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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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Remote controlled backhoe

Teleoperation room

Fig. 1 Concept of virtual bird’s-eye view.
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(c) Frontal image (d) Long frontal image

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

(b) Calibration environment

Rectifying trapezium shape to
square (from left to right) ' \

' ‘\j . ‘

h
Result

(c) Procedure

Checking if shapes are squares

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.

B OBIITKEI DOFANEL D 7= DI B2 BT 5 4
FRH L. BRI, BEOAEI DA TN RE— %
| DU EHE L TRE CEXAMNBEICTHALERDS.
Bl 21X 3(b) D FEBIC & D BAD N H — T O
BFERFD2OOHATRIEFLTRE LTS,
BTOAATBBG ETCINEONRE - DOETHNE,
PC TO~YTAZ Uy 7 ANCEY FETEZXD. 72
B, EFENRE =30 AT ERU EVLETHDN,
EHAIEDORRZAERTH RALE AR O AEZ B E LT,
Ka %<3 ENLEE L.

TRFRAR L D FNEE K] 3(c) 1Z/RT. K 3F—2 DA
NEREZ pij = (xij,yij) ERT. IRTO 13 ET
NS TEE OARZ—rnzF£ L, jiENAE
DIERBE EDDRFHRIV ICEBIETR SN TWD

FT, BET T T 4 ATHIE NTIEAE, HIERE & D
M EEZ D, NIEREEEGTATH P, j =[x,y 1]
ZHOTITHI My j = [my,my,m;)" = HopP; j &7+
5. ZITHBEOIZOI AT HEXBT D kiFE LT
W5, mﬁETp” (¥ 37 ) FEL R OATHI P =
¥ i g 1" hoRDHBNG.

M, HooP;;
P/i,j — LI topti,j . (1)

m; m;
WIZH D ERE 2 b &I IERE IR & 72 2 PR
i (WA, EHTIERE) , 5% Y 4 THASESER
IZBLE SN D GEEOEEA RO D, £T, HFx—
Dj=106 j=2 DRI MLy ZEATD.
P/i,z _p/i,l
||P’i,2 *P’i,1|| .
DR vz VTR & 72 2 1IE 7 TR
K@) ~6) DD X HITERIND.

2

u; =

P”i,l = p/i,l’ 3)
P’ =au+p;, 4)
P'i3=V2aR(zui+p';), ®)

P'ia=aRizyui+p, (6)
ZIT, aldEB EOH ORI — B EE LT AR
THY, RIZ2ETCEEADEERTSICTH S, FHIIAN
OEIXIERA 2R LT D
uimﬁﬁFTp”&Eﬁ%EEM”%muf ke
BEE DD OWEEANERT D1 ODKET T 7 44T
5 Hyop, % RO EGELFIETH DR T Ly
7 2O CRD B, Fim, BIKIEMEE UTIES R
RO SENIEDE T D E 525, BN
TERERE & R & DT ORI & BT 5L N O B
MBI ey, ) ERET 5. 0 HIBEE R/MET
%2 ET, WOEEZEFERIGENDICT 5.
FEEAE L EHREREIL YL 5 b RETS T 7 447502 &
DIRTE SN D BT H D T DIFINIC e, ) 21 L
TW5. NIFMGH oY — OFEBEKRL TN

Z Z ||P// (Hiopy) i

i=1j=

minimize €, ) = (prk ; j||

(7

DA BTG A % Tl R o7 — L DR —PT R D

AT 2RI BT O LERH D, X (8), (9) DFF

flitk, THOFEL TN (7) (233 5 HE % FHm
B4 E(Hyop,) D FELGEDHITIEDETDH.

SEHtopk) = |b*min(\/P/(Hmpk) 0 P (Hopy) i)l (8

7

EHip,) = max(\/ P (Hpy) 1P (Hiopy) if)

_min(\/p/(HtoPk> i7j ’ p/(HmPk) i’f)’ (9)

FlLjAfE722%88ThH5. BN min, max X
(i, ], f) DETOMAHEDOE THOIAN O A FHE L 72k

OF/ME, BREZTRL TS, bIZAr—LVEEET
étb@%ﬁ?%é.:h%®ﬂﬁ%ﬁ’ﬂbf%%
DEMEEZHEL, N0 ERFICTEILZHEICF Y Y
7V~V§Vﬁ%7?5%@k?é.;®@ﬁ%£
DI A FWETIT, RES T 7 4175 Hp, 155




(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. 6 Hardware system (teleoperation room).
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Fig. 9 Result of moving narrow path.
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Fig. 11 Result of controlling stop postion.

‘ Front view ‘ ‘ Bird’s-eye view ‘ ‘ Side view ‘

‘ 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. 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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