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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
the feasibility and effectiveness of the proposed method.
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1 ÚÚÚóóó(Introduction)
õ£ÄÅì<?è��´Åì<��Eâ¥�

Ä�Ú�­��¯K,Åì<�m��N$ÄUå
´�¤ÃXÔN�$!�m&¢Ú|¢Í����

?Ö��y. ,
Åì<�����E,5¦õÅ
ì<Eâ�2�A^¤���äk]Ô5��K.

�õêDÚ��nØÚÄåÆ�{)û�´XÚ

?ÖÚ�.(½�ü��.ö�¯K,éu�(�
Ä��¸e�õÅì<��I�#�nØÚ�{5

¢y.
õÅì<?è���ïÄ©u20­V90c�.8

c,?è��ïÄ�©�è/ïá!è/�±!;
æÚè/C��f¯K. Francis�<©Û
Äuã
/nØ�A½è/ïá�{,¿�Ñ
Dak�ã
�?è­½5�'X[1]. BalchÚDavidïÄ
Äu

1��è/�±ÚC��{,Åì<�ÑÑ1�d
Nõ�Aª1��¤,áu�«��©Ùª��ü
Ñ,T�{�¸·AUår,�Ø´u^êÆ�.5
£ã©Û[2,3]. Lewis�<
ÄuJ[(��?è�
{,±?è�Nµe�$Ä5�åÅì< ^,T�
{?è°Ýp,�´��Lu8¥[4,5]. Rü�©Û

��?è��¯K[6]. Ostrowski�<ïÄ
�«
�.�ß�+è−���{, �´uA^$ÄÆn
Ø5©ÛÚ¢y[7∼10]. Desai©Û
Ð©G�Ø��
���f5?è��¯K[7]. 
3?èÐ©G�Ø
���½��-E�Z6�,Ù?è����Âñ
�Ýú,AO´��Ä���Åì<�¢S�Ý�
å,ÏdÙ?è­½5Ú�¸·AUåI�?�Ú
Uõ.
�©�Ä���Åì<g�¤äk�$Ä�å,

ÂvFÏ: 2005−04−20;Â?UvFÏ: 2005−10−31.
Ä7�8: I[g,�ÆÄ7]Ï�8 (60605023);�ënó�Æ—¥��!�gÄzïÄ¤Ü��ï&¢Ä7]Ï�8.
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ÏLïá$Ä«��.5¢y�å«�y©,Ó�
é��Åì<�Ï"8I �?1�O,Ù�O�
�¤y©«��äá'X�¤EÜ���{�÷N

�^�.�©z[7]¥JÑ�ü���?è���{
ØÓ,�Jp?è���(¹5Ú°�5,�©JÑ
�«äkV���A5��"�5z���{,Ó
�T�{��`Cq8I�{�(Ü,éØU÷v
°(?è^��G��Ñ�`��Ñ\),¿JÑ
#�?è;æ��üÑ,l
¢yäkV���A
5��f5?èEÜ��.

2 $$$ÄÄÄ���ååå«««������...(Modeling of motion
constraint domain)
����å´�¹kXÚ2Â�I�ê�Ø�

È��å. VÓ�©°ÄÅì<´;.�É��

��å�XÚ, q¡����Åì<. ���Åì

<Rn�ÛÜ�IX½Â�Cn(n = 1, 2, · · · ), ­.

�IX½Â�C0. ���Åì<Rn���5$ÄÆ

�.� 


ẋn(t)

ẏn(t)

θ̇n(t)


 =




cos θ(t) 0

sin θ(t) 0

0 1




[
vn(t)

ωn(t)

]
. (1)

Ù¥: xn(t), yn(t)L«Rn3C0¥��I�, θn(t)�

Rn����,�(xn, yn, θn) ∈ SE(2), vn(t)Úωn(t)

©OL«Rn��Ñ\u ���ÝÚ��Ý©þ,

=u(t) = [v(t) ω(t)]T[11].

3¢SÅì<?è?Ö¥,Åì<�$Ä��Ý

Ú��Ý�34�,¤±r���Åì<3ü �

�±ÏS¤U
���«�½Â�$Ä�å«�.

ù�, Åì<Rj��Åì<Ri�, O(¼�Rj��

��å«�ék¿Â.

Åì<Rj��mÓ=�÷v�å'X



vl = vj + aωj/2,

vr = vj − aωj/2,
(2)

Ù¥a�°ÄÓmå. XJ°ÄÓ�����Ý

�V , KÅì<���ÝvjÚ��ÝωjÓ�÷v^

�−V 6 vj + aωj/2 6 VÚ−V 6 vj − aωj/2 6 V

½Â�Cþ�å«�Dj ,=uj ∈ Dj . l
«�>.

÷v�Ý�å'X

v = (V − aωj · sgn(ωj)/2) · sgn(vj). (3)

�
ü$?è;,5y�E,5, ?è��·
-���cG�Ú�ÚýÿG�k'. 
?¿�ã

á�mS�$Ä;,Ñ�±^�l­�5Cq%

C[12],Ïd���$Ä�å«��±^4íëê�
§L«. Åì<3g�Åì<�IXe, t��� 

^÷v�§

x = vj · sin(ωjt)/ωj,

y = vj · (1− cos(ωjt)/ωj),

θ = ωjt/2.

r�§(3)�\þª,k�©°ÄÅì<Rj����

å«�>.­�cf�.�§



xc = (V − aωj · sgn(ωj)/2) · sinωjT ·
sgn(vj)/ωj,

yc = (V − aωj · sgn(ωj)/2) · (1−
cos ωjT ) · sgn(vj)/ωj.

(4)

Ïd3��Ñ\uj�^e, Rj�$Ä�å«�Fj�

é¡�üÜ©%/«�,�ã1.

ã 1 $Ä�å«�Fj

Fig. 1 Motion constraint domain Fj

�ωj = 0�,>.�§÷vÙ4�/ª,=xc =
±V T, yc = θj = 0. ã1¥�m>%/�SÜ�vj >

0��Åì<���å«�,�>%/�SÜ�vj <

0 �Åì<���å«�. Ïd���å«�y©
�3�Ü©: ��S�Epi!K�S�EniÚ	�Eo.
3ü±ÏTS,Åì<���=�αmax�2V T/α,�
�åldmax = V T .

3 EEEÜÜÜ???èèè���������{{{(Compound formation
control algorithm)

3.1 ������ÏÏÏ"""888III   ������OOO(Following desired-
target estimation)
3+è−����¥, Rj±Ï"ålldÚÏ

"�Ýϕd��Ri, �ã2. ëêdiÚdj©O�Åì

<RiÚRjü°ÄÓ¥:�?èë�:hi Úhj �

ål. �â��?ÖI�ÚÅì<�N(��ØÓ,
?èë�:�=£��Né¡¶�þ�Ù¦ �,
l
Jp?è���(¹5.
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ã 2 �l8I �ýÿ

Fig. 2 Following desired-target estimation

3lÑ�mk, dRjÚRi��é ^���G

�,ïák + 1���8I ��O�.

Si(k + 1/k) = f(ui(k)) + g(di, ld, ϕd), (5)

Pj(k + 1/k) = RefCi−Cj
(Si(k + 1)) + h(r(k), dj).

(6)

Ù¥: f(·)�+èÅì<�;,��¼ê, g(·)��
�ë�:�=£¼ê; RefCi−Cj

(·)�Ci�Cj��I

XC�¼ê, h(·)���ë�:�=£Ö�¼ê. Ï
�Ri÷v���$Ä��å�§(1), Ïd3�I
XCi¥, k+1�����8I �Si(k+1)÷v�§



xSi
(k+1/k)=vi(k) · sin(ωi(k)T )/ωi(k)−

ld ·cos ξ(k)−di ·cos(ωi(k)T ),

ySi
(k+1/k)=vi(k)·(1−cos ωi(k)T )/ωi(k)−

ld ·sin ξ(k)−di · sin(ωi(k)T ),

ξ(k) = ωi(k)T + ϕd − π.

(7)

:Si(k + 1)l�IXCiC���IXCje,��Ï
"8I:Pj(k + 1),



xpj
(k + 1/k) = xm(k) + xSi

(k + 1) · cos(β(k))−
ySi

(k + 1) · sin(β(k)) + εx,

ypj
(k + 1/k) = ym(k) + xSi

(k + 1) · sin(β(k))+

ySi
(k + 1) · cos(β(k)) + εy.

(8)

þª¥xm(k), ym(k)Úβ(k)L«k��Åì<Ri3

Cje� ^; εxÚεy�ë�:�=£Ö��, ¿
�εx = ±dj cos r, εy = ±dj sin r. �Ri3Rj���

�εxÚεy��Ò,ÄK�KÒ. Pj(k+1)=�k+1�
�Rj3Cj¥���Ï"8I:.

3.2 ���"""���555zzz���������{{{(Feedback linearization
control algorithm)
XJ?è$ÄÆ�.�2Â�Iê���Ñ\

�þ�ê�Ó,@oÒ�±^��5�G��"�
�Ær?è$ÄÆ�.=z��5XÚ.
��±XÚ­½5, +èÅì<Ri���Ý�

�÷v^�vi ∈ [0, V ], 
��Åì<Rj���Ý

÷vvj ∈ [−V, V ], l
Rj�±æ^��ü«��

���/ª. ©z[8]¥�l − ϕ?è���{¥, �
�Åì<=æ^c����ü�?è���ª. 3
JÑ�?è���{¥, �Ä
��Åì<��
��Ï"8I �� l�Ý��(�ã­), ¿â
d(½Åì<����. ?è$ÄÆ�§÷v�
§(9)∼(11).

δj =

{
−V (|γ| − π/2)n/π − vj + V, vj > 0,

−V (|γ| − π/2)n/π − vj − V, vj < 0,

− π < γ 6 π, (9)

l̇=vj cos(θi − θj + ϕ)− vi cos ϕ +

djδjωj sin(θi−θj +ϕ)/|δj|−diωi sinϕ, (10)

ϕ̇=vi sinϕ/l − ωi − vj sin(θi − θj + ϕ)/l −
diωi cos ϕ/l+djδjωj cos(θi−θj +ϕ)/(|δj|l).

(11)

þ¡ÄåÆ�§¥, äkeIi�ëê�+èÅ

ì<ëê, 
eI�j�ëê���Åì<ëê.
�§(9)¥�δj�����Ïf. �§(9)Ú(10)¥
�l, ϕ���Ï"8I:�éu+èÅì<�å

lÚ�Ý��. ëêdi, djÚld, ϕd�½ÂÓ3.1!,
n���ê�÷v«mn ∈ [1,+∞],�§(8)∼(10)¥
��CþÑ�Ñ
�mëê.
�§(9)���Ïfδj��� l�γ��å'

Xª,�l̇ = k1(ld − l), ϕ̇ = k2(ϕd − ϕ)(k1, k2�'

~~ê). ¿rδj�\5K(10)(11)¥, C���V�
����Ñ\uj�wª/ª

uj = A + Bui, (12)

w,AÚB´'ul, ϕ�Ý
¼ê. Ý
B�Û

É, ¿ � 9 Ï Ñ \ui� ê �uj� ê � Ó. �
§(10)Ú(11)¥δÎÒ�Cz¬UCÅì<���

��. ��δ > 0�, ��Åì<3þã���{
��^e, Ò¬æ���������ª. d�
�5K�§��, ÀJ�����G�kü«: �
´��Åì<��$Ä¿ªCuÏ"8I:; ½
ö��Åì<�,�lÏ"8I:$Ä, �Ù�
c�Ý�u�À�Ý4�V · (sgn(vj) − ρn/π),Ù
¥ρ = |γ| − π/2 ∈ (0, π/n)��À�, �À�ü$

�ÝâCE¤�Ø­½K�. Ù¦G�e, Åì
<Rj����Ri.
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��, δj �Ú\¦��Åì<Ó�äkc��

�Ú�����ü«$Ä���ª,l
¦Ï"8
I:� l�ÝØ��é~�,Or
è/�±?
Ö�(¹5Ú¯�5.

3.3 ���`̀̀CCCqqq888III���{{{(Optimal approximate tar-
get algorithm)
�Pj ∈ E0�,��Åì<Rj3ü ±ÏSØU

��Ï"8I:. DÚ��"�5z���{vk
AO�Äù«�¹,�©±�`Cq8I�{¦�
#�Ï"8I:.
LPj(xpj, ypj)����å«�>.­�cf��

�R�lp,R��§÷v

y = −ctan(ωjT ) · (x− xpj) + ypj. (13)

Ù¥­�cfþ�Rv�IG(xv, yv)Ó�÷v�
§(4)Ú(13),=




yv = −ctan(ωjT ) · (xv − xpj) + ypj,

xv = (V − aωj · sgn(ωj)/2)·
sinωjT · sgn(vj)/ωj,

yv = (V − aωj · sgn(ωj)/2)·
(1− cos(ωjT )) · sgn(vj)/ωj.

(14)

z{�§|(14)��Rv:G(xv, yv)éA�§

(V/ωj − a · sgn(ωj)/2) · sgn(v) =

ctan(ωjT ) · xpj + ypj. (15)

Ù¥��Ñ\�ÎÒ¼ê´Pj�I��¼ê,={
sgn(vj) = sgn(xpj),

sgn(ωj) = sgn(xpj) · sgn(ypj).
(16)

rª(16)�\ª(15), ¿(ÜDj>.���§, ��
��Åì<Rj ���5K�§




V · sgn(xpj)/ωj − a · sgn(ypj)/2 =

ctan(ωjT ) · xpj + ypj,

vj = V · sgn(xpj)− aωj · sgn(ypj)/2.

(17)

3�§(17)�¤k)¥,r÷vmin(|GPj|)�ωj�\

�§(13)���G(xv, yv):, =�`Cq8I).

ωjÚvjK�Rj�k���Ñ\. Ïd���Å
ì<ØU��Ï"8I:�,§ÀJÙ�`Cq8
I:.

3.4 EEEÜÜÜ???èèè���������{{{���¢¢¢yyy(Implementation of
compound formation control)

�ω0 = (2/T ) arctan(ypj/xpj), ¿rω0�\�

§(4),Kk�å«�>.�I�J(xe, ye),Ïdk8

I: ��ä�§

cos t(xpj, ypj) =‖ PjOj ‖ − ‖ JOj ‖ . (18)

Ù¥Oj��IXCj�:. �cos t(xpj, ypj) < 0�,
Ï"8I:3$Ä�å«�SÜ,=pj ∈ Epi ∪ Eni,
?è��ÀJ�"�5z�{; �cos t(xpj, ypj) >

0�, Pj:3$Ä�å«�	Ü,=Pj ∈ Eo,?è�
�À��`Cq8I�{; �cos t(xpj, ypj) = 0�,
ω0=���Ñ\��Ý.þã��5KÎÜ÷N�
^�,ÏdXÚ��.

4 ???èèè;;;æææ������(Obstacle avoidance of for-
mation)
�3·�æNÔ��å�¸e,���£ÄÅì

<�?è1���E,. ?èÅì<Q��±�N
�é ^'X,q�Ün�;mæNÔ:	. �©Ä
uÅì<�æNÔ�ålÚ�Ý&E,©O�+è
Åì<Ú��Åì<ïáæN;��ÄåÆ���

{.
�âÅì<�æNÔålco���, r?è

�¸©O½Â�S�«�As(co > cmax)!;æ
«�Ao(cmin 6 co > cmax)ÚæNB«Af (co <

cmin)3Ü©. Ù¥cmin, cmax©O�Åì<ålæN

Ô���4�ålÚ?\;æ«��>.ål. �
Åì< uS�«��, ?è�±ÃæN����
ª;
�Åì<?\;æ«��,Åì<ÀJ�!J
Ñ�;æ���ª;XJÅì<®²?\æNB«,
KÅì<á=æ�Ê�Ú£ò�;:��,;�-
E�xu). ã3�?èÅì<;æ��«¿ã,Ù
¥βi Úβj©O�Åì<RiÚRj��c���R�

uÅì<���;æ�Ý,_������Ý��
�.

ã 3 ?èÅì<;æ��

Fig. 3 Obstacle avoidance of formation

+èÅì<Ri3�8I:$ÄL§¥, XJ?
\;æ«�,KÙ$Ä���§UC�
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αi =
ci − cmax

cmax − cmin

vio, (19)

β̇i = −k
′
1θ̇i = −k

′
1ωi, k

′
1 > 0. (20)

Ù¥: ci�Åì<Ri�æNÔ�ål, vio�Ri �

c���Ý��, k
′
1���'~~ê. Ri�;

æ�Ý�¦÷vβi → ±π/2, Ó��;��æ
N-E, ålæNÔ�C, KÙ��Ý��. ½
Âβ̇i = sgn(βi) · π/2 − βi, αi = vi − vio, Kk+
èÅì<���5K�§




vi =
ci − cmin

cmax − cmin

vio,

ωi = k1(βi − sgnβi · π/2).
(21)

Ù¥k1 = 1/k
′
1, viÚωi�Ri�;æ��Ñ\. 3;

æ«�S,�XRi�æNÔØä�C,Ù��ÝÅì
ü$,¿�c?��ªu�æNÔ²1���.�+
èÅì<Ri7mæNÔ,=(xi, yi) /∈ Ao ∪Af�,Ù
��=���8I:$Ä�ª.
3+èÅì<��+e, ��Åì<Rj?\æ

N«��,Q��±�+èÅì<Ri�ål,q�;
mæNÔ,ÏdRj��1�÷ve¡�ålÚ�Ý

5K�§

l̇ij =vj cos(θi − θj + ϕ)− vi cos ϕ + djδωj sin(θi−
θj + ϕ)/|δ| − diωi sin ϕ, (22)

β̇j =− k
′
2θ̇i = −k

′
2ωj. (23)

�ëêlij → ld, βj → ±π/2�, ��XÚ{
zl̇ij = k2(ld − lij), β̇j = sgnβi · π/2 − βi, Kk
��Åì<���5K�§




ωj = k1(βi − sgnβi · π/2),

vj = cos−1(θi − θj + ϕ)(k2(ld − lij)+

vi cos ϕ− diδωj sin(θi − θj + ϕ)/|δ|+
diωi sinϕ).

(24)

3;æÑ\uj(vj, ωj)��e, RjQ�+èÅì<�

±ð½ål, Ó�Ù$Äqª�²1uæNÔ��
�,l
¢y­½;æ��.Ó��Åì<Rj�æN

Ôål�ucmax,=(xi, xj) /∈ A0 ∪ Af�,Ù?è�
�=��è/�±�ª.

5 ¢¢¢���(((JJJ(Experiment results)
5.1 ;;;æææ���ýýý¢¢¢���(((JJJ(Simulation results of ob-

stacle avoidance)

�!�Ñäk�L5�;æ�ý¢�5é�

©¤J�;æ�{?1�y. Uì¢SÅì<5
U�I, z�Åì<�����Ý1 m/s, °ÄÓm

å0.4 m,��±Ï1.5 s.
(Ü?è;æ���{, ¢�±3�£ÄÅì

<�±n�?èè/¿ÏL�æN«�. +èÅ
ì<R1���Åì<R2ÚR3�m�Ï"�é ^

ëê©O�l =1.5 m, ϕ12d = 0.6π radÚl13d=1.5 m,
ϕ13d=1.2π rad; Åì<ålæNÔ���4�å
lcmin=0.5 m, ?\;æ«��>.ålcmax=2 m.
d¢�(Jã4(a)��, Åì<R1�R2, R3|¤�

n�?è�NU
3æN«�S¢y­½;æö

�, �ª��?è8I:. ,	ã4(b)�Ñ
3�
Åì<3��;æL§¥��ÝCz'�(J.
�n = 23�,+èÅì<R1���Ýv1ü$�ð½

;æ�Ý, 
��Åì<���Ýv2Úv3É���

ª��K�
u)á6ÅÄ.�n = 267�, R17m

æNÔ,Ù�Ýv1¡E��5�Ý��,
�Ýv23

;æ���ªe��±�+èÅì<�ål
Å

Ä,�3è/�±���^e,é¯­½ÂñuÏ"
�Ý�.��?è���ª3è/�±ÚæN;�
�m���, ÉÙ¦Åì<�ÝâCÚ��5Ké
Ð©^��¦K�,Ù��G�¬Ñyá6ÅÄy
�.�3¢SÅì<²�þ,�±ÏLG�²w��
)û���ª���­½5¯K.

(a) ?è;æ;,

(b) Åì<��ÝCz

ã 4 Åì<n�?è;æ

Fig. 4 Obstacle avoidance of triangular formation
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5.2 ���???èèè¢¢¢SSS¢¢¢���(((JJJ(Simulation results of
obstacle avoidance)
¢�¥¤¦^�ü�SmartRob2Åì<´gÌ

�U£ÄÅì<²�. T²���k-1!Àú!
-E±9p§O�õ«Daì, ¿��±ÏLÄ
uIEEE802.11�Æ�Ã��k�Û��¥�O�Å
?1Ï&. 3?è?Ö¥,Äu-1ÿåXÚ5uÿ
Åì<�é ^, Äu��ÅôÚ£OXÚ5£O
Åì<�°ÚÅì<cà��.3�3Z6Úñ	
�¹�K|^p§O5��¢�êâ, ¿±Ï&/
ªD4?èÅì<��Ý&E.þãp°Ý�	Ü
DaìÚÃ��äÏ&���?è?ÖJø
¢y

Jø
����y.
3¿S?è¢�¥, �O(¼���Åì

<R2�+èÅì<R1��éålρÚ�é�Ýγ,
R2Äk^-1ÿåXÚ(�ã5)ÈØ¢�|/��
àÚCàD(Z6,¿3+èÅì<R1þ���8

I�ÎN��Ù �I£, Ù�% u?è��:
þ. �¢�æ^ü�LMS200.Ò�-1ÿå¤�
¤ÿåXÚ, Ù�Ý©EÇ��0.5◦. �ÎN�»
���r, �ÿåXÚuÿ�8I�ÎNþ�>.
:ål�lb�, KÙk�uÿêâ:��ê7,÷
vn = 4arctan(r/lb). Ïdn����-1ÿåX

Ú�8I�ÎN�ål¤�'~'X.�¢�XÚ
¥, �ÎN�»r�0.06 m, Ïd?èÅì<�m�
��k�Ï"ål�6.8 m,ù�ÏL?¿ü�k�
êâ:�±O���Åì<�m��éålρÚ�

é�Ýγ�.

ã 5 LMS200.-1ÿå¤Ú�é ^uÿXÚ«¿ã

Fig. 5 LMS200 laser range-finder and the abstractive view of relative position detection

ã5¥�(xl, yl)Ú(xr, yr)�8I�ÎNþ?¿
ü�k�êâ:��I�, αlÚαr���Åì<

���ùü�uÿêâ:��Ý��, K8I�
ÎN��%�I÷v�§



xc =
1
2
(xl+xr)+

√
r2− 1

4
[(xl−xr)2+(yl−yr)2]·

cos(− arctan−1(
yl − yr

xl − xr
)),

yc =
1
2
(yl+yr)+

√
r2− 1

4
[(xl−xr)2+(yl − yr)2]·

sin(− arctan−1(
yl−yr

xl−xr
)).

(25)

Ù¥(xc, yc)´3-1�IXe�Åì<R1 �I

�. ÏL{ü�IC�r(xc, yc)=����Åì

<��:��:�4�IXe, =����Åì

<�+èÅì<��é ^&E.

ã6�Äuþã¢�²�, A^�©JÑ�E

Ü?è���{¢y �1�?è?Ö�¢�X

ÚÚ¢�(J. Åì<�m±SOAP(simple object

access protocol)�E��/ª¢�Dx�Ý&E,

¿�Ù��ÝvÚ��ÝωÓ�÷vu�©½Â

�Cþ�å«�D,��ëêld =0.8 m, ϕd=0.01π

rad, d1=0.15 m, d2=0.1 m, α=0.396 m, T=1.5 s. +

èÅì<R1±�Ý0.1 m/s� �$Ä, Ù�Ý©

O3t =16.5 sÚt =24 s��u)éÊCz. ¢�

(Jã6(a)�R1 �y1Ú��Åì<R2� �y2,

3è/�±$ÄL§¥, ��±Ïuÿ��8I

�ÎNþêâ:�ê�16��m, ÙCz­��

ã6(b). 3EÜ?è���{�^e, ��Åì

<R2 ��ÝN�(�ã6(c))¦ü�Åì<�m�

�éåll©ªª�uÏ"�0.8(�ã6(d)). ã5¤

«�¢�(J�y
?è���{3 �$Ä¥

�k�5, ,
+èÅì<�ÝâC¬����

Åì<��¢�y�, ù´d?èXÚ�©Ùª

��A5Úå�. ¢SA^¥�ÏLG�ýÿ5

k�ü$?èØ�.



698 � � n Ø � A ^ 1 23ò

ã 6 Åì< �$Ä?è��

Fig. 6 Shuttle-movement formation control of two robots

6 (((ØØØ(Conclusion)
�©ïÄ
���gÌÅì<��f5?è

��¯K.�©�Ì��z3u: ÄuÅì<��
��A5é$Ä�å«�?1y©, ¿âdJÑ
äkV���A5��"�5z���{Ú�`

Cq8I�{. �DÚ�?è���{�',ü«

�{�(Ü�¤�EÜ���{Or
?è��

�(¹5Ú­½5, é)ûE,�¸e�õÅì
<ÑÜ!�¸&ÿ�?ÖJø
k���{. X
Ûò?èEÜ���{*ÐA^�?¿õ��U

£ÄÅì<���?Ö¥´e�ÚïÄó��­
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