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A technology known as Total Dissolved Solid (TDS) sensor enables automatic 

monitoring and control of nutrients in Nutrient Film Technique (NFT) hydroponic 

systems. Nutrient automation system development, prototyping, and integration with 

relays, water pumps, and HC-SR04 ultrasonic sensors are some of the steps of this 

research. The objective of this research is to propose the fabrication and development 

of a prototype of an automated hydroponic system for pakcoy plants, which enables 

efficient nutrient delivery based on measured solution concentration levels. To monitor 

the water level and prevent water shortage, an HC-SR04 ultrasonic sensor is integrated 

into the system. Relays are used to switch on/off the pump and the water pump is used 

to control the water supply and nutrient solution automatically, with a notification 

delivery system via Telegram platform for remote monitoring. The results of this 

research include the development of a prototype nutrient delivery automation system 

that successfully integrates TDS sensors, relays, water pumps, and ultrasonic sensors. 

Performance evaluation of the prototype showed improved efficiency in nutrient and 

water management, as well as the system's ability to provide notifications regarding 

nutrient conditions to users. The integration of these sensors and communication 

platforms enables automated crop management, increasing the productivity of 

hydroponic farming. These findings confirm the potential of automation in improving 

the efficiency and sustainability of hydroponic farming systems. 
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1. INTRODUCTION

Hydroponics is a growing trend in plant cultivation among 

farmers as it offers an easier, cleaner, and more efficient 

method compared to conventional methods that use soil. 

Hydroponics utilizes water enriched with nutrient solutions as 

a growing medium, replacing the role of soil as a nutrient 

provider and plant support [1, 2]. In hydroponic systems, 

nutrients are an important factor affecting plant growth, and 

optimal nutrient management is required to achieve maximum 

yields [3]. Generally, nutrients are monitored manually by 

farmers using a TDS meter to check nutrient concentrations on 

a daily basis [4]. However, this manual method often leads to 

errors in the regulation of water and nutrient levels due to 

fluctuations that occur due to absorption by plants and 

evaporation, as well as uncertainty in maintaining nutrient 

balance [5]. The need for automation in nutrient supply is 

important, as it can improve nutrient management efficiency 

and overall crop yields [6]. 

Pakcoy (Brassica rapa var. chinensis) is becoming one of 

the popular horticultural crops in hydroponic cultivation due 

to its high demand in the market and the health benefits it 

offers, such as abundant vitamin, mineral, and fiber content [7]. 

Pakcoy hydroponic cultivation offers the advantage of a 

relatively short harvest time, making it suitable for increasing 

productivity through hydroponic systems [8]. Based on the 

hydroponic encyclopedia, pakcoy requires nutrient 

concentrations in the range of 1050 ppm to 1400 ppm for 

optimal growth [9]. 

Various hydroponic methods have been used to supply 

nutrient solutions, including Nutrient Film Technique (NFT), 

Axis System, Deep Flow Technique (DFT), Flood & Drain, 

Drip, and Aeroponics [10]. In this study, the NFT method was 

chosen due to its ability to efficiently provide water, nutrients, 

and oxygen with a thin nutrient flow of ±3 mm in height at the 

plant roots [11]. However, despite the popularity of NFT 

systems, manual monitoring and management of nutrients is 

still a significant challenge. 

Previous research has proposed the use of technology to 

monitor nutrient content in hydroponic systems. Some studies 

have used sensors to monitor the density of nutrient solutions, 

but not many have integrated a full automation solution 

capable of managing nutrient supply based on real-time 

conditions [12, 13]. The main gap encountered in this research 

is the lack of a system that can automatically control nutrient 

concentration and water level simultaneously in an NFT 
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hydroponic system, with the remote monitoring feature of 

Telegram notifications of water level and nutrient values in the 

reservoir. 

This research proposes a new solution in the form of an 

automatic nutrient delivery system that integrates a Total 

Dissolved Solids (TDS) sensor with a relay, a water pump, and 

an HC-SR04 ultrasonic sensor to monitor and regulate the 

nutrient concentration and water level in the reservoir 

automatically. The TDS sensor will measure the total solids 

content in the nutrient solution through electrical conductivity, 

while the ultrasonic sensor will monitor the water level to 

ensure a steady supply of nutrients [14]. In addition, the 

system is equipped with an LCD-based interface for live 

display of nutrient information, as well as integration with 

Telegram software that allows remote monitoring by farmers 

via mobile devices. Thus, the system overcomes the 

limitations of previous approaches by providing a fully 

automated solution that improves the efficiency of nutrient 

management and makes it easier for farmers to monitor the 

condition of pakcoy plants in NFT hydroponic systems on a 

regular basis. The solution proposed in this study not only 

provides convenience in nutrient monitoring and regulation, 

but also improves the precision of nutrient management, which 

can have a direct impact on increasing the productivity and 

sustainability of hydroponic pakcoy cultivation. 

 

 

2. RESEARCH METHODS 

 

In order to create a strategy that is focused and pertinent to 

the goals and objectives, the research methodology in this 

study makes use of a framework. Figure 1 shows how the 

research technique is used. The phases are problem, approach, 

design, implementation, testing, and results. 

 

 
 

Figure 1. Research methods 

 

2.1 Problem 

 

In this first phase, which addresses the issues faced by 

hydroponic farmers, the process of supplying nutrients and 

keeping an eye on hydroponic plants is still done manually or 

directly. 

2.2 Approach 

 

The requirements approach, which comprises hardware 

specifications utilized in the study, and the workings approach, 

which outlines the system's overall operation, comprise the 

approach stage. 

 

2.3 Design 

 

This research design goes through several stages: the design 

of the hardware used in the study is developed; the design is 

made as a block diagram to explain the interconnected diagram; 

the component schematic design describes the relationship as 

interconnected components; and the low level design is 

connected to the tool infrastructure as a network topology 

design. 

 

2.4 Implementation 

 

The process of putting everything that has been correctly 

designed into practice is known as the implementation stage. 

This step involves connecting every module to the circuit tool 

and configuring the microcontroller and additional hardware 

to execute the Arduino IDE application. 

 

2.5 Measurement 

 

At this point, a number of tests are conducted, specifically: 

1. HC-SR04 ultrasonic sensor function testing. 

2. Gravity TDS sensor function testing. 

3. Relay function testing on DC motor, mini pump, water 

pump, and circulation pump. 

4. Testing the LCD's functionality. 

5. Testing the Ethernet Shield function. 

6. Telegram functions testing. 

 

2.6 Result 

 

The study's ultimate product is an automated fertilizer 

delivery system for pakcoy grown in NFT hydroponics 

utilizing a TDS sensor. It operates effectively and is remotely 

monitored via Telegram. 

 

 

3. RESULT 

 

In this study, the hydroponic nutrient delivery automation 

system was tested on a small scale using pakcoy plants as test 

objects. Tests were conducted to measure the accuracy of the 

TDS sensor, ultrasonic sensor, and the effectiveness of 

automatic nutrient and water delivery. The results obtained 

showed effective system performance, however, some 

limitations were found in terms of long-term. 

1. TDS and nutrient sensor testing 

TDS sensor accuracy: The test was conducted by comparing 

the TDS sensor readings with a manual measuring instrument 

(TDS meter). The average TDS sensor error value of 2.23% 

indicates that the sensor can read the nutrient concentration 

with fairly good accuracy, although there are small variations 

in the readings. The system managed to set up automatic 

nutrient feeding when the nutrient concentration dropped 

below 1050 ppm and stopped it when it reached 1400 ppm. In 

10 tests, the system was able to keep the nutrient concentration 

within the optimal range for pakcoy growth, without manual 
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intervention. 

2. Ultrasonic sensor and water level testing 

Ultrasonic Sensor Accuracy: Water level testing was done 

with an HC-SR04 ultrasonic sensor placed over the water 

reservoir. The test results showed that the sensor had 100% 

accuracy with 0% error rate, which means that the sensor 

successfully read the water level and triggered the water pump 

automatically when the water level dropped below 2 cm, and 

stopped when the level reached 13 cm. Water Filling 

Efficiency: The water pump worked efficiently, filling the 

reservoir in an average of 30 seconds per fill, with fill 

frequency adjusted according to evaporation rate and plant 

consumption. 

3. Pakcoy plant growth testing 

System testing was conducted over a 21-day pakcoy 

growing period, starting from planting the seedlings until they 

reached the full growth stage. Results showed that the nutrient 

automation system supported plant growth well. On day 14, 

the average height of pakcoy plants reached 12 cm, with fresh 

green leaves and no symptoms of nutrient deficiency. Plant 

growth was faster than the manual method based on previous 

observations where plants usually only reached 10 cm on day 

14. This indicates that the automation system delivers nutrients 

more consistently and according to the needs of the plants. 

4. System stability and long-term challenges 

During testing, the system worked stably, but some issues 

arose regarding the durability of the sensors under hydroponic 

environmental conditions. The TDS sensor tends to experience 

a decrease in accuracy after 30 days of use due to residue 

buildup on the sensor, which requires further maintenance. In 

the simulated long-term use test, the system successfully 

maintained the automatic nutrient and water control functions, 

but the nutrient stirring using the DC motor needs to be 

optimized to prevent nutrient build-up in the larger reservoir. 

The results were obtained after being reviewed in four 

stages below, starting with the first approach which was 

separated into two categories: requirements and work. 

Hardware design, schematic design, and network topology 

design comprise the second design stage. Third, the assembly 

or use of each component. Testing findings constitutes the 

fourth step. 

 

3.1 Approach 

 

3.1.1 Needs approach 

 

Table 1. Needs approach (Hardware) 

 
No. Hardware Requirements 

1 Arduino Uno R3 

2 Gravity TDS V1.0 Sensor 

3 HC-SR04 Ultrasonic Sensor 

4 DC Motor 5V 

5 LCD I2C 16×2 

6 Relay 5V 

7 Water Pump 

8 Mini Pump 5V 

9 Breadboard 

10 Jumper Cables 

11 Ethernet Shield 

12 Adapter 

 

The research on automatic nutrient delivery system for 

pakcoy plants using Total Dissolve Solids Sensor in telegram-

based nutrient film technique hydroponics is at the stage of 

approaching the needs that will be implemented, can be 

assisted by hardware available to facilitate this research, as 

shown in Table 1. 

(a) One of the most well-known microcontroller boards 

is the Arduino microcontroller. Arduino is an open-source 

electronic prototyping platform developed by Atmel that 

comes in the form of an electronic board (hardware) and a 

development environment (software). It makes use of the 

flexible and user-friendly Atmel AVR CPU type 

microcontrollers [15]. A Microcontroller boards based on the 

ATmega 238 are known by other names: Arduino UNO has 14 

digital input / output pins (or commonly written I/O, where 14 

of them can be used as PWM outputs including pins 0 to 13), 

6 analog input pins, using 16 MHz crystals including pins A0 

to A5, USB connection, power jack, ICSP header and reset 

button [16].  

(b) The TDS sensor makes use of the electrical 

conductivity characteristics of water to measure the total solid 

content in a liquid. The strength of a solution's ability to 

conduct electricity is determined by its electrical conductivity. 

The TDS sensor measures in parts per million, or ppm. 

Hydroponics and home water analysis are two uses for TDS 

sensors in water quality applications [17]. A TDS meter is an 

instrument used in agriculture that is used to measure the 

concentration or density of nutrient solutions in hydroponic 

farming. This TDS sensor kit provides an analog output that is 

compatible with most microcontrollers, such as Arduino. 

requires a wide voltage input of 3.3~5.5V, and provides an 

analog voltage output of 0~2.3V, which makes it compatible 

with 5V or 3.3V control systems or boards such as Arduino, 

ESP32, Raspberry Pi, micro:bit and LattePanda. The 

excitation source is AC signal, which can effectively prevent 

the probe from polarization and extend the life of the probe, 

meanwhile it can help to improve the stability of the output 

signal. The TDS probe is waterproof, can be immersed in 

water for long time measurement [18].  

(c) Ultrasonic sensor type HC-SR04 is one type of device 

used to measure the distance of a particular object. The 

advantage obtained from this sensor is a detection range of 

about 2-500 cm. This device uses two digital pins to 

communicate the distance read. The working principle of the 

HC-SR04 ultrasonic sensor is to transmit ultrasonic pulses of 

about 40 KHz, which can then be used to trigger an echo and 

shorten the specified time in microseconds. We can measure 

the pulse accurately 20 times per second, and this allows us to 

determine objects up to a distance of three meters [19].  

(d) A DC motor is a robotic application-specific device 

that transforms DC electrical energy into spinning mechanical 

energy. In DC motors, the armature coil is referred to as the 

rotor (the rotating part) and the field coil as the stator (the non-

rotating part). The yellow DC gearbox motor, which will be 

utilized as the motor for the stirrer in this study, has a speed of 

100 rpm and a torque of 4 kg.cm. In its use, a gearbox with a 

certain gear ratio is required [20, 21].  

(e) LCD (Liquid Crystal Display) is a type of display 

media that uses two materials that can polarize liquid crystals 

(Liquid Crystal) between the two sheets to display the required 

data characters from input devices such as sensors, display text, 

or display menus on microcontrollers. LCD screens are 

available in various versions, namely 8×2, 16×2, 20×2, 20×4, 

40×4. In this tool, the size of the LCD type used is 16×2 LCD 

[22].  

(f) Relay is an electronic device that can connect or 

disconnect a large electric current by utilizing a small electric 
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current, besides that Relay is a Switch that works by using the 

principle of an electrically operated electromagnet and is an 

Electromechanical component consisting of 2 main parts 

namely coil and contact, coil is a coil of wire that gets an 

electric current, while contact is a kind of switch that is 

influenced by the presence or absence of electric current in the 

coil [23].  

(g) Water pump is a submersible water pump motor that 

is used to raise water from lowlands to highlands or to drain 

water from low pressure areas to high pressure areas and also 

as a flow rate amplifier in a piping network system. The water 

pump uses a Brushless DC motor and works with a DC voltage 

of 12V 240L / H [24].  

(h) Mini pump or commonly called Mini Submersible 

Water Pump is a small submersible water pump motor that can 

be operated without being immersed in water by sucking water 

using a water hose. Submersible pumps are a type of 

centrifugal pump. This mini subersible water pump has an 

electric voltage of 3-5.5V 120L / hour, the advantage of this 

mini water pump is that it is not noisy when used and is safe 

when working in water [25].  

(i) One type of tool utilized for electronic prototype is 

the breadboard. When used, specifically as a jumper cable-

connected medium conductor for electric current, it allows the 

current from one component to be linked correctly in 

accordance with the flow. Using a breadboard has several 

benefits, one of which is that since it is a board made without 

solder, constructed components are less likely to be damaged 

and are simpler to remove [26].  

(j) Jumper cables are electrical wires used to connect 

components on a breadboard. There are connections or pins at 

the ends of jumper cables. There are three types of jumper 

cables: female to female, male to male, and male to male [27].  

(k) A module called Ethernet Shield is used to link 

Arduino to the internet. For it to work, an Ethernet and SPI 

libraries are needed, and the Ethernet Shield uses an RJ-45 

connection to connect to the internet, an integrated line 

transformer, and Power over Ethernet [28].  

(l) An adapter is a circuit that is useful to convert high 

AC voltage to DC which is low. The adapter is an alternative 

replacement of DC voltage (such as batteries, batteries) 

because the use of AC voltage is longer and everyone can 

person can use it as long as there is electricity in that place [29]. 
 

3.1.2 Work approach 

In this study, it will be explained how the system in this 

study works by identifying the operations shown in Figure 2. 

An explanation of the identification of this system can be seen 

in the accompanying graph. 

 

 
 

Figure 2. Steps for working 

 

Figure 2 describes the steps of this study and how the system 

operates, with the Arduino Uno serving as the primary control 

and data receiver.  

(1) The Arduino receives the input data from the ultrasonic 

sensor and uses it to measure the water level. It then processes 

the data and sends the output to the water pump relay, which 

functions as an on/off switch for the water pump voltage.  

(2) In addition, the Arduino provides output to the DC 

Motor Relay once again, acting as an on/off switch to move 

the DC Motor and stir the nutrient and water mixture in the 

container.  

(3) Next, in order to measure the concentration of a nutrient 

solution, the TDS sensor will first read the solution's 

concentration value in PPM (Parts Per Million), a measuring 
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unit used to determine the concentration of a material in a 

mixture or solution. Here, PPM is used to quantify the amount 

of nutrients present in the nutrient solution that is applied to 

the plants.  

(4) The Arduino will transmit output to the mini pump relay, 

which functions as a small pump voltage on/off switch and a 

pump to spread the nutrient solution, if the concentration of 

the nutritional solution is less than the minimal limit, or ≤1050 

PPM. If the concentration of nutrients is less than the 

minimum limit, the Arduino will send an output to the mini 

pump relay to open the mini pump voltage; if the concentration 

of nutrients is greater than the maximum limit, or ≥1400 PPM, 

the Arduino will close the relay voltage on the mini pump and 

DC motor relay, causing the mini pump to stop and distribute 

nutrients.  

(5) Arduino will transmit text and numbers, representing the 

concentration value of a nutrient solution, to the LCD.  

(6) The hydroponic tendon's water parameters and fertilizer 

solution concentration value will be processed by the Ethernet 

Shield linked to the Arduino and forwarded to Telegram 

through alerts.  

(7) The Arduino will then provide output to the circulation 

pump relay after the process of providing water and nutrients 

is finished, and the relay will then supply power to the 

circulation pump to direct water into the hydroponic pipe. 

 

 

 

3.2 Design 

 

At this stage, several designs related to the research are 

carried out. The following are some of the stages of system 

design in this study. 

 

3.2.1 Functional block diagram design  

In this case, hardware design work is performed that is in 

line with the research being conducted. Based on the overall 

research, the following hardware design example is shown in 

Figure 3. 

 

 
 

Figure 3. Functional block diagram 

 
 

Figure 4. Component schematic diagram 

 

Ultrasonic HC-SR04 sensor as input reader of water level 

and volume, Gravity TDS V1 sensor as the input of a nutrient 

solution density reader, Arduino as a data receiver and sender, 

5V Relay as an on and off switch on the Water pump, Mini 

pump, and DC Motor, water pump as an output to drain raw 

water, DC Motor as a stirrer of nutrient and water mixture, 

mini pump as an output to supply or distribute nutrient 

solutions, circulation pump as an output to distribute water and 

nutrient mixing, Ethernet Shield as an output that connects 

Arduino with the internet, while the LCD as an output that 

displays data in the form of characters or numbers. Displays 

text information on nutrient levels. 

The control algorithm used in this system works by 

monitoring two main parameters: the concentration of 

nutrients in the water and the water level in the reservoir. This 

algorithm is executed through an Arduino UNO 

microcontroller that receives inputs from the installed sensors, 

then activates or deactivates the actuators (water pump and 
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nutrient pump) through relays according to the conditions 

detected by the sensors. 

1. Nutrient delivery control 

- The TDS sensor is used to read the concentration of 

nutrients in the water, which is expressed in PPM (parts per 

million). If the sensor detects that the TDS value is lower than 

the minimum limit (1050 ppm), the Arduino will activate the 

relay to turn on the mini pump in charge of flowing the nutrient 

solution into the reservoir. Conversely, if the TDS value 

exceeds the maximum limit (1400 ppm), the relay will turn off 

the mini pump to stop the flow of nutrients. 

- Whenever there is a change in nutrient concentration, the 

system also performs automatic stirring by activating a DC 

motor to ensure even nutrient distribution. 

2. Water level control 

An HC-SR04 ultrasonic sensor is used to measure the water 

level in the reservoir. When the water level drops below the 

set level (e.g., 2 cm from the bottom of the reservoir), a relay 

will activate the water pump to replenish the water. The pump 

will be turned off when the ultrasonic sensor detects that the 

water level has reached the upper limit (e.g., 13 cm from the 

bottom). 

 

3.2.2 Schematic diagram design 

In the hardware-systematic circuit that the Arduino Uno will 

be attached to the relationship between the pins that have been 

identified as follows and the components that are linked using 

jumper wires is described in the hardware schematic design as 

shown in Figure 4. 

This hydroponic nutrition automation system is comprised 

of many essential components that function in unison, all of 

which are controlled by the Arduino UNO microcontroller-

based architecture that forms the system's core. 

TDS sensor measures the concentration of nutrients in water 

in ppm (parts per million). The sensor is directly connected to 

the microcontroller and transmits data in real-time. When the 

nutrient concentration falls below or rises above the specified 

limit (1050-1400 ppm), the microcontroller will activate or 

deactivate the nutrient pump automatically.  

HC-SR04 ultrasonic sensor serves to measure the water 

level in the reservoir. The data from this sensor is used to 

automatically activate or turn off the water pump based on the 

detected water level.  

Integration with telegram platform, the Arduino UNO 

microcontroller is equipped with an Ethernet Shield module 

that allows communication with the internet. The data 

obtained from the TDS sensor and ultrasonic sensor are sent to 

the Telegram platform via the internet network. Notifications 

about nutrient concentration and water level are sent to the 

user in real-time, enabling remote monitoring. Users can 

receive updates directly through the telegram bot, such as 

receiving critical condition notifications (e.g., water level is 

too low or nutrient concentration is inappropriate).  

Relay and actuator system sensors are connected to relays 

that control the water pump, nutrient pump, and stirrer motor. 

The relays will be activated or deactivated based on the 

readings from the sensors, while the user can monitor the 

system remotely via telegram. 

With this architecture, the system is able to provide 

automatic control over nutrients and water in hydroponics, 

while allowing efficient remote monitoring and control 

through integration with telegram. 

 

3.2.3 Network topology design 

The network topology design shows that the Ethernet Shield 

is connected to the switch and router, of course, the prototype 

series of pakcoy nutrition tools automatically using the TDS 

sensor in telegram-based NFT hydroponics has been 

programmed according to the programming instructions that 

have been made. The network architecture design can be seen 

in Figure 5. 

 

 
 

Figure 5. Network topology design 
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Figure 6. System workflow 

 

From the internet source, it connects to the RB CCR 1009-

7G-1C-1S+ proxy router with an IP address of 10.10.0.1/21. 

From the RB CCR 1009-7G-1C-1S+ router connects to the 

switch on the CSN (Computer System and Network) 

Laboratory Server, the switch connects to the hydroponic 

nutrient delivery device infrastructure having an IP address of 

192.168.137.2/24. Then the hydroponic nutrient delivery 

infrastructure notifies the hydroponic ppm value to the 

telegram bot. 

Applying security methods such as encryption, 

authentication, firewalls, and ACL settings has improved the 

security and dependability of communication between the 

Arduino and the server. Furthermore, in the research phase, 

buffering schemes, repetition mechanisms, QoS settings, and 

network redundancy implementations have been used to 

reduce network slowness and potential data loss. In order to 

identify problems early and guarantee that the hydroponic 

nutrient delivery automation system performs at its best, 

network performance monitoring is also utilized. It is expected 

that these enhancements will enable the network topology to 

maintain data security, improve communication dependability, 

and maximize the functionality of the Arduino-powered 

automated hydroponic nutrient delivery system for pakcoy 

plants. 

This hydroponic nutrition automation system integrates the 

Telegram platform to facilitate monitoring and notifications to 

users. Through Telegram, users can receive periodic 

information regarding the nutrient and water conditions in the 

hydroponic system, which enables more effective 

management. 

1. Notification function 

Whenever the TDS sensor or ultrasonic sensor detects 

changes in nutrient concentration or water level, the system 

automatically sends notification messages to groups or private 

chats on Telegram. This notification includes information such 

as the current TDS value, the status of the water and nutrient 

pumps, and the water level in the reservoir. An example of the 

format of the message sent is: “Current nutrients: 1200 ppm, 
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Nutrient Pump: ON, Water Level: 10 cm.” 

In addition, if a critical condition occurs, such as a drop in 

water level below the minimum level or an excessively high 

nutrient concentration, the system will immediately send an 

alert to the user to take the necessary action. 

2. Monitoring function 

Users can access historical data through the telegram bot 

that has been developed, allowing them to review the changing 

trends of TDS value and water level over a specific period. 

This helps in data-driven decision making for better nutrient 

management. 

Controlling Internet-connected nutrition delivery systems is 

particularly challenging when using third-party services like 

Telegram because to security concerns. A number of security 

measures have been put in place to deal with this issue: 

- Data encryption and authentication: To protect private 

information, each communication session uses a telegram 

authentication token. 

- Access control: To ensure that only authorized parties are 

in charge of the system, only authenticated users may access it 

or exercise control over it. 

- Conduct monitoring: All system activities are logged to 

guard against illegal access and questionable conduct. 

By implementing these security protocols, the system not 

only guarantees efficient operation via Telegram but also 

safeguards the integrity and security of hydroponic nutrition 

automation control against possible risks that can emerge from 

utilizing third-party platforms. 

 

3.3 Implementation  

 

The implementation stage necessitates the assembly or 

installation of all components, including TDS sensors, 

ultrasonic sensors, relays, pumps, and motors. These 

components are connected in accordance with the intended 

circuit scheme, and all devices are programmed using the 

Arduino IDE. To make sure every part function in accordance 

with the preset control algorithm, system testing is done. The 

system procedure will be used to carry out the following 

implementation tasks. 

The control algorithm in Figure 6 starts with the module 

connected to the Arduino UNO microcontroller, then initialize 

the system and start the program on the Arduino UNO 

microcontroller. Initialize all sensors and components such as 

TDS sensor to measure nutrient concentration, HC-SR04 

ultrasonic sensor to measure water level, relay to control water 

pump, nutrient pump, DC motor, and circulation pump, LCD 

to display information, Ethernet Shield for communication 

with Telegram. For water level measurement, Read the 

ultrasonic sensor. Is the water level < 13 cm? Yes: Activate 

the water pump. No: Turn off the water pump. Next for 

nutrient concentration measurement, Read the TDS sensor. Is 

the TDS < 1050 ppm? Yes: Activate the nutrient pump and 

Activate the DC motor. No: Is TDS > 1400 ppm? Yes: Turn 

off the nutrient pump, and turn off the DC motor. No: Maintain 

pump and motor condition. For circulation pump control, Is 

the water level and TDS within the optimal range? Yes: 

Activate the circulation pump. No: Turn off the circulation 

pump. In the monitoring and notification stage, Display data 

on LCD, Send data to telegram. Is there a critical condition? 

Yes: Send alert notification to telegram. No: Continue 

monitoring. Wait for the time interval. Return to water level 

measurement.  

 

3.4 Measurement 

 

Currently, Arduino UNO, HC-SR04 ultrasonic sensor, TDS 

sensor, relay for water pump, dc motor, mini pump and 

circulation pump, I2C LCD, Ethernet Shield, and Telegram are 

used to test the features of the automatic nutrition system for 

pakchoy plants in NFT hydroponics. This testing is carried out 

to ensure that the tool being built is in accordance with the 

anticipated purpose. 

 

3.4.1 HC-SR04 ultrasonic sensor function testing 

Tests were carried out with the HC-SR04 ultrasonic sensor 

placed on top of the reservoir by emitting ultrasonic waves to 

the surface of the water then measured and compared with 

measurements using a ruler as shown in Figure 7. 

 

 
 

Figure 7. HC-SR04 ultrasonic sensor function testing 

 

When the ultrasonic sensor detects the water level is more 

than 13 cm or the water in the hydroponic reservoir is empty, 

the relay will be on to turn on the water pump and water will 

flow into the hydroponic reservoir, otherwise when the 

ultrasonic sensor detects the water level is less than 2 cm or 

the water in the hydroponic reservoir is full, the relay will be 

off. 

 

Table 2. HC-SR04 ultrasonic sensor testing results 
 

No. 
Water Distance 

Tandon (cm) 

Water Distance to 

Ultrasonic Sensor (cm) 
Reading Status Difference 

Error 

(%) 

1 14 cm 14 cm Read, Water pump delivers water 0 0 

2 13 cm 13 cm Read, Water pump delivers water 0 0 

3 12 cm 12 cm Read, Water pump delivers water 0 0 

4 11 cm 11 cm Read, Water pump delivers water 0 0 

5 10 cm 10 cm Read, Water pump delivers water 0 0 

6 9 cm 9 cm Read, Water pump delivers water 0 0 

7 5 cm 5 cm Read, Water pump delivers water 0 0 

8 4 cm 4 cm Read, Water pump delivers water 0 0 

9 3 cm 3 cm Read, Water pump delivers water 0 0 

10 2 cm 2 cm Read, Water pump stops delivering water 0 0 
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Based on the results of testing the measurement of water 

distance on the HCSR04 ultrasonic sensor with a ruler / ruler 

as a measuring tool for comparison carried out 10 times and 

can be seen in Table 2, the data obtained is the result of an 

error of 0% so that it shows the test results are accurate. 

Measurements are made by placing the sensor with a 

measuring instrument (ruler) equal to its height in the 

hydroponic reservoir. 

 

3.4.2 TDS sensor function testing 

This stage is carried out to test the function of the TDS 

sensor in the system. 

The purpose of the TDS sensor test is to measure the total 

nutrient solution dissolved in water. The process of testing 

nutrients in hydroponic reservoirs is carried out by comparing 

the value of the TDS sensor with the TDS-3 brand TDS meter 

measuring instrument dipped in water in the reservoir. In 

collecting sensor test data, the sensor is placed in a hydroponic 

reservoir which can be seen in Figure 8. 

 

 

 
 

Figure 8. TDS sensor function testing 

 

The TDS sensor value increases in Table 3, as the amount 

of dissolved solids in the water used to read the nutrient 

concentration value increases. Dissolved solids in water are 

contaminants between raw water and AB mix nutrient solution. 

The PPM values contained in Table 3 are calculated using the 

following formula: 

 

𝑥 = (133,42 ∗ 𝑣3– 255,86 ∗ 𝑣2 + 857,39 ∗ 𝑣) ∗ 0,5 (1) 

 

TDS value is represented by the x symbol in the PPM 

calculation formula, while compensating voltage is 

represented by the v symbol. 

The results of measuring the value of the TDS sensor and 

the TDS meter brand TDS-3 obtained various difference 

values between the TDS sensor and the TDS meter in each data 

collection, because the TDS sensor in the measurement can 

change in a fraction of a second and the stirring of nutrients is 

evenly distributed so that the difference between the TDS 

meter and the TDS sensor is not too far away. The average 

error value or error value of the nutrient reading on the tool is 

2.23%, where this calculation uses the formula for the average 

error value [30]. From the results of the nutrition experiment, 

it can be concluded that the tool has successfully controlled the 

amount of nutrients in the hydroponic pakcoy plant. 

 

Table 3. TDS sensor testing results 

 

Testing 
TDS Sensor 

(ppm) 

TDS Meter 

(ppm) 
Difference 

Error 

(%) 

1 190 170 20 11.7% 

2 718 732 14 1.91% 

3 853 850 3 0.35% 

4 938 900 38 4.22% 

5 1077 1087 10 0.91% 

6 1099 1101 2 0.18% 

7 1103 1110 7 0.63% 

8 1121 1124 3 0.27% 

9 1264 1271 7 0.55% 

10 1250 1270 20 1.62% 

Average 12.5 2.23% 

 

 
 

Figure 9. Testing the relay function on the water pump 

 

 
 

Figure 10. Relay function testing on DC motor 
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Figure 11. AB mix nutrition 

 

 

 
 

Figure 12. Relay function testing on mini pump 

 

 

 
 

Figure 13. Relay function testing on the circulation pump 

3.4.3 Relay function testing 

1. Testing the relay function on the water pump 

The relay function testing stage on the water pump is tested 

when the ultrasonic sensor detects water in an empty 

hydroponic reservoir, then the relay switches On and turns on 

the water pump to drain water into the reservoir, otherwise 

when the ultrasonic sensor detects water in a full hydroponic 

reservoir, the water pump relay switches Off. The tests the 

function of the water pump relay in Figure 9. 

2. Relay function testing on DC motor 

Testing the relay function on the DC Motor is tested by 

turning on the DC Motor which is connected to a 4 channel 

5VDC relay at IN3 which functions as a stirrer between 

mixing water and nutrient solutions to be evenly distributed 

and the TDS sensor reading is maximized. The condition 

where the DC motor turns on or the relay switches on if the 

water pump has finished draining the water in the hydroponic 

reservoir, then the DC motor will turn on and stir the water 

while the mini pump provides nutrient solution to the 

hydroponic reservoir. The tests the DC Motor relay function 

in Figure 10. 

In Figure 10 is a condition where the relay and DC Motor 

are off and on. The relay lamp on IN3 that connects the DC 

motor with the relay will turn off if the relay switches off as 

well as the DC motor will be off and the IN3 relay lamp will 

light up if the relay switches on, the DC motor is also on. 

3. Relay function testing on mini pump 

Testing the relay function on the mini pump is tested by 

turning on 1 mini pump connected to a 4 channel 5VDC IN1 

relay as an output to channel the AB Mix nutrient solution to 

the hydroponic reservoir from the TDS sensor reading. Before 

testing the relay function on this mini pump, it is necessary to 

first make the AB Mix nutrient solution before it is distributed 

to the hydroponic reservoir, namely nutrient solution A and 

nutrient solution B which can be seen in Figure 11. 

Figure 11 shows the making of AB Mix nutrients needed for 

relay testing on this mini pump by mixing nutrient solution A 

and nutrient B, each using a 250 ml bottle which is combined 

into the AB Mix nutrient solution container.  

Relay testing on the mini pump is done when the TDS 

sensor reads the ppm value below the minimum limit, then the 

relay switches On and turns on the AB Mix nutrient mini pump 

to distribute nutrients, otherwise when the TDS sensor reads 

the ppm value has met the nutritional needs at a predetermined 

set point, the AB Mix nutrient mini pump relay switches Off 

and turns off the mini pump. Before that is done for the 

manufacture of AB Mix nutrients that are mixed. The test of 

the mini pump relay function is shown in Figure 12. 

In Figure 12, the IN1 relay light that connects the AB Mix 

mini nutrient pump lights up, which means the relay switches 

on and the mini pump is also on or distributing nutrients to the 

hydroponic reservoir. 

4. Relay function testing on the circulation pump 

The last stage of testing the relay function, namely the 

circulation pump relay, is tested by turning on the circulation 

pump connected to the 4 channel 5VDC IN4 relay as an output 

to drain the mixing between water and nutrient solution in the 

hydroponic reservoir to the PVC pipe contained in the NFT 

hydroponic circuit. The condition of the relay switch On on 

the circulation pump is when the provision of nutrients has 

been carried out automatically and read by the TDS sensor has 

met the nutritional needs that have been needed, the circulation 

pump will turn on and flow into the PVC pipe in a circulated 

manner. The test of the circulation pump relay function is 
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presented in Figure 13. 

In Figure 13, the IN4 Relay light that connects the 

Circulation Pump lights up which means the relay switches on 

and the circulation water pump turns on to drain nutrients into 

the NFT hydroponic pipes. 

 

Table 4. Relay function testing results 

 

No. 

Relay 

Initial 

Condition 

Relay  

Testing 

Delay When 

Turning On 

and Off 

Result 

1 
Normally 

Open (NO) 
Water Pump 1 second Retrieved 

2 
Normally 

Open (NO) 
DC Motor 1 second Retrieved 

3 
Normally 

Open (NO) 

Mini pump A 

and Mini 

pump B 

1 second Retrieved 

4 
Normally 

Open (NO) 

Circulation 

Pump 
1 second Retrieved 

 

Table 4 shows the relay function works according to the 

program that has been made. In the field of electricity, NO 

stands for Normally Open, which means that under everyday 

situations it is miles open, in other words here it explains that 

the Water Pump, DC Motor, Mini Pump A and B, and 

Circulation Pump which have the initial role of open circuit 

and have a delay of 1 second to flow electricity. The touch will 

remain in the open circuit position. To signify the contact to 

the closed circuit, we wish to press the actuator. The cutting 

edge will begin to flow when the contact is in a closed circuit. 

The cutting edge will begin to flow when the contacts are in a 

closed circuit. Open and closed conditions on contacts or 

relays serve as representations of logic gates. 

 

3.4.4 LCD I2C function testing 

The purpose of LCD (Liquid Crystal Display) testing is 

whether the LCD screen can display program information that 

will later appear on the LCD screen. 

Figure 14 presents tests of the function of the I2C LCD. in 

this condition the LCD is programmed with the Arduino UNO. 

The LCD displays the text “AUTO HYDROPONICS 

ACTIVATED”. If the system is running, the text "TDS Value 

=... PPM, NUTRITION AB = ON/OFF" will appear. 

 

3.4.5 Ethernet Shield function testing 

In this Ethernet Shield test, it is carried out to find out 

whether the Ethernet Shield is connected or not to the internet 

network so that it can send data on nutritional values and water 

parameters to telegram on the hydroponic automation system. 

To see it, the test was carried out on the Arduino IDE serial 

monitor which can be seen in Figure 15. 

Figure 16 shows that all the Ethernet Shield lights are on, 

which means the Ethernet Shield is connected to the internet 

and can send data to telegram. 

 

3.4.6 Telegram function testing 

This test is carried out as a notification, where this system 

will send a telegram message in the form of a text regarding 

the condition of the hydroponic tank by displaying the distance 

of the water and the nutritional value (ppm) obtained from the 

ultrasonic sensor and TDS readings which will be stored in the 

hydroponic automation system database and find out the 

nutritional value information and whether the water level 

meets requirements or not. 

Figure 17 shows the steps taken to test the functions on 

Telegram. This test is carried out as a notification. This system 

will send telegram messages in the form of text. 

Figure 18 shows the serial monitor display when the 

infrastructure detects the water distance in the reservoir and 

the ppm value of the hydroponic nutrients, thereby providing 

a message to Telegram. 

 

3.4.7 Overall testing and analysis of pakcoy crop system 

This NFT hydroponic automation system was tested on 

pakcoy plants. The results of the experiment in the form of 

growth stages of the pakcoy plant can be seen in the following 

Figures 19-26. 

 

 
 

Figure 14. LCD I2C function testing 

 

 
 

Figure 15. Serial display monitor Ethernet Shield function 

testing 

 

 
 

Figure 16. Ethernet Shield module 
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Figure 17. Telegram function testing 

 

 
 

Figure 18. Serial display monitor telegram function testing 

 

 
 

Figure 19. Pakcoy seeds from the seedings process 

 
 

Figure 20. Pakcoy growth day-3 

 

 
 

Figure 21. Pakcoy growth day-7 

 

 
 

Figure 22. Pakcoy growth day-14 

 

 
 

Figure 23. Pakchoy growth day-21 
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Figure 24. Consistency of sensor data 

 

 
 

Figure 25. Accuracy of automatic nutrient dosing 

 

 
 

Figure 26. Impact on plant growth 

Growing pakcoy was tested for 21 days in order to assess 

the overall efficacy of the hydroponic nutrient automation 

system. The manual technique served as a control during the 

test period to examine the effects on plant development, the 

stability of the sensors, and the accuracy of the automatic 

fertilizer delivery system. 

1. Consistency of sensor data 

- To guarantee reading consistency over an extended period 

of time, the TDS sensor and ultrasonic sensor were often 

checked. The average inaccuracy of the TDS sensor's 

measurements was found to be 2.23%, based on observations. 

During the 21-day test period, there was no discernible decline 

in sensor performance; nevertheless, there were some minor 

oscillations that could have been caused by changes in the 

reservoir's nutrient levels. 

- When the water level was measured manually, the 

ultrasonic sensor performed steadily and had 0% reading error. 

The water pump was automatically turned on and off by the 

sensor's accurate detection of changes in water level. 

2. Accuracy of automatic nutrient dosing 

- The automated system accurately regulates nutrient 

delivery based on the TDS sensor reading. At nutrient 

concentrations below 1050 ppm, the nutrient pump is activated 

to add AB mix solution, and stops when the concentration 

reaches 1400 ppm. 

- For 21 days, the automatic nutrient feeding kept the 

concentration within the desired range. No cases of 

overfeeding or underfeeding were detected. This consistency 

of nutrient delivery ensured that the plants received the 

optimal dose of nutrients at all times. 

3. Impact on plant growth 

- Pakcoy plant growth was monitored and measured every 

seven days during the test period. The average plant height at 

day 21 was 17 cm for the automated system, indicating that the 

automation system delivered nutrients more consistently. 

- In addition, the leaves of the pakcoy plants using the 

automated system looked greener and fresher, indicating that 

nutrients were being delivered precisely according to the needs 

of the plants. 

Table 5 presents the quantitative data obtained during the 

test. 
 

Table 5. Quantitative data 
 

Day 

Plant 

Height 

(Automatic) 

Plant 

Height 

(Manual) 

Automatic 

TDS 

Concentration 

(ppm) 

Manual TDS 

Concentration 

(ppm) 

3 3 cm 3 cm 1099 1101 

7 7 cm 6 cm 1103 1110 

14 12 cm 10 cm 1121 1124 

21 17 cm 16 cm 1250 1270 
 

To assess the system's performance under varied operating 

settings, testing of the hydroponic nutrient automation system 

was carried out in many situations. In order to determine how 

the system reacts to variations in water and nutrients, tests 

were carried out in two primary scenarios: normal and severe. 

- Normal scenario: 

The system maintains the nutrient concentration in the range 

of 1050-1400 ppm with an average of 1200 ppm, and 

successfully regulates the water level automatically. 

- Extreme condition scenario: 

In a simulated rapid nutrient drop, the system responds 

within 10 seconds and recovers the concentration within 5 

minutes. The water pump fills the reservoir to the optimal limit 
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in 30 seconds when the water is low. 

During the testing phase, several limitations were 

encountered that could affect the performance of the system in 

the long run.  

- TDS sensor accuracy limitations: 

While the system works well in maintaining nutrient 

concentration, the TDS sensor tends to suffer from decreased 

accuracy over time due to particle buildup in the nutrient 

solution. To address this issue, regular cleaning of the sensor 

is required to maintain optimal performance.  

- Pump performance under extreme conditions: 

Under conditions of frequent water replenishment, such as 

when there is high evaporation or when a lot of water is 

absorbed by the plants, the water pump experiences a high 

workload. This causes the pump to work harder and risks 

premature wear. The proposed solution is to use a more 

durable water pump or add a backup pump that can work 

alternately. 

- Uneven stirring of nutrients: 

In larger scale usage scenarios, the stirring motor in this 

system is less effective in distributing nutrients evenly across 

the reservoir. This leads to small variations in nutrient 

concentration in some parts of the system. Using a stirring 

motor with more power or adding multiple stirring motors to a 

larger reservoir can be a solution to this problem. 
 

 

4. CONCLUSIONS 
 

In conclusion, the integration of TDS sensor technology 

with NFT hydroponic systems has presented an effective 

paradigm for automating nutrient delivery in pakcoy plants. 

The careful system design incorporating the TDS sensor, 

ultrasonic sensor, relay, water pump, and DC motor on an 

Arduino UNO results in a cohesive and efficient mechanism. 

Notably, the system excels at regulating nutrient supply via the 

TDS sensor, monitoring water level using the ultrasonic sensor, 

and controlling nutrient and water supply via the relay-

controlled pump. The system is also integrated with Telegram, 

allowing regular remote monitoring of nutrient and water 

parameters, fulfilling the objectives set out in the introduction. 

Although it has certain limitations, such as the need to improve 

the accuracy of solution stirring and the dependence of TDS 

and ultrasonic sensors, these limitations offer insightful 

information for further research and development. 

Development challenges for larger scales, including multi-

tank management, require more sophisticated controls and 

integration of additional sensors such as pH and water 

temperature sensors. Going forward, further research should 

prioritize refining the precision of the sensors and improving 

the overall robustness of the system, especially in wider 

scalability for different crop types and integration with more 

advanced IoT technologies. This continuous development is 

critical to ensure the success and viability of hydroponic 

nutrient automation systems in the real world. Stakeholders 

considering the adoption of this technology should appreciate 

its proven functionality while paying attention to areas that can 

be improved, encouraging collaboration between developers 

and industry practitioners to realize the full potential of this 

innovative solution in hydroponic farming practices. 
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