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Robust adaptive dead-zone compensation in motion control

WANG Zhong-hua, ZHANG Yong
(School of Control Science and Engineering, University of Jinan, Jinan Shandong 250022, China)

Abstract: In a high-precision PD controller for motion control, the dead-zone may result in a limit cycle. The exact

values of the dead-zone in actuator are always unknown. A robust adaptive controller with a pre-compensator is designed

for the DC servo system with unsymmetrical dead-zone. This controller provides a high robustness to the dead-zone,

disturbances and uncertainties in parameters such as inertial and viscous friction. By Lyapunov theory, we prove that

the tracking error is ultimately uniformly bounded. The tracking error can be altered by adjusting the parameters of the
controller. Simulation results are given to demonstrate its efficacy.
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Fig. 1 The simplified scheme of DC servo system

with deadzone

2.1 ZEXJEZPE(Dead zone nonlinearity)
H 113

u—dy, u>dy,
T:Dd(U) = O, d_ <U<d+, (1)
U—d_, d_ 2“7

Hh 8 d = [dy d_]" R L. fES5L bR
BRI ARG, AAETERR, A3 SE X AN AR
PRIME. K 2 Hah s e 2% 8 AL IX O Bk O, At
sedy = d_. AFXRFRIEIX FERERE BLrT LS

T = Dy(u) = u — saty(u), (2)
AR R R R Esatq () 8 SN
d+, u > d+,
satq(u) =< u, d_ <u<u,,
d_. u<d_.

T AH BRE D 5 i, 31X B B vk S X I AR
feds, LA MR RERSw ~ T. H THIXE
JEAR S, DM A B R A ) BB G N TR E
Xd = [dy d_]THIfE T Ad = [dy d_]T, Hik%
JETIAMEE 28, u g wi R AT AR RN

w=w+p-dp+(1—p)-d, 3)
Hop: M > Ol p= 1; Hw < Ol u = 0.

FREARGILIX N H N AME S, w i TH R EOR
AR N
T:Dd(u):
wHp-de+1—p)-d—

satg(w+p-dy +(1—p)-d_). @
58 EIX e FEfl TR 72 A

d=d—d, 5)
TR A, EE DN
T=w-dpn+d"s, (6)

o ,L:LT = [u 1 — p], SHBIRARILRIE, 6 =
(dy) pu_y (d)]T Ag(w), X Bu_y () R BALH

Sil 2|6 < 11
M5 F(6) T LA H, BEIX G2 8 A v 1f) B d a2
SEBRIIFE 60 S50k B, w — T, BIIIER A
(EEELESARINEI NS
2.2 fAllRAGHEB(DC servo system modeling)
LR IR R S
J0+BO+Ty,=T, (7
KHL: O(t) A HShHLAALRS, T e sh B, Boy kT
JEE R, T W ARRNERERE . B AN RIS I 15
Ji%, T2 ELUR AL S AL el AR 5 ALK, w5 T
KAN
T = Dgy(u) = u — satq(u). (8)

BETHIE B P2 1 g A 15 FL S AL AR A A8 A O (1) R

T2 0 (0). S BB B e = 0 — 6,
¢ = 0o — 6 T R EOY
s(t)y =€+ e, A >0, &)

JifEs(t) = 0 FER*% ) € X T N A1, £E it
b, BRER R ZE HHR BOR RO &L R, R

Frs(t) = 0 X — KA REBIRT R UF M ERERPERE. [
H, AR ||s]] < @, IA, 92 PR 5 235 A B
{ le| < A1,
(10)
lé] < 29,

WIS AN IELL R s A LUK R 22 RS s 51k 2
JRIER® ghG4F—k:

sa(t) = s(t) — Psat(s(t)/P), (11)
Hor R R Bsat (2) 2 SN
1, z2>1,
sat(z) =< 2z, —l<z<l,
-1 z< -1,

SAHALUUIHEN: Wiks| < @, FHs$a = sa = 0; Ul
Rls| > D, 4754 = 5, |sa| = |s| — . X FEO)BEAT
k5, Ittat6) (7)1
Js=—w+ JOy+d"pn—d"6+
BO + Ty + J)e. (12)



%34

SR BRI (0 B CLE R R 477

3 S k5 2 Hr(Controller design and
analysis )
TESEBR Y, ) B TR, P R 5 R A BAE AT A
A, IF HLBEA B RS T AR R AR AT AR Ak
ASCH AL B & N FEREAT A Sl o, UL TR

7e:
J=J—J,
N | (13)
{B:B—R

X LTI BAY 5275 J A BIFIAS V.
FEMEAT P B e 2 i, SRR A S
IR

R 1 REIZEX w8 AT 5t Hoh e (4, B
ld|| < das.d = 0.

ik 2 hah & Ty W2 % Ty <
Ty (), Tor(x) D HIREL, M2t & A 5Ty
KIMES.

Bi& 3 ZSHJIMBREMETHHEHE M, B
WIET =0, B =0, Juin < J < Juaxs Buin < B <
Binaso FH iy Jmaxs Bumin 1 Buax 73 51 4 T 515 %L

A H AR BRI AR, e
Tt (6) A7 15 BN B 18 22 RURE s 2% A0 Y56 4 o 1) S [
Z W AR (12), Bkl h

w = kqs + J(Ba + \é) + B + k* sat(s/®P), (14)

Hrf kg >0, k* > [Ty | WS Bt S8 A&
INVZESE

J=ky(0q+ Ne)sa —kjo,J,
B = kpsa — knouB, (15)
ci: I'isa — /@Fcz,

EEP: k’], gy, k’B, oB, R, I'= FT > Oﬁ'ﬂﬁﬁ‘;ﬁﬁ

W1 7E AT, kgs2 Br b EPDEE I BE,
HPDS #0550l kg A kg, FE X RGN AFE — & 7 T B 153
T HIRAME.

2 AEHENAAS)H, BT EE N S HE e
[, SRA TR 1, B80T B 3G N 5 i) i

E 1 M FSHRMILXO ERMA KRR
4i(7), Wk 284 A B S N AREAS), 1S RS
W RS AR T 04, LER BRI 2 N st & — 3N

2

5 B4t — ool W 2]s| < D+ (/- (B
Blafnfe g BRI 25 ), HIL KR/ LU E B

B

.
Uk & X Lyapunov R %A :
1 ~ ~ ~ ~
V(t):5(,]32+k;1J2+kngQ+de—1d), (16)

R B M iR 2 R bR s 1A S E A ER(|s) >
D)V, Hsa = $, sasat(s/P) = |sal, MA6)HEAT
2, FHARAI(12) (14) K (15)75:
V =Jsas+k;'\JJ+kp'BB+d" I 'd=
(—kas — J(0q + \é) — B — k* sat(s/P) +
J(0q +Xe) + BO +d" (i — 6) + Ty)sa —
J ((éd + Aé)sa — JJj> - B(ésA - UBB) —
d(fisa — kd) <
—kqs* + |dTsa| + 0,JJ + 05BB + kd'd <
—]{JdSQA + |(ZTSA| + Ujjj_ O'Jj2 + O'BBB —
opB? + kd"d — kd"d. A7)

FUA b < o (0 + 1),

- 1 1 . ~
V< —(ka = 5)sh = (k= )d"d+ 0,7 +
_ 1
O'BB2)+§(O'JJ2+G'BB2+/€de), (18)
Rk, 1
V< —aV +. (19)

X, o IE R, B g e

a2 min M k Lk /4:7—1
- T yRjOj,RBOB, /\min(F_l) ,
1
n& 3 (07> + 0pB*+ kd"d) . (20)
FH(19) 7] BATS H:

77 T’ —at
O<V(t)<a+<V(0)—E)e .en

B, it — oo, 1 Js% < V(oo) < nfa.

Pas AP, Yls| > O, [sa| = |s| — . H, 1
7 JUE stpe 283
2n
ERTIRy T
WAL kg .k ke MAmin(T71) BIAH, BT LA Y
BRERRZEI R/, EEE.

W3 Q) a0, R A Bl
{1 B T

E 4 9IRS R BsEIL 2 R (|s| < @),
HARREM ALY = 07JJ + opBB + rdd, FTLA% 22 R ¥ %
Ao—HIRIUE|s| < ®.

TS UK, A B R sk Ak B SO AS RS 1, 1%
A )3 52 )R FE PR Ay 38 38 v G 5 f s BRER, 1A 52 R
JED —BORFAN . AR, /N i ] e 51 R IR
DRI, 056 B St e, PR ERO(E AT R R R 22 R R 42 1) e A00))
B IAATH .

(22)



478 oW s N M

¥E 6 1ESCERT)R, A ANSEIX T L AR N AR M A
SEVEREAT A B, B0 B TN, B ph 42 ) B O 4 o
Sy AN P, SR AR A T K 4 i . A SR R S
X B A BRI S8 VAT A0 B, L AR 4, 2
FEL 3 I8 5 R A RS A P, R G TR ey B () R Sk Bt AT
LELRT. AT BRI AR T BRI R G 1, X
AN IR RN
4 fiE 45 % (Simulation results)

A5y LA S G & — LA I &R 48, SR
A s oE R AT U A, AR
MAGSHE DN J = 7.876 x 1072 V/rad - s72,
B =8.666 x 1072 V/rad - s~1, d. = 0.08 VHld_ =
—0.2 V, 1l ] 2 Ge (0 R N HL TR Sl 1 VOX B
B AT T M), W R G S HNE NS R
R ) 5 0 B A e, 3 B A S U R R
B S: 0 = 1 +sint + 0.5sin(5t). Hax 2%
SR M Bks = 0.1, A = 20, k; = kg = 0.001,
oy =o0p=1,I = diag{10,10}, K = 50, k* = 0.5.
ARICERPSE R T kg, X HERS = 0.002.
Y106 2 H 4w I A, Wk 2 J(0) = B(0) =
d(0) = d_(0) = 0. H AP WL, PDE IR 4 ]
(K245, W kp = 2, kp = 0.1.

P12 0 SR FH 65 1 365 BV G0 X M2 S s I ) 39 22
WA 5 RS bt A5 T, B3 H T R A STl
LI ER R 2Z. W3 LLE ), RGN B, HT
RIS REVEA L IREFRZR A, b
I RS, IS N A IR R T R A BRI, S
PRER R 22 ORI, B 519 214 N R R ER P e
Bl445 T R PDYEHI I ER B R 22, M4 RT UE H,
KHIPDFE I, BT A 1) g = AR T B, BA
BOKIRAA R ZE. IWEI3FIEIATT LLE Y, AT 1)
325 T SR 6 2 A T PD .

2.5

- Kby
i

0/ rad

0 2 4 6 8 10 12 14 16 18 20
t/'s
Bl 2 SR AR S 1k (P 30 8 i RN SE B A
Fig. 2 Desired output and actual output with

the proposed controller
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Fig. 3 Tracking error with the proposed controller
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