%4235 %21 81/2022 F 11 B/R¥¥R

K EHRIK

W 5% LRI 5 & S A AL O 5 4% itk 2 10
b e )i ik
BT, ABH, KAW

POl R T BBt &, I AR 610065

' AR BERE 5 AL A A e % DL E I ek R SR, O T 07 S i RO PR AR AL O 5 e A b 2 (] f B
B R AR T — P TR WL A R AL 5 e il B R A bR T, A ST AN A R R R I A 4 T

e X 7 B4 2 ) BB A AR ALIN S, T B AR BLG O 5 R A B 2 1 A R R o TH SRR S IR e ik T T 4R U vk
BORTATPE o 1545 3T T e e A0 I A 2R 8 B AL L 5 R il B9 X 7, XK BE RIS 3 0. 16 mm.
KR WA BRI RS HPUARE ;s XA St 5 e Bl v

RESES 0439 XHERERS A DOI: 10.3788/A05202242.2112001

Calibration Method of Distance Between Optical Center of Camera and
Rotation Axis in Rotating Vision Measurement System
Hou Yanli, Su Xianyu, Chen Wenjing’

Department of Optic-Electronic, College of Electronics and Information Engineering, Sichuan University,
Chengdu 610065, Sichuan, China

Abstract

important to accurately calibrate the distance between the optical center of camera and the rotation axis, so as to facilitate

In the application of a rotating vision measurement system composed of a turntable and a camera, it is

subsequent data splicing. Therefore, a method for calibrating the distance between the optical center of camera and the
rotation axis based on the principle of binocular vision is proposed, and the corresponding mathematical model is
established, with the analytical expression deduced. The turntable drives the camera with known internal parameters to
rotate once, and two target images are shot. Then, the distance between the optical center of camera and the rotation axis
can be calculated according to the image coordinates of the feature points on the target images, their corresponding spatial
distance, the rotation angle, and the internal parameters of the camera. As a result, computer simulations and experiments
verify the effectiveness of the proposed method, and the calculation results can be used to align the optical center of camera
with the rotation axis in the rotating vision measurement system, with an alignment accuracy of 0. 16 mm.

Key words measurement; rotating vision measurement system; camera calibration; binocular vision; alignment of optical

center and rotation axis
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Table 1 Coordinates of optical center of simulated camera

. . Coordinates of optical center /
Rotation angle /(°)

mm
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Fig. 4 Checkerboard images collected by simulated camera under different rotation angles
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Fig. 5 Checkerboards in field of view of simulated camera under different rotation angles. (a) 6°; (b) 12% (c) 18°
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Table 2 Pixel coordinates of feature point pairs, corresponding spatial distance and distance between optical center of camera and

#*2

rotation center under linear model

Rotation angle /  Coordinates of feature pairs Spatial

Coordinates of feature pairs after rotation /pixel Distance / /mm

() before rotation /pixel distance /mm
(1000, 810), (730, 810) (805.79, 804.28), (541.27, 809.32) 135 50
° (1030, 720), (790, 720) (834.65, 715.55), (600.80, 718.71) 120 50
12 (1000, 810), (730, 810) (616.59, 802.21), (351.12, 812.26) 135 50
(1030, 720), (790, 720) (645.04, 713.71), (411.63, 719.98) 120 50
(1000, 810), (730, 810) (427.79, 803.66), (154.86, 818.99) 135 50
o (1030, 720), (790, 720) (456.50, 714.35), (217.86, 723.87) 120 50
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Table 3 Pixel coordinates of feature point pairs, corresponding spatial distance and distance between optical center of camera and

Case 1~Case 6) . M4 A L iy AR 485 A R A 48 AR AL G
5 A Tl R P A b il R an 1T 6 T o

rotation center under distortion model

Rotation Coordinates of feature pairs before Coordinates of feature pairs after rotation / drt):rtllcael y Distance / /

angle /(°) rotation /pixel pixel mm
mm

(999.62, 809.28), (729.91, 809.40) (805.60, 803.68), (541.49, 808.65) 135 49.33
(1029.64, 719.50), (789.89, 719.70) (834.50, 715.22), (600.86, 718.44) 120 49.02
12 (999.62, 809.28), (729.91, 809.40) (616.66, 801.63), (351.99, 811.25) 135 48. 94
(1029. 64, 719.50), (789.89, 719.70) (645.05, 713.47), (412.07, 719.49) 120 49.46
18 (999.62, 809.28), (729.91, 809.40) (428.33, 802.84), (156.72, 817.65) 135 48.32
(1029. 64, 719.50), (789.89, 719.70) (456. 80, 713.96), (219.27, 723.01) 120 49.12
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Fig. 6 Variation curve of distance between optical center of

simulated camera and rotation center under linear model

and distortion model
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Table 4 Average and standard deviation under different rotation

angles unit: mm

Index 6° 12° 18°
49. 84 50.09 50.12
0. 64 0.44 0.41

Average

Standard deviation
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Table 5 Influence of simulated rotation angle error on

calculation result of distance between optical center of

camera and rotation center unit: mm
Simulated
rotation angle 6° 12° 18°
error /(%)
0. 005 49.19 49. 60 49.74
—0.005 50.76 50. 39 50. 26
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Fig. 7 Distance variation curve
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Table 6 Camera calibration results

Focal length /pixel Principal point /pixel

Distortion coefficient Pixel error /pixel

S,=1763.25, [,=1764.13  u,=629.74, v,=489. 04

ky=—0.0476, k,=0. 2805, py=—0.0015, p,=0.0016 0.0461, 0. 0462
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Fig. 9 Collected target images
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Fig. 10 Positions of extracted feature points. (a) 0" initial position; (b) rotation angle of 12°
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Table 7 Distance between optical center of camera and rotation center

Coordinates of feature point pairs before Coordinates of feature point pairs after Spatial distance / .
rotation /pixel rotation /pixel mm Distance £ /mm
(1157.1, 443.1), (903.4, 442.5) (741.1, 443.4), (499.9, 441.4) 127.58 81.79
(1157.0, 471.4), (931.4, 527.4) (741.0, 470.4), (527.3, 524.9) 116. 89 81.72
(1157.4, 386.5), (931.6,442.5) (741.2, 389.3), (527.4, 441.5) 116. 89 81.81
(1129.4, 330.0), (988.4, 329.5) (715.3, 334.5), (582.2, 331.6) 70. 88 82. 34
(1128.4, 584.2), (987.5, 584.0) (714.6, 578.7), (581.6, 579.9) 70. 88 81.99
(1072.6, 414.6), (959.9, 414.3) (662.4, 415.4), (554.8, 414.1) 56.70 81.83
(1156.4, 668.9), (987.8, 499.2) (740.5, 659.5), (581.7, 497.2) 120. 28 82.53
(1156.5, 640.7), (987.8, 470.9) (740.6, 632.4), (581.8, 469.6) 120. 28 82.32
(1128.0, 697.1), (959.5, 527.4) (714.5, 687.1), (554.5, 524.8) 120. 28 81.77
(1156. 3, 697.3), (903. 2, 527.3) (740.5, 686.5), (499.7, 524.9) 153. 33 82.06

B X 07 R I 0 B A% 2R AR B, 55 =80 SR R AT 6 X XoF Y D5 9, A S50 AR B A0 11 MR AR SR RS A 1040
B s [ B 26 PO g SR 1A A 2 B AR AL O S e R MO ShesE o e L(i=1,2,--,10) , A
DI E . W S A, I06 5 B B O 1 11 580 B I B (42 7 A
) B 5 FH SCRik [ 20 ] 2 1 A 3 T A8 B AR 6 174 il Hh£, i 11 s .
%8 SCHR[ 20wy B M AL GO 5 e O MR RS

Table 8 Distance between optical center of camera and rotation center calculated by method in Ref. [20]

Rotation _ .
. 7.5 9.0 10.5 12.0 13.5 15.0 16.5 18.0 19.5 21.0
angle /(°)
[./mm 82. 14 82.01 81.79 81.98 82.39 82.27 82.02 82.09 82.45 82.42
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Fig. 11 Curves of distance between optical center of camera

and rotation center calculated by two methods

R A SC T 42 7 3231 A5 2 A9 10 4 75 28 1 ~F- 35
B R 82. 02 mm, & T A8 bR AR $ 5 1 1T 545 21 1) 10 41
BE 25 094 {H H 82. 16 mm.s XL 7.8 8FE 11 7]

% 42% F 21 #1/2022 £ 11 B/RFZFHR
DL B, WG AR 7 i E A4S B AR AL GO S o Y
FRBSTERUE - REE R — G N 28 e . (A5 =
B SCHRL 20 ] v i 4 v ) ] — 20 T 2 i s (%) s 3 1]
PBALRE S B — > B B (8, 1T A SR 4 O ok filt ] — 2
BRG] LLRAS 22 20 0 B A, ke e A A ) i 1) b
FE MR AT TS R SO 4 07 ¥E 1T 35 B R FE B
TR AEE
N TSR G PG 5 e R G B XA A
P SCHR L 20 ] B £ (9 1H 580 5 7 1 JE 38, R0 FH AR LA
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Table 9 Calculated results of azimuth w

unit: (Q)

Rotation angle 7.5 9.0 10.5 12.0

13.5 15.0 16.5 18.0 19.5 21.0

w 18.91 18.79 18. 86 18.72

19.00 18.99 18.78 18.72 19.11 19.00

FRAE X (13) , 43 5 A H SCHER [ 20 ] i ik % 5 4R 3¢
FI 4 A HLAE Y R Z, 05 E s E AY, R
AZ, IR 10T~ o AT AR B, P AP 5 23 A ) s &
BUE 23T, 3 B A SO 42 93T A PLOG O 5 e 3% P os
PE B Y R AR .

TE R A SCRT 88 07 3 R R s i i, P A 2

#10 Y HMZ 0N EHEEAY FAZ,
Table 10 Translation values AY, and AZ, in Y, and Z,

directions unit: mm
Method AY, AZ,
Proposed method 26.56 77.60
Method based on coordinate transformation — 26. 60 77.73
(@) 106.5F
weof %
105.5+ i i ; i ;
0 2 4 6 8 10 12 14
E Rotation time
é -115f wa
B3 -116¢ ) . ‘ ) ‘ ‘
= 0 2 4 6 8 10 12 14
O Rotation time
957F
v
956 ‘ ‘ ‘ ‘ ‘

0 2 4 6 8 10 12 14
Rotation time

EORE A MLES S A R Y B S B AR A A LG
et oo i xd i, fEXTHENS A HALEERE S L1 R
Ii) B 5 e 12 W, HL g UK i >R B2 — TR A [T 1%, 3t
FOE% 13 WA 0 R . T3 B L B X N Y e A A
FF-H 1) 2, DASRfif B A o7 B AL A ML G O g Ak Ao &
12(a) B T F A bR R TP AP O X, Y M Z, =
A5 1) b B AR AR IR 2R B 12(b) R T A LG O )
= HYE(3D) A ] A A, Hodh AR R R X B B RO
FK1LHWE T X, Y, M Z, =405 ) EARALDG G5 G
ZIE B bR ENR 2. hE 12 ME LA LIE S =420
] A HLG O 5 5O B B o e 22 298 K F 0. 16 mm.,
S 2 B I, AR ST R T 3k 1 B XN ORG B AR T S
HR T 20 ] r 8 56 Ak s A5 Jok 10 il X 9 7

(b)
957.0
£ 9565
56,0 ﬁ
955.5
‘115(1_)115.5 /{ 1065
h>/"”'I;116'0-116.5 1055 X,

12 FEMLGO 0 A bR (E A = 253 A 18] (a) X, Y B Z, = AN J7 1] B AL 8 A6 AR 1E 5 (b) AHATLG O 1 = 4 43 1 (5]
Fig. 12 Coordinate values and 3D distribution map of optical center of camera. (a) Coordinate values of optical center of camera in

three directions; (b) 3D distribution map of optical center of camera
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Table 11  Standard deviation between optical center of camera

and mass center

Direction X, Y, Z,

Standard deviation /mm

0.15 0.09 0.16
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