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1. Introduction 

The Food Industry is an industry with a big prospect in Indonesia[1]. The food industry does 
several processes in processing food ingredients, one of which is drying process. Drying process is a 
process to remove or decrease water content from the materials by evaporating most of the water 
content in the materials using heat energy[2]. This drying process aims to preserve products so that 
the shelf life is longer. The uses of drying process example are instant noodle, shrimp paste, biscuit, 
etc. 

Along with the development of technology, the conventional drying process is abandoned. The 
drying process in industry usually uses a dryer machine. This aims to increase efficiency in production 
process. 

Beside in industry, the drying process is also done in research laboratory to determine the correct 
treatment for a material to be dried. The correct treatments for the material include the need for an 
optimal temperature, humidity monitoring, the weight decrease of materials that dried against time 
required until the material dried and cooked properly. Therefore, the dryer machine with a smaller 
scale than the one used in industrial application is required for the laboratory needs. The dryer machine 
is also necessary equipped with the monitoring system of temperature, humidity, and changes of 
material weight parameters against time parameter. 

One of dryer machine type is Tray Dryer because it has economical design compared to another 
dryer machine[3]. Tray Dryer is a dryer machine the form of a rack which is supplied with hot airflow 
to dry materials[4]. Hot airflow is produced by air from the fan which is passed through a heater to 
dry the materials. The material which dried will reduce its water content. It involves the weight 
material decrease. So that, Tray Dryer machine must be equipped with weight measurement meter 
and electronic weight change monitoring system. The weight monitoring system uses three load cells 
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 The drying process was a method of evaporating moisture from the material to extend its 
shelf life. One of the drying methods used was Tray Dryer machine. Tray Dryer machine 
was needed to do research in Laboratory to know optimal temperature, energy capacity, 
humidity which needed in drying process till the material was dry and cooked properly. 
During the drying process, data on changes in materials weight relative to air flow 
temperature and time was needed to determine the reduce water content in real time. So, 
this Tray Dryer needed to be equipped with an electronics substrate weight meter. The 
substrate weight measurement process used three load cell sensors with the capacity of 5 
kg to measure changes in substrate weight relative to time and airflow temperature. The 
Tray Dryer was equipped with the data acquisition capabilities required for the real time 
monitoring process of the substrate weight condition regarding temperature, air flow, and 
time parameters. As a result, the substrate weight measurement system on the Tray Dryer 
had a weight reading accuracy of ±0.45%. The dynamic changes in the weight of materials 
dried using Tray Dryer decreased by 29% with temperature of 80 C and airflow speed of 
2 m/s for 75 minutes. The changes in the weight of this material could also be monitored 
in graphical form using LabVIEW and stored on Ms. Excel. 
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with maximum capacity 5 kilograms. The monitoring system is used to monitor change of weight 
material during drying process. The weight change is monitored to know the efficiency of drying 
process. 

The previous research about drying food material was using to dry cocoa[5]. That research 
examined temperature setting and monitored cocoa weight against time, but the drying machine have 
not been equipped with dynamic weight data logger, so an innovation is required to made dynamic 
weight data logger by Tray Dryer machine to monitor change of weight material which dried. Another 
research was a drying noodle use Tray Dryer machine[6]. In this research, performance of Tray Dryer 
machine was tested by varying temperature and drying time. However, that research had not already 
been discussed about humidity and optimal temperature monitoring against drying time and data 
acquisition system. Another previous research of Tray Dryer discussed about the effect decreasing 
water content, heat transfer rate, and thermal efficiency on drying time for silica gel[4]. Nevertheless, 
that research was not equipped with monitoring system. 

From the background above, it can be concluded that the dryer machine which be equipped with 
dynamic weight data changes, weight material data logger, and other parameters such as temperature, 
airflow, and time monitoring system for laboratory is needed. This research aim is to design and 
develop weight measurement tool to monitor and log data of weight changes materials that dried in 
the Tray Dryer process. It is necessary to monitor material weight changes and others parameters such 
as temperature and air flow against time which needed until the material is dried and cooked properly. 

2. Method 

In this research, the method that used is research and development. The method is to study the 
literature; design system; design the mechanic, electronic, and software; develop based on design; and 
test the Tray Dryer. 

2.1. Literature Study 

First is study the literature. The literature that needed are previous research and data sheet of 
component. Previous research is to be reference of this research. The data sheet is to determine several 
components that needed in this research. The electronics components that required to research is load 
cell sensor, HX711, and ESP32 microcontroller. 

a) Load cell sensors is a sensor which is used to measure weight of load. Load cell has 4 wire 
which 2 cable has function as output signal and 2 cable is as excitation[7]. In this research, 
load cell is required to monitor the material weight change; 

b) HX711 is the 24 bits analog to digital converter for weight measurement sensor. HX711 is 
connected to HX711 and microcontroller ESP 32. HX711 is used to convert analog signal 
from load cell sensor to digital signal. Then, the digital signal can be processed by ESP 32[8]; 

c) ESP 32 microcontroller is a chip microcontroller that is designed with 40 nm low watt TMSC 
Technology. This microcontroller has 48 pins. ESP 32 has 2 I2C communication pins and 3 
UART communication pin. This pin will be used as communication in data sending system 
of this research. The material weight data from the sensors will send to microcontroller master 
use UART communication[9]. 

2.2. Weight Measurement System Design 

In this research, maximum capacity of Tray Dryer is 5 kilograms with temperature used is 80 
degrees Celsius and airflow used is 2 m/s. The method for weight measurement uses three load cell 
sensors which is assembled in the base of rack. The block diagram of electronics design shows in 
Figure 1. 
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Fig 1. Diagram block of tray dryer machine weight monitoring system design 

Figure 1 shows diagram block of Tray Dryer machine weight monitoring system design.  3 load cells 
measure the weight of measurement. The result of measurement is converted to voltage in 0-5 V range 
using HX711. The results of the measurements will be sent to the ESP 32 slave microcontroller. Then, 
the results will be sent to the master microcontroller using UART serial communication. The data will 
be displayed to LabVIEW and GUI (Graphical User Interface). 

2.3. Mechanics Design 

 
Fig 2. Mechanics design of tray dryer 

The mechanical design of the Tray Dryer machine is shown in Figure 2. The material used in the 
manufacture of the Tray Dryer machine mechanics is stainless steel. The overall mechanical 
dimensions of the Tray Dryer machine are divided into 3 parts. The first chamber is 200 cm long, 45 
cm wide, and 41 cm high. The size of the middle chamber containing the rack is 100 cm long, 41 cm 
wide, and 39 cm high with a door hole size of 37 cm high and 45 cm wide. The exhaust size is 39 cm 
long and 39 cm wide with an elevation of 51.300. The size of the rack is 36 cm high, 44 cm wide, and 
36 cm high. The Tray Dryer machine has a door measuring 46 cm x 40 cm.  

2.4. Electronics Design 

 
Fig 3. Electronics design of tray dryer 

Figure 3 shows the electronic circuit of the dynamic weight measurement system of the Tray 
Dryer machine. Electronic design of the weight monitoring system on the Tray Dryer machine using 
three load cell sensors. Then, the Load cell sensor is connected to the HX711 module and becomes 
the weight input on the microcontroller. HX711 functions as an ADC and Load cell output signal 
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conditioner. The microcontroller will read and sum the measurement results by the three sensors. 
Furthermore, the data will be sent to the master microcontroller using Tx/Rx serial communication. 

2.5. Software Design 

The monitoring and weight recording system using Arduino IDE software and C++ language. 
The following is an explanation of the program flow as shown in Figure 4. 
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Fig 4. Software design of tray dryer 

From Figure 4, the first step is the initialization of the Load cell sensor and also the 
microcontroller. Next, the microcontroller waits for the load to be read by the sensor. If the load is 
detected, the microcontroller will read the load from each load cell. If the readings of the three sensors 
are the same or have differences that can still be tolerated, the microcontroller will send data to the 
master microcontroller to display the reading value and graph it in the LabVIEW GUI. If the 
difference in readings from each load cell is quite large or one of the load cells has a value of 0, the 
reading will look far apart and the graph will decrease by a third or more from the measured load. If 
this happens, it is necessary to check for damage to the load cell. 

2.6. Testing Plan 

Tray Dryer machine testing is carried out in several stages. The first step is testing and calibrating 
each Load cell sensor. Calibration is the process of comparing measuring instruments according to 
national or international standard comparators to determine the accuracy of the measuring instrument 
and measuring material indication values. In this test, the measurement results of each load cell sensor 
are compared with standard scales. This test is carried out to determine the performance conditions 
and suitability of each Load cell with the existing standard scales and to determine the Load cell 
calibration coefficient. The measurement test is continued using the three Load cell sensors which are 
compared with the standard scales. This is done to determine the suitability of the weight measurement 
using three Load cells to the standard scales. The last step is testing the performance of the load cell 
in the entire Tray Dryer System and analyzing the dynamic weight measurement system in the Tray 
dryer system. 

3. Result and Discussion 

Tray Dryer machine testing was carried out at the Mechatronics Laboratory of the State 
Polytechnic of Malang. The material dried in the overall system test was wet noodles. The following 
are the results and analysis of the tests that have been carried out: 
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3.1. Calibration Results of Each Loadcell 

Each load cell sensor is calibrated to obtain a calibration coefficient value. The calibration 
coefficient value is used to adjust the accuracy of the three Load cell sensors with standard scales. 

How to find out the calibration coefficient using a program and a measured load, namely water 
in a bottle weighing 522 grams. The results show a calibration factor of 212976. So, the coefficient 
value is obtained: 

𝐶𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  
212976

522
= 408 

The calibration coefficient values will be entered into the program. Next, the three sensors will be 
combined and all three will be calibrated simultaneously. 

3.2. Calibration Results of Three Loadcell Sensor Measurements Using Standard Scale 

Comparators 

The results of the measurement calibration of three Loadcell sensors using a standard scale 
comparator are shown in Table 1 below: 

Table 1.  Result of 3 load cells calibration 

The load is measured using standard scales 

(grams) 

Load measured using three load cell sensors 

(grams) 

Error 

(%) 

204 203 0.5 

213 211 0.04 

522 522 0 

59 58 1.7 

35 35 0 

Average of error  0.45 

From Table 1 above, several loads are used that are measured by standard scales. Then the load 
is measured using a load cell sensor. The results show an average error value of material weight 
measurement using three Load cell sensors of 0.45%. 

3.3. Results of Sending Data from ESP 32 to be Displayed in LabView and Logging in Excel 

The following is a display of the results of weight measurements using LabVIEW as shown in 
Figure 5: 

 
Fig 5. Weight data 
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Figure 6 shows that the weight measurement data using three load cell sensors can be displayed 
in LabVIEW. 

 
Fig 6. Result of data logger 

Figure 6 shows that the results from the data logger can also be displayed in Excel. 

3.4. Mechanics Result of Tray Dryer 

 
Fig 7. Result of tray dryer mechanics 

Figure 7 shows the results of the mechanical manufacture of the Tray Dryer machine. The overall 
length of the chamber is 200 cm. The size of the rack is 44×37×37 cm with a capacity of 5 kg. The 
mechanical results are in accordance with the mechanical design of the Tray Dryer machine. 

3.5. Overall Test Results of Tray Dryer Machine Weight Monitoring System 

The overall test of the Tray Dryer machine was carried out using 100 grams of wet noodle 
material. The test was carried out 2 times. The first test, the entire sample was dried for 75 minutes. 
The second test consisted of 5 samples weighing 25 grams each taken at 5 different times. Then the 
final results were compared with standard scales to verify that the measurements of the three load 
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cells were in accordance with the specified standards. The following is the data on the results of 
measuring the weight of the noodles during the Tray Dryer drying process as shown in Table 2: 

Table 2.  Dynamic data logger results of wet noodle drying process on tray dryer machine 

Time 

(Minutes) 

Weight 

(grams) 

1 100,976 

5 95,765 

10 93,765 

15 88,567 

20 85,025 

25 83,128 

30 80,478 

35 77,449 

40 78,025 

45 77,349 

50 74,988 

55 72,005 

60 72,026 

65 71,776 

70 71,559 

75 71,241 

From Table 2 above, the weight of the dried wet noodles decreased from 100.976 to 71.241. So 
that during the drying process the percentage of the weight of the wet noodles lost was 29%. 

3.6. Results of Testing Changes in Material Weight per 25 Grams 

To verify the results of the dried wet noodles, a retest of the drying of the wet noodles is required. 
So that 100 grams of wet noodles are divided into 4 parts and taken at different times for 75 minutes. 
The following are the drying results of each wet noodle: 

Table 3.  Wet noodle weight testing per 25 grams as a comparison parameter 

Time 

(Minutes) 

Weight 

(Grams) 
Result 

0 25 

 

30 21 
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Time 

(Minutes) 

Weight 

(Grams) 
Result 

60 19 

 

75 17 

 

From Table 3, the noodles that are released will be measured using a standard scale. The results of 
the measurements using a standard scale will be used as a reference parameter for the results of 
dynamic data collection using three Load cell sensors. 

3.7. Comparative Analysis of Material Weight Change Test Results 

The results of both tests are compared to verify the accuracy of the readings from the dynamic 
weight data recorder in the Tray Dryer process. The following is a comparison as shown in Table 4: 

Table 4.  Comparison of test results 

Data Logger 

(grams) 

Standard Scale 

(grams) 

25,2440 25 

20,1195 21 

18,0065 19 

17,8103 17 

From Table 4 above, it can be seen that the dynamic data collector uses three Load cell sensors 
and standard scales have a weight difference of around 0.2 to 1 gram. The highest error occurs when 
the weight of the material is getting lighter. This is because the movement of air flow affects the 
movement of the rack and the reading on the load cell. 

4. Conclusion 

The conclusion of this study is that the weight measurement using three Load cell sensors has an 
accuracy that is still tolerable, which is ±0.45%. The weight of the monitored wet noodles decreased 
by 29% in the drying process at a temperature of 80 0C and an air flow speed of 2 m / s for 75 minutes. 
The results of dynamic data collection of wet noodle weight on the Tray Dryer machine can be 
monitored in real-time graphs using LabVIEW and the data results can be seen on the data logger in 
Excel. 

 

JEEMECS (Journal of Electrical Engineering, Mechatronic and Computer Science ISSN 2614-4859 
Vol. 8, No. 2, August 2025, pp. 113-121  

http://jurnal.unmer.ac.id/index.php/jeemecs
mailto:jeemecs@unmer.ac.id


121 | P a g e  
 
                                                                 http://jurnal.unmer.ac.id/index.php/jeemecs                 jeemecs@unmer.ac.id 

References 

[1] U. M. D. E. C. D. E. Los, “No 主観的健康感を中心とした在宅高齢者における 健康関連指標に

関する共分散構造分析Title”. 

[2] T. Hariyadi, “Pengaruh Suhu Operasi terhadap Penentuan Karakteristik Pengeringan Busa Sari Buah 

Tomat Menggunakan Tray Dryer,” Jurnal Rekayasa Proses, vol. 12, no. 2, p. 46, 2018, doi: 

10.22146/jrekpros.39019. 

[3] S. Misha, S. Mat, M. H. Ruslan, K. Sopian, and E. Salleh, “Review on the application of a tray dryer 

system for agricultural products,” World Appl Sci J, vol. 22, no. 3, pp. 424–433, 2013, doi: 

10.5829/idosi.wasj.2013.22.03.343. 

[4] N. A. Yuliasdini, S. U. Putri, T. A. Makaminan, and S. Yuliati, “Efisiensi Termal Alat Pengering 

Tipe Tray Dryer Untuk Pengeringan Silika Gel Berbasis Ampas Tebu,” Prosiding Seminar 

Mahasiswa Teknik Kimia, vol. 1, no. 1, pp. 29–33, 2020. 

[5] R. Hayati, Y. Yusmanizar, M. Mustafril, and H. Fauzi, “Kajian Fermentasi dan Suhu Pengeringan 

pada Mutu Kakao (Theobroma cacao L.),” Jurnal Keteknikan Pertanian, vol. 26, no. 2, pp. 129–135, 

2012. 

[6] I. Purnamasari, A. Meidinariasty, and R. N. Hadi, “Prototype Alat Pengering Tray Dryer Ditinjau 

dari Pengaruh Temperatur dan Waktu Terhadap Proses,” Jurnal Kinetika, vol. 10, no. 03, pp. 25–28, 

2019. 

[7] D. Y. Widagdo, Koesmarijanto, and F. Arinie, “Sistem pencatatan hasil timbangan menggunakan 

sensor Load Cell melalui Database berbasis Arduino UNO,” Jaringan Telekomunikasi Digital, 

Teknik Elektro, Politeknik Negeri Malang, vol. 10, no. 1, pp. 13–19, 2020. 

[8] Avia, “Data Sheet - HX-711,” Avia Semiconductor, vol. 1, no. 1, pp. 1–9, 2017, [Online]. Available: 

https://cdn.sparkfun.com/datasheets/Sensors/ForceFlex/hx711_english.pdf 

[9] Espressif Systems, “ESP32 Series Datasheet,” Espressif Systems, pp. 1–70, 2022, [Online]. 

Available: 

https://www.espressif.com/en/support/download/documents.%0Ahttps://www.espressif.com/sites/def

ault/files/documentation/esp32_datasheet_en.pdf 

 

JEEMECS (Journal of Electrical Engineering, Mechatronic and Computer Science ISSN 2614-4859 
Vol. 8, No. 2, August 2025, pp. 113-121  

http://jurnal.unmer.ac.id/index.php/jeemecs
mailto:jeemecs@unmer.ac.id

