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Abstract: Equivalent (similar) material simulation experiments
are widely used to simulate mining subsidence, mine ground
pressure, mine construction and similar issues. The
photographic technique is most commonly used to monitor
deformations of equivalent models. The technique has the
following advantages: simple operation, rapid measurement,
data completeness and low cost. In order to get accurate
deformation data of an equivalent material model, and to draw
the deformation trend conveniently, software was developed
and used to process deformation data collected from a
simulation experiment. The software has the following
functions: recognition and matching of the monitoring points,
determination of the coordinates of the monitoring points,
elimination of the errors caused by the geometric distortion of
a digital image, as well as, calculation and expression of the
deformation indexes. The equivalent material model was used
to simulate deformation and failure of a drill hole caused by
mining similar to the coal mining in Liaoning Nanpiao area of
China. Analyses of the deformation and failure of a drill hole
were based on the monitoring data acquired by the software.
The result shows that the software has a good application
value.

I. INTRODUCTION

Similar material simulation experiment is an important
means that to study the movement and damage of overlying
strata under the influence of goaf. The identification of the
monitoring points, the calculation of the deformation
amount, the drawing of various data curves and the whole
displacement analysis of the experimental model are the
important parts of the simulation experiment of similar

materials. The classic observation method of similar
material simulation experiment includes pin method,
reflectometer method, lens, microscope and optical

measurement instrument.

But there are some disadvantages of classical methods,
for example, expensive instrument, measurement workload,
long measuring time and so on. Close range
photogrammetry is widely used because it can use ordinary
optical digital camera to detect the information of all
monitoring points that the experimental model of a certain
time, Measurement of low cost, high speed of data
acquisition ,and its low cost, high speed of data acquisition.
However, using the method of close range photogrammetry
to obtain similar material simulation experiment monitoring
point data have some disadvantages, the convex lens
imaging principle of the optical camera determines that the
measurement of the image is more or less distorted, this will
have a serious impact on the accuracy of the monitoring
data.

Therefore the author studies and develops a software that
about using the method of close range photogrammetry to
monitor the deformation of monitoring points in simulation
experiment of similar materials, it can use the common
optical digital camera to capture all the monitoring points in
the experimental model at a certain time, realize computer
high precision identification of monitoring points ,and the
geometric distortion of the image caused by the imaging
principle of the convex lens of the optical camera is
eliminated by the global optimal adjustment of the pre-set
coordinate control point., and then according to the data to
measure the level of the expression of the results, and then
according to the data after adjustment to express the
measurement results.

II. INTRODUCTION OF THE SOFTWARE

A. Architecture design of deformation monitoring software
for similar material simulation experiment

The similar material simulation test software is divided
into 5 modules: data input, data analysis and processing,
data visualization, data output, software information and
help.
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Fig. 1 Schematic diagram of software architecture design
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B. Automatic recognition principle of monitoring points

The main principle of automatic recognition of
monitoring points is template matching. First, the concept of
similarity measure is introduced, similarity measure is a
kind of quantitative index to evaluate the degree of
similarity between matching entities. In general, the degree
of similarity is measured by the cost function, and the
calculation formula of the similarity measure is as follows.
The matching principle of target recognition is shown in
Figure 2
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S(Ca V) = ii|g’/ _gi/+r,j+c

i=1 j=I
In the formula, S(c,7) is the similarity measure of
scanning pixel center (c,7), g, is the gray value of the

pixel points in line i of the first j of the matching standard.
gi'ﬂ, Jhe is gray value of the pixel points corresponding to

g, in the scanning area.
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Fig. 2 Schematic diagram of target recognition and matching principle

Image correlation is that using the correlation function of
the two signals to evaluate their similarity to determine the
point of the same name. Due to the original photograph in
the gray scale information can be converted for different
forms of electronic, optical or digital signal, therefore, it can
be in the form of electronic, optical or digital correlation of
different ways. Image correlation is divided into three
categories, such as electronic correlation, optical correlation
or digital correlation. The cross-correlation function of two
random signal x (T), y (T) of and the autocorrelation
function is defined as:

R, (2)= [x(t)y(¢t + D)t
R, (2) = [x(t)x(t + D)t

Two pictures for I1 and 12, matching entities are E1 and
E2, and the characteristic vectors are V1 and V2,
respectively, the similarity measure function is SM, and the
similarity measure value C is:

C(E, E,) =SM(V\(E)).V,(E,))

Within the search area E, E1 conjugate with E2 is:

E, = ArgMax{SM(V,(E)),V,(E)}
Eel,
or

E, = ArgMin{SM(V|(E)),V, (E);

Eel,
E,eEel,

According to the above theory, the similarity measures
are mainly the correlation function, covariance function,
correlation coefficient, difference square sum and difference
absolute value and so on, and select correlation coefficient
as similarity measure. Correlation coefficient is the
covariance function of standardization. Covariance function
divided by mean square of the two signals, and get
correlation coefficient.

The mathematical definition of correlation coefficient is:

C(p,q)
p(p,q) =—F———
JCoCoo (P59)

ng = J.J. {g(an/)—E[g(x,y)]}zdxdy

(x,y)eD

Coo(s)= ﬂ {g'(x+p,y+q)—Eg'(x+ p,y+q)]} dxdy

(x+p,y+q)eD’

The estimation of the correlation coefficient of discrete
gray scale data is:

Y3 (e, -2 —E)

i=1 j=I

ple,r)=———= —
\/ZZ(g;, _g)ZZZ(g;Jrr,/Jrc _g:‘c)z

i=1 j=I i=1 i=1

g =
m:-n = j=i
_, _ 1 m n ,
gr,c - zzgi+r,j+c
m-ni- j=
The calculation process of correlation coefficient

matching:

1st, Enter the template image as a matching target.

2nd, In order to determine the possible range of targets on
the image to be recognized by the overlapping range of the
image and other prior knowledge.

3th, Take each point in the search area as the centre and
open the window with the same size as the target.

4th, For each window, the similarity between the target
and the window is calculated.

5th, The matching window corresponding to the
maximum value of the correlation coefficient is used as the
registration window of the target window, and the centre
pixel of the registration window is used as the target point.

6th, Repeat the steps, until the number of the target points
to meet the requirements or to meet the end condition.

C. Transformation between pixel coordinates and real
coordinates

After the above method is completed, the pixel
coordinates of the monitoring points in the digital image
need to be converted to the actual coordinates of the
experimental model. In obtaining the digital image of the
deformation state at a certain time of the experimental
model, the plane of the camera imaging plane and the plane
of the experimental model can not be guaranteed to be
completely parallel. Therefore, the digital image plane of the
deformation state of the experimental model at a certain
time and the experimental model plane there are translation,
scaling, rotation, affine, partial torsion, bending and other
basic imaging factors. For the above mentioned digital
images and the experimental model of many imaging
factors, in this paper, we use the polynomial correction
method to complete the conversion between the pixel
coordinates and the real coordinates. The advantages of the
polynomial correction method: it can not consider the
imaging process between digital images and experimental
models, and can directly from the centre pixel coordinates of
the monitoring point and the experimental model of the real
coordinates of the data, and by setting up the mapping
relationship between the two kinds of data, the conversion
of the two coordinate values is calculated. In this paper, the
formula of the three order polynomial correction:

X=ax +ax’y+axy’ +a,y’ +L +aq,
Y=bx'+bx’y+bxy’ +b,y’ +L +b,
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al...... , bl...... is three degree polynomial coefficients.
X, y is the pixel coordinate value, X, Y is the real coordinate
value.

Three order polynomial correction method requires at
least 10 control points to calculate all the conversion
parameters, when the number of control points is more than
10, the geometric distortion adjustment of digital images can
be made by using redundant observations, and finish the
solution of the transformation parameters for eliminating the
geometric distortion, and then use the elimination of the
geometric distortion of the conversion parameters to
calculate the actual coordinates of all monitoring points.

D. Digital image geometric distortion adjustment

In order to eliminate the geometric distortion in the
digital image, and the number of control points in the fixed
position of the similar material simulation model is larger
than 10, and to use the least squares adjustment method to
calculate.

Set y as the observation value, xi (i=1,2,...t) as the
parameter to be solved, and y is a linear function of xi.

y=a1x1+a2x2+-~+atxt

yy=a,x ta,x, +--+ax

Y, =a, X ta,x, +ta, X
yn = anlxl + an2x2 oot am‘xt
y=A-x
Among
yl all a12 a]l xl
y= Y, A= a4y 4y Ay, x = X,
yn nl n2 nt 'xt
Error equation
v=Ax—y
Type
vl
v=| %
v

According to the estimated value of the least square

principle, it can minimize the sum of squared error, that is:
V'V =min

Calculation flow:

Ist, Get the known data (control point coordinates).

2nd, The pixel coordinates of measurement control point
(pixel row number).

3th, Determine the initial value of the unknown (10
control points are selected, and the initial value of the
transformation matrix is obtained).

4th, The initial value of the unknown and the coordinates
of the control point are brought into the polynomial
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equation, and point by point calculation of the image point
coordinate approximation (x), (y).

5th, Calculate the constant term Ix, ly for each point.

6th, Calculate normal equation’s coefficient matrix ATA
and constant term ATL.

7th,To solve the equation and get the corrections.

8th, Check whether the results of the calculation of
convergence: the correction and tolerance were compared, If
the result is less than the limit, then the calculation is
terminated, Otherwise it will repeat four to eight steps.

III. EXAMPLE APPLICATION

In order to study the movement and failure of overlying
strata in coal seam under the condition of a coal mine,
according to the geological data of the coal mine and the
technical conditions of coal seam mining, design similar
material simulation experiment: The size of the similar
materials model is: length * width *
height=2.0mx0.24mx1.63m, the dip angle of coal seam and
strata is 40 degrees, coal seam size: oblique * width *
thickness=2.20mx0.24mx0.02m. Model for the whole
formation simulation, no external load at the top. Details of
the structure of the rock structure, the mining upper and
lower limit, as shown in figure 3.
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Fig. 3 Schematic diagram of stratum structure distribution of similar
material simulation experiment

The length of coal seam is designed to be 80cm, the
length of the right boundary of the open cut eye position
distance model is 40cm , the depth is 59cm, the distance
between the position of the stop line and the left boundary of
the model is 86.7cm ,the depth is 116Cm. According to the
actual production of Dayao coal mine coal mining average
speed, and excavation speed of the model is 10cm/h .In the
model, the whole excavation time is 10.5h. The first
observation of the state of the experimental model before
excavation, and calculates the initial data of all the
monitoring points. Similar material simulation model of the
initial state as shown in Figure 4.
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Fig. 4 Simulation experiment model of similar material initial state diagram
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the paste for monitoring point identification from affecting
the collapse of rock strata, no monitoring points are set up in
the vicinity of the coal seam, and the test model set the
number of monitoring points to a total of 258. The
displacement control point is set at the edge of the similar
material simulation test bench, and the number of control
points is 10. After the mining coal seam mining is
completed the experimental model is stable and the state is
shown in Figure 5.

Fig. 7 Subsidence cures of overburden stabilized
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Fig. 8 Inclination cures of overburden stabilized
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Fig. 5 Simulation experiment model of similar materials final state diagram

Extraction of monitoring stations’ coordinates by the
similar material simulation test software and draw the
surface subsidence curve as shown in the Figure 6 to Figure
11.
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Fig. 9 Dynamic horizontal movement cures of overburde stabilized
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Fig. 10 Horizontal deformation cures of overburde stabilized
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Fig. 11 Curvature cures of overburde stabilized

IV.CONLUSIONS

This paper introduced the architecture design of similar
material simulation test software, automatic recognition
principle and counting process of monitoring points,
Transformation between pixel coordinates and real
coordinates, digital image geometric distortion adjustment.
Take a mining area in China's liaoning province for
example, we studied a design mining working face would
cause the ground subsidence by the similar material
simulation, we got the monitoring point coordinates by this
software, and draw the surface subsidence curve.
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