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Abstract—This study examines the ability and Performance 
or Quality of Services of the IEEE 802.15.4 or ZigBee Radio 
Frequency module on the sensor node ZigBee based. 
Furthermore, ZigBee's communication capabilities, i.e., Tree, 
Star, and mesh networking, were developed on the internet or 

Internet of Thing using RaspBerryPi 4 as the Internet Gateway. 
The sensors used, e.g., Pulse sensor and temperature and 
Humidity Sensor. Moreover, the Spectrum Analyzer is used to 
measure the Radio Frequency Value (-dBm) per Channel (CH1 
to CH12) on the Zigbee module (EDs and CN) communication 
at different distances, on the Mesh or Tree ZigBee 
Communication, ZR can be used, at Point-to-Point ZigBee, the 
role of ZR is neglected. Energy efficiency battery ZigBee sensor 

nodes need to be considered to obtain sensor nodes Long Life. 
Moreover, RSSI (-dBm) is the key to analyzing sensor node 
communication systems on different sensor node clustering, 
including Throughput, PacketLoss sensor data, and data 
analysis on Application Server.

Keywords—ZigBee, RSSI, Throughput, Packet Loss, 
Application Server I.

I. In t r o d u c t i o n

Recently, Wireless Sensor Network is a popular topic, for 
example is the development of wireless sensor applications 
into the application Server or the Internet of Things. The 
WSNs Communication techniques are implemented in the 
health monitoring. the health monitoring application e.g. 
Blood Pressure monitoring uses a Blood Pressure sensor, heart 
rate monitoring using a pulse sensor, and Oxygen Level or

SPO2 . Moreover, the development of criteria WSNs seen in 
lightweight, prototype size and power consumption, energy 
Management for Wireless Sensor Network sensor node to 
achieve long life on WSNs. Furthermore, The Communication 
between Zigbee module Zigbee ED and Zigbee coordinator 
with e.g. topology. point-to-point, star, tree or mesh 
communication analysis can be done {Formatting Citation}.

Quality of Services from traffic communication e.g. 
Throughput, Packet Loss and delay [1]. moreover, ZD will be 
transmitting a sensor data to the Coordinator node (ZC) and 
the internet via the Internet Gateway e.g. Digi XBee Internet 
Gateway or Raspberry Pi 4, furthermore, Raspberry Pi 4 stores 
data in the MySQL database using the Python 3 programming 
language. The final step is displaying output on a Web-based 
Graphical User Interface using PHP [3], JASON, JavaScript 
and HTML programming languages and code scripts, this is 
done to obtain a real-time display of data in graphical form. It 
is also possible, displaying sensor data can be displayed on 
Smartphone devices. The development of the ZigBee or XBee 
communication system is an application to Artificial 
Intelligence (AI).

II. Th e o r y

A. ZigBee End Node and Communication types
ZigBee is a Nircable telecommunication device, ZigBee 

focuses on the development of a Wireless Sensor Network 
(W SN), Xbee in Fig. 1 is used as an End Node which will later 
reside in objects and sensors as transmitting data. Fig. 1 
provides an example of a Pulse sensor as a data sensor, namely

978-1-6654-0514-0/21/$31.00 ©2021 IEEE 7
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Pulse data [4]. or human heart rate (bpm). It should be 
understood that Xbee is an example of a WSN device that is 
only capable of short distances, i.e, 120 meters (S1 Xbee) and 
1 km (Xbee Pro). Xbee or ZigBee (ZigZag Bee), this name 
comes from a communication system that is Mesh or Zig-Zag 
so that it is like the way a group of bees moves.

There are three types of ZigBee or Xbee communications 
that can be built use XBee X-CTU application, as in Fig. 1 & 3, 
and NS3 Simulation in Fig. 4 & 5. The ZigBee communication 
system is built through Point-to-Point, Star, and Mesh 
Communication, this communication uses End Node 
configurations, namely Coordinator Configuration, Router 
Configuration, and End Node Configuration. Moreover, Fig. 6 
is communication with the ZigBee Internet Gateway (ZIG or 
XIG), then displays sensor data on the Internet Server or 
application Server [5].

Fig. 2. ZigBee Communication example 1

Fig. 4. ZigBee Communication use NS3 type 1

Fig. 6. ZigBee end node with RasBerry Pi 4

B. ZigBee Parameters and Equation
Signal strength is a factor in determining the parameters 

of the Received Signal Strength Indication (RSSI). Before 

measure the RSSI, recognize the parameters of the sending or 

transmit signal strength (Pt x ) and signal strength of the Pr x  

receiver. This parameter has a watt unit. Moreover, on this 

research, ZigBee Pro s1 has Transmit Power (Pt x) = 63 mW 

(18 dBm) this data from ZigBee Datasheet. The theory of 

reception signal, the strength of signal reception can be 

represented as Pr x  on the equation 1.

Prx = Ptx.Gtx.Grx.(^/4nd)2 ( 1)
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TABLE I. Sig n a l  St r e n g t h  Cl a s s if ic a t io n

Signal Level Range (dBm) Classification Score

-120 to -95 Extremely Bad 1

-95 to -85 Bad 2

-85 to -75 Average 3

-75 to -65 Good 4

-65 to -55 Very Good 5

-30 to -55 excellent 6

RSSI is the strength of the signal received, therefore the 
signal strength is classified in a certain range that shows the 
Table I. Furthermore, Gain is a quantity produced by a 

comparison between the size of the output signal and the input 
signal in logarithmic number 10 with dB, where the exit signal 
is greater than the incoming signal. accordingly, Equation 2 is 

how to obtain the result G (dB) obtained from the results of 
the operation of a divide between Power Out (Watt) divided 
by the power input (Watt). e.g. The Pin is 100 mW, Pout is 20 

mW, accordingly G = 1 0  log (pout/ pin) dBi, G =10 log 
(20/100), G=-6.9 dBi. dBi is an isotropic decibel, isotropic 
equal imaginary, this antenna calculation is done in theory and 
is used for measurement.

According to the digi.com data references, that XBee has 
a gain of less than 13.8 dBi, for distances of around 20 cm, it 

is not recommended to use ZigBee with an antenna gain of 
less than 13.8 dBi. accordingly, In the embedded system a 

signal strength of the Received Signal Strength Indicator 
(RSSI) is defined by Pref, Pref is 1 mW. e.g., the ZigBee Pro 
transmitter (Pt x ) signal strength will be calculated with the 

power of Transmit Power (Pt x ) = 63 mW (18 dB). Then the 
gain of 18 dB comes from combining equations 2 and 3. As 
follows: G (Tx) = 10.log PTx / Pref, then G(Tx) = 10.log 
(63/1)= 18 dB. Therefore, it can be concluded that ZigBee pro
has a gain of 18 dB.

G(dB)=10.Log(Pout/Pin) (2)

RSSI (-dBm)=10 log (Prx/Pref) (3)

[Pr(d) ]=[Pr(dü) ] dBm-10Log(d/dü)+x dBm] (4) 

[Pr(d)]=[Pr(dc)] dBm-10n Log(d/dc) (5)

[RSSI(dBm)]=[Pr(d)]dBm (6)

[RSSI(dBm) ]=A-10n.Log d (7)

d=10A((A-RSSI)/10n) (8)

Furthermore, The real distance and distance of the 
simulation can compare the percentage of the error rate (%). 

Therefore, the formula for finding the distance in a simulation 
can be seen in equation 8. Moreover, the Path Loss is the 
Power density reduction of a radio signal. and automatically 

can be known as the signal strength sent and received (dBm). 
[6] equation 10 is the Mathematical Formula for the Path Loss 
Model. And the situation is n = 2 (Free Space), in accordance 

with Table II [7].

Moreover, from the measurement, the specifications of the 

3.7 Volt Battery node 1000 mAh, and load calculations e.g. 
XBee = 27 mA (TX Mode), LCD 8x2 = 2 mA, Arduino Pro 
mini 40 mA, FTDI232 is 50 mA and Pulse 5 mA, then total 
load is 124 mA. With a 5 Volt Voltage, then the Power is

Voltage x Current = 5x0.124 is 0.62 Watt. Furthermore, I = 
0.62 W / 3.7 Volt = 0.167 Ampere. Therefore, the power 
Consumption is 1000 mAH or 1Ah  / 0.167 A = 6 hours.

TABLE II. Pa t h l o s s  Ex po n e n t  Va l u e

No Environment PathLoss Exponent, n

1 Free Space 2

2 Urban area cellular radio 2.75 to 3.5

3 Shadowed urban cellular radio 3 to 5

4 In Building line of Sight 1.6 to 1.8

5 Obstructed in building 4 to 6

6 Obstructed in factories 2 to 3

PL=Ptx-Rrx = -10nlog(d)+A (dBm) (9)

Moreover, The difference of ZigBee Communication is on 

the JV Channel settings on the router, Coordinator, or end 
device of ZigBee, moreover, on the tree and mesh cluster of 
ZigBee, JV Channel Enable, vice versa, at the point to point 

and stare, JV Channel Disabled. In addition to the Zigbee 
communication system, the cluster method is known as the k- 
mean cluster method.

III. Me t h o d  a n d  Io T Ha r d w a r e  Co n n e c t e d

In this section, the WSN Sensor node or End Node 
connected to the RaspBerry Pi 4 with the Python 
programming language reviewed [8]—[11]. Fig. 6 shows the 

Connectivity of Arduino End Node and Server or RaspBerry 
Pi 4 with initialize from USB Port and Local Area Network 
(LAN) and Wi-Fi module [12], [13]. The research needs the 

strategy, management, design, and modelling [14], [15].

IV. Re s u l t  An d  Di s c u s s i o n

ZigBee transmission data from <=100 meters, a software 
used is X-CTU type 6.4.2 and selecting the Radio range test 

section and obtain the RSSI data real-time on the Fig. 9. the 
average Lo cal RS SI at a distance of <=100 meters is -68,8 
dBm, the average remote RSSI at a distance of <=100 meters 

is -67,8 dBm and the average RSSI Local RSSI and Remote 
RSSI from a distance of <=100 meters is - 68,3 dBm in Fig. 7. 
Transfer ratio (kbps) or Throughput test within 10 seconds and 

the results can be seen in Fig. 7, transmission sensor data from 
ZED to ZC in Fig. 8 is <=100 meters distances.

Fig. 7. RSSI data from ZED to ZC at <=100 meter distance

From the results of the RSSI signal strength comparison 
between local RSSI and Remote RSSI Fig. 9, the remote RSSI 

value is better than Local RSSI. the average Local RSSI at a 
distance of <=100 meters is -68,8 dBm, the average remote 
RSSI at a distance of <=100 meters is -67,8 dBm and the 

average RSSI Local RSSI and Remote RSSI from a distance

9
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of <=100 meters is - 68,3 dBm. In Fig. 10 shows the average 
of the transfer ratio (kbps) is the data throughput taken from 
the ZigBee network analyzer tool and then carried out the 
depiction of <=100 meters, in this measurement process data 
is obtained up and down in this data transfer process. But in 
broad outline shows that data throughput has decreased based 
on the distance between the TX node and RX node. In Fig. 10 
the lowest throughput value is obtained at 100 meters, the 
throughput value obtained is only 3.4 kbps. The sampling is 
done for 10 seconds. So that the total data received is 3400 bits 
per second (bps) or the total data in 10 seconds is 34000 bits 
or 4,250 bytes. Furthermore, 12 Channels on ZigBee Radio 
Frequency system on the transmission DHT11 sensor data.

Fig. 8. Throughput (kbps) data from ZED to ZC at 10 second and <=100 

meters distances

Fig. 9. Comparison Local and Remote RSSI (-dBm)

The software used is X-CTU Spectrum Analyzer, the 
feature that is used is to be able to know the most powerful 
ZigBee Spectrum on RF (dBm) and the weakest in each 

Channels. Taking these samples was taken at a distance of 12 
meters, and will compare 12 ZigBee channels to this research, 
and concluded that the ZigBee Channel is the strongest and 
plays a major role in sending DHT11 sensor data, while the 

general configuration used is sampling interval 1000 ms and 
number sampling 100. more fully the data will be displayed in 
the form of a T able III.

Fig. 10. Average Throughput (kbps) when sending the data from ZED to ZC 

with distance <=100 meter

TABLE III. No is e  Le v e l  a l l  Ch a n n e l  Zig Be e  Ra d io  Fr e q u e n c y

Chan Maximum RF Minimum RF Average RF
nels values (-dBm) values (-dBm) Value (-dBm)

CH1 47 91 83

CH2 47 93 84

CH3 78 93 87

CH4 45 93 85

CH5 69 93 80

CH6 34 90 76

CH7 47 90 78

CH8 50 92 79

CH9 48 95 88

CH10 47 91 79

CH11 61 88 80

CH12 35 89 77

Moreover, Fig. 11, a, b, and c is an experiment for sending 
data with RSSI (Receive Signal Strength Indicator) output 
using 3 ZigBee end nodes using different distance (m). Fig. 11 
a and c are experiments at the same distance with different 
obstacle treatment. The distance in Fig. 11 a and c is <= 100 
meters, while Fig. 11 b is the transmission of humidity sensor 
data at a distance of > 100 meters. The graphs in Fig. 11 a, b, 
and c are given by conditioning different positions at end 
nodes 1, 2, and 3 so that they get different obstacles.

Furthermore, Fig. 12 is Pathloss (-dB) on Free Space for 
ZigBee and Fig. 13 is Power Receiver (-dBm) on Free Space 
for ZigBee, in Fig. 14 is ZigBee's QoS test at 4 different 
conditions, broadly speaking PathLoss (-dB ) experiencing 
attenuation based on the increase in distance (meters), the 
largest PathLoss (-dB) is -85 dB at a distance of 50 meters in 
Free Space conditions with the equation - (33 log d / 8 + 58.5). 
while Fig. 13 is a Power Receiver of Zigbee (-dBm) with 4 
data used, namely Power Receiver with a large PTx 0 dBm 
and +20 dBm, the graph shows the highest power receiver is 
with Ptx 0 dBm of -50 dBm at a distance of 50 meters and the 
lowest is Ptx +20 dBm at -85 dBm at a distance of 50 meters. 
Fig. 14 is an output application server using Thingspeak 

Mathwork, the DHT11 sensor output is displayed in real time 
on a smartphone so it is more dynamic and easy.
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Fig. 12. Pathloss (-dB) on Free Space for ZigBee

Power Receiver(dBm) on Free Space forZigBee

0 5 10 16 20 25 30 35 40 46 50

distance (m)

Fig. 13. Power Receiver (-dBm) on Free Space for ZigBee

Fig. 14. Output Sensor on the Thingspeak Application Server

V. Co n c l u s i o n  a n d  Fu t u r e  Re s e a r c h

At the Level Transmission sensor data use ZigBee on Line of 
Sight (LoS) and Free Space there are several Packet Loss due 
to errors in data transmission from Tx to Rx, not solely from 
distance, but from data processing.Transmission sensor data 
use ZigBee in free space from a sample distance of <=100 
meters, it is found that RSSI has an average data transmission 
power of -67.8 dBm seen from the remote RSSI at ZED up to 

a distance of 100 meters, and this value is entered in the good 
category according to Table II with a score of 4. In Packet

Loss, there is a decrease in the percentage of data reception 
due to the transmitter error (TX error), a decrease that occurs 
up to 64%.Tx error occurs at a distance of 27 meters, where 
the packet data loss due to transmitter errors and eliminating 
13 data packets.The highest RF Channels noise at CH6 is -34 
dBm and the average is -76 dBm, then CH7 with Maximum 

RF Value is -35 dBm and an average of -77 dBm.

The development of the ZigBee communication system 
continues to be improved in terms of regulating energy or 
power consumption sensor nodes. And the communication 
system with the C or Python programming language and 
communicated with a processor or CPU or mini CPU towards 
the server or application server, in this research, it was able to 
display DHT11 temperature data on the MySQL database 
owned by the server using RaspBerry Pi 4. Furthermore, it was 
developed with Graphical User Interface (GUI) so that the 
display of sensor data is more flexible.

A. Future Research
In developing research using the ZigBee Wireless Sensor 

Network (WSn ), ZigBee carried out an analysis of the indoor 
and outdoor environments to obtain the Receive Signal 
Strength value, moreover built the ZigBee Mesh communi-
cation system on moving objects eg, cars, rockets, and deve-
loping communication systems at Internet level. of Things or 
Internet Server with a dynamic Graphical User Interface.
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