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Abstract— Fuzzy logic is one of the techniques in Artificial 

Intelligent (AI) that is widely used to control environmental 

factors. The effectiveness of fuzzy logic has been proven through 

creations of Intelligent System using fuzzy logic application. This 

paper presents the research segment of development of 

methodology for determining odor level using fuzzy logic based 

algorithm. Two different gas sensors are used which respond to 
carbon monoxide, methane, hydrogen, ethanol and 

chlorofluorocarbon. This study focused on evaluating the 

possibility of using gas sensor to detect odor level produced by 

coffee. Sensor fusion is achieved through processing the analog to 

digital converted values of sensor outputs using algorithm to 
determine the odor level of predetermined oders. Fuzzy logic 

algorithm is based on Zadeh-Mamdani type Fuzzy inference 

system approach. The result of this study will be displayed in the 

form of percentage values and will be compared with the 

simulation result using Matlab. 
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I. INTRODUCTION 

 

Odor is basically quantified by five parameters which are 

intensity, degree of offensiveness, character, frequency and 

duration [1]. There are many traditional methods that have 

been used for a number of years to quantify odor. However, 

these traditional methods suffer from different problems 

including the detection cost, the long time taken for analysis 

and detection, and exposing human to danger. 

 

Advances in sensing technology lead to the usage of 

sensors in odor detection. Sensors are capable of capturing 

different phenomena from environment and can last for a long 

time. Odor recognition using sensors so far is the best method 

to detect accurate odor levels.  

The integration of Artificial intelligence (AI) algorithms 

and techniques such as Fuzzy logic, Neural network and 

Genetic algorithm in odor recognition system has improved 

significantly in the process of decision making for odor 

detection. This study focused only on the implementation of 

Fuzzy logic algorithms and techniques in odor detection 

system. Fuzzy logic was first introduced by Jan Lukasiewicz 

in 1930 [2] but was first promoted by Lotfi Zadeh in 1965 

through his famous paper ‘Fuzzy sets’ [3]. Fuzzy logic 

consists of three main stages: fuzzification, inference and 

defuzzification.  

 

In this experiment, the odor recognition system was used to 

detect the intensity of odor produced by a cup of coffee. The 

results will be presented in the form of percentage value of 

intensity. The objectives of the study were to evaluate the 

possibility of using gas sensors to detect intensity of odor and 

to develop odor detection system based on Fuzzy logic 

algorithm and technique. 

 

II. GAS SENSOR  

 

For the purpose of this study, two gas sensors were 

integrated in the odor detection system: 

 

• TGS 800 - For the detection of general air 

contaminants gas (carbon monoxide, methane, 

hydrogen and ethanol)  

• TGS 830 - For the detection of halocarbons gas (R-

113, R-22, R-11 and R-12) 

 

The sensing element of these sensors is a metal oxide 

semiconductor which has low conductivity in clean air. In the 

present of a detectable gas, the sensor’s conductivity increases 

depending on the gas concentration in the air.  

 

The TGS800 has high sensitivity to oxide gas such as 

carbon monoxide, methane, hydrogen and ethanol [4]. The 

sensor can detect concentration as low as 1 ppm in the air and 

is ideally suited to investigate air quality condition [4]. While 

the TGS 830 has high sensitivity to chlorofluorocarbons gas 

such R-113, R-22, R-11 and R-12 [5]. The sensor can detect 

concentration as low as 100 ppm in the air [5]. 

 

The sensitivity of the Figaro gas sensor is defined by the 

relationship between gas concentration changes and sensor 

resistance changes. This relationship is based on algorithmic 

function. Sensitivity characteristics of Figaro sensors (TGS 

800 and TGS 830) are shown in the Fig. 1 and Fig. 2. In these 

figures, the sensor resistance values (RS) are normalized 

according to the sensor resistance at specified conditions (RO) 

for each model, and the Y-axis is indicated as sensor 

resistance ratio: RS/RO.  
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Fig. 1 TGS 800 Characteristics 

 

 
Fig. 2 TGS 800 Characteristics 

 

III. DATA ACQUISITION 

 

The odor recognition methodology is mainly skew towards 

detection of air quality in terms of odor sourcing gases by the 

use of an array of gas sensors described above. The odor is 

drawn across the sensor array and induces a reversible 

physical or chemical change in the sensing material, which 

causes associated changes in electrical properties, such as 

conductivity [6]. These changes are transduced into electrical 

signals, which are pre-processed and conditioned before 

identification by a recognition system as shown in Fig. 3. The 

actual proposed system is shown in Fig. 4. 

 

 

 

Fig. 3 Block diagram of odor recognition methodology 

 

 
Fig. 4  Odor recognition system 

 

In this proposed system, the gas sensors detect the 

concentrations of the intended gases if they are present and 

generate a proportional continuous voltage signal. Then this 

voltage is fed to the microcontroller (Arduino Duemilanove) 

in which the voltage signal is converted to digital values.  The 

Arduino Duemilanove is a microcontroller board based on the 

ATmega328. It has 14 digital inputs/outputs (of which 6 can 

be used as PWM outputs) and 6 analogue inputs. In this study, 

all Arduino programs are written in C language using Arduino 

IDE software.  

 

The final result of the system is displayed using two line 

normal LCD display unit. The result is computed in the form 

of percentage value of coffee intensity.  

 

IV. METHODOLOGY AND SYSTEM DEVELOPMENT 

 

In this study, fuzzy logic algorithm was used to determine 

the odor level (intensity). Fuzzy logic was originally explored 

by Professor Lotfi Zadeh in 1965. The purpose of Fuzzy logic 

is to imitate how people think. It attempts to model human 

sense of words, and decision making. It can deal with the 

vagueness intrinsic to human thinking and natural language 

and recognizes that its nature is different from randomness. 

Fuzzy logic has the advantage of modelling complex, 

nonlinear problems linguistically rather than mathematically 

and using natural language processing.  

 

The proposed fuzzy logic algorithm for odor recognition is 

illustrated in Fig. 5. A set of gas sensors will monitor the 

available emitted amount of gases in form of voltage format. 

The sensors will provide the fuzzy logic controller with the 

available emitted amount of gases from the coffee. These data 

will be used to infer the required output to identify the 

intensity of coffee in a cup of coffee. 
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Fig. 5 Block diagram of the Fuzzy System for odor recognition 

A. Fuzzification 

 

The fuzzy logic controller mainly consists of four parts; 

fuzzification part, inference engine, rule base and 

defuzzification part as illustrated in Fig. 5. Initially a 

fuzzification process is required for converting the inputs 

values into linguistic fuzzy variables which describe the 

behaviour of the inputs [7]. 

 

Fuzzification is accomplised using membership functions. 

A membership function (MF) is a curve that defines how each 

point in the input space is mapped to a membership value 

(degree of membership) between 0 and 1 [8]. All inputs 

variables were fuzzified using triangular and trapezoidal 

shaped membership functions.  

 

The membership functions of the fuzzy system were 

generated using the experimental data. Fig. 6 and Fig. 7 show 

the membership functions for the two input variables where 

triangular membership functions are used to describe the 

variables. 

 

 

 
Fig. 6  Fuzzification of TGS800 input data 

 

 

 
Fig. 7  Fuzzification of TGS830 input data 

 

Fig. 8 shows the membership functions for the fuzzy 

controller output. As it can be noticed the output range is 

between 0 and 100. This value characterizes the percentage of 

intensity value of coffee in a cup of coffee.  

 

 
Fig. 8  Fuzzy set of output data 

 

B. Fuzzy Inference Engine 

 

The behaviour of the fuzzy logic system is described by a 

set of linguistic description rules (IF-THEN rules). These 

rules describe the relation between the linguistic inputs and 

the outputs variables of the fuzzy logic application based on 

expert knowledge for the system behaviour. This set of 

linguistic IF-THEN rules description of the system usually 

comes in the form: IF (a set of conditions are satisfied) THEN 

(a set of consequences can be inferred). 

 

For the proposed system, several IF-THEN rules are 

required to describe the system behaviour. These rules aim to 

determine the intensity of coffee in form of percentage value.  

 

Nine rules are developed for the controller; these rules are 

based on the different scenarios for the linguistic input 

variables states as shown in Table 1.  

 
Table 1: Fuzzy Inference Rules 

 

IF (InputTGS800 is Low) AND (InputTGS830 is Low) THEN 

(Result is Low) 

IF (InputTGS800 is Low) AND (InputTGS830 is Medium) 

THEN (Result is Low) 

IF (InputTGS800 is Low) AND (InputTGS830 is High) 

THEN (Result is Low) 

IF (InputTGS800 is Medium) AND (InputTGS830 is Low) 

THEN (Result is Medium) 

IF (InputTGS800 is Medium) AND (InputTGS830 is 

Medium) THEN (Result is Medium) 

IF (InputTGS800 is Medium) AND (InputTGS830 is High) 

THEN (Result is High) 

IF (InputTGS800 is High) AND (InputTGS830 is Low) 

THEN (Result is Medium) 

IF (InputTGS800 is High) AND (InputTGS830 is Medium) 

THEN (Result is High) 

IF (InputTGS800 is High) AND (InputTGS830 is High) 

THEN (Result is High) 
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The inference mechanism will then calculate the degree to 

which the input data match the condition of the fuzzy rules. It 

also calculates the rule’s conclusion based on the matching 

degree, combining all the inferred rules into a final conclusion. 

For this purpose system, the Zadeh-Mamdani min-max 

inference is used throughout the inference process.   

C. Defuzzification 

 

Defuzzification was carried out using centroid method and 

this defuzzified value will then be utilized to determine the 

intensity level of the odor produced by a cup of coffee. The 

process is illustrated in Fig. 9.  

 

 
Fig. 9  Defuzzification method 

 

Once inputs from gas sensors are detected, the system will 

automatically map the defuzzified value to the specified 

lookup table, and it will also determine the intensity level of 

coffee in form of percentage value. The resulted surface form 

of the IF-THEN rules showing the relation between the inputs 

and output are shown in Fig. 10. 

  

 
Fig. 10  Rules surface result of defuzzification  

 

V. RESULTS 

 

After developing the algorithms, several tests were carried 

out on different cups of coffee in order to compare system 

outputs with actual human perception. A sample of test results 

is shown in the following table 2. 

 

 

Table 2: A Sample Test Results 

 

Sensors input Fuzzy system output 

TGS800 TGS830 Percentage 
Odor 

Level 

Accuracy 

0.0259 

0.2590 

0.2590 

0.9910 

0.9910 

0.9910 

1.7400 

1.7400 

1.7400 

 0.0696 

0.2450 

0.4260 

0.0743 

0.2500 

0.4570 

0.0698 

0.2500 

0.4300 

18.3 

18.4 

18.3 

49.6 

49.6 

80.4 

50.0 

81.7 

81.7 

Low 

Low 

Low 

Medium 

Medium 

High 

Medium 

High 

High 

False 

True 

True 

True 

True 

True 

True 

True 

True 

 

The summary of our test results shows that the intensity of 

coffee can be quantified accurately with 88.9% through the 

integration fuzzy logic algorithms in the system.  

 

VI. CONCLUSIONS 

 

The study had laid the foundation for odor recognition 

through sensor fusion technique with algorithms based on 

Fuzzy logic approach. The basic principal in this study was 

the use of gas sensors to identify different odor levels. Fuzzy 

logic based approach was implemented in this odor 

recognition system with an accuracy of 88.9% as verified by 

relevant odor testing.  
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