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Abstract

Deviations in chiller temperature can introduce significant technical risks in latex-based manufacturing processes,
including premature coagulation and material degradation that directly affect product quality and production
efficiency. Monitoring the water temperature in the cooling system (chiller) is therefore a crucial component in
maintaining product quality in the latex-based industry. This study designs a temperature monitoring system based
on the Internet of Things (IoT) that is able to display temperature data in real-time and provide automatic
notifications if the temperature exceeds the threshold. The main devices include the DS18B20 sensor, ESP32
microcontroller, and Blynk application as a user interface. Testing was carried out on three chiller units at PT
Medisafe Technologies for 48 hours. The results showed that the system worked stably with a measurement accuracy
level of £0.5 °C and an average notification response time of 3 seconds. This system provides an efficient, flexible, and
easily accessible monitoring solution via smartphone devices.
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Introduction

PT MedisafeTechnologies (Medisafe) is a subsidiary of IndoramaGroup operating in Medan that produces nitrile,
polychloroprene, and isoprene gloves for both medical and industrial markets. Indorama is strengthening Medisafe’s
capabilities by investing US$25 million to build its sixth manufacturing line, a sign of its long-term commitment to
Indonesia’s personal protective equipment sector. On the market side, the projected global value of nitrile gloves is
expected to surge from US$5.4 billion (2025) to US$9.2 billion in 2032 —increasing competition and requiring
manufacturers to operate more efficiently (Technologies, 2014; Hasibuan et al., 2021).

Latex and nitrile blends are thermoplastic: too high a curing temperature causes the rubber to swell, crack, and
reduce tensile strength, while too low a temperature inhibits vulcanization, making the glove surface brittle. Process
studies show that failure to control the humidity temperature during the curing stage can trigger rubber film porosity
and significantly increase the production defect ratio (Chambers, 2017; Hasibuan, Daud, et al., 2021).

To maintain stable latex viscosity (+3°C), Medisafe uses a closed water chiller system. A set point fluctuation of 2°C
alone not only triggers material scrap, but also increases the compressor start-stop cycles, increasing energy
consumption and the risk of downtime. Case studies in the refrigeration industry show that real-time temperature
monitoring can reduce downtime by up to 20% and speed up operator response to anomalies (Zerynth, 2025).

The application of a DS18B20 sensor connected to an ESP8266 NodeMCU, published to a cloud platform
(Blynk/IFTTT), allows the acquisition of chiller water temperature data every 5 seconds and an automatic alarm if it
exceeds 7°C. Experimental research in 2024 showed that a similar architecture can reduce compressor electricity
consumption by 12% thanks to data-driven control. This innovation is in line with the Making Indonesia 4.0 roadmap,
which encourages the integration of IoT in the production chain to increase the speed of analytical-based decision
making (Afreen & Bajwa, 2021; Jannah et al., 2026).

IoT monitoring implementation is expected to reduce waste time, increase overall equipment effectiveness (OEE),
and reduce product failure rates —in line with the findings of Suliawati et al. (2023) that glove production speed is
directly influenced by process stability and waste elimination. In addition to boosting competitiveness, evidence from
the refrigeration industry case shows the potential for additional energy savings of 10-15% through compressor cycle
optimization based on historical analysis, making this project strategic for the sustainability of Medisafe operations
(Suliawati et al., 2023; Daud et al., 2023).
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Literature Review

Al Fuqgahad et al. define IoT as a network of physical objects —sensors, actuators, handheld devices—equipped with
unique identities, computing capabilities, and internet connectivity, so that they can sense, process, and exchange data
autonomously without direct human intervention (Al Fuqahae et al., 2015). In this ecosystem, each “smart thing” acts as
both a producer and a consumer of data, forming a real-time, distributed cyber-physical value chain. Razad et al.
emphasize that interoperability between devices is realized through lightweight protocols and low-power network
topologies —making IoT suitable for massive scenarios with billions of nodes (Al-Fuqaha et al., 2015).

A typical IoT architecture model consists of (1) Perception Layer (sensor/actuator), (2) Network Layer (Wi Fi, LoRa,
NB IoT, ZigBee), and (3) Application Layer (dashboard, analytics). The latest trend is adding Edge/Fog Layer between
the network and applications to execute data preprocessing near the source, reducing latency and bandwidth. A recent
edge fog survey showed that offloading the computational burden to the edge layer can reduce cloud usage by up to
35% and increase the reliability of industrial systems (Laroui et al., 2021).

The success of IoT is greatly influenced by the efficiency of application protocols. MQTT —TCP-based
publish/subscribe —has been shown to be bandwidth efficient, while CoAP —HTTP like over UDP—excels on ultra-
constrained devices. A 2021 performance evaluation of MQTT, CoAP, and OPCUA showed that CoAP achieved the
lowest latency, while MQTT was more energy efficient on lossy networks (Silva et al.,, 2021). Separate simulations
validated MQTT SN (sensor network) as the most power efficient protocol compared to HTTP, reducing consumption by
~30% (Shahrokhi & Ahmadi, 2023).

Massive node counts introduce authentication, encryption, and DDoS attacks vulnerabilities. Obaidat et al. (2020)
mapped out key threats at each layer —from spoofing to firmware vulnerabilities —and emphasized the need for a zero
trust framework. Recent research recommends lightweight cryptography (PRESENT, SIMON/SPECK) and block chain
integration for distributed transaction logging on constrained devices [Mahdavinejade et al. 2020; Thakor et al., 2020].
This lightweight approach has been shown to reduce computational overhead by up to 45% compared to AES 256 in the
sensor domain (Obaidat et al., 2020).

IoT implementation in smart agriculture improves irrigation efficiency and crop yields. A comprehensive study in
2022 reported that a soil sensor-based precision irrigation system reduced water consumption by up to 30% and
increased crop yield by up to 20% compared to conventional methods (Duguma & Bai, 2024). Similar findings are
emerging in the healthcare domain (tele vital sign), cold logistics, and smart manufacturing —confirming the added
value of big data driven decisions.

Current literature highlights five key elements: (1) sensor/actuator, (2) microcontroller/SoC, (3) connectivity (Wi Fi,
LoRa, NB IoT), (4) cloud/data platform, and (5) user interface. The integration of these five components enables a robust
and elastic “sense think act” loop —from smart HVAC systems to glove assembly in the healthcare industry.

The DS18B20 is a 1-Wire digital thermometer with a unique 64-bit ROMID; measurement range —55°C until. +125°C
and accuracy £0.5°C at —10...+85°C. The resolution is programmable 9-12bit, and the parasitic power mode allows it to
operate with only two wires — simplifying multisensor topologies on production lines (Devices, 2023).

Since IEEE802.11b (1999, 11Mbps) to Wi Fi6 (802.11ax, 2019, 9,6Gbps), the evolution of Wi Fi focuses on increasing
capacity and spectrum efficiency (OFDMA, MU MIMO) (Bellalta, 2016). Security standards are also evolving: WPA3
(2018) introduces Simultaneous Authentication of Equals (SAE) and Opportunistic Wireless Encryption to protect IoT
onboarding and public networks.

ESP32 WROOM 32 SoC dual core XtensaLX6240MHz equipped with Wi Fib/g/n, Bluetooth4.2BLE,>30GPIO, 18
channell2 bitADC, and two8 bitDAC. Compared to ESP8266, the number of 1/O pins is doubled, Free RTOS native
support, and deep sleep mode<5uA —ideal for battery-powered edge nodes. Board comparison studies show ESP32's
multitasking and peripheral capabilities reduce external components and accelerate time to market for manufacturing
IoT projects (Systems, 2021; Jannah et al., 2024).

Blynk Cloud provides a drag-and-drop dashboard, virtual pins, and push notifications that connect to ESP32 in
minutes, without manually writing client-side code (Sugiartha et al., 2025). In greenhouse and drug storage room
studies, Blynk enables real-time temperature monitoring <5s refresh and threshold notification via smartphone
(Fadhilah, 2025). The combination of DS18B20 ESP32 Blynk sensors has been adopted to monitor the absorption chiller
system (Figure 1) using LiBr/H,O media—a cooling technology that utilizes industrial waste heat and is recognized as
energy efficient in cogeneration schemes. Online monitoring accelerates detection of cooling water temperature
deviations, increases cooling cycle efficiency, and reduces downtime of the latex vulcanization process in medical glove
manufacturing.
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Materials and Method

The overall architecture of the proposed system is described, and the corresponding system block diagram is shown in
Figure 2. The hardware design consists of:

DS18B20 Temperature Sensor: Measures water temperature with precision.
NodeMCU ESP32: Microcontroller that processes data and sends it to the cloud.

5V Adapter: External power supply for the system.

Jumper Cable and Breadboard: Connecting components in a prototype manner.
4.7k ohm Resistor: Pull-up resistor for 1-wire communication of the DS18B20 sensor
While the overall circuit is shown in Figure 3.

Software design as follows:

a) ESP32 programming (Arduino IDE).

o a0 o

1. #define BLYNK TEMPLATE ID "TMPL64eryHbnE" any OneWire devices
2. #define BLYNK TEMPLATE NAME "CHILLER GP4 OUT" 26. DallasTemperature sensorsDS 18B20(&oneWire); // Pass our oneWire reference to
3. char auth[] = "KPRpemW1Y6rTTAkTo2 wMBLWTEXZIIYR"; // AKUNBLYNK Dallas Temperature sensor
4. 27. float temperature_air;
5. char ssid[] ="Reannnnn™;,  // Username WiFi Yang Terhubung dengan 28.
Mikrokontroler esp32 29. void setup() {
6. char pass[] ="Ade030709": / Password WIFI Yang digunakan 30.  Serial.begin(115200);
7. 31, sensorsDS18B20.begin(); // Start the sensor DS18B20
8. // Atur Nilai dengan Batas Notifikasi dikirim 32. Blynk begin(auth, ssid, pass);
9. float threshold=18:  // 18: Notifikasi dikirimkan jika suhu terbaca lebih dari 18 33
10. /f 34. /I Set the update interval for sending sensor data to Blynk
1L 35, timer.setInterval(2000L, sendSensor);
12. // Library yang digunakan 36.
13. #include <OneWire.h> 37

14. #nclude <DallasTemperature.h> 38. void loop() {
15. #inchide <WiFih> 39 Bly“kf““()?
16. #include <WiFiClient 1> 40, timer.run();
17. #nclude <BlynkSimpleEsp32.h> 4L

18.

19. #define BLYNK_PRINT Serial
20. BlynkTimer timer;

43. // Fungsi Untuk mengirim data ke Blynk
44. void sendSensor() {
45. //====Membaca Sensor DS18B20 ===//

I i .
:_1‘ int hold=0; 46. sensorsDS18B20.requestTemperatures();

- ) 47. temperature_air = sensorsDS18B20.getTempCByIndex(0);
23. /[[F===DSI8B20 Sensor = 48.

24. const int oneWireBus = 5; ] ) 49. /| Mengirimkan Data ke Blynk

25. OneWire oneWire(oneWireBus); // Setup a oneWire instance to communicate with 50.  Serial.println("Nilai Suhu Air: "+ String(temperature air));

51. Blynk virtualWrite(V0, temperature_air); // Mengirim data suhu ke Virtual Pin V0 di
Blynk Cloud

o

// untuk Membangkitkan Notifikasi
generating_notification(temperature_air);

D o
Bl Sy

@

/ Fungsi untuk membuat Notifikasi

59. void generating_notification(float data){

60.  if (data > threshold && hold—0){

61.  Serial.println("Suhu Panas, Notifikasi dikirimkan");

62.  BlynklogEvent("SUHU_TINGGI", "SUHU TINGGI");
63.  hold=I;

64.

65. else if (data <= threshold && hold=1){

66.  Serial.println("Suhu Normal, Notifikasi dikirimkan");
67.  Blynk.logEvent("SUHU NORMAL", "SUHU NORMAL");
68.  hold=0;

69. |}

70. }

7L

b) Integration with Blynk application. Abnormal temperature notification via Smartphone can be seen in figure 4.

The IoT-based chiller water temperature monitoring system starts from the Start step, which marks the initialization
and activation of the system as a whole. After that, the system enters the WiFi connectivity check process by the
NodeMCU microcontroller. This stage is very important because data communication between the sensor device and the
server and user application relies on the internet network. If the connection is successful, the system will proceed to the
next process, namely sending data to the cloud server, which is then linked to the Smartphone application for real-time
temperature monitoring.

In the next stage, the system takes temperature readings using the DS18B20 sensor. This sensor functions to measure
the water temperature in the chiller with high accuracy, and produces digital data. The data then enters the conversion
stage, where the raw temperature data is converted into a format that can be displayed and analyzed, usually in degrees
Celsius. After being converted, the temperature is directly displayed on the Smartphone application interface, so that
users can observe the water temperature conditions directly via mobile devices.

Next, the system will analyze the displayed temperature data. If the detected water temperature exceeds the
specified threshold (for example, more than 18°C), the system will automatically send a warning notification to the user
application as an early warning. Conversely, if the temperature returns to normal (below the threshold), the system will
also provide a notification that the condition has returned to safe. This shows the system's ability to monitor and control
temperature adaptively based on dynamic changes in environmental conditions.
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The system cycle will end at the Stop step, which marks the completion of a series of monitoring processes.
However, this process repeats automatically and continuously as long as the device is active, ensuring that the water
temperature in the chiller is always under strict supervision. This system is not only able to measure and display
temperature, but also provides automatic warnings so that quick action can be taken to prevent damage or decreased
production quality due to inappropriate temperatures.

Overall, this system works automatically, in real time, and is IoT-based, utilizing the DS18B20 temperature sensor,
NodeMCU ESP32, and Smartphone monitoring platform. The advantages of this system lie in its ability to send data
over the network, provide notifications based on temperature conditions, and its stability when faced with changes in
internet connection. Therefore, this system is very suitable to be applied in industrial environments such as PT. Medisafe
Technologies, where temperature stability in the latex cooling process is crucial to ensure production quality and

efficiency.
ol e ol e

Figure 2. System Blok Diagram

@) (b)
Figure 4. (a) Display on the Blynk dashboard, (b) Notification Display on Smartphone

Results and Discussion

Tests showed that the DS18B20 temperature sensor had an average deviation of +0.5°C, which is still within the
manufacturer's specification range. This result is in line with previous research findings. Elyounsi & Kalashnikov (2021)
reported that 18 recalibrated DS18B20 units showed an average deviation of +0.2-0.4°Cover 30 days of continuous
observation. Siswoyo (2025), in a clinical incubator simulation with a temperature of 30-40°C, found a mean absolute
error (MAE) value of around +0.3°C. Meanwhile, a comparative study by Hidayat et al. (2023) reported an accuracy of
99.05% or equivalent to a deviation of around +0.48°C, and concluded that the DS18B20 is more precise than the DHT22
and DHT11 sensors. Thus, the deviation of #0.5°C obtained from this test is reasonable and consistent with the sensor
performance as reported in the literature. When the DS18B20 sensor is alternately immersed in ice water and warm
water, the temperature response shows a short-term stabilization. These results can be compared with previous findings
as a benchmark for the sensor's thermal performance. Siswoyo (2025) reported a t90 time of 2-3 seconds in an incubator
test with a temperature change of #5°C in a humid environment (60-80% RH). Meanwhile, the Adafruit forum (2014)
recorded a response time of more than 60 seconds when the sensor moved from ice to boiling water, but in an open cable
condition without thermal protection. On the other hand, Water Quality Logger (2024) showed a stabilization time of
less than 5 seconds in a full immersion scenario in a conductive liquid. If this test shows a stabilization time of less than 5
seconds, then the sensor performance is fast, even approaching optimal performance as in the positive pressure
incubator simulation, and is more responsive than most other field scenarios. The test shows that your system recorded
an average of 3 seconds from when the temperature exceeded the 18°C threshold until the push notification was received
on the device, with a 100% success rate over 10 cycles of temperature fluctuations. This result shows excellent
performance and is comparable to similar systems. A sensor fusion-based health monitoring system using ESP32 and
DS18B20, as reported in ScienceDirect, showed an alert latency of less than 5 seconds during 24 hours of stress testing.
Meanwhile, the official Blynk documentation states that push notifications are typically received “within seconds,”
although the user community has reported delays of up to about a minute on certain devices. Thus, an average response
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time of 3 seconds puts your system in the best performance category ever reported, and proves the consistency of
notification delivery under repeated dynamic conditions..

The local buffering and automatic retransmission strategies applied to the ESP32-based system have proven
effective, with test results showing no crashes on the ESP32 NodeMCU or application during testing. This approach is in
line with best practices reported in various studies. Kurniawan et al. (2024) used the SPIFFS cache on the ESP32 to record
biogas data and successfully ensured that 100% of the pending data packets could be retransmitted after the Wi-Fi
connection was restored. Prasetya et al. (2025) showed that the combination of watchdog functions and signal strength
checks (RSSI) can reduce packet loss in ESP-NOW communication to below 2%. In addition, the ESP32-based edge
computing architecture also emphasizes the importance of local processing to reduce dependence on the cloud and
provides a fail-safe mechanism when connectivity breaks. Thus, the system has demonstrated high stability and
reliability that are in line with the most advanced technical approaches in the literature. A comparison of this data with
previous research can be seen in Table 1.

This body of evidence confirms that this design is feasible for critical environments such as PT
MedisafeTechnologies, both in terms of metrological accuracy and end-to-end reliability of the IoT system. Data
collection was carried out on 3 different chillers for 48 hours.

At chiller] (figure 5), the temperature graph shows a rising pattern in the morning-afternoon and stabilizes again at
night, with significant spikes recorded on 22June2025 at 01:00 (18.1°C) and 06:00 (18.2°C), and 23June2025 at 06:00
(18.3°C) and the range of 16:00-19:00 (18.5-19.4°C); the system automatically sends six notifications every time the
temperature exceeds the threshold of 18°C, except on 23June at 07:00 (18.1°C) when an alarm was intentionally ignored
because an identical alert had been sent an hour earlier. Throughout the observation period, the temperature mostly
remained within the safe range of 16-17.5°C without extreme spikes, confirming the stability of the sensors and controls,
the effectiveness of real-time monitoring, and ensuring that the chiller conditions remain safe for the production process.

During the two days of observation, the temperature of chiller2 as shown in Figure 6 was consistently within the
safe operating range of 11.6°C-16.3°C —never exceeding the threshold of 18°C —so that the notification algorithm that
only triggers an alarm above that limit was never activated and proved that the system logic was running on target. The
lowest reading, 11.6°C at 12:00 on June 22, marked the peak of cooling effectiveness, while the absence of sudden spikes
indicated that the DS18B20 sensor, microcontroller, and PID control were working stably and accurately. Thus, the
thermal performance of the chiller was categorized as optimal, posing no risk of overheating or need for corrective
action, which also confirmed the overall reliability of the system in supporting the production process.

During the two days of observation, chiller 3, see Figure 7, showed optimal performance with temperatures that
were all within the safe zone, namely between 12.9°C and 16.0°C, without any exceeding the threshold of 18°C. The
lowest temperature was recorded during the day around 11:00-13:00, then increased gradually until the afternoon or
evening, but remained within normal tolerance limits so as not to trigger notifications. The absence of extreme spikes or
anomalies indicates the stability of the cooling system, sensor accuracy, and the effectiveness of real-time monitoring that
works according to the design scenario. When visualized, the temperature graph will show consistent smooth
fluctuations, indicating reliable sensor readings. Throughout the period, all statuses were detected as normal and no
corrective action was required, proving that chiller 3 worked efficiently and stably in maintaining temperatures below
critical limits

The IoT-based water temperature monitoring system on the chiller that was designed has proven to be effective in
supporting industrial operations, especially in monitoring temperature conditions in real time which is crucial for the
stability of the production process. The effectiveness of this system is reflected in several main indicators. First, in terms
of measurement accuracy and reliability, the DS18B20 sensor shows an average deviation of +0.5°C, still within the
industrial tolerance limit, indicating the system's ability to provide accurate and consistent data. Second, the system
responds quickly in critical conditions, where automatic notifications are sent on average within 3 seconds after a high
temperature is detected, allowing operators to take immediate corrective action. Third, easy access via the internet-based
Blynk dashboard allows flexible remote monitoring, increasing supervision efficiency without being tied to a physical
location. Fourth, optimal temperature control through this system helps maintain energy efficiency and process safety,
and can be further developed to activate automatic actions such as operating a backup pump or shutting down the
system when extreme temperatures occur. Finally, the system has a positive impact on productivity and safety by
reducing the burden of manual monitoring, preventing negligence, and providing early notification that helps prevent
product damage, thereby overall increasing the reliability and effectiveness of industrial operations.

Table 1. Data Comparison
Range of previous

Aspect Research results research results Relative position
Accuracy +0.5°C +0.2-05°C As per specifications, still
competitive
Response time “Short time” (<55s) 2-60s In the fastest range
Notification latency 3s 3-60s Very good
Network reliability 0 % loss data; auto retry 0-2 % loss (with retry) Equal/better
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Water Temperature vs Time Graph (June 22-23, 2025)

—e— Water Temperature (°C}
-== Threshold (18°C)

160 3 A A
175 / &
17.0
16.5
16.0
15.5
’Leb ’ﬂ{V '\?}Q’ 4}@° ’L”Qb

Temperature (°C)

o "2 2 L
< ' N N
b’q:‘/ o o o bﬂ( o ‘on?) b:‘? ’c:»b
o N o Q Q < Q 9 Q
Time
Figure 5. System Workflow Chart
Water Temperature vs. Time for Chiller 2
(22-23 June 2025)
18 = = = e e e e
17
~ 16
e
¢
315
g
]
g 14
@
13
12 Water Temperature
== Threshold (18°C)
o e Qv 2 ol o 2 2 L
,]:‘(B ’0(0 ,‘:\(‘\ ,{L'\r ’L,))Q OQ ",:;& 1/,5& ,,DQ
1 o © & o o © o i
Q < Q Q Q < Q 9 <

Time

Figure 6. Data on Chiller 2
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Figure 7. Data on Chiller 3

Conclusions

Based on the results of the design, implementation, and testing of the water temperature monitoring system on the
chiller using IoT technology at PT Medisafe Technologies, it can be concluded that this system has succeeded in
monitoring temperature in real-time by integrating the DS18B20 sensor, NodeMCU ESP32 microcontroller, and Blynk
application as a responsive and easily accessible monitoring platform. The system has been proven to be able to send
automatic notifications to users when the temperature exceeds the threshold of 18°C, with an average response time of
only 3 seconds, demonstrating speed and reliability in critical situations. All temperature data is displayed accurately
and consistently through a dashboard that can be accessed anytime and anywhere using a Smartphone device. The test
results also show that the system has a high level of measurement accuracy, good connection stability, and is effective in
supporting monitoring of the cooling process in an industrial environment. The implementation of this system
significantly increases operational efficiency, reduces the risk of product damage due to unstable temperatures, and
provides comfort and convenience for operators in controlling chiller conditions more practically and reliably.

For further development and improvement of the performance of the water temperature monitoring system on the
chiller, the author suggests several important things. First, the system can be improved by adding an automatic control
feature using a relay or actuator to turn the cooling system on or off directly based on the detected temperature. Second,
the integration of cloud-based historical data storage or a local database is highly recommended so that users can
monitor long-term temperature trends and perform preventive analysis. Third, the temperature sensor should be
equipped with a special protector to avoid damage or interference due to environmental conditions around the chiller
tank. Fourth, the development of a web-based monitoring application can also be a useful alternative so that the system
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can be accessed not only via a Smartphone device, but also via a computer or laptop. Finally, to maintain data security
and prevent unauthorized access, the system needs to be equipped with network security features such as additional
authentication and data encryption. With the implementation of these suggestions, the system is expected to function
more effectively, efficiently, and accurately in the long term, as well as make a significant contribution to increasing
productivity and quality of the production process in a sustainable manner.
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