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Active Calibration of the Robot/Camera Pose using Cylindrical Objects
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Abstract

: This paper introduces a methodology of active calibration of a camera pose (orientation and position)

using the images of cylindrical objects that are going to be manipulated. This active calibration method is
different from the passive calibration where a specific pattern needs to be located at a certain position. In the
active calibration, a camera attached on the robot captures images of objects that are going to be manipulated.
That is, the prespecified position and orientation data of the cylindrical object are transformed into the camera
pose through the two consecutive image frames. An ellipse can be extracted from each image frame, which is
defined as a circular-feature matrix. Therefore, two circular-feature matrices and motion parameters between the
two ellipses are enough for the active calibration process. This active calibration scheme is very effective for the
precise control of a mobile/task robot that needs to be calibrated dynamically. To verify the effectiveness of

active calibration, fundamental experiments are performed.
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Fig. 1. Perspective model of camera using circu-
lar feature.
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Fig. 2. Geometric structure for camera posture.
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Table 1. Computed values and % error of camera

position.
3 7} &lcm) A AHcem) 2 =
ZH°) (x,y,2) (x,y,2) (%)

0.10 10.0, -304, 50.5 10.08, -30.85, 50.30 1.30

0.15 150, -20.0, 45.5 15.12, -20.16, 46.18 1.03

025 | 150, -25.0, 40.0 15.08, -25.20, 40.52 0.87

1.00 15.0, -206, 355 15.06, -20.78, 35.86 0.77

1.50 | 150, -10.3, 300 15.08, -10.38, 30.30 0.77

BT 0.94

1 2. Fvee}t sdzel] dig AL Al Atk
Table 2. Computed values and % error of camera
rotation angles.

PP 71 S AZGC) At A7) &
(Rx, Ry, R2) (Rx, Ry, Ry) (%)

1 -5.00, 00, 00 505, 0.0, 0.0 0.90
2 -150, 00, 00 -15.17, 0.0, 0.0 1.13
3 -250, 00, 0.0 -25.30, 0.0, 0.0 120
4 00, -150, 00 0.0, ~15.18, 0.0 1.20
5 0.0, -250, 0.0 00, -25.33, 0.0 1.32
B\ 115

® 3. B199 A e 4.
Table 3. Estimated value for elliptical parameters.

%]g 3?0? a b c d e
Q 0.25 0 0.25 0 0
Al 14286 0 14236 0 -429
Rx -15| 14286 0 15094 0 -44.7
A R« -25| 14286 0 1702.7 0 -479
Ry -15| 15337 | 116 | 14286 -0.3 -429
Ry -25| 17484 | 203 | 14286 -0.5 -42.9
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Azto] 248 F Fivgre FZo] A FAEE F
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(a) (b)

(e) (d)

a9 4 y&S FHLE HAY s FA g
A (a) 98 EA9 s b 0° A
(c) 15° 3 (d) 25° A

Fig. 4. Elliptical edge of the images rotated
along the y. axis. (a) the image of (b) 0°
rotation. circular object (c) 15° rotation
(d) 25° rotation

(a) (b)

(e) (d)

a9 5 xF= F4oz A Y T =HY
AA. (a) 948 EA 34 (b) 0° A
(c) 15° A (d) 25° IFA

Fig. 5. Elliptical edge of the image rotated along
the x. axis. (a) an image of degree
rotation (b) image with 0 circular object
(c) image with 15 degrees rotation (d)
image with 25 degrees rotation

a9 49 39 55 E 2¢] Ul A8 H el
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Table 4. Estimated position values and %error of
camera for cylinder.

3 Z7 Zk(cm) 4 gHcm) QA
) (x,y,2) (x,y,2) (%)
35 18.19, 0.2, 50 17981, 0.197, 49.150 163
30 2331, 0.1, 50 23.009, 0.099, 49375 1.17
25 2886, 0.1, 50 28611, 0.099, 49.500 101
20 35.01, 0.1, 50 34667, 0.099, 49525 0.97
B 119

(a) (b)

(c) (d)

a9 6 yE S F4HoE AT A5 3 ()
160°, (b) 155°, (c) 150°, (d) 145°.

Fig. 6. The image of cylinder rotated along the

ve axis. (a) 160° (b) 155° (¢) 150°, (d)
145°.
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I 7. 7HEE A AYE 2R

Fig 7. Task robot with a camera.
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