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The process of drying crackers is traditionally carried out on
the side of the road and open places. The impact of drying on

product quality, especially hygiene because it is directly
contaminated with dust, pollutants and pathogenic
microbes. Drying depends on the sun's heat which affects the
continuity of production and the level of drought. How to
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functions as a metal content detector. Because the metal
DS18B20 sensor . . .

content when ingested by humans is very dangerous. Drying
Fuzzy tsukamoto ) . .
Hyeiene is affected by temperature, moisture content and capacity.

ygien - Oven drying application is equipped with an inductive

Induction proximity sensor .

proximity sensor and a DS18B20 temperature sensor. The
Temperature

Fuzzy Tsukamoto method for weight problems is grouped
into a separate set. So that it can process oven temperature
data. The drying process of 3 shelves of shrimp crackers with
fuzzy tsukamoto method produces defuzzification value of
28.1775 and 5 shelves of shrimp crackers with fuzzy
tsukamoto method produces defuzzification value of
38.5084. By using fuzzy tsukamoto can help in estimating the
drying time of shrimp crackers based on the capacity of the
oven.

This is an open access article under the CC BY-SA license.
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1. Introduction

Crackers as one of the regional superior products that have great potential are
required to be of quality krupuk that is suitable for consumption and safe by
meeting the requirements of SSOP (Sanitation Standard Operating Procedure) and
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GMP (Good Manufacturing Practice). Sanitary and hygienic aspects of production
through the use of production tools must be clean to maintain food security [1] as
well as production space based on quality standards [2]. Krupuk drying is carried
out for the purpose of killing microbes that affect health and are safe for
consumption, and can be stored longer [3].

The health risks posed by heavy metals are particularly high in developing
countries where large amounts (~70%) of the most polluting industries are around
aquatic ecosystems [4]. If the habitat is contaminated by various metals, it will
result in metal concentrations that can be consumed by marine life. Shrimp as one
of the marine life as the basic ingredient of crackers if it has been contaminated by
various metals [5] can cause health risks so that it is categorized as less hygienic,
which arises from metal toxicity, especially including kidney and bone disorders,
neurological disorders, endocrine disorders, cardiovascular dysfunction, and
carcinogenic effects [6]. Food exposure to various heavy metals has been identified
as a health risk to humans through the consumption of contaminated food.

Drying is a process of removing moisture content bound to cracker material. Based
on the BSN in SNI12714.3:2009, the water content of shrimp crackers is a maximum
of 12% [7]. Drying crackers can be carried out two methods, solar drying method
and oven drying. The solar drying method takes 8 hours, while drying using the
oven takes 5 hours [8]. The use of the oven is not carried out in the open air,
crackers become clean from dust and other impurities [9]. Cracker oven
temperatures of 50°C, 60°C and 70°C until they reach maximum temperatures. The
oven method for crackers produces a high protein content, while at a temperature
of 50°C the moisture content in the crackers is dry [10]. The drying time of crackers
depends on the fluffy volume, color, aroma, crispiness, and flavor exerting different
influences [11].

Inductive proximity sensors are used to detect the presence of metal in food
objects. The sensor works optimally at a maximum distance of 3mm so there is no
need for manual [12]. Metal content is a mining material in the form of metal
fragments. Mining materials include coal, sand, and rock. While metal fragments
in the form of iron (Fe), Copper (Cu), and Aluminum (Al). Inductive proximity
sensors can detect metal fragments with a success rate of 92.59% [13]. The sensor
component consists of a ferrite core coil, an oscillator, a trigger signal level
detector, and an output circuit [14]. The equivalent circuit capacitance is picofarad-
valued, for frequency work in the megahertz range and faster response time. The
coil moves closer to the target [15]. So that the sensor works automatically to
detect the presence of metal in an object [16].

The DS18B20 temperature sensor [17] is used as a temperature stability controller
[18] during heating. The DS18B20 temperature sensor uses a 1-Wire bus: which
means it only needs one data line for communication with the microcontroller. The
DS18B20 sensor has a selectable resolution of 9 to 12 bits. IEC61724 standard, the
accuracy of the temperature sensor is better than +2°C, the highest resolution
selected operating temperature range of the DS18B20 sensor is -55°C to 125°C, but
the manufacturer ensures an accuracy of +0.5°C from the operating temperature
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range of -10°C to +85°C [19]. The DS18B20 temperature sensor can be used to
monitor in real-time temperature changes ( [20] [21] [22] [23] ). The DS18B20
sensor performs temperature readings every 30 seconds with a measurement error
rate of £ 0.19C after calibration [24]. Temperature changes produced by dryers with
very varied values and read by sensors so that a system is needed that can control
temperature changes to be more measurable and standard.

The use of fuzzy logic in the prototype of a solar energy cracker dryer can
streamline the cracker drying process and the drying process faster. Where the tool
works automatically using the DHT11 sensor as a temperature and humidity
controller in the tool room so that deviations do not occur [25]. Fuzzy logic with
the tsukamoto method is one of the methods for controlling varied temperature
changes [26]. The Tsukamoto method [27] is an IF-THEN rule in the form of a fuzzy
set, with monotonous membership functions. As a result, the output of inference
results from each rule is given based on predicates [28].

2. Method

2.1. Drying System

The proximity sensor and DS18B20 sensor are used to detect the metal content in
shrimp crackers and the temperature in the drying oven. The STM32
microcontroller performs the process of reading the sensor results. The DS18B20
sensor readings are processed using the Fuzzy Tsukamoto method [29] [30] [31].
The stages of the drying system begin with a power supply that functions to turn
on the oven connected to the filament as a heater. Next step down is used for
sensor power needs, the STM32 microcontroller contains a fuzzy tsukamoto
method program that processes the sensor readings, then displayed on the LCD.
The buzzer is used as a warning indicator, and PhotoTRIAC serves to on off the
filament. The output display of the STM32 reading process is in the form of the
presence or absence of metal content, oven temperature, drying time, and on off
filament. The buzzer output signals the optimum temperature limit is reached, and
the oven is ready to shut down. Dryer oven temperature diagram blog as Figure 1.

Power Supply
» Filament
Sensor Proximity ¥ A
PhotoTri
Sensor DS18B20 7| STM32 [— PhotoTriac |

V—*—V

LCD 16x2| | Buzzer
Figure 1. Dryer Oven Diagram Blog

2.2. Hygiene Process

The hygienicization process is carried out using inductive proximity sensors.
Inductive proximity sensors are made of an isolated magnetic field on the sensing
surface [32]. The magnetic field uses LC insulators in the form of capacitors and
coils [33]. The circuit will produce oscillation frequencies for AC between 10-20Hz,
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for DC in the range of 500Hz-5kHz. When a metal object is in the resulting
magnetic field, it will induce an electric current inside the object. Thus causing an
eddy current (a line of electric force that occurs in a magnetic field that gives rise
to an ambular current) to circulate in the object. The eddy current with the
presence of metal objects will cause inductive proximity to ignite [34]. If it does
not contain metal the magnetic field will not be induced electric current and the
proximity will die [35]. Flow chart of hygienic processes that detect metal content

such as Figure 2.
v

Detection of eddy currents on objects

v

Is there any
metal

Not On =
Non Metal

Flame = metal
v
®

Figure 2.  Flowchart of hygienic processes that detect metal content

¢ Yes

2.3. Temperature Process Oven

The cracker drying process begins with a sensor to detect the oven temperature.
The heating process will be stopped when the temperature reaches 70°C which is
indicated by the buzzer sound indicator. If it has not been reached the process will
repeat until it is fulfilled. Oven temperature process flowchart as Figure 3.
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Figure 3.  Oven temperature process flowchart

2.4. Fuzzy Tsukamoto

The Tsukamoto method is an extension of monotonous reasoning, In the
Tsukamoto Method, any consequent to the if-then rule must be represented with
a fuzzy set with a monotonous membership function. The output of inference
results from each rule is given expressly (crisp) based on D-predicate (fire
strength). The end result is obtained using weighted averages. The following are
the stages of inference in Tsukamoto's fuzzy method:
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1. Fuzzyfication, which is the process of converting system inputs that have firm
values into linguistic variables using membership functions stored in the fuzzy
knowledge base.

2. Establishment of a Fuzzy knowledge base (Rule in the form of IF... THEN), i.e. In
general the form of the Fuzzy Tsukamoto model is IF (X IS A) and (Y IS B) and (Z
IS C), where A,B, and C are fuzzy sets.

3. Inference Engine, which is a process using the MIN implication function to
obtain the value of the a-predicate of each rule (a1, az, as, ... an). Then each of
these predicate values is used to calculate the output of the inference results
expressly (crisp) each rule (z1, z2, 3, ... Zn).

4. Defuzzyfication of fuzzy logic, after fuzzy inference. Fuzzy inference is a
computational framework based on fuzzy set theory and fuzzy rules in the form
of IF-THEN, and fuzzy reasoning.

Fuzzification process to convert two input crisp values (temperature and number

of crackers) to fuzzy inputs using the membership function.

Temperature data uses slow, medium and fast variable references. Illustration of

crisp fuzzy tsukamoto input values in Figure 4.

T T T T T T 1, x <25
Slow Medium Fast 40 — x
1 uSlow = T 25<x <40
0, x=40
( 0, x <25
| x— 25
E .5 T 25<x <40
0 yMedium = {40 Zx
< <
= | =5~ 40<x<55
§ L 70  x=s55
O : 0, x <40
o 10 20 an 40 &0 80 70 X — 40
uFast = , 40 <x <55
Temperature (°C) 5 .
, x =

Figure 4. Temperature Membership Function

The cracker count data uses few, medium and many variable references.
Illustration of crisp fuzzy tsukamoto input values in Figure 5.

. . 1, x<205
1 Few Mediu Many wFew = {—41200; X 205 <x<410
[ 0, x =410
é { 0, x < 250
E ) |x— 205 s <x<
[P = Medium = { 205 205 =x =40
s H T Y410 —x
|05+ 40sxs<615
( 0, x>615
o — - — — — — - 0, x<410
i LU i =l i o o L x _410
Number of Crackers #Many = {—205 o H0=x <615
1, x = 615
Figure 5. Temperature Membership Function

The drying time output data uses slow, medium and fast variable references.
[llustration of crisp fuzzy tsukamoto output value in Figure 6.
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Figure 6. Time Membership Function

3. RESULTS AND DISCUSSION

Tsukamoto fuzzy system testing on shrimp cracker drying oven aims to determine
how the processing system in shrimp cracker drying oven using fuzzy logic
method. This shrimp dry ing oven system has 2 inputs, namely temperature and
number of crackers, and also has 1 output, namely time. Drying oven testing is
done based on the capacity of the rack is 3 rack crackers, and 5 rack crackers.

3.1. 3 Racks Of Crackers
Matlab simulation and manual calculation with input temperature 35°C and the
number of crackers 250 pieces produces an output time of 25.6 minutes.
Temperature = 35°C
Using fuzzy variables:

40-x _ 40-35 _ 10 _

Slow : =

B sihs B
. x— —_—
Medium T TR TR
Fast 0

Number of crackers = 250 pieces
Using fuzzy variables

Slow : 0
. 369-x  369-250 9
Medium ; 3000x_ 3697230 11997
1333 2502323 129
e z
Fast 123 123 123

By using matlab simulation obtained implications for fuzzy tsukamoto as much as
27 rules with 3 values of the best approach.

Rule [R1] - [R3] and [R7] - [R9] on the variable number of crackers produce a value
of 0. Rule [R13] - [R15] and [R22] - [R24] on the temperature variable produces a
value of 0. While the Rule [R10] - [R12], [R16] - [R21], and [R25] - [R27] in the
variable temperature and the number of crackers produce a value of 0. So the Rule
that is not worth O is [R4] - [R6] and the time span can be formed with the resulting
value. With the inference picture below:

Inference

[R4] If (temperature = "slow") and (Number_cooper = "medium") then (Time =
"slow")
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o4 = min (pslow, p medium)
= min (0,3, 0,97)

=03
pslow = o4
uslow = 03=2222X
12,75
X = 21,675
[R5] If (temperature is slow) and (quantity is medium) then (Time is medium)
a5 = min (pslow, pmedium)
= min (0,3, 0,97)
=03
pmedium = o5
pmedium = 03=2222X
12,75
X = 21,675
[R6] If (temperature is slow) and (quantity is medium) then (Time is fast)
o6 = min (pslow, pmedium)
= min (0,3, 0,97)
=03
pfast = ob
pfast = 03 =382
12,75
X = 42,075

By using matlab simulation obtained implications for fuzzy tsukamoto as much as
27 rules with 3 values of the best approach. Here are the broad implications of the
resulting area:

[R4] If (temperature = "slow“) and (Number_cooper = "medium") then (Time =

"slow")
™ A T

0
Lambat Sedang Lambat

Figure 7. The area of the rule of 4 fuzzy inference

[R5] If (temperature is slow) and (quantity is medium) then (Time is

medium)
O LA A

0
Lambat Sedang Sedang

Figure 8. The area of the rule of 5 fuzzy inference

[R6] If (temperature is slow) and (quantity is medium) then (Time is fast)

| NN VAN VA

0
Lambat Sedang Cepat
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Figure 9. The area of the rule of 6 fuzzy inference

From the implications of tsukamoto's 27 fuzzy rules, the total area of the area
shown during the drying process is 51 minutes (shown in Figure 10).

0 51

Figure 10. Total fuzzy inference drying process.

Defuzzyfikasi
7 _ Y, aixi
S, ai
_ (0,3 %x21,675) +(0,3 X 34.425) +(0,3 X42,075)
0,3+ 0,3+0,3
_ 2,40975+10,3275 +12,6225
0,9
= 28,1775

3.2. 5rack of crackers

Matlab simulation and manual calculation with temperature input 35°C and the
number of crackers 410 pieces produces an output time of 31.6 minutes.
Temperature = 35°C

Using fuzzy variables:

Slow

40—x 40-35 10
= —_—=—= 0,3

1515 351515 %(5)
Medium . x15 = T = s = 1,3
Fast 0

Number of crackers = 410 pieces
Using fuzzy variables

Slow : 0

. x—205 410—-205 205
Medium 205 205 205
Fast .0

By using matlab simulation obtained implications for fuzzy tsukamoto as much as
27 rules with 3 values of the best approach.

Rule [R1] - [R3] and [R7] - [R9] on the variable number of crackers produce a value
of 0. Rule [R13] - [R15] and [R22] - [R24] on the temperature variable produces a
value of 0. While the Rule [R10] - [R12], [R16] - [R21], and [R25] - [R27] in the
variable temperature and the number of crackers produce a value of 0. So the Rule
that is not worth O is [R4] - [R6] and the time span can be formed with the resulting
value. With the inference picture below:

Inference

[R4] If (temperature = "slow“) and (Number_cooper = "medium") then (Time =
"slow")

o4 = min (puslow, pmedium)
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= min (0,3, 1)

=03
pslow = o4
pslow = 0,3 =222
15,75
X = 26,775
[R5] If (temperature is slow) and (quantity is medium) then (Time is medium)
a5 = min (pslow, pmedium)
= min (0,3, 1)
=03
pmedium = ab
pmedium = 0,3 =202
15,75
X = 42,525
[R6] If (temperature is slow) and (quantity is medium) then (Time is fast)
b = min (pslow, pmedium)
= min (0,3, 1)
=03
pfast = ob
pfast = 03=238
15,75
X = 46,225

By using matlab simulation obtained implications for fuzzy tsukamoto as much as
27 rules with 3 values of the best approach. Here are the broad implications of the
resulting area:

[R4] If (temperature = "slow“) and (Number_cooper = "medium") then (Time =

"slow")
™ A T

0
Lambat Sedang Lambat

Figure 11. The area of the rule of 4 fuzzy inference

[R5] If (temperature is slow) and (quantity is medium) then (Time is medium)

| N AN VAY

0
Lambat Sedang Sedang

Figure 12. The area of the rule of 5 fuzzy inference

[R6] If (temperature is slow) and (quantity is medium) then (Time is fast)

LN LA L

0 0
Lambat Sedang Cepat

Figure 13. The area of the rule of 6 fuzzy inference
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From the implications of tsukamoto's 27 fuzzy rules, the total area of the area
shown during the drying process is 63 minutes (shown in Figure 14).

0 63
Figure 14. Total fuzzy inference drying process.

Defuzzyfikasi

7 _ -{L:nl ai 9.ci
i=1 al
(0,3 X 26,775) +(0,3 X 42.525) +(0,3 X46,225)
a 0,3+0,3+0,3
_ 8,0325 +12,7575 +13,8675
0,9

= 38,5084

Based on defuzzyfication drying process for a capacity of 3 shelves using matlab
simulation obtained drying time 28.2 minutes, drying using oven obtained drying
time 42 minutes. For defuzzyfication drying process capacity of 5 racks using
matlab simulation obtained drying time 38.5 minutes, drying with oven obtained
drying time 63 minutes. By using fuzzy tsukamoto can help in estimating the
drying time of shrimp crackers. This can be seen from the drying process with a
capacity of 3 shelves and 5 shelves.

4. Conclusion

Shrimp cracker drying oven control system to control the temperature and number
of crackers in the process of ovenan. This shrimp cracker Oven is designed to
maintain the hygiene of shrimp crackers with an inductive proximity sensor. The
developed system can control the temperature by tsukamoto's fuzzy method to
identify the heat generated by the filament. The temperature Data is then
processed using fuzzy logic to determine the length of drying time. This system is
able to control the time according to the number of shrimp crackers. The use of the
system can stop the novenation process once the temperature reaches the
maximum point. The drying process of 3 shelves of shrimp crackers with fuzzy
tsukamoto method produces defuzzification value of 28.1775 and 5 shelves of
shrimp crackers with fuzzy tsukamoto method produces defuzzification value of
38.5084. By using fuzzy tsukamoto can help in estimating the drying time of
shrimp crackers based on the capacity of the oven.
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