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Abstract: The integrated geosensor network service system of 
mine ground disaster monitoring is linked with comprehensive 
application of satellite Remote Sensing (RS), Geographic 
Information System (GIS), Globe Navigation Satellite System 
(GNSS), GeoRobot, Terrestrial Laser Scanner (TLS), ground 
based SAR, and tilt, displacement, temperature, pressure, rain 
and video sensors. It can perform precise monitoring and 
forecasting of ground disasters. It has important practical 
significance for getting ground deformation timely, accurately 
and comprehensively. The scientific forecast could prevent and 
reduce the loss caused by ground disasters. Based on the 
unified spatio-temporal monitoring datum, through the 
computation and analysis of monitoring data collected by the 
real-time geosensor networks, a dynamic deformation model 
could be established and optimized. Such model could better 
meet the needs of mine safety, production management, and 
decision-making processes. The geosensor networks have been 
deployed for monitoring of subsidence, slope and building 
structures in Pingshuo Coal Mine, including ATB, AJL and 
DLT open pit coal mines, and No.2 and No.4 underground 
mines, that lead to improvement of mine management results. 

I. INTRODUCTION 
In China, extra-large modern coal production bases have 

reached millions of tons, even hundreds of millions of tons 
of production. The methods of coal mining include 
underground mining, open pit mining and combined mining 
method. The area of ground deformation and disaster is 
larger range, and the situation is complicated. Deformation 
forms may have subsidence, landslide and so on; the typical 
ground disasters contain subsidence, ground cracks, 
landslides, and building structures instability. It is 
impossible to detect signs of deformation by traditional 
manual inspection. With comprehensive application of 
satellite remote sensing, geographic information systems, 
satellite positioning, GeoRobot , the ground SAR and sensor 
network technology, establishing an integrated mine ground 
disaster monitoring geosensor networks system ,which can 
do precision monitoring and forecasting work for the ground 
deformation, study of the ground subsidence and 
deformation law, has important practical significance for 
mastering many kinds of ground deformation information 
timely, accurately and comprehensively, scientific forecast, 
preventing and reducing the loss of ground deformation 
disaster [ZHANG Jin	2011]. The better application effect 
have been achieved for slope monitoring and structure 
monitoring based on Geosensor networks 
technology[Andreas von Poschinger,2008;Little M.J.,2008
�Joël Van Cranenbroeck	2011]. 

The Geosensor networks are one of the six priority 
research directions of US NSF. The data stream processing, 
dynamic spatial field, mobile computing, spatio-temporal 

query, adaptive middleware of sensor network and sensor 
information, sensor data fusion and mining, automatically 
updating geospatial database, monitoring and pre-warning 
and other scientific and technical issues are the leading edge 
issues of GIS research [Stefanidis & Nittel,2004; Nittel & 
Labrinidis,2009; Silvia Nittel,2009]. The remote sensing 
system, satellite positioning systems and geographic 
information systems function can be fully enhanced under 
the collaboration in geomatics technology, information and 
communication networks and high-performance computing 
technology. The real advantage of the geosensor network is 
the whole integration of data processing and analysis [Nittel 
S. & Stefanidis A. et al, 2004; Nittel S., 2009; Thorsten 
Reitz, 2008].  

Based on the intelligence computing, the mine ground 
spatial variability theory [Renduo Zhang, 2005], disasters 
intelligent prediction theory [Yongxing Zhang, 2005] and 
ground spatio-temporal change rule are studied recently, 
which can service better to the mine production safety 
management and decision-making. 

The change models of geographical environment 
phenomena in spatio-temporal are defined as a dynamic 
spatial field. Through the geosensors network can monitor 
the dynamic changes of the spatial field and manage the 
inherent complexity of dynamic spatial phenomena (such as 
region, boundary, cavity and events) and events expression 
(such as splitting, mergence, phenomenon exists and 
disappear events) [Duckham M.,Nittel S. & Worboys 
M.,2005] 

II. MINE GEOHAZARD MONITORING GEOSENSOR 
NETWORKS 

Geosensor networks is mainly referred to sensor networks 
which is based on the GPS, GeoRobot, terrestrial 3D laser 
scanner and ground based SAR and other geodetic type 
sensors, and related sensors, such as tilt, displacement, 
temperature, pressure, rainfall, images and so on, integrating 
with computer network and wireless communication and 
spatial database system, which can do precision monitoring 
and forecasting work for the mine ground disasters 
monitoring. Based on intelligence computing and spatial 
data processing, geological statistics, data fusion and spatial 
analysis theory and method, dynamic spatial clustering and 
whole calculation and dynamic deformation field models 
can be established coupled with collaborative monitoring 
data of long series geosensor networks, high resolution 
satellite remote sensing data and monitoring function 
partition. The effectiveness of mining area dynamic 
deformation field can be evaluated and optimized through 
the real measured data. It is shown in Figure 1. 
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Fig.1: Geosensor network architecture diagram 

A. GPS and GeoRobot monitoring system 
Based on the importance of monitoring points, three 

monitoring levels have divided in mine. For key points, GPS 
stations have been used for continues surveying and 

monitoring. For middle important points, GeoRobot stations 
have been used. For whole mine, high resolution imagery 
and SAR imagery used to get the deformation fields. See Fig 
1 and Fig 2. 

 

 
Fig 2: The deployment of GPS station in Pingshuo open-pit mine area. The monitoring house of combining GPS and GeoRobot  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3: The real-time results and 24h precise solution results of GPS 

B. GBSAR monitoring system 
As a new monitoring technology, Ground Based-

Synthetic Aperture Radar � GB-SAR � has been 
successfully applied to the mine slope stability monitoring 
and achieved better application effect. At present, the main 
GB-SAR systems are Ground Probe Slope Stability Radar 
(SSR), IDS Image by Interferometric Survey (IBIS-M) and 
GAMMA GPRI (see fig 6). GB-SAR data from the front 
data collector can be automatically transmitted to the 
monitoring data center, the data analysis software could 

analyze the monitoring data and evaluate the slope stability. 
Large-scale area deformation monitoring is the advantage of 
Satellite-bone SAR; Local area deformation monitoring is 
the advantage of GB-SAR. Cooperated with high precision 
GPS observation data, enhancing the GB-SAR data quality, 
improving the reliability and precision of the GB-SAR, 
using the GB-SAR data achievement to get the deformation 
regularity and mechanism, and then achieve disaster 
forecasting and warning. 
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Fig 4: Three kinds of GBSAR sysytem 

 

 
 

Fig 5: The results of open-pit slope monotoring using IBIS-M 

III. HIGH RESOLUTION REMOTE SENSING 
MONITORING TECHNOLOGY 

We also use GPS GCP for RS imagery alignment and 
getting precision coordinates of boundary points of the 
disasters features. For high resolution images, the RPC 
models and GPS GCPs are used for getting precision ortho-
images. For Envisat SAR imagery, GPS GCPs used for 
getting referenced SAR imagery and check points. The basic 
law of transition and destruction of mine ground disasters 
has been concluded by contrasting with the interpretation 
results of multi-phases remote sensing images and 
deformation fields by D-INSAR results. 

A. Geometry rectifying of Quickbird imagery 
Four methods can be used to correct the QuickBird data 

[Volpe F., 2003]: (1) Correct the Basic Imagery products 
using the RPCs supplied with GCPs and DEM, (2) Correct 
the Basic Imagery products using a 3D rigorous method, (3) 
Correct the Ortho Ready Standard products using the RPCs 
supplied with GCPs and DEM, and (4) Correct the Ortho 
Ready Standard products using a 3D rigorous method. The 
results showed that the first method computes the unknowns 
of RPCs using GCPs acquired by the user, and may produce 
large errors. The third method uses an empirical and 
statistical model developed by DigitalGlobe, which 
approximates the 3D physical sensor model of QuickBird. 
Since biases or errors still exist after applying the RPCs, the 
results need to be post-processed with a translation and 
enough precise GCPs, or the original RPC parameters can 
be refined with linear equations with more precise GCPs. 
The second and fourth method is often called a rigorous or 
physical model. The major advantages of physical modeling 
over empirical modeling is mainly in that the mathematical 
functions correspond to the physical reality and take into 
account all the distortions generated in the image formation.   

We use RTK GPS to survey the GCPs in the field. DEM 
is generated by vectored topographical contours. RPC+ 
DEM+ GCP (polynomial) model is adopted for re-
orthorectifying the Quickbird imagery. Then we use extra 
constrained conditions, such as, distance and angle 
constrained condition. Last step is accuracy evaluation.  

The key point applying above method is accuracy 
labeling the GCPs in Quickbird imagery. For GCPs 
surveying by RTK GPS, the position in Quickbird imagery 
is usually labeled by eye judgment in field. Labeled by eye 
is often lower accuracy. We put forward a method labeled 
the GCPs in imagery that is called imagery point surveying 
method (see figure 6 left). The imagery point surveying 
method means confirmed the GCPs in imagery using 
surveying methods like surveying a point in field.  

The Rational Function Model is one of the generalized 
models used instead of rigorous models. It expresses the 
relationship between object and image coordinates through 
the use of ratio of polynomial expressions. The coefficient 
of the polynomial are the Rational Polynomial Coefficients 
(RPCs). The method based on the RPCs has improved its 
importance and has been adopted by Digital Globe. The 
availability of the RPCs and software facilitates the accurate 
geometrical processing of the imagery. [Gene Dial, Jacek 
Grodecki, 2004; Jacek Grodecki, 2003; and Tao C V., Hu Y. 
2000]. 

The points have been selected in order to be well 
distributed over the whole working area, and to cover 
different height layers. Then, a fixed number of GCPs has 
been considered, and that number of GCPs has been selected 
from the dataset, trying to guarantee a homogeneous 
distribution over the whole working area. The remaining 
points of the dataset have been considered as Check Points 
(CPs). The RPCs approach has been applied and the 
resulting RMS on the CPs has been evaluated.  
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Distance and angle constrained condition is used to 
enhance the accuracy of imagery geometry correction. The 
observation values of distance and tangle collected from the 
imagery that is rectified by RPC model. The likely true 

values are acquired by surveying in field or from some of 
accuracy map. Using simple adjustment model, we can do 
extra constrained computing for enhancing the accuracy of 
imagery [ZHANG Jin, 2006]. 

 

 
Fig 6: Imagery point surveying method (left) & updating map of mine (right) 

B. Mine functional partition and geographic grid 
Using high resolution satellite remote sensing images, 

digital elevation model and mining engineering plan map, 
the ground facilities concentrated areas, ground production 
layout area, terrain feature area and underground production 
corresponding area on the ground are extracted combining 
with the mining area production layout area, distribution 
area of the facility, terrain features area, and other relevant 
feature information, also the slope and surface movement 
deformation area are extracted combining the initial 
deformation monitoring data, the monitoring functional 
partition is established, and geographical grid is divided 
within the monitoring functional partition(see Fig 6 right). 

The geographic grid divides according to each mine 
boundary embedded unit grids. Generally, the unit grid is a 
regular square grid, or an irregular polygon. The size of the 

unit grid represents the resolution of the geographic grid 
division. The resolution of geographic grid division in some 
important mining regions should be higher than other 
regions, such as production areas, industrial squares, and so 
on. The objects related with ground disaster in each unit grid 
should be investigated, such as buildings, structures, 
communication towers, power tower, slope, and so on; as 
well as some events characteristics of the objects related 
with unit grid ground disaster also should be investigated, 
such as subsidence, displacement, tilt, cracks, landslides, 
caving, collapse, and so on. 

Through overlaying operation to the mine geographic 
grid division and function zoning map, it can determine the 
stable state level of each geographical unit grid and the 
position and events for the geographic grid of each 
functional partition, as shown in Figure 7.  

 

 
Fig.8: Mine ground functional partition and geographic grid division 

C. Disaster evaluation using high resolution 
Based on the actual status of the study area, we divide its 

surface into seven types, open pit, pit edge, dump, dump 
slope, stripping zone, regional construction industry and 
road. In accordance with the seven types of functional 
classification, interpret remote sensing images accordingly 

to surface entities and assign type, add attributes to them. 
Then we make surface entities as evaluation unit, select 
gradient, vegetation cover and surface changes’ degree as 
regional risk assessment’s participating factors and quantify 
them respectively. Evaluate the risk of feature cell. The risk 
assessment results include high risk, moderate risk, low risk 
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and no risk, and then adopt the fuzzy comprehensive 
evaluation model to evaluate the area of the dump. Finally, 
use the field survey to test evaluation results and prove the 

feasibility of the technology roadmap preliminarily in the 
surface mine. See Fig 9. 

 

 
Fig 9: The division of feature area based on imagery of 2004(left) and 2005(middle). The evaluation results of risk area based on fuzzy comprehensive 
evaluation (right) 

D. Macroscopic monitoring using D-InSAR  
As one of macroscopic monitoring methods, InSAR 

technology has many technical characteristic compared with 
conventional measurement methods to monitor ground 
subsidence. We use ENVISAT-1 ASAR data of ESA, 
Cosmo and Radsat to study theory, methods and application 
of monitoring deformation in mine area with InSAR 
technology, combines disaster feature zoning with high-
resolution remote sensing imagery and field surveying 
results to analyze ground deformation of mine. 

Error sources for monitoring the surface deformation of 
mine with D-InSAR technology, the processing monitoring 

the surface deformation of mine with D-InSAR technique 
and the algorithms including registration, filtering, phase 
unwrapping has been discussed. Through D-InSAR 
processing, we detected six deformation regions in mining 
area. This result proved the feasibility of monitoring 
subsidence in mine with InSAR technology, and also 
provided basis and valued data for future more precise 
monitoring. It is more conducive for the results analysis 
combining the disaster feature zoning. Because of data, the 
complexity of topography and the time decoherence and so 
on, some region with deformation in actual has not been 
detected. See fig10. 

 
Fig 10: The overlay of feature divided and SAR interference (left) and deformation map of mine (right) 

IV. GEOSENSOR NETWORKS DATA PROCESSING 
AND ANALYSIS 

Integration of geosensor networks makes GIS from the 
using of historical data traditionally to get real-time data 
even prediction the future data. And building the shared, 
collaborative, extensible sensor networks, establishing 

intelligent processing and focusing on service theory and 
method system based on earth observation sensor network, 
revealing the transformation mechanism of earth 
observation on "event-information-service", and truly 
achieving multi-sensors resources dynamic management in 
the network environment, event intelligence, multi-platform 
system coupling, on-demand observation, information 
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fusion, data assimilation and intelligent service, which are 
researched. 

The whole processing method of monitoring geosensor 
networks data is the important theory and method to realize 
the geosensor networks collaborative monitoring and 
application. Dynamic deformation field and the deformation 

mechanism are the important scientific problems, which are 
researched on ground disaster phenomenon spatio-temporal 
rule, the formation process of the disasters, spatial variation 
and catastrophic effects, and realizing the decision service 
[Zhang Jin, 2012]. The geosensor network data processing 
framework is shown in Figure 11. 
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Fig.11: Geosensor networks data processing framework 

The content of monitoring data preprocessing contains 
organizing and preprocessing the data about GPS 
monitoring data, measurement robot monitoring data, 
ground-based 3D laser scanner data, and GB-SAR 
monitoring data, also investigation and collecting 
environmental data of mining, geology and geography, and 
analyzing the disaster-pregnant characteristic and 
geographical environment characteristics in the monitoring 
area. 

A. Monitoring data interpolation 
With data interpolation method, statistical estimation 

theory, geostatistics theory, fuzzy mathematics, similarity 
measure, matching and optimization theory, all these are 
used to apply for clustering analysis according to the 
deformation functional partition to the results of monitoring 
data from the deformation values, trends, geography, spatial 
variation, and disaster effect. It based on the time-series 
observation data, applied Kriging method to interpolate the 
missing data and incomplete data, compared with the 
surface monitoring data, and optimized the interpolation 
data model. 

B. Monitoring data spatial clustering 
The clustering analysis of monitoring geosensor networks 

data is the foundation of recognizing the law and 
characteristics of regional deformation and whole 
processing and analysis of data. Based on geographic grids 
of monitoring functional partition, calculated the horizontal 
displacement values and settlement of points in each grid, 
analyze the topological relation among monitoring points, 
some points which are adjacent, continuous distribution and 
deformation characteristics in line with the setting threshold 
value are clustered a class, geography grids can be clustered, 
merge and adjustments. Monitoring line clustering method: 
according to the setting of monitoring lines, the 
characteristic lines and profile lines, the monitoring points 
are clustered in lines. Regional clustering methods: based on 
the monitoring points and lines clustering, corresponding the 
geometry structure of monitoring network, and monitoring 
characteristic area with monitoring functional partition to 
analyze, and through the application of statistical analysis 
method, spatial clustering algorithms and spatial clustering 
validity evaluation method to the clustering regional merge 
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and adjust, and form monitoring area clustering. The 
monitoring line clustering analysis is shown in Figure 12, 
and regional clustering as shown in Figure13 & 15. 
 

 
Fig.12: Clustering analysis according to the monitoring line 

 

 
Fig.13: Regional clustering analysis 

 

C. Monitoring whole data calculation 
GPS enhances the whole calculation of monitoring data 

of GeoRobot, terrestrial 3D laser scanners and GBSAR: 
GPS as a way of high-precision coordinates of measuring 
stations and backsight points of GeoRobot, real time 

updated measurement robot stations and backsight points 
coordinates. GPS as the monitoring lines layout of the 
GeoRobot observation, it is help to reliability evaluation and 
monitoring lines enhancement of the GeoRobot observation 
results. Using GPS monitoring results as constraint 
condition, the method is studied on the monitoring data of 
GeoRobot constraint compute, the line analysis and 
monitoring partition calculating method. 

GPS enhance the monitoring results of ground laser 
scanner and GBSAR: using the GPS monitoring results 
corresponding laser scanner and GBSAR monitoring area, 
as the ground reference points of laser scanner and GBSAR 
data processing, and as the auxiliary of digital terrain model 
data, which help to correct and process precisely using the 
least square method in calculating data, by which improve 
the results due to the disturbance caused by ground 
meteorological and environmental factors to GBSAR 
processing, and improve ground laser scanner and GBSAR 
data processing accuracy level. 

D. Dynamic deformation field 
In a certain time interval, the ground deformation field is 

that the horizontal movement of the monitoring points is 
showed by the changes of the position vector displacement, 
and the vertical changes are showed by the contour map at 
intervals. The dynamic deformation field helps to analyze 
the formation mechanism and process of the ground 
disasters	which is an important evidence for the ground 
disaster early warning and forecasting�The period intervals 
of dynamic deformation field can be set according to the 
specific needs, such as daily-Cycle, week-Cycle, half-
month- cycle, month-cycle, quarter-cycle, half-year cycle 
and annual cycle. 

The determination of the horizontal and vertical change 
will have to synthesize the stability analysis results of 
function division graph, the monitoring results of automated 
monitoring system, and other monitoring data results, which 
have to collaborative analysis on a unified spatial datum, as 
shown in Figure 14. 

Fig.14: Mine ground dynamic deformation field 

E. Data analysis, Information publishing and deformation 
data view system based on Internet 

All monitoring data is storied into SQL Server or 
MongoDB database. Based on GIS and SQL Server and 
MongoDB, we develop the data analysis software system 
MDA_GIS. In MDA_GIS, monitoring point, line and area 

feature can be analyzed. Information publishing and 
deformation data view on the time is also important for mine 
safety management. We develop the monitoring data 
analysis and information publishing system based on GIS 
Web Service. See Fig 15. 
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  Fig 15 Data analysis, Information publishing and deformation data view system based on Internet 

V. CONCLUSIONS 
The geosensor networks are new geospatial information 

technology, it has a very important significance to promote 
the application for the mine safety production. The method 
of collaborative observation technology and whole data 
computing of geosensor networks is a key point to improve 
the capabilities of mine ground disaster monitoring and to 
provide pre-warning service. Based on unifying spatio-
temporal monitoring datum, mine ground disaster function 
polygon can be partitioned. Coupled with the satellite 
remote sensing data and field surveying data we can 
evaluate the stability state of the mine ground, which also 
are the basis for deployment of the mine ground monitoring 
system. Based on geographical grid, we can investigate the 
associated objects and events of the mine ground disaster. 
Based on unified spatio-temporal datum and whole 
computing of geosensor networks data, the dynamic 
deformation field can be induced. 
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