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Abstract— It is challenging for the soldiers to continuously 

monitor Illegal movements across the border due to extreme 

weather condition such as high temperature regions above 

50o Celsius or low temperature regions with less than 0o 

Celsius. Soldiers survive under such conditions with extra 

wearing which makes them uncomfortable. Therefore the 

proposed project work substitutes the security monitoring 

soldiers with an automated security system. The proposed 

project consists of four IR and PIR sensors to detect both 

living and non-living bodies around 360o which intimates the 

soldiers about illegal entry and a stepper motor controlled gun 

which triggers when any one of these IR sensors detects any 

movement. The proposed system also consists of harmful gas 

detection unit. This project could enhance the border security 

electronically with automation and also reduce the work load 

of the soldiers to monitor the border 24*7. 
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I. INTRODUCTION 

In the countries like India, soldiers cannot be present at every 

part of the border due to the long stretch and huge climatic 

changes such as Siachen, the world's highest battlefield, 

where the temperature rapidly changes causing avalanches 

causing many soldiers to die. This has affected the induction 

and de-induction of troops. However an automatic border 

security system can avoid the loss of several soldiers’ lives. 

Currently there is no automatic weapon shooting system, 

expect in USA military they developed a sniper gun which 

aim, lock the target and automatically shoot, but the 

disadvantage being that the gun should be hold by person, by 

movable trigger pointer it aim and shoot. So even there is 

human intervention.  This problem can be overcome by the 

proposed work, where automatic gun is placed on a controlled 

base, which can be adjusted in 360o by using stepper motors. 

 Many papers have been published on the related 

topics. Authors Tanmoy Maity, Mithun Mukherjee in [1] 

have proposed mine detecting robot with multiple sensors 

which can replace human workers in such complex 

environments as special places of coal mines, undesirable 

conditions inaccessible to humans or disasters of fire, 

earthquake, and mining. Authors A.G.Barrientos, 

J.C.G.Vidal, E.S.E.Quesada, J.P.O.Oliver, F.R.T.Macotela 

and M.O.Domínguez in [2] concentrated the architecture of a 

minesweeping robot which is designed and implemented as a 

research project.Authors X. Ma, Y. Miao, Z. Zhao, H. Zhang, 

J. Zhang in [3]  have discussed the design of a micro-

controller based fuzzy logic controller for a remote-controlled 

mine detecting robot. Authors Zhenjun He, Jiang Zhang, 

PengXu, Jiaheng Qin and Yunkai Zhu in [4] proposed the 

establishment and realization of an autonomous biped robot 

with object tracking function. Author Reza Abbaspour in [5] 

concentrated on remote based robot that will give the 

information about the temperature and other parameters of 

remote area. Authors Karthikeyan.A, Sarathkumar.V in [6] 

discussed the multimedia sensor based robot that gives 

images and sensor data of the environment 

 The objective of our work is to integrate IR sensors 

and PIR sensors to sense the movement of humans, to design 

harmful gas sensor to sense the harmful gas and to design the 

stepper motor to rotate in 360 degree rotation. This can be 

modelled by programming a microcontroller to receive signal 

from IR and PIR sensor, and send the signal to stepper motor. 

An active high signal from the Gas sensor is taken as a 

harmful gas is sensed and turns on the buzzer through relay. 

Microcontroller is programmed to rotate the base of the gun 

90o for signal from one IR-PIR pair, so total 360 degree 

rotation can be covered by 4 IR and PIR sensor pairs. 

 The rest of this paper is organized as follows. 

Section 2 deals with the details related to design of proposed 

system and Section 3 deals with implementation of proposed 

design. In Section 4 we analyze results of the implemented 

system. Finally, we conclude this work in Section 5. 

II. DESIGN 

Here we are designing a prototype of the proposed project. 

When implemented in real time, the design of sensors cost 

will be comparatively high and also accuracy will be very 

high, which aims at tracking target more precisely and should 

be enclosed within a well-defined casein to withstand advert 

environmental conditions. 

 The Fig 1 shows the block diagram of the prototype 

of the proposed Automated Border Security System which 

senses the Intruders, trespassers and shoots automatically by 

aiming at the target.  As it could be seen the proposed 

prototype is made up of 4 pairs of IR and PIR Sensors which 

senses any intruders or trespassers and will activate the laser 

gun which aims at the target and automatically triggers the 

gun. The 4 pairs of IR and PIR Sensors are helpful in 

monitoring trace passers around 360o. The automatic gun is 

positioned on a Step-motor controlled base which helps in 

aiming of gun at the target. 

 
Fig. 1: Block Diagram of Proposed Design 
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 The output of all sensors will be continuously fed to 

microcontroller which is programmed for monitoring with 

certain range and sensitivity. Later the microcontroller further 

controls the movement of Stepper-motor based on inputs 

from sensors. Further the gun aims and triggers at the target. 

A methane gas sensor is used as an add-on feature to detect 

any harmful gas in the border area which also continuously 

monitors and transfers data to microcontroller which is 

programmed to alert soldiers whenever any harmful gas is 

detected. LCD display is provided in order to display 

information such as intruder detected, number of intruders, 

position of intruders with respect to reference point, harmful 

gas detected etc. 

 
Fig. 2: Flow Diagram of Proposed Design 

 Fig 2 the flow chart of the complete design which 

shows that the 4 pairs of PIR and IR sensors placed in four 

directions continuously monitor any human intervention 

covering 360o  area. If any of the PIR-IR pair detects any 

human, it immediately sends signal to microcontroller which 

activates stepper motor to rotate and adjust the gun mounted 

base to aim at the target in that particular direction. LCD 

display will display that a human is detected in so and so 

direction. 

 
Fig. 3 Stepper Motor Flow Diagram 

 

 Fig 3 shows the flow chart of stepper motor. If front 

IR and PIR pair detects the object then stepper motor will 

rotate to adjust base of gun in front direction and laser will 

aim at the target. If not then the IR and PIR pair in backward 

direction will be checked for any detection of the object then 

adjustments will be made in that direction. If not then right 

IR and PIR sensors will be checked and finally the left IR and 

PIR pair will be checked for any detection of the object and 

then corresponding adjustments will be made in that 

directions. Also LCD displays information regarding humans 

detected in so and so direction. 

 Fig 4 shows the flow chart of Gas sensor. If the gas 

sensor detects the gas, then it will send a high signal to the 

buzzer and buzzer will be turned on for 30 seconds which 

triggers the timer and remains in loop till timer expires and 

LCD display will display “Harmful gas is detected”. 

 
Fig. 4: Gas Sensor Flow Chart 

III. IMPLEMENTATION 

The proposed project is implemented using P89V51RD2 

Microcontroller Board, power supply unit, 7805 Regulator, 

IR sensor, PIR sensor, stepper motor, ULN driver, Gas 

sensor, 2 x16 LCD display, Relay and speaker. Software 

Requirements includes Embedded C and Keil for writing 

source code FLASH Magic Burner Software for burning 

code. 

 The heart of our design is the microcontroller which 

is 8051 based Philips P89V51RD2 microcontroller. The 

P89V51RD2 microcontroller is a 40-pin IC which has 64kB 

flash memory and 1024 B of data RAM and can run any 

application with the conventional 80C51 clock rate (12 

clocks/machine cycle) or select the X2 mode 

(6clocks/machine cycle) to achieve twice the throughput at 

the same clock frequency. The key features of P89V51RD2 

are 80C51 CPU with 5V operating voltage from 0 to 40 MHz, 

SPI and enhanced UART, Four 8-bit I/O ports, three 16-bit 

timers/counter, 8 interrupt sources with 4 priority levels, 

programmable watchdog timer, low power modes, power-

down mode with external interrupt wake-up, idle mode. 

 LM78XX is a voltage regulator which is available in 

TO-220, TO-39, and TO-252 D-PAK packages and with 
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several fixed output voltages, making it useful in a wide range 

of applications. The key features include internal thermal 

overload protection, internal short circuit current-limiting, 

output transistor safe-area compensation, output voltages of 

5V, 12V, and 15V and all components are integrated and 

enclosed within a single package. 

 IR sensors are used as obstacle detectors by 

transmitting infrared signal, this infrared signal bounces from 

the surface of an object and the signal is received by the 

infrared receiver. The basic elements used in a typical 

infrared detection system are infrared source, a transmission 

medium, optical component, infrared detectors or receivers 

and signal processor. Infrared lasers and Infrared LED’s of 

specific wavelength can be used as infrared sources. Vacuum, 

atmosphere and optical fibers are the three main types of 

media used for infrared transmission. 

 A Passive Infrared (PIR) sensor is an electronic 

device that measures infrared light radiating from objects in 

its field of view. It only has one output pin and another two 

pins is connected to 5V and GND separately. Apparent 

motion is detected when an infrared emitting source with one 

temperature, such as human body, passes in front of source 

with another temperature, such as wall. For this project, the 

resistant of the human body radiates infrared waves with 

wavelengths of 8 to 12 micrometers. Any movement by a 

person leads to a change in the amount of infrared energy 

which a sensor can detect within its range. The PIR sensor 

reacts to this change in infrared energy and provides a low-

frequency, small amplitude signal. 

 The MAX232 IC is a dual driver/receiver that 

includes a capacitive voltage generator to supply voltage 

levels from a single 5V supply. These receivers have a typical 

threshold of 1.3 V and a typical hysteresis of 0.5 V, and can 

accept ±30V inputs. 

 A stepper motor converts electrical pulses into 

discrete mechanical movements. The shaft/spindle of a 

stepper motor rotates in discrete step increments when 

electrical command pulses are applied to it in the proper 

sequence. The sequence of the applied pulses decides the 

direction of motor shafts rotation. The speed of the motor 

shafts rotation is related to the frequency of the input pulses 

and the length of rotation is directly related to the number of 

input pulses applied. Electromagnetic coils are arranged 

around the outside of the motor. The drawback is, the control 

is generally open loop, so control and synchronization is 

limited. 

 A MQ-2 gas sensor normally has lower conductivity 

in clean air and when the target combustible gas exist, the 

sensor’s conductivity is higher along with the gas 

concentration rising. It uses a simple electronic circuit that 

converts change of conductivity to corresponding output 

signal of gas concentration. MQ-2 gas sensor has high 

sensitivity to LPG, Propane and Hydrogen, also could be used 

to sense Methane and other combustible steam, it is low cost 

and suitable for different application. 

 A liquid crystal display is a thin, flat electronic 

visual display that uses the light modulating properties of 

liquid crystals. Liquid Crystal Display (LCD) consists of a 

liquid crystal display, an array of tiny segments called pixels 

to present the information that can be manipulated. The main 

factor that makes LCD a primary choice in practical 

application is size; LCD consists of some liquid crystal 

material between two glass plates. In general, LCD uses very 

low power than the cathode-ray tube (CRT) counterparts. 

Many LCDs uses only atmosphere light to illuminate the 

display. 

IV. RESULTS & DISCUSSIONS 

Firstly, we shall examine the working of IR and PIR sensor. 

The fig 5.1 shows the output of the PIR sensor when living 

body or non-living body enters in the border. In fig 5(a), we 

examine by placing human hand as obstruction to the PIR 

sensor; it senses human hand and displays “live human 

detected” on the LCD Display. In fig 5(b),  we examine by 

placing a dead leaf as obstruction to the PIR sensor, we cab 

notice that PIR sensors does not detects it as it is a non-living 

thing, hence nothing is displayed on LCD. Therefore PIR 

differentiates living and non-living bodies in the border. 

 
(a)                                              (b) 

Fig. 5 Differentiation of Humans & Other Non-Living 

Things 

 Next we shall examine the 360o monitoring 

capability of the designed prototype. When, anybody enters 

in front direction of the system, the IR and PIR pair of sensors 

in front sends signal to microcontroller which rotates the 

stepper motor controlled base on which a gun is mounted in 

that direction and shoots at the target as shown in fig 6(a). 

Similarly in backward direction as shown in fig 6(b), left 

direction as shown in fig 6(c) and right direction as in fig 6(d) 

 
(a)                                            (b) 

 
(c)                                                   (d) 

Fig. 6: Human Detection around 360o 
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V. CONCLUSION 

The proposed project emerges as a major solution for many 

challenges like smugglers, intruders, terrorists and other 

illegal activities in border and also increases the effectiveness 

of patrolling by assisting the soldiers. The implementation is 

just the prototype of the proposed design using low cost 

sensors and motors. The implemented prototype proves that 

the designed system is functionally matches the desired 

specification. An add-on feature of Gas sensing is also 

advantageous in detecting any harmful gases. Real-time 

implementation can be more effectively carried out with use 

of more advanced precise and accurate sensors. Also the 

control of gun is not considered in the implementation. An 

automatic gun can be placed on stepper motor controlled 

base. Features such as remote controlling, integrating a 

camera to obtain live images of border can be added. A more 

advanced and robust system can be designed by incorporating 

topics from the robotics, image processing, IOT and other 

fields which can be deployed in border and war-fields. So, it 

is evident that the proposed design if developed more can be 

a vital asset for the army which will ease the difficult tasks of 

soldiers at the border and with more advances can also save 

the lives of soldiers. 
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