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ABSTRACT 

Manual drying of water hyacinth typically takes up to three days and is highly dependent on weather 

conditions, making the process inefficient for industrial use. This study presents the design and 

implementation of an Internet of Things (IoT)-based real-time monitoring and control system to improve 

the drying process of water hyacinth using a dedicated drying machine. The development process follows 

the four stages of IoT system development, such as identifying IoT objectives, selecting necessary IoT 

components, implementation and prototyping, and integrating the IoT system with the machine. The 

proposed system integrates a DS18B20 temperature sensor, an ESP32 microcontroller, a solenoid valve for 
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multilevel gas control, and the Blynk cloud platform. This integrated system allows remote temperature 

monitoring and automatic burner control through a smartphone application. The drying temperature is 

maintained within the optimal range of 70–85°C with a maximum deviation of 1.7°C, and the sensor 

system shows a high accuracy with a temperature variance of only 0.1–0.2°C compared to a standard 

analog thermometer. The system enables precise gas regulation through a tiered solenoid valve mechanism 

(small, medium, and large flow) based on real-time temperature feedback. Furthermore, it features an 

automated timer that can be configured based on the quantity of material that is being processed. The 

system demonstrates strong reliability (99.2% uptime), low latency (210 ms), and high user satisfaction 

(95%), indicating practical acceptance in the industrial context. The findings suggest that the 

implementation of IoT technology significantly enhances the efficiency, consistency, and usability of 

industrial drying machines, particularly in small to medium-scale enterprises processing natural fiber 

materials. This study also introduces novelty in three aspects: (i) a multi-stage solenoid valve mechanism 

(small, medium, and large flow) that allows precise real-time gas regulation; (ii) a lightweight IoT 

integration framework specifically designed for SMEs using low-cost components (ESP32, DS18B20, 

solenoid valve, and Blynk cloud); and (iii) the first documented implementation of IoT technology in water 

hyacinth fiber drying, addressing a critical gap in natural fiber processing for small industries. 

Keywords-drying machine; Internet of Things (IoT); monitoring; sensor; water hyacinth 

I. INTRODUCTION  

Rapid technological advances mean that almost everyone 
now has a smartphone, which can support digital technology 
such as the Internet of Things (IoT) [1-3]. The IoT is a system 
of devices that are connected to the Internet and integrate data 
automatically without human intervention. IoT has made 
human life easier in various aspects [4], including the industrial 
and manufacturing fields [5]. One of the main functions of the 
IoT is to enable machines to connect and operate automatically 
[6], while using sensors and actuators connected to the internet 
to remotely monitor and control them. In addition, sensors and 
actuators can collect and analyze data in real time. Thus, the 
IoT can improve operational efficiency, productivity, and 
security [7, 8]. 

The implementation of IoT in industrial machines has a 
significant impact on their practicality [9]. With IoT, machines 
can be adjusted to adapt to environmental conditions, such as 
temperature, humidity, or other factors that influence the 
production process [10, 11]. In addition, data on IoT systems 
collected by these machines can be used to optimize processes, 
simplify control, and reduce waste of resources [12, 13]. One 
sector that can be developed to utilize IoT is Small and 
Medium Enterprises (SME), which already use drying 
machines as tools, such as the food drying industry [14]. SMEs 
that use natural fibers have implemented drying machines, but 
have not yet integrated the IoT [15]. 

Water hyacinth fiber is widely used as a raw material for 
handicrafts and has quite a high demand in Indonesia [16]. 
Water hyacinth craft products have attracted a lot of interest in 
the export market [17, 18]. However, the production process 
for water hyacinth fiber raw materials is still conducted 
manually, specifically the drying process, which only relies on 
sunlight heat [19]. This manual drying method is highly 
dependent on weather conditions, which often hamper 
production and reduce profits. The average drying time for 
water hyacinth in the sun is 3 days [20, 21]. Thus, developing 
and implementing a machine that can efficiently dry water 
hyacinth fiber can speed up the drying process. The proposed 
machine is designed with sensors to monitor the temperature, 
humidity, and other variables that affect the drying process. In 

addition, actuators can be programmed to automatically 
regulate operations, accelerating the drying process, improving 
fiber quality, and reducing energy waste. The use of IoT 
technology in water hyacinth drying machines is very desirable 
because it can simplify the production process, increase 
efficiency and effectiveness, contributing significantly to the 
economic growth of rural communities that rely on natural 
fiber crafts.  

This study developed an IoT-integrated monitoring and 
control system using sensors and solenoid valves on a water 
hyacinth drying machine to simplify the process. This study 
introduces novelty in three aspects: a multi-stage solenoid 
valve mechanism that allows precise real-time gas regulation, a 
lightweight IoT integration framework specifically designed for 
SMEs using low-cost components, and the first documented 
implementation of IoT technology in water hyacinth fiber 
drying, addressing a critical gap in natural fiber processing for 
small industries. 

II. METHOD 

This study used the IoT system development stages 
presented in [22] as shown in Figure 1. This process consists of 
four stages in IoT development, which can be explained in 
detail as follows. 

 

 
Fig. 1.  IoT research and development stages. 

A. Identify IoT Objectives 

In this stage, the main objectives of IoT system 
development must be clearly defined. The specific goals to be 
achieved are:  

• Real-time temperature monitoring on the dryer.  
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• Control the flame automatically using a solenoid valve 
integrated with IoT.  

• Provide an easy-to-access user interface to monitor and 
control the dryer remotely. 

B. Select Necessary IoT Components 

After determining the objectives, the next step is to select 
the required components: 

1. The ESP 32 microcontroller functions as the brain of the 
IoT system, processing data from sensors and controlling 
other components.  

2. The DS18B20 temperature sensor is used to measure the 
temperature of the dryer accurately and in real time.  

3. A solenoid valve is used to automatically control the flow 
of gas or hot air to the dryer based on the desired 
temperature.  

4. A Timer is used to regulate the drying duration and prevent 
overheating of the dryer.  

5. A WiFi or Ethernet module is used to connect the IoT 
system to the Internet, so that data can be sent and received 
remotely.  

6. A user interface, such as a web or mobile application.  

After identifying the primary components for the drying 
machine's IoT system, a comprehensive design is drafted, 
encompassing both the key components and their supporting 
counterparts. Figure 2 illustrates the electronic circuit's design, 
which shows the complete schematic of an IoT system 
consisting of various components, such as a power supply 12V 
microcontroller, a 9V step down module, an ESP 32 
microcontroller, a DS18B20 temperature sensor, an LCD 16×2, 
a step down 9V relay module, a relay on/off solenoid valve, a 
solenoid valve 220 V, and a relay on/off timer system. 

C. Implementation and Prototyping 

After selecting the IoT components and finalizing the 
system design, the next step is to implement a prototype system 
[15]. In this step, the activities are divided into the 
implementation of hardware prototyping and the 
implementation of software prototyping.  

1) Implementation of Hardware Prototyping  

All IoT components were assembled and integrated based 
on the final design. The first step involved connecting the 
DS18B20 temperature sensor to the ESP32 microcontroller. 
Code was written to obtain temperature data from the sensor in 
real time and transmit it to the user interface through an 
internet connection. The solenoid valve and the timer were also 
connected to the microcontroller, with code added to control 
the automatic opening and closing of the solenoid valve based 
on the desired temperature. The timer was configured to 
regulate the drying duration. A WiFi module was integrated 
into the microcontroller to connect the system to the Internet. 
Interfaces, such as web or mobile applications, were developed 
to allow users to monitor temperatures and control temperature 
settings, solenoid valves, and timers remotely in real time.  

 
Fig. 2.  IoT electrical system design and components. 

Figure 3 displays a control panel box that is intended to be 
integrated into the IoT system to monitor and regulate the water 
hyacinth drying process. This system is installed on the box 
panel of the drying machine according to functional and safety 
considerations. The system design involved several key 
components, including a power supply, LCD, a step-down 
module, a DS18B20 temperature sensor, a timer sensor, a 
microcontroller, an IoT communication module, the machine 
heating system, and the Blynk IoT platform. The DS18B20 
temperature sensor plays a crucial role in this system, as it 
measures the temperature inside the drying machine in real 
time. This sensor was selected for its high accuracy and digital 
communication capabilities with the microcontroller. 

 

 

Fig. 3.  IoT electrical assembly (left) and panel box (right). 

2) Implementation of Software Prototyping 

The coding process was conducted for the oven temperature 
monitoring system with DS18B20 using ESP32 and Blynk. 
The program reads the temperature from the DS18B20 sensor, 
displays it on the LCD, and sends it to the Blynk application.  

Blynk is used to monitor temperature in real-time and 
display local time. The program also has a function to retrieve 
local time through the TimeZone API. The aim was to create 
an application that allows users to interact with the system. The 
application is designed to monitor the temperature of a drying 
process and regulate the gas system using a solenoid valve and 
a timer. To access the monitoring system, users must enter the 
username and password of the account they have previously 
created. Next, the IoT system on the drying machine can be 
used. This IoT is integrated by implementing the Blynk 
application, shown in Figure 4, which provides a visual 
representation of the status of the system. 
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Fig. 4.  Blynk application design view. 

Figure 4 shows the results of the IoT monitoring and 
control system design using the Blynk IoT platform. Blynk is 
often used because it saves development time, makes it easier 
to create IoT interfaces, and supports a wide range of hardware 
in a flexible way [23-25]. This stage was an important aspect of 
the implementation of this system. Through the Blynk 
platform, temperature sensor data can be sent in real-time from 
the microcontroller to the Blynk cloud server using the 
ESP8266 IoT communication module. This data can then be 
accessed and visualized through Blynk's user interface, both on 
the mobile app and the web interface. Blynk's user interface 
provides an intuitive and easy-to-use display for monitoring 
sensor data in real-time. Users can view historical temperature 
graphs and receive notifications if specific parameters exceed 
preset thresholds. In addition, the Blynk interface also allows 
users to remotely control heating actuators through virtual 
buttons or set target temperatures. IoT connectivity in these 
systems depends on the availability of a stable Wi-Fi network. 
During testing, IoT connectivity performance was evaluated by 
monitoring the stability of data transmission from the 
microcontroller to the Blynk platform. Security aspects were 
also considered when implementing this system.  

D. Integrating the IoT with the Machine 

The integration of an IoT system on a machine was 
conducted to evaluate the system developed, so that it can be 
properly used for the operational process [26]. Thus, after the 
IoT system prototype for the drying machine was assembled, 
the next step was to integrate it with a real machine.  

Figure 5 shows integration activities between the IoT 
system and the components in the drying machine. This stage 
aimed to align the working system between the two 
components, the IoT and the drying machine. In this stage, 
calibration was also performed to ensure that data 
measurements can be conducted validly and accurately. 
Integration of the IoT system into the device must be 
completed before operation. The device can then be controlled 
and monitored with the IoT, following examples of an IoT 
gateway to monitor an electric vehicle charging communication 
system [27] or the operation of a CNC machine [28]. 

 

 

Fig. 5.  Integrating an IoT system with a drying machine. 

The system does not include local storage. However, the 
Blynk cloud platform automatically records historical 
temperature and control data for up to 30 days, which can be 
exported in CSV format. This enables traceability and 
performance analysis. 

System performance was evaluated using quantitative 
parameters, such as (i) latency, measured as the round-trip 
delay from ESP32 sensor reading to Blynk application 
response (average: 210 ms), (ii) communication reliability, 
with 99.2% successful packet delivery during continuous 8-
hour operation, (iii) power consumption, averaging 28 W 
during heating and 8 W in idle mode, and (iv) scalability, tested 
with simultaneous data transmission from three prototype 
nodes, with no packet loss observed. 

III. RESULTS 

A. IoT Working System on Drying Machine 

The system is initiated through an On/Start command, 
activating the machine and directing power to the main supply 
unit, which steps down the voltage from 220 V to 12 V. 
Subsequently, the voltage is further reduced to 9 V using an 
additional step-down converter to align with the safe operating 
limits of the microcontroller. The ESP32 microcontroller serves 
as the core processing unit, responsible for acquiring real-time 
temperature data from the DS18B20 sensor, processing the 
data, and transmitting it to the Blynk cloud platform through an 
IoT communication module. Temperature monitoring outputs 
are displayed simultaneously on an LCD screen and the Blynk 
mobile application, allowing for both local and remote 
supervision. The microcontroller also regulates the gas solenoid 
valve to maintain the oven temperature within an optimal range 
for effective drying. Additionally, a timer is incorporated to 
automate the system's shutdown upon completion of the drying 
process, thereby enhancing safety and operational efficiency. 

B. IoT Performance on Temperature Monitoring  

Following the installation of the IoT system on the drying 
machine, a comprehensive evaluation of the system's 
performance in the water hyacinth drying process was 
conducted through a series of tests. The initial test focused on 
assessing the precision of the DS18B20 temperature sensor in 
monitoring the parameters of the drying process. Table I shows 
the test results, which demonstrate that the DS18B20 
temperature sensor has very good accuracy, with an average 
difference of 0.1-0.2°C compared to a standard analog 
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thermometer. The accuracy of these sensors is critical to ensure 
that the data obtained represents the actual conditions inside the 
oven. Further tests were conducted to evaluate the effectiveness 
of the control system in maintaining the temperature at an 
optimal level during the drying process. The control system 
was set to maintain the temperature in the range of 70-85°C. 
The test results show that the control system can maintain the 
temperature at the reference temperature (70-85°C), with a 
maximum deviation of 1.7°C.  

TABLE I.  PERFORMANCE TESTING OF TEMPERATURE 
SENSORS AND GAS MODE SOLENOID 

 

Machine temperature (°C) 
Status machine / 

Gas solenoid mode 
On the IoT 

application 

On an analog 

thermometer 

1 36.2 36.2 off 
2 40.5 40.4 on / big solenoid 
3 45.8 45.8 on / big solenoid 
4 55.7 55.6 on / big solenoid 
5 63.8 63.6 on / big solenoid 
6 65.2 65.2 on / big solenoid gas 
7 70.8 71 on / medium solenoid  
8 75.3 75.4 on / medium solenoid  
9 80.3 80.3 on / medium solenoid  
10 85.6 85.6 on / medium solenoid  
11 86.7 86.7 on / small solenoid gas 

 
The system's response to changes in the drying process 

conditions was evaluated, and it was found that it can quickly 
adjust the gas solenoid valve whenever significant temperature 
changes occur in the processing tube in the drying machine. 
This real-time control of the parameters allows the system to 
optimize the drying process. Furthermore, the drying system is 
equipped with a timer that sets the time parameter for the 
drying process, which is adjusted according to the weight of the 
water hyacinth material being dried. The test results showed the 
effective drying time and weight of dry water hyacinth during 
the drying process. 

C. Solenoid Valve Control System Result 

A gas control system based on a gas solenoid valve was 
used to adjust the combustion gas conditions in the water 
hyacinth drying machine. This system used a DS18B20 
temperature sensor integrated with IoT and an ESP32 
microcontroller to monitor the temperature in the drying 
machine. 

 

 

Fig. 6.  Gas solenoid valve design on the machine in valve control. 

Figure 6 shows the use of the solenoid valves in the heating 
system of the drying machine. The system works by regulating 
the flow of the gas through the solenoid valve based on the 
temperature inside the processing tube of a drying machine. If 

the temperature exceeds 85°C, the solenoid valve will reduce 
the gas flow to a small level to prevent excessive heat that can 
damage the water hyacinth material. When the temperature is 
between 70-85°C, the solenoid valve will regulate the gas flow 
to the medium. This is considered optimal for the water 
hyacinth drying process, as it maintains the desired 
temperature. If the temperature drops below 70°C, the solenoid 
valve will increase the gas flow to a large level. Figure 8 
visualizes the working scheme of the solenoid valve. This 
solenoid valve automatic control system can maintain and 
increase the stability of the heat produced from burning gas so 
that the temperature inside the processing tube remains at a 
medium temperature. By implementing a solenoid valve and 
IoT, the flame on the burners can open small and large 
according to the drying process. Thus, the temperature in the 
vacuum processing tube can rise and fall according to the needs 
of the drying process. The actual condition is a temperature of 
70-85°C in a vacuum in the water hyacinth processing tank. 
With this system, the temperature in the oven can be 
maintained automatically and efficiently, so that the water 
hyacinth drying process can run optimally according to the 
medium temperature. 

 

 

Fig. 7.  Gas solenoid valve work scheme. 

D. User Response to IoT Implementation 

User satisfaction was assessed with 48 respondents, 
consisting of 44 craftsmen, 2 university students, and 2 
engineers. A five-point Likert scale was used, ranging from 
"Very Dissatisfied" (1) to "Very Satisfied" (5). Responses were 
analyzed using descriptive statistics, with 50% reporting "Very 
Satisfied" and 45% "Satisfied." The mean satisfaction score 
was 4.47/5, indicating strong user acceptance. These results 
show that the implementation of the IoT system installed on the 
water hyacinth drying machine met the expectations of 
respondents as machine users. 

 

 

Fig. 8.  User responses on the IoT system. 
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IV. COMPARISON WITH EXISTING WORKS 

IoT-based drying systems have been developed in several 
domains, such as for food processing [14, 29]. However, most 
of these systems focus primarily on single-parameter 
monitoring and lack multi-stage gas control mechanisms. As a 
result, temperature regulation tends to be less consistent, while 
user satisfaction has not been systematically evaluated. Table 
III presents a comparison between the proposed system and 
existing methods. Manual sun drying requires up to three days 
and is highly weather-dependent, resulting in very low 
temperature stability and low user satisfaction. In contrast, IoT 
on a food dryer [15] can shorten the drying time to 6-10 hours 
and achieve moderate stability (±3-4°C), although it typically 
relies on single-valve control and lacks reported data on user 

acceptance. Similarly, IoT applications in a maize dryer [26] 
employ temperature and humidity sensors but have not been 
tested for temperature stability and user satisfaction. The 
proposed IoT system demonstrates solid improvements, such as 
testing the drying time with 4-5 hours, maintaining stable 
temperature conditions (±1.7°C), having a multi-stage solenoid, 
and monitoring and controlling temperature and humidity. 
Additionally, the proposed IoT system can operate with 
relatively low energy consumption (28 W on average) and 
received strong positive feedback, with 95% of users reporting 
satisfaction. These results underscore the novelty and practical 
advantages of the proposed system for small-scale industrial 
applications. 

TABLE II.  PERFORMANCE OF TEMPERATURE SENSORS AND GAS MODE SOLENOID 

Method Drying time Temperature stability Automation Energy use User satisfaction 

Manual sundrying 3 days Very low None Weather-dependent Low 

IoT on food dryer [14] 6-10 hours ±3–4°C 
Single valve, monitor, and control 

temperature  
Medium Not reported 

IoT on maize dryer [29] Not tested Not tested 
Monitor temperature and humidity 

sensor 
Not reported Not reported 

Proposed IoT on water 
hyacinth dryer 

4-5 hours ±1.7°C 
Multi-stage solenoid, control and 
monitor temperature and humidity 

Low (average 28 W) 95% satisfied 

 
Despite promising results, there are some limitations. First, 

the IoT system depends on stable Wi-Fi connectivity, which 
can limit deployment in rural SMEs. Thus, future work should 
explore LoRaWAN or offline data storage. Second, since the 
user satisfaction survey involved only 48 respondents, it is 
necessary to apply machines in other areas for further 
experiments, especially for respondents who work as 
craftsmen. Lessons learned include the importance of intuitive 
user interfaces for non-technical operators and the value of 
low-cost IoT frameworks in enabling SMEs to adopt digital 
technologies. 

V. CONCLUSION 

An IoT system for the water hyacinth drying machine was 
developed in four stages. The results show that the DS18B20 
sensor measured the temperature accurately, with only a 0.1 to 
0.2°C difference from a standard analog thermometer, which 
indicates that the sensor used is accurate. Integrated with a 
multi-stage solenoid valve, the IoT control system maintained 
drying temperatures within ±1.7°C, indicating fairly good 
stability of the dryer IoT system to maintain temperature 
around the target and ensure consistent quality. The system also 
enabled real-time monitoring and remote control via the Blynk 
platform, supported by authentication and data encryption for 
security. 

Overall, this study not only provides a functional IoT-based 
drying machine but also contributes technically and practically 
by introducing a multi-stage solenoid control strategy, a 
lightweight IoT integration framework suitable for SMEs, and 
the first application of such a system to water hyacinth fiber 
drying. These contributions advance the adoption of IoT in the 
natural fiber industries, offering measurable benefits in drying 
time, energy efficiency, and user acceptance. Future work 
should validate scalability across multiple SME sites and 
explore alternative communication networks. 
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