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Layout Optimization of Three-Dimensional Coordinate Measurement
System Based on Laser Multi-Lateration

Hu Jinzhong Yu Xiaofen Peng Peng Huang Kaihui
(School of Instrument Science and Opto-Electronics Engineering . Hefei University of Technology .
Hefei, Anhui 230009, China)

Abstract The three-dimensional (3D) coordinate measuring system based on laser multi-lateration can realize the
non-target self-calibration. Its measurement accuracy is influenced by the self-calibration accuracy. However, the
layout of the system is one of main impact factors on the self-calibration accuracy. By theoretical analysis of the non-
target self-calibration model, the result of the system layout optimization is the tri-rectangular pyramid layout.
Simulation results show that the tri-rectangular pyramid layout can improve the self-calibration accuracy, thus can

ensure the system accuracy.
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Fig. 3 Representation of tri-rectangular pyramid layout
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Table 1 Designed values of unknown parameters of measurement stations with different layouts (unit: mm)

Tm2 TLm3 Yms T4 Ymi Tmi
Layout 1 5000 0 4330. 127 (3700) 0 0 4082. 483 (3000)
Layout 2 5000 2500 4330. 127 2500 1443. 376 4082. 483
Layout 3 5000 2500 3700 3200 550 3000

2 AR/ LS54/ 2 MLE (A mm)

Table 2 Layout 1 versus layout 2 (unit; mm)

L2 X3 Vi3 X Vit i RSS on
MV 4999, 997 —0.004 4300. 124 —0.003 0. 001 4082. 483 4.13X107° —
1 Layout 1 o 0.0128 0.0238 0. 0095 0.0139 0.0128 0.0101 — 0. 0082
Layout 2 MV 4999. 998 2499. 995 4330. 127 2500. 001 1443. 387 4082. 487 1.77X107* —
c 0.0131 0.02265 0. 0100 0.0197 0.0226 0. 0087 — 0.0111
MV 5000. 000 0. 005 4300. 130 —0.001 0. 007 4082. 482 8.09X107° —
Layout 1 o 0. 0090 0.0163 0.01044 0.0165 0. 0204 0. 0082 — 0.0012
- MV 5000. 000 2500. 002 4330. 129 2499. 999 1443. 388 4082. 483 1.64X10°* —
Layout 2 o 0.0125 0.0221 0. 0078 0.0167 0.0223 0. 0082 — 0. 0015
MV 5000. 004 0. 000 4300. 127 0. 002 —0.002 4082. 481 2.93X107° —
. Lavout 1 o 0. 0100 0.0154 0. 0078 0.0158 0.0186 0.0105 — 0.0072
’ MV 5000. 004 2499. 999 4330. 125 2499. 994 1443. 361 4082. 485 2.74X107" —
Layout 2 o 0.0119 0.0144 0. 0095 0.0196 0.0273 0.0074 — 0. 0097
®3 MR 5MHFET A3 AR AL mm)
Table 3 Layout 1 versus layout 3 (unit; mm)
Tt Ty Vs Zms Yt Zi RSS O
Layout 1 MV 5000. 002 0. 004 3700. 000 0.001 —0.001 2999. 999 2.57X107° —
1 o 0.0138 0.0160 0. 0077 0.0238 0. 0099 0.0125 — 0. 0084
MV 5000. 004 2500. 007 3699. 998 3199. 990 5499. 997 3000. 004 1.93X107* —
hayout 2 o 0.0124 0.0225 0. 0100 0.0189 0. 0187 0. 0259 0.0139
Layout 1 MV 5000. 002 0. 007 3700. 000 —0. 005 0. 000 2999. 996 9.49X10° —
c 0. 0088 0.0107 0. 0040 0.0162 0.0160 0. 0098 — 0. 0051
2 Layout 2 MV 4999. 995 2500. 003 3700. 002 3199. 997 5500. 007 2999. 991 1.70x10*
o 0. 0080 0.0157 0. 0076 0.0130 0.0123 0.0212 — 0.0072
Layout 1 MV 5000. 001 0. 000 3699. 997 0. 004 —0.002 2999. 999 2.40X107° —
3 c 0.0123 0.0224 0.0103 0.0121 0.0159 0. 0082 — 0.0012
MV 5000. 006 2500. 005 3700. 000 3200. 008 5499. 997 3000. 002 1.32X10* —
Layout 2 o 0.0113 0.0135 0. 0083 0.0234 0.0237 0.0352 — 0. 0027
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