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Abstract—Medicines should be stored in a room at a 

suitable temperature because the condition of temperature 

affects the quality of the drug. Improper storage procedures 

may result in the drug being unable to cure effectively and 

cause drug damage which results in losses for pharmaceutical 

industry companies and patients. Therefore a controller for 

temperature is needed in the room so that it is constantly 

under the rules of room temperature for drug storage, which 

is 25 degrees Celsius. The following paperwork presents a 

simulation controller between PI controller and PI-Fuzzy 

logic controller in adjusting the voltage to match the set of 

points. The fuzzy logic controller automatically searches Kp 

value so the voltage output of the converter matches the 

desired set of points. The converter used is a synchronous 

boost converter as a voltage regulator and Peltier as a DC load 

which functions as a cooler. In this research, the system using 

PI controller was able to adjust the voltage to match the set 

point 60V with KP is 0.14089, Ki is 125.6738, and the settling 

time is 0.016 s. While the system using PI-Fuzzy logic 

controller, it was able to adjust the voltage to match the set 

point 60V with Kp is 0.08112, Ki is 125.6738, and settling time 

is 0.014 s. It can be concluded that the PI Fuzzy controller can 

find the KP value automatically and reach the desired set 
point. 

Keywords—peltier, PI cotroller, PI-fuuzzy logic controller, 

synchronous boost converter 

I. INTRODUCTION 

The storage of pharmaceutical products is one of the 
necessary steps in maintaining the quality of medicines. 
One of the factors that influence storage conditions is 
temperature. Drugs must be stored at a suitable temperature 
to prevent deterioration of the quality of the drug. The 
required temperature for the room itself is 25 degrees 
Celsius. But in fact, many medicines are stored above 30 
degrees Celsius[1]. 

Based on the problems that occur, this paper presents the 
PI-fuzzy logic control in which the control does not require 
complex mathematical modeling and it is very suitable in 
settings such as temperature. The cold temperature coming 
out of the peltier will be regulated by the PI-fuzzy logic 
controller to comply with the drug storage temperature 
rules, which is 25-degree Celsius [2]. The advantage of 
using Peltier is its ability to cool below ambient and its 
environmental friendliness. Different from conventional 
refrigeration systems that cannot be fabricated without 
chlorofluorocarbons or other chemicals that may be harmful 
to the environment, thermoelectric devices do not use or 
generate gases of any kind. 

The reference in regulating temperature according to [3] 
is using PID Controller. This paper describes the 
comparison of the temperature response using and not using 
a PID controller. From the results acquired when using the 
PID controller, the temperature response reaches the set 
point faster than without control. Furthermore, the effectual 
dissipation of the hot side also affects the cold side of the 
Peltier. The reference in regulating temperature according 
to [4] describes the function of the artificial neural network 
as a cold temperature regulation produced by Peltier. Where 
this control is compared with regulatting peltier cold 
temperature  which performance is under the influence of 
convective airflow at different power input levels. And the 
results show that the performance of the thermoelectric 
cooler is greatly influenced by frequency waves at different 
values of power input. and comparing with ANN the result 
is a good match. 

 The novelty of this research is using the PI-Fuzzy 
controller to change complex mathematical modeling into 
basic mathematical modeling by applying the fuzzy logic 
tools and the output of the PI-Fuzzy logic controller that is 
capable of automatically finding the value of KP. The 
cooling method of drugs uses peltier and the main purpose 
of using Peltier is to reduce the use of freon which is often 
used by pharmacies to store drugs which it has a very bad 
impact on the environment. Then the cold temperature 
produced by the peltier will be regulated by the PI-Fuzzy 
logic controller [5]. 

The way fuzzy logic works broadly consists of inputs, 
processes, and outputs. Fuzzy logic is a set of logic theories 
developed to overcome the concept of value between truth 
(truth) and error (false). By using fuzzy logic produced not 
only yes (1) or no (0) but all possibilities between 0 and 1 
so that there is no significant change found in the fuzzy 
control logic system that works between 0 and 1 [6]. 

II. RESEARCH METHODOLOGY 

A. Synchronous Boost Converter 

The synchronous boost converter is a DC-DC converter 
where the output voltage is greater than the input voltage. 
This converter uses two MOSFETs where the two 
MOSFETs in a synchronous converter must have the same 
frequency and do not work simultaneously. Changing the 
diode to a MOSFET is expected to reduce power loss in the 
DC to DC converter because the Mosfet has a low internal 
resistance (active Rds) during conduction mode [7]. The 
following Figure 1 synchronous boost converter circuit.   
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Fig. 1. Synchronous boost converter circuit with peltier load 

Vo = 
Vo−Vin

D
       (1) 

L =  
1

F
 × (Vo + Vf) × (

V in

(Vo+Vf)
) × (

1

ΔIL
)     (2) 

C = 
Ic rms  x D x T

ΔVo
      (3) 

The meaning of the symbol above is as follows: 

Vo : Output voltage (V) 

Vin  : Input voltage (V) 

D  : Duty cycle (%) 

L : Inductor (H) 

Vf : Forward voltage (V) 

C  : Capacitor (F) 

ΔIL  : Inductor current ripple 

F : Frequency (Hz) 

Details of Synchronous Boost Converter specification 
on the system that is proposed to serve in Table 1. 

TABLE I.  SPESIFICATION DATA OF SYNCHRONOUS BOOST 

Parameter Value 

Switching Frequency (f) 20 KHz 

Input Voltage (Vs) 24V 

Output Voltage (Vo) 60V 

Inductor (L) 393.495 µH 

Capacitor (C) 2957.4 µF 

B. Control PI-Fuzzy Logic Controller 

There are several steps at the fuzzy controller planning 
stage: determining the membership function, the form of the 
membership function, and the output membership function. 
The fuzzy controller in the system acts as a regulator of the 
Kp value on the PI controller. When the fuzzy logic 
controller can tune the value of Kp, it can speed up the 

response to the set points [5]. Thus, in this system, the value 
of Kp will be a fuzzy output membership function.  

 The advantage of the fuzzy logic controller in 
tuning the value of Kp is its capability to speed up the 
settling time response because it requires a long time for the 
temperature to reach the set points. So it is expected that the 
value of Kp is tuned by the fuzzy logic controller in order to 
speed up the response. Then, the PI-Fuzzy controller can 
reduce overshoot and become more stable. The following 
Figure 2 diagram block PI-Fuzzy controller.  

 

Fig. 2. Fuzzy logic controller structure 

Fuzzy design which consists of a fuzzy interface system 
design process includes: a) design input membership 
function, b) design output membership function, c) design 
rule base. 

It can be seen in Figure 2 that the output of fuzzy will 
produce 1 output, in which the output of fuzzy is the value 
of Kp. There are 2 input variables in fuzzy: error and delta 
error. The error is the difference between the set point 
voltage and the measured voltage. Then the delta error is 
the difference between the current error and the previous 
error [5].  

 To determine the membership function of fuzzy 
input in this system, fuzzy control changes the value of the 
gained Kp. When the set point changes, the input 
membership function must represent the value of error and 
delta error. The membership function of error and delta 
error is shown in Figure 3 and Figure 4. 

A SIMPLE PELTIER MODELING  

DC SOURCE  
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Fig. 3. Design membership function input (error) 

 

Fig. 4. Design membership function input (delta error) 

The input membership function in this system uses a full 
symmetric triangular representation. In order to obtain 
linear up and down linear transfer characteristics, 3 
linguistics are used. Upward linear representation is the 
increase of the set starting from the value of domain which 
has a membership value of zero moves to the right to the 
value of domain that has a higher degree of membership. A 
downward linear representation is a straight line that starts 
from the value of the domain with the highest degree of 
membership on the left, then moves down to the value of 
the domain with a lower degree of membership. 

For the singleton output fuzzy, the value is determined 
from the KP value using the second order calculation PI 
control which is used as a reference of the minimum value 
and maximum value of the fuzzy output. The use of 
singleton fuzzy output is easy to apply in a microcontroller 
and has a simple defuzzyfication algorithm. In 
defuzzyfication, all significant fuzzy outputs will be 
combined into variables. One of the defuzzyfication 
techniques used in this system is Weight Average. In this 
method, the value of each output membership function 
indicated by each fuzzy output is truncated. Using the 
weight average fuzzyfication method, the output singleton 
values are combined using average weights [5,6]. The 
weight average formula for calculation is: 

X* = 
∑ µ(𝑋)× 𝑋

∑ µ(𝑋)
       (4) 

Where ∑ µ(𝑋) is the membership function and X is the 
degree of membership. The following Figure 5 is the design 
membership function output variables. 

 
Fig. 5. Design membership function output variables 

In Figure 5 for the crisp value, it can be seen that the 
range is made between 0.08 and 0.12 so that the 
defuzzification process results in one output value. 

Since the output from the fuzzy controller is Kp value 
that corresponds to the change in the set point, the rule base 
can be determined by looking at the error and delta error 
values used as fuzzy input variables. The rule base is used 
to determine the desired control according to the plant 
planned by the operator. To determine the rules, we may use 
relative calculations or the "truth value" of each rule. 

For the decision-making method used in fuzzy, that is 
the Takagi Sugeno Kang (TSK) method or the Sugeno 

Method, the rules are represented in the form of IF-THEN 
and the output or consequences of the system are not in the 
form of fuzzy sets, but in the form of constants or linear 
equations [8].  

The reason for using the rule base 25 is because it has a 
better response than the open loop response. Output voltage 
response without using control has a very large ripple. 
However, when using a fuzzy controller with a rule base of 
25 rules, the resulting ripple voltage can be minimized. The 
more rule base is used, the response of fuzzy output is better. 
The Rule base is shown in table 2. 

TABLE II.  RULE BASE 

E/∆E NB NS Z PS PB 

NB NB NB PS PS PS 

NS NB NS PS PS PS 

Z NS NS Z PS PS 

PS NS NS NS PS PB 

PB NS NS NS PB PB 

C. PI Controller 

This system concentrates on setting the output voltage 
on a synchronous boost converter in which the output 
voltage is constant. With this condition, the controller used 
is a PI controller so that the output voltage from the 
converter is constant. To be able to know the values of Kp 
and Ki, the output voltage response of the converter must be 
shown at first. Figure 6 shows the result of the converter's 
response so that the parameter value of the PI control can be 
determined using the second order formula [9,10]. 

 

Fig. 6. Curve output voltage synchronous boost converter 

TABLE III.  PARAMETERS TO FIND THE VALUE KP AND KI 

Steady state value 58.01V 

Setting point 60V 

Peak Time (Tp) 0.01 s 

Settling time (Ts) 0.061 s 

 
Based on table 3, to determine the value of Kp and Ki, 

we can use the second order analytical formula as 
follows[11]: 
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Tp = 
π

ωd
        (5) 

Ts = A × τ       (6) 

τ= 
1

α
         (7) 

α =  ξ × ωn       (8) 

ωd =  ωn × √1 −  ξ2       (9) 

Kp =  
τ1

τ∗ × K  
      (10) 

Ki = 
Kp

τ1    
      (11) 

Where :  

TP = Time Peak  

Ts = Time settling 

ξ = damping ratio 

ωn = Undamped Natural Frequency  

𝛼 = Damped Coefficient  

K = Gain over all 

From the formula above, the PI control block function 
is created in Matlab and the results are as shown in figure 7. 

 

Fig. 7. Function block PI controller 

From figure 7 is the function block of the Matlab 
application producing the response curve results in figure 8. 

 

Fig. 8. Response curve PI controller 

In figure 8 it can be seen that the blue curve shows an 
open loop system that has not reached the target of set point, 
which is 60V. While the red curve shows a close loop 
system (PI controller) where there is no overshoot on the 
curve like the open loop curve, and it has reached the set 
point which is 60V. 

D. Thermoelectric (Peltier) 

A thermoelectric cooler is a cooling device that uses the 
peltier element in the system as a heat pump. The peltier 
effect occurs when two different metals are connected and 
the two ends of the metals are maintained at different 
temperatures. Besides, there will be other phenomena that 
occur in two metals: the Joule effect, the Fourier effect, the 
Peltier effect and the Thomson effect. 

The principle of the thermoelectric cooler is based on 
the peltier effect. When DC is applied to a peltier element 
consisting of several pairs of semiconductor cells of type P 
(semiconductor having lower energy level) and type n 
(semiconductor with higher energy level), one side of the 
Peltier element will cool (heat is absorbed) and the other 

side will be hot (heat is released). The side of the peltier 
element which becomes the hot or cold side depends on the 
direction of the following electric current in figure 9. 

 
(a)         (b) 

Fig. 9. (a) The hot and cold sides of peltier (b) A simple peltier modeling 

One side of the peltier becomes cool because it flows 
electrons from a lower energy level in p-type 
semiconductors, to a higher energy level, namely n-type 
semiconductors [12]. In order that the p-type electrons 
which have a lower energy level to flow, the electrons 
absorb heat which causes the side to become cool. Figure 9 
(b) is simple modeling of the Peltier wherein there is an 
internal resistance in the Peltier that when injected with a 
DC source, it will produce a hot side and a cold side [13]. 
If we want to produce a cool temperature, we need to 
regulate the heat dissipation temperature. The more 
effective the heat dissipation is, the maximized the cold 
temperature will be. 

Open loop 

Close loop 
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III. RESULTS AND DISCUSSION 

A. Simulation System 

In this research, the system is simulated using Matlab 
software. The converter input source uses a DC source 

where the value of the input is 24V and then increased to 
60V. The simulation of a synchronous boost converter using 
the PI-Fuzzy Logic controller is shown in figure 11. 

 

Fig. 10. Synchronous boost converter with PI-fuzzy logic controller 

It can be seen from Figure 9 that the output of the fuzzy 
logic controller is the value of Kp, and the value of Ki is 
fixed. Thus, the fuzzy logic controller can determine the 
value of Kp itself and the purpose of tuning the value of KP 
with fuzzy is to speed up the response to reach the setting 
points. The following is the comparison of the curve 
between PI and PI-fuzzy logic controller with the set point 
of voltage is 60V in Figure 12. 

 

Fig. 11. The comparison of the curve between PI and PI-fuzzy logic 

controller with set point is 60V 

As shown in Figure 12, the PI-fuzzy logic controller is 
capable of automatically tunning the value of KP. The result 
is 0.8112, and the value of Ki is fixed. The settling time only 
takes 0.014 seconds. Meanwhile, it takes 0.016 seconds 
using the PI controller. 

Afterward, we change the set point of voltage into 55V. 
In figure 13 below is the comparison of the PI and PI-fuzzy 
logic controller with the set point of voltage is 55V. 

 

Fig. 12. The comparison of the curve between PI and PI-fuzzy logic 

controller with set is 55 

Figure 13 shows that the PI-fuzzy logic controller is 
capable of automatically tunning the value of KP. The result 
is 0.9182, and the value of Ki is fixed. The settling time only 
takes 0.016 seconds, and it only takes 0.017 seconds using 
the PI controller. From the simulations that have been 
carried out, the simulations results of the PI and PI-Fuzzy 
logic controller are shown in Table 4 and Table 5. 

TABLE IV.  SIMULATION RESULTS USING PI CONTROLLER 

Set Point 
Rise Time 

(Second) 

Settling Time 

(Second) 

Maximum 

Overshoot 

60V  0.003547 0.016 64.69V 

55V  0.003198 0.017 63.79V 

 
TABLE V.  SIMULATION RESULTS USING PI-FUZZY LOGIC 

CONTROLLER 

Set Point 
Rise Time 

(Second) 

Settling Time 

(Second) 

Maximum 

Overshoot 

60V  0.003226 0.014 64.21V 

55V  0.003197 0.016 63.42V 

 
Table 4 and Table 5 show a comparison of the responses 

between PI and PI-Fuzzy logic controller. As indicated in 
the table, when the set point is 60V with PI control, the 
required rise time is 0.003547 seconds. The rise time is 

PI-Fuzzy controller (blue curve) 

PI Controller (red curve) 

PI-Fuzzy controller (blue curve) 

PI Controller (red curve) 
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defined as the time required for a response increases from 
10% to 90% of the set point. Furthermore, when using the 
PI-Fuzzy logic controller, the rise time obtained is 0.003226 
seconds. Also, the PI-fuzzy logic controller has a better 
maximum overshoot than the PI controller. 

What is meant by maximum overshoot is the difference 
between the maximum values achieved by the response to 
the set point. When the set point is 55V with PI control, the 
required rise time is 0.003198 seconds. Then, when using 
the PI-Fuzzy logic controller, the rise time obtained is 
0.003197 seconds. To find out whether the fuzzy logic 
controller design is appropriate, this paper shows an 
example of a simple calculation as follows: 

If the crisp value received by the error is 25 and the crisp 
value received by the delta error is 35, it can be calculated 
using the triangle membership formula in Figure 14. 

 

Fig. 13. Triangle membership function formula 

Then for the error is 25 in the eZ and ePS functions, see 
Figure 15. 

 

Fig. 14. The error is 25 in eZ and ePS function 

Error (eZ): 

µe(25) = 
c−x

c−b
  = 

39.45−25

39.45−19.98
= 0.742 

Error (ePS): 

µe(25) = 
x−a

b−a
 = = 

25−21

40.5−21
 = 0.205 

Then for the delta error is 35 in the dZ and dPS 
functions, see Figure 16. 

 

Fig. 15. The error is 35 in dZ and dPS function 

Delta error (dZ): 

µe(35) = 
𝑐−𝑥

𝑐−𝑏
  = 

44.5−35

44.5−29
= 0.612 

Delta error (dPS): 

µe(35) = 
x−a

b−a
 = = 

35−29

44.5−29
 = 0.387 

So the fuzzyfication process results, 

Error  = Z(0.742) dan PS(0.205) 

Delta Error = dZ(0.612) dan dPS(0.387) 

From the four fuzzy input data above, two rules with 
“min inference” can be applied to the fuzzy logic rule base 
control. 

µR(13) = eZ ∩ dZ = µe(25) ∩ µe(35) 

          = 0.742 ∩ 0.612 = 0.612 

µR(14) = eZ ∩ dPS = µe(25) ∩ µe(35) 

         = 0.742 ∩ 0.387 = 0.387 

µR(18) = ePS ∩ dZ = µe(25) ∩ µe(35) 

         = 0.205 ∩ 0.612 = 0.205 

µR(19) = ePS∩ dPS = µe(25) ∩ µe(35) 

         = 0.205 ∩ 0.387 = 0.205 

The defuzzification process uses the weight average 
method in which the method takes the average value by 
using a weighting in the form of membership degrees. So 
that X* can be calculated using (4) below: 

X* = (µ13× oZ)+(µ14× oPS)+(µ18× oNS)+(µ19× oPS)

µ13+ µ14+µ18+ µ19
 

X* = (0.612× 0.1)+(0.387× 0.11)+(0.205× 0.09)+(0.205× 0.11)

0.612+ 0.387+0.205 + 0.205
 

X* = 0.103 

Then the output crisp value is 0.103, with the input crisp 
error 25 and delta error 35. so that to make sure the 
calculation is correct, it can be compared with the simulation 
results, as in Figure 17. 

 

Fig. 16. Rule viewer 

Then, to test whether the controller is capable to return 
to the set point, interference is given with three conditions: 
the conditions when the voltage is more than the set point, 
the conditions when the voltage is less than the set point, 
and the conditions when the voltage rises and falls. 

µ[x] = 

ە
۔

ۓ
0;

(x−a)

(b−a)

(x−a)

(b−a)

x ≤ a atau x ≥ c
a ≤ x ≤ b
b ≤ x ≤ c

ൡ 

Membe
rship 

degrees 

(µ[x]) 

25 

35 
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The following Figure 18 indicates that the PI-Fuzzy 
controller wave when the voltage is more than the set points. 
Then, in Figure 19, the PI-Fuzzy controller wave when the 
voltage is less than the set points. In Figure 20, the output 
wave from the PI-Fuzzy controller when it is given an up 
and down voltage disturbance. 

 

Fig. 17. PI-fuzzy controller wave when the voltage is more than the set 

points 

 

Fig. 18. PI-fuzzy controller wave when the voltage is less than the set 

points 

 

Fig. 19. The output wave from the PI-fuzzy controller when given an up 
and down voltage disturbance 

From the conditions of three disturbances above, it can 
be seen that the PI-Fuzzy control can return according to 
the set point, namely 60 volts. It has shown the ability of 
the PI-Fuzzy control to be able to automatically change the 
Kp value according to the design that has been made. 

IV. CONCLUSION 

From the simulation resulting in a comparison between 
PI and PI-fuzzy logic controller on a synchronous boost 
converter using Matlab, it can be concluded that: 

1. The simulation of synchronous boost converter with 
PI control has been able to reach the set point of 60V 
where the Kp value is 0.14089 and the Ki value is 
125.6738. 

2. In the PI-Fuzzy logic controller simulation, the 
output of the fuzzy controller is the value of KP, 
wherein the fuzzy controller is able to automatically 

change the value of KP. The result value from the 
fuzzy output is 0.08112. 

3. In the PI-Fuzzy logic controller simulation, if there 
is a disturbance on the output converter when the 
voltage is more than the set point, the PI-Fuzzy 
control is able to return to the original set point. If 
the voltage is less than the set point, the PI-Fuzzy 
control is able to return to the original set point. 
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