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ABSTRACT We present a new technique for calibrating an ultra-wide fisheye lens camera by imposing the constraint
that collinear points be rectified to be collinear, parallel lines to be parallel, and orthogonal lines to be orthogonal.
Exploiting the fact that line fitting reduces to an eigenvalue problem, we do a rigorous perturbation analysis to obtain
a Levenberg-Marquardt procedure for the optimization. Doing experiments, we point out that spurious solutions exist
if collinearity and parallelism alone are imposed. Our technique has many desirable properties. For example, no
metric information is required about the reference pattern or the camera position, and separate stripe patterns can
be displayed on a screen to generate a virtual grid, eliminating the grid point detection.

1. 04000

gojddouooooobbbbbbbboooooo
gbobooooooobooboboooooooooonog
goodgoobbobobbboddoooooooobon
0000000000000000 [8uooooooo
000000000o0ooooooo 1o, 1900oooo
goodooobbobobobbbobtbdoooooooo
booooooboobobobobooooooooo
gbooooooobooboboboooooooooog
googoooobobobbbbbbbbodoouooooo
000000000000 0000oOO0 RIUODOO0
oboboooooooboobobobooooooonoo
goooooobbbbbbobdooooooooo
gboooooooooobooboboboboooboo
0000000000 (3,7, 6,8, 12, 13, 14, 15]0

gboboooooboobooboboboooooogon
0000 (3,6)0000000000000ODOO0OOOO
gogd1vooboooooooooobobobbooooog
gbooooooobooboboboooooooooog
00000000 Devernay O [1]0 2001000000
googooooboobbbbbbbbodoooooogoo
gbooooocoooooobooboobobobooooo
000000000000 e|0oo 1992000000
0000000000000 o0ooo0ooooo 130
000 [7]0O0kutsuO [14] 000 Devernay O [11 000
O00000000o0ooOoo0ooo0o ®Boooood
gboooooobooboboboooooooooog
gobobOobooooboooooooooooooogon
00000 go0o0ooooooooooooood
000000000000 0oo0oUooUoo (1300
00 [7]0 OkutsuD [14)00000000000000
gogoobbbboooooboo

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000 130000 [700

00 1600000000000000D020110 110 4050000)

0000000000000000000000000
000 2000000000000000000000
0[8|00000000000000000000000
0000000000000000000 800000
0000000000000 000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
[400000000000000000 (16100000

gbooobooooboooon

000000 Kannala O [6]0 000 [13)0000 [7]
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000 KannalaO [6]
0000000000 130000 [7]0000000
0000000000000000000000000
00000000000300000000000000
00000000 [R0000000000000000
0000000000000000000000000
000000000000 8000000000000
0000000000000000000000000
00000 0000000000000 Kannala6]d O
00 [13J0000 [7)0 3000000000 50000
0000000000000000000000000
0000

000000000000000000000000
000000 [R000000000000000000
00000000000000000000000000
0000000000000000 (900000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000 [12,13]
0 HughesD [3)000000000000000000
00000000000000000 (15000000
0000000000000000000000000
0000000000000000000000000

SY0010/11/0000-0065 © 2011 SICE



T

Figure 1: The imaging geometry of a fisheye lens and the
incident ray vector m.
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Figure 2: The incident ray vectors mq of collinear points
p1, ..., pN are coplanar.
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Figure 3: The surface normals n, to the planes defined by
parallel lines are orthogonal to the common direction I, of
the lines.
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Figure 4: If two sets of parallel lines make right angles, their
directions I, and I, are orthogonal to each other.
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Figure 5: Stripe patterns in four directions.

Figure 6: (a) Fisheye lens image of a stripe pattern. (b)
Detected edges.

8. 0O

0500000400000000000000000
0000000000000 000000000000
0000000 400000000000000000
0000000000000 000000000000
00000000000000000000000000
000000000000000000000 6(a)00
000000000 10000006Mb) 0000000
000000000000000640x480000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000000000000000
0000000000000 2200000000000
00000000 200000000100000000
000000000000000000000mMmoO0ao
oooooooo,1,..,5 0000000100000
00000 (u,v) 00000000 (0.0)0000000
0000000000000000000000000
0o0dd e = €f = 1073, €1 = 1075, €y = 1076, €3 =
1077, e, =1078 ¢ =107°000000000000
0000000000000000000000000
000500000000 1000000
000000000 3)000000000 000
0¢000000000000000O000O 7(a)0000
00000000000000O00 400000000
000000000000 (1)00000000000
000000000000003,4,500000000
000000000000 0000000000000
ooooo
000000000 130000 [7]00kutsu 0 [14] O
000000000000000007(b)D0000OD0
0000000000000D0 (1)0000o00oooo



Table 1: Computed parameters for each correction degree.

degree 0 1 2 3 4 5

o —1.56744 —1.57819 —1.60647 —1.60103 —1.61170 —1.61145

Vo 0.529648  0.501021  0.427590  0.431905  0.432015  0.433677

f 146.648  149.567  148.110  146.724  146.793  146.499
a1/1072 — 0.645886 —0.30601 —1.41625 —1.68918 —1.80625
az/107° — — 2.38948  7.57041  11.1085  9.34660
az/107* — — — —8.05083 —22.2515  —0.40049
as/107° — — — — 18.1185 —61.6432
as/107° — — — — — 0.935930

300F 0 300F 3

200F 200F

100 100

2,3,4,5

5
0L 5 4

200F

0 30 60 9 6 0 30

(a)

60 9 6 0 30 60 9 6

(c)

Figure 7: The dependence of the distance r (pixels) from the focal point on the incidence angle 6 (degree) obtained by (a) using
the collinearity, parallelism, and orthogonality constraints; (b) using only the collinearity constraints; (c) using the collinearity

and parallelism constraints.

(c)

Figure 8: (a) Fisheye lens image viewing a square grid pattern in approximately 30 degree direction. (b) Rectified perspective
image to be observed if the camera is rotated by 60 degrees to face the pattern. (c) Similarly rectified image using a spurious

solution.
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Original fisheye lens image Rectified front view

Rectified right 90° view

|
\

Rectified up view

Rectified down view

Figure 9: Fisheye lens image of an outdoor scene taken from
a moving vehicle, rectified front images, and rectified images
after virtually rotating the camera to left, right, up, and
down.
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