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3D coordinate measurement method based on space resection

of the orthogonal cylindrical imaging camera

Yang Linghui, Wang Lijun, Lin Jiarui, Meng Wei, Xu Qiuyu
(State Key Laboratory of Precision Measuring Technology & Instruments, Tianjin University, Tianjin 300072, China)

Abstract: To solve the line-of-sight problem when using multi-linear CCD cameras in large equipment
(such as aerospace field) measuring process, a novel monocular 3D coordinate measurement method based
on orthogonal cylindrical imaging was proposed. The system consisted of an orthogonal cylindrical
imaging camera and an optical target. The measurement could be finished without multi-cameras
intersection by using space resection. Measurement principle of orthogonal cylindrical imaging camera and
intrinsic parameter calibration were analyzed. Structure parameter and calibration of optical target were
designed. Measuring method with orthogonal cylindrical imaging camera and optical target was
emphatically studied. Mathematical model of coordinate calculation was derived. In a 1000 mmx1 000 mm x
1 000 mm measurement volume that was 3 m away from the camera, the distance measurement accuracy
of the proposed method was respectively better than 0.4 mm and 0.7 mm in the horizontal, height and
depth direction. For coordinate measurement, the accuracy was better than 0.5 mm. Experimental results
showed that the method was feasible and valid with good accuracy.
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Fig.1 Optical system diagram of the orthogonal cylindrical

imaging camera
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Fig.2 Schematic diagram of the orthogonal cylindrical camera

angle measurement model
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Fig.3 Schematic diagram of 3D coordinate measurement based
on space resection of the orthogonal cylindrical

imaging camera
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Fig.4 Schematic diagram of camera intrinsic parameter calibration
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Fig.5 Structure of the optical target
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Fig.6 Experimental diagram for camera intrinsic parameter calibration
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Tab.1 Parameter calibration results of the optical

target structure (Unit:mm)

Xp Vp 2
Point1 0.000 0.000 0.000
Point2 137.906 67.902 10.729
Point3 289.818 0.000 0.000
Point4 -3.061 242.089 0.000
Point5 132.993 192.143 187.339
Point6 286.365 122.147 177.618
Probe 125.544 256.792 223.309
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Fig.7 Verification experiment of coordinate measurement
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Tab.2 Distance measurement results in the

horizontal direction(Unit:mm)

With the proposed

No. By laser tracker method Error
1 99.779 100.105 0.326
2 100.812 100.935 0.123
3 101.338 101.083 —-0.255
4 70.144 69.912 —-0.232
5 46.763 46.886 0.122
6 100.549 100.929 0.379

RIEHEAFMEBVNEL R(EAL: mm)

Tab.3 Distance measurement results in the vertical

direction (Unit:mm)

With the proposed

No. By laser tracker method Error
1 41.485 41.421 —-0.064
2 52.699 52.549 —-0.149
3 59.063 58.687 —-0.376
4 69.445 69.676 0.232
5 122.341 121.962 -0.379
6 44.183 44.120 —-0.064

H 2 2~4 A, KPR IREE 3 AN IR
) L X 2 SR T R KR 22 43 I 0.379
-0.379.,-0.669 mm, F& T B &t (9 5 7 28 &5
RUPE TR 7 1) 1 29 SRS, R R 1) O KG E
IRV 8 B 7 A R 25

R4 REFOEBVNELE R(BAL: mm)
Tab.4 Distance measurement results in the depth

direction (Unit:mm)

With the proposed

No. By laser tracker method Error
1 51.080 51.748 0.669
2 50.019 49.509 -0.511
3 45.030 44.674 -0.357
4 54.506 54.180 —-0.326
5 49.789 50.148 0.360
6 47.272 46.675 -0.597

B, K IE S AR AR AL 38 4 R A DT v
T A5 R 000 S A8 5 R S 15 380 A 0 S AR B
23k MR Z IR G 40 I T DA 52 B 2R A B ) R B )
BGUE , Gt — Ak bR R 5 AR bR B SR 22 N3 5 TR
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() A AR B 7 VR T AT , B RAFHRE R, e 2 4k
P4 CCD AHAIL I d rh 3 5 140 5 0 U 5 S A 0L F R

*®5 LHRNEIREZER(BEA: mm)

Tab.5 Coordinate measurement error results (Unit:mm)

By laser tracker With the proposed method Error
No- X Vi z X, Ve Z dx dy dz A,
1 -524.216  2369.277 -109.135 -524.075  2369.524  -108.926 0.141 0.247 0.209 0.353
2 -741.529  2376.880 —106.983 -741.657  2376.787  —107.009 -0.128 —-0.093 —-0.026 0.160
3 -522.900 2414.279  -110.044 -522.868 2414.336  —110.060 0.032 0.057 —-0.016 0.067
4 —529.484  2214.742  -109.301 -529.492  2214.355 -109.270 —-0.008 —-0.387 0.031 0.388
5 -531.022  2167.495 -109.133 -531.071  2167.707  -109.190 —-0.049 0.212 -0.057 0.225
6 -526.374  2359.779  -290.631 -526.426  2359.719  -290.137 —-0.053 —-0.059 0.494 0.500
7 -525.833  2360.263  —237.938 —525.753  2360.338  —237.596 0.080 0.075 0.342 0.359
8 -523.149 2 362.766 12.266 -523.118 2 362.841 11.879 0.031 0.075 —-0.387 0.396
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