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Robot Body Guided Camera Calibration
HAIYUAN WU ,+ TOSHIKAZU WADA  and YOUJl HAGIWARA

This paper presents a novel camera calibration method for RC car robot control Systémexternal
cameras. This system can be regarded as a sensorless robot system, which has advantages of low-cost body
and precise localization by external camera. The only drawback is that it requires a priory camera calibration.
For this calibration, we don't use any specially designed object, but the robot is employed as a calibration
object. Before the calibration, the robot cannot move along a straight line, however, it can move along a
circle by keeping constant steering angle and slow speed. The circular locus of the robot is projected as an
ellipse on the image plane by the perspective projection. Based on this geometric relationship, we propose a
calibration method of the focal length and the view direction of the camera relative to the working plane of
the robot. Through computer simulations and experiments with a real camera and a robot, we have confirmed
that our method is more robust than the Homography based calibration using four point correspondences.

ooooooooooooooobooooooon

1. ODoO0OaO
goooooooooooooooooboooooon

ooooooooooooooobooooooo
goobooooooooooobooooooooDoon
goooooooooooooobocooooooon
gooooboboodoooooooooocooooooo
goooobobooooooooooooobooobon
gbooboooboobooobocooboobooobOoooon
gooboooooooooooooooooooon
gooooobooooooooboooboobooooobon
ooboooooooobobobooooooooooo
goooboobooooooooobooboooooooon
ooood

tooooo
Wakayama University

gerQ

goooooooooooooooooooooon
gooboooooooooobooooboooooooDon
gooooboooooooooooooooooon
gdoooboooooooooobocoooooobon
uoboooboooocobooooobocoooooooon
goboobobooooooooooocooooooon
ooobooooooooooooboobooooooooo
gooboooooooooooooooooooon
goooooboooooooooooobooooooon
oono
oooooooooboooooooboooooon
gbooboooboobooobocoobooobooobooboOoooon
goooobooooooooobooOooboobon
goboooboooooooooooooooooon


研究会Temp 
 

研究会Temp
コンピュータビジョンとイ メ ー ジ メ デ ィ ア

研究会Temp 
（２００３． １． １７）

研究会Temp 
136－10

研究会Temp 
－67－


gobobobooooooooooooooooooon
gooobobooooooooobobooooooooon
goboboboooooooooooooooooobon
goboboboooooooooooooooooobon
ooooO0o0o0o0ooooO0O00 100m@monoooon
goboooooooooooocooooooooon

goooooooooboobobo
Eddipne

/ Image

\Q@@\V/@é
T

01 0000000
Fig.1 The system construction

Cameras

00000000000000000000000
000000000000000000Y239990Meng
0Y00000000000000000000000
300000000000000000000000
000000OWangd?00000000000000
003000000000000000000000
0000000000000 00000000000
00000000000 0000000000000
O00O0000KmO¥Y0YangD® 0000000
000000000000000000000000
0000000000000000000000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 DOn

00D00000000000000DOOOHomogra-
phyDOODOOOODOODOO0O0OO00OO0O0OO00
000000000000000000000000
0000000000000000000 Homogra-
phyOOOOOOOOOOOOOHomographyd OO
00000000000000000000000 4
000000000000000000000000
0000000000000 00000000000
0D0O0000Homographyd 00 2000008190
000000000000000000000000

The cneter of circle

go0oooooooooobooooo

gooboooooooooboboobooobooo
goboooooboobooboooboobooobooo
gobooooobooboooboooobooboooo
gobbooboobooobooobooobooboooobooo
gobooobooooboooboboooooboooo
gbooboobooobooboobooooooboo
gboooooooooooo

goobooooboooboobbooboobooooboo
goooooboooooobobooooooboo
00000000 Homographyl 000000000
00000020000 0000D000D0O00DODO
0000400000000 Homographyd OO 00O
gobooboooooooobooooboooobooo
gooogoo

Virtual camera

i %ography
@Camera

Ground

02 000000000 2000000000
Fig.2 Conversion between two cameras which are observing a same
plane

2. 000oOoOooODoOoOCOOOoOOooooogoo
goboboooobooo

Yy o
Image plane !

(xe, ye, 20)

03 0D00oOooooooooo
Fig.3 The world coordinates and camera coordinates

000000000000,-XYZOOOooooOo

00.-X'Y'Z’000000 0,,0.0000X,X'00

680


研究会Temp 
－68－

研究会Temp 
 


00000000000000 Z 00000000
Z00OOOODOODO 00000000000 30
0000000000000 00000000
000000 A000000 r0000 (2, Ye, ze) O
000

21 000000O0O0OO0OO0OOOOOOOO0OOO0

oooooo

000000000 X000O0O00000000
0ooooooo

T

ycosf — zsin 6 (1)

.T,
y/
2 =ysinf + zcosf

goobobooooooooooooooooooDon
goood

T =1x.+rcost
y=—h (2)
Z=z.+rsint

000+00000000000030000000
(z,y,2) 0000000000000000 (I, 1)
0000000000000

L=f- L

[ =f. L2277 e5 Y
/ —ysinf — zcos 0
00000 (2)0oooo

L=

—ysinf — zcos 0
ycosl — zsinf

xc + rcost
hsin@ — z.cos@ — rcosfsint

®3)

—hcosf — z.sinf — rsinfsint

(4)

I,=1-
v=1 hsin@ — z.cos@ — rcos@sint
0000000 3)0 (9000000

(Iyh + fzc)sin@ + (fh — Iyzc) cos 6
Iyrcos® — frsinf

sint =

()

—I.h+ fxesin® — Iyz.cosf
Iyrcos® — frsinf

000000sin?¢t4cos?t=1000

cost =

(6)

[(Iyh 4 fze)sin @ + (fh — Iyz:) cos 0)?
+[—I:h + fresin — Iya. cos 0]
= [I,rcos @ — frsind)?

00000000000000000000
A+ B'IL1,4+C'I;+D' I,+E'I,+F = 0(7)
0oooooooo

0690

A= h?
B’ = 2hx.cosf
C' = (hsin® — z.cos0)® + (z2 — r?) cos® 0
D' = —2fhx.sin®
E' = 2f[hz.(sin® § — cos® )
+(h? — 22 — 22 + %) sin0 cos )

000000000070000000000000
0ooooooo

I+ BII,+CI} + DI, + EI, + F =0
000000000000 00000000000
ooQ

B = 2x! cos 0
C = (sinf — z. cos 0)% + (2> — %) cos® 0
D = —2fz,sinf
E = 2f[2.(sin? 0 — cos? 0)

+(1 — 2.2 — 2% +7%) sin 0 cos 6]
F = f?[(z.sin 6 + cos0)? + (z.> — r'*) sin? 6]

0000z, =z./h0z. =2./h0r =r/A 0000
22 D000ODOOODOOOOOOOOOO
0000000 b/BOOOOOCODOOOOOO

000 f0O00D0DO0OO0ADODO0OOOOOOODO

ooo

D
f~tan0:f§ (8)
0000000 (z,2.) 000 00000000

0000000000000 2%2+22—r20000

000000000022+ 22—r200000000

0000000000000 0000f0D0000D

ooooooooo
Cx fP+F0O00

2 fA(C-1)+F

(E;Q + Zég -r = # (9)
oo
Ip
?-:<—@4?+4f—r”)$n29+$n29—2z;as29u0)
CcOoo0
1 2 1-—cos2
C = (@ + 27 —r'?) +?59 2”9

— 2., sin 20

00000000000000 (10)0 (11)0000
000000000000

F' = f?[(zesin @ + hcos 0)® + (22 — r?) sin” 4]


研究会Temp 
－69－

研究会Temp 
 


—sin26 - (2.2 4 2.2 —1'*) — 2cos 20 - 2.

= ? — sin 260
1+ 00826 (:205 20 (x/c2 + zf - r'2) —sin 26 - 2.,
—C_ 1 — cos 260
N 2
ogooooo
a2t = (1-C) tan® 975 tan 6+C(13)
00000 (9000 (13)00000000
2 —
iﬁlﬁiifz(-wnmﬁe—?Umo+c

00000000000000
(1—C)(f-tan0)> — E(f-tan0) = F — f2(14)
00000 (8)00 (140000000
9 D D?
=F-FE. = - 1=
f B+«7 )B2
f00000D0000D0O0OO0OOOOOOOOOO0
00000000 O0O00D00D0O00D0ODOO
1
f=
|B|
000000000000000000000000
0000000000000000

\/B?F — BDE + (C —1)D?  (15)

€

f= W \/B?F — BDE + (C — 1)D?
. 1 D (16)
tanf = 7? . E

3. 0oOOooOooooogooo

0000000 bOO0oDoDoOooDoOobOooobooon
0oo000oO0oO00obOoOOooooOOoOoboOooboooo
00DD000000000000 (2,y:);i=1,..n
gooooooobooa

Q(x,y)=A$2—|—Bxy+C’y2+Dm+Ey+F:O
goooobooooooobooobooboogoo
AB,C,D,E,F0600000005000000
Joo0oo0o0oooOooboo soboooooboooo
oo0ooOoooOooouooooOo 500 (n>5)00
Jo0000o0o0oo0obOoo0ooooboobOooboon

G=> Qwiu)

00000000 A B,C,D,E,FO00D0O00O00OO
0000000000A,B,C,D,E,FO00 0000
O00D00O00A%+B?>+C?+D*+E*+F2 =1
0000 GO00000000000GOO00O00O

(1

2)

00000000000000
G=VTSV + VTV — A
oooo

(17)

T
V:[ABCDEF}

S:jﬁ&xﬁ
i=1

ood,
T
Xi:{xf TiYi y? Ty Yi 1}

GOoO0oOoOooooooo

SV4+AV =0
0000000000000 SoO000 (-N)DO0O0
oooo(v)obooooooooooo

4. DO 0O

41 0 O OO

goooooooooobooobooobooooooceaco
gobobooooooooboooooooooooon
0o 40000000D000000COODODOOOO
ooboooobooooboo

~

04 CcGUUOODODDOOO
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Table 1 The estimation error of focal lenglh(= 0.75(m))
7=14 | -26 |
X=-1.2 14 2.74

-0.4 3.27 17.6
-0.0 non non
0.4 1.89 2.11
1.2 0.24 2.89

02 00000000000 (R =0.75(m))
Table 2 The estimation error of the tilt angle(= 0.75(m))
7=14 | -26 |
X=-1.2 0.07 0.00

-0.4 0.09 0.21
-0.0 non non
0.4 0.03 0.04
1.2 0.08 0.01

03 000000000oooog (R =0.50m))
Table 3 The estimation error of focal lengih(= 0.50(m))
Z=-12 | -14 | -24 | -34
X=-1.8 271 | 2.33

-1.3 0.68 0.75 | 0.85 | 5.16
-0.8 0.71 0.58 | 2.84 | 3.52
-0.3 4.37 0.64 | 7.85 | 22.2

0.0 non non non non

0.3 0.63 359 | 1.13 | 7.55

0.8 2.57 0.23 | 0.20 | 2.53

1.3 2.79 1.63 | 0.61 | 1.15

1.8 3.80 | 0.18
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Fig.5 The estimation error of the tilt anglg(= 0.75(m))
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Fig.6 The estimation error of the tilt angle(= 0.50(m))
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Fig. 7 The estimation error of the tilt anglg(= 0.25(m))
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Table 4 The estimation error of the tilt angfe(= 0.50(m))

Z=-12 | -14 | -24 | -34
X=-1.8 0.03 | 0.08
-1.3 0.01 0.07 | 0.07 | 0.07
-0.8 0.02 0.03 | 0.00 | 0.03
-0.3 0.16 0.01 | 0.09 | 0.38
0.0 non non non non
0.3 0.02 0.10 0 0.1
0.8 0.03 0.08 | 0.02 | 0.08
1.3 0.20 0.07 | 0.02 | 0.00
13 0.16 0.00 | 0.07 | 0.16
1.8 0.00 | 0.01
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05 000000000000 (R=0.25(m))
Table 5 The estimation error of focal lenglh(= 0.25(m))

X: Z=-09 | -11 -1.6 21 | -26 | -31 | -36 | 41
-2.6 1.82
-2.1 794 | 246 | 14.7 | 5.42
-1.6 2.95 269 | 289 | 036 | 1.04 | 417 | 953 | 1.96
-1.1 0.18 128 | 432 | 264 | 0.15| 3.89 | 10.1 | 12.0
-0.6 2.36 244 | 271 | 3.77 | 265 | 16,5 | 9.11 | 0.15
-0.1 0.667 | 24.8 732 | 136 | 84.1
0.0 non non non non non non non non
0.1 27.7 | 122 120 | 66.0 | 9.75
0.6 0.25 0.76 | 1.93 | 233 | 101 | 7.34 | 1.40 | 12.0

1.1 1.60 045 | 1.77 | 0.69 | 3.95 | 1.02 | 15.7 | 5.50

1.6 1.24 132 | 114 | 192 | 1.78 | 0.79 | 134 | 6.41
2.1 11.1 | 5.02 | 176 | 2.01
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Table 6 The estimation error of the tilt angle(= 0.25(m))

X: z=09| -11 | -16 | -21 | -26 | -3.1 | -36 | 4.1
-2.6 0.05
-2.1 0.31 | 0.02 | 0.64 | 0.02
-1.6 0.38 0.00 | 0.02 | 0.12 | 0.00 | 0.02 | 0.54 | 0.05
-1.1 0.05 0.02 | 0.14 | 0.13 | 0.16 | 0.09 | 0.51 | 0.22
-0.6 0.07 0.02 | 0.08 | 0.04 | 0.14 | 0.23 | 0.09 | 0.04
-0.1 0.31 | 0.05 126 | 211 | 185
0.0 non non non non non non non non
0.1 0.76 | 0.05 229 | 1.03 | 0.28
0.6 0.09 0.16 | 0.16 | 0.05 | 0.22 | 0.10 | 0.30 | 0.32

1.1 0.03 0.05 | 0.18 | 0.13 | 0.20 | 0.02 | 0.63 | 0.07

1.6 0.40 0.03 | 0.05 | 0.12 | 0.02 | 0.08 | 0.62 | 0.16
2.1 0.30 | 0.06 | 0.70 | 0.12
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(2)r=0.75(m),x=-0.4(m),z=-2.6(m)

@

(b)r=0.50(m),x=-0.3(m),z=-3.4(m)
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(c)r=0.25(m),x=-0.1(m),z=-3.6(M)
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Fig.8 Synthetic ellipse images which the error was maximum
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Fig.9 Animage for comparison of our method and Homography
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Fig. 10 Experiment scenery
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Fig.11 The example of a robot’s move locus from an image series
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Fig.12 The fitted ellipse
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