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Abstract: In this paper, a double quadratic optimal functional solution model based on neural network two-stage su-
perposition optimization is proposed to solve the optimal control problem in non-linear manipulator systems where it is
difficult to balance the control energy and the proportion of control errors. In the non-linear manipulator control system,
the comprehensive optimal control is realized, which uses little control energy to keep the smaller control error. In the
model proposed in this paper,firstly, a linear error function is designed to act on the non-linear governing equation, and the
uncertainties in the non-linear governing equation are approximated by radial basis function(RBF) network adaptively to
form a closed-loop feedback system to realize the optimal control of the non-linear system. Secondly, the parameters to be
solved are combined into the solution domain of the bi-quadratic functional, and a new type of recursive neural network is
designed to solve the bi-quadratic model with constraints, so as to realize the fast convergence and obtain the solution of
the model. The results of theoretical analysis and numerical simulation show that the proposed model can effectively im-
prove the control accuracy, stability, robustness and self-adaptability of the non-linear system, thus realizing the integrated
optimal control of the non-linear system.
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Fig. 1 Multi-joint robotic arm system
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S W B PR RIS 2180 71 2 T RE )
A, Hiida TP

W E10FT 71 A f () BR B S RBF E 36 ¥ 38 35 f (q),
FUrh 2 o N IE T RCR RAF. s K 9 M 10 FRHIR
P B& #U9 Gaussion B EUFTRBFIM 25 50f 41 2 1 bR 2
AR B G MOE TR, AT H s i 2
2 RIFHNZAGREJ1, SEHRE AR AT P RA B 1) H
ERGELT, ARG RS RN, B L A&
.

AN LT3, 0T 308 BUAS [ £ 8l e B e it L
)47 HRI A S (] P 1 O v 0 T 1P e, 3Rk B R
Sigmoid % %1 « Tan-Sigmoid % %1 /% Gaussian & FT 1% 11
HH 9 il 2400 it 2 W], SR FH Gaussian bR 207 K&
& 2 TR B BUIRBE I 2% H AW SIGE IR Ra e 1k
4 ME—IEIT To R MBS, P ASEI s 2
SR R B AR M SR

70 T T T T T I T

60 g
50 g
_ 40 g
= 30t .

20 F
10
0 1 1 1 1 1 1 1

40 T T T T T T T
20+ e
0 z" 7
Sy o s
20 - J
740 - =

1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40

t/s
(b) FKH2MFEHIFAN

BN SHVESPIPIES UL TN
Fig. 9 Kinetic control input for link 1 and link 2



56 B of w5 N M 37 %
sl = T ° ° ° ° | o TR R R (O REFRARZ BR SR BRI SR i,
E sl | EHLr = 0.8, i B ANT x 1078 s, Moj‘jﬁk*ﬂaﬁ)\’
= : ™
2 ol ] o = [—27.930 — 3.675]T
2 wf o i P12, FeHcff e BB TP R, %
%?? — RBFHERSEIES(q) VIE T FTR 0537 B 5 VA 248 I 4 SR AR R REAE SR
= e R B 7 v 1) A L A R R SR

" 1377, % TUEUE 7 A BRI 18] T Faw, JLAUE 0

Bl 10 f(q)#REF X RBFHI&RLEIT
.10 f(q) tracking and RBF adaptive approximation

el
Ga

200
150
100
50 ry

f(q), LonSig-BP
FERCE T f(q)

t/s
-——LonSig-BP H&ERI&E T f(q)

(@) f(q)MHLonSig-BPHi&MNIEIL f(q)

—J(@

200 T T T T T T T
150 Mot _
100 |- RBFigEir  \ b

50 I T I o L 07

iRy (LY
0 1 ki L L AN

0 5 10 15 20 25 30 35 40
t/s
— f(@) -—-— LonSig-BP [ i&Mi&ET f(q)
RBF H & MNIELT f(q)

(b) f(q)XHLonSig-BPIEIT 5RBFI&EIT f(q)%f Lk

f(q), LonSig-BPigil
5RBFI&EIL f(q)*t Lk

BS 200
éﬁ‘; 150
m.“
S 100
BB 5
<H |
ﬁﬂj 0
t/s
—f(@)  -——TanSig-BPHI&MIEIT f(q)
(¢) f(q)MFTanSig-BP HENIEILL f(q)

B3
?3 7 200 : . : . T .
QS 150 BefE i
cof‘ﬁ h s
‘7’\;@4 100 |- e RBFEIL 1y,
ém 0 1 1 | v 1 1 1 ¥
Sk 0 5 10 15 20 25 30 35 40
=

t/s
— f(q) -—-— TanSig-BP H & Mi&EIE f(q)
RBF F3&EMEIT f(q)

(d) f(q) M HTanSig-BPiEIIL 5RBFI&EIL f (¢) %L

Bl 11 T Sigmoid& %L, Tan-Sigmoid 2% & Gaussian 5%
FUERLEIT f () BERXT L

Fig. 11 Comparison of the effect of adaptive approximation of
f(q) based on Sigmoid function, Tan-Sigmoid function

and Gaussian function

Him oy
Tr =
[0.3342 —0.6164 63.810 6.735 —2.992 0.6496]"

100 T T T T T T
80 ST 4
T sk
= 60 - g ]
ﬁ // T ] 2B
= 40F /7 LY i
o iy
v L
R 20t ]
4 /
E=S 0 L;} i
i
i
20 F 4
—40 1 1 1 1 1 1 %107
0 1 2 3 4 5 6 7
t/s

12 MR A2 RPIRAS T3 2 S S 1)

Fig. 12 Di-quadratic functional state equation p convergence

time
70 T T T T T T
60 - pra ]
50k o7 KRR KA

3302063332504 T T 1 1

= - 7/ oasnosasen + osiesmnen o7 A
& 0 l‘/ 0334206332594 |; - -06163672326204 | / -
£ 30/ N ‘ / -
:%Qi \ '/' 033420633325938 [~ N\ - -0.6163672326206 r —
=
%
S
X
I P
-10F - _
-20 ¥ .
-30 1 1 1 1 1 1 x10
0 1 2 3 4 5 6 7
t/s
- KWLM EREE - RATT R B
— ST LT AT b R 4L — == T2 00 R
- RAT2AEE I B A - SRAT2H0HER] B R H

K13 IR REZ R S R bR €, u, A
Fig. 13 Di-quadratic performance functional indicators output

€, U, A

gk L Rfs: RS
S EE DN

Fa)H e R R ZE AR AL



1

PR FAL: AU AR A 1] 2 PR Ao 22 P 2% XL — 2 Ry e el 57
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