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Distortion-Free Fusion of Multiple Video Camera Images Using EPI Analysis
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Fig.1 Optical centers and distortions in mosaicing.
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Fig.2 Spatio-temporal agreement of optical centers.
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Fig.3 Configuration of multiple cameras.
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Fig.4 Basic coordinate.
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Fig.5 Detection of vanishing points using parallel

lines.
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Fig.6 Definition of EPI and coordinates system.
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Fig.7 Projection to common plane.
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(b) Example of rectified image
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Fig.8 Examples of rectification.
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Fig.9 Estimation of time parameter using EPI-EPI
matching.
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Fig.10 An example of EPI-matching result.

3.4.2 EPIOOOOOOOO
EPI000000O0OO0OCOOOCOOOCOO
oooobooobocooooooobocoOooooooo
gboooooooobooboobooboobo
gboooboooobooooboobooboooboobo
gboboobooboooooboobooooobobooon
gboobooooboooooboooo
oo0O0OO0oO0oDOO0O0O EPIDOOODOOODODOO
oooooooooooooocboOooobooboOoon
0010 EPIOOOO »n0O EPIOOO r,e 00O
00000000000000 du(r)=c—7000
ooobbooooob 10000000 EPIOOOO
gbobooboooobooooooboobooon
ErPlIO00C0O0O0DOOCO «OD0OOOCODOODO
goboooobooo -r0bO0O0O0DbO0O0ObDOOOn
gbobooboooboooboooooobooooooobooon
gboboooboobooobooboooboobboobooo
ooooboooooobocooooooboboOoooon
ooooooocoooooooboOoooooooon
ooooooboooooooooOooobooOoboOoon
ooooooocooooooocoOoooboooobon
gboooboooobooooboooboooboobo
gboboobob1wbo3sboobooobouoboooo
oooooOoooO0 EpPlOO0OO0OO0ODOOOOODO
oooooooooOooOODO0OOOD EPIDDODOODOO
oooooooocoooo

Assumed
y depth y
| T ——=
| @) | @)@ atan
diff,
Projective transformation Proposed

011 0000000
Fig.11 Analysis of distortion amount.
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Fig.12 Evaluation result of distortion amount (1).
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Fig. 13 Evaluation result of distortion amount (2).
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Fig.14 Horizontal difference caused by non-straight
motion.
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Table 1 Specification of the camera.

Model No. SONY VX-2000
Shutter speed 1/250 sec
F value F6.8

29.97 frame/sec
720 x 480 pixel

Frame rate

Image size

y y y
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Fig.15 Arrangement layout of cameras.

(a) Conventional (6 cameras, right side)
(b) Proposed (9 cameras, right side)
(c) Proposed (9 cameras, multi-directional)
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02 00000O000OO0OO000D
Table 2 Arrangement condition of cameras.
(a) Conventional (6 cameras, right side)
(b) Proposed (9 cameras, right side)
(c) Proposed (9 cameras, multi-directional)

Camera Position Direction
No. z(cm) y(cm) | Pan Tilt

30 —90 0° middle

30 —60 30° middle
(a) 30 —120 | —30° middle

0 —90 0° high

1

2

3

4

5 0 ~60 | 30°  high

6 0 —120 | —30° high

1 0 0 30° low

2 0 —30 30° middle

3 0 ~60 | 30°  high

4 0 —90 0° low
(b) 5 0 —120 0° middle

6 0 —213| 0°  high

7 0 —243 | —30° low

8 0 —273 | —30° middle

9 0 —309 | —30° high

1 0 0 90°  middle

2 0 —30 120° middle

3 0 —60 120° high

4 0 —90 150° middle
(<) 5 0  —120 | 150° high

6 0 —213 60° middle

7 0 243 | 60° high

8 0 —273 30° middle

9 0

—309 | 30°  high

03 0DO0O0oooooo
Table 3 Capturing area and traveling speed.

(a) Conventional (6 cameras, right side)
(b) Proposed (9 cameras, right side)
(c) Proposed (9 cameras, multi-directional)

Area Approx. speed
(a) | Urban area, Local street 25km/h
(b) | Urban area, Local street 15km/h
(c) | Urban area, Expressway 60km /h
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Fig.16 Synthesized result of camera images with
their optical centers agreed by our method.
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Fig.17 Synthesized result of camera images by con-
ventional projective transformation.
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Table 4 Examples of estimated camera parameters.

Camera Spatial parameter Temporal parameter
pair [pixel] 8m — 8n [frame]
m,n | Estimated Correct Diff | Estimated Correct Diff

,2 5 5 0 —54 —54 0
2,4 15 15 0 80 80 0
1,3 4 5 1 42 43 1
3,5 3 3 0 38 39 1
1,6 2 2 0 51 51 0
6,8 1 1 0 22 22 0
1,7 0 1 1 —63 —63 0
7,9 1 1 0 97 96 —1

018 O0O0O0OOOO0OOODOOOOOOOOODOOD
Fig.18 Synthesized result of cylindrical panorama

image by our method.
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Fig.19 Synthesized result of cylinderical panorama

image in a curved zone.
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Fig.20 Generation of free-viewpoint image.
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Abstract We present Epipolar Plane Image (EPI) based calibration method of multiple video cameras,
which enables distortion-free fusion of each image. Generally, since an optical center of a camera exists
inside its body, it is physically impossible to coincide them at one point and distortions inevitably occurs
when mosaicing them. In this paper, we propose to bring optical centers together in spatio-temporal field
under condition that cameras are installed on top of a vehicle and capture images by running along the
street. Our method is useful of capturing hi-resolution omnidirectional images without using special external

synchronization devices nor positioning devices.

Key words epipolar plane image(EPI), spatiotemporal analysis, image mosaicing, omnidirectional im-

age



