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Introduction 

The dominant occupation of coastal residents in Indonesia is fishermen. Fish is caught by the fishermen who go 

to the sea. Usually, caught fish is sold at Fish Auction Places (TPI), traditional markets, to buyers who have a 

restaurant business, or to buyers who resell the fish. Quite often the fish caught are not all sold out; sometimes, there 

are leftover fish from the sale. To make the remaining fish valuable and can still be an income for the family, the 

fish is processed so as not to rot through the drying process. The drying process will not be hampered if the weather 

is hot. Drying fish in coastal residential areas is usually done in the traditional way, i.e., using sunlight. However, 

this condition will be different during rainy weather. The drying process of fish will take longer and has an odor that 

will affect the surrounding environment. So, it is necessary to design a fish dryer, aiming to help speed up the drying 

time of fish, and reduce odors due to the open fish drying process. With this fish dryer, the drying process is done in 

a closed place, so that the smell due to the drying process does not spread to pollute the surrounding environment. 

Using a fish dryer designed with the fuzzy intelligent method can increase fishers' income because the drying time is 

shorter than the conventional method. 

This fish dryer is designed using a DHT22 temperature sensor, load cell as a weight sensor, Arduino Mega 2560 

microcontroller as the central controller, heating element, fan, and fuzzy logic method embedded in Arduino 

programming. The DHT22 sensor measures the temperature and humidity of the air in the fish drying room. The 

temperature and humidity of the air in the drying room significantly affect the drying process. The DHT 22 sensor is 

more sensitive to Relative Humidity (RH) [1]. Relative humidity shows the percentage ratio between the water 

vapor present in the air when measuring the maximum amount of water vapor the air can accommodate [2]. Drying 

is done to remove or remove most of the water from the fish's body to stop the growth of bacteria, reduce the 

activity of autolysis that causes rancid odor and prevent the development of fungi. Fish that have undergone a drying 

process will experience a decrease in weight due to a reduction in water content during the drying process [3]. 

Various designs of fish dryers by applying multiple methods have been developed in various forms. A fish dryer 
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Abstract 

The fish drying process aims to preserve the fish to reduce losses due to the decay process. In hot conditions or through sunlight 

exposure, the drying process should not be a problem, but if it rains, the fish drying process will take a longer time, and create a 

smell that disturbs the surrounding environment for a relatively long time. The fish dryer is designed to work automatically, 

aiming to speed up drying time using fuzzy logic, thereby minimizing spoilage and air pollution due to smell from the fish 

drying process. The design of the tool uses an experimental method through literature study as a source of analysis, planning, 

and manufacturing fish dryer using an Arduino Mega 2560, temperature sensor DHT 22, load cell sensor, humidity sensor, fan, 

heating element, and LCD as well as software with Fuzzy Mamdani method. The results show that the weight of fish that had 

undergone a drying process using an automatic dryer, which was 500 grams, indicated a drying process of 50% of the initial 

weight of 1000 grams, with a drying time of 4.48 hours. The previous drying time by manual drying took 45 hours. It shows a 

control system using fuzzy logic on fish drying equipment, accelerating the drying time about 10 hours faster than sun drying  

time. It can be concluded that it can increase the amount of dry fish production and reduce odors in the environment around the 

drying because the fish are in the dryer with a closed condition. 
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works automatically by removing and entering the fish dryer according to the surrounding weather or land robot [4]. 

A fish dryer with an automatic drying method utilizes a hairdryer in a closed room and monitors temperature 

through the website in real-time [5] [9]. The development of android-based technology also makes it easier for us to 

do monitoring work, such as monitoring the temperature of the fish dryer using the Blynk App, equipped with a 

timer and able to dry fish for 12 hours under wet fish conditions [6]. 

The role of the controller in the design of this fish drying device is the most critical component in the 

temperature control system in the drying room, to control the heater so that the output in the form of fish weight 

drying 50% of the initial weight can be achieved. Using the Arduino Mega 2560 microcontroller as a controller with 

Fuzzy Mamdani logic applied to the Arduino program. This dryer is designed using intelligent logic so that the 

controller is able to respond to various conditions from the output of the DHT22 temperature sensor in the form of 

temperature and humidity so that this heater control system can produce a constant hot temperature to dry fish. 

Temperature and humidity are one of the physical quantities used as parameters of a control system, for monitoring 

systems only or other control processes [7]. Arduino Mega 2560 designed a mini-scale automatic fish dryer device 

that controls the temperature sensor, mass sensor (loadcell), keypad, LCD, relay, and cooling fan [8]. An Embedded 

system with a practical approach based on Arduino and Android using the MIT App inventor software in a web-

based fish drying system reduces the water content of the blue scads with a drying time of 8 hours [9]. 

The use of artificial intelligence in various lines as a control, prediction or identification system gives more value 

to the arrangement of actuators, plants, or objects that are controlled or identified. So that it provides specific 

reasons for the applicable use. The use of fuzzy logic in this fish dryer helps speed up the drying time so that the 

heater will work automatically with adjustments as a response to conditions in the drying room. Controlling the air 

conditioning temperature automatically in the classroom [10] can improve the exhaust fan movement, resulting in 

the car's air conditioning ECU system [11]. In processing multisensor reading data to detect potential fires, fuzzy 

logic produces a high level of accuracy [12]. To increase the yield of hydroponic cultivation, a Fuzzy Logic 

Controller (FLC) is used to maintain the stability of the pH of the solution in hydroponic plants [13]. Implementing 

fuzzy logic in a business for budget planning predictions by using Fuzzy Tsukamoto can optimize budget planning 

by 10.12% [14]. Recognition or identification of an object, such as an object's shape, color, or through imaging 

using the fuzzy method produces a high level of accuracy, such as reading the red, blue, green, and yellow colors for 

the directions, as well as reading the distance of obstacles on the pointer system direction for the visually impaired 

[15]. 

Method  

The method used is the experimental method. The system was designed through the hardware, software, testing, 
and system implementation stages. 

A. Hardware Design 

The hardware design is shown in the block diagram in Figure 1. The fish dryer was designed using a DHT22 
temperature sensor, load cell sensor, mosfet driver, fan, heater, and indicators on the Liquid Crystal Display (LCD). 

 

Figure 1. System block diagram 
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The working principle of the fish dryer includes the following steps: The DHT22 sensor detected the temperature 
in oC and the humidity of the fish, in Reality Humidity (RH), which was %. The load cell sensor detected fish 
weight/pressure, in kilograms (kg). The DHT22 sensor and load cell were connected to the Arduino PWM digital I/O 
pins. The Arduino Mega 2560 microcontroller controlled the drying process, which had embedded fuzzy logic. The 
fuzzy logic-based microcontroller was connected to the driver to control the heater as the system output. The fan was 
activated via a switch; the fan served to help push the hot steam generated from the heater to all parts of the drying 
chamber so that the fish could dry evenly. LCD as an indicator displays the drying output in the form of temperature, 
humidity, and weight. The wiring system between input-process-output, shown in Figure 2, with a 12 V power 
supply to activate the heater. 

 

Figure 2. Wiring of the overall tool design 

B. Software Design 

The software design is to design a fish dryer by instilling the concept of intelligent logic or fuzzy logic. The 
method used was the Fuzzy Mamdani type. The design of the fuzzy approach was carried out with the fuzzification 
stage, building a rule base on MATLAB, inference, and defuzzification. The fuzzy logic design is shown in Figure 3. 

 
Figure 3. Fish dryer design flow diagram with fuzzy logic 
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The workflow of the system is to initialize the components that are interconnected. The DHT22 sensor and load 
cell performed data readings. The sensor output in analog data was converted into digital data on the Mega 2560 
microcontroller. The system output is a heater in the form of PWM. Fuzzy logic control design includes fuzzification, 
namely changing the existing firm values into membership functions or degrees. Membership functions designed in 
MATLAB in input temperature, humidity, weight, and heating output in the form of PWM values, are shown in 
Figures 4,5,6 and 7. Formation of a rule base for decision-making. The next stage was the fuzzy value was defuzzified 
to change the fuzzy value from the degree of membership to a firm value as the output value. Then if the weight of 
the fish <= 50% of the initial weight, then the drying process had been completed, and vice versa if the weight of the 
dried fish did not reach a minimum of 50%, then the drying process was continued. 

 

Figure 4. Temperature membership function 

 

Figure 4 shows the membership function of the temperature variable, consisting of 5 linguistic sets in the 
membership function, namely SR=Very Low, R=Low, S=Medium, T=High and ST=Very High. Domain membership 
function temperature is between 0-80°C. 

 

Figure 5. Humidity membership function 

 

Figure 5 shows the membership function of the humidity variable, consisting of 5 linguistic sets on the 
membership function, namely SK=Very Dry, K=Dry, N=Normal, B=Wet and SB=Very Wet. The humidity 
membership function domain is between 0-80 RH. 

 

Figure 6. Weight membership function 

 

Figure 6 shows the membership function of the heavy variable, consisting of 4 linguistic sets on the membership 

function, namely SR = Very Light, R = Mild, B = Heavy, SB = Very Heavy. The domain membership function is the 

weight between 0-5 kg. 
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Figure 7. Weight membership function 

Figure 7 shows the membership function of the heater variable, consisting of 5 linguistic sets in the membership 
function, namely zero, low, middle, large, very large. The domain membership function of the heater as output is 
between 0-5 kg. At the stage of building the rule base, from the rule base it can know the condition of the most 
dominant heating value. In the rule base there are linguistic rules to determine the control action on the input value of 
the fuzzification, namely (IF-THEN). There are 100 rules that have been designed, including: 

[1] IF Temperature is SR and Humidity is K and Weight is Very Light then Heater is Middle 

[2] IF Temperature is R and Humidity is SK and Weight is Very Light then Heater is Low 

[3] IF Temperature is S and Humidity is SK and Weight is Very Light then Heater is Zero 

[4] IF Temperature is T and Humidity is SK and Weight is Very Light then Heater is Zero 

[5] IF Temperature is ST and Humidity is SK and Weight is Very Light then Heater is Zero 

[6] IF Temperature is SR and Humidity is K and Weight is Very Light then Heater is Middle 

[7] IF Temperature is SR and Humidity is N and Weight is Very Light then Heater is Middle 

[8] IF Temperature is SR and Humidity is B and Weight is Very Light then Heater is Middle 

[9] IF Temperature is SR and Humidity is SB and Weight is Very Light then Heater is Middle 

[10] IF Temperature is SR and Humidity is SK and Weight is Light then Heater is Middle 

[11] IF Temperature is SR and Humidity is SK and Weight is Heavy then Heater is Large 

[12] IF Temperature is SR and Humidity is SK and Weight is Very Heavy then Heater is Large 

[13] IF Temperature is R and Humidity is K and Weight is Very Light then Heater is Low 

[14] IF Temperature is S and Humidity is K and Weight is Very Light then Heater is Zero 

[15] IF Temperature is T and Humidity is K and Weight is Very Light then Heater is Zero 

[16] IF Temperature is ST and Humidity is K and Weight is Very Light then Heater is Zero 

[17] IF Temperature is R and Humidity is N and Weight is Very Light then Heater is Low 

[18] IF Temperature is R and Humidity is B and Weight is Very Light then Heater is Middle 

[19] IF Temperature is R and Humidity is SB and Weight is Very Light then Heater is Middle 

[20] IF Temperature is R and Humidity is K and Weight is Light then Heater is Middle 

[21] IF Temperature is R and Humidity is K and Weight is Heavy then Heater is Large 

[22] IF Temperature is R and Humidity is K and Weight is Very Heavy then Heater is very large 

[23] IF Temperature is S and Humidity is N and Weight is Very Light then Heater is Low 

[24] IF Temperature is T and Humidity is N and Weight is Very Light then Heater is Low 

[25] IF Temperature is ST and Humidity is N and Weight is Very Light then Heater is Zero 

[26] IF Temperature is S and Humidity is B and Weight is Very Light then Heater is Low 

[27] IF Temperature is S and Humidity is SB and Weight is Very Light then Heater is Middle 

[28] IF Temperature is S and Humidity is N and Weight is Light then Heater is Middle 

[29] IF Temperature is S and Humidity is N and Weight is Heavy then Heater is Large 

[30] IF Temperature is S and Humidity is N and Weight is Very Large then Heater is Very Large 

      etc. 
 

Defuzzification is a step in the fuzzy logic system to convert each result from the inference engine which is 
expressed in the form of a fuzzy set to a real number. The process used in this fish drying system is the Center of Area 
(COA). In this method, the crisp solution was obtained by taking the mean domain value which had been converted 
by the Fuzzy Inference System (FIS). Figure 8 shows the results of the viewer rules that have been converted on the 
inference engine. 



44 ILKOM Jurnal Ilmiah Vol. 14, No. 1, April 2022, pp. 39-51 E-ISSN 2548-7779 
  

 

 

Yanti, et. al. (The implementation of fuzzy logic in fish dryer design) 

 

Figure 8. Fuzzy logic MATLAB results 

 

Results and Discussion  

Tool testing was carried out to ensure that the tools that had been designed could function and were used 
according to the design objectives. There are five tests in the system: testing the DHT22 sensor, testing the load cell 
sensor, testing fuzzy logic control, testing Arduino Mega, and testing the system as a whole. 

A. DHT22 Sensor Testing 

We were testing the accuracy of the DHT22 sensor through comparison with a digital hygrometer. Table 1 shows 
the temperature measurements, and table 2 the humidity measurements. Data retrieval to compare DHT22 and 
hygrometer was by heating the heater and detecting temperature and humidity inside the drying chamber (oven), then 
measuring the DHT22 and hygrometer. From the results of sensor data retrieval, the error value can be found with the 
formula (1). 

Error= (DHT22 Value-Hygrometer Value)/(DHT22 Value) x 100%   (1) 

Table 1. Comparison of DHT22 temperature data (oC) and hygrometer (oC) 

                                                                   Suhu 

DHT 22 Hygrometer Selisih Error 

45.8 45.7 0.1 0.22% 

46 46.3 0.3 0.65% 

46.8 46.8 0 0% 

48 47.8 0.2 0.42% 

48.2 48 0.2 0.41% 

48.6 48.2 0.4 0.82% 

48.9 48.4 0.5 1.02% 

51 50.8 0.2 0.39% 

51.6 51.3 0.3 0.58% 

52 52 0 0% 

Rata-rata error 0.22 0.45% 

 

Table 2. Comparison of humidity data for DHT22 (RH) and hygrometer (RH) 

Kelembaban 

DHT 22 Hygrometer Selisih Error 

45 43 2 4.44% 



E-ISSN 2548-7779 ILKOM Jurnal Ilmiah Vol. 14, No. 1, April 2022, pp. 39-51 45

  

 

 

 Yanti, et. al. (The implementation of fuzzy logic in fish dryer design) 

Kelembaban 

DHT 22 Hygrometer Selisih Error 

43.6 42 1.6 3.67% 

47 44 3 6.38% 

43 42 1 2.32% 

42.2 41 1.1 2.6% 

48 44 4 8.33% 

46 43 3 6.52% 

44.3 43 1.3 2.93% 

42.6 41 1.6 3.75% 

41 39 2 4.9% 

Rata-rata error 2.06 4.58% 

 

From the results of testing the sensor on the sensor datasheet with the measured results, it is proven that the 
accuracy value on the datasheet is ±0.5°C. Further, it is proven that the average value of the difference is 0.22oC, and 
on the measurement of the humidity value (RH%) the value measured with the reference datasheet is proven to be 
between the error range is 3%-5%, and the average error value is 4.58%. The humidity error that occurred is between 
3%-5%, according to the accuracy in the DHT22 datasheet; this error was calculated from the difference between the 
data readings on the DHT22 sensor and data from the hygrometer. The results of the first reading of humidity data on 
DHT22 are 45 (RH), while the hygrometer displays the results of the first humidity reading of 43 (RH). So the 
humidity error value (RH) for the first data: 

 𝐸𝑟𝑟𝑜𝑟 =  
45 (𝑛𝑖𝑙𝑎𝑖 𝐷𝐻𝑇22)−43 (𝑛𝑖𝑙𝑎𝑖 ℎ𝑦𝑔𝑟𝑜𝑚𝑒𝑡𝑒𝑟)

45 (𝑛𝑖𝑙𝑎𝑖 𝐷𝐻𝑇22)
 𝑥 100% =   4.44% (𝑒𝑟𝑟𝑜𝑟 𝑎𝑛𝑡𝑎𝑟𝑎 3% − 5%) 

For the next data, the humidity error was calculated using the same formula and method. Figure 9 shows the 
DHT22 sensor test. 

 

Figure 9. Testing the DHT22 sensor 

 

B. Load Cell Sensor Test 

The load cell sensor is a sensor that detects weight. In the design of this sensor, it functions as a fish scale during 
the drying process and as a benchmark for whether or not the drying process has been achieved. Table 3 shows a 
comparison of the accuracy of the weight values on the load cell sensor and the scales. Sensor data from the test 
results between the load cell and the scales are shown in Figure 10; there is an average error value of 5.612%, the 
error value is determined by the formula (2). 

                    𝐸𝑟𝑟𝑜𝑟 =  
𝑁𝑖𝑙𝑎𝑖 𝑙𝑜𝑎𝑑 𝐶𝑒𝑙𝑙−𝑁𝑖𝑙𝑎𝑖 𝑡𝑖𝑚𝑏𝑎𝑛𝑔𝑎𝑛

𝑁𝑖𝑙𝑎𝑖 𝑙𝑜𝑎𝑑 𝑐𝑒𝑙𝑙
 𝑥 100%                                           (2) 
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Table 3. Comparison of load cell sensor data and scales 

                                          Berat 

Load Cell 

(Kg) 

Timbanga

n (Kg) 

Selisih 

(Kg) 

Error 

0.52 0.5 0.02 3.84 % 

0.7 0.8 0.1 14,28 % 

1.1 1 0.1 9.09 % 

2.1 2.3 0.2 9.52 % 

2.65 2.52 0.13 4.9 % 

3.02 3 0.02 0.6 % 

4.22 4 0.22 5.21 % 

4.54 4.5 0.04 0.88 % 

3.7 3.58 0.12 3.2 % 

2.83 2.7 0.13 4.6 % 

Rata-rata error 0.108  5.612% 

 

 

Figure 10. Testing the load cell sensor 

 

C. Fuzzy Logic Testing in Arduino Programs 

This fuzzy logic test was carried out by comparing the output value generated in MATLAB with the output value 
on the Arduino programming (hardware). In this test, fuzzy rules were formed according to what had been 
determined, the input value come from reading the sensor program that had been programmed. The predetermined 
input values for temperature, humidity, and weight were displayed on the serial monitor in the Arduino sketch. The 
input value entered in the MATLAB rule viewer was adjusted to the value in the Arduino programming. Figure 11 
shows the test results displayed on the serial monitor. Figure 12 shows the fuzzy output in MATLAB. 

 

Figure 11. Fuzzy output results on serial monitor 
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Figure 12. Fuzzy output results in MATLAB 

D. Program System on Arduino IDE 

Programming that has been designed on the Arduino IDE used modified C programming. The first thing that was 
done on the Arduino IDE programming system was a global variable that functions so that the program can be 
executed correctly as desired. In Figure 13, global initialization was carried out by entering several libraries and 
determining the pins to be used and floats being carried out to store real numbers. 

 

Figure 13. Program global variables 

 

Then in the void setup section, which functioned only once during the program running aimed to declare the pin 

used, fill in variables and also activate libraries that have been included in global variables. A simple void setup can 

be seen in Figure 14. 
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Figure 14. Void setup 

 

Then in the void loop section, which was a program that was read repeatedly, the void loop was filled with fuzzy 

programs, where the conditions that had been designed to determine the running of this tool are fuzzification, rule 

evaluation, and defuzzification. In simple terms, the void loop program can be seen in Figure 15 that shows the 

fuzzification program. 

 

Figure 15. Void loop fuzzification 

 

It can be seen in Table 4 comparison of Arduino and Matlab outputs. The input read by the hardware must be 

the same as the input value in Matlab, The Matlab input value was compared with the input value in the Arduino 

programming. The error value was obtained from the formula (3). 

 

    𝐸𝑟𝑟𝑜𝑟 =  
𝑁𝑖𝑙𝑎𝑖 𝐴𝑟𝑑𝑢𝑖𝑛𝑜−𝑁𝑖𝑙𝑎𝑖 𝑀𝑎𝑡𝑙𝑎𝑏

𝑁𝑖𝑙𝑎𝑖 𝐴𝑟𝑑𝑢𝑖𝑛𝑜
 𝑥 100%                   (3)                     

Table 4. Comparison of Arduino and Matlab Output Outputs 

 

No 

 

Input 

Data pengujian output fuzzy 

(PWM) 

Suhu Kelembaban Berat Arduino Matlab Error 

1 31 99.99 2.3 708 777 -0.09% 

2 29.4 41.6 2.5 720 700 0.028% 

3 44.8 25.9 3.58 687 614 0.106% 

4 54.5 23.5 2.44 440 494 -0.12% 

5 39 44 3.28 778 757 0.03% 
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No 

 

Input 

Data pengujian output fuzzy 

(PWM) 

Suhu Kelembaban Berat Arduino Matlab Error 

6 49.6 63.3 2.32 620 595 0.04% 

7 38.1 65.7 2.8 702 673 0.041% 

8 49.6 65.7 1.23 477 444 0.07% 

9 14.9 80.1 1.84 657 628 0.44% 

10 48.50 78 1 528 522 0.015% 

Rata-rata error 0.0812% 

 

The results of fuzzy measurements on Arduino programming (hardware) and measurements using the fuzzy 

function calculation application in Matlab, as evidenced by the use of fuzzy systems between Matlab and hardware 

calculations are very good because the error value is below 1%, which is 0.0812%. 

E. Overall Testing of Automatic Fish Dryer System 

The overall test aims to determine the performance of the automatic fish dryer, measuring the output of drying 

results using an intelligent system. The testing phase includes testing the DHT22 sensor, load cell sensor, fuzzy 

method, LCD I2C and a series of other components. This test is also done by comparing the time between the fish 

drying process manually and automatically using the fuzzy method. The manual process by utilizing the sun's heat, 

when the weather is hot. While the automatic drying process uses a tool designed with a fuzzy logic system. The 

process of drying fish manually and automatically is carried out with a fish dry target of 50% of the initial weight. 

The overall tool testing can be seen in Figure 16. Manual and automatic fish drying test data are shown in Tables 5 

and 6. 

Table 5. Manual Fish Drying Test 

Manual testing 

Type of 

Fish 

Berat 

Awal 

(Kg) 

Test result 

Suhu Kelembaba

n 

Berat 

Akhir (Kg) 

Waktu 

(Jam) 

Kondisi 

Mujair 0.66 27.50 87 0.33 24 Kering 

Mujair 1 28 89 0.48 45 Kering 

Mujair 2.2 28.20 90 1.47 50 Kering 

Kakap 2.5 28 92 1.2 48 Kering 

Kakap 2.8 27.50 92 1.3 53 Kering 

 

Table 6. Automatic Fish Drying Test 

Testing automatically 

Type of Fish Berat 

Awal 

(Kg) 

Test result 

Suhu Kelembaban Berat 

Akhir 

(Kg) 

Waktu 

(Jam) 

Kondisi 

Mujair 0.53 49.50 78 0.26 3.50 Kering 

Mujair 0.51 49.70 75.10 0.24 4.40 Kering 

Mujair 1.53 49.50 70  0.74 4.50 Kering 

Mujair 0.7 48.20 74.20 0.32 4.30 Kering 

Mujair 1 49.80 76 0.5 4.48 Kering 
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Figure 16. Overall system testing 

 

Conclusion  

The results of the design of an automatic fish dryer based on fuzzy logic could produce a fish weight of 50% of 

the initial weight. Fish dryer designed using a heating element with an Arduino Mega 2560 microcontroller-based 

fuzzy controller, DHT22 temperature and humidity sensor, load cell, and fan, worked well in producing an output in 

the form of automatic drying of fish weight, 50% of the initial weight before drying. This automatic fish dryer 

speeds up the drying process time, reduces the risk of fish spoiling, and reduces air pollution due to strong odors if 

the drying process is carried out naturally. The initial weight of 1 kg fish, if manually dried by heating in the sun, 

takes 45 hours, to get a final weight of 0.48 kg fish. With this automatic fish dryer based on fuzzy control, the fish 

drying process only takes about 4.48 hours to get a final fish weight of 0.5 kg. This shows that fuzzy logic is able to 

respond and control the system reliably. If this automatic fish dryer is designed for large size and capacity, it can be 

developed with a hybridization system of several intelligent methods, equipped with an android-based and real-time 

monitoring system. 
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