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Abstract: As workspace Measurement and Positioning System ( wMPS) has lower calibration
efficiency, complex algorithms and relying on auxiliary equipment, this paper presents a novel self-
calibration method by using inter-scanning method. According to the multi-place intersection theory
and system application characteristics, the automatic calibration was implemented by a inter-scanning
technology on receivers mounted on the laser stations whose coordinates were known in advance. On
the basis of two laser stations, the mathematical theory of the method was described. and the optimal
algorithm (adjustment model) based on the geometrical constraint characteristics of the system was

given in detail. The method was verified on a wMPS experimental platform developed by Tianjin
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University and was compared with the standard rule calibration method. The experimental results

demonstrate that the inter-scanning method is an efficient solution for calibration of the stations, and

the accuracy of the system achieves 0. 6 mm in the space 5 m away from the station. Thus, the method

proposed improves the calibration efficiency of the system while maintaining the measurement

accuracy.

Key words: large-scale space measurement; multi-plane intersection measurement; self-calibration;

iterative optimization;inter-scanning
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Fig.1 Single wMPS station and its measurement model
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Fig. 2 Schematic of scanning angle measurement by

wMPS receiver
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by using inter-scanning
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Fig. 5 Diagram of position calibration of inter-

scanning bar in its own station

3.2 EufREMRHTENRET

R I E 2 I 14 7 SCAR 24 R AR
fi=ri+trh 4+ —1=0
fo=rtrtB—1=0
\f3:r§l+r§2+y§3—1:0 . n
fi=rmrTrermtrnnrn =0

fs =711 T et s =0

fo=rnr T rer T rmr;=0
P, FI QB A A it i e e B 5 o A% B 3R
ARRFEG TR MRS Pyl Q. i Py =R
P,+T.Qi =R+ Q+T., i T P, fl Q fJ LI4E
W B BE ki 1 BBEOLTE T I8 4 i b SO R A 4
W s T LA 7 A ST 2 WO AR Py, QT ST
T 4 A1 5

;i B
R(QPZi bu Pm
Fp = . . =0 (=1.2)
- 0 1 Gi 1
dy;
a |’
Ry ) O b Q
Fo — [ : J g { ‘}o (i=1,2)
- 0 1 a; 1
d]i

€))



3 ]

A 55 SR AL A shbs @ TAE=S

[&] % v 1R 58 613

i 0y, 0, FRHEN 1 1 MOMOGTET § 5 A
P, Q Hﬁ@?%ﬁﬁ"ﬁﬂ%ﬁl 9|:a1iab1i9('liad1i:|T %‘%ZT—\‘

Fuhi 15 AT T MR s S 8k 7 T NE R B
ROATHA D HAE ., i BELU R, THE
e S i E e
[ 2, 38 O SRt 2 AR 1 Byl Py
A Q WATRAG 4 AN 1H L oK FE
a1 7T
Ry ) b Py
Fp, = [ ! ?- -[ }o (i=1,2)
0 1 i 1
Ly
T
Fy, = [R“h) ? | -[QZJO (i=1,2)
' 0 1 G 1
Ly

€D
He.P,=R - (P,—T K P, TEH5 2 T4k
B Op, s 0, FR LN 2 B M BOEF I @ H it X
P, Q WA (4 f .l 30k 2 8] 4 A
HHERI AT 57 8 AN 29 7 R L PO b e A R
MEA B 6 N RE IEE 14 A R AR 2R
PR R, LUK A e 5 0 B 5 P B AR P 1Y) 12 K
VB HAR L B AR A

E=— Z(Fp7 + Fh, + F +FQ1>+AZ 12

(10

XA R £ P Ak ] B AT 38 i Levenberg-
Marquardt(L-M) 8 23R i ,
3.3 EKHEKRMR

L-M Sk —fhfe /b I G ik, il i AR
PAE T O AR A B RO iy ko g AR e 2
SR, WIEL 20 AE FLAE i (9 BRI, 45 T AT i o 3
SR LB AR T RS IS . ol TSR R
IEAR WA R 2R 3k 0 AT DL R ek A
(25 [] f BE A B X — D

W1 IR 78 J ol 6 e aok 2 vpr 3 5 26 fE T
SRR A AR < A AU T L 0, XA
PO 11 38T 2 [a] g O s B AT O B — 2% 1
JE R ) A0 o5 S kL i ST R T ST T
A5 ) o Gy ATy o PR IZ S 2R 19 7 i) R o v T
FoRK r=mn X ny . FE % LR 5 AR IE P A 322 0
w5 2 WPEAT AN S R RE1%1IE%JI§'EE
BCE X FERLRE L LA O, P.Q 3 S T A —
IER AT

Pl 6 Bl A R A R IR

Fig.6 Coordinate estimation method for single station
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Tab.1 Parameters of scanning plane of stations

Wk i A B C D
1 0.000 00000 0.796 80199 0.000 000 00 0.796 801 99
! 2 —0.752 37564 0.005 39819 0.752 375 64 0.005 398 19
1 0.000 00000 0,823 744 99 0,566 960 48 0,000 000 00
: 2 0.734 81182 0.000 129 63 0,734 811 82 0.000 129 63
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Fig. 7 Schematic diagram of experimental set-up
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Tab. 2 Positional parameters of inter-scanning targets

(mm)
P eyl 1 vl 2
P, Q P, Q
x —139.38 —139.67 69. 08 70. 64
v —21.93 —23.48 118.76 113.70
2 —143.92 —263.69 —162.66 —282.18
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Inter-scanning results of two stations (rad)
b1 Lk 2

Pz Qz Pl Q.l

6.208 861 6.227 675 5.067 639 5.085 726
1.459 898 1.436 647 0.302 529 0.278 908
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Tab. 4 Comparison of standard length measurement

PRUERGEAE R HAIAER R ROk 22 Rk i 22

1 1 250. 16 1 250. 39 0.01 0.24
2 1 250. 21 1249.90 0.06 —0.30
3 1 250. 16 1 250. 38 0.01 0.21
4 1 250. 02 1249.83 —0.13 —0.19
5 1250, 04 1 250. 22 —0.11 0.17
6 1 250. 28 1250, 41 0.13 0.13
7 1250.19 1249.90 0. 04 —0.29
8 1 250. 08 1 250. 00 —0.07 —0.08
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