0.6 *
0 5 10 15 20
0.9
< 0.8ff
0.7 . . *
0 5 10 15 20
0.7
£06/
0.5 . . *
0 5 10 15 20
t/s

El6 #rEtEA L BIEFIMRAIRANER

H P 5 ) 24 22 (R B & A B 3RAT 45 & AR i 0 2k
ROMURR I, 7E AR SCHE K FTC AR AR, #ik 8
AR ATHERTAE 55 P4 B AT HEIK B A7 B 7 0 AR AR L
i i) CTCBLIAAE R, iR Sk b i 5 5 W B A7
FEB/IN I TR 225 T 9% 71 HE AT A A B W] 2 ) ER I R
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FTC 1) 50125 £ 2 4 T 4712k o X0 8 (51) B3R 50 v
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4 & #

SFRPPAT B8 A {2030 43 2k R 1 3 T L
28N, AR SCHET T B R T U A Sz E A9 R T
AT AR, SR U i 2 D 4 o 90 5 01 o L
R ARG 2, A8 T — b R IE SRS 28 X 4 2
P B 7 BG5BT B HE S 10 IE B P A
ol S5 S (T AT M. T8 B SRR E SRR A 2
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Sk A8 DR T ) — B0 SR, AT 925 ML 38 A F
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