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Objective: One of the current limitations to detect moving object. The current paper aims to

Keywords:

fill the gap in the literature by using a radar system in the identification of moving object,
Direction capturing the distance, direction, radar pulse duration and object shape simultaneously.
Moving object Velocity or the object’s speed towards or away from the radar was determined by using an
Radar algorithm to obtain the precision.
gﬁ:g; Methods: The accuracy of distance measurement and angle is ensured by comparing the real

values and the values obtained by the radar. The objects under study consist of metal and
non-metal. Novelty of this work is the accurate detection of moving objects with suitable
algorithms using only one Arduino UNO and one ultrasonic sensor.

Results: The experiment design yielded much better efficiency than previous works. The
proposed method predicted the exact speed of the object detected by the radar system. The
experiment has successfully proven the accuracy of moving object sensor.

Conclusion: Besides proper distance and velocity, a large set of data was taken to find the
accuracy of the radar for objects of different shapes. For a cylindrical object, the radar
provided 100% efficiency in a constant environment when the object was 5 cm away. The
accuracy decreased to 30% when the distance was 17 cm away. The limitation of this system
is that it was unable to detect small object or if the object was very close (1 cm).

Ultrasonic Sensor

1. INTRODUCTION

The concept of radio detection and ranging (radar) is originated in the 19" century during the 2" World War.
Initially, it was developed to the detect aircrafts. Generally, there are two kinds of radar: practical radar, which uses
electromagnetic waves; and ultrasonic radar, which uses use sound waves. To determine object distance, direction
and velocity, electromagnetic wave is impeded by opposition, which is then reflected back to the source.

Fig. 1 shows the outfit of ultrasonic sensor as well as how an ultrasonic sensor works as an object detector and
transmits and receives sound waves. The difference of ultrasonic radar and practical radar is the transmitted signal
and the range. An ultrasonic sensor is an electronic device that works with sound pulses. The transmitter of an
ultrasonic sensor transmits sound waves and if they get reflected by an object, the signal is picked up by the receiver
end. The time between transmission and reception is calculated to determine the distance.

Another system [1] uses an ultrasonic sensor attached to a microcontroller. The idea of distance measurement by
using such sound waves was first done experimentally [2]. Subsequent research [3] strongly agree that ultrasonic
sensor is the cheapest way to determine the distance of an object and that the suitable microcontroller is
P89CS51RD2, which is a family of 80C51 microcontrollers. This experiment was constructed with a transmitter
module, a receiver module and a sensor module. The results obtained from the experiment showed that the smaller
the distance between the sensor and the object, the smaller the error [2]. In 2017, a research project [4] examined an
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object speed by using ultrasonic sensor with the assistance of temperature. Meanwhile, another project [5] created a
meter based on ultrasonic sensors equipped with microcontroller, diode, resistor, capacitor, voltage regulator, crystal
oscillator in the distance detection.
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Fig. 1 Outfit ultrasonic RADAR and how it works

The major limitation of ultrasonic radar are the detection of a moving object or multiple objects. This paper aims
to solve one of these limitations. If the object is moving towards or away from the radar, the system will detect the
speed. The practical implication is to avoid accidents because knowing speed is necessary formulating a prevention
system. Detecting an object’s movement accurately is not easy. Authors of this paper aim to contribute to the body
of knowledge by solving this problem using an algorithm to evaluate the precise value by comparing the real
distance and the ultrasonic-measured distance.

In the early development of indirect distance measurement, James Watt used light [5] but light cannot travel a
long distance (only up to 40 cm), unlike sound. Radar could be an alternative because of its extended range, cheap
price, a variety of object selection, and accurate measurement when used as an ultrasonic sensor. The range of
ultrasonic radar is not interrupted like IR sensors [6]. High-impact application of ultrasonic radar includes tracking
of heartbeats [7] and evaluation of group velocity [8], tracking a large area and wireless distance measuring [9], and
obstacle detection in robotics [6].

The novelty of this work is in the moving object detection with only one ultrasonic sensor and against different
shaped and sizes. In addition, there is increased efficiency and cost minimization. Detailed explanation of the
working principle is described in the methodology section with a flow chart and a block diagram. Two distance
values are recorded within a fixed time along with the calculation of the velocity to avoid confounding variables [3,
4, 5] The findings are also presented as a visual representation depicting the “processing” application and the
accuracy.

II. LITERATURE REVIEW

Research on the use of radar is increasing and has been published in journals in various disciplines. For example,
there was a proposal of a system that can detect an object and a human in still or motion by using two ultrasonic
sensors, LPC2148 and DC geared motor [10]; a distance measurement by using Arduino ultrasonic sensor [11]; a
radar system that can detect distance and direction of object [12]; distance and direction mapping with a processing
App [12]; distance and direction measurement by using an Arduino ultrasonic radar embedded system [13]; distance
and direction detection by using a microcontroller ATmegal6 [14]; and a height detector with ultrasonic sensor by
using a microcontroller ATmegal6 [15].

What should be noted is that the detection of moving object has not examined in the previous papers [10, 11, 12,
13, 14, 15]. The current study aims to fill the gap by examining this by using a low cost device and an algorithm to
solve the calculation problems. Arduino code and salient analysis were also used to observed objects in different
shapes and sizes.

In previous research, ultrasonic sensor was used to detect the presence of human in a place is filled with smoke
[16]. The height of an object could also be detected by using an ultrasonic sensor connected to a smartphone [17].
The length of an object could also be detected by using an ultrasonic sensor combine with an additional equipment
named Raspberry Pi [18]. Another system can detect more than one object position [19]. A radar system can also be
developed to cover a larger range of ultrasonic sensor and turned into a mobile robot with a sonar system [20].
However, the technologies used in the research projects above are expensive. The current research proposes a
method that is simpler, more affordable but effective.
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III. METHODS

In this study, ultrasonic sensor and servo were both major components. These were connected with and controlled
by an Arduino UNO. Ultrasonic sensor transmits ultra sound and the servo motor rotates the ultrasound sensor. The
Arduino UNO consists of USB connector, microcontroller, analogue input pins, power port, digital pins, crystal,
oscillator reset switch, USB interface chip, TX RX LEDs. It functions as a controller and provides a coding
environment so it requires direct connection to a computer. HC-SR04 ultrasonic sensor is used in this study as it
transmits the sound wave of high frequency near about 40 kHz to 70 kHz. Humans cannot hear it. If the wave gets
reflected by an obstacle, then the reflected sound will be picked up by the receiver. Sonar is used to identify the
object.

The four pins of the sensor are: VCC=5VDC, trig pin=trigger pin/input pin, echo pin=output pin and GND or
ground pin. AlQus trigger pulse is generated with the help of trig pin and to produce sound wave of 8 cycles.
Normally echo pin stays in a low state (0V) but when it receives the sound wave it goes to a high state of 5V. The
total high state (5V) of echo pulse is counted as the travelling time of the sound wave.

Servo motor (SG90) is a rotatory motor which runs with the help of servo mechanism. Servo motor is used here to
detect the angle of the moving object. 0 to 180 degree is the rotatory range of servo motor, but depending on the
manufacturing it can go up to 360 degrees [21]. Servo motor receives the control signal and tunes the shaft. Servo
motor is used to set up the position and velocity of the ultrasonic sensor. Three wires from the servo motor have to
be connected manually.

For the implementation of the components, the trig pin and the echo pin of the ultrasonic sensor (HC-SR04) are
connected to the PWM pins and the SPI pins of Arduino UNO. Servo and ultrasonic sensor are connected in such a
manner where ultrasonic sensor can be mounted on the servo motor. The Arduino UNO power is supplied by the
computer. The code that has been uploaded onto the Arduino UNO software will run through the data generate
results.

A. Hardware Design/ Connection Setup

Proteus, EasyEDA and Fritzing are popular software nowadays. EasyEDA simulates the circuit before the
implementation to test experiment as shown in Fig. 2.

ARDUINO
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Fig. 2 Construction of circuit diagram in the simulation stage to test the experiment result before the implementation

After a successful circuit simulation, the implementation takes place by using an improved algorithm. Servo
motor and ultrasonic sensor are attached to the implementation circuit.

B. Equations
The equations are shown in (1)(2)(3)(4):

_ T*0034

p =12 (M
v=Ad+At=""020 ()
=29, 100 (3)
n=100-e )
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Where, D is distance, T is duration or travelling time of echo pulse, V is velocity of the object, Ad is the
difference between two distances, At is the time difference for displacement of the object, d2 is the final distance of
the object, d1 is the initial distance of the object, t2 is the final time of the displacement, t1 is the initial time of the
displacement, e is the error between the two distance (%), du is the ultrasonic distance, da is the actual distance, 1 is
the efficiency of the ultrasonic sensor (%).

C. Algorithm/ Sofiware System

= Step I: Start and initiate the code
= Step 2: Initialize all variables: trig pin, echo pin, distance, distancel, distance2, speed, angle,
duration and pulse duration
= Step 3: Set the pin mode, defining trig pin as output and setting echo pin as an input. Without
defined pin setup, it is not possible to start the work
= Step 4: Start the loop in order to start counting the angle for loop: declare i=15; where i<=165;
increment the value of i by one
a) Write value for servo: servo write (i)
b) Set the delay for the rotation; to control the speed of servo motor
¢) Read the distance and keep it in the variable distancel
d) Set the duration between reading of two distances: delay (1000)
e) Read the distance and keep it in the variable distance2
f) Calculate the speed : speed = (distancel-distance2) / 1.0
g) Print the outputs in serial monitor: distance, angle, speed and pulse duration.
h) End of the loop
= Step 5: Start the loop for moving to the starting point:
For loop: declare variable i=165; where i>15; decrement variable i by 1 (because now servo motor
goes from 165 degrees back to 0 degree). Again, it would follow the sub steps of the step 4 in search
of the object.
= Step 6: Call the function ‘distance’
a) set the trig pin
b) set the delay
¢) find the duration, duration = pulseln (echoPin, HIGH);
d) find the distance, distance= duration*0.034/2;
e) return distance
= Step 7: End

Fig. 3 Algorithm to calculate the velocity of the object

This algorithm (Fig, 3) is designed in a way that main improvement is done through the modification of the
software. The algorithm was formulated to calculate the velocity of the object in an easiest and accurate way
possible (2). The main point was to read two distances in a fixed duration. There is an equation to measure the
distance of object with the help of sound wave travelling time (1). The code follows this algorithm, which is then
run to generate the experimental output at the serial monitor. Then, the result is compared with the real value which
measured with a conventional scale. The comparison shows that this experiment yielded high accuracy than
previous works.

D. Flowchart

The experiment can also be represented in a flowchart to reflect the algorithm, as shown in Fig. 4. When the
ultrasonic sensor and moto receive power supply they start to work. Arduino UNO sends the 10us trig pulse, which
the starts the high echo pulse position. Servo starts to work when the angle range was 3<0<180 degree. After that
Arduino UNO waits when the echo pulse returns to its previous state. If echo pulse goes back that means there is an
object and an initiated calculation distance (if the object is static). After the calculation is done, the result it shown
on the display. Again, if there is a moving object then the speed is calculated, and the results are shown on the
screen. As it is a radar system, the servo motor will continuously move and cover the range to detect if there is
another object.
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Fig. 4 Representing the work in a flowchart

E. Block diagram
The working principle of ultrasonic radar can also be shown as a block diagram in Fig. 5.
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Fig. 5 Block diagram of the working principle of an ultrasonic radar

As shown in Fig 5, Arduino UNO receives power supply from the computer. Then microcontroller sends signals
to the other two components: the ultrasonic sensor and servo motor. The feedback from these components is sent
back to the microcontroller. The ultrasonic sensor has a transmitter to send out the ultrasound and a receiver to catch
the reflected sound waves. The total travelling time of this sound wave is the distance.
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Fig. 6 Hardware implementation

Fig. 6 shows the practical implementation of the overall radar system. The setup worked properly as expected.
The system was able to experimentally detect metal, non-metal and a still and moving human. The outcome of the

practical implementation was analyzed in the following section.

IV. RESULTS

During the implementation of the experiment, the serial monitor continuously produced data. There were in total
of 18 data sets collected for evaluation and validation checking, as shown in Table 1. The result shows whether the
object is static or moving. If the object is moving towards the radar then it produces a negative value and vice versa.
If the object is static, then the speed is zero. With this, the system is able to locate a moving object. Table 1 shows
the results of a non-metal square 3D object. Object distance was increased with various speed to observe the validity
of algorithm. The serial monitor output shows the four important parameters speed, distance, angle and pulse

duration.

TABLE 1

OBSERVATION OF OBJECT IN DIFFERENT ANGLE, DISTANCE, SPEED VARIATION

Angle (degree)  Distance (cm)  Speed (cm/s)  Travelling time (us)

42 6 -3.00 383

62 9 -3.00 551

63 10 3.00 597

81 12 0.00 740

79 13 1.00 777

86 14 0.00 835

22 15 -9.00 904

98 16 -1.00 967

97 17 0.00 1025

99 20 4.00 1178

101 22 1.00 1310

103 23 1.00 1360

105 24 1.00 1410

106 25 1.00 1471

113 39 -1000 2321

117 70 -17.00 4160

118 81 12.00 4791

122 110 -921.00 6488

TABLE 2
RANGE DETECTION OF PROPOSED RADAR SYSTEM AT DIFFERENT ENVIRONMENT

Range criteria for Ultrasonic sensor (HC-SR04)  Environment Range
Maximum range Inside the room 366 cm
Minimum range Inside the room 2 cm
Maximum range Outside the room 251 cm
Minimum range Outside the room 2cm
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TABLE 3
DISTANCE MEASUREMENT OF ULTRASONIC AND ACTUAL VALUE FOR BOTH METAL AND NON-METAL OBJECT
Actual
Ultrasonic Distance Actual Distance Efficiency Error (%) Ultrasonic Distance Efficiency (%) Error (%)
(cm) (Metal Object) (cm) (Metal (%) (Metal (Metal Distance (cm) (cm) (Non- (Non-Metal (Non-Metal
Object) Object) Object) (NOn-Metal Metal Object) Object)
Object) Object)
3 2 50.00 50.00 3 2.5 63.63 36.36
3 2.7 88.89 11.11 4 3 66.66 3333
4 35 85.71 14.29 5 4 75.00 25.00
5 4.5 88.88 11.11 5 4.5 88.88 11.11
6 55 90.00 9.09 6 5.8 96.55 3.44
7 6.6 93.93 6.06 7 6.8 97.06 2.94
7 6.8 97.44 2.56 8 7.9 98.73 1.27
8 7.8 97.44 2.56 9 9 100.00 0.00
9 9 100.00 0.00 10 10 100.00 0.00
10 10 100.00 0.00 12 12 100.00 0.00
11 11 100.00 0.00 13 13 100.00 0.00
12 12 100.00 0.00 14 14 100.00 0.00
13 13 100.00 0.00
14 14 100.00 0.00
15 15 100.00 0.00
18 18 100.00 0.00
20 20 100.00 0.00
30 30 100.00 0.00
TABLE 4
ACCURACY MEASUREMENT OF DIRECTION OR ANGLE (DEGREE)
Actual direction (degree) Servo indicated (zg:;::(:; Efficiency (%)
10 23 98.70%
40 53 99.68%
50 59 99.82%
85 86 99.99%
95 90 100%
110 109 100%
130 129 100%
150 150 100%
165 165 100%
TABLE 5
RADAR SYSTEM PERFORMANCE EVALUATION AGAINST DIFFERENT SHAPE OF OBJECTS
Object type Ultrasonic distance Actual distance Efficiency
Square shape object 18 cm 18 cm 100.00%
(height=14cm, length =7.5cm) 1046 cm lem Undefined
Cylindrical metal object 19 cm 18 cm 94.44%
Square shape (height=4.5cm, length=2.5cm) 18 cm 18 cm 100.00%
19 cm 18.5 cm 97.29%
Square shape (height=3.4cm, length=1.5cm) 18 cm 18 cm 100%
Cylindrical small object (height=9cm, diameter=1.1 1046 cm (undefined) I cm Undefined
cm) 5cm 5cm 100%
6 cm 6 cm 100%
7 cm 7 cm 100%
8 cm 8 cm 100%
10 cm 9.2 cm 91.30%
17 cm 10 cm 30%
142 cm 12 cm Undefined
142 cm 13 cm Undefined
142 cm 16 cm Undefined
142 cm 18 cm Undefined
Very small object (small LED) Undefined I cm Undefined
Undefined 5cm Undefined
Undefined 18 cm Undefined
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A. Table

Table 2 shows the range detection capacity in changed environments. For the same setup, it showed different
values when it was inside the room and when it was outside the room. It is important to explore maximum and
minimum range of proposed radar system in different environments. Table 3 is constructed from data which was
taken from the radar readings. The actual values of object’s distances were measured inside the room for both metal
and non-metal objects, showing the actual and the ultrasonic distance. From this, efficiency and error are calculated
to evaluate the performance of connection setup using equation (3) and equation (4).

Table 4 is constructed from the data taken from servo reading and the actual value of the measured angle for the
square metal object. Efficiency is also calculated for each data set to see the nature of response. Meanwhile, Table 5
evaluates the object direction and the angle error distortion. Table 5 is important to show the performance of the
radar against different shapes and sizes. Small object, medium object and large object were used in this experiment.
Table 5 shows that the proposed radar system was unable to detect small objects and the accuracy decreases with the
decrement of size and shape.

B. Visual outcome observation

Distance: 4 cm

Fig. 7 The result of system is represented by Processing software, short distance view

Fig. 7 was taken in the movement of the radar when the processing sketch also started to move. Where radar finds
an obstacle, a red color shows to identify that an object is detected. By using coding, arc line and distance line were
drawn. The code continuously took the value from a serial port. If there was no object detected then it shows green
color. At the bottom of the screen, it is showed that angle was 72 degree and distance was 4 cm. The sketch was
done for 0 degree to 180 degrees.

C. Graphical Representation

To evaluate the performance of the proposed radar system, a visual was created. Fig. 8 is drawn from Table 1.
The graph represents the travelling time of sound wave (high echo pulse duration) with the increment of distance.
The graph conveys that the relationship between travelling time and distance is proportional. As soon as the echo
pulse comes to low state (0 V) from high state (5 V) means the travelling time of echo pulse is decreased. The object
distance also shorter in that case as the ultrasound reflects back to receiver of radar.

Travelling Time (us)

Distance (cm)

Fig. 8 Ultrasonic distance Vs Travelling time of sound wave graph
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Fig. 9 Comparison of actual distance and ultrasonic distance for metal object over several samples
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Fig. 10 Comparison of actual distance and ultrasonic distance for non-metal object over several samples

In Fig. 9 and Fig. 10, X-axis indicates the number of samples and Y-axis indicates the value of the measured
distances for the metal object and non-metal objects sequentially. The graph shows the difference between the
ultrasonic value and the actual value. It indicates that initially ultrasonic distances (blue bar) are more than actual
measured value (orange line or orange bar) but gradually both of the bar become equal with distances.
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Fig. 11 Evaluation of error for metal object
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Fig. 13 Efficiency graph where X-axis includes the ultrasonic distance and Y axis includes the metallic and non-metallic object efficiency

Fig. 11 and Fig. 12 represent the error for the corresponding to actual distances of the metal and non-metal
objects. The graphs show the percentage of error of the objects against the distance is high initially, at about 50%.
Gradually, with the increment of distance from the radar, the error is reduced to 0%. The metal object gives the
better performance in this case. There is less error and the error rapidly decreases. Fig. 13 is a comparison between
the two efficiencies of metal and non-metal objects. For the first stages of the graph the difference is larger and
when the distance increased, the fluctuation is decreased. It should be noted that efficiency performances are not
same for metal and non-metal objects.

V. DISCUSSION

Ultrasonic sensor is mostly used to find distances, but the current paper aims to measure three parameters
(distance, speed and direction) at the same time. The radar’s performance is also evaluated against different objects’
shapes and sizes. In Table 6, the novelty and effectiveness of the work can be evaluated by looking at the
comparison results of the current study with those of the previous ones. Cost, complexity, efficiency, decremental
value of error and simplicity are the key success factors.

The proposed system can detect moving object with the speed of 3.00 cm/s as shown in Table 1, which is similar
to what has been done in previous research [21, 24, 25]. In Table 2, what makes differences in the maximum range
inside (366 cm) and outside of the room (251 cm) is the soundwave’s speed as influenced by the environment
parameter. For the same ultrasonic distance of 5 cm, a metal object shows 88.88% efficiency and a non-metal object
shows 75% efficiency. That means this radar system provides better efficiency for metal objects compared to the
non-metal objects. The results in Table 5 are identical to other works [6, 27] with a new numerical analysis done for
different shape of objects.

Fig. 14 is constructed from Table 5 to show that ultrasonic radar responds better to a square-shaped object than a
cylindrical-shaped object. When a cylindrical object is very close to the sensor, it fails to detect it. The best
identification is when the object is big. The accuracy of small object and cylindrical object identification started to
decrease after 8 cm distance and totally fails to detect when the distance reaches 10 cm. The radar is unable to detect
small objects like LEDs in any distances. The connection setup also fails to differentiate between two different

objects; and detect object size of unknown object. Future studies will benefit from examining these areas.
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TABLE 6
COMPARISON WITH PREVIOUS WORK
Point of improvement The current study The previous work The accuracy, value or cost
1 Moving object detection ~ Completed by using ultrasonic sensor  Previous research [22] measured the Cost: Ultrasonic sensor costs 270 Tk but
(the velocity is shown in Table 1) moving object with stereo cameras average range of stereo camera costs 7384.68
and more complex algorithm. Tk.
Complexity: The algorithm of this experiment is
simple but authors [22] used reflection of
motion.
2 Moving object detection ~ Accomplished by using only one Previous research [10] used two Cost: This experiment cost is lower compared to
ultrasonic sensor. ultrasonic sensors to detect the [10].
movement of the object. Performance: The proposed system can detect
velocity of object as shown in Table 1.
3 Moving object detection Measured the velocity directly. Previous research [23]used images or Complexity: The current study is less complex
video to detect the moving object compared to [23].
(indirect approach).
4 Decrement ofe_rror mn du da T e (%) du da T ¢ Better performance: Previous research [24] did
case of measuring (cm) (cm)  (us) (cm) (cm) (us) (%)
. not have accuracy as much as the current study
distance > 4.3 . 11 3 38 p 16 (better accuracy at about 7.2%)
10 10 597 0 10 10.72 680 72 uracy bz
5 Direction Accuracy The accuracy is shown at Table 4. Previous research [9, 21, 25] used The proposed radar system can claim 100%
similar approach but did not obtain accuracy of angle detection.
the level of accuracy as the current
study
6 Shape Analysis Radar response was examined against Previous research [9, 21, 25] did not Table 7 shows the shape identification with
different shapes of objects. analyze the shape response. 100% efficiency.
7 Better Efficiency With a distance of 15 cm, the efficiency  Previous research [26] yielded More accurate than [26]
was 100%. 87.38% efficiency for the same 15-cm
distance.
8 Maximum detection The maximum range of ultrasonic Previous research [27maximum more efficient than [27].
range sensor observed from the experiment distance was 150 cm.
was 366 cm.

Note: e = error between the two distance (%), du = ultrasonic distance, da = actual distance, n = efficiency of the ultrasonic sensor (%)
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Fig. 14 Graph of different response of ultrasonic sensor against different shape and size of object

VI. CONCLUSIONS

Radar is a remarkable invention from various perspective, including measuring velocity and calculating distance.
The proposed radar system had only small error when calculating distances and can predict velocity accurately.
When the object is static, the serial-monitor of the radar system shows the speed is 0 cm/s. When the object moves,
the number goes along with it. Direction of the object was also observed with the best efficiency. The radar system
detected the square and large cylindrical objects more precisely than small objects. The object size and distance are
important variables in the shape analysis. Overall, the system can provide 100% efficiency unless of the distance is
less than one centimeter and the size is extremely small. However, it important to note that the experiment was done
in a constant environment.
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