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Compound formation control for nonholonomic mobile robots
CHEN Yu-qing, ZHUANG Yan, WANG Wei

( Research Center of Information and Control, Dalian University of Technology, Dalian Liaoning 116024, China)

Abstract: This paper investigates the characteristics of formation and obstacle avoidance for nonholonomic mobile
robots. Firstly, a novel approach of compound control is presented, which deals with the formation task based on two
different algorithms: a flexible feedback linearization algorithm and an optimal approximate target algorithms. These two
algorithms are selected according to robot’s desired position and the limitation of kinematic constraint domain. Secondly,
the obstacle avoidance control strategy is discussed to achieve a steady formation under the unstructured circumstances. The
proposed method can reduce the limitation of initial errors compared with traditional feedback linearization, and resolve

the obstacle avoidance problem in multiple robots formation control. Finally, experimental results are given to demonstrate
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the feasibility and effectiveness of the proposed method.
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control algorithm)
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Fig. 2 Following desired-target estimation

75 B BN [k, B R FIR, F)AH T A7 %8 5 4% itk
A&, BEALE + TN ZI 8 B AR B A TH A
Si(k+1/k) = f(ui(k)) + g(ds, la; pa), Q)
Pi(k+1/k) = Refc,—c,(Si(k 4+ 1)) + h(r(k), d;).

(6)

Horpe f(o) A BBALES NPT 42 B L, g(-) M ER
2% KB REG Refo, o, (1) ACEIC; I HR
BB, h(-) NERBES T R B AME R 2L
KR R AR BB B KA R TTEQ), B AR AL AR
RO, k+1IN 2K BRBE H AR ES; (k+1) W 2771
xg, (k+1/k)=v;(k) - sin(w;(k)T) Jw;(k)—

lq-cos&(k)—d;-cos(w;(k)T),
ys, (k+1/k)=v;(k)-(1—cosw;(k)T)/w;(k)—

lg-sin&(k)—d; - sin(w;(k)T),
(k) = wi(k)T + pq — .

(N
FSi(k + 1) MWABFR RC A # BN BIRRC; T, 1521
HEHNRP; (k+ 1),
zp; (k+1/k) = 2 (k) + zs,(k + 1) - cos(8(k))—
ys, (k+1) - sin(B(k)) + €.,
Yp,(k +1/k) =y (k) + z5,(k + 1) - sin(B(k))+
ys,(k + 1) - cos(B(k)) + e,.
(3)
ER Az, (k), ym ()3 (k)RR ER ZIHL 28 AR 7E
C; T WALE; e e,k 5% R BB ANME I, FF
He, = +djcosr, e, = £d; sinr. ARIER; N ZTT
e, e, BUES, RNE S, P;(k+1)B1hE + 15
ZIRAEC, H (1 ERBE A EE H AR AL
3.2 [ 2kt 4k $5 H B Hk(Feedback linearization

control algorithm)

W R G A IB Bl AT B T SCARAR R S A A

] B EHOAH [R], AR 4 50 AT DU AR Ze v R IR S R 45
AR B\ IS B AR B o 1 R 4

KRR R GRS E M, SUANLEE AR, I 2238 fE —
e A2 ko, € [0, V), T BRBENLAS AR, I 28T FE
W € [V, V], Wit R, 7T AR IE & B 7 1)
IR BEFE 2. SCHRISIH L — o ATl 7 ik, BR
BEATL A5 A AN K FH R 1) FR B ) 5 — g A K. 72
P& B g BAFE ) 7 v b, R T IRBENLAS AN 7 )
53| 4 H b A& W B A B DO 2), 88
BEH E HL A% N BREE 7 ). 4% BA I B 22 5 FE 3 2
FEO)~(11).

V(v =7/2)n/m —v; + V,v; 20,
J‘{—vwﬂ—wmwww—w—vwa<a

—T<y<m, 9)
[=v; cos(0; — 0; + ) — v; cos o +
d;d;w;sin(0; —0;+¢) /10| —d;w; sinp, (10)
p=v;sing/l —w; —v;sin(; — 6, + ¢)/l —
diw; cos p/l+d;0,w; cos(0;—0;+¢)/(|0,).
an

LB TS, BA N AR S 500 ST AL
BANSH, T TR A SE IR NS
J7 RO 96, R BREE U7 1 K 7. 5 FE9)AI(10)H
(1, ok SR B BA 22 H b5 s AH XS TSI ALE8 A B BE
B A BRI, ZHd;, dﬁﬂld,godﬁ’ﬂiﬁéﬁal*ﬁ,
n A IEEEE B R X En € [1, +o0], FTFE®)~(10)+

&R A A B T B S
T3 F2(9)h 77 10 R 76,5 7 T A 5 Ay 249 TR G
AR, U = ki(la — 1), ¢ = kao(pa — @) (ky, b HE
BH %0, FEHES, AT (10)(1 1), AEHe 15 2 X )

PR 2 s A R B A R
u; = A+ Buy, (12)

B RAFIBR X T, o) 55 B 0 £ 55 BEBAE &
5, JF H BB B NudE B S SO R O
FEAOFMA DT 5 122 & s B L8 A 1 R B
Jm. RES > O, FREENLAS N FE bk 4 il 5%k
MIFER T, Bta REUE M ERBE s his
TR0 7 FE AT DL, B I 1) BRBE RS B —
A IRBEHLAS A IE M 123 in T 1 B bs a4 5k
HIRBEVLA N BRAR T B EEH R R 123, (HE Y
DT Z M EMREY - (sgn(v;) — pn/m), H
Hp = |y| — /2 € (0,7/n) WRIT A, b A FFEK
T RARIE AT E . HARE T, HLEs
AR; R M ERBER;.



5

AT, 6 F 5T NS ER BEHLAS A [R] I B AR ) 2R
BE AN 2 1) BRBE F) P i s A K, T AE 31 82 H
B s FR) Al 25 71 FEE AR ZE AH R /DS, 58 T BATE AR KR AT
25 1 R A PR .
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compound formation control)
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Fig. 3 Obstacle avoidance of formation
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Fig. 4 Obstacle avoidance of triangular formation
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obstacle avoidance)
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Fig. 5 LMS200 laser range-finder and the abstractive view of relative position detection
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Fig. 6 Shuttle-movement formation control of two robots
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