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Study on Accuracy Evaluation Method for Integral Measurement Field
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[ABSTRACT] Multi-stations integral measurement field is currently the most effective method for large-scale 3D
measurement in manufacturing plants. The accuracy evaluation of the method is of great significance for ensuring the
reliability of measurement results and the rationality of measurement task planning. To fuse the multi-source observation
data in the integral measurement field accuracy evaluation process, a model based on geometric constraints was established,
and an accuracy evaluation method for integral measurement fields was proposed. Indicators such as instrument
observation uncertainty, instrument pose parameter uncertainty, and point coordinate uncertainty were included in the
accuracy evaluation method. Firstly, a rapid and accurate assessment of the instrument observation on-site uncertainty was
implemented based on the statistical information of the measurement results. Then the uncertainty propagation process
was analyzed using the method recommended in guide to the expression of uncertainty in measurement (GUM), and
evaluation methods for the uncertainty of instrument pose parameters and target point coordinates were established. Finally,
the rationality of the integral measurement field accuracy evaluation method was verified through simulation and on-site
experiments.
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Fig.1 Schematic diagram of the integral measurement field
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Fig.4 Diagram of integral measurement field simulation

®2 UEUNEFHEEFEER

Table 2 Simulation results of uncertainty in instrument observations and measurement
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e B AN 7€ JiE /arcsec 1.3
IR ANH € JiE /arcsec 1.3
wMPS1 FAH AT E B /arcsec 3.0
wMPS2 FAH AN 72 BE /arcsec 3.0
wMPS3 T AT 22 JiE Jarcsec 3.0
wMPS4 A 2 JE /arcsec 3.0

SEBRfE DB R PIELFARTRZE %
9.6382 9.9749 3.49
0.4842 0.4987 3.00
1.2659 1.2816 1.24
1.2536 1.2967 3.44
10.3851 10.9185 5.14
0.5179 0.5459 5.41
1.3548 1.3443 0.77
1.3507 1.3774 1.98
3.2330 3.2206 0.38
2.9390 2.8364 3.49
3.3091 3.2612 1.45
3.0708 3.0185 1.70
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Table3 Evaluation results of uncertainty in instrument pose parameters
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Fig.5 Evaluation results of uncertainty in target point coordinates
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Table 4 Verification results of uncertainty in instrument pose
parameters %

AR a B y t
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wMPS4 98.42 | 9792 | 98.02 | 97.82 | 9891 | 97.23
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Fig.6 Comparison between evaluation results and simulation results
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Fig.7 Experiment on evaluating the accuracy of the integral
measurement field
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Table 5 Evaluation results of uncertainty in instrument observations
and measurement
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Table 6 Verification results of uncertainty of instrument pose parameters in measurement field 1

R INE S o,/arcesc aj/arcesc
HWOCIRERX — 37 1 2.9 2.9
HOCIRERX — iz 2 22 2.6
WOCHRERX — 3l 3 2.9 1.8
TWOCHRERX — ¥hi7 4 22 32

wMPS1 3.8 3.1
WMPS2 29 42
wMPS3 2.9 2.6
wMPS4 3.6 3.6
el e 0.8 0.8

€ BURIUETS Wik 1 | Wiy 2 | W 3
FHES /um 10.9 11.0 10.7
Egﬁfg?j( 7 H ffi /arcsec 1.3 1.6 1.6
IKF-Ffi /arcsec 1.2 1.5 14
wMPS1 FIil ffi/arcsec 33 33 2.8
wMPS2 I ffi/arcsec 43 45 4.0
wMPS3 | ffiffi/arcsec 3.6 3.6 33
wMPS4 | ffiffi/arcsec 5.4 54 5.1
w XAEFR/pum 52.1 — 532
&ﬂu% YAEBR/um 63.5 = 63.5
A ZHEAR/um 10.5 — 10.6
o,/arcesc 0,/um o,/um 0,/um
1.3 33 3.6 18.7
4.1 6.2 4.5 19.5
2.3 4.1 4.9 11.8
34 5.7 5.5 34.7
3.4 85.9 87.3 161.5
3.1 62.4 113.8 133.6
4.1 187.1 102.4 139.5
4.1 149.5 128.8 100.6
0.4 10.8 8.2 20.5
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