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ABSTRACT Although the company has and use a good management system of prevention of 
occupational hazards in the workplace, incidents and accidents still occur. For this reason we 
must investigate and analyze what happened, in order to take corrective measures to prevent 
recurrence and avoid more serious consequences. 

The purpose of an investigation is not to apportion blame, but to discover the real 
causes that have produced the accident and to correct them, because otherwise the result will 
be that accidents and incidents are hidden instead of being investigated. 

Accidents in the development of mining activities should be investigated by technicians 
qualified in Mining Administration. They must go in person to the scene, at first writing up a 
report than contain the rescuing works and performing the necessary work to prevent new 
dangers, arranged by the Work Manager, stating approval or disagreement. Subsequently, the 
causes, the effects, the probability, the degree of danger and the consequences of the accident 
will be analyzed and assessed. Also, making disclosures of potential witnesses and staff 
present in the surroundings at the time when the accident happened, noting certain or probable 
causes and taking necessary measures.  

The report will be issued within one month, and the actuary engineer may request the 
expert opinion and laboratory tests in the subject-matter if necessary. In any case, as soon as 
possible, the mining authorities will communicate this kind of incidents to the General 
Directorate of Mines. Finally it is important to mention that the mining authority, in case of 
personal misfortune, refer the report to the Coroner, adding the additional information it 
deems relevant. 

This article is intended to present the methodology used in the investigation of some of 
the accidents occurred in the mining industry. 
 

1 Case 1: Research of work accident while 

performing a drilling surveys to 

groundwater abstraction. 

 
1.1 Background 
 
On December X, 200X  entered the notice 
from the Faculty Directorate of the drilling 
works of a survey for groundwater extraction 
in the place "X" in the municipality of X, an 

accident occurred on December X, 200X at 
X: 00. 

This notice indicates that the accident 
victim Mr. X that belongs to the company 
"X" suffered entrapment of two fingers and 
injuries of the three middle fingers of the 
right hand while drilling process. Mr. X is 
being hospitalized on December X, 200X at 
X: 00. At X Hospital he was treated and 
cured. 
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The Mining Authority communicated 
the accident by fax to the Department of 
Industry, Energy and Mines (Department of 
Mines), as dictated by point 1 of cited ITC, 
on December X, 200X, with written output 
number X. 

The undersigned mining engineer, 
went first in the morning on December X, 
200X to the accident scene, in order to 
analyze and assess the causes, effects and 
probabilities, degree of danger and 
consequences of the accident, and proceed to 
the testimony of any witnesses and around 
present staff the time when the accident 
happened. 

After I presented myself in the 
accident scene and did photo report, I 
proceeded to start making statements from 
Mr. X (official driller) and Mr. X (Work 
Manager). 

At this moment, it was impossible to 
make a statement from accident victim 
because he was not present during this visit. 
 
1.2. Criteria used in the investigation of 
the accident 

For accomplishing the work accident 
investigation, the following criteria have 
been taken into account. 
 
- The research was conducted as soon as 

possible to avoid the conditions 
modification of the workplace. 

- Have been accepted only proven facts, 
avoiding premature judgments. 

- Have been analyzed separately human 
and technicians factors, observed and 
obtained from the statements. 

- Questioning of witnesses has been made 
individually. 
 

 
1.3. Accident data. 
 
1.3.1. Accident description 

According to the version of events told by 
the interviewees, as well as the Work 
Manager, if true, it happened as follows: 

On December X, 200X at X h, were 
conducting the drilling for groundwater 
abstraction in the property X, corresponding 
to the construction site "Partial Residential 
Plan No. X" in the municipality of X. This 
construction site is owned by the entity "X". 

According to the project presented  in 
the X City Council on December X, 200X, 
with check number X, was intended to drill 
two surveys with coordinates Well 1: X = Y 
= XXXX YYYY and Well 2: X = Y = 
XXXXX YYYYYYY 

As specified in the project, the drilling 
method used by rotation and removal of 
debris by flushing is the most safe and 
effective use in that area, since it eliminates 
common problems that occur with other 
types of drilling. 

During development of the drilling 
work, the injured worker Mr. X told to his 
colleague Mr. X that there was an oil leak, 
while he was rising to the top of the truck to 
check the source of the leak which was in a 
sleeve next to the coolant pump. He 
attempted to repair it with the equipment 
running. Performing this operation his left 
hand slipped into the fan blades. 

According to statements by the 
colleague who was at the time of the 

accident, the injured worker was very 
nervous, falling to the ground by jumping 
from the top of the machine, but being 
constantly aware of the situation. 

After what happened, the colleague 
stopped the drill and evacuated the injured 
worker by  vehicle, going to the guard of the 
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property which alerted the police and the 
061. 

1.3.2. Considerations of interest 

In the health and safety document that 
accompanies drilling project surveys 
conducted by the Mining Engineer and Work 
Manager Mr. X, we have followed the 
evaluation criteria set out in Royal Decree 
1389/1997, of The Minimum Safety and 
Health of workers in mining, making the 
same analysis of the tasks that develop the 
work of borer / assistant, registered main 
causes of health damage, risk factors, 
proposed actions, etc. 

1.3.3. Accident causes 

For the determination of the accident causes 

have been used so-called "cause tree", where 

starting from the consequences (injury) and 

using a reverse route to the sequence of 

events, we can detect each one of the 

background to allow the deduction of the 

precipitating causes of the accident. 

The investigation of this accident, the 

observations and evaluations of the 

statements and analysis of the accident as an 

analytical technique to post security, without 

attempting to determine responsibility and 

objectively, it appears that the most likely 

cause of occurrence of it is the lack of 

protection (fixed guard and surround) of the 

fan (cooling system). Also, indiscretions of 

the injured worker could be understood as a 

lack of training, by not stopping the machine 

(drill) when going to perform some 

mechanical operation review, adjustment, 

maintenance, etc ... in work equipment. 

 
1.4. Corrective measures 

 
For the investigation of this accident, you 
should take the following measures: 
 
- By Work Manager, it is necessary to 

develop an Inner Security Disposition on 

the safe use of drilling machines. Once 
approved, this DIS should be known to the 
affected workers. 

- By Work Manager require, from the 
company which is doing the drilling, 
machinists competency certificates of 
mobile mining equipment before the 
commencement of work. 

- Placement of the protections in the 
cooling system fan type fixed guards and 
enclosures. 

- By Work Manager, develop an Inner 
Security Disposition on maintaining the 
systems that make the whole drill, leakage 
control, etc. 

- Risk assessment review and update. 
- Signs in the work equipment of the 

existing risks. 
 
1.5. Photo gallery 
 

 
 

Photo 1: View simulation of the accident; trying to 

avoid leakage sleeve with cooling fan 
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2 Case 2: Research of work accident while 
performing the drilling and recovery of 
witnesses in mining research. 
 
2.1.  Background 

On July X, 200X and registration number X, 
there is a notice from the Work Manager of 
exploitation CSR No X, called "X" Mrs. X, 

an accident occurred on July X, 200X at X 
hours. 

This notice indicates that the accident 
victim Mr. X (ID X), with auxiliary drilling 
category belongs to the company "X, S.A.", 
suffered a heavy blow on the index finger of 
the right hand. He is being treated and cured 
in the Mutual Hospital for occupational 
accidents and diseases "X" with a probable 
sick leave duration of 42 days, as indicated 
by the medical report. 

The Mining Authority communicated 
the accident by fax to the Department of 
Industry, Energy and Mines (Department of 
Mines), as dictated by point 1 of cited ITC, 
on August X, 200X, with written output 
number X. 

The undersigned Technical Advisor of 
Security Mining Activities, went first in the 
morning on August X, 200X to the accident 
scene, in order to analyze and assess the 
causes, effects and probabilities, degree of 
danger and consequences of the accident, 
and proceed to the testimony of any 
witnesses and around present staff the time 
when the accident happened. 
 

After I presented myself in the 
accident scene and did photo report, I 
proceeded to start making statements to the 
present people. 

At this moment, it was impossible to 
make a statement from accident victim 
because he was not present during this visit, 
neither the colleagues present during the 
accident Mr. X and X. Nor was it possible to 
take statements from the mining right 
Manager "X" for being on vacation. 
 
2.2. Criteria used in the investigation of 
the accident 
 
For accomplishing the work accident 
investigation, the following criteria have 
been taken into account. 
- The research was conducted as soon as 

possible to avoid the conditions 
modification of the workplace. 

- Have been accepted only proven facts, 
avoiding premature judgments. 

Photo 2: Leakage sleeve with cooling fan detail 

 

Photo 4: View of drilling workers. 

 

Photo 3: View of leakage on truck wheel. 
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- Have been analyzed separately human 
and technicians factors, observed and 
obtained from the statements. 

- Questioning of witnesses has been made 
individually. 

 
2.3. Accident data. 
2.3.1. Accident description 
 
According to the version of events told by 
the interviewees, if true, it happened as 
follows: 

On July X, 200X at X h, were 
conducting the drilling and sample recovery 
for the study of existing reserves report of 
the mining concession site "X", owned by 
the entity X. 

The accident took place when after 
completing the survey was come to sample 
recovery, rod fell and strongly hit the 
forefinger of drilling worker Mr. X. 

According to statements of the 
colleagues present at the time of the visit, at 
the time of the accident, the accident victim 
was constantly aware of the situation. 

After what happened, the colleague 
stopped the machine and evacuated the 
injured worker by vehicle, going to the 
medical center of “X”. 
 
2.3.2. Considerations of interest 
  
- As stated in the medical report of disability 
for professional contingencies, the forecast 
for Mr. X sick leave is mild.  

- The worker Mr. X does not have the 
certification of mobile mining equipment, as 
provided for in section 5.1.1 of the ITC 
01/07/03 "Open-air jobs". 

- "Development of work", which specifies 

that the management of mobile mining 

equipment may only be performed by over 

18 operators who have received the 

necessary training with an internship, aware 

of the benefits and limitations and normal 

maintenance machine and are duly 

authorized by the Mining Authority. 

 
2.3.3. Accident causes 

 
For the determination of the accident causes 

have been used so-called "cause tree", where 

starting from the consequences (injury) and 

using a reverse route to the sequence of 

events, we can detect each one of the 

background to allow the deduction of the 

precipitating causes of the accident. 
The investigation of this accident, the 

observations and evaluations of the 
statements and analysis of the accident as an 
analytical technique to post security, without 
attempting to determine responsibility and 
objectively, it appears that the most likely 
cause of occurrence of it is a poor state of 
anchoring system and clamping of the drill 
string (jaw rotation). Also, indiscretions of 
the injured worker could be understood as a 
lack of training by placing his hand in an 
area at risk of entrapment. 

2.4. Corrective measures 

 
For the investigation of this accident, you 
should take the following measures: 
 
- Maintenance and adjustment for proper 

use must be made to the drilling vehicle. 
Once it's done, should be communicated to 
the Mining Administration and should be 
taken to the permanent record of such 
revisions. 

- By Work Manager, it is necessary to 
develop an Inner Security Disposition on 
the safe use of drilling machines with 
sample recovery. Once approved, this DIS 
should be known to the affected workers. 

- By Work Manager require, from the 
company which is doing the drilling and 
sample recovery, machinist competency 
certificates of mobile mining equipment 
before the commencement of work. 

- By Work Manager, develop an Inner 
Security Disposition on systems 
maintaining that compose the set of the 
machine. 

- Risk assessment review and update. 
- Signs in the work equipment of the 

existing risks, namely the signs of 
entrapment risks in a place visible by 
workers. 
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2.5. Photo gallery 
 

          
 

 

 
 

 

 

 

 

 

 

 

 

 

 
       

 

 

 

 

       

 

 

 

       
 

Picture 1: Probe TP-50 for geotechnical testing 

Picture 2: Detail of the table and drill string 

Picture 3: Detail of tube position at the time of 

the accident 

Picture 4: Detail of the drill string 

Picture 5: Detail of jaw rotation (top) 
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3. Case 3: Research of the work accident 
while performing assembly work on 
benefit plants. 

 

3.1 Background 
 
On March X, 200X (Saturday, X pm), a fax 
sent by the Work Manager of benefit plants 
"X", reports an accident in the same day at X 
hours. 

This notice indicates that there has 
been a fall of worker Mr. X from the 
Company "X". Fall from a height of about 12 
meters caused a series of injuries to worker 
affecting arm, leg, broken ribs and lung 
perforation. The worker was immediately 

evacuated by helicopter, to the trauma unit of 
the hospital where he was admitted to the 
ICU. 

The undersigned Technical Advisor of 
Security Mining Activities, went first in the 
morning on March X, 200X (Monday) to the 
accident scene, in order to analyze and assess 
the causes, effects and probabilities, degree 
of danger and consequences of the accident, 
and proceed to the testimony of any 
witnesses and around present staff the time 
when the accident happened. 

After I presented myself in the 
accident scene and did photo report, I 
proceeded to start making statements to Mr. 
X (first officer – assembler). 

At this moment, it was impossible to 
make a statement from accident victim 
because in the moment of this visit he was 
hospitalized.  
 
3.2. Criteria used in the investigation of 
the accident 
 
For accomplishing the work accident 
investigation, the following criteria have 
been taken into account. 
 
- The research was conducted as soon as 

possible to avoid the conditions 
modification of the workplace. 

- Have been accepted only proven facts, 
avoiding premature judgments. 

- Have been analyzed separately human 
and technicians factors, observed and 
obtained from the statements. 

- Questioning of witnesses has been made 
individually. 

 
3.3. Accident data. 
3.3.1. Accident description 
 
According to the version of events told by 
the interviewees, as well as the Work 
Manager, if true, it happened as follows: 
In the moment before the accident, the 
injured worker was at the top of the reactor 
(see Picture 1). 

The injured worker and colleague 
(witness) were working in reactor No. 5, 
loosening the bracket screws of the agitator 

Picture 6: General view of drilling rig 

Picture 7: Detail of the string and clamp 

rotation 
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machinery. Then, they proceeded to prepare 
the maneuver of placing the small cap core 
for some eye bolts. 

When trying to move to another area, 
the accident victim disengages the safety 
harness, passes on metal profile "double 
T"(see picture 2) and just in time to overtake, 
finds a circular hole of 70 centimeters in 
diameter covered with a cover of 
"cardboard" (see photo 3). He steps over 
him, leaves the lid and falls by that hollow 
vacuum inside the reactor, banging on the 
floor of the reactor. 
 The difference in height is 12 meters 
approx.  
 
3.3.2. Accident causes 
 
For the determination of the accident causes 
have been used so-called "cause tree", where 
starting from the consequences (injury) and 
using a reverse route to the sequence of 
events, we can detect each one of the 
background to allow the deduction of the 
precipit ating causes of the accident 

 
 
The investigation of this accident, the 
observations and evaluations of the 
statements and analysis of the accident as an 
analytical technique to post security, without 
attempting to determine responsibility and 
objectively, it appears that the most likely 
cause of occurrence of it is a the lack of 
collective protection in existing holes in the 
top of the reactor. Also, indiscretions of the 

injured worker could be understood as a lack 
of formation 
 
3.4. Preventive and corrective measures. 
 
For the investigation of this accident, you 
should take the following measures: 
 
- Existing lids must be replaced at the top 

of the reactor by equipment to ensure the 
safety and prevent the risk of breakage 
and therefore the possibility of risk of fall.  

- These lids should be replaced in all 
reactors and zones where these lids are 
temporary placed on site plan. 

- By Work Manager, it is necessary to 

develop an Inner Security Disposition on 
the procedure for placement of equipment 
support on the shaker, which ensures safe 
work procedures. Once approved, this DIS 
should be known to the affected workers. 

- Risk assessment review and update. 
- The above measures should be 

supplemented with signage in the area of 
work of the risks as well as the obligation 
to use double hitch harness when carrying 
out this type of work. 
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- Training courses for all reactors work 
crews. 

- No work will be conducted at the place 
where the accident occurred until the 
fulfillment of measures referred to above 
and notified to the Mining Authority. 

 
3.5. Photo gallery 
 

 
 
CONCLUSIONS 
 
The different cases presented here are for 
accidents occurring in mining facilities 
located in Spain, in different mining 
activities, research, production, and so on, 
has tried to develop the research performed 
by engineers in order to ensure centers 
miners work safety conditions sufficient to 
prevent a reoccurrence, establishing 
preventive and corrective measures. 
 
The methodology allows quickly exposed a 
description of the accident and an analysis of 
the causes quickly, as well as suggestions for 
improvement. 
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1 INTRODUCTION 

Mining sector, particularly underground coal 
mining, is one of the most challenging sectors 
due to its high potential of explosions, fires and 
wreckages. Around 2500 miners in the world 
yearly lose their lives because of mining 
accidents. Between the years of 1941-2006 a 
total of 3726 people were reported dead in 
accidents of mining operations of only the 
Turkish Hard Coal Institute (TTK, 2007). A 
death toll of 426 was also reported in the years 
2004-2010 (TMMOB, 2010). 

 Most of the mining accidents encountered 
are due to firedamp explosions, fires and 
wreckages. In addition, carbon monoxide, 
methane and carbon dioxide suffocation or 
accidents such as flood and inundation caused a 
large number of life losses of miners.  

The explosive environments of the mines are 
difficult to known after the accident has taken 
place. In such cases, the search and rescue team 
directly enters the mine with their gas detectors 
and comes face to face with a possible gas leak. 
However, when the measured gas exceeds 
explosive levels the rescue team is situated in 
the risk of secondary explosions.  After the 
accident, the resultant smoke and dust make it  

difficult to accomplish the rescue operation. 
Due to the aforementioned risks, the search and 
rescue operation is performed very slowly in 
order to provide safety of life in these hazardous 
environments, and in some cases it may not be 
performed. Therefore, using mobile robots in 
the search and rescue operations not only 
enhances the personal safety but also shortens 
the operation duration. There are several robots 
designed for this type of application in the 
literature (Murphy  et al., 2009; Baker et al., 
2004; Nanda et al., 2010; Morris et al., 2006; 
Ray et al., 2009; Rong et al., 2011; Junyao et 
al., 2008; Kasprzyczak et al., 2011). 

The purpose of this study is to enhance the 
personal safety and speed up the search and 
rescue operation after mining accidents by 
carefully designing a remote-controlled mobile 
robot. The robot will be sent into the mine 
before the rescue team and will transfer the data 
obtained by cameras and sensors related with 
critical environment conditions of hazardous 
areas to portable control console held by the 
rescue team. Thus, rescue operations will 
perform faster and safer. 

Design of an Inspection Robot for Search and Rescue Operations 
in Mines  

 

C. Ulu, Y. El-Kahlout, .  O. Canbak, E.U. Genç, D.M. Bahar  

TUBITAK Marmara Research Center, Energy Institute, Gebze, Turkey  

  

ABSTRACT In this study, an inspection robot to be used for search and rescue operations in 
mines is introduced. The robot has gas detectors, thermal and monochrome cameras, a fiber 
optic communication module and a portable control console. Special protection methods are 
utilized in the robot design process. The robot is intended to enter the mine after a mining 
accident and transfer the data related with mine condition and explosive atmosphere to control 
console carried by rescue team staying in safe area. Thus, the robot imparts the search and 
rescue operation quicker and safer aspect. 



1914

2 PRELIMINARIES 

2.1 Explosive Environment and Its 
Properties 

A flammable gas, dust or vapor forms an 
explosive environment when mixed with air at a 
certain amount. When an energy source exists to 
ignite this environment, the explosion takes 
place. Typically, this condition represented by 
using the explosion triangle as shown in Figure 
1 (Sari, 2011). 
 
 

 
 

 

 

 
 

Figure 1. Explosion Triangle 
 

For the mixture to be explosive there is a 
certain upper and lower limits on the ratio of the 
explosive substance in the mixture. For 
example, methane-air mixture becomes 
explosive when the methane to the mixture ratio 
lies between 4.4% and 16.5%. Outside this 
range a source of ignition is not sufficient to 
explode the mixture. 

2.2 Explosion Prevention Methods 

Explosion prevention methods are divided into 
two categories: Primary methods and Secondary 
methods. 

In the primary prevention methods the goal is 
to change the mixture ratio of oxygen or the 
combustible substance beyond the explosion 
limits. Here, the most common method is to 
reduce the intensity of explosive gases in the 
atmosphere by effective ventilation systems. 
Another method is to pump inert gases like 
nitrogen or carbon monoxide lowering the 
oxygen ratio below 10%. 

In cases where the primary prevention 
methods are difficult to implement or even if 
implemented the explosion possibility is still 
present, secondary prevention methods are used. 
In the secondary prevention methods the 
sources of ignition are eliminated by utilizing 
equipments that do not produce sparks when 
used. If this is not possible and possible spark 
producing equipments are not avoidable, these 

equipments are sealed carefully in special 
explosion proof enclosures. Thus, even if the 
equipments inside the enclosure explode, the 
ignition source represented by sparks or flames 
is contained inside and not allowed to reach the 
outside atmosphere. 

2.3 Classification of Equipments Used in 
Explosive Atmospheres 

Equipments to be used in explosive 
atmospheres are divided into two groups 
according to scope of Directive 1994/9/EC (TS 
EN 60079-0). Each group is divided into 
categories according to the classification of the 
hazardous environment. This classification (TS 
EN 1127-1) is shown in Table 1. 
 
Table 1. Classification of equipments used in 
explosive atmospheres 
Group I: Equipments used in mines 
Category M1 (Very high-level protection) 

Equipments intended to stay 
functional even in explosive 
atmosphere conditions. These 
devices are equipped with two 
independent safety measures 
ensuring safety when one 
measure fails. 

Category M2 (High-level protection)The 
energy source is disabled when 
the explosive atmosphere is 
formed. 

Group II: Equipments used in places other than 
mines 
Category 1: (Very high-level protection) 

Used in continuously or 
frequently formed explosive 
atmospheres. 
The device possesses at least 
two independent protective 
measures and remains preserves 
protection even in the case of 
two independent faults. 

Category 2: (High-level protection) 
Used in environments where 
explosive media occue rarely or 
for short-periods. 
They preserve safety in normal 
conditions and even in the case 
of device malfunction. 

Category 3: (Normal-level protection) 
Used in environments where 
explosive media occur rarely or 
for short-periods. 
They preserve safety in normal 
operational conditions. 
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2.4 General Structure of Mines 

In normal conditions, mines have rough ground 
with various obstacles and muddy places. The 
situation is becoming even worse after the 
explosion. The general structure of a typical 
mine gallery is shown in Figure 2. In the 
middle, wagons on mine rails are used for 
transporting freight and mine workers. In 
addition, on the sides of railway obstacles such 
as rocks and plankings can be found. 
 

 

Figure 2. Mine Ground Structure 
 

3 ROBOT DESIGN 

The general structure and the general hardware 
block diagram of the designed robot are shown 
in Figure 3 and Figure 4, respectively. 

 

 

Figure 3. Inspection Robot 
 

 
Figure 4. Robot General Hardware Block 
Diagram 

3.1 Explosion Prevention System 

Since the robot is intended to operate inside the 
underground mines its design should comply 
with the mine related exproof regulations and 
does not cause a source of risk in explosive 
atmospheres. Therefore the explosion 
prevention is very important in the design of the 
robot.  

Because of the environment situation 
constraints, primary prevention methods to 
prevent an explosive atmosphere cannot be 
implemented. Thus, secondary measures are 
used in the design procedure. Possible ignition 
sources of the robot and their prevention 
methods are listed below. 

3.2 Arcing 

Electronic equipment and sensors on the robot 
in case of normal operation and fault conditions 
and in case of overheating can be a source of 
energizing the explosive atmosphere. 
Equipments intended to work directly in the 
explosive atmosphere are normally selected of 
intrinsically safe type (TS EN 60079-25). The 
most important example of this type is the 
miners' lamps fixed on their barets. Even in case 
of failure of these equipments in an explosive 
atmosphere they do not cause an explosion. 
However, the low energy level constraint 
imposed on these equipments makes it 
infeasible for most electronic equipments. 
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Therefore, non-intrinsically safe electronic 
equipment and sensors are contained in 
specially designed hermetic exproof enclosures 
in order to avoid being a source of explosion. 
Filling the enclosures with pressurized inert gas 
like nitrogen prevents the outside explosive 
gases from entering the enclosure and lowers 
the oxygen ratio needed for an explosion to 
occur. Consequently, working in an 
environment isolated from the explosive 
environment these electronic devices do not 
represent a source of explosion. In this study for 
the sake of avoiding any leakage of outside 
explosive gas to the inner part of the enclosure 
pressurized nitrogen gas of 2 bars is maintained 
inside the enclosure. The pressure inside the 
enclosure is continuously monitored and when 
it drops below 1.1 bar the robot automatically is 
switched off and de-energized because it is 
probable that explosive gas may enter the 
enclosure and comes into touch with these 
equipments. In addition, pressure switches are 
used as a second independent measure. 
Therefore, in case of drop of the internal 
pressure below the limit value, even if the CPU 
could not switch off the robot, these pressure 
switches cut off the power and hence de-
energization of the robot is guaranteed. 

Apart from electronic equipments, probable 
arcs caused by impacts of robot's metal parts 
with other rigid objects have to be taken into 
consideration. The design of the robot complies 
with the standards in (TS EN 13463-1) and 
special spark-free materials are used. 

3.2.1 Hot Surfaces 

High surface temperatures produced by 
mechanical friction of moving parts as well 
overheated enclosure protected electrical or 
electronic components can cause an explosion. 
The ignition temperature of methane gas 
encountered a lot in mines is 450 
the value of coal dust ignition temperature being 
150 (Sari, 
2011). Allowing factor of safety the maximum 

allowable surface temperature is set to 120
Surface temperatures are monitored by a set of 
thermocouples and when exceeding the value of 
80
left to cooldown. If the temperature reaches 120 

switched off completely. Thus, probable 
prevention of explosion caused by surface 
heating is guaranteed. In addition, malfunction 
caused by thermocouples faults is prevented by 
a second measure represented by a set of 
thermal switches. When the surface temperature 
exceeds the temperature limit the thermal switch 
cuts off the power of the robot even if the CPU 
fails. 

3.2.2 Static Electricity 

Static electricity discharge is another important 
ignition source for the equipments working in 
explosive environment. Robot materials are 
selected to be antistatic when found on the 
shelves and when antistatic materials are not 
available coating with antistatic paint is used. 
Therefore, hazards due to static electricity 
discharges are eliminated. 

3.2.3 Dust Jam in the Mechanical Parts 

In the design process, accumulation of dust 
especially on the mechanical moving parts of 
the robots is taken into consideration. These 
dust jams may trigger an explosion in such 
atmospheres. Therefore, instead of using gear 
systems, cardan joint system design is preferred. 
In addition, a bellows structure coupling 
preventing dust from accumulating on critical 
moving parts is used. 

3.2.4 Explosion Prevention Operation 
Algorithm 

The flow chart of the algorithm of the above 
mentioned explosion prevention measures are 
shown in Figure 5. 
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As noted above, any malfunction of the 
temperature and pressure sensors readings or the 
control process is accounted for by mechanical 
temperature and pressure switches which cut off 
the energy on the vehicle to ensure the desired 
protection level. 

3.3 Electrical Drive System 

Robots used in mines generally use tracked or 
wheeled motion system. As shown in Figure 2, 
a track rail passes through the middle of the 
mine gallery leaving a free space of 
approximately 120 cm on the sides. Because of 
compiled junks and materials on these sides, 
occasionally the vehicle needs to pass from one 
side to the other or partially run over the rail. In 
order to pass over the approximate 20 cm height 
rail and overwhelm obstacles of the rugged 
terrain the tracking system needs extra 
secondary motion systems to facilitate climbing. 
The more complex the robot motion system is 
the higher the risks of explosion are. This also  

    Figure  6.  Electrical Drive System 

 

makes it difficult for the design of the exproof 
system. Therefore, instead of using a tracked 
structure a wheel system structure is preferred. 
The general structure of the motion system is 
shown in Figure 6. 

 

Four BLDC motors are used in the drive 
system. Reduction gears are used in order to 
achieve the desired output torque and reduce the 
high motor speed. Bevel gears are used because 
they provide convenience for placement and 
easy assembly. Helical reduction gears preferred 
against worm reduction gears because they 
provide better efficiency. For the sake of 
fulfilling the ex-proof criterion in the design 
process, the DC motors and the reductions are 
placed into exproof sealed enclosures. In order 
to assure sealing at the shaft enclosure contact, 
special felts are used. In order to eliminate the 
risk of sparking caused by mechanical dust jams 
cardan transmission shafts are used instead of 
conventional gear transmission. Bearing in 
mind the height of the railway, wheels with 
radius of 40 cm were selected. Also the measure 
against electrostatic sparking because of friction 
at the wheel is accounted for by selecting 
antistatic rubber tires. 

3.4  Power System 

Mostly lithium-ion batteries are preferred in 
robotics applications due to their high power 
density. However, the lithium-ion batteries 
require additional control circuits. In addition, 
the charging or discharge conditions are risky 
and can be a source of explosion. In the 
contrary, VRLA lead acid batteries when 
compared with the lithium-ion batteries have 
lower power density, but are considered more 
smooth and durable. In addition, VRLA 
batteries are maintenance-free and considered 
charge-discharge safe. Therefore, taking into 
account that the robot is used in dangerous 
environments, the VRLA lead acid batteries 
shown in Figure 7 are used in the design of the 
power system. 

In addition, 24 to 5-12-24 volt DC-DC 
converter is used to ensure the availability of 
various voltage levels required for sensors and 
electronic equipments,. 

Figure 5. Flow Diagram of the Exproof System 
Operation 
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The Ex-proof constraint is met by placing the 
entire power system inside a sealed enclosure 
filled with nitrogen gas at 2 bar pressure. 

 

Figure 7. VRLA Battery 

3.5 Vision System 

For the sake of illumination, two forward-facing 
and one back-facing power LED modules are 
used. Power LED modules must be cooled 
down because they heat up quickly. To do this, 
the sealed enclosure occupying them is provided 
with cooling fins as shown in Figure 8. 

The imaging system is comprised of a front-
facing thermal camera, and a front and rear-
facing two black and white cameras. Following 
a mining accident in foggy and dusty conditions 
thermal camera is used to enhance imaging 
capabilities. In addition, even when visibility is 
good in the event of wreckage trapped miners' 
cannot be easily detected by the rescue team but 
from their body temperature they can easily be 
imaged and detected by the thermal camera. 
Cameras in as shown in Figure 8 are placed 
between the two illumination modules. 

For the sake of simplifying cabling and 
plugging the illumination and imaging systems 
are placed inside a single enclosure. The 
electronic cards related to the power LED and 
cameras are placed in the section located in the 
middle section of the enclosure. Surface 
temperature sensors are used to continuously 
monitor all equipments surface temperature 
(especially power LEDs). Sealed enclosure 
pressure is continuously monitored as well. In 
case of exceeding the allowable temperature 
and/or pressure values, protection measures are 
activated. 

Figure 8. Vision Module  

3.6  Communication System 

 
Fiber optic technology is used in the real time 
communication system used for transmitting 
commands from the control console to the robot 
control processor and from the onboard sensors 
signals to the control console. Wireless 
communication is often used in mobile robotics 
applications. However, data transmission by 
wireless communication over long distances and 
especially following turns in underground mine 
galleries is not effective. On the contrary, fiber 
optic technology offers a reliable data 
transmission over long distances. The only 
drawback is that fiber optic cable is very thin 
and flimsy. Particularly, in mining conditions 
the cable can get stuck and cut off easily. 
Therefore, a reinforced fiber cable is selected in 
the design. However, this protection is not 
sufficient to fully prevent breakage of the cable. 
Fiber optic cable is not subjected to any pulling 
force and the wire is freely released from a fiber 
optic cable open enclosure and thus the danger 
of cable cut off is eliminated. 

Bearing in mind the possibility of working in 
open mines wireless communication is 
additionally taken into consideration. 

3.7  Control System 

Control of the robot is provided with an ATEX 
certified control panel shown in Figure 9. The 
robot motion control commands are generated 
by an exproof joystick as well as keys on the 
control panel. The camera images and signals 
from the sensors are real time displayed on the 
robot’s control panel. Data transferred through 
the optical fiber cable or through wireless 
communication are transformed by fiber-
ethernet or wireless-ethernet adaptors before it 
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is processed by the control panel. These data are 
then used in controlling the robot in an open 
loop control fashion as shown in Figure 10 (Ulu 
et al., 2011). 

 

   Figure 10. Control Block Diagram 
 

The joystick commands controlling the robot 
system motion provides the reference input 
signal to the control system. After the joystick 
input reference r vector is converted to the force 
and torque vector  in the joystick assignment 
unit the torque vector is passed to the control 
assignment unit where it determines the control 
signal vector u that in turn controls the speed 
and direction of motor rotation. The signal u is 
applied as a velocity reference signal to the 
motor drivers that use the motor control 
algorithms to determine the direction and 
velocity of the motors. The motors taking the 
reference velocity produce rotating forces and 
moment vector f required for the vehicle 
dynamics. 

3.8  Software Architecture 

As described in details in the previous sections, 
the design, manufacture and operation of 
electronic equipment used in mines are subject 
to special security measures. In the design of 
software architecture, the safety criteria in 
(Samarco, 2002) are taken into consideration. 
Figure 11 depicts a block diagram representing 
the software subsystems of the vehicle. 

 

Figure 11. Software Block Diagram 
 
An embedded computer with QNX Netrino 

real-time operating system (RTOS) is used in 
the robot. The application software including 
the vehicle control algorithms and running on 
this operating system is implemented using the 
methods described on the POSIX standard 
(Hildebrand, 1992). A set up infrastructure in 
this way while allowing meeting the criteria for 
functional safety provides a deterministic 
environment for the control algorithms as well 
as timing the events of the emergency response. 
The application software is responsible for 
controlling the vehicle motion systems, 
collecting sensor data, recording error logs, and 
supervising the communication protocol 
between the command and control computer. 
The system is designed in an exproof way to 
switch to a safe mode (standby or switch off) in 
case of pre-defined faults. 

This type of architecture with a secure 
software platform requires relatively costly and 
risky software development process. Therefore, 
while the embedded software in the vehicle, due 
to the risks it carries, is made of this 
architecture, the vehicle control/command 
software follows a more flexible platform. 

.NET/Mono platform is used for the 
application software on the portable computer to 
perform remote control of the vehicle and 
display the camera and sensors data. Currently, 
the operating system of the portable computer is 
Windows XP. But it supports the .NET/Mono 
platform and the GNU/Linux based operating 
system. Consequently, the control software can 
be exchangeable on both systems completely or 
with minimum code modification. 

Figure 9. ATEX Certified Control Panel 
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3.9  Gas Measurement System 

One of the most important functions of the 
robot is to measure various gases available in 
the environment and send the data in real-time 
to the operator's control panel. Thus, the state of 
risk of the environment is learned in real-time. 
In addition to measuring critical gases related to 
explosion, especially methane (CH4) and 
oxygen (O2), gases which are harmful to human 
health such as carbon monoxide (CO), hydrogen 
sulfide (H2S), and carbon dioxide (CO2) are 
also need to be measured. In the robot design, 
instead of using a gas sensor to measure each 
gas individually a single station that collects all 
these gas detectors as shown in Figure 12a 
marked TROLEX is used. In this product 
different gas measurement modules can be 
added to measure the desired gases as shown in 
Fig. 12b. Also, this product possesses RS485 
communication interface making it easily 
compatible with the PC104 based processor 
architecture. In addition to the mentioned gas 
sensors, ambient temperature and relative 
humidity sensors are also available. Since this 
product is intended for measurements in 
potentially explosive atmospheres it possesses 
the Ex ia T4 Ex I M1 protection class label and 
hence it is intrinsically safe. 
 

a) 

 
 

b) 
Figure 12. a) TROLEX Model Multi-
measurement System  b) Gas Sensing Module 

4 EXPROOF SYSTEM DESIGN TEST 
RESULTS 

The most critical part of the exproof system is 
the enclosure containing the motors, drivers and 
gearbox. Transmitting the kinetic energy to the 
tyres require motor shaft to extrude to the open 
environment increasing the probability of 
explosive gas leakage. Moreover, the heat 
produced by the motors and their drivers make 
this enclosure high temperature potential. 
Therefore, a prototype enclosure has been 
manufactured and tested. 

The test system is shown in Figure 13. 
Thermocouples are placed on the motor surface 
and the motor shaft felt. In addition, the motor 
shaft is intentionally extended out eccentrically. 
Thus, the shaft felt is forced and more exposed 
to friction and the motor is overloaded. A 
pressure gauge is placed inside the enclosure in 
order to monitor the internal pressure. 
 

 

Figure 13. Exproof System Test Bed  
 

The ambient temperature of the carried out 
test is 20
bar and the motor runs at its maximum speed 
300 rpm. Temperature test results are shown in 
Table 2. 
 
 
Table 2. Temperature Test Results 

Duration (min) 
Measured temperature (  

Motor surface Shaft felt 
0 12,9 19,2 

60 32,3 43,2 
120 39,2 47,7 
180 42,9 49 

 
As can be seen the motor surface temperature 

and the shaft felt temperature did not exceed 50 
 the end of the test, the 

internal pressure maintained a value of 2.8 bars 
and hence no leakage was encountered. At the 
end of the test, the temperature of the inner 
surface of the shaft felt reached 71 
due to the direct mechanical friction with the 
shaft, yet it is still below the allowable 
temperature limit 80 Thus, the exproof 
system design is proved by these test results. 

5 CONCLUSION 

An inspection robot design for search and 
rescue operations in mines is shown in this 
paper. The robot is designed according to 
special exproof measures due to its explosive 
working environment conditions. A prototype 
of the most risky enclosure was fabricated and 
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the exproof design was proved by the carried 
out test results. Therefore the designed robot 
can be used in environment after mining 
accidents for inspection purposes. 

After wreckage, fire and/or gas leak 
accidents, the robot is sent before the search and 
rescue team into the mine and with the help of 
video and sensors equipments the risky 
environment status is conveyed to a safe place 
where the rescue team are and displayed on the 
robot control console. Thus, interventions 
following mining accidents will be carried out 
faster and more securely. 
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ABSTRACT Analyzed mechanism and geological background of mine dynamic disaster, the 
mine dynamic disaster united prediction method is established based on the geodynamic 
division theory and the commonalities influence factors. Then the mine dynamic disaster 
similarity measurement rule and pattern recognition rule are also established to divide danger 
area of mine dynamic disaster in mining area using the probabilistic method, and evaluate and 
forecast for the fatalness of mine dynamic disaster. This offers maintenance support for the 
mine dynamic disasters’ forecasting and prevention from whole and unite point of view. The 
research results of field applications in Pingdingshan mining area of China show that, the 
prediction result give important support for prevention and treatment of mining dynamic 
disaster. 
 
 
1 INTRODUCTION 
 

Coal and gas outburst, rock burst and 
mining-induced earthquake are called mine 
dynamic disasters. With the increase of 
mining depth, a growing number of coal 
mines with the coexistence of two dynamic 
disasters (mainly coal and gas burst and rock 
outburst) have emerged, and these two 
disasters often interact on each other and 
pose a grave threat to the safety and 
efficiency of the deep coal mining. The 
protection for mine dynamic disasters may 
be divided into four aspects, risk forecast, 
prevention measures, validity check and 
safety guarding. The risk forecast is the first 
link and plays an important role in the 
disaster prevention. 
In decades, risk prediction for dynamic 
disasters at home and abroad are conducted 
separately. Common risk prediction methods 
for coal and gas burst include single index, 
geological statistics, geophysical 
prospecting, gas-geological unit and 

aggregative indicators (Zhang et al. 1991, 
Yang et al. 1997, Cheng et al. 1999, Yu et al. 
2000, Zhang 2001, Zhang et al. 2005, Hu et 
al. 2007, Zhang et al. 2009a), and those for 
rock outburst are mainly drilling cuttings, 
tendency classification of rock outburst, 
numerical simulation analysis, aggregative 
indicators and geo-dynamic division (Dou et 
al. 2001, Zhou et al. 2010, Zhang et al. 
2009b). This paper proposes an academic 
idea regarding the unified prediction for 
mine dynamic disasters based on their 
features and creates a unified prediction 
method based on geo-dynamic division and 
multifactorial pattern recognition, which 
achieves the probability prediction for the 
risk of mine dynamic disasters on the unit 
basis. The results have been used in Mine 
Eight, Ten and Twelve of the east mining 
area in Pingdingshan, where the disasters are 
effectively controlled to provide technical 
support for the safe production of the mine. 

United Prediction and Risk Division of Mine Dynamic Disasters 

 

H. Zhang, W. Song, S. Li, J. Han  
Liaoning Technical University, Fuxin, Liaoning, China 

Y. Lv  

Pingdingshan Tian coal Co., Ltd, Pingdingshan, Henan, China  

 



1932

2 UNIFIED PREDICTION THEORY 
BASED ON GEO-DYNAMIC DIVISION 
OF MINE DYNAMIC DISASTERS 
 

Geo-dynamic division is a method to find 
out the formation and development of faults 
and know the interaction between active 
faults and fault blocks through the analysis 
on topography, which is mainly based on the 
principle that basic topographical patterns 
and main topographical features depend on 
the geological formation. The geo-dynamic 
division should be conducted in a macro-to-
micro way to understand the activity and 
formation of earth crust, solve the actual 
problems in engineering and research on the 
geo-dynamic disasters caused by human’s 
engineering activities. 
The unified prediction of mine dynamic 
disasters is based on the following: 
1) The occurrence of a dynamic disaster 
must be conditioned by corresponding 
geological forces and affected by many 
factors; 
2) Different dynamic disasters happen in 
different patterns in different mining areas, 
mines and coal seams under different 
formation and stress conditions. 
3) Maybe it is very difficult to predict the 
time and site of an incident, it is still 
possible to predict the probability of the 
incident; 
4) The dynamic disasters are caused by the 
same mechanism. 
Mine dynamic disasters are results of the 
interaction between the crustal movement 
driven by the internal force of the earth and 
the perturbation by mining. They are 
dynamic damage caused by the mechanical 
deformation system of coal body under 
external perturbation. Dynamic disasters 
share a common power source - the elastic 
energy saved in the crustal movement, and 
thus they have a common mechanical 
mechanism and common features. Dynamic 
disasters release great energy. Whether they 
occur in a mine depends on the geo-dynamic 
environment where the mine is. The coal-
rock mass and the underground engineering 
are in the same dynamic system and their 
mechanical and dynamic properties are 

limited by a larger dynamic system. The 
dynamic process caused by the mine 
production and the dynamic process that 
occurs in a local dynamic system act on each 
other and forms a geo-dynamic environment 
of the mine, which is the necessary condition 
of a dynamic disaster and also the basis on 
which the unified prediction of dynamic 
disasters is conducted. 
The mechanism of a mine dynamic disaster 
is very complicated. Many factors may have 
effects on it. The pattern recognition method 
can determine the value of each factor 
through corresponding research methods, 
based on a systematic analysis on the 
common factors (formation, lithology of coal 
seam roof and floor, physical and 
mechanical properties of coal body, 
formation stress, etc.) that affect and limit 
the space and intensity of a dynamic disaster 
and the individual factors (gas desorption 
capacity, coal rock outburst tendency, 
shallow-focus earthquake, etc.). It also 
divides the target area into several prediction 
units and uses the multifactorial pattern 
recognition technology to perform a general 
intelligent analysis, so as to determine the 
risk (risk probability) of each unit of the 
target area and divide the risk by different 
risk probability thresholds. By doing this, it 
can determine the mode of a dynamic 
disaster, measuring rules for the similarity of 
a dynamic disaster, rules for the pattern 
recognition of dynamic disasters, recognition 
models of dynamic disasters, design of the 
pattern recognition system of dynamic 
disasters and pattern recognition algorithm, 
so as to establish the unified prediction 
theory for dynamic disasters based on the 
geo-dynamic division. 

 

3 PATTERN RECOGNITION 
METHODS BASED ON MULTI-
FACTOR FOR MINE DYNAMIC 
DISASTERS 

3.1 Pattern Recognition Methods for 
Mine Dynamic Disasters 

The fundamental principle of the pattern 
recognition for mine dynamic disasters is 



1933

23rd

based on the following knowledge: a 
dynamic disaster is conditioned by multi-
factor. If you choose n factors and consider 
each factor as an element of a vector, n 
factors form an n-dimensional vector. Each 
combination of these n factors is a pattern, 
which is at the only one position in the n-
dimensional eigenspace. As a reasonable 
hypothesis indicates, patterns of the same 
type are close to each other in the eigenspace 
and those of different types are far away 
from each other. The features of close 
patterns are slightly different. If you divide 
the eigenspace by some means and put the 
patterns of the same type into the same area 
of the eigenspace, you can determine the 
type of a pattern by identifying which area of 
the eigenspace its eigenvector is in. 

3.2 Eigen-Extraction of Factors of Mine 
Dynamic Disasters 

In the research, a method of eigen-extraction 
based on the Euclidean distance 
measurement is adopted. In a D-dimensional 
eigenspace, select d features, which should 
maximize the average distance between 
samples in c types, i.e.: 
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Where, x  - D-dimensional eigenvector, and 
is its optimum value; 

)(i

kx  - D-dimensional eigenvectors (sample 
value) of i  and j  types in c types; 

)(xJ  - The average distance between 
samples in c types; 

ip  and jp  - The prior probability of i  and 
j  types; 
n  - The designed total number of samples; 

in  and jn  - The number of samples of i  
and j  types in the designed set; 

)( )(i

kx  - The measurement of the average 
distance between samples of the type. In 
most cases, the Euclidean distance 

measurement is used to facilitate the 
calculation and analysis. 
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3.3 Pattern Rule of the Pattern 
Recognition of Mine Dynamic Disasters 

Select a discriminant function based on the 
target and condition of the recognition and 
then use the sample value to determine the 
unknown parameter in the discriminant 
function. The mathematical representation of 
this though is often the optimization of a 
certain function, i.e. use the most optimum 
method to solve the problem of pattern 
recognition. 
The common expression of a linear 
discriminant function is the following matrix 
equation: 

0)( WXWxg T

Where, X  is the sample of the d-
dimensional eigenvector, W  is the weight 
vector and 0W  is the threshold weight. 
The linear discriminant function is 
applicable to the classification of some 
simple patterns. When the linear surface 
cannot divide the decision area, however, 
one should use a non-linear discriminant 
function. A way to process a non-linear 
discriminant function is to exchange, i.e. 
map a point in a low-dimensional space into 
a high-dimensional one, and this can 
linearize the discriminant function. 
By the multi-factor pattern recognition 
method of dynamic disasters, one can extract 
related information based on the research 
results of the geo-dynamic division, divide 
the target area into several prediction units 
and, on the basis of spatial data 
management, analyze the principal factors 
that have effects on dynamic disasters and 
determine the value of each factor using 
corresponding methods. Then, one should 
use the multi-factor pattern recognition 
technology to perform general intelligent 
analysis and, through the analysis on the 
areas where dynamic disasters occur, analyze 
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the internal relation between several factors 
and dynamic disasters, i.e. determine the 
prediction mode based on the combination of 
several factors of the mining area. And then, 
one should compare the multi-factor 
combination mode of the non-mining area 
with the determined recognition mode of 
dynamic disasters, determine the risk (risk 
probability) of each unit of the target area by 
neuronic network and fuzzy reasoning, 
identify the risky areas of the coal mine 
according to the determined threshold of the 
risk probability and evaluate the risk of 
dynamic disasters in the coalmine. 

4 UNIFIED PREDICTION AND RISK 
DIVISION FOR DYNAMIC DISASTERS 

4.1 Establishment of Pattern Recognition 
Model of Dynamic Disasters 

There are many factors causing dynamic 
disasters. The combination of factors of a 
certain site is called a feature. A pattern is 
described by its feature. The target of the 
classified recognition is scientifically 
abstracted using a mathematical model and 
then recognized by a computer. 
During the research, a unified prediction 
platform is developed based on VB6.0, C++ 
and GIS to achieve the automation of the 
processing to the most extent, by which an 
inference engine may set up rules and 
procedures and start the execution module 
for them. 

4.2 Determination of Factors 

Based on the analysis on the features of 
dynamic disasters, the common factors are 
active formation, in-stress, stress gradient, 
coal rock features and system energy. 
After this, several research methods such as 
geo-dynamic division, in-stress 
measurement, field measurement, value 
analysis, and coalmine borehole data are 
used in the research to determine the 
distribution of each factor. A factor database 
is established for dynamic disasters, of 
which the data are multifactorial and local 

and this is what the multifactor pattern 
recognition is based on. 

4.3 Non-Dimensional-Normalized Factors 
of Dynamic Disasters 

During the prediction research of dynamic 
disasters, data of different elements often 
have different units and dimensions, as there 
are too many factors. Therefore, the 
difference between values is great and may 
affect the results of classification. When the 
factors are determined, data must be pre-
processed before the pattern recognition. 
Also, data are pre-processed in the research 
through standardization methods such as 
range variance standardization to non-
dimensional-normalize the factors of 
dynamic disasters. 

4.4 Risk Probability Analysis for Dynamic 
Disasters 

Divide the prediction area into several units, 
map the actions of factors to the grid cells 
and compare the computed patterns of the 
prediction units with the computer-
memorized patterns of the sites where 
dynamic disasters occur to determine the risk 
probability of the prediction units. The 
probability algorithm of several factors is the 
core of probability prediction. In the 
research, we use methods like BP algorithm 
and SVM-supporting vector machine 
algorithm to gain the risk probability of each 
prediction unit. 
Steps to achieve the unit risk probability: 
fuzzification of inputted variables, 
application of fuzzy operators, fuzzy 
implication, fuzzy synthesis and 
defuzzification. 

4.5 Threshold Determination and Risky 
Area Division 

The input of the unit risk of the area 
prediction of dynamic disasters is the 
discrete risk probability of each unit and thus 
the division of areas requires specific 
thresholds. The multi-factor pattern 
recognition of dynamic disasters based on 
geo-dynamic division and the divided coal-



1935

23rd

mine areas have several units. Considering 
the factors, we use the area data to achieve 
the quantitative prediction and largely 
improve the accuracy of the prediction of 
dynamic disasters. Theoretically, n types of 
prediction areas may be gained. 
The methods to determine thresholds are 
specialist system, computer learning and 
statistical analysis. 

5 UNIFIED PREDICTION AND RISK 
DIVISION OF DYNAMIC DISASTERS 
IN THE EIGHTH MINE OF 
PINGDINGSHAN 

5.1 Analysis on Features of Dynamic 
Disasters 

The coal seams within the eighth mine occur 
in the Taiyuan Formation of the 
Carboniferous Period, Shanxi Formation of 
the Permian Period and the upper and lower 
Shihezi Formation. The V9-10 coalmine is the 
main mining coal seam, with a thickness of 
3.0~4.5m and an average thickness of 4.3m, 
stable and simple, all minable. The 
immediate roof of the V9-10 coalmine is 
normally sandy mudstone, 8~13m in 
thickness, and the immediate roof of the 
local coal seam is sandy and not easy for 
caving. The old roof is medium sandstone, 
with developed fractures, which may fall 
with mining. 
43 dynamic disasters occurred in the eight 
mines during 1984~2012, mainly coal and 
gas bursts. Most of them are in the stress-
centralized area and obviously related to 
tectonic coal and soft layers in the coal 
seams. Coal and gas bursts in the V9-10 coal 
seam account for 58.2% of the total number 
and the V9-10 coal seam is so a well-guarded 
one. 

5.2 Results of Risk Division 

We use the probability prediction method of 
multifactor pattern recognition to achieve the 

unit probability prediction of the V9-10 coal 
seam of the Eighth Mine of Pingdingshan. 
The risk of dynamic disasters is the 
quantitative description of the risk of the 
disaster in a specific grid cell. By setting the 
display mode of labels, you can see clearly 
the risk probability of each grid cell and give 
quantitative description of the risk of a 
specific grid cell (Figure 1). 

Figure 1. Unit Risk Probability of the  
V9-10 Coal Seam of the Eighth Mine of 

Pingdingshan 

According to the threshold of a risk 
probability, the risk of dynamic disasters for 
the V9-10 Coal Seam of the Eighth Mine of 
Pingdingshan can be divided into 5 grades 
(Figure 2). By comparing a single factor 
with the effects of the risk of dynamic 
disasters, you can find that the risky areas 
are mainly in the high-stress areas and the 
control of formation on the dynamic 
disasters is clear. Compare the results of the 
unified prediction with the dynamic disasters 
that occur in the eighth mine of 
Pingdingshan and you will find that the 
overall trend of the prediction results are 
consistent with the site and the prediction 
results of local areas are fully consistent with 
the site. 
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Figure 2. Graded Prediction (five grades) 
of Dynamic Disasters in the V9-10 Coal Seam 

of the Eighth Mine of Pingdingshan 

6 CONCLUSION 

1) This paper proposes the theoretical 
principle for the unified prediction of 
dynamic disasters, establishes the pattern 
recognition model of dynamic disasters, 
similarity measurement rule, pattern 
recognition rule and achieves the unified 
prediction of the dynamic disasters, of which 
the core is the pattern recognition. 
2) Achieves the prediction of the dynamic 
disasters in the V9-10 coal seam of the eighth 
mine of Pingdingshan and the transformation 
of single-factor prediction to multifactor 
prediction, point data prediction to local data 
prediction, qualitative prediction to 
probability prediction, so as to improve the 
accuracy and preciseness of the prediction of 
mine dynamic disasters. 
3) Comparing the prediction results with 
the dynamic disasters that occur in the 
mining area of the eighth mine of 
Pingdingshan. The overall trend of the 
prediction results is consistent with the 
actual condition of the site and the results of 
local areas are fully consistent with the 
actual situation. It may be used as a guide for 
the prevention of mine dynamic disasters. 
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