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Abstract The Purpose of this research is to determine the pulse data to the edge node, and edge nodes then send pulse

Quality of Service (QoS) Zigbee or IEEE 802.15.4 sensor Node sensor data to Raspberry Pi 3 as an internet gateway.
use the indicators, i.e. the Receiver Signal Strength and PathLoss .
(attenuation (-dB)) at the time of communication of the sensor ZigBee or IEEE 802.15.4 Protocol technology was

node erd device to the sensor Router node or Coordinator sensor developed for the medical field, Zigbee specification is a light
node (sink). The factor power consumption sensor node is and comfortable prototype for patients, i.e. a pulse detection
important to maintain the lifetime sensor node, The Sensor data System using pulse sensors, the ability coordinator node to
in this research is the pulse sensor. The development of the collect pulse sensors simultaneously without beisgavered
Wireless Sensor twork communication system is in multihop 3 (tree) nodes]]. Zigbee has a frequency of 2.4 GHz and a
communication, with efforts to obtain low power consumption on  data rateof 250 kbps, this is low bandwidth and is right for the
each sensor node. This study utilizes the Routing Protocol for Wireless Sensor Network, Zigbee has the ability to transmit
Low Power and Lossy Network (RPL) method with position  data up to 100 meters
management on the sensor nodendADODAGSs consequently, that ) ) ) o
the average power consumption value for each sensor node is  Perception Layer is a ZigBee Communication System that
low. The benefit of the Sensor node is to send pulse sensor data iS used i.e. Star, Tree, and Mesh Topolégy. 4, from this
from various nodes that are interconnected at different distances Ccommunication system traffic data, can be analyzed from End
in multi -hop so that power consumptia and Quality of Services  Device Node, Router Node and Coordinator Node, this data
(QoS) can be identified from the sensor node. From the research traffic includes Quality Of Services (QoS) i.e. Throughput,
results, the average PathLoss value of IEEE 802.15.4 or Zigbee in Packet Loss and Delay, and Radio Frequency (RF) capabilities
free space is obtained by comparing the various simulation in sending data micated21y Radio Signals Strength (RSS)
values and field experiments at a distareof 50 m at-75.4 dB and or Radio Signals Strength Indioa (RSSI) P, 3, 4, 5, 6]. at
the Average Receiver Signal Strength (RSS) with a comparison  previous research testing the performance of Raspberry Pi 3 in
of_ E_quation and Experiments in_the field with parameters The capturing radio waves with the Mast®lave system using an
minimum Power Transmitter is 0 dBm and the Power  pp pjyetooth RMA2 device insending multi LM35 sensor
pensmter s maxinur <20 081 a  dotance of SO At 666 data, accordingly i his research study the RSSI value i
Pagé and storeél in the MySQL database usinnggspberry Pl 3 as different from the environment can be monitored, from this
study obtaied the value of precise RSSI [7, 8, 9,],10

the Internet Gateway. furthermore, the next research will be develdpf sensor
Keyword® RPL: RSS Pathloss Zigbee Pulse DODAGS loT node using a muksensor (pulse and blood Pressure sensor).
yw 9 In addition to Zigbee, the wider Wireless Sensor Network

. INTRODUCTION device is GSM SIM900A11] with Ultrasonic sensor data

Heart rate is an important thing thegtn be one of the first which is often referred to as WMAN.
indicators for patients as a doctor uses a stethoscope. The Furthermorethe development of Witess Sensor Network
normal range for Pulse sensor betweer160 beat per minute technology is applied to UnderWater, which is called the
(bpm), there aréwo conditions for abnormalities in the heart Underwater Wireless Sensor Network (UWSM).research
i.e. Bradycardia and Tachycardi&.the heartconditions are  [12] the analysis was carried out by measuring RF strength
abnormal, consequently, the blood flow will also be disruptedwith Path Loss Parameters, Velocity of Propagation,
this disorder is Arrhythmia, i.e. the heartbeat conditions areibsorption Iss and the rate of signal loss in a different
too slow heartbeat (Bradycardia), too fast heartbeatinderwater environment.
(Tachycardia) or irregular or variable condition3he . .
paramegrs that can be calculated are signal strength (RSSI)  1he Wireless Sensor Network on this research must be

and Weakening signal (PathLoss) using ZigBee. obust and ha\_/e low power consumption for each node,
because the Wireless Sensor Networks to be built are very

In this research, node sensors are sent using Pulse sensatsnerous and intercoaated, in this case, at the free Space.
through the Free Space area, there are +haftisensors that Therefore routing techniques are needed on the Wireless
are interconnected and therefotiee closest sensors will send Sensor Network architecture. Routing Protocol for Low Power

and Lossy Network is routing that is used on IEEE 802.15.4 or
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Zigbee protocol devices, Zigbee iniglresearch is used on conditions of sandstorms and severe sandstorms that have an
sensor nodes which will then function as senders of puls@npact on the loss of propagation pathway from radio signals.
sensor data. The pulse sensor type used is dSiginl. From this research, the intercept values were 53 and 60 dB
Therefore in this research there ateo stages of research, and the slope values were 28 and 37 dB / Dec.

1) examine data transmission on sensor nodes with -moyti
networks. 2 Sending data to the coordinator node to the
server at a certain distance with Pathloss and R&ahweters
in free spaceThe development of this research is towards al
Internet of Things, because it is expected that this pulse sens
datacan be an indicator for patients who want to check hea

rate comfortably without having to go to the hospifal, in  dcvices in the location of agriculture or agriculture, is
previous research the authors developed loT using -multPrecisely in the rice fieldSothe result of sending signals from
sersor LM35 and Raspberry Pi 3 the Transmitter arnhna to the Receiver antenna is affected by

the growth of the rice field. testing was carried out at different
Path Loss (PL)[13, 14, 1% is a weakening of R#o altitudes (0.8 m, 1.2 m, 1.6 m, and 2.0 m) consequently, that
Frequency (RF) wave signals (in this research using ZigBeegnalysis of the shipment would be found data with different
which is caused by obstacles during the sending process fromode heights, the modelised are fregpace models and two
transmitter antenna to the receiving antenna, PathLoss (PlIBay models.
[16, 17 is one of the indicators used to determine whether
signal stength is good (dB)18, 19] the external environment
is influenced by Fre&pace Path Loss (FSPLHurthermore
FreeSpace Path Loss (FSPI20, 21] measured using the
Received Signal Strength Indicator (RSSI) technique using ; : . .
module Zigbee. accordinglghere aretwo methods used to consumption in the Wireless Sensor Network i.e. IEEE

C - 02.15.4 Network, to support the Internet of Things
represent the results of P_athLoss, i.e. in the condition of n = § hitecture. The parameterzpused in determining the quglit
or free space, PathLoss is called FSPL (Free Space PathLo?%f : y

in outdoor conditions (no space) or no interference, such a%ratr?semi\é\girg:]e;?)vi:rn?e:nQr?]ti:x\l:irtcéi?/érim%r%yacigtnsé?zr?apnon,
other radio waves, in conditions, whéme signal is emitted ’ '

yvith a known varjable from the antenna height which has an . METHODOLOGY
impact on reflecting the ground or reflected waves, and the
second method is sending data from the edge node to Interndt Pulse Sensor

Gateway and pulse data storage in MySQL Database usin  The pulse sensor used to detect Heart rate, there are 3
Python language and HTML and JASON to display graphs ogolors of the pin cable, e.g. the red cable for VCC equal to 3.3
web pagesand about loT Security has not been discussed in 5 volts DC and Working Current is 4 mA, black cable for
this research. GND and purple colocable for Signal, if the Green LED in
Il RELATED STUDIES the middle of the circle pulse the sensor lights up indicates the
: Pulse Sensor is ON or activAccordingly, the Pulse signal
Muhammad Niswar, Amil Ahmad Ilham, Elyas Palantei, sensor is entered on the Analog A0 Pin Arduino pro nhimi.
Rhiza S. Sadjad, Andani Ahmad, Ansar Suyuti, Indra Bayuthis researchWaveform Heartbat can be shown using an
Zaenab Muslimin, Tadjuddin Wariand Puput Dani Prasetyo Integrated Processing Development of Environment (IDE) that
Adi [1], in their research entitlederformance evaluation of is integrated with Arduino Pro miDE. This electronic pulse
ZigBeebased wireless sensor networks for patients'sensor uses a green LED that continuously emits light to the
monitoring pulse status, this research is included in thekin. As long as the heart beats, consequebtbypd waves
Wireless Body Area NetworRWVBAN) other than Bluetooth, flow into the skin capillaries so that light absorption occurs
furthermore, from this research the performance of Zigbee asextra during that period. And the process of absorption of light
sender of pulse sensor data is multiplexed or using the sté considered to represent beats hédg. 1 showshreeviews
network topology which causes a bottleneck in the coordinatoof a pulse sensor, which is front, back and edldrgherefore,
node that functions as the receiver amtemna receiver. this is an important part of the pulse sensor that needs to be
Finally, from the 5 sensor nodes that are sent together to thgghlighted in this researdi4.
Coordinator node, they cause a loss when sending sensor data
with 4 sensor nodes, so a maximum of only 3 sensor nodes %r Heart Beat Data Heart Beat Data
ZED can send data in full or maximum to the Coordinator Pulse Wave or Photoplethysmogram (PPG) from Pulse
node with a less than 30 distance meter. sensorisshowninFig. It seems that aispers

. : . . . . 80 BPM, which means that the heartbeat of a normal person is
Hana Muijlid, Ivica Kostanic [14], in their research entitled range of 6000 BPM [1,24, 29. Point T is the starting

Propagation Path Loss Measurements for Wireless Sensq. . o forming a PPG signal, and point P is the peak point of

Networks in Sand and Dust Storms, in this study usingne niise wave amplitude. The percentage value of 25% and

empirical measurement data that is using iRdetequency  ggoq showsghe magnitude of the Amplitude value generated

(RF) Zigbee or IEEE 802.15.4 which works on the 2.4 GHZ,1 the pulse sensor.

frequency. The research taken is measuring Path Loss in

Zhenran Gao, Weijing Li, Yan Zhu, Yongchao Tian,
Fangrong Pang, Weixing Cao, and Jun NR][2in their
rresearch entitled Wireless Channel Propagation
rharactei[e.tics and Modeling of Research in Rice Field Sensor
etworks, in this study testing of Wireless Sensor Network

Jose VerdPérez, David TodoliFerrandis, Salvador
SantonjaCliment, Javier SilvestrBlanes, and Victor
SemperePaya R3], The Routing Protocol for Low Power and
&ossy Network (RPL) is considered for Low ege
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Fig. 2. Pulse Sensor Visualizer

C. Heartbeat or Pulse

Arrhythmia is an abnormal condition in the heart, which is
a slow pulse (Bradycardiatoo fast (Tachycardia) or an ever
changing or irregular pulséccordingly, the heart rate is 60
100 BPM (beats per minute}][ Bradycardia is a condition of
the heart rate below 60 BPM or below Normal, consequent!
the condition causes a person tpesence fatigue, weakness,
dizziness, sweating, and faintind, [24, 25]. Conversely

Tachycardia is a condition of the heartbeat that is above 10

BPM or above normal, the conditiorf the heartbeat is too
fast Consequentlysomeone who has Tachycardéadizzy,

Yy
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is 3.3 volts, with Low current RX consumption is 18.8 mA
and Tx is 17.4 mA, 9 dB of ZigBee gain and Average RF
Power Transmitr (Pt) Zigbee is 14.77 dBmvith a data rate

of 250 kbps. Zigbee has many types, e.g. Zighee S1 and
ZigBee S2, ZigBee S1 are compatible RF devices with a point
to point and point to multipai, commonly referred to as star
networking, while ZigBee SZFig. 3) is an RF device
compatible with mesh networking, usually used as a router.
On a mesh networking, ZigBee has the ability to communicate
between routersin this research, ZigBee S3s compatible
with the Mesh Network. ZigBee is a Radio Device that emits
radio waves in all directions where there is a request from
another radio in a collection of sensor nodes so that the
ZigBee antenna belongs to the isotropic typarthermore
ZigBee is #s0 included in the AdHoc Networking category
because ZigBee is a collection of mobile Nodes in accordance
with the ZigBee capacity is compatible with the Mesh
Network or only a tree or star networkig. 5 Clustering
method is used to group nodes basadle closest distance
and form clusters and lifts 1 cluster head (CH), therefore,
Cluster Head is called Sink which is tasked with sending data
of all node members to 1 cluster to Edge Router.

E. Routing Protocol for Low Power and Lossy Network

Routing Protocol for Low Power and Lossy Network
(RPL) is a type of routing protocol based on the Destination
Oriented Acyclic Graph (DODAG). DODAG is a special kind
of DAG where each node wants to reach a single destination.
The advantages of the Routifgotocol for Low Power and
Lossy Network (RPL) are each embedded device or sensor
node i.e. IEEE 802.15.4 or LoRower WiFi in large
guantities can be connected effectively and optimally seen
from limited power, memory, and processing resources.
Accordindy, Fig. 6(a) and(b) are examples of DODAGS built
Bsing the Contiki cooja simulator.

The simulation in this research consists of Layer, Protocol
and standards that are used to build simulation nodes, in detail

heart palpitations are very fast, fainting, mild headachesgan be seen in Table[26]. The essence &®PL is an attempt
shortness of breath, fatigue, in extreme situations sufferers cag manage the energy or lifetime of a node.

experience unconsciousness anddi@e arrestMoreover the
classification of heartlz conditions is shown ifable I.

TABLE 1. INDICATOR CLASSIFICATION ON THEPROTOTYPE

therefore, this research Bradycardia and Tachycardia a+

important elements used as indicators on prototywhere if | beats per minute (bpm) Classification LED Indicator
BPM conditions show certain values such as Bradycardia theg g Tachycardia Red
the LED indicator will show Yellow, conversely, if |
Tachycardia will show sed LED. 60 10100 Norma Green
. . <60 Bradycardi Yell
This pulse sensor data will be sent by the sensor nod A radveardia eow
the form of packet data (bytes) that can be monitored using X
CTU software. The different distance comparisons will be TABLE I, PROTOCOLSTACK COMMUNICATION
used as parameters for determining Quality of Service (QQ4S),ye, Protocol Standard
from the &nsor nodes in this research. The QoS analyzpd——
include Throughput (Kbps), Packet Loss (Packet), ReceiyépPplication CoAP IETF RFC 7252
Signal Strength (RSSI) and Path Loss (dB) as a result |ofransport uDP IETF RFC 768
gansmitti?g sefnpsorhsLdata. Accordinggn,e test area is Free| network IPV6 / RPL IETE RFC 6550
pace value of Path Loss expongmt= 2. Adaptation 6lowpan IETF RFC 6282
D. Zigbee S2c Data Link IEEE 802.15.4 MAC (CSMA) | IEEE 802.15.4
Zigbee works on the 2.4 GHz frequency and includes thagio puty Cycling | ContikiMAC
IEEE 802.15.4 protocol, Zigbee is an RF device that uses 8 vsical IEEE 802.15.4 PHY \EEE 802 15.4
low voltage of 2.13.6 Volt, generally on the ZigBee modulel Y% . >
146|P age
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F. Pulse Sensor Node on loT Architecture

The architecture that will be built is shownkig. 7. There
are two main analyzes, i.e. transmit sensor nodes on multi
hops which are indicated by setting the router node to EDGE
router or sink.The first analyzes are the Quality of Services
(QoS) this is an area to calculate the path loss and Receiver
Signal Strength parameteiurthermorethe next stage after
the data arrives at the EDGE Router, the analysis is carried out
on the Internet Gateway, tdag up the MySQL database and
display on the WEB so that any devices can see intireal
the Pulse Data sensf@7]. At this steps a needf an analysis
of Reabilityand Energy Consumption in loT

G. Hardware

Zigbee Sensor nodes in this research shown in the
following Fig. 8, built from a pulse, this sensor has bbeiit
from Arduino pro mini microcontroller and XBee S2c, this
sensor node is ZED (ZigBee End Devicdn)this node sensor
prototype use 8x2 12C LCDs dr8 LED colors with each 220
ohm resistorthe indicator espouse to retite patient's pulse
condition. Furthermore, Logic Level Converter (LLC) is used
as a regulator, LLC consists of several Pin High voltagéi
Volt and Low Voltage 3.3 Volt Pin. acodingly, which
requires a 3.3 volt voltage is an 8x2 12C and XBee S2c LCD,
the pulse sensor can use 3.3 volts or 5 volts, furthermore, the
battery used as a power supply is a 3.7 volt 1000 mAh battery
type, while the FTDI 232 is used as an Arduino Pro mini
board programmer from Arduino Integrated Development
Environment (IDE) that uses C++ programming language, the
library such as library pulse sensor, LCD and interrupt to
calibrate the results of Pulse sensors, Precise material
selection will make it conveéent to use nodes for patients.
Tablelll shows the hardware functionality of the sensor node.

ST BLowPAN Network

> -~ | M- —
27 ’m S 3 ..,_L Databases
/ 1A \ —1
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SRR S [
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Fig. 7. Pulse Sensor Node on loT Architecture.
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Actually the role is not important after the program upload
process on Arduing@ro mini, so it can be separated and the
sensor node only uses the function of Arduino Pro Miai
FTDI 232 is still useful besides being a bootloader, which is to
supply 3.3 volts of power on ZigBee and 8X2 LCIherole
of supplying power to the nodef this sensor is a 3.7 Volt
1000 mAh batteryThe display of the prototype can be seen in
Fig. 9. Accordingly, the position of the node or ZigBee end
device is on it is necessary to see the color classification, there
arethreeconditions, e.g. normal, represented in greer1(@0
BPM), bradycardia (BPM >44 & <60 BPM) or (BPM >100 &
<116) represented in yellow or a minor condition and Major or
tachycardia (BPM<44 & >116 BPM) are represented in red,
therefore, classification camake place easily from pulse
indications.

Fig. 10 is a sensor node that will be used in mesh networks
using the Routing Protocol for Low Power and Lossy Network
(RPL). This RPL is done using the simulation software with

Tablelll shows the hardware and working functions on '[hethe”EEE 802.15.4 protocol.

sensor node, there athree types of ZigBee settings, e.g.
Zigbee coordinator, Zigbee router and Zighee end device
each have different functions, voltage usage is 3.3 volts and
volts on a sensor node, therefore, the voltage will b
distributed, this is where the regulator workg bsing the
High Voltage (HV) to Low Voltage (LV) and Low Voltage
(LV) to High Voltage (HV). On Arduino pro mini bootloader
programming is needed unlike the Arduino Uno version, sd
FTDI 232 is needed as a bootloader.

TABLE 111 NODE HARDWARE
No | Hardware Notes ’
1 Microcontroller Processor, ADC, Data Serial Communication
Arduino Pro mini With a Base Station
> XBee S2c End Wireless sensor Network type to sending Puls
Device sensor data to Coordinator node
3 XBee S2c Wireless sensor Network typeeceive Pulse
Coordinator sensor data from ZED or ZR to Base Station
Wireless sensor Network type to sending Puls|
4 XBee S2¢ Router | S€NSOr data to Coordinator node from ZED an
Communicate between each Router at Mesh Sensor Node
network
XBee USB . . ) . .
5 Adapter Setting Device to configuration the ZigBee S2|
6 Pulse Sensor As Pulse Sensor data from patients
LCD 16X2 atau .
7 LCD 8X2 12C As Indicator
As Programming device from USB and Arduin|
8 FTDI 232 IDE to Arduino Pro mini
9 Regulator 3.3 Volt | Change the voltage to HV (High Voltage 5Voli
to 5 Volt or LV (Low Voltage 3.3 Volt)
Battery 3.7 Volt
10 1000 mAh Supply power to the sensor node

Fig. 9. Node ®nsor.

EDGE
Router

Fig. 10. ZigBeeend Devices and ZigBee Coordinator Connectivity
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In Fig. 15 shows the attenuation of Zigbee based on the
value of d which is getting bigger, so that the value of L Free
Space {dB) is getting bigger as well. In fact, on experiment 1
and experiment 2 Attenuation is affected by noise when
transferring data on the Zigbee transmitter sensor to zigbee
receiver sensor so that the data is not so smooth, but in outline
decreases-@B) or PathLoss value gets bigger.Aiy. 10 at a
distance of 1 m Pathloss shows an average valu85ofiB
and at a tstance of 50 m Pathloss average value 5.4 dB.

So that after the attenuation valudR) has been found, the Pr
value (Power Receiver (dBm) doe determined by equation
).

With the specifications of the 3.7 Volt Battery node 1000p, = pt + Gr + Gt + L )

mAh, and load calculations e.g. XBee = 27 mA (TX Mode),

LCD 8x2 = 2 mA, Arduino Pro mini 40 mA, FTDI232 is 50 ~ Assuming the antenna gain for bothartsmitter and

mA and Pulse 5 mA, then total load is 124 mA. With a 5 Voltreceiver is 0 dB (1 mW) on the Zigbee specification, on free
Voltage, then the Power is Voltage x Current = 5x0.124 isspace propagation is formulated in equati@. And for

0.62 Watt. Then | = 0.62 W / 3.7 Volt = 0.167 Ampere. indoor propagation condition is shown in equai@h
Therefore,the power Consumptiois 1000 mAH or 1AH /

Fig. 11. Battery Lifetime Zigbee Pulse Sensor Node.

0.167 A = 6 hours, this measurement is showrign11. Pr=Pt (33 log d/8 + 58.5) ®)
H. Equationsof Received Signal Strength (dBm) and Path Pr =Pt (40 log d/8+ 50.3) ©)
Loss ¢(dB) of IEEE 802.15.4 Zigbee The specification of the Zigbee Power Transmitter

Zigbeeis a Radio Frequency (RF) device of 2.4 GHz or datasheet s_hows the value of 0 dBm for Low Power and + 20
2400 MHz, so the wavel engt hdBpfoy High Power; Trapsmiglersy that ypu gan makend ¢ e r
this value is obtained fr omcopparsongharAn gxamplg of sending dataifrgm theplx g
light which is 3x108. Power receiver (dB) will always weaken Zigbee pulse sensor Node to this RX Zigbsensor node is
if distance () gets farther away equation (8then the initial ~ Shown in Fig12.
Power Receiver (Pr0) when d = 1 m, can be seen in equatio i
(1), equation (2]3]

The first test parameter is RSS (dBm) in the Free Space
state, where the value of the exponent (n) of Free Space is 4
The value of thkeceiver Signal Strength (RSS) results from
the comparison of equation 10 and at the time of experimen
or measurement in the field, while attenuation generated fromy
equations 6, 7 and 8.

PO=0 B2 8 1Tt A )
Pr=— 2
. A logarithmic form (decibel scale), can be seen in equation-,'\
10 logo Pr =10 logy PO- 20 log, d )

L Free Spacean generally be calculated according to the gbe
equation(4). A
L Free Space =(20 log d+ 20 log fi 27,5) (4) : : =

C is a constant value that is responsible for wireless
attenuation in the Free Space condition which is worth 27.5.
So that if distance (d) gets bigger, the value of L Free Space (
dB) will increase. So that the frequenoy Zigbee is 2.45
GHz, from equation 4 becomes equatfbn

L Free Space_2450 MHz-520 log d + 40.3) (5)

In Zigbee Datasheet Zigbee, attenuation in free spaca has
different value in equation (6).

L Free Space_2450 MHz<33 log d/8 + 58.p (6) Fig. 12. Zigbee Transmitter and Receiver at FBpacePropagation
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I. DODAGSs of Sensor Nodes Power Consumptioalyze DODAG's Directed Acyclic Graph (DAG) and Destination

In this research using Routing Protocol for Low Power andDAG).

Lossy Network (L) analysis [7], so that the value of traffic  |n Fig. 13, the router node (nod8) has a diérent task,
sensor nOdes can be generated n deta". Dunng the S|mu|at|0ﬁame|y as a router node for a” nodes joined in the DAGs
the Sensor node or IEEE 802.15.4 parameter needs to Bgpology. In this case, the Router node must have more Power

included in the simulated parameters, so the results can hg receive all data multiplexing from the data end nodes.
compared with the experimerih accordance with the Zigbee

S2c¢ specifications used in this research, the ZigBee 2.4 GHz While in Fig. 14, divide the Router node inttwo nodes,
frequency, the ZigBee data rate is 250 kbps, and th&amely Routr node (2) and node (11) with tkame number
transmission rate is 1000 meters on Linef-sight area. in  Of nodes in Fig13 and Fig.14, i.e. 10 sender nodes and 1
this simulation, the transmission rate (Tx) rang&® meters. Nnode coordinator (sink). This decreases the Power needed by
Please note that when the sensor data reaches the sink, {i8 Router node to send sensor data to the coordinator node
analysis process continues at the next point. At the sensé$ink). Fig. 17 andFig. 18 show that Power Consumption is
node, when on the Tx range other sensor nodes are worfigeded for each node, so that conclusions from 2 DODAG
100%, meaning that they are included in the sink range oiopology can be obtained which is the most appropriate to be
other semor nodes that are the router, and the maximunfPplied when sending pulse sensor nodes in this research.

distance is 50 meters. If the distance 80 meters, the sensor In Fig. 17 andFig. 18, there is a significantifference

node is not detected and cannot be analyzed, consequently, thgnyeen Topology DODAG 1F{g. 13) and DODAG 2
sensor node is required to enter in the range of 50 metergrig 14), this difference is seen from the energy consumption
Therefore in the simulation of sensor nodésat entershe  yaquired by the sensor node in communicating and sending
range of 50 meters indicated by a value of 100%. The Pow&jata to other nodes (neighboard). Fig. 17, the power

Consumption test parameters on the sensor node used i”dug@nsumption requiredybnode 3 is much higher than the other

CPU, LPM, Radio Transmit (Tx) and Radio Listen (Rx). 10 nodes, this is because node 3 is the directed node or the
Header File Code to represent the Value of Power Consumpsion ¢ router node that sends all nodes to the smk_or 900rd|nat0r
sensor node node. Consequently, Average Power consumptiorig. 17

public static final long TICKS_PER_SECOND = 4096L; can be seen irFig. 19, and the Averagen the Power
public static final double VOLTAGE = 3; Consumption of 2 Router node can be sedfign20.

public static final double POWER_CPU = 1.800 * VOLTAGE; /* mW|

public datic final double POWER_LPM = 0.0545 * VOLTAGE; /* m\
*

public static final double POWER_TRANSW = 17.7 * VOLTAGE; [*
mw */
public static final double POWER_LISTEN = 20.0 * VOLTAGE; /*mW

/®

Equation the energy Consumption of Sensor node and relationship w
time

*CPU energy:* cp = c*1.8/tm

*LPM energy:* Ip = I*0.0545/tm

*Transmit energy:* It = t*17.7/tm

*Listen energy:* Ir = r*20/tm

*Total energy:* n cp+lp+lt+r

tm = c+l

where:

*tm* is the total time, @
*c* is the time that the CPU was used.

*|* is the the time that the sensor was in Low Power Mode (LPM)
*t* is the transmit time and

*r* is the Listen time

In this research, the approach is carried out if there are ‘
many nodes that are interconnected with node specifications %
that have specifications in equatioi@ and equation 11).
With the DAGs and DODAGs method by setting the Sink \
number in the Clustering system, furthermore, how does the
power consumptions affeahd the analysis of changes in the @ \ P
position of nodes on the Routing Protocol for Low Power and e
Lossy Network (RPL) topology, the aim is to get a low Power
Consumption on &h node, furthermore, that the Average
Average Power Consumption (mW) is obtained. ®
Consequentlythe test is done by setting the node position in Fig. 14. DAGs with a Division Router.
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1V. RESULTS AND ANALYSIS Historical Power Consumption
Fig. 15 shows the PathLoss-dB) vale for Free Space ' '
compared to Equatios, 5 and 6 and 9 with(40 log d / 8 + 21| e
50.3)this is indoor positionThe average of the 4 equations at s 1
a distance of 1m is30.9 dBm and at a distance of 50mis P

78.9 dBm vl | 1]
Fig. 16 shows the value of the Power Receiver (dBm)
based on the distance and value of the Power Transmitter if
using theminimum Pr value (0 dBm) and Pr value (+20 dBm)

at different distances. Fid.6 is Comparing Graph from the
Calculation value in equation (7) and the Power Receiver

(dBm) generated from the experiment in the field using the
Digi X-CTU Zigbee software.

Fig. 19 and Fig20 are Average Power Consumption on 1

Router node and 2 Routeodes;sampling is for 10 minutes in 7 i 1
both experiments on 1 and 2 Router nodes. From the HOmRER R AR AR SO0 % % %o am e
experiment it can be concluded that using 1 Router Node will [22+33 44 5566 77 es>sswrni0<ni
use Power Consumption greatdian using 2 router no_des, Fig. 17. Power Consumption of 1 Routisiode
with 1 router node that handles 10 sender nodes requires 1.35
mW Power Consumption while with 2 routers it can be LI =] [ (eI
reduced to an average 1 mW Power Consumption. 2
PatLoss(-dE] Equation Comparison for ZigBee ;‘
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Fig. 15. ZigBee PathLoss-@B) on Free Space Area.
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Fig. 16. Received Signal Strength of ZighetBfr) on Free Spacarea Fig. 19. Average Power Consumption of 1 Rouiade.
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