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ABSTRACT
In late years, economic growth and globalization have driven significant modernization of Ayurvedic Medicine in India. According 
to Ayurvedic Medicine, human body is divided into three constitutions/tridoshas based on the hypothesis of Prakriti. The catego-
ries of Prakriti are written based on the philosophy of tridoshas namely Vata, Pitta and Kapha. Ayurvedic clinicians’ records/docu-
ments the consultation of patient along with patient’s Prakriti in a paper. This is neither exchanged nor made accessible to other 
clinicians’. Due to rapid advancement in electronic media, the necessity of digital Ayurvedic patient management systems could 
help in diagnosing the patient before the consultation of clinicians. Henceforth, an electronic health record system is proposed 
that uses ontology oriented procedure to compute the physical constitutions of a human body. Specifically, a rule based system 
is developed and evaluated using Particle Swarm Optimization - Adaptive Network based Fuzzy Inference system (PSO-ANFIS). 
The ontological inputs to the fuzzy interface includes Doshas, food and lifestyle recommendations, obtained from clinical and 
textual data. Automated system created using ontology oriented PSO-ANFIS interface supports food, herbs, diet and life style 
recommendation to the patients’. The proposed model is evaluated with different patient and the sample is tested with the clini-
cians. The results proved that the proposed method fits with better results than the conventional ones.
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INTRODUCTION

The core aim of data mining is to discover the meaningful 
knowledge from the data collection. The data mining theo-
ries are often represented in the form of models. Each model 
has its own process that builds the entire system. A reliable 
model holds the essence as specific formulation that may 
discover the knowledge from junk data. The model is de-
signed in such a way that it acts as an interface between the 
human and machine world. Thus providing a model, a bet-
ter understanding about the outer world. The certain models 
are designed strictly for production and diagnostic purpose 
[1] in the field of medicine. Data mining provides technical 
and practical solutions that provides better analysis of medi-
cal data. With such solutions, the construction of prediction 
models could be an easier task for diagnostic purpose [2].

Globalization in India has improve the evidence based re-
search and the ingenuities required to regulate the procedure 
for Ayurvedic medicines. Ayurvedic not only considers the 
disease examination but also the patients and their diet, food, 
herbs and life style recommendation. The prominent method 
for examining the patient in Ayurvedic medicine is Prakri-
ti. Prakriti represents the unique constitution, personality 
with the globe, represented in the form of three dimensions 
namely: Dhosas, Kapha and Vata. If the Prakriti of an indi-
vidual are in correct proportion then the patient is considered 
healthy or vice versa. Clinicians assess the patients through 
Prakriti profile for customizing the treatment and its prior 
diagnosis. However, the Prakriti of a patient is recorded in 
a paper after the consultation. This is not usually exchanged 
between the clinicians [3]. 
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The increased use of electronic devices further improved the 
interoperability of the health records in electronic format. 
This provided the use of electronic health system for prior 
diagnosis before consultation with the clinicians. The elec-
tronic records that posses the standards of Prakriti constitu-
ents and other associated datasets modernizes the Ayurvedic 
treatments. Clinicians analyzes the person health through 
their experience and skill, however, this is not available with 
all clinicians. Hence, an intelligence system for interpretation 
and analysis of health related issues is made precise with the 
available datasets. This combination of datasets could help in 
diagnosing the disease that is exact or precise in nature [4].

The aim of the research is to improve the degree of preci-
sion in diagnosing the ailments through the concept of fuzzy 
systems. The fuzzy rule base associated with logical systems 
represents the fuzziness of the input parameter. Further im-
provement in analyzing the ailments could be done through 
the concept of ontology. Ontology represents the knowledge 
in form of a tree with concept and its linked instances. To 
handle the vagueness and uncertainty of ontological data, 
fuzzy logic is combined with input dataset. However, to im-
prove the matching pattern with more precise results, Parti-
cle Swarm Optimization (PSO) is used. 

Since each individual is born with specific constitution, 
Ayurveda proposed three major Prakriti. The dominance of 
each constitution provides a particular Dosha to each indi-
vidual according to which the body behaves. The present re-
search works involves discovery of suitable Prakriti method 
that fits well in diagnosing the patient ailments. The solution 
to such ailments is provided through Prakriti constitutional 
medicine. Hence, an automated system is defined with strict 
rules that involves predefined ontological datasets in fuzzy 
rule base. The proposed method involves Adaptive Neuro 
Fuzzy Interference System (ANFIS) to diagnose the diseases 
with defined rule pattern. To improve the training pattern of 
the ANFIS, Particle Swarm Optimization (PSO) is used. The 
Diagnosis is carried out after performing the rules based on 
the inputs given at the user end. The outputs purely depends 
on the rule selection from the predefined ontological data-
sets. This system helps well as a diagnostic tool in finding 
out the ailments of the patients and treating them with one of 
the constitutional medicine.

The other parts of the paper includes: section 2 deals with the 
related works, section 3 deals with the collection of data and 
the procedure of using ANFIS and PSO algorithm to handle 
the datasets and to improve the training pattern. Section 4 
and 5 describes the evaluation of the proposed method and 
finally, section 6 concludes the entire paper with future di-
rection.

RELATED WORKS

Ranjit et al. [5] proposed fuzzy expert system on the physical 
constituents from human body namely Vatt, Pitt and Kapha 
[15]. The entire operations is carried out to assist the Ayurve-
dic diagnosis and treatment. Here fuzzy based expert system 
is used to calculate the three constituents. Begic et al. [6] 
proposed genetic algorithm based ANFIS expert system to 
predict the dermatological disease in human beings. Here, 
nine features are taken as inputs to the classifier for diagnos-
ing the disease in real time. Farooque et al. [7] compared the 
performance of data mining algorithms like naïve bayes, knn 
classifier, logistic regression and decision tree for Ayurvedic 
Prakruti Temperament. However, Yim & Joo [8] used fuzzy 
logic designer to diagnose 8 constitutions in human body. 
This method is a Korean way of diagnosing the patients. The 
technique evaluated assist the physicians in determining the 
disease. The 8 constitution of human body is considered in 
the present research with more detailed parameters from [12]. 
Chattopadhyay [9] Mamdani’s Fuzzy logic controller (FLC) 
on a Feed Forward Multilayer Neural Net is used to diag-
nose the depression in human beings. Appaih et al. [10] used 
ANFIS for diagnosing the malaria disease. So, this proves 
how the ANFIS system is efficient in medical applications. 
However, to improve the effectiveness and computational 
capability can be improved with the addition of other meta-
heuristic approaches. Karaboga & Kaya [11] proposed Ant 
colony optimization (ACO) algorithm to improve the train-
ing phase of ANFIS. Similar procedure is implemented in 
our proposed system but with PSO algorithm to improve the 
training phase using swarming procedure at every iterations. 
A ontology based automated clinical systems [13, 16, 17, 18, 
22, 25, 26, 27, 29,30,31,32,33,34] has proved better in health 
care system and the association of fuzzy further enhanced 
the results [14, 20, 21, 23, 24, 28]. Hence the use of ontology 
is inbuilt in the proposed system with fuzzy logic for Prakriti 
ailments. The method in [19] uses PSO to build the ontologi-
cal structure, however, the present system involves the use of 
PSO in improving the ANFIS training pattern.

PROPOSED METHODOLOGY

A three categories of questions is prepared for determining 
the Prakriti in Ayurvedic medicine. These categories include 
anatomical, psychological and physiological questions of 
each individuals or patients. Suitable questionnaires are pre-
pared and the scores related to each questions is calculated. 
Sample questionnaire is attached under appendix A.The pa-
tients are allowed to fill the questionnaire that includes pa-
rameters like season details and patient details. The Prakriti 
concept is unique from other medical concepts. Hence, 
Prakriti is determined with its associated parameters using 
proposed ontological datasets, easily. The entire process is 
carried out in PSO – ANFIS interface that helps in improved 
accuracy of the test datasets.
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ONTOLOGY – HEALTH MAINTENANCE FRAME-
WORK
The health maintenance system is proposed with ontology 
rule based system that address the diagnostic problems using 
ontological representation. This includes the core principles 
of Ayurvedic medicine, Prakriti Doshas, Prakriti categories, 
herbs, diet, diseases, symptoms and diagnosis (Figure 1).

Figure 1: Prakriti Inference System.

The figure represents the Prakriti system with input output 
interface that is controlled by a rule base system that in-
volves ANFIS – PSO logic (Figure 3). The input parameters 
involves: user profile input, season input and determined 
anatomical, psychological and physiological Questions. 
These input ontology parameters is prepared through ques-
tionnaires, since it is not available in web resources, how-
ever, certain literatures related to Prakriti records the related 
resources. Depending on the Prakriti determination using 
ANFIS-PSO Markup Language (APML), the output param-
eters includes attributes like Food, Diet, Herbs and Lifestyle 
recommendation to the patients. 

Figure 2: Personalized Health Maintenance System.

Database consist of set of different data related to the recom-
mendation of user that is collected from various resources 
like questionnaires and from clinicians. A user interface is 

created via APML and delivers the Doshas from database 
that consist of herbs and usage, probable disease, health 
problems, food and diet style recommendation and life style. 
The output is delivered through the Prakriti determination 
through ANFIS-PSO system. The entire process is started 
upon the input from the user input interface. Here to im-
prove the Prakriti determination in proposed method, the 
ontology is integrated with fuzzy logic for providing best 
recommendations to the user/patient. Fuzzy ontology gener-
ates ontology through fuzzy logic, fuzzy sets and variables. 
This predicts the uncertain things in an effective way and the 
knowledge extraction occurs based on the membership value 
of the variables. 

The proposed system works in the following manner:

1.	 User provides information about age, height, weight 
and sex.

2.	 User enters his/her Prakriti type through recommend-
ed questionnaires.

3.	 User/patient enters the current season.
4.	 Fuzzy ontology is applied over the collected inputs 

from an individual.
5.	 PSO is applied over the results of fuzzy trained pat-

terns to improve accuracy.
6.	 A fuzzy profile for the user is created.
7.	 For the recommendation purpose, fuzzy ontology and 

the fuzzy profile ontology is created finally.
8.	 Then the recommendations like: Food, Diet, Herbs 

and Lifestyle recommendation is suggested to the pa-
tients.

FUZZY ONTOLOGY
The Fuzzy ontology is similar to the procedure as mentioned 
in [20]. The fuzzy ontology system provides a semantic re-
lationship between the associations of the same domain. A 
flexible fuzzy query searches the database contents and com-
pares it with the domain ontology that represents the queried 
attributes in the domain. The ordering of resulting dataset 
is done through the degree of similarity calculated from the 
query subject and the database content in the ontology. 

Figure 3: Ontology Architecture.

Input process divides the query and each subquery is sent 
to the corresponding process module according to the 
query attributes domain. Output processing combines the 
answers obtained from the different modules. Each row 
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accomplishment degree in the resulting dataset should be 
higher than a user-given threshold [20].

3.3 Particle swarm optimization (PSO)
Particle Swarm Algorithm (PSO) solves the problem formu-
lation iteratively by improving the solution w.r.t the given 
ontology. The optimization in PSO is carried out through n 
particles/individuals of candidate solution. The particles are 
moved around in the search space with specified mathemati-
cal formulation over its position and velocity. Here, each 
particle is assigned with random position in N-dimensional 
space. The position and velocity of the particle is denoted as 
xi and vi over solution space. 

Figure 4: Update Position Mechanism.

The movement of each particle is guided by its local best po-
sition to attain the best position in the search space. The po-
sition of previous best local or personal solution is denoted 
as Pbesti. The best positions are updated frequently to all the 
particles and move the swarm towards best solution in the 
search space. Similarly, the best global position is denoted 
as Gbesti. This is considered as the best particle among all 
particles in the search space. Here, each particle in search 
space is considered as a vector V that moves in the range of 
[-Vmax, Vmax]. The movement of particle in search space 
is controlled by the factor V that avoids excessive roaming. 
The velocity of the particle is updated using:

Vi(t+1) = ωVi(t) + Car1[Xi(t) - pi(t)] + Cbr2[Xi(t) – gd(t)]		
		  (1)

At each iteration the particle moves towards new position, 
hence, the range of particle should not exceed [min X, max 
X]. The position of the particle is thus updated using:

	 Xi(t+1)  =  Xi(t) + Vi(t+1)	 (2)

The process gets repeated until the stopping criterion is 
defined or reached and 

ω = (ωmax – (ωmax–ωmin)/Imax)I
where,

i = 1,2,..., M Total number of particles

d = 1, 2,..., D Total dimension of particles the solution 
space

r1and r2 ∈ 
[0,1]

Random numbers distributed uniformly in 
the search space

Ca and Cb Learning factors (value is taken as 2.0)
Ca represent individual cognition component 
that represents the particle’s ability in search 
space.
Cb represents social communication com-
ponent that gets influenced from the social 
environment.

ω Inertial component that limits the particle’s 
velocity in search space. The value of inertial 
component is 0.4  

ωmax Final inertial weights

ωmin Initial Inertial weights

Imax Total Iterations

I Current Iteration

The algorithm for PSO in ontology evaluation is shown in 
following table.

Algorithm 1: Particle swarm optimization (PSO)

Step 1:	
 

Step 2:	

Step 3: 
Step 4: 
Step 5:	

Step 6:	

Step 7: 

INITIALIZE the position and velocity, randomly to 
all the particles in the search space.
EVALUATE the xi and vi of each particle. The local 
(Pbesti) and global (Gbesti) position is evaluated
UPDATE the xi and vi of each particle using Eq.(1) 
and Eq.(2).
CALCULATE the xi and vi of each particle.
UPDATE Pbesti
For each particle
IF value of new position is better than that Pbesti, 
THEN replace its Pbesti by new position.
UPDATE Gbesti 
For each particle
IF value of new position is better than that Gbesti, 
THEN replace its Gbesti by new position.
REPEAT the process until the maximum iterations
IF solution converges
THEN the value of Gbesti is considered as output 
IF ELSE GOTO Step 3.
END

ADAPTIVE NEURO-FUZZY INFERENCE SYSTEM 
(ANFIS)
The ANFIS network is used to classify the Prakriti diagno-
sis with predefined set of rules. The ANFIS system possess 
fuzzy model with rules that formulates the input output data-
sets. The second model is the neural network model, which 
is integrated with Fuzzy model that improves the learning 
capability of nonlinear functions..
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The ANFIS system consists of two inputs and a single output 
interface with if-then rule type. The rules are specified as 
follows:

If u is A and v is B then q = f (u,v)	 (3)

where,

A and B Fuzzy sets 
d = f (u,v) Polynomial function of inputs u and v 

f (u,v) = constant 

The rules are defined as follows: 

Rule 1: If u is A1 and v is B1 then f1 = p1u + q1v + r1

Rule 2: If u is A2 and v is B2 then f2 = p2u + q2v + r2

Type 3 fuzzy inference [18] system is used, where each rule 
helps in adding the constant term with input variables. Thus 
output is calculated from the weighted average output value 
of each rule and that is produced from the linear input com-
bination. Various layers that are used in ANFIS are shown in 
following figure.

Figure 5: ANFIS architecture

Layer 1: The nodes j are adaptive that possess function node 
at the first Layer.

	 ( )1
jj AO uµ= 	 (4)

where, 

V input variable to node j
μ (Aj) membership function of Aj
Aj variable of node function and that is chosen 

between the range [0,1]
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where,

U Input

{aj, bj, cj} parameter set

Layer 2: The firing strength of the rule is calculated at each 
fixed node and the output from each node is a product of 
input entropy.

( ) ( )2
j jj j A BO u vω µ µ= = ⋅ , j = 1, 2	 (6)

Layer 3: The ratio of each node is considered with each 
node’s weight and outputs normalized node’s firing strength.

	 3

1 2

j
j jO

ω
ω

ω ω
= =

+
, j = 1, 2	 (7)

Layer 4: The nodes of j with node functions are adaptive at 
this layer.

	 ( )4
j j j j j j jO f p u q v rω ω= = + + , j = 1, 2	 (8)

where,

jω Output 

{pj, qj, rj} parameter set

Layer 5: Summation of all inputs is calculated as the output 
using single fixed node computation.

5  
j j

j
j j j

j j
j

f
O overall output f

ω
ω

ω
= = =

∑
∑ ∑

	 (9)

Depending on the input entropy results, the ANFIS predicts 
accurately the class of disease to which it belongs. As a re-
sult, if the value is greater than 0 then the patients are marked 
as diseased and vice versa.

ANFIS-PSO CLASSIFIER
The algorithm of ANFIS-PSO classifier is described step-
wise. Here, the recombination of the predicted signals is car-
ried out to find the suitable category of Prakriti. 

Step 1: Form a matrix with Prakriti data set in columns ma-
trix. The column array possess patients profile collected 
from real time datasets. In this first step, the matrix will con-
tain seven columns (represents seven Prakriti constitutional 
types) corresponding to collected datasets of Prakriti deter-
mination.

Step 2: Select total columns in previous array represents the 
values of real input data. 

Step 3: Train the ANFIS system using the input data that uses 
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a combination of the least-squares and back propagation gra-
dient descent method. Training allows the proposed method 
that adjusts its parameters as submitted inputs or outputs. The 
acquired knowledge through the process of training is then 
tested through a new dataset or the testing set. The ANFIS 
network generalize for its accurate output over the testing 
data. It is undesirable in order to over-train the proposed sys-
tem, since it represents that it works only on training dataset 
and does not generalizes on training dataset. A large training 
datasets is thus avoided that over-trains the system during the 
process of learning. To obtaining better accuracy, PSO trains 
the membership function parameters of fuzzy system

Step 4: A vector of N-dimensions is created that equals the 
total membership functions. The vector contains member-
ship function parameters that is optimized by PSO. The 
mean squared error is used for defining the fitness function.

Step 5: The parameters of PSO is defined in Table.1. The 
Parameters are randomly initialized at first stage and gets 
updated using PSO. During each iteration, parameters are 
being updated and once the entire parameters gets updated, 
the initial parameter update is considered further and so on. 
The updated parameters are grouped in the form of vectors 
that gets updated during each iteration. 

The PSO algorithm for optimizing the parameters/fuzzy 
membership functions is shown below: 

i)	 Initialization of the population position and speed in 
swarm. For each particle, there obtains a random ini-
tialization of particle position and velocity. The size of 
the vector is same as the problem size. 

ii)	 Assess ability of each particle, Pbest. If the particle 
value is better than its present value, particle’s current 
position or Pbest is reset and individual value is up-
dated. Location of best particles is made reset, if the 
best of all particles’ value is better than overall current 
Gbest value. 

iii)	 Measure each particle’s fitness, Pbest and store the 
best fitness value of each particle Gbest. 

iv)	 Modify the speed through the positions of Pbest and 
Gbest. 

v)	 Update the particles. 
vi)	 End the process if the conditions are verified. When 

the current iteration reaches the maximum, then the it-
erations are stopped and the best solution is collected. 

Sixth step: Extraction of the ANFIS output using the PSO 
parameters.

Seventh step: The final output provides the results of the pre-
dicted values of this approach.

Table 1: Parameters for Training PSO-ANFIS
Parameter Value

Total input 3 – 20

Total output 1

Total data to be trained 250

Total data to be tested 50

Total particles for each population 30

Total Epoch for each population 250

Personal Learning Coefficient 1

Global Learning Coefficient 1

Inertia weight 1

Damping Ratio 0.99

RESULTS 

The proposed method is implemented over Jena framework 
that supports RDF, OWL and rule inference engine. Addi-
tionally, fuzzy logic with PSO training pattern is coded and 
applied over J7ena framework.

The evaluation of ontology depends on quality and correct-
ness. Standard metrics like recall, precision and F-score is 
used for performance measurement. Let S – size of ground 
truth value, D – Number of correct values that is extracted 
by proposed system and N denotes the number of total values 
returned by the proposed system. The evaluation metrics is 
shown in table 2.

Table 2: Ontology Evaluation
Ontology 
Evaluation

Metric Measure

Correctness Accuracy Precision: total number of cor-
rectly found values over whole 
knowledge that is defined in 
ontology

Recall: total number of cor-
rectly found values over total 
knowledge that needs to be 
found

Consistency Count: Number of terms that 
has inconsistent meaning

Quality Efficiency Size

Clarity Number of word sensed

	
  ,       

     
D number of correct distinct values returned by the systemrecall
S size of the ground truth list

= = 	 (10)
	

  ,       
        

D number of correct distinct values returned by the systemprecision
N total number of results returned by the system

= = 	 (11)

	
2

  
precision recallF score

precision recall
× ×− =

+ 	 (12)
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The results of the automated system is checked with a cli-
nician to evaluate its correctness. Here, if the value of the 
prediction system is found to be 1, then the patient is said 
to have a specific disease and vice versa. Depending on the 
disease, the Prakriti type is found and it is divided into fol-
lowing class: 

Table 3: Class Type of Prakriti Constitution
Prakriti Constitution Class

Vata Prakriti 1

Pitta Prakriti 2

Kapha Prakriti 3

Vata – Pitta Prakriti 4

Vata – Kapha Prakriti 5

Pitta – Kapha Prakriti 6

Tridosha Prakriti 7

The set of test samples are tested after the system is trained 
by the PSO-ANFIS procedure. Initially, the epoch or the 
iterations of PSO algorithm is set as 200 and the total test 
samples for inspection is taken as 10. It is seen that the pro-
posed PSO-ANFIS method has 9 matched samples which is 
higher than normal ANFIS [12] method with 7 samples. The 
total epoch is increased to 300 with other set of 10 samples. 
It is found that the proposed method has all the 10 samples 
matched and ANFIS has got 8 samples matched. Likewise, 
the test samples are increased for 15 over 200 and 300 it-
erations. From the test results, it is found that the proposed 
method attains 14 and 15 matched samples and the ANFIS 
method has12 and 13 matched samples respectively for 200 
and 300 iterations.

Table 4: Matching test samples the proposed method

Method Total Epoch Inspected Matched

PSO-ANFIS 200 10 9

ANFIS 7

PSO-ANFIS 300 10 10

ANFIS 8

PSO-ANFIS 200 15 14

ANFIS 12

PSO-ANFIS 300 15 15

ANFIS 13

The test success of the proposed method with the existing 
ANFIS is tested to see the errors present during the train-
ing and testing process. Similar inspected and epoch pattern 
is carried out to find the training, testing and check error. 
It is found from the results that the error rate of training, 
testing and check error for the proposed PSO-ANFIS system 
produces less error than the ANFIS system. It could also be 

interpreted that the use of PSO algorithm over the training 
samples further improved the test performance than the ex-
isting ANFIS. 

Table 5: Comparison of the Matching Test Samples 
The error rate for various epoch and inspected sam-
ples is shown in table 6. 

Method Total 
Epoch

In-
spected

Training 
Error

Test  
Error

Check 
Error

PSO-
ANFIS

200 10 3.4330e-5 1.4590e-5 1.1340e-5

ANFIS 2.9560 2.6770 2.6190

PSO-
ANFIS

300 10 3.6580e-8 1.9024e-5 1.3040e-5

ANFIS 2.50e-5 1.0710 0.99400

PSO-
ANFIS

200 15 0.19770 0.18370 0.01910

ANFIS 3.6400 1.2380 1.0000

PSO-
ANFIS

300 15 0.19400 0.18110 0.19850

ANFIS 2.60e-2 1.4710 1.3080

Table 6: Performance Comparison Table

Parameters ANFIS PSO -ANFIS

Precision 67.22 75.08

Recall 64.01 72.15

F-Measure 68.94 75.6

Accuracy 72.32 79.01

DISCUSSIONS

It is found from the table 5 that the results obtained has bet-
ter improvements in all performance parameters than the 
conventional ANFIS system. This proves that PSO clas-
sifier helped in training the samples of the fuzzy ontology 
output. Specifically, the variations of parameters like recall 
and F-measure has a considerable impact than the existing 
system. Further investigations on performance through F-
Measure value as a benchmarking point has carried forward 
that enables the system to perform well over the defects in 
existing system.. Finally, a drift in performance is found that 
shows that the accuracy of PSO-ontology-ANFIS is further 
improved than the conventional ANFIS type. 
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Figure 6: Performance Comparison of the proposed method

CONCLUSIONS

In the present research, comparisons are carried out between 
ANFIS and PSO-ANFIS with ontological datasets. It is seen 
that the proposed PSO-ANFIS performs well when compared 
with the other methods. The PSO for the ANFIS training sets 
proved that it is efficient in predicting the test datasets. The 
ontology datasets with proper and straightforward rule se-
lection strategy with PSO-ANFIS effectively diagnosed the 
constitutions. The results of the proposed system matched 
well with the results from the physicians. Thus proving that 
the proposed method is very efficient in assisting the phy-
sicians in diagnosing the disease. Also, the classification 
of constitutions are achieved correctly using this proposed 
method. Further study may be required to implement the pro-
posed method over the constitutions from other countries. 
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