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Application of combined space, arial and ground based multiple
technologies in deformation monitoring of mining areas

JIA Huihui'**, XUE Jianzhi"**, GUO Lizhao'**, SONG Jiangtao'**, ZHANG Yucong™’
(1. 514 Brigade of North China Geological Exploration Bureau, Chengde, Hebei 067000, China; 2. Geological Disaster
Monitoring and Early Warning Technology Innovation Center of Hebei Province, Chengde, Hebei 067000, China;
3. Hebei Huakan Resource Environmental Survey Co. Ltd., Chengde, Hebei 067000, China)

Abstract: There are a large number of iron mine gobs due to many years of mining in Zhoutaizi Village, Zhangbaiwan Town,
Luanping County. And some gobs have potential safety hazards of collapse, which seriously restrict the local economic
development and social stability. So it is necessary to strengthen deformation investigation and field monitoring of existing gobs
in this area. In this paper, the spatial distribution of gobs in the study area is determined and deformation of gobs is monitored
by using Interferometric Synthetic Aperture Radar (InSAR), UAV photogrammetry and 3D laser scanning technology. Firstly,
Small Baseline Subset InNSAR (SBAS-InSAR) technology is used to retrieve the surface deformation of gobs. Then, a three-

dimensional model of the study area is constructed by using UAV data, and the ground surface changes between two flights are
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calculated by using multi-period UAV flight data to support the results of InSAR technology. Finally, 3D laser scanning

technology is applied to some areas, and the fine model of gobs is established. The results show that the joint monitoring results

of the three technologies show a high consistency, the maximum deformation rate (—25 mm/a) of the study area are detected by

InSAR method. Combined with the difference results of the DEM and 3D laser scanning data of the two periods of UAV, 17

high-risk areas of gobs are identified. The high-risk areas are distributed in various mining areas, and some areas have an impact

on residential areas and roads. The based on Space, Sky and Ground multi-technology indicating that this method has high

reliability and can be well applied to deformation investigation of goaf in mining area and the surface deformation monitoring

during inadequate mining.

Keywords: gobs; InSAR technology; UAV photogrammetry; SBAS-InSAR; 3D laser scanning
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Fig. 1 Basic overview of the experimental area
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#1 3EX Sentinel-1 #iF

Table 1 Sentinel-1 data in the research area

Sentinel-1 AFHIU ARG 4R

Hir Az H L /m I AL HE2R /d LT Mz T PR FEE /m
0 2018-11-06 0.00 0 0.00 0.00
1 2018-12-12 57.96 36 —4.61 262.75
2 2019-01-05 —8.46 60 7.27 1799.97
3 2019-02-10 95.92 96 3.33 158.75
4 2019-03-06 113.21 120 5.57 134.52
5 2019-04-11 125.46 156 —3.34 121.38
6 2019-11-01 128.02 360 =5.10 118.96
7 2019-12-07 74.24 396 =3.10 205.13
8 2020-01-12 61.75 432 0.86 246.60
9 2020-02-05 62.86 456 0.54 24227
10 2020-03-12 141.33 492 2.36 107.75
11 2020-04-05 97.92 516 3.22 155.52
Sentinel-1 AFEHUAGE G4
i A% H T L /m st ) 3 2k /d L2/ Hz TR FRASAN B /m
0 2018-11-05 0.00 0 0.00 0.00
1 2018-12-11 32.79 36 1.49 518.88
2 2019-01-04 =30.31 60 3.69 561.38
3 2019-02-09 17.13 96 1.14 993.06
4 2019-03-05 -39.30 120 —7.84 432.96
5 2019-04-10 61.11 156 —14.1 278.41
6 2019-11-12 -31.83 372 -2.95 534.49
7 2019-12-06 47.26 396 4.70 360.03
8 2020-01-11 —58.43 432 -3.82 291.19
9 2020-02-04 943 456 1.16 1805.11
10 2020-03-11 -5.50 492 -7.30 3095.02
(1) SAR %# R AERF[E] S 2018 4F 10 H—20204F 4 A,

W5 X AR BT 8 AN B3 Sentinel-1A/B SAR 4

B IW R, HB I 23 Rk 30 mo SAR JRZ A% BE 5 1) Al
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Fig.2 Orthophoto map and detail display of the whole study area
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Fig. 5 Flow chart of UAV 3D modeling
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