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Determining Extrinsic Camera Parameters of an Omni-directional Multi-camera

System from Multiple Video Streams
Tomokazu SATOT, Sei IKEDAT, and Naokazu YOKOYAT

0000 0O0O0000O000OO000DOO00DO00O0Oo00O0OO00U0O000OOoO0O0DOoOoOoDOOOoOn
J00000o0o00oo00o0o000o0d0oo00ooooooooooooooo0oooOooDoOoooo
0000000000000 0000000000000U000000UO0OUPnP(Perspective n-Point) O
0000000 0000D0o00DoDo0oooo0ooo00o00ooo0o0oo0o0oo0ooooooooooo
0d0o0oo0oo0o0oU00oU00oO0O0O0O0U0OO0O0OO0O0O0ODOOD0OO0ODOUO (DODODDO)DOUDOOOO
J000000o000o0o00o0000o00do0oDO00oDo00ooDooU0ooooUoooUoU0oooOooDoOoooo
J000000o000o0o00o0000o00do0oDO00oDo00ooDooU0ooooUoooUoU0oooOooDoOoooo
goooooooooooog

00000 DODODOODOO0O0OO0OO0OOD0O0ODPaP O0OO Structure from motionO0 00000

1. 0 OO0

gobogooboobobbobobobooboboo
gbogbobobbooboobobobobboon
gobobooobbooooooobbboooobob
0000000000 (0[600000000nn
gbooboooboboobbobobboooobon
gbooboooboboobbobobboooobon
00000000000 oO0ooooooo0Og (Omni-
directional Multi-camera SystemO 0O O OMS) [4]0
[|00000000000O00ODOUOOOUDOOO
gboobooobobooboboobobboobooobon
gbobobboobobobooobooboobooobon
gboobooobobooboboobobboobooobon
gboobooobobooboboobobboobooobon
oooooooooMSOOOoOOOoOOoOoooOooo
gbooboooboboobobobobboobooboo
gbooboooboboobobobobboobooboo

foooDoODOOOODOOOOOOO
Nara Institute of Science and Technology, 8916—5 Takayama,
Ikoma, Nara, 630-0192 Japan

gooooboooboboobooboooooboboooboo
(0O000)0Db0U0D0ODLOOLOOOODODOOO
ooboooboooboobooboooooboboooboo
ooboooboooboobooboooooboboooboo
oooooboooboooobooboboobooboo
000000000D00DOD (ooooo)ooo
gobooobobooooboboooboboouobobooooboboo
ggoooobooobooboobooooobooboooboo
uboooobooobooobooobooboooboooboo
oooooooooooboooooobooboooooo 1
goooboooboooooobobooooooobo
gooobooooboobboboooobooooooobo
0000000000000 PnP OO0 (Perspective
n-Point problem) 00 0000000000000
0000000 [70[QO00000PnP OO0 600
ogboooboooboobooboooooboboooboo
000000O0ooOooOoOoooooooboUooo
gooooboooboobooboooooboboooboo
gooooboooboobooboooooboboooboo
gooooboooboobooboooooboboooboo
gboboobouoboooobbooboooboooobo

oooooooooog D=l Vol Jxx=D—=1l' No.xx pp.1-11 xxxx O xx O 1



00000000000 xxxx/xx Vol. Jxx-D-II No. xx

godbbooobooouobooobobooooooo
gpoooMSOOOoOoOooDoOooooooooooo
0oo0oo0oooooooOo pnPODOOCOOCOOO
dogoobobboooooobobobbobooooo
gogoooboooood
gbbobooobbuoobboobobooboooo
0000000000000 0bD (obooooo
0)oooOOooOoUoOooOOooOoooOooooooo
000 Structure from motionO0 OO0 O000OOOOO
00000 [11)0[¥00000000000000
0000000 (14016 000000000000
dogboobobboooooobobobbobooooo
dogboobobboooooobobobbobooooo
dogboobobboooooobobobbobooooo
dogboobobboooooobobobbobooooo
dogboobobboooooobobobbobooooo
dogboobobboooooobobobbobooooo
oMSOOoOooooooooo
ooooooooooMSOoDOooooooooo
dogoobobboooooobobobbobooooo
dogoobobboooooobobobbobooooo
dogoobobboooooobobobbobooooo
gdbobooobooobboooboboooooboood
01000000000 bD0obDo0oboboooon
dodoboobobboooooobobobbobooooo
000000 (A)boooOoUooOooOoooobLOoo
dogboobobboooooobobobbobooooo
gdodbooooboobuobooboboboobo
000o0ooOo (B)oUooooooMsSOoooOo
gogoobobboooooobobobbbooooo
odoodoooooooooooooooodPnaP
dogoobobboooooobobobbbobooooo
dogoobobboooooobobobbbobooooo
dogoobobboooooobobobbbobooooo
dogoobobboooooobobobbbobooooo
00o00o0000oo0oooooo (c)pooouooo
0000 (B)DUUOOOODLOOLOODOLDOOOOO
0oooooooo pnPOODODOOOOOOO
ooooooo oMSOOOO pnPOOOOOOOO
doooobobboooooobobobbobooooo
oMSOOODOoOooDOoDooDoooDooooooo
gogooobboboboobobobboboooooo
0 (0000o0oU0oO00OoUoOUbLOoDOUDOO
000o000o0o0oo0oOOo0)0DboUooUoDOoo

2

| (A) Marker specification at key frames |

— (B) Initial estimation of camera parameters ——
i
| (a) Feature tracking in each camera |
¥
| (b) Extrinsic camera parameter estimation |
¥
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Fig.1 Flow diagram of extrinsic camera parameter
estimation by tracking features.

gooooboooboboobooboooooboboooboo
oooooooooooboebobOoOoooOoOOOO
oooooo

0002.000000000 (B)oooooooMs
gooooboooboboobooboooooboboooboo
Ooo00O pnPOOOOOODOOOOOOOOOOOS.
gooooboooboboobooboooooboboooboo
ooooo0O0 pnPOOOOOOOOOOOOOO
oooooooooooooooobobooo4.000
ooooMSOOOOOOOOO0OO0OOOOOO0O0O0O
ooboooooobos.0ooboooobooobooboao
oood

2. OMSOOOO PnPOOODOO

boobooboooobooooboboooboo
O000oooOpPnPOOOOOOOCOOODOOOO
goooMSOOOOOOooOoOooooooooooo
gooooboooboboobooboooooboboooboo
gooooboooboboobooboooooboboooboo
oooooooooboebOOOOOOOOoOOOOO
O0o00o0ooooooooooooboOooMSO
ogboooboooboobooboooooboboooboo
ggoooobooooooobooooboobooboooboo
ooooooMSOOOOOOOOOOOOOOoOoD
gooooboooooo



goooooobooooooobOoooObOOoOObOOODbOObOODOOOOObOObObOOO

Local camera coordinate
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Fig.2 Coordinate systems of an OMS.
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Fig.3 Feature tracking between images of adjacent
camera units.
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Fig.4 Omni-directional multi-camera system ”Lady-
bug”.
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Fig.5 Errors in camera block position and angle
(simulation).
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Fig.6 Sampled frames of input image sequences ob-
tained by six cameras (indoor scene).
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Fig.7 Result of extrinsic camera parameter estima-

tion (indoor scene).
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Fig.8 Sampled frames of input image sequences ob-
tained by six cameras (outdoor scene).
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Fig.9 Result of extrinsic camera parameter estima-
tion (outdoor scene).
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rameters.
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() 00000000000/0000 [mm]
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before global optimization 44/23.6 | 230/173.9
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after global optimization (pat. 3) | 0.09/0.05 | 0.07/0.04
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Abstract Recently, many types of omni-directional cameras have been developed and have attracted
much attention in a number of different fields. Especially, the multi-camera type of omni-directional camera
has advantages of high-resolution and almost uniform resolution for any direction of view. In this paper,
an extrinsic camera parameter recovery method for a moving omni-directional multi-camera system (OMS)
is proposed. First, we discuss a perspective n-point (PnP) problem for an OMS, and then describe a prac-
tical extrinsic camera parameter recovery method from multiple image sequences obtained by an OMS.
The proposed method is based on using the structure-from-motion and the PnP techniques. The proposed
method has been successfully demonstrated with experiments using both synthetic environment and real

image sequences.

Key words Omni-directional multi-camera system, Perspective n-Point(PnP) problem, Structure from

motion, Feature tracking
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