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This paper describes a development of virtual bird’s-eye view system for teleoperation.
Unmanned construction is used to recover from natural disaster such as landslide and
pyroclastic flow. This construction method has no risk of secondary disaster because workers
teleoperate construction machines at remote site. However, traditional unmanned construction
is an inefficient way because captured images from a camera mounted on a construction
machine usually has blind spots. We propose a method to create virtual bird’s-eye view
images which can reduce blind spots from multiple wide view cameras. Our method helps
workers understand environment easily and operate construction machines safely. In addition,
we evaluate working efficiency by integrating a bird’s-eye view system into actual unmanned
constuction systems.
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Fig. 1 Concept of virtual bird’s-eye view.
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(a) Original image (b) Rectified image

(c) Frontal image (d) Long frontal image

Fig. 2 Rectification of fish-eye image.
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(a) Example of top view images

Calibaration pattern

(b) Calibration environment
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(c) Procedure

Fig. 3 Procedure of semi-automatic top view calibration. We put square boards on the ground. Two or more boards
should be captured in each camera image. Each homography matrix to make top view is estimated from these boards.

1
3(b)

2

PC

3(c)
pi, j = (xi, j,yi, j) i

j

Pi, j = [xi, j,yi, j,1]
T

Mi, j = [mx,my,mz]
T ≡ HtopPi, j

k

p′
i, j = (x′i, j,y′i, j) P′

i, j =

[x′i, j,y′i, j,1]
T

P′
i, j =

Mi, j

mz
=

HtopPi, j

mz
(1)

p′′
i, j 4

j = 1 j = 2 ui

ui =
p′

i,2 −p′
i,1

||p′
i,2 −p′

i,1||
(2)

(3) (6)

p′′
i,1 = p′

i,1 (3)

p′′
i,2 = aui +p′

i,1 (4)

p′′
i,3 =

√
2aR( π

4 )
ui +p′

i,1 (5)

p′′
i,4 = aR( π

2 )
ui +p′

i,1 (6)

a

R 2

p′
i, j p′′

i, j

Htopk
(10)

ε(Htopk)

ε(Htopk)

N

minimize ε(Htopk)
=

N

∑
i=1

4

∑
j=1

||p′′
(Htopk) i, j −p′

(Htopk) i, j||2

(7)

(8) (9)
(7)

ε(Htopk)

ε ′(Htopk)
= |b−min(

√
p′

(Htopk) i, j ·p′
(Htopk) i, f )| (8)

ε ′′(Htopk)
= max(

√
p′

(Htopk) i, j ·p′
(Htopk) i, f )

−min(
√

p′
(Htopk) i, j ·p′

(Htopk) i, f ) (9)

f j �= f min max
(i, j, f )

b

Htopk



(a) Image composition (b) Example of bird’s-eye view
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(c) Procedure

Fig. 4 Procedure of automatic bird’s-eye view calibration. This calibration part starts automatically after top view
calibration. In order to combine each top view image, it is necessary that each shared point is at same position.
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Fig. 5 Hardware system (backhoe).
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Fig. 6 Hardware system (teleoperation room).
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Fig. 7 Example scene of experiment.
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Fig. 8 Experimental outline.
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Fig. 9 Result of moving narrow path.

Front view Bird’s-eye view Side view

Fig. 10 Example images in moving narrow path experi-
ment. Red circles indicate obstacles. Bird’s-eye view can
show both of obstacles.
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Fig. 11 Result of controlling stop postion.

Front view Bird’s-eye view Side view

Fig. 12 Example images in controlling stop postion expe-
riment. Yellow circles indicate stop marks. Bird’s-eye
view can show a backhoe and a stop mark relatively.
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Fig. 13 Result of controlling backet.

Front view Bird’s-eye view Side view

Fig. 14 Example images in controlling backet experime-
nt. Bird’s-eye view can estimate backet position.
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