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Abstract

This study aims to implement fuzzy logic in determining the doneness level of beef steak based
on the inputs of roasting time and roasting temperature. The output of the developed system is
in the form of maturity levels in the categories of "rare", "medium rare", "medium", "medium
well", and "well done". Data for this study were obtained through interviews with experienced
beef steak sellers. This research method includes direct calculations as well as the use of
MATLAB software to develop fuzzy logic systems. The results of the interview analysis are
used as a basis for the formation of fuzzy rules for determining the degree of doneness of
steaks. The results showed that in the example case with a roasting temperature of 300°C and
a roasting time of 10 minutes, the resulting output value was 70, which placed the doneness of
the steak in the "medium well" position. These results have been verified both through direct
calculations and the use of MATLAB software. The study concluded that the implementation
of fuzzy logic can help in determining the doneness level of beef steak, based on temperature
variations and roasting time.

Keywords: Fuzzy logic, MATLAB, Steak doneness.

INTRODUCTION

Beef steak is a popular dish enjoyed all over the world. The degree of doneness of a steak is
one of the important factors that determine its quality and enjoyment (Schmid & McGee, 1989). Steak
is a long-known meal using simple spices and grilling using fire and charcoal (Pramita, 2018). The
ripening process of meat causes several chemical changes that make it more tender and flavorful.
Because meat is a vein of meat (muscle) attached to the skeleton but does not include veins on the lips,
nose and ears that come from healthy animals when cut (Dharmayanti, 2013). Steak has a variety of
cooking types, namely welldone, medium well, medium, and medium rare (Rangkuti, 2019).
Consumers have different preferences regarding the level of doneness of steaks, ranging from rare (very
red) to well done (very cooked). The determination of the right level of doneness for steak plays an
important role in ensuring consumer satisfaction.

According to (Nofrianda, 2019), One of the important things in business is that it can build
consumer satisfaction. Customers who are satisfied because their expectations are met by the products
they believe in will create customer loyalty, which will later lead them to shop again or recommend
new customers (Priambada et al., 2016). However, determining the degree of doneness of steak
objectively and consistently can be challenging, especially due to factors such as individual variations
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in taste preferences and differences in measurement methods (Suryadi et al., 2022). Then, in the book
entitled "Meat Processing Technology" the level of doneness of food ingredients such as beef depends
on taste preferences. Traditionally, the degree of doneness of steaks is determined visually and manually
by the cook. This can lead to inconsistencies and inaccuracies, as visual judgment can be affected by
factors such as lighting, cooking experience, and cuts of meat.

Fuzzy logic is a method that allows for handling uncertainty and complexity in decision-making
and allows for more flexible judgments than traditional methods. The fuzzy method is one of the
concepts that has long existed, this concept will later be applied to control systems that use the fuzzy
method (Prasetya et al., 2019). Fuzzy logic is a component that makes up soft computing and is widely
used in various software. In fuzzy logic, a value can be true (1) or false (0) (Informatika & Indonesia,
2007). The main characteristic of using fuzzy logic is that it has a membership degree or membership
function (Radja et al., 2020). This algorithm provides a solution to data processing problems that cannot
be solved by traditional methods (Rizky Pahlevil, Wahyu Oktri Widyarto2, 2013). Many control system
applications use fuzzy systems because these control processes can be designed relatively easily and
flexibly without requiring complex mathematical models of the system to be controlled (Sutikno, 2018).

Previous studies reviewed by (Siswoyo & Zaenal, 2018), The concept of fuzzy logic is
relatively easy to understand and has advantages compared to other concepts because it is able to form
a natural approach to solving problems. Its flexibility allows it to be built and developed easily without
having to start from scratch. Fuzzy logic also provides tolerance for data uncertainty, which corresponds
to situations that often occur in everyday life. In this case, the implementation of fuzzy logic can be an
effective solution for determining the degree of doneness of beef steak. By taking into account various
data variables that affect meat doneness, such as temperature and time to cook a steak, fuzzy logic can
provide a more thorough and accurate approach. Fuzzy logic has the ability to map the input space to
the output space in an accurate way (Paquin et al., 2015).

This study, entitled Implementation of Fuzzy Logic to Determine the Doneness of Beef Steak,
presents the implementation of fuzzy logic to determine the level of doneness of beef steak. Unlike
traditional methods that rely on visual observation and subjective touch, this method offers a more
objective and scientific approach.

In research, fuzzy logic calculations to determine the level of doneness of this steak use direct

calculations or using MATLAB software. The analysis in this article was done with the help of
MATLAB software (Sutikno, 2018). MATLAB is used as a comparison tool with results carried out by
direct calculations (Fatwa et al., 2022). Therefore, this study aims to develop a fuzzy system to
determine the doneness level of beef steak automatically and accurately. This system is expected to
assist cooks in serving steaks with a level of doneness that suits consumer preferences. Thus, this journal
aims to explain the implementation of fuzzy logic in determining the degree of doneness of beef steak.
Through this research, it is expected to develop methods that can make a significant contribution to the
beef industry, especially in improving product quality and consumer satisfaction.
According (Kristianto & Wahyudi, 2019) service quality that meets customer expectations significantly
affects customer satisfaction. In addition, research shows that high-quality customer service plays an
important role in retaining customers, increasing loyalty, and encouraging positive recommendations
to others. Consumers who are satisfied with the service provided will tend to come back (Veronika
Nugraheni Sri Lestari et al., 2023)

Using a fuzzy inference system, the study was able to integrate various factors that influence
steak maturity, such as the temperature of the stove and the length of cooking time. This enabled the
creation of a system that could assess the steak’s maturity rate more accurately and consistently. Another
advantage of this method is its ease of use. The user only has to enter the stove temperature and cooking
time data, and the system will automatically determine the level of ripeness. This opens up an
opportunity for steak lovers to enjoy a steak with a level of maturity that suits their tastes without relying
on professional expertise.

This research represents a significant step forward in the culinary field. The implementation of
fuzzy logic to determine the doneness of beef steaks has never been done before and has the potential
to revolutionize the way we enjoy steak. This research paves the way for a variety of potential future
applications, such as the development of an automated steak grilling system that can produce steaks
with the desired level of doneness or the development of a more objective and consistent steak scoring
system for culinary competitions.



METHODS
Research Location and Time

This research was conducted on February 13, 2024 at one of the beef steak restaurants. with the
main purpose of this research is to collect data to determine the level of maturity of beef steak based on
stove temperature and length of cooking time.

Method of Collecting Data

Data collection is a data collection method carried out to ensure the accuracy of information
related to the research, with the aim of obtaining accurate and relevant data in the research (Syahfitri et
al., 2023). In the research method for determining the degree of doneness of beef steak includes:

1. Interview

On February 13, 2024, we decided to visit one of the leading steak grill restaurants to start the
interview process. Our goal was to gain an in-depth understanding of steak cooking techniques and the
factors that affect their doneness. One of the few employees we interviewed was an experienced cook
at the restaurant. During the interview, we asked various questions related to the steak cooking process,
including the desired level of doneness, the time required to reach that doneness, and the temperature
required to cook the steak according to those preferences. The data obtained from this interview is an
integral part of our research in developing a fuzzy logic model to determine the optimal doneness of
steaks.

2. Study Literature

The data we obtained through interviews with various experts, as well as a thorough literature
study on steak doneness, were crucial steps in preparation for the implementation of our planned fuzzy
logic model. The interviews provided valuable insights into best practices in steak cooking, including
key parameters such as the desired doneness level, time, and temperature required to achieve it. These
data not only provide an in-depth understanding of the steak cooking process but also provide a solid
foundation for the development of our fuzzy logic algorithm. Through a combination of empirical data
from interviews and theoretical knowledge from the literature, we aim to create an accurate and reliable
model for automatically determining steak doneness based on individual customer preferences.

In understanding steak doneness, factors such as temperature, time, and desired doneness play
an important role. To implement an accurate and adaptive approach, we decided to use the Mamdani
method in the development of fuzzy logic models. The Mamdani method allows us to describe the fuzzy
rules clearly and intuitively, as well as take into account the uncertainty associated with the process of
cooking steaks. Using the data we obtained through interviews and literature studies as a basis, we
designed a series of fuzzy rules covering various scenarios in cooking steak. Through the defuzzification
stage, our model will produce outputs that indicate an optimal maturity level based on temperature and
time inputs. Thus, the implementation of fuzzy logic using the Mamdani method is expected to provide
an accurate and adaptive solution for determining the doneness of steak according to customer
preferences.

Data Analysis

The Mamdani method is one of the most common approaches in fuzzy logic, helping to
overcome uncertainty in decision making (Ayuningtias et al., 2017). The mamdani method has proven
to be very useful in the function and control approach (Izquierdo & lzquierdo, 2018). In the mamdani
method, using several IF-THEN rules obtained from operators / experts who are experienced in their
fields (Maryam et al., 2021). Fuzzy logic is a problem-solving control system methodology that is
suitable for implementation on systems ranging from simple systems, small systems, embedded
systems, PC networks, multi-channel or workstation-based data acquisition, and control systems. (Putri
& Maulana, 2023).

According to (Sufarnap & Sudarto, 2019), The theories in the development of fuzzy logic show
that in principle, fuzzy logic can be applied in modeling various systems. One of the advantages of
fuzzy logic is its ability to establish relationships between inputs and outputs without overriding existing
factors. Therefore, fuzzy logic is considered to have high tolerance and flexibility to the data used in its
use. The use of fuzzy mamdani methods is similar to the use of statistical forecasting methods. Fuzzy-
based analysis approach is more efficient in the use of data compared to forecasting methods. Statistical



forecasting often results in greater errors than fuzzy approaches. By using a fuzzy approach, the results
tend to be closer to the actual situation (Andani, 2013). Then, fuzzy logic is a form of multi-number
logic that uses truth values that are between 0 and 1. In fuzzy logic, the truth value of a variable can be
between 0 and 1, which is different from traditional logic which only has a truth value that is at 0 or
1(Mattos-Vela, 2021).

Fuzzy logic consists of four stages, namely membership functions, fuzzyfication, rule
evaluation, and defuzzyfication. The fuzzyfication stage aims to convert assertive input data into fuzzy
values in fuzzy sets for some input linguistic variable (Wicaksono Hadi & Setiawan, 2011).

1. Fuzzification

Fuzzification is the technique of converting a definite (firm) value into a fuzzy (uncertain)
value. In this process, inputs are entered into the fuzzy system by creating fuzzy sets and values. In
this case, fuzzification has two input variables, namely stove temperature and cooking time
(Haerani, 2014).

The first step in this method is fuzzyfication, where crisp input variables are converted into
fuzzy variables using membership functions. Later, fuzzy rules were created to link fuzzy input to
fuzzy output, using linguistic terms such as "If... then...". After that,fuzzy inference is used to
determine how strongly each rule applies and its implications on fuzzy output variables, often by
using fuzzy logic operators such as AND, OR, and NOT (Simanjuntak & Fauzi, 2017).

2. Membership Functions

The degree of membership is the degree at which the value expressly corresponds to the
membership function, measured in the range from 0 to 1. This is also known as membership level,
truth value, or fuzzy input. The next step is the rule evaluation, which aims to find the fuzzy value
of the output from the fuzzy value of the input. The process involves using the fuzzy input value of
the fuzzy process as input into the rules that have been created to produce the fuzzy output value.
The final stage is the process of defuzzyfication, aimed at determining the unequivocal value of the
output. The process involves taking fuzzy values of output from the evaluation of rules to produce
firm values of output (Haerani, 2014).

3. Inference Fuzzy (Rule Evaluation)

The next fuzzy calculation process is the reasoning (inference) stage, which aims to find
the fuzzy output value from the fuzzy input. In this process, the fuzzy input values generated from
fuzzification are inserted into the rules that have been created to produce fuzzy outputs. The
reasoning stage involves three steps: applying fuzzy operators (aggregation), applying the
implication method, and combining all outputs. This fuzzy system uses the MAX-MIN inference
method, also known as MAMDAMI (Haerani, 2014).

4. Defuzzyfication

The final step is defuzzyfication, where the fuzzy output is converted into crisp values using
the corresponding membership function. Thus, the Mamdani method provides a powerful
framework for integrating human knowledge with numerical data, enabling the system to take
decisions in complex and uncertain situations. In conclusion, Mamdani's fuzzy logic is a logic
system that can process uncertain information and make decisions using a scale of values between
0 and 1. This capability allows for more accurate and realistic decision making as it considers many
factors and finds compromises among the various options available (Dary Daffa Haque, 2023).

In determining the degree of doneness of the steak, this approach can provide a more nuanced
solution than conventional methods. First of all, we need to define the relevant variables, such as
roasting time, temperature, cooking time, and doneness level preference. Each of these variables is then
divided into fuzzy sets with corresponding membership functions, for example, "minimal”, "medium",
and "maximum®" for temperature. Furthermore, fuzzy rules reflecting expert knowledge of the steak
cooking process can be established. For example, "If the temperature is low and the roasting time is
moderate, then the doneness level is low." Once these rules are defined, the output is defined in the
form of fuzzy sets, such as "rare”, "medium”, and "well-done". Then, using fuzzy operating principles,
such as fuzzy inference and defuzzyfication, we can produce more accurate and diverse levels of steak
doneness.

Fuzzy logic makes it possible to take into account complex and non-linear factors (Kaur, 2012),
seperti waktu pemanggangan steak daging sapi, yang sulit diwakili dalam model konvensional. Thus,
the mamdani method in fuzzy logic offers a powerful and flexible approach in determining the degree

of doneness of steaks, taking into account various variables and individual preferences.



Flowchart

A flowchart is a diagram that describes the steps in a process sequentially. This diagram consists
of symbols that represent the steps in the process, and the relationships between steps are connected
with lines and arrows. By using flowcharts, complex processes can be broken down into steps that are
easier to understand and analyze (Roihan et al., 2019). Here is the flowchart for determining the level
of beef steak doneness.

In determining the level of doneness of beef steak using Fuzzy Mamdani logic, here is a
flowchart for the process of determining the level of doneness of steak. Based on the flowchart below,
in determining the level of doneness of beef steak, it requires two inputs, namely the stove temperature
and cooking time, where the temperature unit is in Celsius and the unit for time is minutes. Then, for
the output itself is the level of doneness of the steak which consists of five levels of doneness, namely
Rare, Medium Rare Medium, Medium Well, and Welldone. To determine the level of doneness of the
steak, a fuzzy mamdani logic approach is used, which will later go through several stages and also use
the Matlab application.

Determining the Level of
Beef Steak Doneness

Stove Temperature Cooking Time
(200 - 350°C) (3 - 15 Minutes)
Output

Steak Doneness Level

Membership function plots

plot points:

Rare Medium__Rare Medium Medium__WelWel__Done

I

utout varable "Tinokat  Kemat:

Figure 1. Flowchart for steak doneness process

The degree of membership is the degree at which the value expressly corresponds to the
membership function, measured in the range from 0 to 1. This is also known as membership level, truth
value, or fuzzy input. The next step is the reasoning process, which aims to find the fuzzy value of the
output from the fuzzy value of the input. The process involves using the fuzzy input value of the fuzzy
process as input into the rules that have been created to produce the fuzzy output value. The final stage
is the process of defuzzyfication, aimed at determining the unequivocal value of the output. The process
involves taking fuzzy values of output from the evaluation of rules to produce firm values of output
(Haerani, 2014).

RESULTS AND DISCUSSION
Membership Function in Determining the Level of Doneness of Steak

A membership function is a curve that describes how input data points are mapped to their
membership values, often referred to as membership degrees, with a range of values between 0 and 1.
One commonly used method of deriving membership value is through a function approach (Haerani,
2014). Membership functions are typically used to describe the relationship between input values and



the likelihood or high likelihood of an input value being a member of a fuzzy set (Sitohang & Denson
Napitupulu, 2017). The most common examples of membership functions are triangular functions and
trapezoidal functions. In this study using triangular membership function and trapezoidal function.

Furthermore, the following membership function graph is the result of data obtained during
interviews with experts, namely chefs who usually cook beef steak. There are two input variables used,
namely stove temperature and cooking time. Then for the output variable is the level of doneness of the
steak and the following is a more complete explanation.

Membership function plots sl 181
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Figure 2. Graph of trapezoidal membership function variable input stove temperature

In the picture above is a membership function of one of the input variables, namely the stove
temperature. The temperature variable is made with the Trapezoidal type and has a range of 200°C to
350°C with three parameters namely Minimum, Medium, and Maximum. It can be seen that the value
of the Minimal parameter is [200 220 230 250]°C with the peak point at 220°C - 230°C, the value of
the Medium parameter is [240 260 280 300]°C with the peak point at 260°C - 280°C , and the value of
that Max parameter is [290 310 330 350]°C with the peak point at 310°C - 330°C. In the next section,
table below is a table that contains the parameter range values of the stove temperature input variable
as explained in figure 2.

Table 1. Variable input stove temperature

Stove Temperature Minimum Medium Maximum
Range(°C) [200 220 230 250] [240 260 280 300] [290 310 330 350]
Peak (°C) [220-230] [260-280] [310-330]

In the picture below is the membership function of the second input variable, which is cooking
time. The variable cooking time is made with the Trapezoidal type and has a range from 0 to 15 minutes
with three parameters, namely Short, Medium, and Long.

Membership function plots ez 181
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Figure 3. Graph of trapezoidal membership function variable input cooking time



It can be seen that the value of the Brief parameter is [3 4 6 7] minutes with its peak point of 4
- 6 minutes, the value of the Medium parameter it is [6 8 10 12] minutes with a peak point is 8 - 10
minutes, and the value of the long cooking parameter is [11 12 14 15] minutes with a peak point are 12
- 14 minutes. In the next section, the table below contains the value of the range parameter of the
cooking time input variable, as explained in figure 3.

Table 2. Input variable cooking time

Cooking Time Short Medium Long
Range(Minutes) [3467] [6 810 12] [1112 14 15]
Peak (Minutes) [4-6] [8-10] [12-14]

In the picture below is a membership function of the output variable, namely the maturity level.
The maturity level variable is made with the Triangular type and has a range from 50% to 80% with 5
parameters, namely Rare, Medium Rare, Medium, Medium Well, and Welldone.

Membership function plots plot points: 181
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Figure 4. Graph of tringular membership function variable output maturity level

It can be seen that the Rare maturity level is 55% and the parameter value is in the range of [50
55 60]%, The maturity level of Medium Rare is 60% and the parameter value is with a range [55 60
65]%, The maturity level of the Medium is 65% and its parameter value with range [60 65 70]%, The
maturity level of Medium Well it is 70% and its parameter value with range [65 70 75]%, and the
maturity level of Welldone is 75% and its parameter value with range [70 75 80]%. In the next section,
the table below contains the value of the range parameter of the output variable of steak doneness level,
as explained in figure 4.

Table 3. Output variable of steak doneness level

Maturity Level Rare Medium Rare Medium Medium Well Well Done
Range(%) [50 55 60] [ 55 60 65] [60 65 70] [65 70 75] [70 75 80]

Membership Set

This fuzzy logic membership set is a range of values where each value has a membership degree
(ux) between 0 and 1. In each parameter, the membership set will be determined to facilitate the
determination and calculation of the membership degree to be sought. The following membership set is
a membership set of input variables made based on interview data and adjusted to graphs created in the
Matlab application and can later be used in calculating the level of steak doneness based on the range
of each parameter to determine the value of the degree of membership (ux). Here's the function data for
the membership set input variable.

To divide the membership set this is done based on the position of the variable value on a
parameter with several formulas. Because this study uses a trapezoidal type fuzzy graph, the formula
that can be used is:

xX—a

1. Formula for calculating the value on the left side of the trapezoidal = P

2. 1listhe value of the variable that is in the range of the vertex of the trapezoid



3. Formula for calculating the value on the right side of the trapezoidal = g

Stove Temperature Input Variable Membership Set

( z_2n : 200 < x < 220
220 — 200
pMinimum(x) ={ 1. : 220 < x < 230
: 230 < x < 250
250 — 230
0 : x <200 U x > 250
(X220 . 240 < x < 260
260 — 240
Fx(Stove Temperatu) { uMedium(x) = < 1 200 x : 260 < x <280
: 280 < x <300
300 — 280
0 : x <240 U x =300
(=22 . 290 < x < 310
310 — 290
uMaximum(x) =4 - o0, : 310 < x < 330
: 330 < x < 350
350 — 330
0 : x <290 U x > 350
Cooking Time Input Variable Membership Set
= :3<x<7
4 -3
uShort(x) = 71_x 14<x<6
7_6 t6<x<7
0 tx<3Ux>7
X—6
5-6 1 6<x<8
Fx(Cooking Time) < -
puMedium(x) = 112_x 1 8<x<10
:10<x <12
12 -10
0 tx<6Ux =12
— c11<x <13
12 -11
plong(x) =41 :13<x <15
. 0 :x<11 U x >15

Based on the membership set data, we perform calculations to determine the level of doneness
of steak with temperature 300°C (within the Maximum parameter range) and cooking time for 10
minutes (within the Medium parameter range). From the experiment, a degree of membership was
obtained(x) from temperature 300°C is 0,5 and the membership degree(ux) of 10 minutes time is 1.
Here is the calculation of the membership degree of the input variable:

x—a_300-290 _10 _
uStoveTemperature = b "a 310 -290 20 — 05
pCookingTime =10 =1

The next step is to create rules to be used as rules later in the process towards defuzzyfication.
This rule is created by multiplying the number of parameters on two or more input variables.



The input variables here each have 3 parameters, therefore the rules that can be created are 3x3
= 9 rules. Here are the rules that we have defined based on the input variable data and the output
variable:

I e
Cf (Suhu___Kompor is Minimal} and (Waktu___Memasak is Sedang}) then (Tingkat__Kematangan is Medium__Rare) (1}

1.

2 |

3. If (Suhu___Kompor is Minimaly and (Waktu___Memasak i= Lama) then (Tingkat__ Kematangan is Medium__ Rare) (1}

4. If (Suhu__ Kompor is Sedang) and (Waktu__ Memasak iz Sebentar) then (Tingkat_ Kematangan iz Medium__ Rare) (1}
5. If (Suhu___Kompor is Sedang) and (Waktu__ Memasak is Sedang) then (Tingkat_ Kematangan is Medium} {1}

&. If (Suhu__Kompor iz Sedang} and (Waktu__Memasak is= Lama} then (Tingkat__ Kematangan is Medium__Well} {1}

7. If (Suhu__Kompor is Maksimaly and (Waktu___Memasak is Sebentar) then (Tingkat___Kematangan is Medium___Rare} (1}
&. If (Suhu__ Kompor is Maksimaly and (Waktu___Memasak is Sedang) then (Tingkat__ Kematangan is Medium___Welly (1)
9. If (Suhu___ Kompor is Maksimaly and (Waktu___Memasak iz Lama) then (Tingkat__ Kematangan iz Well__Done) (1)

Figure 5. Rules

From the experiments we did, the temperature 300°C (Maximum) and 10 minutes (Medium)
are included in the 8th rule, namely "If the Maximum Stove Temperature and Cooking Time are
Medium, the Doneness level is Medium Well" from these rules, fuzzy operators are used as follows:

g = UstoveTemperatureMax () MMediumCookingTime

ag = Min(uStoveTemperatureMaX(S00) ) p-MediumCookingTime(lO))
ag = Min(0 5;1)

ag = 05

Because in this case using the AND operator, the smallest membership degree value between
the two input variables is taken to later determine the Implication Function which is to calculate the
value X1 and X in the output variable. Since this is the fuzzy mamdani method, the next step is to
calculate the value x; and Xz on the output graph, determine the set of membership of the output variable,
area, and moment equation in the defuzzyfication process.

Defuzzyfication

The defuzzyfication process with the center of area (COA) method involves the use of moment
values and area values on output variables based on the fuzzy operators used. In COA, the formulation
of the method is to find the center point of the area under the curve of the output variable membership
function defined by the fuzzy rules that have been applied (Santosa et al., 2022).

In this defuzzyfication process, the first is to determine the implication function, which is to
find the values of x; and X, from the previously calculated data. These xi and x; values are taken and
determined from the graph of the output variable and based on the rules used. In this calculation, the
values of x; and x; are taken in the range of Medium Well parameters and then obtained the value of x1
is 67.6 and the value of x is 72.5 based on the following calculation:

05 = x1—a
b—a65
X1—

0,5==7—
X1—

05==5—

x;y—65=05x5
x1=65+25=675

05 = c—Xxy
c—b

05 = 75=X,
75-70

05 = 75—x,

5
05x5=75—x,
x=75-25=725

Then from the results of the values x; and x, above, the area can be calculated and a membership
set is formed on the output variable as follows:

xt _ (67,5-65)x0,5

LD, = “7 : =0,625



LD, =pxl=(725-675)x05=2,5

LD3 — a;ct (75 —722,5)x0,5 _ 0,625

Output function membership set

0 :x <65
( X265 160 < x < 67,5
75-70
Fx(a,b,c)< 0,5 :67,5<x<725
75X 72,5 <x <75
75-70
0 tx =75

Counting Moment

M1 — X—65 — X—65 —=0,2x—13
70—65 5

Mz = 0,5
75—x 75—x

My = ———- = —==15-02x

Moment = f: F(x)x.dx

Moment Set 1

My = [2°0,2x — 13)xdx — [2°02x2 — 13xdx > [
— [0,067(67,5)*— 6,5(67,5)%] — [0,067(65)*— 6,5(652]

M, = [20.605,640 — 29.615,625] — [18.399,875 — 27.462,5]

M, = [—9.009,985] — [-9.062,625]

675 0,067x3— 6,5x2dx

M1 = 52, 64‘

Moment Set 2

M, = f6772'55 0,5x dx — 6772'55 0,25x2dx

M, = [0,25(72,5)%— 0,25(67,5)?]

M2 = [1.314,0625 — 1.139,0625]
=175

Moment Set 3

Mj = f72 s(15=02)xdx - [ ° 15x — 0,2x2 dx - f72 ¢ 7,5%% = 0,067x>dx

Ms = [7,5(75)%— 0,067(75)3] — [7,5(72,5)2— 0,067(72,5)3]
M, = [42.187,5 — 28.265,625] — [39.421,875 — 25.532,23]
M, = [13.921,875] — [13.889,645]

M; = 32,23

From all the data obtained, namely Regional Area (LD) and also Moments (M), the last stage
is the Defuzzyfication process by dividing the total moments by the total Area.

7% — > M
Y LD
7% = Mit My+Ms
LD;+ LD, +LD3
Z* _ 52,64 + 175 + 32,23
T 0,625+ 2,5+ 0,625
. 259,87

=—— = 692989 = 69,3 = 70
3,75




From the results of the defuzzyfication process, a final value of 70% was obtained with a margin
of error of 0.7% and this 70% value is a percentage for the maturity level of "Medium Well" in this case
proving that the calculation carried out is in accordance with the rules that have been used, namely "If
the Maximum Stove Temperature and Cooking Time are Medium, the Maturity level is Medium Well".

To prove that the calculation is accurate, we conducted a test on the Matlab application with
stove temperature input = 300°C and cooking time = 10 minutes and obtained 70% results according to
the calculations that have been done with the output results in the Matlab application:

A L v N—
v — N e —
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Figure 6. Output results in matlab applications

CONCLUSION

This study adopts the Fuzzy Mamdani logical approach to determine the level of beef steak
doneness. The process of determining the level of maturity is carried out through several stages
described in detail in the flowchart. In this process, two main inputs are required, namely stove
temperature (in degrees Celsius) and cooking time (in minutes), with output in the form of five levels
of steak doneness, namely Rare, Medium Rare, Medium, Medium Well, and Welldone. The stages of
determining the maturity level start from determining the degree of membership, making rules, and then
moving on to the defuzzification stage.

The defuzzification process, using the Center of Area (COA) method, calculates the output
value based on the fuzzy rules applied. This involves determining the values of x1 and x2 from the
output graph and the rules used. These values are then used to calculate the area equation and moments
for the output variable, facilitating the determination of the final output value.

The membership function graphs for input variables, such as stove temperature and cooking
time, are designed based on data from an interview with a chef skilled in cooking beef steak. The stove
temperature is divided into three parameters, namely Minimum, Medium, and Maximum, while the
cooking time is divided into three parameters, namely Brief, Medium, and Long. Additionally,
membership function graphs for the output variable, i.e., the maturity level, have also been created with
corresponding parameters.

It is expected that this research can contribute significantly to improving product quality and
consumer satisfaction in the beef industry by speeding up the cooking process and maintaining the
consistency of beef doneness levels. Additionally, the use of fuzzy logic methods is expected to increase
efficiency in the cooking process by reducing the risk of unevenly cooked or overcooked meat.

This research also provides a basis for the development of automation systems in the culinary
industry, particularly in steak cooking, where intelligent systems can automatically adjust stove
temperature and cooking time based on desired doneness preferences, enhancing efficiency and
consistency in food production processes.

By utilizing trapezoidal and triangular membership functions to map input variables and
employing fuzzy rules and defuzzification processes, this study provides a systematic approach to
decision-making in cooking processes. The validity of calculations was verified through testing in
MATLAB, confirming the accuracy of the results obtained.

In this specific case, with a stove temperature of 300°C (Maximum) and a cooking time of 10
minutes (Medium), the calculated membership degrees were 0.5 and 1, respectively. By applying fuzzy



rules and defuzzification, the final output value for the beef doneness level was determined to be 70%,
indicating "Medium Well" doneness.

Overall, this study successfully demonstrates the effectiveness of applying fuzzy logic in
determining the level of beef steak doneness based on stove temperature and cooking time, making a
significant contribution to the development of technology in the food and beverage industry and
providing a better understanding of fuzzy logic application in the culinary context, particularly in steak
cooking.
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