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Abstract:The article presents an optimal proximity detector and monitoring device based on embedded system principally designed to address the 
problem of insecurity in many parts of the world.  The device architectural components were simulated using the Fritzing software and the Proteus 
design suite 8. The programming of the microcontroller was done in C programming language using the arduino integrated development environment 
(IDE). The system design uses an integrated network of an arduinouno microcontroller, HC-SR04 ultrasonic sensor, Liquid crystal display (LCD), Light 
emitting diodes (LED‘s) and a GSM module for both detection and monitoring purposes, all enclosed in a customized plastic casing of dimension 17cm x 
13.5cm x7.5cm. The design was tested using an oscilloscope and the output waveforms obtained agree closely with the expected theoretical results. 
The output result provides  an inexpensive and multi-functional security system powered with a 7 Volt dc battery. 
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1. INTRODUCTION 
A proximity detector and monitoring system is a security 
device capable of providing surveillance in real time within a 
specified location or area or a defined region of a space, 
thus the device provides a means of a detecting and 
monitoring one‘s environment [1-4]. This article is a 
carefully designed network and arrangement of electronic 
devices. The device uses an arduino microcontroller 
connected to an ultrasonic sensor, Liquid crystal display 
(LCD), buzzer, GSM module, and array of light emitting 
diode (LED) bulbs. Based on the input generated by the 
ultrasonic sensor, the microcontroller triggers the operation 
of other peripherals in alerting the user of a breach of 
danger within a specified location, area or region of space 
[5]. The transmitter of the ultrasonic sensor sends regular 
signal pulses within the region of space to be monitored on 
hitting an obstacle or target, the signal is reflected to 
another terminal of the sensor (echo). The encoded 
microcontroller using the time frame between signal 
transmission to reception is able calculate the distance of 
the object. When an object comes within the line of 
transmission of the sensor, some of the led bulbs turns on. 
As the object approaches further, more led light turns on [6-
8]. However, when the object or person reaches a threshold 
distance encoded in the microcontroller, the microcontroller 
activates the buzzer, the rest of the LEDs and the GSM 
module. The GSM module then sends a SMS message to 
the user, inform and alerting the user of a breach within the 
restricted zone [9-11]This work entails the design and 
construction of a proximity detector and monitoring device 
system. It incorporates an encoded arduino microcontroller 
networked with an ultrasonic sensor, buzzer, GSM module 
and an array of LED‘s [12-14]. The ultrasonic input to the 
microcontroller determines the action of the microcontroller, 
whether to trigger the buzzer or which and when the led 
bulb should come on, it also determines the time in which 
the microcontroller triggers the operation of the GSM 
module. The arduino microcontroller uses the C language 
for coding operations and thiswritten, debugged and 
transferred to the arduino microcontroller via are arduino 
Integrated Development Environment.In the existing 
literature in [15-16] developed a security system using 
passive infrared radial (PIR) sensor device integrated with a 
GSM module. The device can be used in commercial and 
residential buildings. The device also has rechargeable 
batteries which enables the continuous operation of the 

device during power outage. In cases of theft or burglary, 
the PIR sensor detects the presence of and the intruder by 
intercepting the body heat radiated from the body of the 
intruder, the interception of infrared signal triggers the 
microcontroller which in turn activates a siren , a GSM 
module, the GSM module then calls as well as send a SMS 
message to the user of the device informing the user of a 
breach in the protected zone. Similarly in [16] the 
development of PIR based security system was proposed 
to prevent un-authorized entry to a computer laboratory. 
The microcontroller in this case is integrated with an IP 
camera in addition to a GSM module and the PIR sensor. 
The device also works the same way except that this 
particular one does not use a siren and it also incorporates 
an IP camera for visual monitoring.Furthermore, on the 
implementation of security and monitoring devices, also in 
[17]which reported on a PIR based low cost motion detector 
security system. The device works utilizing a conventional 
PIR sensor device and a buzzer, both are connected to a 
microcontroller. An interrupt signal sent to the 
microprocessor by the PIR when it intercepts an infrared 
signal triggers the immediate operation of the buzzer [18-
20]. 
 

2. METHODS AND DESIGN 
In this section, the design considerations of the resistors, 
ultrasonic sensors, LEDs, buzzers and GSM module are 
shown using mathematical analysis and data specifications. 
The design considerations are used to determine the values 
of the components selected for the construction of the 
device. Design considerations for the light emitting diodes 
(LEDs) and Arduino Uno microcontroller is discussed in this 
section. 
 
2.1 Hardware Design Components 
The process of the successful design of the proximity and 
monitoring device involves the consideration of some LED 
functions which are heat dissipation, power and signal 
distribution, circuit support and protection [21-23]. The LED 
must be able to dissipate heat according to lighting 
standards, hence the material used in designing the semi-
conductor juncture must have the ability to withstand the 
heat generated which in turn generates the radiated light. 
Heat is conducted to the surface of the LED via convection 
or radiation. The components used are stated as follows 
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i. An Arduino Uno Microcontroller 
ii. HC-SR04 Ultrasonic sensor module 
iii. A 16x2 LCD display module 
iv. Two Red colored Light Emitting Diodes (LED) 

bulbs 
v. Two yellow colored Light Emitting Diodes (LED) 

bulbs 
vi. Two green colored Light Emitting Diodes (LED) 

bulbs 
vii. GSM module 
viii. Buzzer 
ix. Jumper wires 
x. I2C Connector 
xi. 330 Ohms Resistors 
xii. Solder less plug-in board 
xiii. Customized Plastic casing  

 
The following quantities and procedures were considered 
during the design consideration of the light emitting diodes 
(LED‘s) during the implementation of the device: 

1. The forward voltage (𝑉𝑓 ), forward current and the 

connection scheme of the LED. 
2. The number of LEDs in the string and the constant 

current source value in addition to the compliance 
voltage of the power supply. The quantities and 
their values are as follows and the number of LEDs 
used for the design (nL) and current supplied from 
the I/O pins of the arduino is 40mA 

3. The Power LED fit for the forward voltage, forward 
current and protection ratio. 

4. The package of the Power LED fit for the project. 
5. Perform tests on the Power LEDs by shunting with 

the protected LEDs 
 

 
 

Figure 1: Graph of Typical V-I curve for different LED 
colors. 

For the design, a 330 ohms resistor was used to limit the 
current flowing through the LEDs. Since the voltage across 
a parallel circuit is the same. The current across node 1The 
Design specification for Arduino microcontroller has the 
following specifications: Operating Voltage -5V, 
Recommended Input Voltage is between( 7-12V), Input 
Voltage pins is  6 (A0 – A5), Digital I/O pins- 14 (Out of 
which6 provide PWM output), DC current on I/O pins-40mA, 
DC current on 3.3V pin-50mA, Flash Memory is 32 KB (0.5 
KB is used for Bootloader), SRAM- 2 KB, EEPROM-1 KB 
and the Frequency(Clock Speed) is 16 MHz.The resistors 
are used to reduce the 5volts supply to the light emitting 
diodes (LEDs).The design uses six (330 ohms) for six LEDs 
respectively. Table 1 shows the design specification of the 
resistor. 
 

Table 1:Design specification for resistors specifications 
 

Resistance 330 Ohms 

Composition Metal Film 

Power 0.25 Watt 

Tolerance +/- 5% 

 
2.2 Design Configurations 
The architecture of the system was first designed using the 
Fritzing software using a block diagram on figure 10 as a 
guide. The system was then simulated on the Proteus 
design suite 8, using a well-designed flow chart given in 
Figure (2)Following the success in simulation, the device is 
then implemented on a solder less plug-in breadboard.The 
connections and implementation are coordinated using the 
block diagram. The connections are made as follows, the 
connections between the LCD and 1-2c backpack is made, 
the backpack help minimize the number of ports used on 
the arduino board.The I-2c backpack is connected to the 
ports on the arduino board, the terminals connected as 
follows: GND-Ground, SCL – A5 of Arduino, SDA-A4 of 
Arduino, VCC-5 volts terminalThe LEDs are arranged on 
the breadboard as shown in the fritzing schematics, each 
having 330 ohms connected to its positive terminal with the 
other terminal connected to ground [24-28] 
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Figure 2: proximity detector simulated on Proteus suit 8  
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Figure 3: Flow chart of the device.
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Figure 4: Breadboard modelling of the device using the 
FRITZING software. 

 

3. RESULTS AND DISCUSSION 
Upon completion of the circuit design and simulation using 
Proteus 8 environment, fritzing software as well as the 
compilation of the source codes using the arduino IDE 
environment respectively, the components were then 
assembled on a breadboard for testing. Each of the 
components were tested individually before final and total 
assembling and coupling in the manner as simulated on the 
software programs. The device worked perfectly. SMS 
message was sent to a phone when an object breached the 
threshold distance. Figure 4 shows the project in the 
simulation and testing stage on a plug-in solder less 
breadboard while Figure 5  shows the final execution of the 
project enclosed in a customized plastic casing of 
dimension 17cm x 13.5cm x7.5cm.Upon the completion, the 
output waveform of the reflected echo signal was generated 
at various distances by connecting a positive arm of the 
oscilloscope to the receiver (echo) and the other 
negativearm is connected to the transmitter which transmits 
eight pulses per second at aconstant frequency of 40KHz. 
Figure 18 depicts the process of generating the output 
waveform of the received echosignal. 
 

 
 

Figure 5: Generating the output echo waveform using an 
Oscilloscope 

 
The following waveforms were generated at the echo 
terminal of the HC-SR04 ultrasonic sensor.The outputs 
generated at various distance looks the same, they 
however differ in the magnitude of their average and 
maximum voltage as shown in the Figures depicting the 
waveforms, the reflected waveforms obtained at each 
distance are similar, as they have intermittent oscillations. 
The threshold distance programmed in the controller at 

which the device considers it to be safe is 30 cm. hence the 
threshold value had to be modified during testing in other to 
generate waveforms at longer distances. 

 

 
 

Figure 6: Echo output at 4cm range 
 

 
 

Figure 7:Echo output at 8cm range 
 

 
 

Figure 8: Echo output at 12cm range 
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Figure 9: Echo output at 16cm range 
 

 
 

Figure 10:Echo output at 20cm range 
 

 
 

Figure 11: Echo output at 24cm range 

 
 

Figure 12: Echo output at 28cm range 
 

 
 

Figure 13: Echo output at 32cm range 
 

 
 

Figure 14: Echo output at 36cm range 
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Figure 15: Echo output at 40cm range 
 

The output waveforms were generated using a 
‗Memoryfrime 2mega memory‘ built-in digital storage 
oscilloscope as shown in Figure 6 to Figure 15, the waves 
are generated at a frequency of 40KHz and transmitted at 
eight pulses per second. The pulses bounce off a target 
and are reflected to the receiver terminal of the HC-SR04 
ultrasonic sensor otherwise known as echo. To generate 
the waveforms, the volts per division is regulated to 50mV, 
the positive probe of the oscilloscope is connected to the 
Echo terminal of the ultrasonic sensor while the negative 
probe is connected to the Trig of the ultrasonic sensor. The 
outputs indicate the various waveforms generated within a 
distance range of 4 cm to 40 cm with an interval of 4cm. 
However, I observed that the waveform obtained when the 
probes are interchanged is an inverted form of the previous. 
However, it was noticed that the waveforms are muddled 
together due to the presence of ripples. Hence, the single 
mode of the oscilloscope is activated to generate a clear 
output waveform. Moreover, it was noticed that there is no 
sequential progression in values obtained, this is due to the 
constantly changing values of the reflected signal 
intercepted by the echo terminal of the HC-SR04 ultrasonic 
sensor. Although the outputs generated at various distance 
looks the same, they however differ in the magnitude of 
their average and maximum voltage as shown in the Figure 
19 to 28. However, the reflected waveforms obtained at 
each distance are similar, as they have intermittent 
oscillations. The threshold distance programmed in the 
controller at which the device considers it to be safe is 30 
cm. hence the threshold value had to be modified during 
testing in other to generate waveforms at longer distances. 
Table 2 shows the results depicting the outputs generated 
in descending order of the peak voltage values. 

 
Table 2: peak and output voltages of waveforms 

 

Peak voltage  
(mV) 

Average 
voltage 
(mV) 
 

Frequency 
(MHz) 

Duty 
Cycle 
(%) 

Rise 
time 
(ns) 

102 3.48 8.021 33.42 96.00 

96.0 3.57 5.441 25.93 10.96 

94.0 4.02 6.286 26.82 30.69 

88.0 1.82 16.29 69.45 33.00 

82.0 5.98 10.93 49.73 9.074 

80.0 2.82 7.890 36.16 15.66 

74.0 2.13 7.848 34.07 9.074 

72.0 5.38 6.410 27.24 27.63 

72.0 4.12 27.64 71.24 15.00 

68.0 3.49 6.588 29.64 35.86 

 

4. CONCLUSION 
An embedded system based proximity detector and 
monitoring device has been designed in this article and the 
simulation results agree closely with the theoretical values. 
The results observed onthe LCD screen displays the 
distance of the obstacle. When the object reaches the 
encoded threshold distance, the buzzer is activated and the 
set of LEDs arranged in the front view of the device is done 
according to the proximity of an object or intruder. Following 
the activation of the buzzer,The Microcontroller triggers the 
GSM module which then sends an Alert message (sms) to 
the user‘s mobile device. The device worked optimally as it 
informs the user of any security breach or danger in real 
time. The developed embedded system-based device has a 
wide range of applications which includes security system 
in homes, monitoring device for safeguarding artifacts and 
paintings in museums and vaults. It could also be used in 
parking aid system for vehicles. Future work would focus on 
integrating a longer-range ultrasonic sensor capable of 
detecting objects or intruders at longer ranges. A PIR 
sensor could also be integrated to efficient detection and 
object identification. 
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