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Two-laser-tracker system for precise coordinates transmission
GUO Ying-gang'” , LI Zong-chun', ZHAO Wen-bin*, DU Han-wen’, WANG Zhi-ying'

(1. PLA Strategic Support Force Information Engineering University, Zhengzhou 450001, China;
2. Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201800, China)
* Corresponding author, E-mail: fariel gxg@163. com

Abstract: In this work, a two-laser-tracker system was developed, and its measuring and data process-
ing methods were designed to precisely transmit coordinates in a limited space. First, two Leica AT402
laser trackers were modified, and two target seats were respectively installed on their handles to place
spherical prisms. Thereafter, the height difference between the adapter center and instrument center
was precisely calibrated as vertical eccentricity. Furthermore, the two laser trackers set up survey sta-
tions and aimed at the sphere prism on the handle of the other instrument. The observed values should
be adjusted to the instrument centers considering the vertical eccentricity to obtain the aiming interac-
tion observation between the instrument centers. Moreover, the two instruments measured the target
points in the visible range. When the two laser trackers could observe sufficient common points, the
common points and the aiming interaction observation could be used to transmit coordinates and orien-
tation simultaneously. When there was no common point, the aiming interaction observation was uti-

lized to transmit the coordinates and orientation. Measurement experiments were carried out in the en-
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gineering control network of the Shanghai Synchrotron Radiation Facility. The experimental results

show that when there are enough sufficientpoints in adjacent stations, the accuracy of coordinate

transmission can be improved using the aiming interaction observation. When there is no common

point, at 9 m, the precision of transmitted coordinate accuracy is better than 0. 22 mm, and the preci-

sion of the directional rotation angle is approximately 1”. This system can be applied to the measure-

ment of a three-dimensional control network, and is especially suitable for precise coordinate transmis-

sion inpoor visibility conditions.

Key words: laser tracker; two-laser-tracker system; two-face aiming interaction; limited space; pre-

cise coordinates transmission
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Tab.1 Observation data for system parameters calibration of two-laser-tracker system (mm)
Fol i 1 536 IR ER AL 2 SO IR ER X
X Y Z X Y Z
Pl —29969.33  —19 128.08 691. 63 —29 969.31  —19 128.07 691.76
P2 —12 956.68  —11 296.91 650. 99 —12 956.65  —11 296.88 651. 05
P3 —10 205. 92 —5 760.11 608. 28 —10 205. 89 —5 760.09 608. 24
’;?,j P4 —4 745, 24 —753.13 922. 66 —4 745. 23 —753.12 922. 65
‘5; P5 242,47 2 911. 64 671. 40 42. 46 2 911. 62 671,46
‘{g P6 1713.19 —719. 28 715.03 1713.14 —719. 27 715. 02
P7 —1 870. 14 1 643.92 914. 45 —1 870. 14 1 643.90 914, 45
P8 5191.02 8 399. 80 941. 58 — — —
P9 7 673.61 11 193.52 931. 67 — — —
P10 9 833. 84 13 166. 21 593. 99 — — —
P11 14 615. 68 13 285. 02 714.77 — — —
P12 — — — —22127.07  —12128.72 533. 54
P13 — — — —16 654. 27 —8713.98 948,13
P14 — — — —13 760. 13 —7002. 40 934. 58
551 el A —7 574. 44 —5713.91 186. 55 —0.18 1.65 185. 66
ERWnEs e —7 574.38 —5713.97 186. 52 —0. 49 1.61 185.70
52 ML —7576.23 —5 714.16 186. 56 —1.65 —0.20 185. 64
552 W mlaE A —7 576.26 —5 714.25 186. 50 —1.65 —0.21 185. 69
ERRINEE v —7575.76 —5 715.97 186. 55 0.22 —1.53 185. 65
ERRIITE: ¥ —7575. 96 —5715. 86 186. 51 0.29 —1.49 185. 69
554 0 [l A —7574.12 —5 715.45 186. 55 1.51 0.40 185. 64
54 DA —7574.15 —5 715.51 186. 50 1.48 0.43 185. 70
555 W % A —7 574,37 —5713.98 186. 56 —0.48 1. 60 185. 63
555 W ml A —7 574.50 —5 713.88 186. 50 —0.51 1.61 185. 69
BRbE BE AR RS A B —7 575,02 —5 714. 69 186.53 —0.15 0.39 185. 67
x2 ERRLOERESER 4.2 HERHEFR
Tab. 2 Result of instrument constant calibration WA 2458 24 S B L 4 B R R kT
& E T[] 0 22 /mm FETE . ALT S MR FE.
15 HOk B X 185. 667 J7 G — R 6 A 3k i UL L B T
. - T2 K T 25 A S A A

JrE L AR 6 DAL AT AR AR 1
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Tab. 3 Precision comparison between Scheme 1 and
Scheme 2
B Ak 35 5 SR 22 7R /mm
E S 0. 047
FE 0. 050

L3I HR R F AR EXm T
A UL T SR XoF b 2R R B UL (B2 5
2R A A R 22 S AR AR N R T
V2R N ERE
4.3.2 HEAEH5HFZF—K
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Tab. 4 Coordinates deviation from Scheme 5 to Scheme 1

i 25 {8/ mm
A
dx dy dz dp
BD713  —0.122 0.119 —0.203 0. 265

BD714  —0.118 —0.315 0. 386

BD715  —0.100 0.152 —0. 204 0.274
BD716  —0.088 0.135 —0. 147 0.218

BD717  —0.090 0.111 —0.052 0.152

BD718 —0.050  0.081 0. 055 0.110
BD719  —0.009  0.071 0.121 0. 141
BD720  —0.017  0.044 0.120 0.129
BD721  —0.029  0.080 0.110 0.139
¥R 0.080 0.117 0.167 0.219

x5 EORBEANHELER

Tab.5 Calculation result of directional rotation angle

VL2 IS a
VE 107. 031 0°
FTEH 107. 031 3°

HH 28 5 ATHARAS L X AH AR 2 0k T8 A 2 4K
B, ) R SO0 000 (£ 326 BT A5 19 5 1) J5E e £ 1Y
KM 0,000 3°=1. 08",
4.3.3 HAstik

by Sy, S - R G [EOE o PR Y ]
Ty 58— A5 B 11 5 10 A A ABUI 22 . 3 A A bR Bl O 1)
4 i 25 43 s DA B BB A A i 22 B 3 7 R AN 6 BT
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Tab. 6 Root-mean-square of coordinates deviation from
adjustment result of different schemes to refer-

ence coordinates

i 22 (H $577 # /mm
VES
dx dy dz dp
_ 0. 001 0. 001 0. 004 0. 005
= 0.013 0.013 0.015 0.024
) 0.015 0.024 0. 154 0. 157
i 0. 080 0.117 0.167 0.219

ZRH TR/ T 0.01 mm, FHE 5T LU
Je R A AL B A pi 2 3 0 8ok 6 ARl
3ANEE, Hofw 22 (6 ¥ 7 AR B 0. 005 mm 3 K 2
0. 157 mm., F W2 I AR08 2 L A8 A3 AL 325 (9 4
FERE . R S RV L AR A 3R AU
N3 AN B LI 2 5 2 WS = 4 25 1Y
IR 0. 157 mm /N>R 0. 024 mm ., FEHH 4
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