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Abstrak

Wireless Sensor Network (WSN) merupakan teknologi jaringan nirkabel yang
memungkinkan melakukan pemindaian, serta digunakan dalam monitoring kondisi lingkungan,
baik yang berada didalam ruangan maupun di luar ruangan. Salah satu perangkat yang
digunakan dalam komunikasi data pada WSN adalah Xbee. Xbee merupakan salah satu
perangkat pada WSN yang menggunakan frekuensi radio sebagai jalur pengiriman data dari
satu perangkat ke perangkat lainya. Dalam melakukan pengiriman data, Xbee dapat
dipengaruhi oleh jarak dan kekuatan sinyal antar perangkat. Pada penelitian ini dilakukan
analisis jarak komunikasi Xbee di luar ruangan dan di dalam ruangan sehingga mendapatkan
data berupa rentan jarak maksimum dari Xbee. Hasil dari penenilitian ini menunjukan bahwa
perangkat Xbee Pro Series 2B yang dilakukan pengukuran di luar ruangan mampu melakukan
pengiriman data hingga jarak 110 meter, sedangkan perangkat Xbee Pro Series 2B yang
dilakukan pengukuran di dalam ruangan mampu melakukan pengiriman data hingga jarak 20
meter.

Kata kunci— RSSI, WSN, XCTU, XBee, ZigBee

Abstract

Wireless Sensor Network (WSN) is a wireless network technology that is capable of
scanning and can be used to monitor environmental conditions, both indoors and outdoors. One
of the devices used in data communication at WSN is XBee. XBee is a device in WSN that uses
radio frequency as a data transmission path from one device to another. In sending data, Xbee
can be affected by the distance and signal strength between devices. In this research, Xbee
communication distance analysis is done outdoors and indoors so as to get data in the form of
maximum distance vulnerable from Xbee. The results of this study indicate that the Xbee Pro
Series 2B that is measured outside the room is capable of sending data up to a distance of 110
meters, while the Xbee Pro Series 2B device that is measured indoors is capable of sending data
up to a distance of 20 meters.

Keywords— RSSI, WSN, XCTU, XBee, ZigBee.

1. INTRODUCTION

Environment conditions monitoring can be used to determine factors that affect objects
or living things. This factors are changes in temperature, humidity, rainfall, toxic gases, fires,
buildings cracks/slopes, and other environmental conditions. There are electronic sensors to
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detect most of the factors. Sensors generate data that will be processed in the processing unit
[1][2][3]. But before processing, data need to be transmited on the network to the based station.
One of technology that can be used for data transmission in environment conditions monitoring
is Wireless Sensor Network (WSN) [4] [5] [6] [7].

WSN generally uses a Wireless Personal Area Network (WPAN) or Low Power Wide
Area Network (LPWAN) to transmit data to a based station. The standard for WSN is IEEE
802.15.4, ZigBee, and Bluetooth protocols [8][9][10][11]. One of the devices that support the
standart is XBee, which uses radio frequency as a data transmission path from one node to
another [10][12][13]. Besides being used as a data transmission device in WSN, XBee also used
as data transmission in robot control systems [14][15][16]. As a wireless data transmission
device, XBee's performance can be affected by the distance and obstacles between the nodes.
There is a research about performance analysis in various environments using ZigBee based
wireless sensor networks. In the research, each sensor node is developed from an arduino based
microcontroller and Xbee wireless module based on Zigbee/IEEE 802.15.4 standards. The study
found an increase in baud rate also increases throughput and decreases packet delay in line of
sight (LOS) condition [17][18]. Whereas in comparison of the performance of multihop
communication networks and direct communication shows that the performance of multi-hop
networks has decreased compared to direct transmission in terms of data throughput and packet
delay [19][20][21][22]. In the other research about WSN indoor performance evaluation using
Zigbee protocol shows that recommended transmission distance using XBee is 10 meters and
the recommended network is a mesh topology [23][24][25][26].

The importance of data transmission in WSN causes the need for reliable
communication devices to transmit data. Therefore it is necessary to analyze the communication
of XBee, so optimal node distance for data transmission can be found. The results of this study
used as a consideration in choosing a communication device on a wireless sensor network or
wireless-based remote control system. There are differences in the XBee transmission quality
indoors and outdoors. This research contributes to finding out the quality of XBee based
transmission indoor and outdoor. So it is used as a consideration in determining the best
communication model, based on wireless sensor networks for remote control systems and data
transmission. This study conducted a XBee performance analysis in indoor and outdoor
environment with and without concrete obstacle. The device is XBee Pro Series 2B with the
ZigBee protocol. This study not only tested the LOS and non line of sight (NLOS) conditions,
but also measured the effect of moving obstacle on data transmission. In addition, this study
conducted the impact of increased data packets on XBee transmission quality. The parameters
were packet delay, distance, and Received Signal Strength Indicator (RSSI). Measurements
were conducted using XCTU application to make it easy to set-up, configure and test XBee RF
modules. XCTU application was used to test wireless network performance in previous
study[27] [28] [29] [30].

2. METHODS

This research is an experimental study by measuring the XBee performance as a data
communication device on WSN. The topology used in this study is point-to-point. Testing
conducted indoor and outdoor to measure the quality of data transmission on the XBee. One of
the XBee devices is configured as a coordinator node, and the other is configured as an end
node. The devices communicate and transmit data via wireless network using the XCTU
application. The end device is placed at a predetermined distance from the coordinator and then
transmits the data. Measurements of packet delay, distance, and RSSI parameters are carried out
to determine the quality of data transmission.
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Figure 1 XBee point-to-point topology

Figure 1 is a topology used in XBee data transmission. The coordinator node sends data
to the end node and vice versa. Table 1 is the testing environment used in this study.

Table 1 Testing environment

No | Parameter Specification

1 XBee Pro Series 2B

2 XBee USB Adapter Keyes Fundiono MD-119 FT232RL
3 XCTU Versi 6.4.0

4 Packet Payloads 84 Bytes dan 32 Bytes
5 Power 3.3V

6 Number of Packets 100

7 Rx Timeout 1000 ms

8 Tx Interval 1000 ms

9 Baud rate 9600

10 | Mode API

11 | Indoor Testing Concrete wall divider
12 | Outdoor Testing Line of Sight (LOS)

XCTU used to send data packet with a packet load of 84 Bytes and 32 Bytes in 100
packets. Baud rate used is 9600 with Tx and Rx interval is 2000 ms using APl mode. The test
locations are indoors and outdoors. Indoor testing is limited by a concrete wall, while outdoor
testing without divider or LOS. Outdoor test is located in a Park with a straight path without
obstacle.

Figure 2 Park for outdoor testing
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Figure 2 shows a path in the park that is used as an outdoor test site. There are trees
around the park but they do not obstruct the communication between the XBee. This place was
chosen because it has a long straight path and without obstacles, and in the morning the
conditions are quiet so it supports the testing. This long straight path meets the requirements for
transmission testing with a point-to-point topology. At the time of the test, the weather was
sunny. To find out more about the condition of the park for test site, Figure 3 shows the test plan
and location.

Janggan Garden Renon Janggan Garden Renon

om Footpath Footpath 200 m
- L J L ] L ] * - L] L] - > - - L ] L J - L J L] L] - L ]

Figure 3 Outdoor testing site plan

The green part at figure 3 is a garden or a gathering place for visitors. The red dots are
the distance by 10 meters appart. The 0 meter point or the coordinator node is on the left and the
end node which is 200 meters is on the right of the figure. In testing, the XBee Pro Series 2B as
end node was placed alternately according to the specified distance point. It is starting from 10
meters appart to 200 meters appart from coordinator node. At each point, a test is carried out
with 2 type of testing. The first test with 32 bytes packet data transmission and the second with
84 bytes packet data.

The indoor testing is carried out in a residential area by placing the XBee Pro Series 2B
as coordinator node inside the house. Figure 4 is the test location in a residential area. XBee Pro
Series 2B as end node is placed at a predetermined point around the building. There is a house
with the same size or type act as an obstacles. The distance used in the residential area test is 40
meters.

Figure 4 Residential area for ind

oor testing
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Figure 5 Residential area site plan

Tests were carried out on row of houses with concrete walls. Figure 5 shows a
residential area plan that is used as a test site to make it easier to understand the testing
environment. The red dots are predetermined points for XBee Pro Series 2B. 0 meters point is
located inside the house number F.3 and 40 meters point is located in the house number F.9. The
XBee Pro Series 2B as coordinator node is placed in the house number F.3 while the XBee Pro
Series 2B as end node is placed at the predetermined point inside of each house.

3. RESULTS AND DISCUSSION

The test results that have been carried out is presented in table. The parameters
measured are distance, packet delay, and RSSI. The distance beetween coordinator node and
end node at inside and outside of the room scenario is multiple by 10 meters, which is 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, and 110 meters. The packet data used is 84 Bytes and 32 Bytes
and each packet is send 100 times. Table 2 present the packet delay test results.

Table 2 Packet delay average

. Outdoor (s Indoor (s . Outdoor (s
REa 32 Bytes 84( E)Sytes 32 Bytes 8E1 %Bytes DTS (i) 32 Bytes 84( ];ytes
10 1,41 1,39 1,33 1,45 110 13,20 0
20 1,43 1,45 4,76 6,67 120 0 0
30 1,35 1,46 0 0 130 0 0
40 1,40 1,33 0 0 140 0 0
50 1,51 1,74 - - 150 0 0
60 5,26 1,56 - - 160 0 0
70 10,64 2,64 - - 170 0 0
80 2,39 1,86 - - 180 0 0
90 30,28 27,39 - - 190 0 0
100 8,40 12,56 - - 200 0 0

There was no significant increase in the number of packet delay from 10 to 60 meters
testing. While there are significant increase at 70 and 90 meters outdoor with 32 bytes data. This
happens because there are people and two-wheeled vehicles passing along at the 90 meter.
Testing with 84 bytes data at 90 meters have a similar result with 32 bytes data at 90 meters.
The maximum test distance that the XBee Pro Series 2B can respond in outdoor is 110 meters
for 32 Bytes data and 100 meters for 84 Bytes data. As for indoor testing, there are a huge
increase in packet delay at 10 to 20 meters with 32 Bytes and 84 Bytes of data. The XBee Pro
Series 2B is not responding at 30 meters or more testing distance. Figure 6 is a graph of the
average result of the Packet Delay parameter with 32 Bytes and 84 Bytes data indoor and
outdoor scenario.
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Figure 6 Graph of packet delay with 32 bytes packet data

Figure 6 show average result of packet delay with 32 bytes packet data. Blue line is for
outdoor testing result while indoors testing result is marked by an orange line. Outdoor line had
a significant increase at the 70, 90, 100 and 110 meters distance points. This is due to the
existence of objects in the form of people and two-wheeled vehicles passing along at the 70, 90,
100 and 110 meters. While the indoor graphic had a slightly spikes at a distance of 20 meters
because the house occupants cross the test path at the 20 meter point.

Average Overall Delay Packet Parameters
(84 bytes)
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Figure 7 Graph of packet delay with 84 bytes packet data

Figure 7 is a graph of the packet delay parameters testing result with 84 bytes packet
data. In the graph, the value of packet delay outdoor is marked by a blue line while indoors is
marked by an orange line. The outdoor graphic show a significant spike at the 90 and 100 meter
point because there were people and two-wheeled vehicles passing at the 90 and 100 meters
point, while the indoor graphics show a slight spike at a distance of 20 meters because the house
occupants crossed the test path at 20 meters point.

RSSI measurements are performed when data is transmitted from one node to the
another node. The simulation of data transmission is carried out using the XCTU application.
RSSI is an indicator used to measure the amount of power/signal received by a wireless device.
The stronger the power/signal received by a wireless device, the better the quality of the
communication network. The results of RSSI measurements on the Xbee Pro Series 2B are
presented in Table 3.
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Table 3 RSII average result
. Outdoor (dBm) Indoor (dBm) . Outdoor (dBm)
LDikfrsee () 32 Bytes | 84 Bytes | 32 Bytes | 84 Bytes e 32 Bytes | 84 Bytes
10 -76 -60 -70 -68 110 0 0
20 -81 -61 -81 -74 120 0 0
30 -76 -66 0 0 130 0 0
40 -82 -63 0 0 140 0 0
50 -86 -73 - - 150 0 0
60 -90 -70 - - 160 0 0
70 =77 -73 - - 170 0 0
80 -76 -73 - - 180 0 0
90 -81 -54 - - 190 0 0
100 -79 -75 - - 200 0 0

Table 3 is the testing result of the RSSI parameters. From the results, it can be seen that
the difference between the RSSI result on tests carried outdoor with the 32 bytes and 84 bytes
packet data. The difference between 32 bytes to 84 bytes packet data testing is in the range of 2
to 30 point and the difference between the RSSI result on tests carried indoor with 32 bytes to
84 bytes packet data is also different. The difference between 32 bytes and 84 bytes packet data
is 8 poin in average. Figure 9 shows a graph of the results of RSSI parameters testing outdoor
and indoor with 32 bytes packet data.
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Figure 8 Graph of RSII with 32 bytes packet data

Figure 8 is a graph of the overall testing result for RSSI parameters with 32 bytes packet
data. In the graph, the RSSI value outdoor is marked by a blue line while indoors is marked by
an orange line. At the 10 meter point the difference between the RSSI outdoor and indoor is 6
poin, while there is no difference at the 20 meter.
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Figure 9 Graph of packet delay with 84 bytes packet data

Figure 9 is a average RSSI parameters graph with a 84 bytes data packet. In the graph,
the RSSI outdoor is marked by a blue line while indoors is marked by an orange line. At the 10
meters point the difference between the RSSI outdoor and indoors is 8 point, while at the 20
meter point there is a 13 points difference between the RSSI for outdoor and indoor
environtment. At the test location is also measured the success percentage that is the amount of
packets that can be received by the end node in units of percent. The test result from testing at a
predetermined location is the average result of success percentage parameters using 32 bytes
and 84 bytes packet data carried out outdoors and indoors, can be seen in Table 4. The results
show the difference between success percentage in tests carried out outdoors with 32 bytes and
84 bytes data packet.

Table 4 Success percentage average

. Outdoor (%) Indoor (%) . Outdoor (%)
LDikfeiee) () 32 Bytes | 84 Bytes | 32 Bytes | 84 Bytes LD (i) 32 Bytes | 84 Bytes
10 97,34 98,91 96,51 96,01 110 0,07 0,00
20 95,58 98,80 43,24 34,45 120 0,00 0,00
30 99,22 94,48 0,00 0,00 130 0,00 0,00
40 94,24 99,09 0,00 0,00 140 0,00 0,00
50 88,26 78,28 - - 150 0,00 0,00
60 52,15 86,86 - - 160 0,00 0,00
70 20,41 66,65 - - 170 0,00 0,00
80 72,95 69,78 - - 180 0,00 0,00
90 8,61 7,10 - - 190 0,00 0,00
100 34,56 15,27 - - 200 0,00 0,00

The difference between outdoor environtment is quite significant at the 60, 70, 90, 100
and 110 meter because at the testing there are people and two-wheeled vehicles crossing the test
path, thus resulting the data is not fully received by the end node at the 60, 70, 90 and 100
meters points. At a 20 meters distance indoor with 84 bytes packet data, it experienced a
significant increase due to the house occupants crossing the test path at a 20 meters point.
Figure 10 shows a graph of the average result of the success percentage outdoors and indoors
with 32 bytes packet data. The existence of a moving object when the packet is transmitted
affects the signal propagation between the Xbee Pro Series 2B that are communicating.
Obstacles that occur have an impact on decreasing the quality of packet data delivery.
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Figure 10 Graph of percentage success with 32 bytes packet data

The graph in figure 10 explained that the success percentage in outdoor testing has a
significant difference. At 20 meters distance, the difference between the success percentage rate
beetween outdoor and indoor is 50% due to the house occupants are crossing the test path at 20
meters on indoor testing. At the 70 and 90 meters point, the line on the graph goes down
because there are people and two-wheeled vehicles passing and resulting the success percentage

rate decreases.

Figure 11 shows the graph of the average results of all parameters from the outdoors
and indoors successes percentage with 84 bytes data packet. At 90 meters point there is a 61%
decrease, while at the 20 meters indoors point has decreased by 63% due to the house occupants
crossing the test path. With the whole test results that have been obtained when conducting the
testing at a predetermined location, the results of the average overall test using 32 bytes and 84
bytes data packet carried out outdoors and indoors environtment can be seen in Table 5.
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Figure 11 Graph of percentage success with 84 bytes packet data
Table 5 Testing time average

. Outdoor (s) Indoor (s) . QOutdoor (s)
Distance (m) 5750 | 84Bytes | 32Bytes | 84Bytes | DS1(M) T Rtes | 84 Bytes
10 257 260 256 271 110 215 214
20 257 269 255 267 120 217 215
30 267 274 232 235 130 215 207
40 263 261 230 234 140 214 202
50 260 265 - B 150 217 215
60 269 253 - - 160 217 213
70 242 259 - - 170 213 207
80 262 264 - - 180 219 219
90 251 227 - - 190 21 202
100 243 240 - - 200 218 217
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Table 5 show the result of the overall test times average. From the results of the average
test time with 32 bytes and 84 bytes data packet carried out outdoor and indoors, it can be
concluded that the average of all test times with 32 bytes data packet outdoors is 237 seconds or
3 minutes 57 seconds, while for 84 bytes data packet is 236 seconds or 3 minutes 56 seconds.
Indoor testing can be concluded that the average of all test times for 32 bytes is 243 seconds or
4 minutes 3 seconds, while for 84 bytes packet data is 252 seconds or 4 minutes 12 seconds.

Average Overall Test Time
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10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 170 180 190 200
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indoor 256 255 232 230
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Figure 12 Graph of testing time with 32 bytes packet data

Figure 12 shows a graph of the average overall test time with a total data size of 32
bytes. Based on the data in the chart above, the test time outside is longer than indoors. A very
significant difference is at a distance of 30 and 40 meters, which is 30 to 35 seconds.

Average Overall Test Time
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Figure 13 Graph of testing time with 84 bytes packet data

Figure 13 shows a graph of the average overall test time with a total data size of 84
bytes. Based on the data in the chart above, the test time outside the room and indoors has a
slight difference. There are differences of 23 to 31 seconds at 30 to 40 meters distance.

4. CONCLUSIONS

The conclusions that can be drawn based on the results of this study are as follows:
1. From the research, the XBee Pro Series 2B is able to transmit data up to a 110 meters
outdoors and 20 meters indoors. The lowest average packet delay obtained in outdoor testing
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is for 32 bytes at 30 meters, and for 84 bytes at 40 meters. As for indoors, the lowest average
packet delay reached with 32 Bytes and 84 Bytes packet size at 10 meters distance.

2. Obstacles that exist at the test environtment greatly affect the distance of XBee Pro Series 2B
data transmission. In outdoor testing for 32 Bytes, the best received signal strength is
obtained at 60 meters and for 84 Bytes at 100 meters. For indoor testing, the best received
signal strength recieved with 32 Bytes and 84 Bytes packet data at 20 meters distance.

3. The moving objects that blocking data transmission has an impact on the quality of data
transmission. The moving objects that causes obstruction in the process of sending data has
an impact on decreasing the quality of XBee Series 2B data transmission.
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