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Abstract: The Aim of our paper is to find the quality of jaggery using Neuro-fuzzy controller. In this 
journal, we have to study about Application of Hybrid Approach for determining the quality of jaggery 
by manufacturing system using Neuro-fuzzy.  And also, the quality of jaggery is determined by 
considering various factors which have an advanced Neuro-fuzzy process controller is developed and its 
control technique is compared with the existing Automatic fuzzy PID PH controller. The Neuro-fuzzy 
model is developed by using the sample data of Ph of juice, milk of lime and other quality testing 
parameters collected from the process expert in the jaggery industry. 
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1. Introduction: Sugarcane is versatile crop being a rich source of food like sucrose, jaggery and syrups. 
The process of making granular jaggery is similar up to concentration. But it does not best in jaggery 
quality. All the jaggery industries use conventional control techniques, which found fall short of 
providing effective means of controlling the processes when the process is complicated. With the rising 
demand for better and better quality and productivity, there is a need to automate the manufacturing 
processes. Many processes are complex, non-linear, stochastic and even ill defined in some cases. 
However, it is fact that, once trained or experienced human, can successfully control various complex 
systems without having to depend on mathematical models. This facts, lead us to the need of developing 
intelligent monitoring and control schemes. 
 
Jaggery and sugar are two common sweeteners used throughout the world. It is for sweeten foods and 
beverages. Cane sugar is simply known as sucrose, which is sweetening agent for food manufacture. 
Sucrose a basic foodstuff, supply approximately 40-60% of all energy from foods. Sucrose is a 
disaccharide that it is made up of two simple sugars namely glucose and fructose. 
 
The extraction of sucrose from sugar cane  is a complex process. In India most of the jaggery mills 
follows traditional method of manufacturing jaggery which lack in monitoring and in process control 
techniques. The modern process control techniques have to be implemented to produce large quality of 
jaggery with superior quality. The conventional method of juice extraction suffers from drawback of PH 
control of juice, control of limewater, sulphur-dioxide, impurities in juice, dextrons means bacterial 
content, control of temperature, pressure, and flow of juice etc which affects the quality of juice. 
 
Neuro-fuzzy controller is the advanced process control technique which is used to control the sugarcane 
process effectively. Improper control of factors not only affects the quality  of Jaggery but also leads to 
abnormal condition of sugar plant. so, abnormal events is considered as the important risk assessment 
in process industries. Thus the operator is forced to focus through large amount of interrelated data to 
identify the causes, which leads to poor quality of jaggery. This requires integration and analysis of large 
amount numerical and abstract data. So, a knowledge based on artificial intelligence system is more 
appropriate for such situations. 
 
Fuzzy and Neural networks separately and works together plays an increasingly important role in 
understanding human cognition and to simulate human decision making under uncertain and imprecise 
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environments. They learn from experience with numerical and linguistic sample data. Learning from 
samples involves construction of a system from knowledge of collection of input-output pairs. 
 
2. Problem Description and Analysis: India is the largest producer of sugarcane. But, it does not best 
rank in jaggery quality. We cannot equalize the international standards due to failure in implementing 
advanced process in control techniques. The main problem in sugarcane process industry while 
processing is improper control of PH of cane juice, milk of lime, sulphur-di-oxide , presence of 
impurities in cane juice, grain size of jaggery, suspended matters and colour of the syrup etc., affects the 
quality of jaggery. There are other non-technical factors like soil, nutrients, cane varieties climate, Trash, 
sucrose and non-sucrose content, nature of juice etc., which also affects the quality of jaggery. 
 
The above problem can be solved by advanced control techniques like Neuro-fuzzy controller along with 
Simulink model. The quality of jaggery manufactured should meet the international standard 
International commission for uniform Methods of jaggery Analysis, which is a world wide body that 
brings together the activities of the National Committees for jaggery Analysis in more than thirty 
member’s countries.  
 
3. Factors Affecting the Jaggery Quality: Nature of Juice 
1. Presence of non-sucrose in cane. 
2. pH of juice. 
3. Excess or deficient supply of lime water and Sulphur-di-oxide 
4. Brix of lime and juice. 
5. Adequate or deficiency of nutrients in soil. 
6. Colour of the juice. 
7. Temperature and flow control of juice. 
8. Delay in harvesting and crushing. 
9. Loss of sucrose in cane. 
10. pH of soil. 
11. Grade and grain size of jiggery. 
12. Conventional process control methods. 
13. Bacterial contents in juice. 
 
4. Parameters Used to Measure the Quality of Jaggery: There are several parameters to be measured 
based on which the quality of the sugar can be tested, graded and confirmed whether it has to be 
accepted or not. Some of the parameters to be measured are 
1. Grade of the sugar as per ISS 
(a) L 31 M 31  S 31 
(b) L 30 M 30  S 30 
(c) L 29 M 29  S 29 
2. Grade of the jaggery as per ICUMSA 
(a) 100    - Standard 
(b) Between 80 to 90  - Good Quality 
(c) Between 40 to 70  - Superior Quality 
(d) Between 100 to 125  - Accepted Level   
(e) Greater than 125  - Inferior Quality 
3. Colour of the jaggery 
(a) Dark Brown - Superior Quality 
(b) Dull Brown  - Good 
(c) Yellowish Brown - Inferior 
4. Presence of Sulphur 
(a) 0 to 16 ppm  - Accepted 
(b) 0   - Good 
(c) > 16 ppm  - Inferior 
6.   Presence of Lead - Nil 
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7.  Presence of Ash 
(a) 0 to 0.05%  - Accepted 
(b) > 0.05%  - Inferior 
(c) 0   - Good 
8. Presence of Moisture 
(a) 0 to 0.04%  - Accepted 
(b) 0   - Good 
(c) > 0.05%  - Inferior 
9. Presence of Dextron 
(a) 0 to 100 ppm  - Accepted 
(b) 0 ppm  - Very Good 
(c) > 100 ppm  - Inferior 
10. Presence of Sediments 
(a) 0 to 100 ppm  - Accepted 
(b) 0 ppm  - Very Good 
(c) > 100 ppm  - Inferior 
 
5. Solution Methodology: The modeling tool such as Fuzzy logic and Neutral network is adopted to 
solve the problem.  Fuzzy logic was invented by LOFTIZADEH. Fuzzy logic is a generalization of 
classical logic in which there is a smooth transition from true to false. Fuzzy uses numeric computation 
between 0 to 1 to facilitate approximate reasoning. The basics of fuzzy logic are derived from the fuzzy 
set theory. The fuzzy set is defined in such a way to dichotomize the individuals in some given universe 
of  discourse in two groups as members (those that certainly belongs to the set) and nonmembers (those 
that certainly not belong to the set).A fuzzy set A is X is characterized by a membership function (MF) 
μA(x), which associates a real number with each element in X in the interval [0,1] (with the value of μA 
(x) representing the grade of membership of X in A). Thus the fuzzy set A on a universe of discourse X is 
defined as  A = {(x, μA (x))/x  X }. 
 
The MF is a curve that maps each element to its membership value between 0 and 1. There are various 
types of membership functions. They are of triangular type, trapezoidal, Gaussioan generalized bell 
shaped, S-Shape, X-Shape and Sigmoidal shaped functions. 
 
A fuzzy set can be defined mathematically by assigning each possible individual in the universe of 
discourse, a value representing its grade of membership in fuzzy set. The individuals may belong to the 
fuzzy sets to a greater or lesser degree as indicated by a larger or smaller membership grade. These 
membership grades are very often represented by real number values ranging in the closed interval 
between 0 and 1. 
 
Fuzzy logic belongs to the class of knowledge-based system. Fuzzy logic can mimic experts. Fuzzy 
systems are knowledge based software environments   constructed from a collection of linguistic If-Then 
rules. Fuzzy systems realize non-linear mapping and hence they are recognize as alternative control 
schemes for dynamic, non-linear and complex process.The past few years have witnessed a rapid growth 
in the number and variety of application of fuzzy logic. The application ranges from consumer products, 
refrigerators, washing machines, microwave ovens, medical instrumentations, decision support systems 
and in industries. To understand the reasons for the growing use of fuzzy logic it is necessary first to 
clarify the meaning of fuzzy. The basic concept underlying fuzzy logic is that of a linguistic variable (i.e.) 
a variable whose values are words rather than numbers. Another basic concept in fuzzy logic, which 
plays a central role in most of its applications, is that of a fuzzy IF-THEN rule. 
 
In rule based fuzzy logic, machinery is provided by calculus of fuzzy rules. The calculus of fuzzy rules 
serves as a basis for what might be called the fussy dependency and command language (FDCL). 
In most of the applications of fuzzy logic, a fuzzy logic solution is in reality a translation of a human 
solution in to fuzzy dependency and command language. Fuzzy logic is viewed as soft computing. 
Unlike,  the traditional hard computing and soft impression of the real world. The guiding principle of 
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soft computing is to exploit the tolerance for impression, uncertainty and partial truth to achieve (a) 
traceability (b) robustness and  (c) low solution cost. 
Among various combinations of methodologies in soft computing, the one that has highest visibility at 
this juncture is that of fuzzy logic and neuro-computing leading to so called neuro fuzzy systems. 
 

 
6. Fuzzification:  The fuzzification component maps an observed input space into suitable linguistic 
value which can be viewed as labels of fuzzy set. 
 
7. Fuzzy Inference Machine:  The fuzzy inference machine consists of two conceptual parts. 
a. A rule base which contains a selection of fuzzy rules. “If-Then” rules are used to relate fuzzy          

variables. 
b. A database defining the membership functions used in the fuzzy rules, normalizing the input and out 

universe of discourse and performing the fuzzy partition of input and out spaces.  A reasoning 
mechanism, which performs the inference procedure upon the rules and given conditions to derive a 
reasonable output.  A simple fuzzy rule has the form if x is A, y is B, where A and B are the input and 
out linguistic variables defined by fuzzy sets on the universe of discourse X and Y respectively. In the 
if part A is called the consequence. The rule can be represented as a fuzzy relation as R = A → B, 
where R is the fuzzy relationship defined on the Cartesian product universe X*Y. A and B are the 
antecedent part and the consequent part respectively. These relations may be obtained from sources 
such as human expert knowledge and experience, commonsense and engineering intuitive 
knowledge about the system under development, general principles and laws governing the system, 
by using pattern recognition classification, clustering and learning techniques. The process to obtain 
the inference result from the observed data is predominantly used max-min compositional 
technique. 

 
8. Defuzzification: It converts the aggregated fuzzy set to a non-fuzzy output value by taking  the 
average of the area bounded by the membership function curve. 
 
9. Overview of Artificial Neural Network: In present years artificial neural network is attracted by 
Researchers, as well as industrial practitioners. An artificial neural network is popular in powerful 
pattern recognition and flexible non-linear modeling capabilities. Neural networks offer great promise 
for process control. Advanced manufacturing systems are becoming more complex and dynamic for 
traditional ruled based decision support systems. Neural network technology application is gathering 
momentum in all aspects of manufacturing processes. Since decision making process in an advanced 
manufacturing systems environment is becoming increasingly difficult and overwhelming to humans, 
Artificial intelligence is widely adopted to assist human efforts. Artificial intelligence is useful in all 
aspects of manufacturing processes. Expert systems is the common type in Artificial intelligence. Still, 
expert system are less effective in the ever changing, complex and open system environment of today’s 
manufacturing system. 
 
The type of Artificial intelligence capable of responding to the rapid changes and ill structured nature of 
the automated manufacturing environment has to be able to learn, adapt to changes, recognize trends 
and mimic human thoughts. It must be able to recognize patterns and relationships among prevailing 
factors which are not apparent to human experts. Neural net ability to recognize patterns and trends in 
an historic database is one of the reasons that the technology is effectively used in manufacturing 
processes. 
 
10. Design of Neural Network:  The design issues of neural networks are so complex. Designing of 
network consists of 
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 (a)  Arranging neurons in various layers. 
(b)  Deciding the type of connection among neurons for different layers as  well as among neurons with 
in a layer. 
(c)  Deciding a way neuron receives input and produces output. 
(d)  Determining the strength of connections with in the network by allowing the network, the 
approximate values of connection weights   by using a training data set. 
 
11. Constructing A New Neuro-Fuzzy Model: A new application of Neuro-fuzzy system to the 
processing of jaggery is developed. The first step in constructing a model is to observe the real sugarcane 
processing system and the interaction among its various components and system behavior. The second 
step in model building is construction of a conceptual model by collection of various data’s and the 
structure of the system. The third step is the translation of the operation model in to computer 
recognizable format. While building a model there is a need for continuous verification and validation 
by comparing the real system to the conceptual model and repeated modification is done to improve its 
accuracy. 
 
Three fuzzy models of type mamdani are developed by mapping an input data vector into a scalar 
output using fuzzy logic. In first model pH of crushed juice is taken as input and lime water to be added 
to juice is taken as output and the mapping between these data which are non-linear mapping are 
performed using fuzzification, fuzzy inference and defuzzification components found in fuzzy logic. 
Similarly in the second model pH of juice after treatment of lime water is taken as input and 
sulphurdioxide to be added to juice is taken as out and the data are mapped in a similar manner and in 
the third fuzzy model the parameters which is used to test the quality of jaggery is taken as input and 
the quality of jaggery is taken as out and the data are mapped in a non-linear manner. 
 
Similarly the fuzzy logic tool box is highly impressive in all respects. It makes fuzzy logic and effective 
tool for conception and design of intelligent system. The fuzzy logic toolbox is a collection of functions 
built with numeric computing environment. It provides tool to create and edit fuzzy inference systems. 
The fuzzy system can be integrated with simulink and the model can be simulated. The fuzzy models 
can be created using graphical tools or by using command line functions. 
 
12. To Determine The Quality of Jaggery: The input and out membership functions label and its 
corresponding range is given in Table 1.1 
 

Table 1.1: Input and Output Membership Functions Label 

LABLE Parameter 
Membership 
functions 

Membership functions 
label 

Range 

 
 
 
INPUT 
 
 
 
INPUT 
 
 
 
 
 
 
OUTPUT 
 

Grain 
 
 
Colour 
 
 
 
 
ash 
 
moisture 
 
Dextron 
 
Quality 
 

mf1 
mf2 
mf3 
mf1 
mf2 
mf3 
mf4 
mf5 
mf1 
mf2 
mf1 
mf2 
mf1 
mf2 
mf1 
mf2 
mf3 
mf4 
mf5 

fine 
standard 
extracourse 
purewhite 
white 
stand 
accept 
unacceptable 
acceptable 
unacceptable 
acceptable 
unacceptable 
acceptable 
unacceptable 
highly-inferior 
inferior 
average 
good 
superior 

0-0.25 
0.25-1 
1-1.5 
40-60 
60-90 
90-100 
100-125 
125-150 
0-0.05 
0.05-0.15 
0-0.04 
0.04-0.08 
0-100 
100-200 
0-30 
30-60 
60-75 
75-85 
85-100 
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Results and Conclusion: In this journal the quality of jaggery is determined by considering various 
factors which have an impact on quality using Neuro fuzzy approach and an advanced Neuro-fuzzy 
process controller is developed and its control technique is compared with the existing Automatic fuzzy 
PID pH controller. It has been observed that poor control technique fails to sense the pH of juice 
accurately and it leads to excess or less addition of lime water and sulphur- di-oxide which fails to 
achieve the desired pH value of juice. It was also observed that low pH or high pH of juice not only 
affects the final quality of the product but also affects the entire operation of sugar plant due to 
transient conditions of the plant. The collected online process data of critical process variables are 
trained by neural network by setting target values till the desired values is achieved. Once the Neural 
network is trained a fuzzy model is created using If-Then rules. By combining Neural network and fuzzy 
logic a Neuro-fuzzy controller is developed which is an advanced process controller that overcomes the 
drawbacks of existing fuzzy PID controller. 
 
The result in fig.1.1 shows that these input parameters have serious impact on jaggery in terms of jaggery 
quality. Though there are several other quality parameters which are not mentioned in this model due 
to its complexity nature, grain size and colour are considered to be the most important parameters in 
fixing the quality of jaggery. 
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