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Abstract: The cooperative transport strategy for multiple mobile robots in the environment with undulating terrain
is proposed, considering the slipping problem of the box and robots in the transportation. The multi-robot cooperative
box pushing problem, in which robots are in watcher-pusher mode, is transformed into the multi-robot formation problem.
Geometric-based virtual target sequence tracking is introduced to achieve the rearrangement of the transport formation when
the object strayed from its current path. The navigation strategy in the cooperative transport strategy, which is called the
navigate plain first to destination (NPFD) is employed by the watcher to guide the formation. The box pushing simulation is
performed; the result illustrates the feasibility of the proposed transport strategy in the environment with undulating terrain.
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Fig. 1 Posture relationships between robots and

the box being pushed
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Halt the other pushers; endif
for0 < j <3 endif
Track virtual target gr; () END

if eriypi < 0
j++;
endif
endfor
(Wait) %550 JERHL & N Z1IE H AR
if e,y ri > 0
Turn to (Wait);
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] IR J, 73 213K R 400 H bR gea (to) 5 qrs (to) IRIAL
BT E A AN, R B 3(0) I ZIH LS A gre
28 58 JROE AU H B (K ERER, 10 s 1EAE B ER HE AU H AR
qrs(t1). BIEBPTARINZ, PIALE A4 58 g U H
FRERIER, JLE B fand A, 4R SfESIAE T-i8 5.

P & WE
dys
. sh#&
@y, Hsh# G i ! -
(b) (©

P 3 3 i R TN 4 A B T F

Fig. 3 Rearrangement the formation when the transport task failed
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Fig. 4 Several typical features in undulating terrain
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BEGIN (Watcher)
if (Target detected)
Move to Target gt;
Return;
endif
if [efy| > 5
Turn to target g;
endif
Generate P(t);
(qr, 5 H AL 1 1A T R R AT kR
Select p,(t) = [arg miny [z(px(t)) — 2(qu(t))] |,
pi(t) € P(t);
if ey | > &
Move to target gt;
else
Stop;
endif
END
BEGIN (Pusher)
if e} | > o
Push the box to the position represented by qr,;
Follow formation rearrangement strategy in Strat-
egy L;
else
Stop;
endif
END
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o pURIE EijizaE
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®
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Fig. 5 The motion of both watcher and the pushers in
the NPFD strategy

4.3 NPFD % fii 58 W& T I 2 HLa8 N Eis fai sk
W& (Multi-robot cooperative transport strategy
with NPFD navigation strategy)
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Fig. 6 Control architecture of multi-robot cooperative

transport
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BEGIN (Watcher)

while |3 | > &
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Move to Target gr;
Update and broadcast watcher’s posture qr,;
if formation is rearranging
Turn to target gr;
Stop;
Broadcast the box posture gy,;
endif
i € | > (¢l BB IR
Stop and wait for the box;
endif
endwhile
END
BEGIN (Pusher)
Acquire watcher’s posture g, and the box posture
av;
(first time)
while |e | > 6
Acquire watcher’s posture qr,;
if eri(ty)Fi > 0
Announce formation rearrangement;

Acquire box posture qy,;

Pl A%: AR IASE 2 1 B B Las A D1 1 i SR 863
Follow formation rearrangement strategy in Strat-
egy 1;
else

if received formation rearrangement announcement
Stop and wait for announcement of formation
rearrangement clean;
else
Push the box gy, to the position represented by
qL;
endif
endif
endwhile
END
FE LIRS, DL B as N S HES)F LA A
A T Je) B A SEA A U AR T RIS 28 L RN AL
ar N2 DL HLE R & BUR . 2448 78R 8
RN 1oL 8 A B 5 s N 7 2 5FT B Bz i 2
BAIRS, DI Bl N2> 5 1has sh 45 4. A Bk 7y
RIAERLIN 2 L N B HES B B N EIs 47 i S,
AT EZ IR ININ(SE il EER

HESFA T I EZ )

¢ s

B B 5o 35 =

o
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!
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BB TEE | --------

£ I e i 1N
I

K7 2B Is SR

Fig. 7 Flow chart of multi-robot cooperative transport

5 fiE L5 45 H(Simulation results)
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qr3 XA T qn, B g W62 73 0 0

2 0
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0 0



864 wOm g

YoM A %29 %

qrs(to) =

0 0.6 30
—0.8], gn(to)=| 0 |, gr(to)= :
0 0 0

FEAZ S T, 46 1 7 AR HE S B B 2 A 4G
17 %qy(to) = [0.6 0 0)THI30 miz [ H 4% figr =
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