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Abstract

A quantitative feedback control method based on super-twisting algorithm is proposed aiming at
the trajectory tracking of image visual servo mobile robot with external disturbance and quantita-
tive feedback. Firstly, based on super-twisting sliding mode control plan, the disturbance term is
put into the high-order derivative of sliding mode to reduce the chattering in sliding mode control;
Secondly, the limit of quantization errors are put into sliding mode switching function to suppress
the influence of quantization on system stability; it is proved by Lyapunov function that the system
can converge to a small region related to quantization parameters in finite time. Finally, by dy-
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namically adjusting quantization parameters, the system can finally converge to zero. The effec-
tiveness of the control plan is verified by simulation results.
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Figure 2. Quantitative feedback visual servo closed-loop system

E 2. BURIROEERTT RS

= ux round i] 9
q(s) X roun [,U 9)
u>0 NEWZEL, round ()RR BUEIZE, BHIREN
q(s)—s:eqS (10)
HH(10) A %0
_ _J<H
feul =la(s)=s[ <3 (1)

FI1E 2 T R B R A, ()ETH
§ =k g () sign(q(s)) [/ sign (g (s))dz+d (1 (12)
BRI RS R e R
pggﬁ=kw+4igkAi+Mispﬁ+J§ (13)
Ho|= £ ﬁm@((»‘@wg,%bhgwq@ko,%amﬁgﬁ

§ = =k |s|2 sign(s)+ £ (e, ) +7 (14)
i =—k,sign(s)+ d (¢)

T @”sh#i
FH 1: T RG14), WREPE I 2550 2 W M e
k, >2

(15)
>kl +n° (4k —8)
T k(4K -8)
RYCRE AT I ] ¢, P9I K 2] < ()
. |s|5 sign (s) (16)
k j szgn dr+d( )

DOI: 10.12677/airr.2022.111002 12 PNER ST IR YN


https://doi.org/10.12677/airr.2022.111002

Wi, A

Q( ) ‘,ﬂ’max (P) kl\/g\/plzl +p122 (17)
/_[ =

;Lmax (P) (1_a))ﬂ'min (Q(’]))
FH Ay () A () AN BORFFHER, e (0,1), K1FE P,O(n) W RK W4, p, A P
e

WERA: XH(16)3K F A3

{2|§1|( —k |s| sign(s)~k, [, sign(s)dz + £ (e,, )j]

kysign(s )+d( )

1| -2 g 1{]’(%)} (18)
- 2 2le+
|| —ky +5(t) 0 &l o
1 1 f(ex)}
=— A +— 7
& |§1|{ 0
T SUERER R
V(e)=¢&"Ps (19)
o
Ak +k2 —k,
2 2
P4 (20)
- !
XF(19)3K 5
V’<f>ﬁf<ATP+PA>f+é[f(eqs),0]P§
1 o @)
f 0(0(2)) S+ /e )l Pinlé

E'Elﬁxjiﬁlﬂ%l:l0<§(t)<7y, E‘f(eqs)[pn plz]gﬁkl\/z\/plzl"'pfz"é:"’ K

Hrp
0(n)= k_z_ﬁ . (23)
2 2 2
FH Shur #1115 7] 80124 250 BUH 2 (L6 O () MIEEHFE,  ET0(n)& W A%
2oia (Q())E < E70(1) < A (Q(m) T (24)

DOI: 10.12677/airr.2022.111002 13 PNER ST IR YN


https://doi.org/10.12677/airr.2022.111002

Wi, A

e slel - Jel< 5 oy i
/6) e (QUET it 7+ 2
1';5” o 0l 77
| (25)
Q |§"+k\/7\/pll+p12
e Q) olel-(-olel] ke
sy Zkl\/z \/p121+p122 ]
FI o) et
5 - ﬂ’min Q 1
V(e‘)ﬁw‘”(?) (26)
/lnzlax( )

A RO DSOS A1 4TFT 48, AR FEI ] £, 1 ¢ > ¢, WS ] < Q) o BDRGETEAIRII 1, 19, M

(LRI R B Q) 7Y
2 \/7\/ \/pll + plz
(7)) 27)

mm

= @2, (Q(1))

B 2: RSN, MHMNSHSENTR 4, =" 1 W ELSH, REREAHK2IK
UEE, Hbhhee(0,1)CMBH, =012,

WER: A7) ATENQ (g, ) SIS H Q(0)=0, B g < W Q(p1,,) < Q) » SIS g, =™ 1>
pe(O)NAH p, <py, i>w, w,—>0. HEHATH, RIEREMESIXB A Q(1 ), FEEUSH
FIBIS RS, RGEREKIESUI S MFER, 21, <t >0, i>0, 4, >0, Oy, )0,
ARRGREs=5>0.

i Epnk, fERGIRERKWSE Q) » BB %1&7‘3;‘5@ﬁq&ﬁ&lziﬂz9(ui+l)—>o, ARG ZIR
MEE, A1, <t >0l s=5—>0, HETHe(r)=—c[ e(t)dr, Ze>0M AT e(r) >0, H#Fhd(r)WTLA

FES)ARAE N R BESL M AME, 58 RIL ERER IS5 -
X RGN, HE %%éfﬁﬁ(*kﬁiﬂ W2 AE AR S AR G P AR, A (9) R AL T ST u

AT EAL, q(u) =u -round [7] , (1HMEAH

oL _
§= Z(t)D(t)q(u)+ce(t) d(t) (28)
Hfg(u)=u+e, e, S%* NEWSE, Q)W HE

{ =—k |s|z sign(s) +f( )+equ+r 29)

F=-k szgn +d(t)

DOI: 10.12677/airr.2022.111002 14 PNER ST IR YN


https://doi.org/10.12677/airr.2022.111002

Wi, A

REH 2: RGOV LA PRI R YRSl s

k]\,ﬁ ILI*JV ]21 12
o= () = oD ( D i o
Vi (P) - (1= @) 24, (O(7))

UERIEFRF R 1, MOHEEE 2 AT e — oo WA Q7 (1, 47) > 0, BRGEQ) TSR % .
4. BESHE

WA P = (220 +8cos(3¢),260+8sin (3r)) , MIkasks P(0) = (240,245)" , BALSH g, = 15 = 0.5,
=07, =EHIMEE kL =50, k=500, ¢=100, FNFEFEH =[63187 279,0.3 210 253,-0.3 —0.6 0.8]
d=02. iENE3 s, HE 3 IEH, MHZIEELITRMRGIREE 0.035 s ISR EH 1 il
B A AR IEIZE), ESRENSEORER TGRSR 0, PHRWIIERD: K 4 AZhEH
TR &5 RO T HAA SIS ENRESHEA L IBVS #3188 N KU ERER R 7 , 1% ZE1E 0.028
Wi 156 RS TEER R RHE RS 3 UL SR PIE, AIE Mz 07 R R PUOEER YRR .

20 T T T

—s (1)
15 . —---s () H
20 v

101

0 0.2 0.4 0.6 0.8

y

s (Vs (0

“10} i

~15} N

~920 1 1 1 1 L
0 0.5 1 1.5 2 2.5 3
B 1) /s
Figure 3. Dynamic uniform quantization of the system state
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Figure 4. Dynamic uniform quantization of control inputs
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Figure 6. Real trajectories
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Figure 7. The state of the system under static quantization
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Figure 9. Systematic error under static quantization
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