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Abstract 
This paper evaluates the development of a low-power low-
cost indoor security system using a Passive Infrared Motion 
Sensor. The low power PIR sensor detects changes in 
infrared radiation which occur when there is movement by 
a person (or object) which is different in temperature from 
the surroundings. The system is designed around an eight 
bit microcontroller and covers a wide area (upto 12m) for 
detection. It senses the signal generated by PIR sensor 
detecting the presence of an unauthorized person at any 
time interval. Detecting the presence of an intruder, the 
system triggers an alarm followed by sms and calls to some 
predefined numbers through a GSM modem. The system is 
well tested and found highly responsive.  
Keywords: PIR, GSM, SMS, Call, Motion Sensor. 

1. Introduction 

To be safe and secure is one of the major concerns 
for everybody in day to day life. Humans need safety 
and security for their life as well as property. They 
need security against theft, fire in homes, offices, 
industries, etc. and for this a highly reliable, 
responsive and powerful security system is required. 
Lot of conventional camera based costly security 
systems is available in the market but there is a need 
to develop a low cost and reliable security system. 
The paper proposes the use of PIR sensor for motion 
detection as these are sensitive to changes in heat 
flux. PIR device does not emit an infrared beam but 
passively accepts incoming infrared radiation. The 
sensor is designed to adjust to slowly changing 
conditions that would happen normally as the day 
progresses and the environmental conditions change, 
but responds by making its output high when sudden 
changes occur, such as when there is motion. The 
sensor detects the presence of unauthorized person in 
home and generates a pulse for the microcontroller. 
In response the microcontroller warns the owner by              

establishing a call to a predefined number and 
sending a prefixed SMS and then after 20 seconds it 

 

Figure1. Block Diagram of the proposed system 

2. Prototype Design 

Our work introduces a low-power low-cost security 
system solution. The system is built around an eight 
bit microcontroller i.e. NXP P89V51RD2. It is 
80C51 core microcontroller with 32 I/O lines, 5V 
operating voltage from 0 MHz to 40 MHz,  3 
Timers/Counters, 9 Interrupts/4 priority levels, 
64K+8K on-chip Flash user code memory with ISP, 
1K on-chip RAM, SPI, Dual Data Pointers, WDT, 5-
channel PCA. It has built-in UART module which is 
necessary for passing AT commands to the GSM 
modem. A level converter like MAX 232 is required 
in the circuit because the serial port of the pc uses 
RS232 voltage levels (+12V for logic 0 and -12 V for 
logic 1) which is much higher voltage than the TTL 
logic (0V for logic 0 and +5V for logic 1) used by the 
microcontroller. In this security system PIR sensor 
has been used which is low power, and low cost, 
pretty rugged, have a wide lens range, and are easy to 
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interface with. Fixing and focusing the PIR sensor is 
important to give maximum sensitivity and to prevent 
false detections. The sensor used here is a Long 
distance (12 meters) detection type Panasonic PIR 
sensor which is lead-free and having a low current 
consumption of 1µA (micro ampere) during sleep 
mode and 3µA during standby mode. Low current 
consumption makes PaPIRS ideal and well suited for 
battery operated applications. The sensor needs a 
stability time of 25 seconds when started on. The 
operating voltage is 2.3 to 4.0 volt DC. The PIR 
sensor module is fed with a 3.3V on its positive 
terminal using LM317 adjustable regulator and 
negative terminal is grounded. The output pin is 
connected to MCU external interrupt pin P3.2 via a 
switching transistor BC547. Utilization of existing 
cellular network to alert and inform the system owner 
about the security breach is made to cope up with 
ever increasing demand for cheap but reliable 
security systems. The GSM modem used here is of 
‘TELIT’ make and it is serially interfaced with the 
microcontroller via RS-232 port. As GSM modem 
uses serial communication to interface with other 
peripherals, an interface is needed between MCU and 
GSM modem. This segment consists of four parts: 
DB9 male connector, MAX 232, GSM modem and 
MCU. GSM modem is connected through a DB9 
connector to the interfacing circuit. 

 3. PIR Sensors 

This sensor detects changes in infrared radiation 
which occur when there is movement by a person (or 
object) which is different in temperature from the 
surroundings. The term passive in this instance refers 
to the fact that PIR devices do not generate or radiate 
any energy for detection purposes. They work 
entirely by detecting the energy given off by other 
objects. However it may not detect in the following 
cases: lack of movement, no temperature change in 
the heat source. Besides, it could also detect the 
presence of heat sources other than a human body. 
Efficiency and reliability of the system may vary 
depending on actual operating conditions: 

1.) Detecting heat sources other than the human 
body, such as: 
(a) Small animals entering the detection area. 

(b) White light source directly hitting the 
sensor. 

(c) Sudden temperature changes in the 
detection area caused by humidifier, air 
conditioning systems. 

2.) Difficulty in sensing the heat source: 
(a) Glass, acrylic or similar materials standing 

between the target and the sensor may not 
allow a correct transmission of infrared 
rays. 

(b) Non movement or quick movements of 
heat source inside the detection area. 

3.) Expansion of the detection area. 

For many basic projects or products that need to 
detect when a person has left or entered the area, or 
has approached, PIR sensors are great. They are low 
power and low cost, pretty rugged, have a wide lens 
range, and are easy to interface with. Note that PIRs 
won't tell us how many people are around or how 
close they are to the sensor, the lens is often fixed to 
a certain sweep and distance and they are also 
sometimes set off by house pets. The PIR sensor 
itself has two slots in it and each slot is made of a 
special material that is sensitive to IR. The lens used 
here is not really doing much and so we see that the 
two slots can 'see' out past some distance (basically 
the sensitivity of the sensor). When the sensor is idle, 
both slots detect the same amount of IR, the ambient 
amount radiated from the room or walls or outdoors. 
When a warm body like a human or animal passes 
by, it first intercepts one half of the PIR sensor, 
which causes a positive differential change between 
the two halves. When the warm body leaves the 
sensing area, the reverse happens, whereby the sensor 
generates a negative differential change. These 
change pulses are what is detected.  As seen in the 
figure-2, install the sensor so that the expected 
trespassing direction corresponds to the X-axis or Y-
axis. In some cases, intrusions that occur parallel to 
the Z-axis in every detection zone, closing toward the 
sensor, may not be detected. 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 06, Issue 01, August 2013 
ISSN (Online): 2320-6608 
www.ijeam.com 
 

IJEAM 
www.ijeam.com 

10 
 

 

Figure2.  Effective Detection Zones for PIR 
Sensor 

4. GSM Modem 

A GSM modem is a wireless modem that works with 
GSM networks. A wireless GSM modem sends and 
receives data through radio waves. A GSM modem 
can be an external unit or a PC card. An external 
GSM modem is connected to a PC through a serial 
cable, a USB cable, Bluetooth or Infrared. Like a 
GSM mobile phone, A GSM modem requires a SIM 
card from a wireless carrier in order to operate. PCs 
use AT commands to control a modem. GSM 
modems support an extended set of AT commands. 
These extended AT commands are defined in the 
GSM standards. With the extended AT commands, 
we can perform the following tasks and much more: 

• Read, write and delete and send SMS. 

• Connect and disconnect a call. 

• Monitor the signal strength. 

• Monitor the charging status and charge level 
of battery. 

• Read, write and search phonebook entries. 

• Establish DTMF connections. 

The SMS can be send and received for the data 
sharing and situation information and control. To 
send a SMS through GSM modem when interfaced 
with microcontroller or PC is much simpler than to 
send SMS through Modem in PDU Mode. Text 
message may be sent through the modem by 
interfacing only three signals i.e. TxD, RxD and 
GND. In this scheme RTS and CTS signals of serial 
port interface of GSM Modem are connected with 
each other. The transmit signal of serial port of 
microcontroller is connected with transmit signal 

(TxD) of the serial interface of GSM Modem while 
receive signal of microcontroller serial port is 
connected with receive signal (RxD) of serial 
interface of GSM Modem. The SMS message in text 
mode can contain only 140 characters at the most.  
 

5. Circuit Operation 

The schematic is designed and simulated in Proteus. 
As the system is built around an eight bit 
microcontroller NXP P89V51RD2, the GSM modem 
and the PIR sensor are interfaced to it. The 
microcontroller is made to operate on 11.0592 MHz 
clock rate as this is must for setting up the baud rate 
to 9600. This is the standard baud rate for 
communication with pc using UART protocol. 8051 
core microcontrollers of NXP family have some 
exclusive features like In-System Programmable 
capability through serial com port. The GSM modem 
used here is a TELIT GC864 modem. The serial port 
on the GC864 is of several configurations, but the 
most common are: 
- RS232 PC com port 
- Microcontroller UART @ 2.8V - 3V (Universal 
Asynchronous Receive Transmit) 
- Microcontroller UART@ 5V or other voltages 
different from 2.8V 
Depending from the type of serial port a level 
translator circuit may be needed to make the system 
work. The only configuration that doesn't need a level 
translation is the 2.8V. The level translator used here 
in the circuit is MAX232. The TELIT wireless 
module family can be controlled via the serial 
interface using the standard AT commands. The AT 
is an ATTENTION command and is used as a prefix 
to other parameters in a string. The AT command 
combined with other parameters can be set up in the 
communications package or typed in manually as a 
command line instruction just like: 
"ATE0", 0Dh, 0Ah              ; Disable Command Echo 
 "AT+CMGF=1", 0Dh, 0Ah; Set Message Command 
Format into Text Mode. 
The sensor used here for human detection is a 
Panasonic make low power, long distance type PIR 
(Passive Infrared) sensor. It can detect any human 
intruder within 12meter range. The operating voltage 
of the sensor is 3.3V and an output current of 100µA. 
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The voltage adjusted to 3.3V using LM317 adjustable 
voltage regulator in the circuit. Four indicator LEDs 
are   provided in the circuit for call and SMS status 
check.  
 
6.  Firmware 

The firmware developed for the proposed work is in 
assembly language and KEILµVision3 assembler has 

been utilized to assemble it. The PIR sensor is 
connected to the external interrupt pin of 
microcontroller i.e P3.2. On receiving the interrupt 
on this pin the program counter moves to Interrupt 
Vector Table, collects the address of Interrupt 
Service Routine and jumps to service the interrupt. 
The GSM modem follows some AT Commands and 
sequence of events must be performed to send  

                                       

 

Figure3. Schematic for the Proposed System

successive SMS and Calls one by one on the already 
specified numbers. The SMS sending through GSM 
modem when interfaced with a microcontroller or PC 
is much simpler than sending it through modem in 
PDU mode. Text message may be sent through 
modem by interfacing only three signals of serial 
interface of modem with microcontroller i.e. RXD, 
TXD, GND.                                                                                                                               

7. Experimental Results 

The system is highly reactive and responds in real 
time. The detection range of the PIR sensor is found 
to be around 11 meters in a closed room at daytime. 
The people can rely on this system for security 

purpose in their homes, offices, etc. Up gradation and 
optimization is possible in this set up and open for 
further experimentations.    

8. Conclusion 

Through this proposed work we came to know about 
the utility of PIR sensors in low cost, highly 
responsive and reliable indoor security systems and 
also the application of a GSM modem to alert the 
concerned by setting up calls or sending messages or 
both to single or multiple subscribers. The limitation 
of the system lies in the fact that PIRs deliver their 
best only if installed at indoor systems and not at 
outdoor systems due to its thermal difference 
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detection property. This system might be integrated 
as a part of a more sophisticated security system for 
high alert zones.  
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