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Extrinsic Parameters Calibration of Three-Dimensional Measurement System
for Ultra-Large Scale Line-Structured Light Sensor

Xie Zexiao, Zhu Ruixin, Zhang Anqi
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Abstract In order to meet the requirements of high-precision real-time three-dimensional measurement of large-size
free-form surface workpieces, a three-dimensional measurement system for an ultra-large scale line-structured light
sensor is designed and an onsite calibration approach for the extrinsic parameters of this sensor based on one-
dimensional targets is proposed. The experimental results show that the proposed calibration method has a
equivalent accuracy to compare with that of the planar-target-based method. Moreover, the proposed calibration
method is easier for the accurate fabrication of the one-dimensional targets, more convenient for the onsite
calibration process of the extrinsic parameters, and more suitable for the calibration of ultra-large scale line-
structured light sensor.
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Fig. 1 Three-dimensional measurement system with ultra-large scale line-structured light sensor.

(a) Measurement range of line-structured light sensor; (b) physical map of system

1004003-2



H = e ot

L, 580 mm, F KBOLA Lo KRN 780 mmiz shLM b X, Bl Y, 57 #6128 37 & KO S d R ae 4l
I R R R 2R AR I A% SRR [ SE A Y Bl b L 38 B °F 5 0T LAY S AR 4 et G A 18 VAP AR LS
X R T AR A 8 I B R G S R I 1(h) B
22 RHEIERE

LRAS R LI F DN B R G B AN 2 T, Heh owo R R ARFR R LOXY HEBEIR R ooz y =
NARARHLAEAR R 50wy AN R G0 SEAE LS AR R A BOR 0 40 00 2 I A SR ARAL A A 2R 5 o DA O F
TS 7e Ay 8- T

light plane

laser projector

Bl 2 225 Mg 4140 0t 2R A i s
Fig. 2 Mathematical model of line-structured light scanning measurement system
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Fig. 3 Physical map of one-dimensional target
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Fig. 4 Schematic of extrinsic parameter calibration principle in line-structured light sensor
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Table 1 Extrinsic-parameter calibration results of line-structured light sensor

X .-axis calibration result Y ..-axis calibration result
Calibration No.
cos 0, cos 0, cos 0. cos @, cos 0, cos 0.
1 0.003299 —0.841863 0.539682 —0.999865 —0.013807 0.008895
2 0.003291 —0.841790 0.539796 —0.999874 —0.013357 0.008542
3 0.003229 —0.841863 0.539682 —0.999883 —0.013062 0.007935
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Fig. 5 Three standard balls for accuracy test of system Fig. 6 Point cloud data on standard ball
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Table 2 Maximum deviations between fitted sphere and point cloud in positive and negative normal directions

Proposed method Calibration based on planar target
No. of ball position Ball name

d, /mm d, /mm dy /mm d; /mm
1 A, —0.2305 0.2469 —0.2361 0.2442
2 B, —0.2505 0.2147 —0.2474 0.2533
3 C —0.2330 0.2343 —0.2635 0.2546
4 A, —0.2667 0.2525 —0.2825 0.2502
B) B, —0.2721 0.2550 —0.2724 0.2495
6 G, —0.2692 0.2554 —0.2427 0.2451
7 A, —0.2469 0.2346 —0.2474 0.2327
8 B; —0.2100 0.2450 —0.2028 0.2444
9 Cs —0.2409 0.2108 —0.2343 0.2207
10 A, —0.2506 0.2268 —0.2633 0.2370
11 B, —0.2385 0.2379 —0.2738 0.2547
12 C, —0.2384 0.2392 —0.2621 0.2505
13 A; —0.2637 0.2503 —0.2649 0.2497
14 B; —0.2772 0.2578 —0.2691 0.2801
15 Cs —0.2641 0.2516 —0.2480 0.2481
Maximum deviation —0.2772 0.2578 —0.2825 0.2801
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Table 3 Errors of sphere centre distance

No. of ball Proposed method Calibration based on planar target
Name of balls
position M/mm E/mm M /mm E/mm
1 152.3632 0.3002 152.3728 0.3098
2 152.3153 0.2523 152.3403 0.2773
AB 3 152.3282 0.2652 152.3295 0.2665
4 152.2602 0.1972 152.3061 0.2431
5 152.2546 0.1916 152.2648 0.2018
1 220.9260 0.5470 220.8853 0.5063
2 220.8260 0.4470 220.7825 0.4035
AC 3 221.0032 0.6242 220.9811 0.6021
4 220.8063 0.4273 220.7513 0.3723
5 220.7008 0.3218 220.6896 0.3106
1 222.2010 0.4110 222.2173 0.4273
2 222.0818 0.2918 222.0779 0.2879
BC 3 222.3490 0.5590 222.3612 0.5712
4 222.0962 0.3062 222.0860 0.2960
5 221.9301 0.1401 221.9981 0.2081
Maximum deviation - 0.6242 - 0.6021
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Fig. 9 Physical map of measured work piece Fig. 10 Measurement effect image of measured work piece
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