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Abstract: Lake Toba, the lorges lake in Indonesia, faces wader pollution problents due o many sources of household waste,
fertilier waste from rice Tields, and fish feed waste. Therefore, & water quakity monitaring system is neaded o warn (EQublic
wiwld visitors eurly before they carry out recreational activities or use water [rom the luke, This research aimr build & system
that con mondios the water quality of Lake Toba i real-time using LoRa techoology, as well as analyze the water quality of
Lake Toba with the parsmeters pH, dissolved oxygen, temperature, and tworbidity, As a resull, we created o water guality
menitoring system and oblained water guality anubysis results from 3 locations that are always busy with tounsts. The resulis
of measuremients @ Pontui Pasir Putih received o lemperstume mnge of ISjﬂZH.ST.WIi}kHw rmnged from4.1 1055 NTL:
pH levels vunied between 6.8 to 7.2, dissolved oxygen levels maged from 8 0 mgfL to 9 Smg! L. The resalts of measurements
ol Siregur Ack Molns recorded temperatures manging from 25°C w0 28°C, wrbadity levels of opproximately 1149 NTU and
1465 NTU, pH levels Auctuating between 9 and 11, dissolved oxygen kevels manging from 29 mg'l w 32 mg/L. The
temgerature obtained for Pantai Lumban Bufbul was 253°C, wrbidity ranged from 0062 NTU to 260 NTU. the pH level was
al sy consistently meassured ut B, and dissolved oy gen levels were recorded at 9-10 mg/L.

Keywords: 1oT; Wireless Sensor Network; LoRs: RS51 SNR

Abstrak: Danan Toba, dana serbesar of Indeme sie, menghadapi masaleh pencemaran air akibar bnvaknya sumber Nimbah
el tangee, limbak papuk dard saweb, o bl pakan San, Ofelr Saren itw, diperiakon sisterm pessorniauan ualitas air
wetteek  meniberi  peringanen @r masverakor diwt pengunfung  sebelion mereka melokuban aknivites rekreesi any
mrerg g naien alr dori denon . Peneditian fed bermfuoan uniek membangm sistem veang dopal nresnetan tuolites aiv Deanan
Toba secara real-timre menggunakan feknologi Lofa, sena menganaliviy kealitas air Doy Toba desgan paramerer i,
enwigetin ferlarner, sut, dan Eeberhan. Sebagod fasilmya, kan menbined sistemn pemanienm kivnlitay gie dan memperole i haxil
avelivis hawelitan ol clart 3 Jokoasi vy selaly oot dikunfungd winalwan, Hosll pesgakoeran di Pantad Pasie Parih
uteadapatkan remtang suhu 25 5°C Magga 28 5°C, kekeruhan berkivar antara 4.0 hingga 3.5 NTU; tinghar pH bervarias
avtterre 6.8 hingga 7.2, toghal oksigen ferlarn berkisar andan 80 mg/L agga 90 mgfl, Hoal pengikuron df Siregor Aek
Nalas mencatat suhn berbisar antare 253°C hing g 28°C, tinghat bekeruhen sebitor 1149 NTU dan J4.65 NTU, dngker pH
frasctuncasf ornperees @ dan L1, oinghat oksigen ferlarut berkisar antara 29 mgdl hing ga 32 mg /L, Swbw vang diperaleh untak Poan sl
Lusretbry Brlfadd cwlolah 2370, keberuhan berkispr anmrg 062 NTU kingga 260 NTU, tinghat pH juga kovwsisten diskar poda
&, deiri dnghat oksigen perbarut dicata) peca 9-10 mgfL,

Keywords: lol; daringan Semsowr Nirkabel: LoRa; RSS51; SNR.

INTRODUCTION
16
Lake Toba is the lnrpest lnke n Indonesia, located m o supervolcano's caldera. The loke s 100 kilometers
long. 30 kilometers wide, and 508 meters (1,667 feet) deep. This lake is located in the middle of the northem
ishand of Sumatra and has a surfsce height of around 900 meters (2,953 feet) [1], [2], Lake Toba is currently a

ISSN 2541-3511




76 | Victori Steev Glora Polly, et. al., LoRa-based 10T Device for Wster Quality Monitoring (Case Study: Lake Toba)

super-priority tounst destination, so many tourists visit it, However, there are weaknesses behind Lake Toba's
beauty, especially regarding the water quality. Household, industrial, and agriculiurnl waste are several sources
of pollution affecting Lake Toba's water quality, This siluation impacts the luke ccosystem, such as the high
growth of water hyacinth, which also threatens life in the lake. Besides that, many local people use Lake Toba
water for their daily needs and even consume it [11-3].

r——

-

36
Figure 1. Lake Toba. located in North Sumatra (R 20 an wilipe i org/wikiBerkos Map_of_Like_Toba jpg)

The above information requires the construction of a water quality monitoring system, This research utilizes
LoRa technotogy, divided into two pants: transmitter and recerver. These two nodes each have a LoRa
microcontrf@r 10 transmit data via radio. Several sensors are configured on the recelver side with critical
parameters such as water tempernture, turbidity, dissolved oxyeen content, and pH. This research is still in the
privotype stage 10 be used os a final product that the community or local government can use.

Tuble 1. WireldfY ectnology [4]-]6]

Technal Dbk oe
win {6l m 54 MBS High
Lephee 150 m 230 KBs Low
LoRa 1-15km &0 KRS Larw

LoRa (Long Ranged is a wireless communication protocol for IoT and is capable of lodg-distance
communication of approximately 15 km in remote areas [7], [8]. The ability to transmit over longer distances
makes LoRa o suitahle option for monitoring repetitive situations. Besides long distances, LoRa is designed to
consume low power sl does mot use the internet network when transmitting data from transmitter 1o receiver. An
internet connection is only needed if data needs to be accessed by cernin websites or applications. Table |
compares Lorn with other wireless communication media, such as Wifi and Zegbee. These two technologies huve
a lower range and maximum rate, Meanwhile, regarding ener@8 onsumption. Zeghee and Lora are Jower than
WIFL. Subsequently, Lom is a suitable choice for monitoring the water quality of Loke Toba. Apart from that,
researchers will also measore tem@Eture, trbidity, pH. and dissolved oxvgen levels. This parameter is cssentiol
s nwtin! source of information (o deferming the water quality of Lake Toba,

The primary ohjective of this research i o build & water quality monitoring svstem for Luke Toba using the
Imernet of Things (1oT) und LoRa {Long Range) technology and analyze water guality data using specilic scnsors,
To achieve this goal, 10T echrology has s very important role, where this concept allows an object 1o be connected
i other objects via an intermnet connection, So that data collection and data analyvsis can be carmied out efficiently
and effectively. Basically, this concept consists of o transmitter and receiver, where several sensors will be
installed on the transmitter side. The sensor will take surrounding dats and convert the data into data bits that can
be processed by a microcontroller, which in this research uses Arduing, Next, Arduino will process the commancds
programmed via the Arduino IDE software. With the help of the Arduine IDE, programs can be run on the
microcontroller and connect various components such ax drives, LCDs, and sensor modules,

STUDY LITERATURE

As can be seen v Fig. 2. which is o general overview of the LoRa network architecture design (9], [10], on
the End Node or transmitter side. there are several sensors such as temperature, gas, pH, GPS, CCTY . and water
meter sensons. including connected to the microcontroller und module[11], [12]. LoRa respectively. Meanwhile,
the receiver or gateway side consists of a microcontroller component and o Lors module, which functions as o
receiver. So that data can be sent, the Arduino on the transmitier will send data via the LoRa module using rmdio
wave wireless communication with the LoRaWAN protecol. In this way, the data will reach the recipient.
Furthermore, for monitoring needs, the receiver sends data via the intemet using the ESP32 ax 0 WIFI module.
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Subsequently , users can monitor sensor dota through a website or mobile application. Data will also be saved into
the dutabase,

Table 2. 10T Technoky im entation in wiker gua iy mond o

Togric Wirchess Technology Parnmeter
113 loT-bused sman wmer qualiny monaonng system — Andaine ATMEGAIZR.  pH. wrbidiny, conducviey, carbon dioxide,
WirF1 umidity, temperatun:
114} 1aT in Witer Qualicy Momitoring— Are We Wi, Bluewaoh, o pH, flemperture, snd dissolved oxygen
Hem? cellular
115]  Real-Teime lternet of Things (l0T) Based Water  Anduine Lne Temgerature, pH, Turbiday

Quality Manugement Svslem
6] Water Quality Mongonng Sysem Hased (o IaT Wi-Fi module, MCU  pH. Tubadiny, iempeniune, (low snsor
Anduine Atmegn 528

Table 2 shows the implementation of wireless technology in water quality monitoring. Various tvpes of
wireless technology such as WIFL Bluetooth, cellular, and LoRa are used to obtain dista from variows water quality
detection sensors such us pH. wrbidity, conductivity, carbon dioxide, humidity, and temperture. This proves that
wircless technology can be used to monitor water guality in real-time. Utilizing microcontroller technology such
as Arduine, MCLU, and Lo sllows researchers to create end nodes that are connected to servers and can be
monitored vie applications.

3

()

Garrway inawne Agplicatisn
Flg. 2 Architecture of o LoRaW AN Network

Sensors such as pH., DO, temperature, and mrbidity are essential in monitoring Lake Toba's air quality, These
sensors provide important information about water quality parnmeters, making evaluating activities using Loke
Toba easier. The LoRa module allows sending data from these sensors efficiently and accurately using mdio
frequencies. Applying LoRa technology o the Lake Toba water gquality monitoring system provides excellent
benefits: data collection efficiency, real-time monitoring, and energy savings. However, several aspects ane
challenging in implementing this lechnology and will affect signal strength, range optimization, and the quality
of data arriving at the receiver. Environmental conditions are the main factors that can affiect the signal, such as
buildings, trees, building materiats, stopes of land, vehicles. and afl ty pes of objects that become obstacles in a
straight line from the trunsmitter to the receiver, Vorious methods are being researched to reduce these
inefMiciencies, such as antenna power, sdjusted bandwidth, antenna height, most optimal SF and CR, and other
methods that moaximize data transamission,

METHODS AND IMPLEMENTATION

Fig. 3 shows the design model of this research, First, the sensofgill detect the summounding environment and
translate it into data bits; the Arduine then processes the data and i5 ready 1o trunsmit it 1o the receiver psing the
Lora Module by unlizing the LoRaWAN protocol. The Lora receiver then recetves the data, and the receiver then
forwards the data 1o the database server wang the HTTP protocol. Data stored in the ditabase will be partially
displayed for analvsis purposes vin o web display powered by Chantgs. Data shown for analytical needs, such as
RS51 and SNR, will also be obtained from the receiver, Before camrying oul water gquality measurement fests, we
farst carry out acalibration. This test is carried oul in the Bioprocess laboratory (o ensure all sensors have accurate
measurement values, as shown in Fig. 4 | Next is the LoRa calibration test. This test will be carried out by trying
1o send data or commands from the LoRa sender to the gateway, In this research, testing will be carried out at four
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different locations, The node will be fetched from the gateway . Then, an experiment will be carried out to display
the dita on the web. Afier everything is calibrated and tested individually, data integration testing., real-time data
delivery. and display are carried ou.

A

tirtichy benur  farnoe (VAR

P

s [ e e

Web Database
Fig. 3 Propose Design in Lora Network

Measurements were cartied out o three strategic points busy with wurists; Pasir Putih, Siregar Ack Nalas,
and Pantoi Lumban Bulbul . The trensmitter uses a box-shaped styrofoam box (o avoid splushes of loke water. We
placed this node right above the surface of the lake water, where it can still be reached. Meanwhile, we put the
receiver on hind around the coast utf an estimated distance of 100 m. For data retrieval purposes, data fransmission
is set every | minwe and measured for £ 1 howur. Data is collected in the datubase we built to carmy out further
analysis,

Fig. 4 is the implementation of the prototype ransmitter that kas been prepared. The svstem built consists of
one node. The main components are Arduino Uno and LoBaSX 1278 . Several sensors are used to send data to the
databuse and displayed on the website, such as pH Sensor, Sensor, DS 1EB20 sensor, snd Turbidity Sensor.
Meanwhile, the supporting components or 1ools are the Arduing Uno microcontraller bourd bused on the
Microchip ATmegad2BP micmcontraller and the ESP32 microcontroller, which can function as the system’s brain.
A pH sensor measures o solution's scidity or basicity (pH) level. The DS18B2) sensor can monitor water
temperature by continuously measuring water temperature, providing sccurate temperature data, and helping o
maintain water temperature within the desired range. Turbidity sensors in water measure the level of wrbidity or
clarity of water. The DO sensor measures the amount of dissolved oxyeen in water. Meanwhile. the prototype
receiver's role is to receive data sent by the transmitter, The prototy pe implementation acts as a receiver consisting
of components such str*_%z and LoRaSX 1278, Meanwhile, for analysis, we compare the measurement data
with the standards of REGULATION OF THE MINISTER OF HEALTH OF THE REPUBLIC OF INDONESIA
NUMBER 32 OF 2017 [17).

— T

e —

A

Fig. 4, lmplementution of A} Transmitter, B} Receiver Node und C) Calibration Process of Sensors

RESULT AND DISCUSSION
A, Lake Toba Water Quality Monitoring Test at Pantar Paxir Putih

first location studied was Pantai Pusir Putih. From the reslts of water quality measurements. it was found
that the water temperatung ranged from 25.55C 1 28.5°C. This temperature is still accepiable for sanittion and
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hygiene purposes, which can be used to maintain personal hygiene such as bathing and brushing tecth, as well as
Tor wishing food, eating utensils, and clothing. Apant from that, water for hygiene and sanitabion purposes can be
wsed os raw drinking water, Meanwhile, water turbidity ranges from 4.1 o 5.5 NTU, still below the standard
threshold of 25 NTU, The pH level varies from 6.8 10 7.2, in line with the Environmental Health Quality Standards
for Waler .\mu for Sunitation Hygiene Purposes, namely 6.5 w0 8.5 [17]. In addition, dissolved oxygen levels
are between 80 mg/L and 9.0 mg/L. within the range of Environmental Health Quality Standards for Public Bath
water medin, which is 6.5 mg/L. This indicates that dissolved oxygen levels are lower than standard, which causes
an unpledasant odor due 1o anaerobic degradation that may ocaur and will also affect the process of living creatures
i the lake absorbing food.

Pantai Pasir Putih Measusment
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Fig. § Measurement of the water quality in Pantai Pasir Putih

B. Lake Tobg Water Quality Monitoring Test ar Siregar Ack Nalas

The second measurement location s Siregar Aek Nalas, as shown in Figure 6. The recorded lemperatun:
range, 25°C 1o 28°C, is within the limits of the Environmental Health Cuiality Stondards for Water media for
Sanitation Hygiene Purposes, namely 15-350C. Meanwhile. the turbidity level varies between 1149 NTU 1o 14,65
NTLU, indicating that thes value is still within the threshold limit for Environmental Health Quality Standards for
Water media for Sanitation Hygiene Purposes below 25 NTU. Meanwhile, pH levels fluctuated between 9 and
11, with aunmly it 1 2:05, where the pH dropped 09, This anomaly is of particular concern because it devistes
from the generally accepted pH range of 6.5 to 85 for Quulity Standards. These findings require further
imvestigation regarding the cause of the increase in wir pH, which indicates the presence of high pollution in the
air, Likewise, dissolved oxygen levels, ranging from 29 mg/Low 32 mg/L, are slightly higher than existing quality
standards. This indicates that the oxygen supply is significantly reduced. which will affect the luke ecosystem.

Parta Smegar Assmaias Meanmement
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o T
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Filg. & Measurement of the water guality in Siregar Ack Malas
C.  Lake Toba Water Quality Monitoring Testar Pantar Limban Bufbul

The subsequent measurement wis carmed out at Bulbul Beach. as shown in Figure 7 below, It is known that
throughout data collection, the temperature obtained was consistently at 25 C, This value is within the quality
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standard. This shows a thermal environment conducive to the lake's aquatic eccosystem, Likewise, the turbidity
vilues obtained range from 0,62 NTU to 2,60 NTU; this indicates that the water around this location is still of
good guality becanse the matter is below the quality standord, namely 25 NTU, The pH level is also consistently
measured at B, within the standard pH range of 6.5 to .3 for sanitation hygiene purposes. This indicates the range
is still within the Chemical Parameters in the Environmental Health Quality Standards for Witer Media For
Sanitation and Hyzene Purposes. Unfortunately, dissolved oxyveen levels were consistently recorded ar 9-10
mg/L, exceeding the quality stundard threshold of 6.5, This valoe indicates low oxygen levels in the lake water,
especially in the Pantai Lumban Bulbul area.

W Paumi L e Buibul Maas.sement
ar ]
= = = = =
4 . = u
n = Temperators
3 + Turbidity
B2u P
Ew oo
-
E
&
£, .
I I I I 1 & s« a
5
1 = * & - -
.
o |
MAT 1AM MOF e AT 1AW
Tims

Fig. T Measurement of the water quality in Fanti Lumban Bulbal

This web appearmnce design section explains the web design that will be built as shown in the Fig 8. This web
display is wsed to determine the results of the tested parnmeters. The following are the main page display designs
of the web system being built.

Kondmi A Lurmban Siliniong

1= Apkim P [

Fig. 8 Website [or nomitoring the gquality of Lake Toba's Wader

CONCLUSIONS

We have succeeded in building a prototype for monitoring Lake Toba water quality using LoRa Technology
using lemperature, DO, pH, and wrebidity sensors. The results of measurements ol Pantai Pasir Putih obtined &
temperature range of 25 5°C 1o 285°C, wrbidity ranged from 4.1 10 5.3 NTU, pH levels varied between 6.8 to
7.2, dissplved oxygen levels ranged from 8.0 mg/L to 90 mg/ L. Measurement results at Siregar Ack Nalas
recorded temperatures ranging from 25°C 10 28°C, turbidity kevels of approsimately 1149 NTU and 1465 NTU,
pH levels Muctuating between 9 to 11, dissolved oxygen levels range from 29 mg/L to 32mg/L. The temperature
obtined by Pantui Lumban Bulbul was 25°C, wrbidity ranged from 062 NTU 10 260 NTU, pH was 25)
consistently mensured al B, and dissolved oxyvgen levels were recorded ai 9-10 mg/L, When compared with the
REGULATION OF THE MINISTER OF HEALTH OF THE REPUBLIC OF INDONESIA NUMBER 32 OF
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2017, Dissolved oxygen levels and lake water pH exceed the threshold Timit; this is a severe problem that the
community and government must immediately address, In the future, this research will be developed with a
centralized receiving system so thut many nodes can be placed in specific locations around Lake Toba, This can
also be a reference for local governments (o monitor the condition of Lake Toba,
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