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Nowadays, diabetes is one of the common diseases. It affects people of different ages, and it may lead to 

death, if it is not treated properly. There are many types of diabetes, the most common are type 1, type 2, 

and gestational diabetes. In this paper, we are going to focus on diabetes type 1. It is when the pancreas 

does not produce enough insulin, and, as a consequence, blood sugar level increases. To control blood sugar 

level, we are going to use a PID controller and a fuzzy logic-based controller. The tuning method used for 

PID are Ziegler-Nichols, Cohen and Coon, and IMC. For the plant model, we are using Hovorka model, and 

food is chosen as the major factor that affects blood sugar level. 
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1. INTRODUCTION 
 

Diabetes is a chronic disease that occurs when blood 

glucose (blood sugar) level goes abnormally high. By 

2030, diabetes is expected to be one of the 7 death lead-

ing cause. Worldwide, more than 422 million people 

have diabetes. In MENA region 55 million adults (20-

79) are living with diabetes in 2019, and this number is 

expected to double to 108 million by 2045 [1-5]. 

The sugar (glucose) in our blood comes from food we 

eat, and he is our main source of energy. But excessive 

sugar in the blood, can cause life threatening health 

problems. Diabetes takes various forms: type 1, type 2, 

and gestational diabetes. During food digestion, carbo-

hydrates are decomposed into glucose that is carried by 

blood stream to different organs of the body. In order to 

make glucose goes into the organs, the beta cells of 

pancreas produce a hormone called insulin. 

Our objective through this paper is to design fuzzy 

controller for diabetes type 1. Before that we will have 

to define the plant model, or the mathematical model 

we will be based on for the study. There are various 

testing methods in diabetes: real time testing, experi-

ments, and simulation. In order to improve the perfor-

mance of existing systems, we need a model. 

In many cases it is difficult to find one, reason for 

what we take virtual model. The majority of virtual 

models describe the system in differential equations. 

There are two types of patient models: Data Driven 

Models (DDMs) and Knowledge Driven Models (KDMs) 

[7]. The data driven model as its name indicates is 

based on the patients data, it does not need too much 

to be developed, and it is easy to implement and devel-

op control algorithm wit this model. The data driven 

models is also called black box model that relates in-

puts to outputs. 

We already have the patient model and the transfer 

function. Based on the Hovorka model, the transfer 

function (TF) and the PID close-loop simulation system 

[3] is developed. 

To find the gain parameters like Kp, Ki and Kd. We 

are going to use three tuning methods: Zeigler-Nichols, 

Cohen and Coon, and IMC. 
 

 
 

Fig. 1 – PID controller 

 

2. PID CONTROLLER 
 

2.1 Ziegler-Nichols Closed-Loop Method 
 

This method is known to be the easiest one, all we 

need is to keep changing the gain, and observe the 

output on a Matlab/Simulink simulation, until we get 

the desired result [6]. 
 

 
 

Fig. 2 – PID controller: Ziegler-Nichols closed-loop 
 

In Matlab/Simulink we will change gain values to 

get best results. First, we introduce a value for propor-

tional gain, then we raise it until we get periodic oscil-

lations. Once we get the oscillations, we write KPu as 

the gain of the oscillations we got, and Pu is the period 

of these oscillations. 

The table below shows how to calculate the PID pa-

rameters using Ziegler and Nichols. 
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Table 1 – PID parameters: Ziegler-Nichols 
 

Controllers Kp Ti Td 

P  

controller 

0.5 
KPu 

∞ 0 

PI  

controller 

0.45 
KPu 

  

   
 

0 

PID  

controller 

0.6 
KPu 

  

 
 

  

 
 

  

 
 

 

On simulation ZN PID gives the following values: 

KPu = 300/Pu =0.55. Therefore, by calculation using the 

above table we get Kp = 180; Ki = 4; Kd = 16. 

 

2.2 Cohen and Coon Tuning Method 
 

Cohen and Coon method was developed a decade af-

ter Ziegler-Nichols. This method is also based on exper-

iment, but it is simpler to use. 

In our application, we will use an open loop system 

and we will plot the set up and the TF. We will calcu-

late the gp as in the formula below, and then determine 

gain parameters Kp, Kd, Ki as in Table 2. 
 

gp = change in PV/change in CO 
 

Table 2 – PID parameters: Cohen and Coon 
 

 Controller gain Integral time Derivative time 

P  

controller 
   

    

  
 
 

  
         

PI  

controller 
   

   

  
 
 

  
                 

         

        
  

PD  

controller 
   

    

  
 
 

  
                  

         

         
 

PID  

controller 
   

    

  
 
 

  
                

         

         
          

 

         
 

 

After all the calculations, we got the following val-

ues: Kp = 163.4383, Ki = 1.15, Kd = 0.9945. 
 

 
 

Fig. 3 – PID plot with Matlab/Simulink 

 

2.3 Internal Model Control (IMC) 
 

To use the IMC tuning method, we first have to 

make an approximation [1]. The given transfer function 

is a FODTP, it is written as 
 

     
      

    
. 

 

We introduce Gc as 
 

   
 

        
. 

 

Here        ̃    ̃   is the model,    ̃ , 

 ̃            is the inverse of the invertible part of the 

model,   
 

       
 is the filter factor, where n is chosen 

to make the controller proper or semi proper. Filter 

factor  is to be adjusted. The system will perform fast 

if  has a small value. 
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As we have      
      

    
, we will use Padé approxi-

mation in order to approximate the exponential term 

with deadtime. 

Padé approximation: 
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For n = 1 we have: 
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 will enable us to trade off robustness for different 

values of . For  = 0.03, Kc = 180.5006,    = 0.089, and 

   = 0.012. 

 

3. FUZZY LOGIC CONTROLLER 
 

Fuzzy logic was introduced the first time by Lotfi 

Zadeh in 1965, a teacher at the University of Berkeley. 

Later in 1970, the concept of the fuzzy logic was used 

for the first time. Four years later Mamdani used the 

concept on an industrial level [2]. Fuzzy logic imitates 

human ways of decision making and considering all the 

possibilities between digital values 0 and 1 [5]. The 

fuzzy controller was designed by following the standard 

procedure which consists of fuzzification, control rule 

base establishment, and defuzzification [4]. 
 

 
 

Fig. 4 – Fuzzy controller 
 

In order to design the fuzzy logic controller, we will 

first define the inputs and output and their relative 

linguistic variables. This is the step where we need 
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more data and experience of the users, the more we 

have the more precise our controller will be. 

The next step is building membership function, 

writing the rule base, choosing the fuzzy inference and 

then defuzzification. 

 

3.1 Definition of Variables 
 

In fuzzy logic we use linguistic variables. They rep-

resent a general or common opinion, or information 

that most of people will understand, without requiring 

a specific measure system or a numerical value. In the 

following, we need to define linguistic variables for 

each input and output. 

Input: 

*CHO: [too_low, low, medium, high], 

*Time: [simultaneous, semi_composed, high]. 

Output: 

*Sugar level: [very_low, low, normal, medium_high, 

high, very_high]. 

Discourse universe: blood_sugar level [70-120 mg/dl]. 

In the tables below we associate to every linguistic 

variable a range of crisp value. 
 

Table 3 – Input linguistic variables 
 

Input Range Fuzzy variable name 

CHO 

[– 0.53 – 0.53 19.5] Too_low 

[17.59 20 40.1] Low 

[40.87 43.8 59.9] Medium 

[59.68 62.08 105.2 115.4] High 

Time 

[– 11.76 0.2381 9.563] Simultaneous 

[5.82 11.8 14.72 21] Semi_composed 

[19.27 27.1 31.27 40.87] Composed 
 

Table 4 – Output linguistic variables 
 

Output Range Fuzzy variable name 

Blood_sugar 

[0 0 0.175 0.375] Very_low 

[0.2804 0.5 0.788] Low 

[0.7 1 1.254] Normal 

[1.12 1.4 1.783] Medium_high 

[1.66 2 2.333] High 

[2.24 2.92 4.058 4.12] Very_high 
 

 

 
 

Fig. 5 – Memberships functions for input and output 

 

3.2 Building Membership Function 
 

Membership function for a fuzzy set A on the uni-

verse of discourse X is defined as follow: 
 

          , 
 

where each value of X is associated with a value be-

tween 0 and 1. This value represents the degree of 

membership of the element in X to the fuzzy set A. 

The translation from an x element of X to       is 

called fuzzification. 

A membership function can take different shapes; 

triangular, trapezoidal, gaussian, …, and only experi-

ence will help us to know better which shape of mem-

bership function is good for our application. 

 

3.3 Fuzzy Rules 
 

The base Fuzzy rules are written in the form: 
 

If……(condition)………then………(result)…… 
 

This conditional rule can be true to a degree. 

The total number of rules required is 12, and they 

are all shown in the table below. 
 

Table 5 – Fuzzy rules 
 

N° Fuzzy rules 

1 
If (CHO is too_low) and (Time is simultaneous) 

then (Blood_sugar is low)  

2 
If (CHO is medium) and (Time is simultaneous) 

then (Blood_sugar is medium_high) 

3 
If (CHO is low) and (Time is simultaneous)  

then (Blood_sugar is normal) 

4 
If (CHO is medium) and (Time is semi_composed) 

then (Blood_sugar is medium_high) 

 

3.4 Defuzzification 
 

For the defuzzification step we choose the Centroid 

method. It returns the center of gravity of the fuzzy set 

along the x-axis. The centroid is calculated using the 

following formula, where f(xi) is the membership value 

for point xi in the universe of discourse. 
 

xCentroid = 
∑           

∑        
. 

 

 
 

Fig. 6 – Control view 
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4. CONCLUSIONS 
 

This article presented an overview of PID controller, 

and three methods of tuning it: Zeigler-Nichols, Cohen 

and Coon, and IMC. Simulation results were deducted 

using Matlab/Simulink. An application with fuzzy logic 

controller was introduced, as fuzzy logic is signing a 

user-friendly and successful implementation since it 

only needs data from users or professional experience 

that is expressed through the rule base. 
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Розробка та реалізація контролера нечіткої логіки для діабету 1 типу 
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У наш час діабет є одним із найпоширеніших захворювань. Він вражає людей різного віку і може 

призвести до летального результату, якщо не лікувати його належним чином. Існує багато типів діа-

бету, найбільш поширеними з яких є тип 1, тип 2 та гестаційний діабет. У роботі ми сфокусуємось на 

діабеті типу 1. Він трапляється, коли підшлункова залоза не виробляє достатньо інсуліну, і, як наслі-

док, рівень цукру в крові зростає. Для контролю рівня цукру в крові ми будемо використовувати PID 

контролер та контролер нечіткої логіки. Методами налаштування, які застосовуються для PID конт-

ролера, є методи Ziegler-Nichols, Cohen-Coon, та IMC. Як модель управління ми використовуємо мо-

дель Говорки, а їжа обрана головним фактором, що впливає на рівень цукру в крові. 
 

Ключові слова: Управління засобами нечіткої логіки, Діабет, PID контролер, Модель Говорки. 
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