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This paper describes a new camera arrangement method for bird’s-eye view systems of
teleoperated robots in case of camera troubles. Our proposed system provides a bird’s-eye view
image that helps an operator understand the surroundings easily and teleoperate the robot more
accurately. The image is created by synthesizing multiple images captured by the cameras
that are attached to the teleoperated robot. With a conventional method, if a camera does
not work well, blind spots occur in the bird’s-eye view image. In this paper, a method of
camera arrangement that improves reliability of bird’s-eye view systems is proposed, and the
experimental results show the effectiveness of our proposed method.
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Fig.1 Changing from fish-eye images

to bird’s-eye view image
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Fig.2 Blind spot in a bird’s-eye view image

3

2

1 1

2
1

1
2

2

3.1

4

1.

2.

3.

4.

n
1 2 , · · · , n− 1

3.2 n

n

N
(1) N (2)

ci πci

|C| = |Π| = N

C =
{
ci | i ∈ {1, 2, · · · , N}}, (1)

Π =
{
πci | i ∈ {1, 2, · · · , N}}. (2)

n (n ≤ N)
(3)

(4) |nC| = n |n̄C| = N − n

nC =
{
cj | cj , j ∈ {1, 2, · · · , N}}, (3)

n̄C =
{
ck | ck , k ∈ {1, 2, · · · , N}}. (4)

N n NCn

(5) (6)

nS =
{{nCl,n̄ Cl} | l ∈ {1, 2, · · · ,NCn}

}
, (5)

nSl ∈ nS (l ∈ {1, 2, · · · ,NCn}) , (6)

3 2

nS =
{{2C1,2̄ C1}, {2C2,2̄ C2}, {2C3,2̄ C3}},

=
{{{c1, c2}, {c3}},{{c2, c3}, {c1}},
{{c3, c1}, {c2}}

}
, (7)

Π nSl

A(Π,n Sl) Aall

Π n
nV (Π) (8)

nV (Π) = min
nSl∈nS

A(Π, nSl)

Aall
. (8)

3.3 n

N
n

0 1 t
R(t)

0 ≤ R(t) ≤ 1 R(t)

R(tm) = 0.9 0
tm 1 R(t)

λ(t) (9)

R(t) = exp(−
∫ t

0

λ(τ)dτ), (9)

λ(t) t

1 R(t)
N
0 t

N n NRn(t)
(10)

NRn(t) = NCn [R (t)]
n
[1−R (t)]

N−n
. (10)



Fig.3 Mobile Robot [9]
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Fig.4 Polar coordinate

Fig.5 Camera installation
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(a) Bottom right and upper left camera troubles (b) Bottom left, bottom right and
upper left camera troubles

Fig.6 Bird’s-eye view with camera troubles
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