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A New Linear Explicit Camera Calibration Method

Yongtae Do*

Abstract

Vison is the most important sensing capability for both men and sensory smart machines, such asintelligent robots. Sensed red 3D
world and its 2D cameraimage can be reated mathematically by a process called camera cdibration. In this paper, we present a novel
linear solution of camera cdibration. Unlike most exigting linear cdibration methods, the proposed technique of this paper can identify
camera parameters explicitly. Through the step-by-step procedure of the proposed method, the redl physical dements of the perspective
projection transformation matrix between 3D points and the corresponding 2D image points can be identified. This explicit solution will
be useful for many practical 3D sendging applications including robotics. We verified the proposed method by using various cameras of

different conditions.
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Pc=(Xc,yc.zc)

{W} y v image plane

Fig. 1. Pinhole camera modd.
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Fig. 2. Image coordinate systems.
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Fig. 3. Neura network for learning a scale factor and the third row
of a rotation matrix.
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Estimate 31, 32, 33, t3 by
training a neural network

Y
Estimate /by using the
orthonormality of a
rotation matrix

A

Estimate ry1, rio, ri3, t1 by
least square fit

Y
Estimate roq, oo, o3, to

from other estimated
parameters

Fig. 4. Steps of the proposed method.
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Table 1. Smulated cameras for test

Parameters <Camera 1> <Camera 2> <Camera 3>
f 25 30 25
(ior Jo) (256, 256) (256, 256) (282, 282)
Pixd sze (umd) 23x23 20x20 23x23
Rot(x) 160° -10° 160°
Rot(y) 20° 10° 20°
Rot(2) —-40° 10° —40°
Postion(x) (mm) 100 100 100
Position(y) (mm) 500 100 500
Position(2) (mm) 2500 1800 2500
Noise (pixd) 0 o=1 0

Table 2. Cdlibration results using the proposed method for

<Camera 1>

Parameters Computed vaues True vaues
ra —0.46569 —0.46605
I —0.05550 -0.05541
rs -0.88320 -0.88302
ts 2282.39 2281.87

f 25.00 25.00

r 0.71985 0.71985
ro —-0.60402 —-0.60402
rs -0.34202 —-0.34202
ty 1085.08 1085.08

rn —0.51449 -0.51441
r» —0.79505 —-0.79504
s 0.32124 0.32139
t, -354.31 -354.52

at7] f1sh
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Table 3. Calibration results using the proposed method for

<Camera 2>

Parameters Computed vaues True vaues
ra 0.13951 0.13826
la 0.20925 0.20071
ls 0.96786 0.96985
t3 -1779.04 -1779.62

f 29.92 30.00

My 0.96992 0.96985
ro 0.17069 0.17101
ris —0.17356 —-0.17365
ty 198.30 198.48

Iz -0.20152 —0.20071
I 0.96296 0.96461
rs -0.17914 -0.17101
t, 255.01 23143

Table 4. Calibration results using the proposed method for

<Camera 3>

Parameters Computed vaues True vaues
ra —0.46548 —0.46605
la —0.05552 -0.05541
rz —0.88331 —0.88302
ts 2282.66 2281.87

f 25.00 25.00

My 0.71985 0.71985
ro —0.60402 —-0.60402
rs —0.34202 —0.34202
ty 1085.09 1085.08

I —0.51455 -0.51441
[P —0.79506 -0.79504
[P 0.32113 0.32139
t —329.53 -35452
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