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A System for Environment Recognition by Multiple Mobile Robots
with Monocular Cameras under Human Supervision
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** Department of Precision Engineering, The University of Tokyo,
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In this paper, we propose an environment recognition method for operation of multiple mobile
robots. Until now, we have been developing a system for multiple mobile robot operation by a single
human user. In order that the user operates multiple robots appropriately, he/she must know
information of an environment around the robots. Hence we build a virtual environment and show
it to the user. To build the virtual environment, we must solve two problems; one is an object
recognition problem and the other is a robot-positioning problem. Concerning the former issue, the
two robots that equip a monocular camera on each acquire a 3-dimensional position of a point in an
environment with a stereo vision method. As for the latter issue, we set markers on the robots by
which the robots can measure their relative positions. In each phase mentioned above, the human
user gives commands to the robots appropriately. Solving the above problems, we can make a virtual
environment in the computer. The virtual environment displays remote site information to the user.
We verified effectiveness of the proposed method by experiments.

Key Words: Cooperation, Environment Recognition, Human Interface, Marker, Moving Robot,
Multiple Robots, Stereo Vision
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Fig. 1 Environment of interest: (a) Whole environ-
ment. (b) Recognized environment.
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Fig. 2 Environment recognition with three robots.
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Fig. 3 A marker: (a) LED array on the marker. (b)
Marker photo.
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Fig. 4 Conceptual camera image of the marker: (a)
Point features of the marker. (b) Parameters.
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Fig. 5 A marker and a camera.
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Fig. 8 Commands and robot behaviors.
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Fig. 10 Disposition of robots in the experiment.
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Table 1 Poses of the robots.
worker robot 1
x[mm] z[mm] 6]

theoretical -500 1500 0
average -491.9 1502.6 03
variance 8.9 7.6 0.9

maximum error 22.5 14.5 1.7

worker robot 2
x[mm]  z[mm] g1°]

theoretical 500 1500 0
average 498.2 1501.6 0.1
variance 17.8 4.6 1.4

maximum error 29.9 10.5 2.1

Table 2 Laser spot measurement.

spot P; (left upper)
x[mm] ~ y[mm]  zmm]

theoretical -300 745 2000
average -292.9 744.2 2006.6

variance 153 22 18.5

maximum error 36.3 5.6 32.3

spot P (nght upper)
x[mm]  y[mm]  z[mm]

theoretical 300 745 2000
average 305.5 743.6 1995.1
variance 15.7 0.8 17.9
maximum error 327 2.6 30.1
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Experimental environment: (a) Photo of the
environment. (b) Target positions of the laser
spots. ‘

Fig. 11

THRAR-EY, /NS eBEIiTET VT, o
Ry NEEERHL CBBIIEL2L0EXOND.
AERTIIWE 1 I HBERE2YE, BiE2 13
WA/ NS RYEERELTRY, AiEIIxRyEL
~LTEML, BHEIIER Y NERBETHL ST
ool Th. LENoT, BESIWMEL LB
BEHROEEYONE - EREHAISED.

WA 1 IRF L T O RICERS TR B2 0, Hi)
SETFMET BTDIZIBEZROEXEHIT 2 LER S
5. UL, MUIERCLAMEEEXTZBE, ME
WELETERT 4 2RET LBV, b
HOMEEESO TEEZAETHLOBRESFFEL LT
EFNALT R, ERICEe ARy PAEBICHETE (6
FEEOME) OME - EBFROLLERFT 5.
X 11 (b) FOXENL 3 KT B LB ~EHFTE
FLTREY, ZhooS82EBEBEaRy b—fA, {E¥n
Ry h2&, B3 BTHETS.

Table 3 Spot measurement result.

spot measured value correct value error

(x,,2) [mm] (x,9,2) [mm]  {Ax, Ay, Az) [mm]
71 | (115,2447,651)  (-77, 2276, 666) (38, 171, 15)
P2 (424, 2417, 648) (428, 2284, 667) (4, 133, 19)
P3 (539, 3931, 844) (562, 3499, 827) (23,431, 17)
pa | (3746,2626,869)  (3323,2334, 850) (422, 292, 19)
ps | (2060,1574,600) (1957, 1430, 562) (103, 144, 38)
pe | (2094,1178,581) (1957, 1035, 589) (137, 143, 8)
P (492, 2351,586) (487, 2227, 613) (5, 123, 27)
P8 (887, 2344, 599) (850, 2220, 613) (37, 124, 14)
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Experimental results: (a) Virtual environment
including observed walls of the objects. (b)
Measurement results.

Fig. 12
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Fig. 13 Task execution: (a) Start. (b) The worker - (10)
robot 1 approaches the object 1. (c)-(d) The
worker robot 1 pushes the object 1. (e) The
worker robots approach the object 2. (f)-(g) an
The worker robots lift up the object 2. (h)-(1)
The worker robots transport the object 2.
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