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Abstract − This research is motivated by problems at PT Sentral Kreasi Kencana in the immersion freezing process for
jewelry production. This process is still carried out manually with a fixed time assumption of 45 minutes, which causes
temperature uncertainty and difficulty in increasing production quantity. This has an impact on decreasing efficiency and
increasing production costs per gram. The study aims to increase the efficiency of the immersion freezing process by
implementing a sensor-based temperature monitoring system and production cost analysis. The methods used include
developing a temperature monitoring system using the MLX90614 sensor, integration with Arduino Uno, and creating
a graphical user interface (GUI) for real-time data analysis. The system developed consists of an MLX90614 infrared
temperature sensor, an Arduino Uno microcontroller, a buzzer as an alarm, and a push-button for batch calculation. The
GUI displays real-time temperature data, trend graphs, total batches, product weight, fixed costs, and cost/gram calculations.
The results showed that the implementation of the temperature monitoring system increased the number of daily production
batches by 50%, from 4 to 6 batches. The processing time was also reduced from 45 minutes to 30 minutes per batch.
The optimum temperature of −7◦C was set as the reference point for the immersion freezing process. Production cost
analysis showed a significant decrease in cost/gram from IDR 6,333.33 to IDR 2,638.89, far below the company’s standard
cost of IDR 5,000.00 per gram. This system has proven effective for gold with a content of 34.0%, 67.1%, and 75.5%.
The implementation of this technology has succeeded in increasing production efficiency, reducing the cost per gram, and
increasing overall production capacity. This research provides a practical solution for optimizing the immersion freezing
process in the jewelry industry, with the potential for wider application in other precision manufacturing sectors.

Keywords − Immersion Freezing; Temperature Monitoring; Production Cost Analysis; Jewelry Manufacturing; Production
Efficiency.

I. INTRODUCTION

JEWELRY attracts consumers, especially women,
with one of the models being the mirroring process.

A jewelry milling process using a CNC machine is re-
quired for the mirroring process. Before the milling
process, the jewelry must be conditioned in a platform
containing frozen liquid. Among the various techniques
used, the immersion freezing process has emerged as
a promising method to improve the surface quality of
jewelry before the mirroring process [1]. This tech-
nique involves dipping jewelry into a precisely con-
trolled temperature cooling medium, creating a layer
of micro ice that helps smooth the metal surface on a
microscopic scale [2]. However, the effective imple-
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mentation of this technique on an industrial scale faces
several challenges, especially in terms of process con-
sistency and efficiency. At PT Sentral Kreasi Kencana,
the immersion freezing process is still done manually.
The immersion freezing process from the start of the
liquid to freezing still uses the assumption of time. The
time required in the immersion freezing process is 45
minutes. The platform temperature for the immersion
process comes from a chiller machine with a constant
temperature of −19 ◦C. The impact of the immersion
freezing process based on the assumption of time re-
sults in difficulties in increasing production quantities.
This also has an impact on reducing production costs
expressed in cost/gram. Recent studies have shown
that uncontrolled temperature variations during the im-
mersion freezing process can result in uneven surface
quality and increased production costs [3].

PT Sentral Kreasi Kencana is currently having
difficulty increasing production quantities due to the
impact of the immersion freezing process time which
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has been set for 45 minutes. This problem needs to be
solved by finding out the root cause of the case. Based
on the review and observation results, the cause of the
root cause is the uncertainty of temperature in the im-
mersion freezing process. The solution to the problem
related to the case above is to ensure the temperature
at which the immersion freezing process is suitable
for moving on to the next process (mirroring). So far,
the immersion freezing process has been used in the
fisheries and agriculture industries to freeze fish and
vegetables. In these industries, the immersion freez-
ing process does not require timing assumptions when
freezing occurs [4]. The immersion freezing process
technology was then adopted by several jewelry com-
panies to bind jewelry during the mirroring process. In
this context, temperature control is a key factor in opti-
mizing the immersion freezing process. Research [5]
shows that temperature fluctuations as small as 1 ◦C
can cause significant variations in the final surface tex-
ture of jewelry, which in turn affects the quality of the
subsequent mirroring process.

Based on the case study, it was decided that the
temperature of the immersion freezing process needs to
be monitored. This is intended to obtain certainty of the
freezing temperature that is suitable for the next process.
Temperature monitoring in freezing processes is cru-
cial for quality control and process optimization across
various industries. In food processing, microwave res-
onance spectroscopy can be used to monitor freezing,
providing insights into product temperature and sta-
tus [6]. For freeze-drying, infrared thermography en-
ables estimation of ice crystal size distribution and pro-
cess optimization [7]. In pharmaceutical manufactur-
ing, freezing of cell culture supernatant affects critical
quality attributes, with faster freezing minimizing is-
sues in process development [8]. IoT-based thermome-
ter prototypes can automate temperature recording and
predict equipment failures in food organizations [9].
In mining, optical fiber sensors allow real-time dis-
tributed temperature sensing during artificial ground
freezing [10]. Temperature monitoring is also criti-
cal in welding applications [11] and maintaining cold
chains for fruit exports [12], highlighting the impor-
tance of temperature control across diverse industrial
processes. Recent Research Has Explored Various As-
pects of Jewelry Production and Freezing Processes.
In Jewelry Manufacturing, Material Cost Prediction
Using Deep Learning Techniques Has Been Proposed
to Manage Raw Material Costs [13]. Digital Models
Have Been Developed to Optimize Production Pro-
cesses and Resource Management [14]. Simulation
Tools Have Been Applied to Improve Production Effi-
ciency Through Line Balancing [15]. Numerical Simu-

lations Have Been Used to Study Investment Casting of
Gold Jewelry, Aiding in Process Optimization and De-
fect Prediction [16]. In Freezing Processes, Stochastic
Models Have Been Developed to Analyze Immersion
Freezing [17], While Mathematical Modeling Has Been
Applied to Seed Freezing in Water-Saturated Disper-
sion Media [18]. Hydrofluidisation Freezing Has Been
Investigated as a Promising Technology for Food Freez-
ing, Offering Shorter Processing Times Compared to
Immersion Freezing [19].

Thus, knowing the certainty of the temperature of
the immersion freezing process can reduce the previ-
ously set assumption time. To implement this solution,
a digital temperature monitoring and measurement sys-
tem needs to be created. Supporting components for
implementing a digital temperature system involve the
MLX90614 IR-temp sensor, microcontroller, and PC.
The results of the temperature sensor readings will
be displayed on the Arduino hyperlink via PC. Ad-
vances in microcontroller-based sensor and control sys-
tem technology offer potential solutions to overcome
this challenge. The integration of non-contact tem-
perature sensors with real-time data processing sys-
tems has shown promising results in various precision
manufacturing applications [20]. In particular, the use
of infrared sensors such as the MLX90614 has been
shown to improve temperature measurement accuracy
by up to 30% compared to conventional methods, while
avoiding the risk of contamination or interference on
sensitive surfaces [21].

Despite its great potential, the application of this
technology in the specific context of the immersion
freezing process for jewelry has not been fully explored.
This gap creates significant opportunities for research
and innovation. Researchers [22] emphasize the added
value of integrating monitoring systems with predictive
data analysis for long-term process optimization. Re-
garding the calculation of cost/gram, PT Sentral Kreasi
Kencana uses a conventional method, namely using an
Excel application as a tool. This application still has
shortcomings even though it is sufficient to overcome
the above problems as a solution. The shortcomings
of users of this Excel application lie in the operators
and data entry techniques. One problem is the lack of
efficiency in the number of manpower needed. Train-
ing and analytical skills are needed for operators before
running the Excel application to predict production
costs. Another problem is during the data input pro-
cess where the human error factor greatly influences
the final prediction results. The error factors in human
error are fatigue, working hours, and mentality. This
problem becomes a burden on the company so that it is
less efficient in operational costs and less effective in
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predicting future production cost data.
This study aims to fill this gap by developing and

evaluating an integrated temperature monitoring system
for the immersion freezing process in jewelry produc-
tion. By combining the MLX90614 non-contact tem-
perature sensor, Arduino microcontroller, and a sophis-
ticated Graphical User Interface (GUI). The GUI can
display measurement and calculation data such as tem-
perature and cost/gram on one display screen. The GUI
can eliminate many shortcomings as discussed earlier,
such as reducing the number of manpower needed to
operate the Excel application, reducing operator train-
ing costs, and minimizing the possibility of human
error. The GUI in this study will be implemented in
monitoring the temperature of the immersion freezing
process and calculating cost/gram.

This study not only aims to improve the precision
and consistency of the process but also to optimize
the efficiency of production costs. This holistic ap-
proach includes the development of adaptive control
algorithms that can adjust process parameters based
on real-time data, as well as the implementation of a
data analysis system to identify long-term trends and
anomalies.

Finally, an important aspect of this study is the
evaluation of the economic implications of implement-
ing a temperature monitoring system in the context of
the jewelry industry. A detailed cost and benefit anal-
ysis will be conducted, taking into account not only
direct cost reductions associated with increased effi-
ciency but also the potential for increased product value
and customer satisfaction. This holistic approach is ex-
pected to make a significant contribution to improving
product quality, operational efficiency, and the overall
competitiveness of the jewelry industry while providing
a framework for the adoption of similar technologies
in other manufacturing sectors.

II. RESEARCH METHODS

The method used is a system design based on field
observation results and the selection of appropriate
components. Field observations are carried out based
on observations of data recording using existing sen-
sors. Furthermore, discussions are held with users to
make supporting tools, to realize the tool on the CNC
Platform machine at PT Sentral Kreasi Kencana. Pre-
viously, the tool used was only a simple tub that was
checked manually every 5-10 minutes for 45 minutes.
This tool has been functioning, but has not been able
to determine the level of process efficiency and has not
been integrated with an automatic system. The purpose
of upgrading a simple manual tub to an automation sys-
tem is to increase production quantity. This is in line

with the needs of the PPIC Department which wants
maximum output from this machine so that the produc-
tion process can be monitored in real time. This infor-
mation is a consideration in the design of a monitoring
system for handling cases that can solve problems in
the PPIC Department.

i. Immersion freezing in the jewelry industry

Immersion freezing technology is an innovative method
in the jewelry industry that is used to improve the qual-
ity of metal surfaces before the mirroring process. This
method involves immersing jewelry in a liquid medium
of distilled water that is cooled to a temperature below
the freezing point of water [23]. This process aims
to create a thin and even layer of ice on the surface
of the jewelry, which will then melt slowly, leaving a
smoother surface ready for the mirroring process.

According to research conducted, the use of dis-
tilled water as a cooling medium has several advan-
tages compared to other cooling fluids [24]. Aquadest,
which is pure distilled water, does not contain miner-
als or contaminants that can affect the quality of the
jewelry surface. This is important because the purity
of the cooling medium directly affects the final result
of the mirroring process. The immersion freezing pro-
cess is usually carried out at a temperature of −1◦C to
−25◦C, with a dipping time ranging from 5 seconds
to 45 minutes, depending on the amount and size of
the jewelry [25]. During this process, water molecules
on the metal surface undergo uniform crystallization,
which in turn helps smooth out micro-irregularities on
the jewelry surface as in Figure 1.

Figure 1: Immersion Freezing Process

According to a survey [26], about 40% of jewelry
manufacturers reported difficulties in controlling pro-
cess parameters with the required precision. Recent
developments in immersion freezing technology also
include the use of glycol fluids as a cooling medium, as
studied by researchers [27]. Glycol fluids have unique
and tunable thermal characteristics, allowing control
over the freezing process.

https://journals2.ums.ac.id/index.php/emitor/article/view/6499
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ii. System integration in the immersion freezing pro-
cess

System integration in the immersion freezing process
involves the interconnection of various electronic and
mechanical components to create a comprehensive and
efficient system as shown in Figure 2 and Figure 3.

Figure 2: Component Interconnection

Installation of Arduino I/O Wiring before program
creation is useful to facilitate and accelerate program
design. Components that are interconnected in the
immersion freezing system include:
1. MLX90614 Sensor

(a) Function: Measures the surface temperature of
liquids and jewelry without direct contact.

(b) Interconnection: Connected to Arduino Uno via
the I²C protocol.

(c) Reference: The use of non-contact sensors in-
creases the accuracy of temperature measure-
ment by up to 98% in the precision cooling
process [28].

2. Arduino Uno
(a) Function: Acts as a central control unit, pro-

cesses data from sensors, and controls other
components.

(b) Interconnection: Connected to all major com-
ponents of the system (sensors, buzzers, push
buttons, laptops).

(c) Reference: The use of Arduino in manufactur-
ing control systems can increase system flexibil-
ity by up to 40% [29].

3. Buzzer
(a) Function: Provides an audio warning when the

temperature exceeds the threshold (−7◦C).
(b) Interconnection: Connected directly to the Ar-

duino Uno digital pin.
(c) Reference: Integration of audio alarms can in-

crease operator response time by up to 37%
[30].

4. Push Button
(a) Function: Counting the number of batches that

have been processed.
(b) Interconnection: Connected to the Arduino Uno

digital pin with a pull-up resistor.
(c) Reference: Increased production tracking accu-

racy up to 99.8% with a digital batch counting
system [31].

The placement of the temperature sensor is posi-
tioned at the top and bottom positions on the top and
bottom front. Two sensors will read the temperature of
the platform (Figure 3). The reading will produce 18
data points consisting of nine data points from the top
sensor recorded for 45 minutes with a 5-minute interval
and nine data points from the bottom sensor recorded
for 45 minutes with a 5-minute interval. For the upper
and lower reading positions, they are read using a delay
after the front reading. The following is the integrated

Figure 3: Mechanical and Electronic Integration

system flow in the study:
1. The MLX90614 sensor continuously measures tem-

perature and sends data to the Arduino Uno.
2. The Arduino Uno processes temperature data, ac-

tivates the buzzer if the temperature is more than
−7◦C, and sends data to the laptop.

3. The operator uses a push button to count the batch,
with data sent to the Arduino and forwarded to the
laptop.

4. The GUI on the laptop displays real-time data, cal-
culating cost/gram.

iii. GUI design for monitoring

GUI is a graphical display that is directly related to the
user. GUI is used to connect the user with the operating
system on the machine. The GUI design for the immer-
sion freezing process temperature monitoring system
requires parameters, namely temperature readings on
the platform, chiller temperature readings, temperature
and time graphs, total batches, weight, fixed costs, and
cost/gram.
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Figure 4: Graphical User Interface

The following is an explanation of the parts in
Figure 4:

1. Platform Temperature: 2 Sensors for reading the
temperature of each position.

2. Chiller Temperature: 1 Sensor to determine the
main temperature.

3. Temperature and Time Graph: To compare the
graph between temperature and time.

4. Total Batch: To determine the number of production
batches.

5. Total weight: To determine the amount of weight
received each month.

6. Fixed cost/month: Fixed cost per month.
7. Cost/gram: Calculation of costs for each process.

The GUI developed not only displays raw data
from Arduino but also performs advanced calculations,
including calculating the cost/gram of the product. The
following are the main functions:

1. Real-time Data Visualization: Displays a real-time
temperature graph and the number of batches that
have been processed [32].

2. Input Cost Variables: Allows users to enter cost
variables such as raw material costs, energy costs,
and labor costs per batch [33].

3. Cost/gram Calculation:

(a) Retrieve batch data from Arduino.
(b) Calculate total cost based on batch number and

inputted cost variables.
(c) Estimate total product weight based on batch

number and average weight per item.
(d) Calculate cost/gram by dividing total cost by

total product weight [34].

Implementing GUI connected to Arduino and
equipped with a cost/gram calculation function not
only increases the visibility of the immersion freez-
ing process but also provides valuable insights for cost
optimization and overall production efficiency improve-
ment.

iv. Arduino programming

In the research, a flowchart is needed to determine the
steps that need to be taken to complete the research of
this tool. The flowchart is shown in Figure 5 as follows:

Start

INITIALIZATION:

- Setup MLX90614
- Setup Serial
Communication

- Variable Data
- Setup I/O

Mode Temp
Measurement

- Read Analog MLX90614
- Digital Output Buzzer
- Real Value Calculation

Check If (Temp
> −7C)?

- Display Data
- Serial Com-
munication

End

Yes

No

Figure 5: Program Flowchart

Based on the flowchart in Figure 5, to design a
non-contact thermometer using the MLX90614 sensor
as an ice temperature gauge, the first thing to do is
a literature study covering the platform water temper-
ature, MLX90614 temperature sensor, Arduino Nano
ATmega328P as a controller, and data transmission. Lit-
erature studies are taken from several related journals
and website articles.

The program is created using the Arduino IDE
software. Several libraries need to be installed, namely
Adafruit MLX90614 for the sensor. Then write a com-
mand program to run the sensor and controller. The
program is uploaded to the Arduino Nano board via
the USB port. Functional testing is done by turning
on the system, then the sensor will detect the object’s
temperature. If the measurement value does not come
out, then the program needs to be reprogrammed. If it
successfully displays the value, the system is running.
The Arduino programmer on the temperature detector

https://journals2.ums.ac.id/index.php/emitor/article/view/6499


6 Emitor: Vol 25, No 1: March 2025

system uses the C programming language as shown in
Figure 6.

Figure 6: Arduino Program

v. Analysis of cost/gram calculation on the product

In the immersion freezing process for jewelry, produc-
tion efficiency is highly dependent on the method used
to determine when a batch has been processed. The
two main methods used are temperature reading and
time counting. Accurate temperature readings provide
more consistent and efficient results compared to time-
based batch counting. In this study, it was found that the
temperature-based method produced 15% more batches
per day than the time-based method. The advantages
of the temperature-based method can be explained by
several factors:
1. Ambient temperature can affect cooling time, while

direct temperature readings ensure that each batch
reaches the optimal temperature without being af-
fected by external conditions.

2. Quality consistency: Temperature readings ensure
that each batch reaches the correct cooling level,
resulting in more consistent product quality. The
time-based method results in variations in cooling
levels between batches.

3. The temperature-based method allows for optimiza-
tion of energy use by avoiding over- or under-
cooling. The system can immediately indicate with
a buzzer when the temperature is reached.

To analyze production efficiency and calculate
cost/gram, it is necessary to calculate the total batches
over various periods:
1. Total Batches per Day (BD): The number of batches

produced in one working day.
2. Total Batch per Week (BW): BD×5 working days
3. Total Batch per Month (BM): BW × 4 weeks (as-

suming 4 weeks per month)
After calculating the number of batches, the next

step is to determine the total production output. Each
batch produces a product with a standard weight of 200
grams, the calculation is as follows:
1. Output per Batch (OB) = 200 grams
2. Total Output per Month (OM) = BM×OB

The cost/gram calculation uses the Fixed cost per
Output method in Equation (1). With a fixed cost of Rp
57,000,000.00 per month, the formula used is:

Cost/gram =
Fixed cost

Total Output per Month
(1)

Or mathematically, Equation (2):

Cost/gram =
FC

BM×OB
(2)

With: FC = Fixed cost (Rp 57,000,000.00), BM = To-
tal Batch per Month,and OB = Output per Batch (200
grams).

This analysis allows companies to understand the
production cost per gram of product and how process
efficiency affects that cost. Implementing a cost/gram
analysis system integrated with temperature control not
only improves production efficiency but also provides
valuable insights for strategic decision-making in jew-
elry manufacturing. By understanding the relationship
between process temperature, batch size, and produc-
tion cost, companies can continuously optimize their
operations to increase profitability and competitiveness
in the market.

III. RESULTS AND DISCUSSION

The overall results of this system research are divided
into two designs, namely monitoring temperature sen-
sor readings and cost/gram analysis of the product.
Each design system has its function and role. The
immersion freezing temperature monitoring process
system functions as data that will be used as a param-
eter for the next stage. This monitoring is carried out
by the MLX90614 sensor. If this temperature monitor-
ing is compared to the previous method based on time,
then this is much more efficient. In the cost/gram anal-
ysis system, it functions as a calculation of the number
of items to be mirrored. The reading of the number
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of batches is based on the limit switch located under
the box, which when closed will start counting. If the
cost/gram analysis can be calculated directly through
the calculations in the GUI, it will help reduce the hu-
man error factor. The entire system of the final results
of the immersion freezing process monitoring design
and the prediction of the production cost analysis of
this jewelry mirroring is shown in Figure 7.

Figure 7: System design for monitoring and cost/gram anal-
ysis

i. Sensor Reading Validation Test

This sensor reading validation test is intended to deter-
mine the temperature value at each minute. The test
was carried out for 2 months to obtain a relevant tem-
perature value when it will be used as a reference. The
first test was carried out in June by including test data
on one day, namely June 28, 2024. This data was taken
by referring to the old method, namely the calculation
of work for 45 minutes, but has started to measure the
temperature. For each batch that is monitored for tem-
perature, data is taken every 5 minutes. In taking sensor
temperature data, the time is also included according
to normal working hours. The test uses two sensors to
be a comparison between the two. The data displayed
in the table is the date, time, temperature value of each
sensor, and the number of batches as shown in Table 1.

Based on the data in Table 1, we know that the
number of batches that can be achieved per day is 4
batches using the old system, namely time calculation.
From the table, it can be seen that the sensor data ob-
tained will be used as a reference for further testing.
The data in the table above, if represented in graphical
form, will be seen in Figure 8.

Figure 8: Batch count graph with time reference method

Table 1: Total batch data of hour calculation measured on
28/06/2024

No Time Sensor 1 (◦C) Sensor 2 (◦C) Batch

1 09:00:00 -3.0 -3.1 1
2 09:05:00 -3.5 -3.8 1
3 09:10:00 -4.0 -4.2 1
4 09:15:00 -4.8 -5.1 1
5 09:20:00 -5.5 -5.7 1
6 09:25:00 -6.4 -6.5 1
7 09:30:00 -7.0 -7.2 1
8 09:35:00 -7.5 -7.7 1
9 09:40:00 -8.0 -8.3 1
10 09:45:00 -8.3 -8.5 1
11 10:45:00 -2.9 -3.0 2
12 10:50:00 -3.5 -3.7 2
13 10:55:00 -4.1 -4.5 2
14 11:00:00 -4.9 -5.2 2
15 11:05:00 -5.6 -5.8 2
16 11:10:00 -6.4 -6.8 2
17 11:15:00 -7.3 -7.5 2
18 11:20:00 -7.8 -7.8 2
19 11:25:00 -7.6 -7.8 2
20 11:30:00 -8.1 -8.1 2
21 13:00:00 -3.5 -3.5 3
22 13:05:00 -4.1 -4.3 3
23 13:10:00 -4.8 -4.9 3
24 13:15:00 -5.6 -5.7 3
25 13:20:00 -6.4 -6.7 3
26 13:25:00 -7.3 -7.5 3
27 13:30:00 -7.8 -7.8 3
28 13:35:00 -7.8 -8.0 3
29 13:40:00 -8.1 -8.2 3
30 14:30:00 -2.8 -3.2 4
31 14:35:00 -3.4 -3.7 4
32 14:40:00 -4.1 -4.5 4
33 14:45:00 -4.8 -5.3 4
34 14:50:00 -5.5 -5.8 4
35 14:55:00 -6.2 -6.6 4
36 15:00:00 -6.8 -7.2 4
37 15:05:00 -7.5 -7.7 4
38 15:10:00 -8.1 -8.2 4

From the data in Table 1 and the graph displayed
in Figure 8, the number of batches achieved was 4
times each day. The next test used a reference from a
predetermined temperature of −7◦C. The second test
was carried out in July by including test data on one day,
namely July 1, 2024. This data was taken by referring
to a new method, namely calculation with temperature
monitoring. For each batch that was monitored for
temperature, data was taken every 5 minutes until the
temperature that was the reference in the second test
was reached. The test used two sensors to compare the
two. The data displayed in the table is the date, time,
temperature value of each sensor, and the number of
batches as shown in Table 2.

https://journals2.ums.ac.id/index.php/emitor/article/view/6499


8 Emitor: Vol 25, No 1: March 2025

Table 2: Total batch temperature monitoring data measured
on 01/07/2024

No Time Sensor 1 (◦C) Sensor 2 (◦C) Batch

1 09:00:00 -3.0 -3.1 1
2 09:05:00 -3.5 -3.8 1
3 09:10:00 -4.0 -4.5 1
4 09:15:00 -4.8 -5.0 1
5 09:20:00 -5.5 -5.7 1
6 09:25:00 -6.4 -6.5 1
7 09:30:00 -7.0 -7.0 1
8 10:00:00 -2.9 -3.3 2
9 10:05:00 -3.5 -3.7 2
10 10:10:00 -4.1 -4.5 2
11 10:15:00 -4.9 -5.2 2
12 10:20:00 -5.6 -5.8 2
13 10:25:00 -6.3 -6.7 2
14 11:00:00 -3.0 -3.1 3
15 11:05:00 -3.5 -3.7 3
16 11:10:00 -4.1 -4.3 3
17 11:15:00 -4.8 -4.9 3
18 11:20:00 -5.6 -5.7 3
19 11:25:00 -6.4 -6.5 3
20 13:00:00 -2.8 -3.2 4
21 13:05:00 -3.4 -3.7 4
22 13:10:00 -4.1 -4.3 4
23 13:15:00 -4.8 -5.0 4
24 13:20:00 -5.5 -5.7 4
25 13:25:00 -6.3 -6.5 4
26 13:30:00 -6.8 -6.9 4
27 14:00:00 -2.9 -3.1 5
28 14:05:00 -3.4 -3.7 5
29 14:10:00 -4.1 -4.4 5
30 14:15:00 -4.9 -5.3 5
31 14:20:00 -5.4 -5.8 5
32 14:25:00 -6.2 -6.4 5
33 14:30:00 -6.9 -7.0 5
34 15:00:00 -3.1 -3.2 6
35 15:05:00 -3.6 -3.8 6
36 15:10:00 -4.3 -4.6 6
37 15:15:00 -5.2 -5.7 6
38 15:20:00 -5.5 -5.6 6
39 15:25:00 -6.2 -6.5 6
40 15:30:00 -6.8 -6.9 6

Based on the data in Table 2, we know that the
number of batches that can be achieved per day is 6
batches using a new system, namely temperature mon-
itoring. From the table, it can also be seen that the
sensor data obtained will be used as a reference for
further testing. The table data above, if represented in
graphical form, will be seen in Figure 9.

Referring to the graphic display in Figure 8 and
Figure 9, when combined, a comparison of the total
batch with the time reference method and the tempera-
ture monitoring method will be seen. The comparison
can be seen in Figure 10.

Figure 9: Batch count graph with temperature monitoring
method

Figure 10: Comparison of the number of batches of the old
and new methods

The comparison of the graphs in Figure 10 proves
that the temperature monitoring method can increase
the number of batches per day more than the time cal-
culation method. The temperature monitoring method
can increase the number of batches by 6 times. The cur-
rent reference temperature value is −7◦C with a time
required of 30 minutes. In terms of time difference, it
is also very significant, because it can reduce the time
by 15 minutes from the previous reference time of 45
minutes.

ii. Analysis of cost/gram calculation based on total
batch

The calculation of production costs for the jewelry mir-
roring process can be calculated with the required data
in the form of fixed costs, weight, and total batches.
Testing for cost calculations is carried out in various
periods so that it can be calculated in detail. In the pre-
vious test, the number of batches per day was obtained,
so that this data will be entered into the weekly batch
table. The calculation of weekly batches is carried out
every month or 20 working calendar days. Batch data
for each month in 2024 is shown in Table 3.

Based on the data in Table 3, we can find out
how many batches there are each month. This data
will be processed for the next calculation, namely the
cost/gram value. The data in the table above, if rep-
resented in graphical form, will be seen in Figure 11.

Based on the graph in Figure 11, the number of
batches in July and August has increased significantly
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Table 3: Total accumulated batch data for each week

Month Week 1 Week 2 Week 3 Week 4 Total Batch

January 2024 20 15 20 20 75
February 2024 16 16 16 20 68
March 2024 20 17 20 20 77
April 2024 20 10 5 10 45
May 2024 20 15 15 20 70
June 2024 20 20 20 20 80
July 2024 20 22 26 30 98
August 2024 25 25 28 30 108

Figure 11: Total batch graph each month

compared to previous months. This is evidence of the
results of temperature monitoring in the immersion
freezing process using sensors. From the table and
graph data, we will move on to the analysis stage of
calculating the cost/gram of the product. The total value
of each batch each month will be combined with other
calculation data, namely: output per batch in grams and
cost/gram value as shown in Table 4.

Table 4: Cost/gram value of the product per month

Month Batch Output (gr) FC (Rp) C/G (Rp)

January 2024 75 15,000 57,000,000 3,800.00
February 2024 68 13,600 57,000,000 4,191.18
March 2024 77 15,400 57,000,000 3,701.30
April 2024 45 9,000 57,000,000 6,333.33
May 2024 70 14,000 57,000,000 4,071.43
June 2024 80 16,000 57,000,000 3,562.50
July 2024 98 19,600 57,000,000 2,908.16
August 2024 108 21,600 57,000,000 2,638.89

Explanation of symbols: FC: Fixed Cost, represent-
ing the monthly fixed cost for production, set at Rp
57,000,000.00. C/G: Cost per Gram, calculated as the
fixed cost (FC) divided by the total output (in grams)
produced in a month. Batch: The number of processes
completed per month. Output (gr): The total output pro-
duced per month, calculated by multiplying the number
of batches by 200 grams.

Based on the data in Table 4, we can find out how
many batches there are each month and also calculate
the output value. The output value per month is calcu-
lated by multiplying the total number of batches per

month by 200 grams of gold, as each batch produces
a product with a standard weight of 200 grams. The
cost/gram calculation uses the Fixed cost per Output
method. With a fixed cost of Rp 57,000,000.00 per
month, this value comes from the sum of manpower
costs, machine costs, building rental costs, and other
factory support costs. From Table 4, it is represented in
graphical form in Figure 12.

Figure 12: Monthly cost/gram graph

From the graph data in Figure 12, the highest and
lowest values for cost/gram can be seen. The highest
cost/gram value per month is Rp 6,333.33 with a total
of 45 batches in April.

The lowest cost/gram value per month is Rp
2,638.89 with a total of 108 batches in August. The
standard price given by the Finance Department for the
jewelry mirroring process is Rp 5,000.00. This cost
analysis and testing applies to gold with a content of
34.0%, 67.1%, and 75.5%.

IV. CONCLUSION

Based on the data and research results presented, sev-
eral main points can be concluded. The implementation
of a temperature monitoring system in the immersion
freezing process has proven to be more efficient than
the previously used time calculation method. The tem-
perature monitoring method increases the number of
batches per day from 4 to 6, which is an increase of
50%. The use of the MLX90614 temperature sensor
allows for more accurate and consistent temperature
measurements. A temperature of −7◦C is set as the
optimal reference point for the immersion freezing pro-
cess, which can be achieved in about 30 minutes, 15
minutes faster than the previous method.

The integration of an electronic system consisting
of a temperature sensor, Arduino Uno as a microcon-
troller, a buzzer as an alarm, and a push-button for batch
counting has succeeded in increasing the precision and
efficiency of the production process. The development
of a Graphical User Interface (GUI) facilitates real-time
monitoring and data analysis, including more accurate
and efficient cost/gram calculations.

https://journals2.ums.ac.id/index.php/emitor/article/view/6499
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Production cost analysis showed a significant de-
crease in cost/gram from Rp 6,333.33 in April to Rp
2,638.89 in August, demonstrating substantial improve-
ment in production efficiency. The new system suc-
cessfully reduced cost/gram below the standard price
set by the Finance Department (Rp 5,000.00), demon-
strating increased profitability. The method was proven
effective for gold with a content of 34.0%, 67.1%, and
75.5%, demonstrating flexibility in its application to
various types of jewelry products.

The implementation of a sensor-based tempera-
ture monitoring system and GUI for the immersion
freezing process has successfully increased production
efficiency, reduced cost per gram, and increased produc-
tion capacity at PT Sentral Kreasi Kencana. The system
provides an effective solution to the problem of uncer-
tainty in the previous production process and allows
the company to significantly optimize its operations.
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