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ABSTRACT 

This paper is implement a short range security system 

that proposed to detect and alarm for moving target in 

the coverage area, the main sensor used is the HC-04 

Ultrasonic module which operates at 40 KHz signals, 

the Ultrasonic working with the same principle of 

SONAR systems, which sends a trigger pulses and 

wait for received echoes then with the proper 

calculations the distance can be found depending on 

the tame taken by the signal to be received, Servo 

motor is used to rotate the ultrasonic module in both 

directions, the main controller used is the Arduino Uno 

with ATMEGA328P on board chip, LCD screen is 

used to display the distances,  and finally the GSM 

module is used to send an alarm message to supervisor 

in case of moving target detected in the area.  

Keywords:- Ultrasonic, Radar, Atmega328, Arduino, Servo 

Motor, LCD, GSM. 

 

I. INTRODUCTION 

In industrial applications, ultrasonic sensors are 

characterized by their reliability and outstanding 

versatility. Ultrasonic sensors can be used to solve 

even the most complex tasks involving object 

detection or level measurement with millimeter 

precision because their measuring method works 

reliably under almost all conditions and also know by 

their low power requirements, their simple circuitry 

and their portable features make them desirable. The 

traditional radar systems can detect objects and 

determine its distance but sometimes are less efficient 

in warning operation and prone to false alarms. so the 

main objective in this project is to design moving 

target detection system for security purposes using 

ultrasonic sensors and to design a circuit that can 

detect the distance of the moving target, and also to 

implement an SMS alarm system by using GSM. This 

project works on the principle of radar echo effect of 

the transmitting signal. Arduino control the servo 

motor for the direction of ultrasonic sensor and it 

moves from 0 degree to 180 degree. Ultrasonic sensor 

transmits the signal in all direction and if any obstacle 

that is target is detected then echo pulse sense. With 

the help of this echo pulse, Arduino program find out 

the distance and direction angle of the target. At this 

condition of moving target is detected and sends the 

SMS to the responsible person. A SIM900 GSM 

modem is interfaced to the controller for sending 

message. The beauty of the project is it saves the target 

data and moves the camera in the target direction. 

Furthermore, this project can be enhanced by using a 

laser gun. When the target is detected then at this 

proper direction gun is fired. Arduino controller and 

ultrasonic sensor is the base of this paper. 

 

II. LITERATURE REVIEW  

A radar system has a transmitter that emits radio 

waves called radar signal in predetermined directions. 

When these come into contact with an object, they are 

usually reflected or scattered in many directions. Radar 

signals are reflected especially well by materials of 

considerable electrical conductivity by most metals. 

The radar signals that are reflected back towards the 

transmitter are the desirable ones that make radar 

works. If the object is moving either towards or away 

from transmitter, there is a slightly equivalent change 

in the frequency of the radio signals, caused by the 

Doppler Effect. Radar target identifier is selected with 

areas of the RF array function to add target angular 

simulations and target space position and scintillations 

to the other simulations contained in the radar signal. 

The IR radiation is converted to a radar frequency 

signal in the RF array and is transmitted to the radar 

test system. 

Doppler Effect states that when the radar waves are 

sent towards a moving target or object, they are 

reflected back and received by the radar. If the 

frequency of the reflected wave is increased, the target 

is moving towards the radar. If the frequency of the 

reflected wave is decreased, the target is moving away 

from the radar [1].  

Ultrasonic, which came from the Latin words ultra 

(beyond) and sonic (sound), refers to sound waves that 

vibrate more rapidly than the human ear can detect. A 

human ability to hear the sound is in the range of 20 
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Hz to 20 KHz [2]. Ultrasonic waves consist of 

frequencies greater than 20 kHz. These waves behave 

in a similar manner to audible sound (for example, 

both need a medium to travel through); however, they 

have a much shorter wavelength. Ultrasonic waves are 

employed in many applications such as plastic 

welding, medicine, biomedical, jewellery cleaning, 

pipe inspection, and non-destructive testing known as 

NDT [3]. The Acoustic Spectrum is shown in Figure1. 

 

 
Figure 01: The Range of Sound Beam [4] 

 

In order to generate ultrasonic sound, the electric 

energy should be converted into the mechanical 

oscillation energy [5]. 

A transducer is any device that can transform one kind 

of energy into another form. For instance, a speaker is 

a transducer because it can convert electrical energy 

into sound energy, or light bulb is considered as a 

transducer since electrical energy can be converted 

into light and heat energy [6]. Therefore, an ultrasonic 

transducer converts electrical energy to mechanical 

energy, in the form of sound [4]. Piezoelectric 

converters are the most common sources to produce 

ultrasonic waves [7].  

A piezoelectric substance can generate mechanical 

movement when subjected to an electric field [6], [7]. 

Conversely, it can make an electric charge when a 

mechanical stress is applied. The piezoelectric effect 

can be observed in the symmetrical crystals which 

have the same polar axis (a conceptual line) through 

the center of negative and positive charges on the 

molecule [7]. 

 

 
Figure 2: Symmetrical Crystals  

The piezoelectric effect is demonstrated in Figure3: 

 
Figure 3: Piezoelectric effect 

 

Acoustic Parameters of Ultrasonic Transducer 

Acoustic parameters are measured by characterizing 

the reflected or transmitted ultrasound from a 

designated target or a reference medium. They are 

described in the following table [8]:  

Ultrasonic sensor: With the large number of sensors 

available in the market, it is necessary to choose the 

right sensor. There are certain features which have to 

be considered when we choose a sensor: Accuracy, 

Environmental condition, Range, Calibration, 

Resolution, Cost and Repeatability [9].  

Features of Ultrasonic Sensor No other measuring 

method can be successfully put to use on such a wide 

scale and in so many different applications [10].   The 

device is extremely robust, making it suitable for even 

the toughest conditions.  The sensor surface cleans 

itself through vibration, making the sensor insensitive 

to dirt. The physical principle—the propagation of 

sound—works, with a few exceptions, in practically 

any environment. Ultrasonic sensors have proven their 

reliability and endurance in virtually all industrial 

sectors. 

A motion detector is a kind of security system that 

uses sensing ability in the form of sensors to detect 

movement and this usually triggers an alarm or 

sometimes activates another circuit. However, motion 

detectors are normally used to protect indoor areas, in 

this, conditions can then be controlled more closely. 

Detectors for use in homes for security purpose usually 

detect movement in a closed space area of little feet-

by-feet. Detectors for large range warehouses can 

protect areas with dimensions as large as 24mx37m 

(80ft by120ft) [11].  

The motion detector is normally useful in places like 

museums where important assets are located. As such, 

motion detectors can detect break-in at vulnerable 

points. Such points include walls, doors windows and 

other openings. Special motion detectors can protect 

the inside of exhibit cases where items such as 
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diamonds arc placed. Others can be focused on a 

narrow area of coverage, somewhat like a curtain, that 

projected in front of a painting to detect even the 

slightest touch. Motion detector systems use a variety 

of methods to detect movement. Each method has 

advantages and disadvantages.  

 

Motion detectors can be categorized into two major 

types [12], these are namely: (1) Passive detectors, and 

(2) Active detectors. Passive detectors are detectors 

which do not send out signals but merely receive 

signals, such as change in temperature, change in light 

intensity and so on. Most infrared detectors are passive 

detectors, while Active detectors are detectors which 

send out waves of energy and receive waves reflected 

back from objects. Any disturbance in the reflected 

waves caused by example a moving object will trigger 

an alarm. Microwave and ultrasonic detectors are 

examples of active detectors. Man and animal or 

moving object produces sound. The sound is created as 

a result of their physical movement, which might be 

low or fast movement, and also depends on the 

medium that create the sound. However, these 

movements can be detected by using an ultrasonic 

sensor. The ultrasonic sound waves are sound waves 

that are above the range of human hearing and, thus, 

have a frequency above about 20 kHz. Any frequency 

of above 20kz is considered ultrasonic [13- 14]. 

 

III. METHODOLOGY 

The main principle of the circuit is to detect the human 

using human detection sensor, which is detects the 

distance and the height of the moving target, also by 

sending SMS message to inform the supervisor that 

human intrusion is detected.  

 

The proposed system consist of Arduino UNO 

microcontroller that controls the servo motor direction 

and sends the trigger signals to the ultrasonic and 

while that it also receives the echo signals from the 

ultrasonic transmitter and calculates the objects 

distance by the equation, also it shows the real-time 

distances and angles of objects around the radar 

antennas in the LCD display, and when a human body 

is detected inside the coverage area a remote warning 

mechanism is used by sending SMS to the user 

indicating that a human is detected.  

 

General system block diagram is shown in Figure (4) 

below, and distance measurement calculated from 

ultrasonic pulses with the following equation: 

                                    Where A is 

the sensor constant which is founded as 50 for HC-04 

module, and its represents the time of signal to 

transmit to 1 cm distance and return in milliseconds.  

 

Arduino UNO microcontroller 

board
GSM 

Module

Servo 

Motor

Ultrasonic Module

16x2 LCD (Serial)

Tx Rx

Servo 

Motor

Tx Rx

Ultrasonic Module

Figure 4: System block diagram 

 

System Components Generally, the moving target 

detection radar security system consists of the 

following components: 

 Arduino Uno (ATMEGA328P) microcontroller 

 2 x HCSR-04 ultrasonic sensors  

 2 x SG90 micro servo motors  

 I2C LCD 16x2 Display  

 SIM900 GSM module 

 

Microcontroller board  The Arduino Uno is a 

microcontroller board based on the ATmega328. It has 

20 digital input/output pins (of which 6 can be used as 

PWM outputs and 6 can be used as analog inputs), a 

16 MHz resonator, a USB connection, a power jack, an 

in-circuit system programming (ICSP) header, and a 

reset button. It contains everything needed to support 

the microcontroller; simply connect it to a computer 

(or appropriate wall power adapter) with a USB cable 

or power it with an AC-to-DC adapter or battery to get 

started. For display purposes we had use a 16x2 LCD 

with I2C or serial interface with (PCF8574T) interface 

board, which used less ports connection as described 

in Figure 5.  

 5V on Arduino to VCC on I2C backpack. 

 GND on Arduino to GND on I2C backpack. 

 A5 on Arduino to SCL on I2C backpack. 

 A4 on Arduino to SDA on I2C backpack. 

 

 
Figure 5: Serial LCD I2C interface Arduino board 

and GSM module 
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GSM/GPRS Modem from ElecFreaks LAB is built 

with SIMCOM Make SIM900 Quad-band   

GSM/GPRS engine, works on frequencies 850 MHz, 

900 MHz, 1800 MHz and 1900 MHz; it is very 

compact in size and easy to use as plug in GSM 

Modem. The baud rate can be configurable from 9600-

115200 through AT command. Initially Modem is in 

Auto baud mode. This GSM/GPRS Modem is having 

internal TCP/IP stack to enable you to connect with 

internet via GPRS. It is suitable for SMS as well as 

DATA transfer application in M2M interface.   The 

modem needed only 3 wires (Tx, Rx, GND) except 

Power supply to interface with microcontroller/Host 

PC. Using this modem, you will be able to send & 

Read SMS, connect to internet via GPRS through 

simple AT commands. 

 

 
Figure 6: SIM900 GSM module 

 

SG90 Servo motor : DC SERVO METER is a Tiny 

and lightweight with high output power. Servo can 

rotate approximately 180 degrees (90 in each 

direction) and works just like the standard kinds but 

smaller. 

 

 
Figure 7: SG90 servo motor  

 

The servo motor is actually an assembly of four things: 

a normal DC motor, a gear reduction unit, a position-

sensing device and a control circuit. The dc motor is 

connected with a gear mechanism which provides 

feedback to a position sensor which is mostly a 

potentiometer. HCSR04 Ultrasonic sensor : HC-SR04 

is a commonly used module for non-contact distance 

measurement for distances from 2cm to 400cm.  It has 

4 pins: Vcc-connect to 5V dc , Trigger-pulse input that 

triggers the sensor , Echo-  the reception of echo from 

the target Gnd-ground final.  

 
Figure 8: HCSR-04 Ultrasonic sensor  

 

A trigger signal is provided to TRIG input, a HIGH 

signal of at least 10µS duration. This enables the 

module to transmit eight 40KHz ultrasonic burst. If 

there is an obstacle in-front of the module, it will 

reflect those ultrasonic waves. If the signal comes 

back, the ECHO output of the module will be HIGH 

for duration of time taken for sending and receiving 

ultrasonic signals. The pulse width ranges from 150µS 

to 25mS depending upon the distance of the obstacle 

from the sensor and it will be about 38ms if there is no 

obstacle. 

The ultrasonic sensor transmits sound waves and 

receives sound reflected from an object. When 

ultrasonic waves are incident on an object, diffused 

reflection of the energy takes place over a wide solid 

angle which might be as high as 180 degrees. Thus 

some fraction of the incident energy is reflected back 

to the transducer in the form of echoes. If the object is 

very close to the sensor, the sound waves returns 

quickly, but if the object is far away from the sensor, 

the sound waves takes longer to return. But if objects 

are too far away from the sensor, the signal takes so 

long to come back (or is very weak when it comes 

back) that the receiver cannot detect it. The sensor uses 

the time it takes for the sound to come back from the 

object in front to determine the distance of an object.   

 

  
        

 
    (1) 

The distance to the object (d) can then be 

calculated through the speed of ultrasonic waves (v) in 

the medium by the relation,  where, „t‟ is the time 

taken by the wave to reach back to the sensor and „ ‟ 

is the angle between the horizontal and the path  taken 

as shown in the figure. If the object is in motion, 

instruments based on Doppler shift are used. The 

ultrasonic sensor can measure distances in centimeters 

and inches. It can measure from 2 to 400 cm, with a 

precision of 3 mm. 

The implementation of this project is done using 

Arduino UNO microcontroller board which uses 

Arduino IDE software environment tool with C++ 

language, the GSM communication is done using AT 

commands which standard by 3GPP organization for 

all telecommunication systems, these software 

requirements are described in this chapter in addition 

to the system flowchart.  
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The overall methodology flowchart that describes the 

working principle of the proposed system is shown in 

Figure 10   

 
Start 

LCD, Servo, and Ultrasonic 

initialization 

If first sensor detect 

object 

Send trig signal from 

Ultrasonic sensors

Move each servo by 90 

degree 

Display Stationary 

object 

If Second sensor detect 

object too 

Display Moving 

object and send 

SMS message 

End

Yes

Yes

No

No

 
Figure 10: System Flowchart  

 

Circuit schematic  The general circuit components 

interconnection schematic which contains the sensors 

and servo motor with Arduino and GSM is shown in 

Figure 11.  

 
Figure 11: Circuit schematic diagram  

 

IV. RESULTS AND DISCUSSION 

The implementation of the system is fully constructed, 

the components interconnection of the circuit as shown 

in Figure 12. When the system firstly run it checks the 

connection between the microcontroller and the GSM 

module then it checks the registration of the SIM card 

to the carrier network, then if it‟s all OK it continue 

the procedure, Figure 12 shows the outputs when GSM 

routine check processed. To be mentioned that in this 

project the implementation assume that if the GSM is 

not performed correctly the system just stops until 

finding the GSM module and initializes the connection 

to the network. 

 

  

Figure 12: GSM and network checking routine  

 

Then After the GSM routine is performed, the 

Ultrasonic sensors and servo motors routine starts and 

check for objects in the detection range, if no objects 

are detected the screen will be cleared and nothing will 

be displayed, and if any object that detected at only 

one sensor it will be shown as stationary object and its 

related distance will be also shown into the display, as 

shown below in Figure 13, results show that there is an 

object detected by one of the sensors and the “STA” 

represents its stationary object, and in the line blow it 

shows the distance of the object which is at 7 cm 

approximately.  

 

 
Figure 13: Detection of stationary object 
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Then if a moving target is detect from the first sensor 

to the second sensor by a certain amount of time the 

object state is changed to “MOV” as shows Figure 14. 

 

 
Figure 14: Detection of moving target  

 

 After detection of moving target the SMS routine 

starts and the microcontroller sends an alert SMS 

message to the monitoring user and LCD will show 

that message is sent and system will remain ready 

again, as in Figure 15.  

 

 
Figure 15: Message sent from system 

 

Finally, the received SMS message that sent to the user 

will be show in Figure 16 indicates that a moving 

target is detected in the system coverage area.  

 
Figure 16: Received SMS alert message 

 

V. CONCLUSION  

The ultrasonic sensors were studied and the HCSR-04 

ultrasonic sensor was selected, as the results are 

satisfying for its use in the automobile prototype 

system being developed. It was used for distance 

measurement of obstacles that appear or lie in the path 

of prototype. On successful implementation of 

distance measurement, the obstacle detection 

algorithm was successfully carried out too with 

minimal errors, by coding the algorithm in Arduino 

using C++ language. Reported on the outcomes of a 

research and demonstration project on ultrasonic radar 

sensor for security system form moving human or 

object interference in a small space. By Using a GSM 

and two ultrasonic sensors attached with two servo 

motors the system can be used in any security purpose. 

The result in this project is satisfying and is a product 

of sincerity and hard work. The system has been 

successfully implemented and the aim is achieved 

without any deviation. There is a lot of future scope for 

this project because of its security capacity. It can be 

used in many applications. The product can also be 

developed or modified according to the rising needs 

and demand. 
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