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Calibration method of circumference receiver based on

circumference constraint location method

Wang Xiaoleng, Yang Linghui, Lin Jiarui, Ren Yongjie, Yin Tong
(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: In allusion to the intersection error of workspace Measurement and Positioning System (wMPS)
and the occlusion problem in the complicated measurement spot, a new circumference receiver was designed
based on multi-angle circumference constraint location method and the calibration method was presented.
With scanning laser plane measurement principle and feature, the receiver consisted of six photoelectric
receiving elements was fixed on a cyclinder. The structure and the calibration method of the
circumference receiver were elaborated in detail based on two laser transmitters in this paper. The
calibration method was verified with wMPS experimental platform designed by Tianjin University. The
experiment results show that the measurement repeatability of the calibration is within 0.2 mm and the
accuracy is within 0.3 mm. This method solves the complicate measurement system space scene occlusion
and eliminates the impact of intersection error on the measurement result in principle.
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Fig.1 Structure of transmitter
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Fig.2 Mathematic model of measuring scanning angle
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Fig.3 Measurement model of circumference receiver
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Fig.4 Structure of circumference receiver
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Fig.5 Calibration schematic diagram of circumference receiver
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Tab.1 Calibration result

Calibrated content/mm Distance
Ly 34.50
Ly 60.96
Ly 69.25
Ly, 34.39
Ly 60.82
Ly, 34.77
L 66.42
Ly 61.75
Loy 63.62
Ly 69.94

W e B 1 5 R ST AR S 2 5 3 SO R IR
FIT R 2 5 RSPk 55 IR LR I & | dl o SCrh
JIT AR B X bR AN BRER O AR AR UEAT AR AR DAAR HERR
BRIK Oy AT R S R 4R R 0 YOFE AR ik
D 2o A% A 10 2 A E Bk ko0 A Bk I E AT X
W, 5 2 Fis,

x2 B AER

Tab.2 Centre coordinate

Receiver attitude x/mm y/mm zZ/mm
1 21785.34 1294.65 73.91
2 2785.17 1294.62 73.88
3 2785.32 1294.57 73.94
4 2785.16 1294.66 73.95
5 21785.25 1294.63 73.85
6 21785.28 1294.57 73.79
7 2785.32 1294.59 73.89
8 21785.28 1294.56 73.90
9 21785.29 1294.57 73.91
10 21785.30 1294.62 73.88

B SR g 25 R AT, 22 U Bl A T A S
HERAE x,y,z 3 M BIAE 0.2 mm (1930 [l 4 A2
b, R TR KR
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8 M ERBOAM RN —hKh 2m M IE IR
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FHERTE #E W s AR Bk, ORI B Bk k.0 A6 A,
F 15 PRI 4 2L wMPS R 48N N6 BT
PART DA BRIE 452 25 T 0 A 7 o YA 4EL, AT AT
DIARFZIERGE IR 2, LB IR 3 i,

x 3 B ARARITLE

Tab.3 Comparation of center coordinates

T Ly b Py 5 PRI BE RS DA HE
32 EEMWIESE

SC bR A R T B WCRR BR E JT EE KR TR EER
SR FBEE & 1Y wMPS I 2 25 (8] 22 v R G E 17 R
PHIGTE . 76053 A 4 m A B W06 & STk K
S B T i i) e S 8 3 e — s o BRI A % A
WEL A 3 m I —3kE L, RIE 05 1 SOk HEE

Coordinates measured by

Coordinates measured by

Position circumference receiver/mm spherical receiver/mm
1 3150.15,953.45,-870.22 3 150.21,953.67,-870.21
2 3 476.66,3075.39,-878.15 3 476.45,3 075.19,-878.22
3 5416.73,3013.45,-882.84 5416.45,3 013.22,-882.99
4 5383.11,892.06,-864.25  5383.33,892.25,-864.05
5 3225.96,921.35,1249.32  3225.74,921.07,1 249.21
6 3485.34,3 030.61,1 245.78 3 485.46,3 030.75,1 245.80
7 5405.79,2987.14,1 255.43  5405.63,2 986.92,1 255.23
8 5276.76,833.96,1 250.67  5276.87,834.05,1250.71
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Tab.4 Measurement error

Position dJ/mm d,/mm d./mm
1 —-0.06 -0.22 —-0.01
2 0.21 0.20 0.07
3 0.28 0.23 0.15
4 -0.22 -0.19 -0.20
5 0.22 0.28 0.11
6 -0.12 -0.14 -0.02
7 0.16 0.22 0.20
8 -0.11 -0.09 -0.04

P S 56 235 SR A A B S A I IR 22 AE XLy, 2
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