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Abstract: Robots plays a major role in all human activities that supports to do dangerous works which cannot do by 

humans. Wireless communicating robot is a new type robot which can be used for many applications. This paper 

describes the implementation of autonomous robot prototype for landmine and hazardous gas detection. It deliberates 

the tactics that can allow the robot to detect landmines and hazardous gas by means of sensors. The is a new generation 

robot which provide an ease to the militant operations in war fields. This is a wireless communicating robot vehicle 

with sensors. The robot is implemented with the help of ZigBee which supports in sending the specifics of the system 

surroundings 
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I. INTRODUCTION 

Landmines are explosives material which are buried under 

the soil. They are activated by force, and may kill or cause 

harm to people when stepped upon it. Landmines are 

generally pose a serious threat to soldiers and civilians 

worldwide. The landmines are usually buried 10mm to 

40mm below the soil. They are activated by pressure and it 

would be minimum pressure of 9Kg to explode them. There 

are two types of landmines: Anti-Personnel (AP) mines and 

Anti-Tank (AT) mines. AP mines usually placed under the 

earth and close to the surface, while AT mines are usually 

placed on the surface of the earth.  Militants in war fields 

also encounters the problem of mines and poisonous gases 

in the attack of enemies. Explosion of landmines may 

create poisonous gas which is harm to militants [1]. 

Autonomous robots play a major role in all human 

activities that supports to do dangerous works which cannot 

do by humans. [2] Autonomous robots are mobile robots 

which can perform desired tasks in environments without 

continuous human supervision. An autonomous robot needs 

to be able to position itself in the surrounding environment. 

For autonomous robots to be successful, they have to move 

safely in environments [3]. 

Various types of landmine detection techniques can be used 

to detect the presence of landmine. The current 

technologies include five main areas: metal detector 

technologies, acoustic methods, mechanical methods, 

electromagnetic methods, and biological methods [4]. 

Our aim was to develop an autonomous robot which use to 

determine the location of explosives in the terrorist 

targeting areas also find gas leakage in war field due to the 

explosive components. While recent research has led to a 

variety of detection methods that can detect the presence of 

landmine and hazardous gas [5]. This robot is based on 

wireless communication with multi-sensor, which can carry 

out robot's motion control, landmine detection, gas 

detection, obstacle avoidance and data exchange [6]. The 

structure of robot is specially designed because it could 

move in rough terrain [7]. These systems can be 

implemented at low cost and they are used in indoor as well 

as outdoor localization. 

II. SYSTEM OVERVIEW 

 

Fig 1: Block diagram of proposed system 

In the proposed system, the system circuit can be 

implemented with the help of a block diagram which 

includes a main control unit, sensory system, camera 

module, communication system, motion system, power 

supply and a processing computer. 

A. Control Unit 

The LPC1769 Microcontroller is the main control unit of 

the proposed system. The use of LPC1769 features like I2C 

interface, UART communication,8 channel 12-bit ADC 

function, Timer, motor control PWM and general purpose 

I/O pins are used for our requirements. 

B. Sensors 

An autonomous robot to detect the presence of landmine 

and hazardous gas is going to achieve through various 

sensor technology. This Sensor technology include use of 

Metal detection module, Gas sensor, Ultrasonic sensor, 
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Infrared sensor and OV7670 FIFO camera module. All 

sensors interfaced with the main controller ARM 

LPC1769.Metal sensors attached to the robot helps in 

detecting the mines and other attacks in military operations. 

Detection of obstacles which are not detectable by the 

ultrasonic waves can be found out with the help of IR 

sensors which are also included in the structure. PIR sensor 

is mainly used to detect the obstacles around the robot. 

 

C. Communication System 

A perfect communication system between robot and 

personal computer is established. The wireless 

communication used in ZigBee which helps in transferring 

the data, Images and messages obtained from various 

sensors to PC. 

 

D. Robot Body Structure 

The entire body of the robot was made up of acrylic 

material with 6mm thickness. The 2D model design was 

drawn in Corel Draw software. The entire structure of the 

robot is equipped with DC motors, wheels, castor wheels, 

LPC1769 board, Various sensors include Metal detection 

module, Gas sensor, Ultrasonic sensor, Infrared sensor, 

OV7670 camera module and Wireless module. This device 

is capable of moving in four directions, namely- forward, 

backward and sideways. Along with this movements, the 

robot can also do a 180 degree turn. 

III. WORKING PRINCIPLE 

In the proposed system, the system circuit can be 

implemented with the help of a block diagram. This 

autonomous robot consists of main controller and several 

sensory systems. The automatic mode robot is programmed 

within the embedded chip and it makes the robot to act as 

human beings. Working energy of the robot is obtained 

from the battery which is attached to the microcontroller. 

The robot searches a particular area for detecting the 

presence of landmine and hazardous gas. The presence of 

landmine in a particular area is detected through metal 

detection module because all the landmine contains metal 

components. When metal detection module detects the 

presence of metal part, LED on the metal detection module 

will blink and also the buzzer activated. After metal 

detection we have to confirm whether it is a landmine or 

not. So confirmation is obtained through using camera 

module. When a metal is detected using metal detection 

module an acknowledgement signal will send to the 

LPC1769 main controller, then we have to capture the 

image of particular metal component. For that purpose, 

ov7670 camera is interfaced with controller. For a proper 

operation of the camera, my requirements from the 

LPC1769 controller are i2c support for setting the ov7670 

registers, UART for transferring image data to PC,16 GPIO 

pins, 8 of which are for image data. The initialization of 

registers in ov7670 is done through i2c interface. After 

proper initialization of registers, On request via UART 

capture image to FIFO of camera module. On request via 

UART, send image to Personal computer. On PC side, we 

have a simple python script using pySerial for transferring 

the image to PC, and pyGame for displaying it on screen. It 

takes 38 seconds to transfer a 320×240 image via the serial 

connection. Then we have to confirm the metal is landmine 

or not. After confirmation of landmine robot move to next 

position. The robot searches a particular area and find the 

area contain landmine and hazardous gas due to the 

explosion of landmine. For the detection of hazardous gas 

detection, a gas sensor is interfaced with controller. The 

obstacle avoidance is obtained through interfacing 

ultrasonic sensor with micro controller. Also The PIR 

(Passive Infra-Red) sensor is used mainly for detecting the 

obstacles. If an obstacle is present, it gives an alert message 

to its operator and there by movement direction of robot 

can be changed. The wireless communication used is 

ZigBee which helps in transferring the data and messages. 

The motor helps in moving the robot which implemented 

with the help of driver IC. The aim of the robot is 

monitoring and detecting the landmine gas and obstacles in 

mine environments. 

IV. IMPLEMENTATION

 

Fig 2: Proposed hardware set up 

A. Metal detection module 

Metal detection module detects the presence of metal 

objects and giving an active low output with LED 

indication and buzzer on detecting metal. Inductive 

oscillator circuit is the heart of this sensor which observes 

high frequency current loss in coil. Any metallic body 

detection is achieved through by detecting the variations in 

the high frequency Eddy current losses in the circuit. The 

circuit can act as oscillators with the presence of external 

tuned circuit. Upcoming metallic object can alter the output 

signal level of circuit. Output signal of circuit is determined 

by supply current variations. The current in circuit is high 

or low according to the presence or the absence of a close 

metallic object which is independent of supply voltage. The 
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output current will flow more when the metal object is near 

the searching coil. Otherwise the current will be decrease. 

B. Gas Sensor  

The MQ6 gas sensor is a gas sensor module which detect 

the presence of gas. The module consists of 4 pins for 

interfacing with controller LPC1769. It consists of VCC 

and ground pin, one pin is analog output and one pin is 

digital pin via a comparator (LM358). Detecting 

concentration level of gas leakage is obtained through the 

analog output pin of the module. For obtaining gas leakage 

value module interfaced with the A0 analog input pin of the 

LPC1769 controller board. The controller converts the 

analog value in to digital value by using ADC feature of 

controller. The sensor measures the concentration of leaked 

gas in ppm. 

C. Ultrasonic sensor 

This sensor is a very common sensor used in many 

applications. It can measure distance between object and 

robot or sensing objects. The module has two eyes like in 

the front which act as the Ultrasonic transmitter and 

Receiver. The obstacle avoidance can be obtained through 

this sensor. 

D. IR sensor 

This sensor used for detecting of obstacles. Passive infrared 

sensor always emits infrared along the path of the robot and 

it returns on a specific time. PIR sensor will calculate the 

time interval of IR. When an obstacle arrives, the robot 

detects it as an obstacle by cut off IR. 

E. OV7670 camera sensor 

The OV7670 camera sensor is a small size camera module. 

It consists of a VGA camera, AL422 FIFO memory, and a 

digital signal processor. This VGA camera is capable to use 

a frame rate up to 30 fps.  

F. ZigBee module 

RF communication at 2.4 GHz is occurred through using 

CC2500 RF Modem which is a transceiver module. It 

canbe easily used to transmit and receive data at various 

baud rates. This module supports for our serial 

communication which does not requires extra hardware and 

software coding to turn our wired communication into 

wireless one. ZigBee module which helps in transferring 

the data, Images and messages obtained from various 

sensors to PC in our project. 

V. RESULTS 

 

A. Sensors Data Reading 

 

Sensors are interfaced with LPC1769 board using various 

features of LPC1769.Metal detection module, Gas sensor, 

Ultrasonic sensor, Infrared sensor are properly interfaced 

with LPC1769. Metal detection module detect the presence 

of metal, obstacle avoidance is obtained through ultrasonic 

and infrared sensor and poisonous gas presence is detected 

through gas sensor. Obtained values are send via CC2500 

wireless module to the PC. By using Dock light software 

sensor values are viewed. 

 

Fig 3: Sensors data reading 

B.  Data Reading from Camera Module  

I2C communication is used to interface OV7670 FIFO 

camera with LPC1769.The image value is stored in Fifo 

memory of camera module. Then these obtained values are 

send via CC2500 wireless module to the PC. On PC side, a 

simple python script for displaying image on screen. The 

image will be displayed on pygame window. 

 

 

Fig 4: Camera data reading in python shell 
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Fig 5: a) original image b) image in pygame window 

By analyzing the obtained data from ultrasonic sensors and 

infrared sensor we have to do obstacle avoidance. The 

obstacle which cannot detected through ultrasonic sensor 

can be done through infrared sensor. These two sensors 

giving output data in the form of distance between obstacle 

and robot. So obtained distance value can be used to 

control the movement of robot and thereby obstacle 

avoidance. The distance from sensors is shown in fig 3. The 

presence of landmine can be detected by using metal 

detection module. Landmine contain metal part so metal 

detection module produce a beep sound when it detected 

the presence of metal. The confirmation of landmine or any 

other metal components is done through using camera 

module. The ov7670 camera module captures the image of 

particular metal and send to the personal computer. 

Presence landmine or any metal components is decided 

there. Here we use a metal component as landmine sample 

to obtained the output from metal detection module. The 

original image of metal component and image of metal 

component obtained through ov7670 camera module is 

shown in fig 5. The presence of poisonous gas due to the 

explosion of landmine is detected through gas sensor. 

VI. CONCLUSION 

We have successfully developed an autonomous robot for 

landmine and hazardous gas detection. With the help of 

various sensors and wireless communication system, 

without human intervention, robot can detect the landmine 

and gas. The robot successfully performed the obstacle 

avoidance operation by using ultrasonic and infrared 

sensors. The presence of landmine detected through metal 

detection module and it is confirmed as a landmine or any 

other metal parts through ov7670 camera and image is 

obtained in pygame window in python. A future scope 

would be to detect the exact position of the landmine and 

demining the landmine. The limitation of our prototype is 

the detection of plastic types landmine because it only 

detects the landmine which have metal content. This 

limitation is overcome by using ground penetrating radar or 

other such detection mechanism. 
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