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Chapter 34

ANALYSIS OF PERFORMANCE PROXIMITY SENSOR SRF-05
AND MAXSONAR-EZ?2 IMPLEMENTED USING ARDUINO

Erwan Eko Prasetiyo”, Farid Ma’ruf*:
College of Acrospace Technology. Yogyakarta, Indonesia
University of Ahmad Dahlan, Yogyakarta, Indonesia

Abstract

Proximity sensors can be applied to prevent UAVs from crashing into the obstacle. [n
general, each sensor has a datasheet that displays data specifications. However, the
sensor performance when implemented does not necessarily have the same results as
the data presented in the datasheet. This study aims to determine SRF-05 and
Maxsonar-EZ2 proximity sensors performance. Sensor performance is seen based on
detected range, error percentage, and power usage. The variables observed in this
study are the distance that is read by the sensor, the percentage of error and the power
consumption of the sensor. The type or model of research used is comparative
research. A comparison is used to compare the performance of SRF-05 and Maxsonar-
EZ2 proximity sensors. The results showed that the SRF-05 sensor had a smaller error
percentage of 0.17%, compared to the Maxsonar-EZ2 sensor with an error percentage
of 1.51%. The Maxsonar-EZ2 sensor uses less power which is 13.55 mW compared to
the SRF-05 sensor which uses 15.09 mW of power. The SRF-05 sensor has a wider
detected range that is between 3 em to 300 cm, compared to the Maxsonar-EZ2 sensor
which has a detected range between 16 cm to 120 cm.

Keywords: performance analysis, proximity sensors, SRF-05, Maxsonar-EZ2.

INTRODUCTION
Urban life has an impact on the level of community mobility. Urban people
want a better quality of life [1]. All processes are expected to take place quickly.
The process of communication, fransportation and logistics delivery is always
strived to take place quickly. TTowever, the phenomenon of congestion in urban

Lerwan.eko@sttkd.acid,
% farid marufi@ie. vad ac.id

2

Erwan Eko Prasetiyo, Farid Marufl

areas has become commonplace. This will have an mmpact on the process of
shipping goods to be hampered. One way that can be done is to use a UAV to help
send goods.

The presence of unmanned aerial vehicles (UAVs) 1s a technological
development in the field of aviation [2]. TUAV is an unmanned aircraft system that
can carry out flying missions either flying independently with the help of
autopilot or driven remotely with the help of remote control. One type of UAV is
a quadrotor which 1s a multi-copter with four rotors. The quadrotor can be
controlled remotely so that it can be used as an aerial monitoring robot. The use of
quadrotor is quite extensive, among others, for military purposes, forest
monitoring, border monitoring, traffic monitoring and photography [3].

The use of quadrotor in open areas has been equipped with an excellent
navigation system with the use of GPS sensors (Global Positioning System) [4].
The use of GPS sensors can improve the accuracy of the navigation position on a
quadrotor [5]. However, this navigation system is not good if used in a closed
room, for example 1n a building or building. The use of GPS for navigation 1n a
closed room can make GPS signals cannot be received properly, so the position
data is not accurate.

The accuracy of the position data on the quadrotor navigation system i very
mmportant. The accuracy of the position of a quadrotor in roaming 1s determined
by the accuracy of sensor data received from GPS [6]. One impact of inaccurate
position data is the occurrence of a collision. Collisions can occur between
quadrotor with another quadrotor or between quadrotor with walls or other objects
around it. This incident can be overcome by adding an ultrasonic sensor Lo detect
objects around its [7]. However, the ability of quadrotor in avoiding collisions is
also determined by the performance of ultrasonic sensors in providing data [8].
The faster and more accurate the data received by the navigation system on the
quadrotor, the better the performance will be. So, the guadrotor can avoid a
collision quickly if there are obstacles around it. The accuracy of distance data is
determined by the percentage of sensor error 1s detected the distance data of the
object in front of 1t. The smaller the percentage of errors in detected a sensor's
data, the more accurate the data it reads.

The quality of ultrasonic sensors used will affect the performance of
quadrotor in responding to obstacles when flying, especially when flying indoors.
So, mformation about the performance of this ultrasonic sensor 1s very important
to know in a navigation system on a quadrotor. Research on navigation syslems
on quadrotor has been carried out by previous researchers. A researched on
developing automatic navigation systems on quadrotor using a 2D laser finder for
forest exploration [9]. Other researched on developing quadrotor navigation
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systems based on crowd-sourcing electronics for regions that do not get GPS
signals [10]. A designed a position tracking system on UAVs used Single RGB
Camera for automatic position search [11]. Implementing the navigation system
used optical flow and ultrasomic sensors without GPS [12]. Implementing
ultrasonic and barometric sensors that were used together to maintain the
quadcopter at a consistent altitude [13]. Based on research conducted by previous
researchers on navigation systems on a quadrotor, the authors conducted a study
to observe the perlformance of the SRI-05 and Maxsonar-EZ2 proximity sensors.

The use of UAVs as a means of transportation is one of the breakthroughs in
cfforts to support urban development with high-density levels [14]. However, the
use of UAVs as a means of transportation must pay attention to safety factors. The
selection and use of a good sensor can avoid the risk of collisions and accidents
on UAVs., The purpose of this study is to determine differences in the
performance of the SRF-05 proximity sensor with Maxsonar-EZ2 before it is
applied to the quadrotor navigation system [15].

METHOD

This research presents a performance evaluation of proximity sensors. The
cvaluation is done based on the observed variables: the shortest distance and the
farthest distance readable by the sensors, the percentage of sensor error, and the
power consumption of sensors. Two different proximity sensors are used mn this
study, those are SRT-05 and Maxsonar-EZ2.

Proximity Sensors: SRF-05 and Maxsonar-EZ2

The SRF-05 sensor is a proximity sensor that is able to detect obstacles in
front of it in the range of 3 cm-300 cm with a working voltage of 5V. This sensor
uses the principle of time of flight. SRF-05 sensor will measure the time from the
sound emitted to the sound reflected. The measured time will be compared with
the distance traveled is shown in Figure 1. The working principle of this sensor
uses ultrasonic pulses. This pulse 15 an ultrasonic signal with a frequency of £ 41
kHz for 12 peniods. The signal 1s sent by an ultrasonic transmitter. When a pulse
hits a barrier, this pulse is reflected and is received again by an ultrasonic receiver.
The distance between the measuring device and the barrier can be calculated by
measuring the time interval between when the pulse is sent and the reflected pulse
15 recerved [16].

The Maxsonar-EZ2 sensor is a proximity sensor. As per the datasheet, this
sensor is able to detect obstacles in front of it in the range of 0 - 6.45 m with a
working voltage between 2.3V-35V. Maxsonar-EZ2 ultrasonic sensor has a
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shmmer shape. The principle works almost the same as proximily sensors
general, namely by emitting an ultrasonic signal and then recapturing it after the
signal bounces about a particular object [17]. The Maxsonar-EZ2 ultrasonic
sensor 18 shown in Figure 2. In the Maxsonar-EZ2 Ultrasonic Sensor, the
ultrasonic signal emitted has a pulse width between 0.88 ms to 37.5 ms. Within
250 ms after power is activated, the Maxsonar-EZ2 sensor is ready to accept the
RX command.

Fig, 1(a). SRI*-05 Sensor Fig, 1(b). Maxsonar-EZ2 Sensor

Research Steps

The steps n this study were divided 1nto five stages, 1.e. determine research
problems and research objectives, and determine the variables to be observed,
collect data, data analysis, and make conclusions as shown in Figure 2.

| STEPS OF THE RESEARCH |

[ Determination of research problems and research objectives ]

¥

[ Determination of the variables to be observed ]
et

[ Data collection ]
¥

[ Data analysis ]
¥

[ Conclusions ]

Fig. 2. Steps of the Research
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The variables observed in this study are the shortest distance and the farthest
distance readable by the sensors, the percentage of sensor error and the sensor's
power consumplion. The research model used 1s comparative research.
Comparisons were made to find a performance comparison of the two research
objects namely the SRF-05 proximity sensor and the Maxsonar-EZ2 as shown in
Figure 3.

SUPPORTING COMPONENT COMPOMENT TESTED MEASUIRING INSTRUMENT

o & L

cantrollcr Melbmek
4.- =d e =p Tape meter

A @«

Max sonar EZ-2 Wolt meter

Ampere meter
Watt meter

\\ /” . 2 N .,

Fig. 3. Design of the research

The study was conducted by observing the data of each variable on each
sensor. The observed data are the closest distance and the farthest distance read by
the sensors, the percentage of sensor error and the power consumption required by
the sensor. The data of each observed variable is then compared between the SRF-
05 sensor and the maxsonar-EZ2. The performance of the two sensors can be
determined based on data obtained from each of the observed variables.

RESULTS AND DISCUSSION

In this paper, data are obtained from testing each sensor. The data result of
distance detected obtained from the distance detected results by testing the SRF-
05 Sensor and Maxsonar-EZ2 [18]. Based on the distance detected data, then the
maximum distance and minimum distance data detected by each sensor can be
known. From the data of distance detected also obtained the difference between
the distance detected and the actual distance, so it can be seen the value of the
percentage of error in each sensor. The error percentage 1s calculated using the
following equation:

e= 5 x 100 (1)
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where e 15 the error and a 1s the actual value. Power consumption of the sensors 1s
determined based on voltage and current of the SRF-05 and Maxsonar-EZ2
sensors. Based on the voltage and current data, the power consumption is
calculated using the following equation:

P=VxI (2)

where P is the power in Watt, V is the voltage in Volt, and [ is the current in
Ampere.

Detected Distance

Sensor performance testing is done by observing the data of distance sensed
by the sensor. The distance data read by the sensor 15 then compared to the actual
distance. Before conducting the test, the sensor 1s mounted on a quadcopter
electronic system as shown in Figure 4.

a

Tig. 4. Installation of Ultrasonic Sensors SRTF-05 and Maxsonar-EZ2

The test 15 done by measuring the actual distance using the tape meter then
the distance data that is detected by the sensor [19]. The distance data read by the
sensor 1s displayed through the serial monitor application mn the Arduino IDE
soltware as shown in Figure 5. The average percentage of errors can be calculated
as shown in Table 1. SRF-05 sensor and Maxsonar-EZ2 testing are done by
observing the distance data that 1s read by each sensor as shown in igure 6. The
test results show that both types of sensors can read distances well. The SRF-05
sensor can read distances between 3 cm and 300 cm.

The Maxsonar-EZ2 sensor can read distances between 16 ¢cm and 120 em.
The minimum distance that can be read by the SRF-05 sensor is 3 cm, this result
18 shown by the inability of the SRF-05 sensor to read a distance of less than 3
c¢cm. The maximum distance that can be read by the SRF-05 sensor is 300 cm.
While the mimimum distance that can be read by the Maxsonar-EZ2 sensor 15 16
cm, this result is shown by the inability of the Maxsonar-EZ2 sensor to read a
distance of less than 16 cm. The maximum distance that can be read by the
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Maxsonar-EZ2 sensor is 120 em, this result is shown by the inability of the
Maxsonar-EZ2 sensor to read a distance of more than 120 cm. The percentage of
error of SRF-05 sensor data has an average of 0.17%. The percentage of error of
the Maxsonar-EZ2 sensor data is 1.53% if using analog data output on pin AN
while using pulse data output on the PW pin has an error percentage of 1.51%.
Based on testing data, the SRF-05 sensor has a smaller error percentage compared
to the Maxsonar-EZ2 sensor. Besides the SRF-05 sensor also has a wider
measurement range than the Maxsonar-EZ2 sensor.

Fig. 5. How to Test the Sensor

e S REOE

120 : =
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Fig. 6. Distance Detected Testing Results
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Table 1. The average percentage of errors

Average Percentage of Errors (%)
SRF-03 EZ-2 AN Mode | EZ-2 PW Mode
0.17 1.53 1.51

Power Consumption

Testing is done by measuring the clectric current and sensor voltage. In this
test, the parameters observed are the voltage and current flowing in each sensor
when the sensor is activated when the sensor detects the object in front of it. The
magnitude of the eclectric current on the sensor is measured using an ampere
meter, while the voltage 1s measured using a voltmeter. Data from the test results
are presented as shown 1n Table 2.

Table 2. Test Results of SRF-05 Sensors and Maxsonar-EZ2 Sensor Power

Measurement Average Power (mW)
Distance (cm) SRF-05 EZ-2
15 15.085 13.53
50 15.09 13.57
100 15.095 13.56

The test results show that each sensor uses almost the same power in
different distance measurement ranges, between measurements ol distances of 20
cm, 50 em, and 100 cm. owever, the two types of sensors use different power.
When working at a 5 Volt DC source voltage the SRF-05 sensor uses the power of
15,085 mW at a test distance of 20 cm, 15.09 mW at a test distance of 50 cm and
15,095 mW at a test distance of 100 cm. The Maxsonar-EZ2 sensor uses the
power of 13.53 mW at a test distance of 20 cm, 13.57 mW at a test distance ol 50
cm and 13.56 mW at a test distance of 100 e¢m. Based on this test data, the
Maxsonar-EZ2 sensor uses lower power compared to the SRF-05 sensor.

Comparison Results between SRF-05 Sensor and Maxsonar-EZ2

A comparison of the performance of the two sensors based on the test results
is presented as shown in Table 3. The data shows that the SRF-05 sensor has a
smaller error rate compared to the maxsonar-EZ2 sensor, which i1s 0.17%. The
SRE-05 sensor has a wider detected range than the Maxsonar-EZ2 sensor, which
ranges from 3 cm to 300 cm, while the Maxsonar-E7.2 sensor only has a distance
detected range between 16 ¢cm and 120 em. The Maxsonar-EZ2 sensor uses less
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power which 15 13.55 mW compared to the SRF-05 sensor which uses the power

of 15.09 mW.

Table 3. Comparison of SRF-05 and EZ-2 Sensor Performance

Serisor Typie % Exrror Distance Detected Power

g Range (cm) (mW)

SRF-05 017 3 300 15.09

EZ-2 AN Mode 1.53 16 120 13.55

EZ-2 PW Mode 1:51 16 120 13.55
CONCLUSIONS

This research has shown the performance of the SRF-05 sensor with the
Maxsonar-EZ2 sensor. Testing the performance of each sensor is done by
observing the data of the closest distance and the farthest distance read by the
sensor, the percentage of sensor error and the power consumption by the sensor.
The results showed that the percentage of error detected by the SRIF-05 proximty
sensor was smaller than the Maxsonar-EZ2 proximity sensor. The power used by
the Maxsonar-EZ2 proximity sensor 1s smaller compared to the SRF-05 sensor.
The detected range of the SRIF-05 proximity sensor 1s wider than the Maxsonar-
EZ2 proximity sensor. To support urban development that will implement TUAV
technology that has a good level of security, it is better to choose sensors with
smaller error rates so that the accuracy is better. Based on the results of this study,
the recommendations given to produce UAVs that are expected to have belter
securily can choose the SRTF-05 proximity sensor than Maxsonar-EZ2.
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