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Abstract—In the industrial world, many tools have been made 

to facilitate human work in carrying out control and 

measurement that is made automatically in a production 

process. Because in some parts of a production process in the 

industry that is done manually is no longer effective so that 

accurate and precise automatic control is needed. The control 

that will be used in this study is the Integral State Feedback 

(ISF) control with Arduino Uno as a microcontroller to design 

and run the system. The actuator used is a 12V water pump with 

the sensor used is the YF-S401. The system will run the ISF 

control as long as the data is less than 300 and if it reaches 300 

data, the system will stop processing the ISF control and turn 

off the 12V water pump. The sensor reading error obtained is 

27%. Parameters Ki = 0.3, K1 = 6, and K2 = 2 obtained from 

MATLAB Simulink can be applied to the research tool but have 

a slow system response Delay Time and Rise Time, so the 

researcher made a modification parameter with a value of Ki = 

1, K1 = 6, and K2 = 2 and obtained a faster system response 

Delay Time and Rise Time. So it can be concluded that the best 

parameters for this study use modified parameters. 

Keywords—Integral State Feedback; Water Tank; Water Flow 

Sensor; Control Systems 

I. INTRODUCTION 

Currently, technology is advancing rapidly, providing 

various conveniences that significantly impact daily life [1], 

including human activities and tasks across multiple sectors 

[2]-[4]. In the industrial world, technological progress has led 

to the development of automated tools that simplify and 

accelerate various types of work, especially in control and 

measurement within the production process [5]-[7]. This 

automation technology allows tasks that previously required 

a significant amount of human labor and long processing 

times to be carried out more efficiently, quickly, and 

accurately [8]. 

Modern industries also face high demands to 

continuously optimize resource utilization, production 

efficiency, and intelligent management of every critical 

process [9]-[11]. Here, automatic control and monitoring 

systems play an essential role in maintaining both the quality 

and quantity of production, driven by the need for high 

product quality and increasingly fierce market competition. 

One particularly crucial aspect in this context is water flow 

control within production tanks. The flow rate in industrial 

production processes often becomes a variable that must be 

carefully managed, as it can serve as a key parameter 

influencing product quality or the final production outcome. 

Accurate control of water flow not only positively impacts 

production success but also directly influences the overall 

sustainability of industrial operations. 

As the need for high production quality grows, an 

effective control system is required to perform optimal 

regulation of the water flow within production tanks [12], 

[13]. This control system must be able to adjust the incoming 

and outgoing water flow with precision, maintain balance, 

and minimize errors in the key parameters that affect the final 

production output. Important control system performance 

indicators include overshoot, settling time, rising time, and 

error in achieving the target output [14]-[16]. To achieve the 

best performance, an automatic control system is needed to 

manage these parameters with accuracy, stability, and 

consistency. 

One automatic control approach that can be applied is the 

Integral State Feedback (ISF) method [17], [18]. In an ISF 

control system, the observed output variables include not 

only a single variable but also several interrelated output 

variables. This method enables more precise and adaptive 

control, as it allows the system to observe and adjust 

interconnected outputs if there is a change in one output 

variable. Consequently, ISF can provide better stability and 

respond swiftly to changes in water flow within the tank [19]. 

Although PID control mechanisms are still commonly 

used in industrial applications due to their ease of use and 

reliable results for many control tasks, research by Arrafiq et 

al. [20] has shown that in certain specific control cases, an 

Integral State Feedback (ISF) control system can deliver a 

better response compared to a PID system. This finding 

suggests that ISF can not only serve as an alternative to PID 

but also outperform it in certain control applications that 

require higher stability and accuracy, particularly in modern 

industrial environments where complexity and precision are 

critical. 

Based on these reasons and the advantages of ISF, this 

study aims to design and implement an ISF control system for 

the process of filling a water tank to regulate the water flow 

entering or exiting the tank. This control implementation is 
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carried out using Arduino software as the main controller in 

the system. Using Arduino offers several advantages, 

including affordability, ease of operation, and high flexibility 

for various applications. In this process, the ISF parameters 

used in the control system will be determined through system 

modeling followed by simulation. This simulation aims to 

obtain the most suitable parameters, allowing the designed 

control system to provide optimal results according to 

industrial requirements. 

The parameters obtained from the simulation will then be 

applied to the developed control device, enabling this study 

to directly test the effectiveness and performance of the 

system in a laboratory-scale tank-filling scenario. This study 

is therefore expected to provide a tangible contribution to the 

industrial world by creating a reliable and high-performance 

automatic control solution that not only improves production 

quality but also supports operational efficiency and 

sustainability. The implementation of an ISF-based control 

system on the Arduino platform is also expected to pave the 

way for further advancements in the application of smarter, 

more economical, and flexible automatic control technology 

tailored to current industrial needs. 

II. METHOD 

The system design in this study is generally divided into 

two main stages to achieve optimal results that align with the 

research objectives. The first stage is the hardware design, 

which includes selecting and assembling the physical 

components that will be used in the system. This process 

involves analyzing hardware requirements based on desired 

functions, such as sensors, actuators, microcontrollers, and 

other supporting components. The hardware components are 

carefully chosen to ensure each one functions effectively 

within the designed system. 

The second stage is the software design, which 

encompasses programming and configuring the control 

algorithms that will be used in the system. In this stage, 

control algorithms like ISF are implemented and adjusted 

according to system requirements to achieve the desired 

performance. The software design is carried out using 

Arduino software to program the system control, ensuring it 

operates according to specifications and can adjust control 

parameters under various conditions. 

A. Integral State Feedback (ISF) Control 

Integral State Feedback control is an approach in control 

system design that combines the integral (I) element with 

state feedback to enhance system performance. This control 

method aims to address steady-state errors that may arise 

within a control system by integrating state information and 

the integral control element [21]. Through this combination, 

ISF control ensures that the system can reach the setpoint 

without experiencing steady-state error and effectively 

respond to setpoint changes or disturbances. With integral 

control, the system continually adjusts to minimize 

discrepancies, providing precise and stable output 

performance even under sustained external disturbances. 

Fig. 1 shows the ISF control diagram, illustrating a 

structure where integral and state feedback components work 

harmoniously to adjust control actions based on real-time 

system states. This configuration allows the control system to 

maintain stability and accuracy by monitoring key state 

variables and adjusting output to compensate for errors, 

enabling optimal tracking of the desired setpoint. 

B. System Block Diagram 

Fig. 2 illustrates the hardware diagram, where the 

Arduino UNO serves as the main component of the system, 

integrating and controlling all the circuit components. In this 

system, the Arduino UNO is paired with the YF-S401 water 

flow sensor [22], [23], which is responsible for measuring the 

flow rate of water passing through pipes or tanks. The YF-

S401 sensor detects the flow rate in the form of pulses, which 

are then transmitted as input data to the Arduino UNO. This 

data is processed through a program written in the Arduino 

IDE [24], [25], generating the necessary information to 

control the output elements. 

After the water flow data is processed by the Arduino, the 

system produces a PWM (Pulse Width Modulation) signal 

that is sent to the L298N Driver [26]-[28], which acts as the 

motor controller. The L298N Driver regulates the power to 

drive the DC pump, serving as the main output of the system, 

thus allowing it to adjust the water flow rate according to the 

desired setpoint. Additionally, the Arduino UNO sends the 

measured values and system status to a 16×2 I2C LCD 

display, which functions as the user interface. This LCD 

provides real-time information about the water flow rate, 

making it easier for users to monitor the system's 

performance directly. 

C. Control System Block Diagram 

This research designs a device aimed at accurately and 

efficiently measuring the water flow rate during the tank 

filling process. The device is equipped with a water flow 

sensor that functions to monitor the flow rate in real time. 

When the sensor detects that the water flow has reached a 

previously defined setpoint, the system will automatically 

maintain the stability of the water flow during the filling 

process. This is done to ensure that the water flow remains 

consistent with the desired setpoint, which is crucial for 

achieving optimal production results. 

Subsequently, once the setpoint is reached, the device will 

turn off the water pump within a specified timeframe. This 

process is managed by a motor driver controlled by the 

Arduino UNO, which has been programmed using Arduino 

IDE software. Setting the timing for pump shutdown is vital 

to prevent overfilling, which could lead to issues within the 

system. Conversely, if the setpoint has not been met, the 

water pump will continue to operate, ensuring that water is 

pumped until the designated setpoint is achieved. 

Furthermore, the flow rate measured by the water flow sensor 

will be displayed in real time on a laptop and also on a 16x2 

I2C LCD screen, providing users with an easy way to monitor 

system performance. The control system block diagram 

illustrating the entire process and interaction among 

components is shown in Fig. 3. 

D. Flowchart of the Software 

In Fig. 4, the system begins by reading the setpoint 

variable along with the control parameters Ki, K1, and K2 

necessary for the control process. After that, if the received 

data is less than 300, the system will proceed to read the water 

flow rate detected by the sensor. This process is followed by 
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calculating the error value, which is the difference between 

the setpoint and the measured flow rate. Using this error 

information, the system then calculates the Integral State 

Feedback (ISF) value, which will be output as a PWM (Pulse 

Width Modulation) signal to control the pump's performance. 

In addition to generating the PWM signal, the system also 

displays relevant information, including the measured flow 

rate and the resulting PWM value, on the I2C LCD screen. 

This provides users with direct access to important data 

regarding the system's performance. Once the processed data 

reaches a value of 300, the system will halt the entire program 

process, indicating that the measurement and control have 

been carried out effectively according to the specified 

requirements. 

E. Diagram Wiring 

The hardware design is followed by the creation of a 

wiring diagram that illustrates how the components used are 

interconnected. This wiring diagram is a crucial process that 

involves connecting one component to another via cables. All 

components must be connected to the Arduino Uno 

microcontroller and linked to a power supply or adapter with 

a voltage of 12V. A more detailed explanation of the wiring 

can be seen in Fig. 5, which presents a visual representation 

of the interactions among the components within the system. 

This diagram aims to ensure that all connections are made 

correctly and safely, allowing the system to function 

optimally. 

 

Fig. 1. Diagram of ISF Control 

 

Fig. 2. System block diagram 

 
Fig. 3. Block diagram of the control system 
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Fig. 4. Flowchart of the software 

 
Fig. 5. Diagram wiring 

III. RESULT AND DISCUSSION 

In the results and discussion section of this research, 

several important processes will be outlined, including 

Equipment Testing, which aims to ensure that all components 

and systems are functioning properly before further testing is 

conducted.  

Next, a System Model Development is carried out to 

facilitate the analysis and understanding of the system's 

behavior under different conditions. After the model is 
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created, the System Model Simulation stage is conducted to 

virtually test the model, allowing researchers to evaluate the 

system's performance without the risk of damaging physical 

devices. The next process is No-Load Testing, which 

measures the system's performance in ideal conditions 

without any external load, followed by Load Testing to assess 

the system's ability to operate optimally in more realistic and 

complex situations. 

A. Equipment Testing 

In the first discussion, namely the equipment testing, tests 

will be conducted on the components of the device, 

specifically the 12V DC Pump actuator and the YF-S401 

sensor. In this equipment testing, water will be filled into 

tanks (measuring cups with sizes of 1 liter and 2 liters) for a 

duration of 1 minute or 60 seconds, with a total of 12 trials 

performed, each with varying voltage levels. After the 

experiments are completed, the results of the testing will be 

recorded in Table 1. 

 Table 1 shows the calculated error values. The largest 

error in water volume reading by the YF-S401 sensor was 

100%, while the smallest reading error was 5%. The average 

error in water volume readings by the YF-S401 water flow 

sensor was 27%. 

B. System Model Development 

The next step in the research process involved creating a 

system model by using the PWM value as the system model 

input and the water flow rate measured by the YF-S401 

sensor as the system model output. Following this, system 

model processing was conducted by selecting a transfer 

function as the model type and setting the pole value to 2 and 

the zero value to 0. The resulting system model is shown in 

Fig. 6, with a similarity to the original data of 91.93%, as 

illustrated in Fig. 7. 

C. System Model Simulation 

The next step in the research process involves simulating 

the system model in MATLAB Simulink. The initial step is 

to create a block diagram of the ISF control system and input 

the system model values into the transfer function block 

diagram, as shown in Fig. 8. After that, a trial-and-error 

process was conducted by repeatedly changing the values of 

the parameters Ki, K1, and K2 to achieve the best system 

response. After several iterations of adjusting the parameters 

Ki, K1, and K2 in the ISF control block diagram, the 

researchers finally identified the optimal parameter values, 

with Ki = 0.3, K1 = 6, and K2 = 2, resulting in a system 

response as shown in Fig. 9. 

D. No-Load Testing 

In the discussion of the no-load testing, the control 

parameter values obtained from the Integral State Feedback 

control system simulation in Simulink—specifically, Ki = 

0.3, K1 = 6, and K2 = 2—will be input into the program 

variables Ki, K1, and K2 within the research tool's program, 

which has been developed using the Arduino IDE software. 

Additionally, the graph showing the system response results 

from the Simulink simulation will be incorporated into the 

no-load test system response analysis graph to serve as a 

comparison with the response graph generated by the 

research tool. After the parameters have been successfully 

input, the next step involves conducting tests at a setpoint of 

10 mL/s, with the testing duration set for 300 seconds on the 

research tool. The resulting graphs and system response data 

will then be presented in MATLAB, as shown in Fig. 10. 

Table 1. Error value calculation 

Water Volume Value (mL) 
𝐞𝐫𝐫𝐨𝐫 (%) =

𝐌𝐞𝐚𝐬𝐮𝐫𝐢𝐧𝐠 𝐂𝐮𝐩 − 𝐒𝐞𝐧𝐬𝐨𝐫

𝐌𝐞𝐚𝐬𝐮𝐫𝐢𝐧𝐠 𝐂𝐮𝐩
× 𝟏𝟎𝟎 

Sensor Measuring Cup 

0 0 0 

0 0 0 
0 0 0 

0 0 0 
0 0 0 

0 0 0 

0 0 0 
0 1 100 

0 10 100 

10 60 83 
2 150 99 

0 280 100 

0 290 100 
3 350 99 

60 380 84 

119 420 72 
275 450 39 

300 480 38 

358 510 30 
374 550 32 

418 580 28 

436 600 27 
479 630 24 

503 660 24 

529 680 22 
555 710 22 

582 740 21 

671 760 12 
660 780 15 

707 800 12 

751 830 10 

766 850 10 

764 880 13 

809 900 10 
837 930 10 

842 940 10 

40 960 13 
871 990 12 

912 1030 11 

933 1060 12 
902 1080 16 

927 1100 16 

973 1120 13 
971 1140 15 

977 1160 16 

1015 1180 14 
1034 1200 14 

1046 1210 14 

1076 1230 13 
1100 1260 13 

1100 1280 14 

1103 1300 15 
1138 1320 14 

1154 1340 14 
1206 1360 11 

1311 1380 5 

Average Error 27 

 

Based on Fig. 10, the results of testing the water flow 

setpoint at 10 mL/s on the research device showed a different 

delay time between the response graph of the research device 

and the response graph from the Simulink simulation. The 

response graph from the research device indicated a longer 

delay time compared to the response graph from the Simulink 

simulation. Additionally, overshoot was observed at the 238-
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second mark. The response graph in Fig. 10 has a peak time 

of 238 seconds, rise time of 64 seconds, overshoot of 

10.0000, undershoot of 0, settling time of 293.8000 seconds, 

and a steady-state error of 0. 

 

Fig. 6. System model transfer function 

After conducting several tests at the specified setpoint, the 

response graph generated by the research device consistently 

showed a longer delay time than the delay time of the 

response system produced by Simulink MATLAB. As a 

result, the researcher modified the Ki parameter, changing it 

from Ki = 0.3 to Ki = 1, in hopes of achieving a faster system 

response. Following the modification of the parameter 

values, the new response graph and data are illustrated in Fig. 

11. 

 

Fig. 7. System model data similarity 

Based on Fig. 11, the results of testing the water flow 

setpoint at 10 mL/s on the research device showed a different 

delay time between the response graph using the modified 

parameters and the response graph using the Simulink 

parameters. The response graph with the modified parameters 

indicated a faster delay time compared to the response graph 

with the Simulink parameters. In Fig. 11, the response graph 

has a peak time of 87 seconds, rise time of 19.6667 seconds, 

overshoot of 10.0000, undershoot of 0, settling time of 

128.8000 seconds, and a steady-state error of 0. 

E. Testing with Load 

Next, the setpoint testing was conducted by applying a 
load. In this research, the load was implemented by 
introducing a branching hose between the water pump and the 
sensor, which functions to reduce the amount of water 
entering through the water flow sensor, thereby decreasing 
the measured flow rate. Following this setup, the response of 
the integral state feedback control system in regulating the 
water flow during the tank filling process for 300 seconds will 
be observed.  

 

Fig. 8. Integral state feedback control system diagram 



Control Systems and Optimization Letters, Vol. 2, No 3, 2024 363 

 

Raeyvaldo Dwi Hendriyanto, Control of Water Flow Rate in a Tank Using the Integral State Feedback Based on Arduino Uno 

 

Fig. 9. Best system response results of ISF control 

The load testing was carried out at a water flow setpoint 
of 10 mL/s using two sets of parameters, Ki, K1, and K2: the 
parameters from the Simulink simulation and the modified 
parameters. The first load test was conducted using the 
simulation parameters, resulting in the system response 
depicted in Fig. 12. 

 

Fig. 10. System response at setpoint 10 mL/s 

 

Fig. 11. System response at setpoint 10 mL/s with modified parameters 

 

Fig. 12. Setpoint 10 mL/s with simulation parameter load 

Based on Fig. 12, the results of the testing at a setpoint of 
10 mL/s with a load using the simulation parameters show 
that at the 179-second mark, the reading of the water flow by 
the sensor decreases. This is due to the system being 
subjected to a load by opening the branching faucet between 
the water pump and the sensor, resulting in a reduction in the 
water flow reading. Additionally, as shown in Fig. 12, the rise 
time required for the system response to reach the setpoint for 
the first time after the load was applied is 88 seconds. 
Consequently, at the 267-second mark, the water flow 
reading by the sensor only reaches the setpoint, albeit still 
unstable and exhibiting overshoot.  

The second test with a load was conducted using the 

modified parameters, resulting in the system response 

illustrated in Fig. 13. Based on Fig. 13, the results of the 

testing at a setpoint of 10 mL/s with a load using the modified 

parameters show that at the 228-second mark, the water flow 

reading by the sensor decreases. This occurs because the 

system is subjected to a load by opening the branching faucet 

between the water pump and the sensor, resulting in a 

reduction in the water flow reading. Additionally, as 

indicated in Fig. 13, the rise time required for the system 

response to reach the setpoint for the first time after the load 

is applied is 19 seconds. Therefore, at the 247-second mark, 

the water flow reading by the sensor only reaches the 

setpoint, although it is still unstable and exhibits overshoot. 
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Fig. 13. Setpoint 10 mL/s with modified parameter load 

From the two tests conducted at the setpoint of 10 mL/s, 

the system responses with a load generated using the 

simulation parameters and the modified parameters show 

different rise time values. The rise time produced by the 

system response with modified parameters is noticeably 

faster. This improvement is attributed to the increase in the 

integral control value in the Ki parameter, which was 

originally Ki = 0.3 and was changed to Ki = 1, allowing the 

system to respond more quickly to errors in the setpoint. 

IV. CONCLUSION 

The results of the four tests at the setpoint without a load 

indicate that the delay time of the system response using the 

modified parameters has a faster delay time compared to the 

delay time of the system response with Simulink MATLAB 

parameters. Additionally, in the results of the two tests at the 

setpoint with a load, the rise time of the system response 

using the modified parameters is also shorter when compared 

to the rise time of the system response with Simulink 

MATLAB parameters. Therefore, it can be concluded that the 

best parameters for Ki, K1, and K2 in this study are Ki = 1, 

K1 = 6, and K2 = 2. In future research, the water flow sensor 

used could be replaced with a more precise sensor for 

measuring water flow, with the hope of achieving even better 

system response results. 
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