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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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(b) Rectified image

(c) Frontal image

(d) Long frontal image

Fig. 2 Rectification of fish-eye image.

21 RRBUYEOEHMHIE WES 3 ~LETH O
R A A DG 221X 2(a) 173, MARBREIT AR L
VRN L DR OB RO, EiAHH) 180 °
LIRS, —EIZIRNWEIRARE TE LI AT THS.

FPRANT, IFIRAG A AR C I Fa RIS O —E fEdk
DEHSMHEEAT D . Z DOEIMESZ O A K 2(b) 12
R JFRRS TIRE Y a VO E TR MR FK
IRT DI ENEEREEIL 2D, 2D, EARMIE
TR IR O T2 S i-fik e 35, 25,
ARBAE D7 A SO o FiE 2RI L.

£, FREOELMIEIC & - TEAMBIE T CTHERAE
AINTEeh A TG bEEMIcAER TS, X
20e) 1R T K D IR A A T D DB % B A E D FE
WETHI LT, EHORITICEEON AT B L
B OMUE 2 BRPICEY T 2 L3 TE D, &b
EBHEFHRT OO ETOMA %A Bd Z & T 2(d)
WRT LT — AR R T D8 AR FTRET
HDH. ZOXIITIHREY AT L TIHAIRSG X T 0 BIfF
Mg LIS OFE SIS & [RIFFIC AR RR L CHORZ1T 9

22 H{RFERRR{E 0D A B B ERZ IG5
B EOWHED DT XD eI 2835 (M 3(@) .
ZOBCHARET T 7 41105, REST 74
1THNE 3 RIT L DZER D & 5 - % Bl O S~
LEICER S E (T8I TH L. AFEICRBWTE, &
TR ER OBk o o> it A T & ARGE L, O TH A R
BB FICRARINCIEY H LT h A T OFEREDHE~ &
YT 5 Z LIS T 5. AR TR 5 _R&KE
757 4175k Hiop, £EET D, kIZBENATEK
BT HIET-THSD.

BAFIHAE D AERIT R BO X ¥ U T L— 3 T
L ViThbins. K3b)ITTRTLICF¥y VT L—g
TR SE P O B R D 1E IS Y — o R E T
HIZETEFEICITY) ZEMNTE D, B, "2 — %

— 347 —



L Calibaration pattern

(a) Example of top view images

(b) Calibration environment

Rectifying trapezium shape to Checking if shapes are squares
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>
Result

(c) Procedure

Selected point

P

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.
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(a) Image composition

(b) Example of bird’s-eye view

{

(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. 9 Result of moving narrow path.
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Fig. 11 Result of controlling stop postion.
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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. 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.
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Fig. 14 Example images in controlling backet experime-

nt. Bird’s-eye view can estimate backet position.
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