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Fig.10 Schematic diagram of multi-source system fusion measurement
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Fig.11 Experiment site diagram
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Table 1 Comparison of errors before and after fusion of common points in transfer stations

Point Pre—fusion Post-fusion

o./mm o,/mm o./mm o,/mm o./mm o,/mm o./mm o,/mm
Q, —0.041 0.027 —0.032 0.058 —0.024 0.016 —0.031 0.042
Q. 0.003 —0.031 0.027 0.041 0.001 —0.026 0.001 0.026
Q; 0.031 0.056 —0.043 0.077 0.022 0.026 —0.007 0.035
Q, —0.056 0.061 —0.038 0.091 —0.030 0.033 —0.017 0.047
Qs —0.027 —0.095 0.042 0.107 0.003 —0.056 —0.014 0.058
Qs —0.103 —0.006 —0.047 0.113 0.047 0.003 0.042 0.062
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Table 2 Deformation error analysis results at 20 N

. Actual deformation Deformation Absolute error  Relative error
Point ANSYS/mm Methods

value/mm value/mm A/mm y/%
Interpolation 0.046 0.004 9.52

a 0.035 0.042
Fusion 0.041 0.001 2.38
Interpolation 0.065 0.003 4.84

b 0.053 0.062
Fusion 0.060 0.002 3.23
Interpolation 0.081 0.006 8.00

¢ 0.064 0.075
Fusion 0.076 0.001 1.33
Interpolation 0.074 0.007 8.64

d 0.072 0.081
Fusion 0.077 0.004 4.94

R3I SONRETRESWER

Table 3 Deformation error analysis results at 50 N

) Actual deformation Deformation Absolute error Relative error
Point ANSYS/mm Methods

value/mm value/mm A/mm y/%
Interpolation 0.073 0.006 8.96

a 0.058 0.067
Fusion 0.064 0.003 4.48
Interpolation 0.081 0.004 5.19

b 0.072 0.077 )

Fusion 0.079 0.002 2.60
Interpolation 0.173 0.015 9.49

c 0.143 0.158
Fusion 0.167 0.009 5.70
Interpolation 0.183 0.015 7.58

d 0.181 0.198
Fusion 0.186 0.012 6.06

x4 SONHEZRESTER

Table 4 Deformation error analysis results at 80 N

) Actual deformation Deformation Absolute error Relative error
Point ANSYS/mm Methods

value/mm value/mm A/mm y/%
Interpolation 0.127 0.005 3.79

a 0.100 0.132
Fusion 0.124 0.008 6.06
Interpolation 0.139 0.011 7.33

b 0.157 0.150
Fusion 0.145 0.005 3.33
Interpolation 0.190 0.017 9.83

c 0.207 0.173
Fusion 0.184 0.011 6.36
Interpolation 0.206 0.025 10.82

d 0.281 0.231
Fusion 0.218 0.013 5.63
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Table 5 Deformation error analysis results at 100 N

Actual deformation

Deformation

Absolute error

Relative error

Point ANSYS/mm Methods

value/mm value/mm A/mm y/%
Interpolation 0.180 0.016 9.76

a 0.143 0.164
Fusion 0.175 0.011 6.71
Interpolation 0.192 0.014 7.87

b 0.198 0.178
Fusion 0.188 0.010 5.62
Interpolation 0.240 0.022 8.40

c 0.271 0.262
Fusion 0.278 0.016 6.11
Interpolation 0.276 0.026 8.61

d 0.328 0.302
Fusion 0.290 0.012 3.97
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Standard deviation: 0.075 mm 2 " Standard deviation: 0.085 mm x.,
RMS estimate: 0.075 mm RMS estimate: 0.085 mm
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Fig. 14  Comparison of deformation deviation between fusion predicted point cloud and actual point cloud under different loads
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Structural Form Sensing Technology Based on Multi—source
System Fusion

SUN lJing, LIN Xuezhu, GUO Lili, LIU Yue, YAN Dongming, LI Lijuan
(College of Oproelectronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: With the development of digital twin technology, the intelligent measurement degree of aerospace
assembly products is getting higher and higher. Assembly of large parts is the basis of product performance, and
assembly accuracy is an important index to ensure product quality. During the process of skin assembly, the
deformation of the assembly force structure with the change of state will result in interference between thin—
walled parts, and the forced positioning will affect the stability and safety of the product structure. Digital twin
technology has the characteristics of multi-source, heterogeneous, massive, real-time and so on. The twin
model gathers all the data obtained by acquisition, reading and fusion. It is particularly important to measure and
perceive the product structure to obtain the real state information of components. Therefore, real-time sensing
of structural deformation not only meets the characteristics of dynamic updating of the digital twin assembly
model but also plays an important role in realizing the high—precision assembly of products. In this paper, based
on the characteristics of real-time perception of product form and large—scale measurement field, combined with
different measurement advantages of laser tracking, visual measurement and fiber monitoring system, a multi-
source system fusion measurement model is constructed. The structural morphology sensing technology based
on multi-source system fusion has the characteristics of real-time monitoring, which is not limited by the
assembly state, and can effectively reduce the frequency of visual measurement deformation. The high—fidelity
data obtained can provide a reference for constructing the twin assembly model. Firstly, the multi-station
coordinate unified model of the multi-source system was established, and the pose relationship between multi—
source systems was established based on the global coordinate system, so as to realize the measurement
network fusion of multi—source system. Secondly, the heterogeneous data fusion model was established, and
the heterogeneous data of optical fiber monitoring wavelength and spatial point coordinates were unified based
on the surface interpolation reconstruction idea. The multi-source data fusion was realized based on the
Gaussian process to predict the deformation point cloud and realize the product structure shape perception.
Thirdly, the accuracy evaluation index is listed based on the measurement model, and the accuracy evaluation
of the multi—source system fusion structure morphometry model is realized comprehensively. To verify the
feasibility of the measurement model, the accuracy of the global measurement network was verified by the
spatial coordinate component errors before and after the fusion of the common transfer stations. The accuracy of
the fusion model was verified by comparing the predicted shape variables of multi—source data fusion, the shape
variables obtained by the interpolation algorithm and the actual shape variables. The deformation point
monitoring selection is determined based on ANSYS simulation analysis. Finally, the thin-walled structure with
skin was taken as an example to simulate the assembly deformation experiment. The experimental results show
that the absolute error of the deformation data obtained by the multi-source data fusion method is kept at
0.016 mm, and the average relative error is 4.66% , which is about 4% lower than that obtained by the
interpolation algorithm. The multi-source system fusion structure shape sensing technology predicts the
deformation model based on high—precision measurement field fusion heterogeneous data. The deformable point
cloud contains the physical attribute information of the parts, which makes the surface detail reaction more
complete. The measurement method of multi-source system fusion realizes the real-time monitoring of
structural deformation, and the measurement data has the characteristics of high fidelity. The digital twin model
is based on the interactive mapping of real-time data, which can monitor and predict the assembly process status
of precision products, such as aerospace products, through measurement adjustment and finally achieve high—
quality assembly. High—fidelity information sensing is the key to build the twin preassembly model. Therefore,
the structure and morphology sensing technology based on multi—source system fusion can provide support for
the establishment of the twin model.

Key words: Digital twin; Multi—source system measurement; Heterogeneous data fusion; Gaussian
process regression; Structural deformation
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