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Abstract 
Visual monitoring of water clarity in closed laboratory reservoirs poses significant challenges and 
inefficiencies that may compromise equipment sterilization standards. This study aims to develop 
an automated water clarity monitoring system at the Research Center for Biotechnology-LIPI 
utilizing an Arduino Uno microcontroller paired with a BH1750 digital light sensor. The device 
operates on the principle of light transmission, where suspended particles in turbid water obstruct 
the light intensity detected by the sensor. Data is processed and transmitted via an Ethernet Shield 
to a web-based interface for both real-time monitoring and database logging. The research results 
demonstrate that the device successfully classifies water clarity levels based on light intensity 
readings, defining clear water as >200 Lux, moderate water as 150-200 Lux, and turbid water as 
<150 Lux. By providing real-time status updates and automated historical data logs, the system 
eliminates the need for manual physical inspection. This instrument presents a functional and 
cost-effective solution to ensure adherence to laboratory water quality standards. 
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INTRODUCTION  

Water is an essential element in laboratory operations, particularly for the sterilization and 
cleaning of testing equipment. The quality of water utilized plays a critical role in the accuracy and 
reliability of experimental results (Hong et al., 2021; Wysowska et al., 2021). Contaminants or 
microscopic residues in turbid water can adversely affect delicate chemical and biological reactions, 
potentially compromising the integrity of the findings (Orlando & Kasoep, 2020). Therefore, it is 
imperative to ensure that the water used meets stringent clarity and turbidity standards, as emphasized 
in various water quality management studies (Petrescu-Mag et al., 2024; Susanto et al., 2020). 
Adherence to these quality standards is fundamental to safeguarding experimental validity and 
upholding the scientific rigor of laboratory outcomes, a concept that aligns with broader efforts to 
improve science literacy and competence (Lestari et al., 2019). 

At the Research Center for Biotechnology-LIPI, water utilized for cleaning laboratory 
equipment is stored in closed reservoirs to prevent contamination from environmental pollutants such 
as dust. However, the enclosed nature of these storage systems impedes effective visual monitoring of 
the water's physical properties. Traditional monitoring techniques dependent on manual inspections 
are often inadequate and pose risks regarding reliability. Similar challenges in monitoring efficiency 
have been reported in various environments, such as lakes, rivers, and aquaculture ponds (Andre et al., 
2020; Jais et al., 2024; Kumar et al., 2024; Zuhaida et al., 2024). Delays in identifying shifts in water 
clarity may result in the inadvertent use of substandard water, thereby jeopardizing the sterility of 
laboratory instruments and compromising subsequent experimental procedures. Thus, the 
implementation of real-time monitoring systems is critical to ensure compliance with laboratory 
standards (Hakimi & Jamil, 2021; Muhsin et al., 2025). 

The advancement of the Internet of Things (IoT) and embedded systems offers promising 
solutions for real-time water quality monitoring (Kelechi et al., 2021; Lakshmikantha et al., 2021). 
Numerous studies have leveraged microcontrollers, particularly Arduino, to address these challenges, 
ranging from basic science applications to complex sensor integrations like sensor film materials 
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(Irzaman et al., 2019; Prabowo et al., 2022). For instance, (Gusri & Harmadi, 2021) and (Saraswati et 
al., 2025) utilized standard industrial turbidity sensors (SEN0189) to automate water draining and 
monitor drinking water quality, while (Haslindah et al., 2022) applied nephelometric methods for 
filtration control systems. Similar implementations using Arduino for turbidity, pH, and TDS 
monitoring have also been explored in industrial settings, water treatment plants, and filtration tools 
(Fadhillah & Jenih, 2024; Forhad et al., 2024; Irawan et al., 2021). Low-cost optical approaches 
utilizing Light Dependent Resistors (LDR) have also been investigated by (Cahyono et al., 2019) and 
(Siskandar et al., 2023). However, many existing solutions are constrained by their reliance on 
specialized sensors, which often entail significant implementation costs, whereas simple analog 
sensors like LDRs require complex signal calibration (Araneta, 2022). Addressing these limitations, 
this study presents a novel approach by employing the principle of light transmission through a 
BH1750 digital light sensor. Unlike previous investigations, this method utilizes a high-precision 
digital light intensity sensor paired with a consistent LED flashlight source as a cost-effective 
substitute for measuring water clarity. This approach operates on the principle that suspended particles 
in turbid water obstruct light transmission, leading to a proportional decrease in the intensity detected 
by the digital sensor, thereby enhancing both accessibility and system affordability (Abiyaksa et al., 
2020; Siskandar et al., 2020). 

The proposed system integrates an Arduino Uno microcontroller and an Ethernet Shield to 
transmit data to a web-based interface. This configuration allows laboratory technicians to directly 
monitor water clarity status in real-time, where the condition is categorized as clear, moderate, or 
turbid. Furthermore, the system provides access to historical data logs without requiring physical 
contact with the water reservoir (Jamroen et al., 2023; Kusumah et al., 2021). The primary objective 
of this research is to design and build an affordable automated water clarity monitoring system, 
implement web-based data communication for information accessibility, and provide a historical 
database for long-term water quality analysis in the Biotechnology-LIPI environment. 
 
METHODS 

This study employs an experimental design approach focusing on the development of an 
automated water quality monitoring system. The research procedure was structured systematically to 
ensure the seamless integration of hardware and software components tailored to the laboratory's 
operational requirements (Hakimi & Jamil, 2021; Susanto et al., 2020). The specific phases of this 
methodology are detailed in the subsequent sections. 

1.​ Requirement Analysis 
This phase is conducted to align the institution's operational needs with the proposed technical 

solution. It involves a detailed description of the necessary hardware specifications and the definition 
of the system workflow to ensure the device functions according to monitoring targets. 

2.​ Web Application Design and Development 
Software development initiates with the identification of functional requirements for the 

web-based system. This process encompasses designing the user interface for data visualization and 
structuring an efficient database schema for water quality logging (Abiyaksa et al., 2020; Widiasari & 
Zulkarnain, 2021). 

3.​ Device Design 
This stage focuses on hardware architecture design, commencing with the creation of system 

flowcharts and block diagrams. Furthermore, it involves developing electronic circuit schematics and 
writing the firmware logic for the microcontroller to ensure accurate sensor data processing. 

 

 

4.​ Device Assembly 
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Assembly constitutes the process of integrating separate input-output modules into a unified, 

functional device unit. This process is executed by manufacturing a Printed Circuit Board (PCB) 
based on the designed schematics, serving as a stable interface connection between the sensor, 
communication modules, and the microcontroller. 

5.​ Testing 
Functional testing is performed to verify the device's performance conformity with the initial 

design objectives. This procedure involves executing all device functions according to the system 
flowchart to validate data accuracy prior to full implementation. Calibration and validation techniques 
are applied to ensure the sensor readings are linear and accurate relative to the actual water conditions 
(Jais et al., 2024). 

6.​ Device Implementation 
Implementation represents the final stage of the water clarity monitoring device development 

cycle. This phase is carried out by physically installing the hardware unit onto the water reservoir 
infrastructure at the Research Center for Biotechnology-LIPI laboratory to commence actual 
operational monitoring (Andre et al., 2020; Siskandar et al., 2022). 
 
RESULTS AND DISCUSSION 
1.​ Requirement Analysis 

The workflow of the water clarity determination tool at Biotechnology-LIPI is explained in 
the block diagram shown in Figure 1. Physical data is read by the sensor, processed by the 
microcontroller, sent via the Ethernet Shield to the router, and finally displayed on the server 
computer. 

 
Figure 1. Block Diagram 

The devices used in the design of the water clarity determination tool are explained in this 
stage. A microcontroller is a chip packaged in a single piece where its parts are required for a 
controller. The microcontroller module used is Arduino Uno. Arduino Uno is a module based on the 
ATMega 328 microcontroller. This module has 14 digital input/output pins, 6 analog inputs, a 16 MHz 
crystal oscillator, a USB connection, a power jack, and a reset button. The image of the Arduino Uno 
can be seen in Figure 2. 

 
Figure 2. Arduino Uno 
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The Ethernet Shield is a module that allows the Arduino Uno to connect to the internet to 
become a web server or communicate with other network devices using the TCP/IP protocol. The 
image of the Ethernet Shield can be seen in Figure 3. 

 
Figure 3. Ethernet Shield 

A sensor is basically a device that functions to convert a physical quantity into an electrical 
quantity, so its output can be processed with electrical circuits or digital systems. The BH1750 digital 
light sensor has a 16-bit AD converter that directly produces a digital signal output, requiring no 
complex calculations. This sensor is more accurate and easier because it uses a simple photoresistor 
version that only calculates voltage output to get the actual data. The image of the BH1750 digital 
light sensor can be seen in Figure 4. 

 
Figure 4. BH1750 Sensor 

Additionally, an adapter is a tool used to step down electrical voltage and convert AC 
(Alternating Current) voltage into DC (Direct Current) voltage. A 9V 1A adapter circuit is used as the 
voltage for the microcontroller. 

2.​ Web Application Design and Development 
The working principle of the Arduino Uno-based water clarity determination tool design 

begins with reading the value from the BH1750 digital light sensor, which functions as the 
determinant of water clarity levels. The value obtained is sent to the database as a data storage 
location. After that, the value is compared with the conditions determined on the web. Then, the 
compared value can be categorized by its clarity level. The water clarity level category is displayed on 
the web to make it easier to monitor water clarity. This process repeats continuously starting from the 
water clarity measurement again. The flowchart of this system can be seen in Figure 5. 

 

Figure 5. Water Clarity Tool Flowchart 
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In the hardware design and program creation stage, the Arduino Uno module is connected to 

the Ethernet Shield so that it can communicate with the server, as illustrated in Figure 6. 

 
Figure 6. Arduino and Ethernet Shield Connection 

Tool programming is done on the Arduino 1.5.2 software using C language. The program 
begins by writing the library for the Ethernet Shield and setting the server and client IP addresses. The 
program code can be seen in Figure 7. 

 
Figure 7. Ethernet Shield Library 

The connection between the Arduino Uno and the BH1750 digital light sensor is explained in 
Figure 8. 

 
Figure 8. Arduino and Sensor Connection 

The initialization of the BH1750 digital light sensor on the Arduino Uno analog pins can be 
seen in Figure 9. 

 
Figure 9. Ethernet Shield 

The result of the water clarity measurement from the BH1750 sensor is stored in the var2 
variable. The measurement data is given a condition: if the light intensity value obtained is greater 
than 200 lux, the water is categorized as clear; if the value obtained is greater than 150 lux and less 
than 200 lux, the water is categorized as moderate; otherwise, the water is categorized as having a 
turbid clarity level. The conditions explained above were obtained from experimental results with 
water samples provided by the institution. The categorized data is saved into the database located on 
the web; in addition, the data will be displayed on the preview to facilitate monitoring. The code 
snippet can be seen in Figure 10. 
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Figure 10.  Water Clarity Level Categorization 

Next is the interface design stage on the web to display the data results from the water clarity 
determination tool. The web preview design can be seen in Figure 11. 

 
Figure 11. Web Preview Design 

The home page display is filled with a table of water clarity level results along with 
measurement times. The measurement time in the table is recorded on a daily basis. The web home 
page design can be seen in Figure 12. 

 
Figure 12. Web Home Page Design 

The display on the log menu is a database that records changes in water clarity sorted by 
recording time. The web log display design can be seen in Figure 13. 

 
Figure 13. Web Log Design 

3.​ Device Design 
​ Device assembly is the activity of uniting separate input-output modules into a single unit 
suitable for the purpose. Device assembly is done by creating a PCB circuit according to the circuit 
schematic used as a connector between the input-output modules and the microcontroller. The 
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configuration of the BH1750 sensor legs to the Arduino Uno microcontroller can be seen in Figure 14 
and Table 1. 

 
Figure 14. Arduino and BH1750 Sensor Pin Connection 

Table 1. Arduino and BH1750 Sensor Pin Connection  
 

Arduino Uno Sensor BH1750 

VCC VCC 
GND GND 
A4 SDA 
A5 SCL 

The Ethernet Shield is connected to the Arduino Uno module according to the existing pins as 
shown in Figure 15. 

 
Figure 15. Arduino and Ethernet Shield Pin Connection 

4.​ Device Assembly 
​ Testing is conducted to determine if the results obtained are as desired. Device testing is done 
by running the device functions according to the flowchart. The test results of the BH1750 digital 
light sensor with turbid water conditions displayed on the serial monitor in the Arduino 1.5.2 software 
are shown in Figure 16. 

 

Figure 16. BH1750 Sensor Test on Arduino Serial Monitor 
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​ The test results of the water clarity determination tool displayed on the web in turbid water 
conditions can be seen in Figure 17. 

 

Figure 17. Turbid Water Display Test on Web 

​ The test results of the water clarity determination tool on the web in clear water conditions are 
shown in Figure 18. 

 

Figure 18. Clear Water Display Test on Web 

The test results of clarity level determination in the database along with the time and date. 
Such data will be recorded every time a change in the water clarity level determination result occurs. 
It can be seen in Figure 19. 

 

Figure 19. Database Display Test on Web 

5.​ Testing 
Device implementation is carried out as the final stage of making the water clarity 

determination tool. Figure 20 and Figure 21 shows the installation of the tool above the water 
reservoir at the Biotechnology-LIPI laboratory. 

 

Figure 20. Tool on Water Reservoir 1 
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Figure 21. Tool on Water Reservoir 2 

The placement of the BH1750 digital light sensor under the water reservoir lid can be seen in 
Figure 22, and a light source is provided at the bottom of the water reservoir to help the sensor work 
according to the function of the tool. 

 

Figure 22. Sensor under Reservoir Lid 

The tool is connected to the server so that it can be accessed via the web. Figure 23 shows the 
web display being accessed on a laptop. The web application is installed on the Biotechnology-LIPI 
web server and can be accessed at http://prakom.lipi.go.id/BiotechWeb.  

 

Figure 22. Web Display 
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CONCLUSION  

This study successfully developed an automated water clarity monitoring system using 
Arduino Uno and a BH1750 sensor, effectively overcoming visual monitoring limitations in closed 
reservoirs at Biotechnology-LIPI. The system provides real-time web-based monitoring and 
automated historical data logging, ensuring compliance with water quality standards for laboratory 
equipment cleaning. While the primary functions operate optimally, future improvements should 
focus on enhancing stability by replacing battery power with a constant electrical source. 
Furthermore, integrating an automatic draining mechanism when turbidity is detected is recommended 
to minimize manual intervention and optimize overall laboratory efficiency. 
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