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Accuracy Enhancement Method for Coordinate Control Field
Based on Space Length Constraint
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Tiangin 300072, China

Abstract In order to achieve global orientation and accuracy control in large space geometric measurement,
precise three— dimensional coordinate control field need to be established. Using a laser tracker to establish
coordinate control field by single station is the most effective means recently. But in face of higher accuracy in
local area, coordinate transform error between stations must be reduced in the process of global orientation,
and accuracy of control field in the region must be enhanced. By using high accuracy ranging interference of
laser tracker, multiple spatial length standards are constructed with carbon fiber rods and target ball seats, and
arranged flexibly in the desired region in the space. In the process of using a laser tracker to make redundant
measurement of control points by multi-station, length standards are added as constraints to overcome space
occlusion and optimize tracker angle measurement error, further improve the coordinate accuracy of control
points used to construct length standard, thus enhance the local field measurement accuracy. The
experimental results show that accuracy of global orientation is better than 0.04 mm in the range of 10 m with
this method, which meets high accuracy requirement of large space geometric measurement.
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Fig.1 Construction model for length standard
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Fig.2 Calibration of length standard between control points
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Fig.3 Coordinate control field constructed by laser tracker

3.2 2FEH S ZH LML

3o 2504 T v S A ) % N A i S [ B O LR T G AR, AR VO B BRSO e R A BRSO K
KV T AR 2SR 5 AR O )R S A R e A ST R R R A B R AR X A e A T T = A R
RURIA SN

BB 5 23 (8] R A AR n A4 R4 il s P AR R AR bR R R B SR AR (xy2) 5 0= 1,2, 0
O BB ASCAE 2 18] v m A 3 (R W 3 A A JR 4 A A 0 A A SR AR BT R R B S R AR AR (XYL Z))

j= 1929”'9m o

0108005-3



S I S
B A D A 0 67 SR B AR AR AR T 4 A AR A AR AR H 42 R AR AR AR T 5 A R = A i i (4) 3 4 7 2

x, X, X,
Lyl =Ry || = [¥i || 4)
z Z; Z,

SRR, g A R AR bR R B0 L 7 R A A R G A A A 9 LR B A A R 45 o 10 4 A R
(6)y25) 6 e HRER A A 0 B B (108,

A U5k 2 ] K A S o TG 34 SR 5 BB LR

L= J, =20 + (0= 70) + (= 20) - (5)

T (g y2m) T ey 0nzin) 5300 A0 R A8 AR 2R F 505 & /1A B 46 00 9 2 ) 42 A1 = A A, k= 1.2,-
(ma o F 3 019 K B A %K)

Sz R e WO B B OLTE A3 R Wt A A R A 50 4 U 3 0 AR B T R e n LR
S BRI SR (o BY) A FE IO JE LM R LY, k= 1.2,.m,

S WO BR B SO AT TR 1A 24 R R R AR R R
Aj = arctan[(; - £;)11;]

Al=a;—a;
A7 =B,-B;
Al = arctan[(Lk - L:)/Lk]

Hf ROE D) 3 DLRIE S A 09 58— o X T m AN A0 A 4 SRy 8 ORI m A BE B, AT 257 3mn + m, 4>
AR

LI R B A 2% 3l 57 18] 557 5 1) A4 21 14 42 Jay P2 o) s A A (! ) MR B ASCO (8 AR A (), y) 2)) A DR i AR
PIEL, 2R P AR S v e AL 7 VR SR A, B AT 45 31 4 Jay 2 1) o = 4 AL s i) DAL 1

4 SLER IR

R B o ) R RN 5 A B R v R B A A b s i S A R UEAT T A R T SRR EE 4 A
B RTAT R, BT T PRI A S5+ 1) v A< RS B 560 UE S 56 5 2) K 24 RO i 3 ol 3 DU B G S IE S5
4.1 EHEKEBERIESE

S2H6 R FH A O B B AY SR Leica 23 5] A9 AT9O1-LR, H: 3 I KK B0 +0.5 m/m , A 8 0 5245 15
6 pm/m o SLEGIEE WA 4R RN

P4 scgm R

Fig.4 Experimental environment
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Table 1 Calibration result of distance between control points by different stations

Station T1 T2 T3 T4 TS5 T6

Standard deviation /mm 0.005 0.018 0.023 0.031 0.037 0.025
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Table 2 Transformation error by common points before optimization

P, P, P P, Ps Ps
Station 3 /mm 0.065 0.060 0.062 0.056 0.057 0.055
Station 4 /mm 0.062 0.059 0.061 0.053 0.056 0.054
Station 5 /mm 0.059 0.060 0.057 0.055 0.058 0.053
Station 6 /mm 0.062 0.061 0.056 0.058 0.063 0.057
Station 8 /mm 0.047 0.051 0.049 0.054 0.052 0.055
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Table 3 Transformation error by common points after optimization

P, P, P; P, Ps Ps
Station 3 /mm 0.037 0.034 0.035 0.031 0.033 0.032
Station 4 /mm 0.035 0.033 0.034 0.030 0.032 0.031
Station 5 /mm 0.033 0.032 0.030 0.029 0.034 0.028
Station 6 /mm 0.036 0.035 0.031 0.034 0.037 0.033
Station 8 /mm 0.026 0.031 0.028 0.032 0.030 0.032
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