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Cooperative Control of Mobile Robot for Carrying Object
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This paper proposed a method of cooperative control of three mobile robots for carrying an

object placed on a floor together. Each robot moves to the object independently from its location to a
pre-designated location for grasping the object stably. After grasping the common object, the
coordination among the robots has been achieved by a master-slave mode. That is, a trajectory planning
has been done for the master robot and the distances form the master robot to the two slave robots have
been kept constant during the carrying operation. The localization for mobile robots has been
implemented using the encoder data and inverse kinematics since the whole system does not have the
slippage as much as a single mobile robot. Before the carrying operation, the lifting operations are
implemented using the manipulators attached on the top of the mobile robots cooperatively. The real
cooperative lifting and carrying operations are implanted to show the feasibility of the master-slave
mode control based on the kinematics using the mobile manipulators developed for this research.
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Fig. 3. Rotation angle of mobile robot
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sholstyl BAE B SolgEs
So| B2 gushd BAS o S0l &

F3olc) Slave 25
S-S MasterZ 5

o] BRASE B Maserito] EAS 50127
o9 Bholshyl Theo] FAEAS 5] Master LS

Leader2 SlaveZ5-Z Follower2 AAE o] HEx A=
o3k etmelolch

S 50 &9 S sk I 9IRS Leader= %
g 7zow sl Ale] Azlel ZwE GAlshEA £
Sheg S,

22710 YRS SASL olFel] e My
W ol gk 4] @S ol§ste] Fig 59 2ol o fE
rjmponny 7o XS
et 7141 d, =
Apole] Aajole,

il

0

O

il

2y 2Hoz AHslar

AAL & 4= Leader 233} Follower

Leader P(x,,y;)
RP(x,,y,)=[(x, ~d,. sin0),(y,~d,; cos0)] @

LP(x;,y,)=[(x, +d . sin0),(y, +d . cosO)]

Fig. 63} Zo] 2] 225 weh Jgsh Ad 91XE 4
SHeE o] 3ufe] 2Ro] EERE WFo R FAo|nE
skgick g 2R o rRE Q] XS FAI51] f18) WiFi



142 2353 =54 4109 ABZE (2015.9)

LP(x.¥;)

Follower

RP(x..y;)

X
Fig. 5. Leader-follower method for swarm robots

A 4

X
Fig. 6. Driving method of swarm robots

2.3 BiLIZ0IE] Hof

U B olel mujel SES] o] FAwlo] glon]
wll %02 8)7o] Kslek 3rhe] 2ol shte] BAlE
Sof Zelt WRAUS YA endefieciore] $IXZ o}
Slok gk, Fig. 73} o] 7175H HYAS o] §3lo] end-
cffectore] HIEE 73 4= Yt 7|70k mAHE DH

HPHS o} 851 Table 19} 2 DHable 212 4= 9tk

Fig. 7. Behavior rule for swarm robots

Table 1. D-H table

17 d a a
1 6, I 0 90
(23 b 0
0; h 0

4o
:?L_',
18
N
5
o
)
5
£
E=)
i)
>
o,
&
o
1
9
o

g +g) ~asir(G+E) s aQlbaxg+i)asd)
opy_| NGH@+E) —snnG+) -~ slax@+Q )| (5)

He e
$GH) @) 0 L@
0 0 0 1

o Suiol WS o BAE ol B4 Fig 87
ol Hea) MM e ArkelE dejeld F oje] =
o] Hagtomn AARES AN FehE WshuA
SoleeAl FEE ¥ 5 otk BAS Uelslt $AS
Solgelt F4o] wirz sk

BA WAL B X, 0,z ¢ kel A O~ &

o
i
)
i,
4
30,
o

x=cos6(l,cos(0,+6,)+1,cos8,) (6
y =sinf,(/;cos(b, +6,)+1,cos,) @)

z=1sin(6,+6,)+1,sin G+, ®)

H & 0¥ end-effectore] A2 Z}3E
ol AR ol B olE ] LS A

N
£

N

&

N

N

Fig. 8. Behavior rule for swarm robots
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Table 2. Parameter of Mobile Robot

b 105mm
b 195mm
A 125mm
w 472mm
R 289mm
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Fig. 12. Configuration environment for cooperative control.

250

200

150 -

cm

100+

o

. . . . .
0 10 20 30 40 50 60
cm

Fig. 13. Driving result of mobile robot

Fig. 14. Result of experiment (before)

Fig. 15. Result of experiment (after)
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