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Abstract — This study presents the design and implementation of an Internet of Things (IoT)-based data acquisition system
for a soft laminator (profile wrapping) machine used in electronic audio device manufacturing. The system aims to enable
real-time monitoring of critical process parameters, including heater roll temperature, heater dry zone temperature, and roll
spacing, which are essential for maintaining product quality and reducing machine downtime. The proposed system employs
an ESP32 microcontroller integrated with DS18B20 temperature sensors and VL53L0X distance sensors, supported by an
Ethernet W5500 module for reliable data transmission to a MySQL-based server. A web-based dashboard was developed
to visualize sensor data, display alerts, and log historical records. Experimental results show that the system achieved
high accuracy, with mean absolute errors of 0.38 °C (0.63%) for heater roll temperature, 0.44 °C (0.73%) for heater dry
zone temperature, and 0 mm (0%) for all distance sensors, well within the industrial tolerance of ¡ 1%. Additionally, the
indicator subsystem—consisting of LEDs and buzzers—responded consistently to simulated fault conditions such as sensor
failure and network disconnection. Overall, the developed system demonstrates reliable performance for industrial monitoring
applications and offers a foundation for implementing predictive maintenance in manufacturing environments.
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I. INTRODUCTION

One of the main machines used in the produc-
tion of electronic audio devices is the soft laminator
machine, also known as a profile wrapping machine,
which plays a vital role in the manufacturing process
(see Fig. 1). This machine is employed to coat the
surface of wooden materials with a layer of PVC film
(see Fig. 2). Lamination serves to protect the product
from physical damage, moisture and UV exposure,
while also improving the esthetic value of the final
product [1]. The success of the lamination process
is strongly influenced by the proper configuration of
technical parameters such as the temperature of the
heater roll, the temperature of the dry zone of the heater
and the spacing between the rolls, all of which must
be precisely controlled to achieve optimal results [1],
[2].

However, the current machine monitoring system
remains manual, where operators periodically record

Fig. 1. Soft laminator (profile wrapping) machine.

parameters using conventional methods [3]. This ap-
proach introduces several issues, including inconsistent
recording intervals, operator subjectivity, and potential
errors or negligence during data logging [4]. These
factors can lead to a decrease in lamination quality,
delays in fault detection, and increased downtime that
disrupts the production flow [5]. Downtime refers to
a condition in which the machine cannot operate or
perform its assigned tasks, caused by technical factors
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Fig. 2. Lamination process performed by the Soft Laminator (Profile
Wrapping) machine.

such as obsolescence, design failure, and wear, as
well as social factors such as human error, fatigue,
and lack of experience. Downtime negatively affects
production rates and business profitability, therefore re-
quiring minimization through optimization efforts such
as planned maintenance to improve overall equipment
effectiveness and company profitability [6].

The implementation of Internet of Things (IoT)
technology offers a promising solution to address
these challenges. By integrating temperature and dis-
tance sensors with a microcontroller-based system,
the critical parameters of the laminator machine can
be monitored in real time and transmitted directly
to a central server without manual intervention [2],
[4]. This system not only improves the accuracy and
continuity of data, but also enables the application of
predictive maintenance, a maintenance strategy based
on the real-time assessment of machine conditions [4],
[5].

Based on the background, this study aims to design
and develop an IoT-based data acquisition system for
the soft laminator machine at the partner company. The
proposed system integrates temperature and distance
sensors with a microcontroller and utilizes wireless
connectivity for data transmission to a web-based user
interface. This system is expected to improve oper-
ational efficiency, reduce potential recording errors,
and support data-driven decision making within the
industrial environment.

II. RESEARCH METHOD

The design of this data acquisition system aims to
enable real-time and accurate monitoring of critical
parameters in the soft laminator machine, including
heater roll temperature, heater dry zone temperature,
and roll spacing. The system is designed using an
ESP32 microcontroller as the main processing unit,
which is connected to a DS18B20 temperature sensor
and a VL53L0X distance sensor.

The DS18B20 sensor was selected due to its abil-
ity to measure temperature within a range of 55 °C
to 125 °C with an accuracy of ± 0.5 °C, meeting
industrial measurement requirements and complying
with the ISO 7726 standards on ergonomics of the

Fig. 3. Wiring diagram of the system.

thermal environment [7], [8]. This sensor is used to
detect the temperature of the heater roll and the dry
zone. Meanwhile, the VL53L0X sensor measures the
distance between rolls with millimeter-level precision
using time-of-flight (ToF) technology, according to the
system’s technical specifications.

For stable and reliable data transmission, the Eth-
ernet W5500 module is utilized to communicate with
ESP32 through the SPI protocol. Sensor data is pe-
riodically acquired, processed by the microcontroller,
and transmitted to a local MySQL-based server using
the HTTP protocol. The user interface is implemented
as a web-based dashboard that displays temperature
and distance readings in both graphical and numerical
formats, and provides features such as abnormal con-
dition notifications, historical data log, and data export
to CSV or PDF formats.

Fig. 4. User interface of the system.

As a local alert mechanism, an LED indicator with
color codes (red and blue) is integrated to display
normal, warning, or critical status, along with a buzzer
to signal error conditions—such as sensor read fail-
ures or network disconnection. The entire system has
undergone a series of tests to evaluate sensor reading
accuracy, Ethernet connection stability, and system
response time to generate alerts.

The template is used to format your paper and style
the text. All margins, column widths, line spaces, and
text fonts are prescribed; do not alter them. You may
note peculiarities. For example, the head margin in
this template measures proportionately more than is
customary. This measurement and others are deliberate,
using specifications that anticipate your paper as one
part of the entire proceedings, and not as an indepen-
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Fig. 5. Final implementation of the system on the Soft Laminator
(Profile Wrapping) machine.

dent document. Please do not revise any of the current
designations.

III. RESULT

To ensure that the designed data acquisition system
operates according to the specified technical require-
ments, a series of performance tests were conducted
on several key parameters. These tests included eval-
uating the accuracy of sensor readings by comparing
them with reference data obtained from the existing
calibrated measurement instruments installed on the
machine. In addition, the functionality of the system
indicators—such as LEDs and buzzers—was tested to
verify their ability to provide warnings under abnormal
conditions, including sensor read failures or network
connection interruptions. The results of these evalu-
ations are presented and discussed in the following
subsections.

A. Sensor Data Accuracy

The accuracy test was conducted to assess the
performance of the temperature sensor (DS18B20) and
the distance sensor (VL53L0X) used in the system.
DS18B20 sensors were placed in the heater roll and
heater dry zone areas, while VL53L0X sensors were
installed to monitor the spacing between rolls (from
Roll 1 to Roll 3). Data collection was performed 20
times over two consecutive days to obtain representa-
tive results that reflect the actual operating conditions
of the machine.

Comparisons were made using calibrated reference
instruments installed on the machine. The deviation
between the sensor readings and the reference values
was calculated using the Mean Absolute Error (MAE)
method, as shown in Eq. (1). The results were then
converted into a percentage error relative to the average
reference value using Eq. (2).

MAE =
1

n

n∑
i=1

|Measurementi − Referencei| (1)

Error =
MAE

Mean Reference
× 100 (2)

The Mean Absolute Error (MAE) was selected
because it offers advantages over other evaluation
methods in assessing sensor accuracy. MAE is a simple
and easily interpretable metric as it calculates the
average of the absolute differences between the sensor
readings and the reference values, without considering
the direction of the error. Consequently, MAE provides
a clear indication of the magnitude of the measurement
errors. Moreover, MAE is less sensitive to outliers and
retains the same unit as the original data, making it
more intuitive to interpret the level of precision of the
measurement system [9].

The results of the temperature tests presented in
Table 1 indicate that the average MAE of the DS18B20
sensor in the heater roll was 0.38 °C, with a cor-
responding percentage error of 0.63%, while the dry
zone of the heater recorded an MAE of 0.44 °C
and a percentage error of 0.73%. These error ranges
are considered minimal and remain within acceptable
tolerance limits for industrial applications [7].

Table 1. Data sensor DS18B20

No Temperature (Heater
Roll) (°C)

Temperature (Heater
Dry Zone) (°C)

Ref Sensor Error Ref Sensor Error

1 55.2 55.5 0.3 55.5 55.9 0.4
2 56.0 56.4 0.4 56.3 56.7 0.4
3 57.3 57.6 0.3 57.0 57.5 0.5
4 58.1 58.5 0.4 57.8 58.3 0.5
5 59.0 59.5 0.5 58.5 58.9 0.4
6 59.8 60.0 0.2 59.2 59.7 0.5
7 60.4 60.8 0.4 60.0 60.4 0.4
8 61.2 61.6 0.4 60.6 61.0 0.4
9 62.0 62.3 0.3 61.3 61.7 0.4

10 62.7 63.1 0.4 62.1 62.5 0.4
11 63.5 63.8 0.3 62.8 63.2 0.4
12 64.0 64.5 0.5 63.6 64.0 0.4
13 64.7 65.0 0.3 64.3 64.9 0.6
14 65.2 65.6 0.4 65.0 65.5 0.5
15 63.8 64.2 0.4 63.5 63.9 0.4
16 62.4 62.9 0.5 62.0 62.5 0.5
17 61.0 61.3 0.3 60.7 61.0 0.3
18 59.6 60.1 0.5 59.3 59.8 0.5
19 58.2 58.6 0.4 58.0 58.5 0.5
20 56.9 57.3 0.4 56.6 57.0 0.4

Meanwhile, testing of the three VL53L0X distance
sensors used to measure the roll spacing yielded an
MAE value of 0 mm with an error of 0%, as pre-
sented in Table 2 and summarized in Table 3. This
result demonstrates that the distance sensors performed
exceptionally well and remained highly stable under
the tested operating conditions.

In general, the accuracy level of all sensors indicates
that the designed data acquisition system demonstrates
high performance and reliability to monitor the lami-
nation process in an industrial manufacturing environ-
ment.

B. System Indicator Function

To ensure that the system can respond to abnormal
conditions in real time, functional tests were conducted
on the LED and buzzer indicators. These tests involved
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Table 2. Data sensor VL53L0X
Distance Roll 1 Distance Roll 2 Distance Roll 3

Ref
(mm)

Sensor
(mm)

Error
(mm)

Ref
(mm)

Sensor
(mm)

Error
(mm)

Ref
(mm)

Sensor
(mm)

Error
(mm)

10 10 0 9 9 0 10 10 0
11 11 0 10 10 0 11 11 0
12 12 0 11 11 0 12 12 0
13 13 0 12 12 0 13 13 0
14 14 0 13 13 0 14 14 0
15 15 0 14 14 0 15 15 0
16 16 0 15 15 0 16 16 0
17 17 0 16 16 0 17 17 0
18 18 0 17 17 0 18 18 0
19 19 0 18 18 0 19 19 0
20 20 0 19 19 0 20 20 0
21 21 0 20 20 0 21 21 0
22 22 0 21 21 0 22 22 0
23 23 0 22 22 0 23 23 0
24 24 0 23 23 0 24 24 0
25 25 0 24 24 0 25 25 0
22 22 0 21 21 0 22 22 0
20 20 0 19 19 0 20 20 0
18 18 0 17 17 0 18 18 0
16 16 0 15 15 0 16 16 0

Table 3. MAE score
No Sensor Parameter MAE Error (%)

1 DS18B20 Temperature of
Heater Roll (◦C)

0.38 0.63

2 Temperature of
Heater Dry Zone
(◦C)

0.44 0.73

3
VL53L0X

Distance of Roll 1
(mm)

0 0

4 Distance of Roll 2
(mm)

0 0

5 Distance of Roll 3
(mm)

0 0

simulating several fault scenarios, including sensor
read failures by the microcontroller and loss of internet
connectivity.

Table 4 shows that when any sensor failed to trans-
mit data or when the internet connection was disrupted,
the system successfully activated the red LED and the
buzzer according to the programmed logic.

In contrast, under normal operating conditions, the
system indicated a safe status by turning on the
blue LED, turning off the red LED, and deactivating
the buzzer. The system’s response to these condition
changes was rapid and consistent.

These results confirm that the indicator features
integrated into the developed data acquisition system
can provide early warnings against operational dis-
turbances. Consequently, this improves the reliability
of the system and enables operators to respond more
quickly to potential failures.

IV. CONCLUSSION

Based on the results of the design, implementation,
and testing phases, several key conclusions can be
drawn. The developed IoT-based system successfully
monitored the temperature and distance parameters in

accordance with the specified requirements. The testing
results demonstrated high precision, with percentage
errors of 0.63% for the heater roll temperature sensor,
0.73% for the heater dry zone temperature sensor and
0% for all distance sensors installed between Roll 1
and Roll 3. These error values meet the predefined
specification threshold of less than 1%, confirming
that the system performs reliably within industrial
standards.

In addition, the indicator subsystem—consisting of
LED and buzzer components—functioned effectively
to provide alerts during fault conditions such as sensor
read failures or loss of network connection. Beyond
physical indicators, the system also demonstrated the
ability to deliver real-time notifications through a web-
based dashboard whenever any sensor parameter ex-
ceeded the predefined thresholds. This feature facili-
tates continuous monitoring and enables the operator
team to take prompt corrective actions.

To further reduce machine downtime and enhance
operational cost efficiency, several system improve-
ments are recommended. First, upgrading components
to industrial-grade versions is expected to improve
overall system reliability. Second, integrating addi-
tional sensors—such as adhesive usage sensors and
pull-test sensors—would allow comprehensive mon-
itoring of all production parameters within the IoT
system, allowing operators to focus on other critical
tasks without the need for manual checks. Lastly,
integrating the IoT system with the company’s internal
alarm infrastructure would allow alerts of abnormal
conditions to be immediately displayed through audio
or visual alarms in the production area, reducing the
need for continuous dashboard monitoring.
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Table 4. Indicator system functionality data

System
Condition

Red
LED

Blue
LED

Buzzer Expectation Result

All sensors
normal,
good
internet
connection

Off On Off LED
Blue ON,
LED Red
OFF,
buzzer
off

In
line

Sensor
DS18B20-
1 sensor
off

On Off On LED
Red ON,
buzzer on

In
line

Sensor
DS18B20-
2 sensors
off

On Off On LED
Red ON,
buzzer on

In
line

Sensor
VL53L0X-
1 sensor
off

On Off On LED
Red ON,
buzzer on

In
line

Sensor
VL53L0X-
2 sensors
off

On Off On LED
Red ON,
buzzer on

In
line

Sensor
VL53L0X-
3 sensors
off

On Off On LED
Red ON,
buzzer on

In
line

No internet
connection

On Off On LED
Red ON,
buzzer on

In
line

All sensors
normal,
good
internet
connection

Off On Off LED
Blue ON,
LED Red
OFF,
buzzer
off

In
line
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intelligent sensors in smart factory: Review,” Sensors (Basel),
vol. 21, p. 1470, Feb. 2021.

[5] R. Y. Zhong, X. Xu, E. Klotz, and S. T. Newman, “Intelligent
manufacturing in the context of industry 4.0: A review,” Engi-
neering (Beijing), vol. 3, pp. 616–630, Oct. 2017.

[6] S. C. Nwanya, J. I. Udofia, and O. O. Ajayi, “Optimization of
machine downtime in the plastic manufacturing,” Cogent Eng.,
vol. 4, p. 1335444, Jan. 2017.

[7] alldatasheet.com, “ALLDATASHEET.COM - Datasheet
search site, Datasheet search site for Electronic Components
and Semiconductors and other semiconductors. —
alldatasheet.com.” https://www.alldatasheet.com/datasheet-

pdf/pdf/58557/DALLAS/DS18B20.html. [Accessed 30-01-
2026].

[8] ISO, “ISO 7726:1998 — iso.org.”
https://www.iso.org/standard/14562.html. [Accessed 30-
01-2026].

[9] “Mean Absolute Error - an overview —
ScienceDirect Topics — sciencedirect.com.”
https://www.sciencedirect.com/topics/engineering/mean-
absolute-error. [Accessed 30-01-2026].

Conference on electrical engineering, informatics, industrial technology and creative media 2025 322


