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Abstract 
This paper is focused on the designing a prototype of an ultrasonic distance 

meter using HC-SR04 module. The design is an efficient way to measure the 

distance of closed object and obstacles. The principal application of sound 

wave is administered. It is based on sending sound waves through a specific 

medium (Air) and observing the returning echoes to measure the distance 

from the device to the obstacle. The system is divided into three parts; 

transmitter, receiver, and control unit. The transmitter (Tx) consists of an 

electronic circuitry which generates electrical signal. The receiver (Rx) 

consists of an electronic circuitry which detects the echoes bounced back 

from the obstacles. We programmed in C a microcontroller (ATmega328-

P) for selectivity sequence and calculate the time of flight of the signal 

which will be converted to distance in centimeter and verified it. Using the 

distances equation (D= (s*t)/2) a result was set and analysis with a ruler 

meter. The Distance Meter was built to be cheaper, requires less power, 

and delivers better performance. Distance measurement of an object in the 

path of a person, equipment, or a vehicle, stationary or moving is used in a 

large number of applications such as robotic movement control, vehicle 

control, and medical applications. Distance meter using ultrasonic sensors 

is one of the cheapest among various options. Finally the device needs high 

calibration for effective result. 
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Introduction 
A distance detector is a device capable 

of measuring the distance between 

two points A and B. The origins of 

distance measurement by means of 

graduated lengths of material such as 

chain, tape measure or piece of 

knotted rope are lost to antiquity. 

Optical distance measurement also 

has a long history. Electro-magnetic 

measurements make up a third 

method, where the time of travel of 

radio or light waves is converted into 

a distance cited, by Webster (2016). 

Hundreds of different types of 

instrument have been produced to 

make indirect distance measurement 

using light. All kinds of devices or 

equipment nowadays, begin with the 

basic design, basic theory and then all 

the weakness followed by 

improvement step by step. 

Basically this ultrasonic technology is 

based on ultrasound and a common 

use of ultrasound is in range finding 

that perfectly related to the objectives 

of this paper. This technology can be 

used for measuring: wind speed and 

direction (anemometer), fullness of a 

tank, and speed through air or water. 

For measuring speed or direction a 

device uses multiple detectors and 

calculates the speed from the relative 

distances to particulates in the air or 

water. To measure the amount of 

liquid in a tank, the sensor measures 

the distance to the surface of the fluid. 

The problem of the existing system 

are the non-accurate reading taken 

from the distance measurement, time 

taken during the distance 

measurement process and safety of 

injury during hand handling the 

measurement device and tools. 

This paper aims at developing an 

ultrasonic technology that can serve or 

used as a medium on how the distance 

will be measured, and this is one of the 

ways that the world today widely use 

ultrasonic technology especially, in 

some kind of general application such 

as in warfare applications, engineering 

applications and also in scientific and 

medical applications, Webster, 

(2016). 

 

REVIEW OF RELATED 

LITERATURE 

The measuring distance, measuring 

interval and range are terms which 

describe the difference between the 

lower and upper limit that can be 

measured. The range ability or turn 

down is the ratio between the upper 

limit and lower limit where the 

specified accuracy can be obtained. 

The error is a measurement of the 

difference between the measured 

value and the true value. The accuracy 



 

107  africascholarpublications@gmail.com                                                                               

 2020 
 

is the maximum error which can occur between the process variable and the 

measured value when the transducer is operating under specified conditions. 

Errors can occur for several reasons such as calibration error, manufacturing 

tolerances and environmental effects are common. Many devices have an 

inherent coarseness in their measuring capabilities cited by JiqiuSai, (2016).    

In many applications the accuracy of a measurement is less important than its 

consistency. The consistency of a measurement is defined by the terms 

repeatability and hysteresis. Repeatability is defined as the difference in reading 

obtained when the same measuring point is approached several times from the 

same direction of approach. Mechanical backlash are common causes of 

hysteresis. The accuracy of a transducer will be adversely affected by 

environmental changes, particularly temperature cycling, and will degrade with 

time. Both of these effects will be seen as a zero shift or a change of sensitivity 

(known as a span error). 

 
Fig. 1: Hysteresis, also known as backlash. The output signal is different for an 

increasing or decreasing input signal 

 

Basically ultrasonic (HC-RS04) is an adjective referring to the ultrasound and 

also called Sound Navigation and Ranging (SONAR). A studied technique that 

uses sound propagation under water (primarily) to navigate, communicate or to 

detect other vessels. There have two kind of SONAR, active and passive. The 

term sonar is also used for the equipment used to generate and receive the sound 

in 2014 and 2016, Sokolov, the frequencies used in sonar system vary from 

infrasonic to ultrasonic (Murugavel, 2015).  

 

Methodology  

The initial prototyping phase of the project included the selection and 

calibration of sensory and interface hardware, the selection and development of 

the core components of the real-time processor in which Arduino IDE software 

is used as the development environment which support C program. Testing and 

assessment of the appropriateness of each module is done to calibrate the 

functionally of HC-SR04 module. As part of the processes, Rapid Application 

Development (RAD) bases on its coruscation to system implementation. 
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Hardware and software 

A two sensor HC-SR04, LED diplay 2x16,and ATmega328-P are the basic 

building block to the design shown below. 

 
Fig.2: HC-SR04 sensor 

 

 
Fig.3: Pin Configuration with building blocks ATmega328-P Pin 

 

 
Fig.4: System Architecture of GPUs 

Testing 

The aim of testing is often to demonstrate that a program works by showing that 

it has no errors. The basic purpose of testing phase is to detect the errors that 

may be present in the program. Hence one should not start testing with the intent 

of showing that a program works, but the intent should be to show that a 
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program doesn’t work. Testing is the process of executing a program with the 

intent of finding errors. And the system has two basic phase of testing: 

i. Program testing  

ii. Acceptance testing  

 

Program Testing  

Focus on ensuring that the program work as intended and produce correct result 

in a controlled environment. The steps in program testing include: unit testing, 

integration testing and system testing. 

 

Acceptance Testing  

Focuses on the use of the system by the intended users, such as whether it 

continues to work as intended when users operate it. Certain aspects of the 

interface design may confuse users and lead them to misinterpret the results or 

misuse function. Such errors result in an overall failure of the system to produce 

the result to meet system goals, and these were addressed before the system was 

rolled out. 

 

Result of calibrating HC-SR04 sensor   

Several calibrating of the HC-SR04 was done and were tested to prove both the 

manual and automated method of measuring distance using ultrasonic sensor 

(HC-SR04) as shown in the table 1 below. 

 

Measurement data with scale and ultrasonic Sensor Meter 

Table 1: Distance Measured with ultrasonic sensor and Tape-Rule 

Ultrasonic Sensor Meter 

Measurement  

Tape-rule Measurement 

(scale)  

Difference between ultrasonic sensor 

and tape measurement 

(L=19.2, R= 33.7) + 8.5 = 

61.4cm 

62.2cm 0.8cm 

(L=32.9, R= 28.2) + 8.5 = 

69.6cm 

70.8cm 1.2cm 

(L=15.8, R= 20.7) + 8.5 = 

45cm 

44.1cm 0.9cm 

(L=65.6, R= 82.5) + 8.5 = 

156.6cm 

157.1cm 0.5cm  

 

Conclusion 

The objective of this paper was to design and implement an Ultrasonic Distance 

Measurement device. As described in this report a system is developed that can 

detect objects and calculate the distance of the tracked object. With respect to 

the requirements for an ultrasonic rangefinder the followings can be concluded. 
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a. The system is able to detect objects within the sensing range. 

b. The system can calculate the distance of the obstruction with sufficient 

accuracy. 

c. This can also communicate with PC through its serial port. 

d. This offers a low cost and efficient solution for non-contact type distance 

measurements.  

The Rangefinder has numerous applications; it can be used for automatic guided 

vehicles, positioning of robots as well as measuring generic distances and liquid 

levels in tanks. The ultrasonic detection range relates with size, figure, material, 

and position of the objects. Also there is a blind area and distance limitation in 

ultrasonic distance measurement. Despite these drawbacks, we find the devices 

main features to be extremely useful. After the design was implemented and 

tested, we would like to recommend a few areas for future improvement. Circuit 

Board Implementation, the high ultrasonic frequency that would be able to 

measure far distance and Installation of On-Board Programming Circuit is 

several ideas and modifications that can be improved the performance of this 

system in the future. 
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