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TECHNICAL STATE ASSESSMENT OF UNDERGROUND WORKINGS 

CONCRETE LINING BASED ON DIGITAL SURFACE IMAGE 
ANALYSIS 

 
Summary:  
Direct access to the shaft brickworks has a basic significance for the mine shaft lining 
technical state assessment, because it enables macroscopic lining assessment examinations. 
This is practically fully possible in the case of active  mines hafts equipped with the winding 
machine. Entirely different conditions are appearing in the case when the mineshaft is 
performing only the ventilation function and is deprived of the winding machine or when the 
mineshaft is serving only as a drilled well of mines in closed down mining area (and is also 
deprived of the winding machine). In such cases there is practically no possibility of the lining 
examinations according to standard requirements, and macroscopic assessment is very limited 
because of no direct access to the mine shaft lining. Digital image analysis will also enable 
better assessment of the lining technical state in the case of no direct access to mine shaft 
brickworks or in the case of  great lining damage when (e.g. for safety reasons) carrying the 
direct brickworks monitoring  is impossible in the damaged section. 
 
1. INTRODUCTION 

Technical state of the mine shaft lining to a large extent is a necessary condition of safe 
and economically efficient mining activity  and of the safety of the neighbouring land surface 
area and buildings localized in the mine shaft surrounding. The mine shaft is a basic vertical 
excavation  including  complex of devices and excavations from the surface outlet of the mine 
shaft to the bottom sink. Therefore the concrete lining of the mineshaft must meet particularly 
high requirements especially in the scope of its durability and carrying capacity which can 
change with time passes. Because of the fundamental  function of the mine shaft lining, its 
durability and possible damage are of special importance. In the case of greater lining 
damages, there can follow loss of the mine shaft lining stability. It can threaten planned mine 
activity or even its existence. 
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There are many causes of the lining damage, the  most often of them [2, 3] are:  
− Progressive deformations of the lining connected with rock mass draining and with 

mining process influences,  
− Dynamic influences caused  by rock outcropping shocks,  
− Hidden faults, lining material aging and the aggressive mine waters influence,   
− Unfavourable changes of stresses in the lining triggered with rock mass defrosting  
− Periodic freezing of the lining, 
− Corrosion influence of the gasses contained in the exhaust air. 

Technical state assessment of the mine shaft lining has been  carried out on the basis of 
analysis of technical documentation, and on the basis of the macroscopic assessment of the 
lining and examinations carried out directly in the mine shaft, e.g.: sclerometric, ultrasonic 
and georadar  examinations etc. Technical state assessment of the mine shaft lining by these 
means enables us to get the credible information and conclusions which next constitute the 
basis to the stability and mine shaft safety level assessment. 
 
2. BASIC DETERMINANTS OF THE MINE SHAFT LINING TECHNICAL 

ASSESSMENT  

Direct access to the shaft brickworks has a basic significance for the mine shaft lining 
technical state assessment, because it enables macroscopic lining assessment examinations. 
This is practically fully possible in the case of active  mines hafts equipped with the winding 
machine. Entirely different conditions are appearing in the case when the mineshaft is 
performing only the ventilation function and is deprived of the winding machine or when the 
mineshaft is serving only as a drilled well of mines in closed down mining area (and is also 
deprived of the winding machine). In such cases there is practically no possibility of the lining 
examinations according to standard requirements, and macroscopic assessment is very limited 
because of no direct access to the mine shaft lining. The Lining technical state assessment is 
therefore practically limited only to the macroscopic assessment, made from the mobile 
rescue machine  or on the basis of the video film recorded by the camera system. Technical 
state and safety assessment is in these cases a large extent very subjective, dependent 
practically from human perception and experience. In the case of great damage to the mine 
shaft lining it is impossible to examine brickwork on the damaged section  even from the 
mobile rescue machine. In these conditions the only solution is to apply a monitoring 
apparatus moving in the mine shaft without people attendance. In such a case it is necessary to 
use modern digital image analysis methods for the damage severity estimation. 
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3. POSSIBILITIES OF COMPUTER IMAGE PROCESSING AND ANALYSIS 
APPLICATIONS TO MINE SHAFT LINING DAMAGE MONITORING 

Application of computer image processing and analysis to the identification of the mine 
shaft lining damage severity can be very useful because of: 

− Limited human perception of long image sequence analysis, 
− Automation of image sequence comparison registered with longer time intervals 
− Possibility of formulating objective quantitative criteria of lining technical state 

assessment on the basis of the visional information 
− Poor image quality because of dust and steam contents in air.  

Image analysis is one of the most favourable methods particularly in terms of human work 
cost and measurement time-efficiency. It has been being applied to the health monitoring of 
such buildings as: railway tunnels, roads pavements,  bridges etc. Visual methods have also 
been applied for the detection of inner damages in underground pipelines. Particularly in 
visual analysis crack detection  very essential , because cracks are one  of the earliest visible 
symptoms of concrete deterioration. 

Limited perceptual ability of the human vision system at long image sequences analysis 
makes reason for algorithms aiding to attention focusing  in the most essential (from the 
decisive point of view)  sections of the mine shaft lining. Even though final assessment of the 
mine shaft brickworks technical state  is a human responsibility, it should be based on more 
objective criteria and optimized under the quantitative conditions. Because  of the very large 
amount of the image material (usually several dozen  thousand of the brickworks area square 
meters) and necessity of real-time assessment it is essential to, apply appropriately optimized 
algorithms  two-dimensional digital filtration (either linear or non-linear) highlighting 
important diagnostic symptoms and reducing image noise. 

In the fracture mechanics there are conducted examinations  in order to describe and to 
forecast the process of material damage under increased forces and stresses. Researchers are 
usually describing the destruction process on the basis of crack propagation in micro-scale 
analysis and they are inferring these materials behavior in a macro scale. So an effort measure 
of many fragile materials (including concrete) can be a crack density distribution. Crack 
amount increases of together with increasing tension level and the increasing deterioration of 
the material structure. Crack density measurements and identification can be conducted with 
many different methods (among others  - with macroscopic or introscopic observations and 
with seismic tomography). These methods very often accompany strength examinations. 
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c)        d) 
Fig. 1. Style edge detection based on texture parameters (a registered image from a significant failure - 

loss of cover concrete shaft) - a) original image, b) the image as a function of the 3-dimensional space 

(gray levels), c) the histogram of brightness levels (there are no clear minima), d) the effect of 

segmentation (white-concrete, black - rock - no cover) 

 
An individual pixel level is a lowest basis for image analysis and its intensity is an only 

parameter directly characterizing the single pixel (brightness/luminance). Cracks  cannot 
however be detected directly on this level because of appearing noise and dependence of the 
intensity (brightness) level on many different factors (material surface parameters and texture, 
dust, dirt, humidity and the uneven illumination). Therefore robust and reliable image 
processing algorithms must analyse crack pixels including the closer or wider neighbourhood. 
Width of this neighbourhood depends on size of the sought crack and on optical system 
parameters (focal length) and on distance between  the camera and the observed lining 
surface. Analysis of a pixel together with its neigbourhood can be conducted on the basis of 
the local image statistics calculated for the whole neigbourhood set of pixels. If the observed 
surface is quite homogeneous (i.e. is characterized by a similar brightness level)  and deep 
cracks are characterized by a much lower brightness there is possible to distinguish (in the 
image histogram) two distinct groups of pixels (Fig 1). This makes possible to outline a clear 
border separating undamaged surfaces from the surface of cracks and chaps.  
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In many situations however the brightness of the pixel isn't a clear and simple enough 
criterion. Therefore sometimes it is hard to outline a clear border selectively separating two 
strongly disjunctive areas with similar intensity levels. But the human visual system usually 
quite well distinguishes and classifies different textures i.e. image areas fulfilling definite 
homogeneity criteria (brightness together with other perceptual features like surface 
roughness, directionality, granularity). Therefore  it can be very useful for the visual concrete 
surfaces monitoring algorithm to use an information on  the local spatial frequency in several 
directions (this spatial frequency is determined as the quasi-cyclical luminance variability in 
the analyzed area) e.g. the concrete surface can be characterized by a much larger amplitude 
of luminance changes  than the rock surface. So it can be a  good criterion (in the case of  
similar intensity levels) for clear outlining a border between the rock and the mine shaft 
lining. This border is essential to assess the damage size of concrete lining. Also the local 
image directionality can be an additional factor for increasing the credibility of image analysis 
because of horizontal-like rock mass stratification differing from anisotropic or vertical-like 
concrete surface texture. 

Crack detection is very difficult in the case of big crack size differences because e.g. the 
internal fragment of the big crack can to be treated by the algorithm as homogeneous area, 
rather than a fragment of the greater object, and in the case of  a wider measuring window 
there can be omitted a big number of small cracks, treated as a measuring noise.  Therefore it 
could be useful to apply a multi-scale or multi-resolution analysis based on 2-D wavelet 
transform or on percolation methods.  

Computer system aiding technical state and safety of the mine shaft lining should have a 
two-layer structure,  where the first (basic) layer, connected with the signal acquisition and 
registration from measuring devices includes digital image processing and analysis algorithms 
and the second layer includes  classification and decision-making algorithms for the mine 
shaft lining safety assessment. 
 
4. CONCLUSIONS 

Modern computer image analysis together with the numerical method of the lining damage 
identification results from the need of providing  the safety of active mines and the monitoring 
of closed down mine shafts (unfilled and closed with only a cover on a ground level) and of 
mine shafts serving currently only as drilled wells ( deprived of winding machines) in order to 
drain rock mass  on mining and post-mining areas. Digital image analysis will also enable 
better assessment of the lining technical state in the case of no direct access to mine shaft 
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brickworks or in the case of  great lining damage when (e.g. for safety reasons) carrying the 
direct brickworks monitoring  is impossible in the damaged section. 

Elaboration of the numerical method for the mine shaft lining tension level estimation 
aided by digital image analysis will enable safety monitoring of mine shafts. 
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