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Abstract

Using robots to assist rescue personnel in mine rescue missions is an active area of our project. We are going
to develop a robot to send it into the mine to gather information about the environment inside a mine
and to search for \victims. Coal mine is a dangerous place in which many fatal factors are
dangerous for human life, especially when blasts occur. Rescue persons usually don't know the actual situation
of the mine tunnel under such circumstances. Therefore it can be very dangerous for rescuers to go
into mine tunnels to search survivors without detecting environmental information beforehand. To solve this
problem, the coal mine detect and rescue robot can be developed for assisting people to do the rescue work. The
coal mine detect and rescue robot is used for detecting the explosion environment of coal mine and
rescuing miners who are trapped in the underground coal mine after gas explosion. We will develop
prototype of a fully autonomous robot which can be used to indicate presence of harmful gases inside a
mine for mine rescue operations in case of emergencies caused by natural calamities such as explosion. Coal
mine rescue robot is a kind of mobile robot. It can go into explosion environment and detect gas content. This
paper designs a coal mine detect and rescue robot. It has many characters suitable to mine tunnel. ltis
composed of mechanical, electrical, computer, control, communication, sensor, etc. Sensor nodes were
arranged under tungsten mine flexibly. It transferred various safety indicators within the mine to the gateway
node by the cluster head nodes directly or indirectly, then via transmission network uploaded the data to the
ground monitoring center by the gateway node. There are three major parts in constructing the robot
and they are mechanical, electronic software design. In this paper, the implementation of embedded
control system based on the microprocessor is presented. The embedded control system can achieve many
tasks of the robot, such as motion control, environmental information acquisition communication with the
remote control system and executing complex control algorithms.
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1. INTRODUCTION After disaster, gas, CO, CO2, low 02 content, high
temperatures, smoke, coal dust, are filled in tunnel.
Because forced ventilate system has been damaged
also, all gas cannot be push out and accumulate in
tunnel. A fire may cause a second gas explosion.
Rescuer on ground doesn’t dare to go into
explosion mine tunnel. Because situation is not
known, any one may be killed by second explosion. So
detect mine tunnel situation is the first problem to
rescuers. Robot is a good device in this situation.
Robot used in coal mine tunnel has many special
characters which are difference to robot on ground.

(1]

Coal mine is a special mine. It is a tunnel system
underground. If there is any fault, people are
closed in tunnel and they often cannot escape from
tunnel. It has dangerous factors as collapse, gas
explosion, CO poison gas, CO2 gas, low 02
content, high temperature, smoke, gas is released.
Gas is push off by forced ventilate system. But if
forced ventilate system is faulty or there is gas
explosion from coal layer, gas is filled in tunnel. A
fire point can cause a big gas explosion. Mine tunnel
is a tube; gas explosion wave can destroy any thing
in tunnel. All devices and people may be damaged.
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Coal mine tunnel is a special environment. The first
problem is explosion gas is everywhere in tunnel. Any
fire can cause an explosion. Robot must be designed
as a flame-proof device to avoid robot as a fire
point when robot is fault. The second problem is
tunnel is narrow and rugged. The middle tunnel is
rail track. One side is belt transmission. The other
side is a narrow road on coal. Road is a coal road,
rugged, many obstacle. Robot is difficult to move
on mine tunnel. Varies obstacle must be crossed.
This is only normal tunnel. After explosion, all things
are damaged by explosion. Tunnel became ruins.
Coal block and dust is filled on tunnel, wire is twined,
tube is twist, and pole is stick on coal pile. Robot
wants cross pile is very difficult. [2]

2. ROBOT STRUCTURE
2.1Basic Robot Structure

Basically the robot is composed of mechanical
institution, control system, motion system,
communication system, sensor system and power
system.
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Figure 1:
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2.2 Structure of Mine Rescue Robot

The rescue robot is sent inside the mine to
detect the internal environmental conditions and it
also tracks the proper path by avoiding the collisions
with obstacles on its way. To achieve these
things minerescue robot is equipped with
different sensors along with signal conditioning
circuits and microprocessor as main building blocks of
our system. Proximity Sensor senses the obstacles
present in the path of mine rescuer systems and
hence helps in selecting proper path avoiding
collision. We can use IR sensors as transmitter and
receiver pair. The IR sensors are cheap, and easy to
adjust. The basic operation of these sensors is
based on reflection ofthe IR beam. The
transmitter emits the IR radiation, which on hitting a
target reflects back and is received by the
transmitter. Initially the output voltage of the sensor
is high and on receiving the radiations it becomes
low. [5] Output of the proximity sensor (IR) needs
signal conditioning. When the IR sensor detects an
object its gives one voltage level and when no
proximity is present it gives another voltage level.
These two voltage levels are not sufficient to be
given to the microcontroller therefore need for
signal conditioning arises. LM324 is a
comparator which is used in the inverting
mode and the output is given to microcontroller. The
reference of the comparator is set between the
two voltage levels obtained across the IR sensors.
Thus the output is clamped to Vcc and GND. High
logic indicates that there is no obstacle and logic
low indicates that obstacles are present.

Stepper Motors are used to rotate the sensors in the
required direction for the operation of the mine
rescuer System. Stepper motors operate much
differently from normal DC motors, which simply
spin when voltage is applied to their terminals.
Stepper motors, on the other hand, effectively have
multiple "toothed” electromagnets arranged around
a central metal gear and rotates in steps according
to the applied sequence to stators. DC motors are
used to move the vehicle in proper direction and
also move the vehicle as per desire. The complete
motion depends upon operation of these dc motors.
DC motors are widely used in robotics.

Serial Communication is used to transfer the data
inside the microprocessor to the PC so that it
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can be analyzed properly and suitable actions
are taken accordingly. The microcontroller receives
the signals from sensors and processes this data.
This data can betransferred to a PC outside
the mine via serial communication. Then this
data can be displayed on a PC screen and can be
observed by the rescue persons. Form this received
information from the robot the rescue persons can
take the required action. Today, RS232 is the most
widely used serial I/O interfacing standard. This
standard is used on PCs and numerous types of
equipments.
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The main objective is to get the Environmental
characteristics like  temperature, humidity and
methane gas of underground coal mines and send the
information to surface using ZIGBEE wireless sensor
nodes and also get employee info using RFID
module. The foremost critical task for coal mine is of
keeping track of miners spread out across large
mining areas.

Many mines use a radio system to track miners, but
when a collapse occurs, the base stations connected
by a thin wire often are rendered useless. In our
project to overcome the demerits of radio system we
used wireless technology for tracking the miners. A
small RF transmitter module is equipped to each
person entering a mine.

The transceivers communicate with base stations
through zigbee module in order to look after the
miners. In addition we also include sensors to
intimate the base station & miners when some
atmosphere changes occur. Along robot vehicle to
trace human survivors & detection of harmful
variables at mine.

Mine operators are now able to monitor the real-
time locations of each miner to better pinpoint their
locations even when the Worker ID is damaged in the
event of an emergency & help in accurate rescue,
reduce human loss.

3. SYSTEM IMPLEMENTATION
3.1 LDR Circuit
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The LDR is connected to series resistor to form a
potential divider network. The output of the
potential divider network is given to the ADC.
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Figure 5: LDR Connection
3.2 Proximity Sensor Circuit

We have used IR sensors TIL38 and TIBl as
transmitter and receiver pair. The basic operation of
these sensors is based on reflection of the IR
beam. The transmitter emits the IR radiation, which
on hitting a target reflects back and is received by
the transmitter. Initially the output voltage of the
sensor is high and on receiving the radiations it
becomes low. IR sensors needs signal conditioning.
It produces two voltage levels corresponding to the
ON and OFF of the receiver. These levels have to
clamp to 0 and Vcc which the microprocessor
is compatible with. The LM324 consist of four
independent, high gains, internally frequency
compensated operational amplifiers, which were
designed specifically to operate from a single power
supply over a wide voltage range.
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Figure 6: Signal Conditioning for IR Sensors

The figure above shows the output of the sensor
stage is fed to these comparators those reference
is set between the voltage obtained when the
obstacle is absent and the voltage when the
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obstacle is present. Thus it is compared and the
output voltage is high or low (compatible with
the microcontroller) depending on whether the
obstacle is present or absent respectively.

3.3 Testing of LDR and IR Sensors

There are two ways to connect a LDR in a circuit
diagram. Both configurations are shown below.
There are just two ways of constructing
the voltage divider, with the LDR at the top, or
with the LDR at the bottom:

o

o o

il il

(A)(B) Figure 7: LDR in different configurations

Both the configurations are tested their results are
shown below. First circuit diagram (A) was
implemented. A dimmer stat was taken and
connected a lamp load across it, slowly the voltage
was increased from 0 volts and at a certain point
the lamp starts to glow. Then the intensity of the
lamp was noted and the output voltage was varied up
to 240 volts. Same procedure was followed for circuit
B also. In (A), as light intensity increases,
output voltage increases. In (B), as light
intensityincreases,output voltage decreases.
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Figure 8: Characteristics of LDR in (A)

Figure 9: Characteristics of LDR in (B)

The above comparison of testing results of both the
circuit we can see for circuit A it is observed that
there is a very significant variation of voltage that is
from 3 volts to 5 volts, whereas for circuit B the
variation of voltage is from 1.3 volts to 0 volts which
is not very significant and it is tough for processing.
Hence circuit (A) is implemented.

IR sensors are used as proximity detectors. The IR
sensors will sense any nearby obstacle and it would
tell microcontroller to take appropriate action. It
consists of transmitter and receiver.TIL 38 is used as
transmitter. TIL 38 emits a high frequency infrared
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beam. When this IR beam hits an obstacle it reflects
back and received by the receiver. At the receiver
side phototransistor TIL81 was used. When the IR
beam falls on the phototransistor it starts to conduct
and the voltage across it decreases.

Table 1: Testing of IR Sensors

Sr. No Distance between Voltage(Vo

IR sensor & Obstacle (cm) Its)

1 1 5

2 2.5 4.9

3 4 3.4

4 1.2

5 8 0.45

6 10 0.20

8 14 0.05

From the results it is evident that the sensing
starts from 8 cm .it means it can detect any obstacle
which is in the 8 cm vicinity. Actually it should
sense the obstacle from 15 cm but because of
many problems it reduces down to 8 cm. The
problems are explained below. Alignment: The IR
sensors are very sensitive to their positions and
their alignment has drastic effect on their range.
Actually the alignment means the angle between the
reflected and the incident beam for different angles
we will be having different ranges.

Ambient light: As we know that every light has an
IR component associated with it. So if there is
enough ambient light present thereceiver
is fooled by the surrounding IR radiations and as
a result range

The range of the sensors reduces. We can avoid
this problem by covering the IR sensors properly.

Improper reflection: As explained earlier this is one
of the major problems associated with the IR
sensors. If the reflecting surface is improper the
reflection would be improper too as the result the
intensity of the reflected IR would be low
consequently output voltage will also be low.

4. METHODOLOGY
RSS = Received Signal Strength

10
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Figure 10: The flow diagram shown below explains about the procedural method of the Robot operation in project

Figure 11: Zigbee Node Status

Figure 12: Survivor scan, temperature and co level shown by coordinator
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Figure 13: Robot while changing its pan card
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5. CONCLUSION

Our project is a growing application in Robotics field.
Many new features are being added to enhance the
Rescue Operations using recent technologies. Our
attempt is to design the best prototype for the same.
The coal mine detect and rescue robot will be
designed to help people execute tasks of detecting
and rescuing after gas explosion in the underground
coalmine. Coal mine detect and rescue robot is a
kind of mobile robot. Many factors of mine are
considered. It has many characters suitable to mine
tunnel. It can go into explosion environment
and detect gas content. The data can be sent to

© 2015 IJETCR. All Rights Reserved.

control man in safe field. It includes various
fields i.e. Mechanical, electronics, computer,
communication etc.
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