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Abstract: Gait analysis is one of the emerging techniques in security aspects as well as clinical aspects. Clinical aspects mainly consist
of reading gait signals with a view to diagnose the movement related diseases. This paper discusses about identifying the movement
disorders with particular reference to Parkinson’s disease and Huntington’s disease. It also attempts to differentiate between the above
two apparently having similar disorders, so as to accurately diagnose the diseases. Mamdani fuzzy inference system is being used for
diagnosing the diseases. Centroid method is used for defuzzification. This system gives better accuracy.
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1. Introduction

Biometrics has emerged as a reliable means of identifying a
human subject based on the subject’s distinctive biological
features. Physiological biometrics such as face, fingerprints
or iris pattern generally require the co-operation and
presence of the subject person in proximity for recognition.
Behavioral biometrics examines human behavior and the
most promising one is gait which exploits a subject’s
distinctive way of walking for identification without the
knowledge of subject and also without interfering the
subject’s activity. Gait analysis plays an important role in
clinical field also. In clinical gait analysis plays a very
significant role in the identification and classification of
diseases. Clinical gait analysis is very useful in the
identification of movement disorder diseases and cognitive
disorder diseases and also neuropathology diseases.

2. Literature Review

A fuzzy expert system for heart disease diagnosis was
developed by Ali Adeli and, MehdiNehar [1]. They explain
about fuzzy Mamdani system clearly. In this paper, the
author introduces the fuzzy system for diagnosing heart
disease. The authors use 13 inputs and one output for
diagnosing the diseases. This paper explains each input field,
membership functions, output variables and rule base
clearly. This approach gives 94% accuracy.

Introduction and application of an automatic gait recognition
method to diagnose movement disorders that arose of similar
causes are given by MasoodBanaie et.al [9].They explain
different classifications for similar causes for movement
disorders i.e. Parkinson’s disease, Huntington’s disease and
ALS with healthy people.

Detection of movement disorders using Multi SVM has been
proposed by Pushparani.M and Athisakthi.A [12]. This
paper explains similar causes movement disorders using
Multi SVM. It also explains about similar causes movement
disorders i.e Parkinson’s Disease, Huntington’s Disease and
ALS with healthy people using Multi SVM classification.

A Comprehensive assessment of gait accelerometry signals
in time, frequency and tine-frequency domains are given by
Ervin sejdle et. al. [5]. They explain about different gait
signal features of healthy, Parkinson’s disease and
Peripheral neuropathy subject. It assesses the gait
accelerometry signals in time, frequency and time-
frequency.

3. ldentification of Gait Disorders Using
Fuzzy Expert System

Fuzzy logic is a suitable tool for dynamic classification. In
this problem solution, fuzzy system deals that the
identification of diseases. In this fuzzy system, 5 inputs and
one output are used for identification and severity. The
input and output variables and its membership functions are
explained below and rule based systems are also explained.

3.1 Fuzzy Set and Membership Functions

1) Gait Speed (m/sec) : Gait speed depends on the subject.
Each subject has different speeds. The gait speed input
ranges are divided into three categories for identification
(i.e.) control group ranges, Parkinson’s disease group ranges
and Huntington’s disease group ranges. Membership
function of this fuzzy set is trapezoidal and triangular. The
table 1 shows the fuzzy set and ranges of gait speed and
figure 1 shows the membership functions of that ranges.

Table 1: Fuzzy Set and Ranges of Gait Speed
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Classification of Diseases
Input Field Ranges Fuzzy Set
Gait Speed <1.182 Low
(m/sec) 0.99-1.35 Mid
>1.182 High
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Figure 1: Membership Functions of Gait Speed

2) Stride Interval (Sec) : Stride refers that the distance
between two left steps. The time taken for the stride is called
stride interval. This consists of three fuzzy sets for
identification viz., control group ranges, Parkinson’s disease
group ranges, Huntington’s disease group ranges.
Membership function of this fuzzy set is trapezoidal and
triangular. The table 2 shows the fuzzy set and ranges of
stride interval and figure 2 shows the membership functions.

Table 2: Fuzzy Set and Ranges of Stride Interval

Input Field Classification of Diseases
Ranges Fuzzy Set
Stride Interval | <1.146 Low
(sec) 1.08-1.22 Mid
> 1.146 High
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Figure 2: Membership Functions of Stride Interval

3) Swing Interval (%ostride) : This is also similar to the
swing interval. But, it is measured based on percentage of
stride. This consists of three fuzzy sets for identification viz.,
control group ranges, Parkinson’s disease group ranges,
Huntington’s disease group ranges. Membership function of
this fuzzy set is triangular and trapezoidal. The table 3
shows the fuzzy set and ranges of swing interval and figure
3 shows the membership functions.

Impact Factor (2012): 3.358

Table 3: Fuzzy Set and Ranges of Swing Interval

Classification of Diseases

Input Field Ranges Fuzzy Set
Swing Interval | < 35.59 Low
(% stride) 34.92 — 36.26 Mid
> 35.59 High

Figure 3: Membership Functions of Swing Interval

4) Stance interval (%ostride): This is also similar to the
stance interval. But, it is measured based on percentage of
stride. This consists of three fuzzy sets for identification viz.,
control group ranges, Parkinson’s disease group ranges, and
Huntington ’s disease group ranges. Membership function of
this fuzzy set is triangular and trapezoidal. The table 4
shows the fuzzy set and ranges of stance interval and figure
4 shows its membership functions.

Table 4: Fuzzy Set and Ranges of Stance Interval
Input Field Classification of Diseases
Ranges Fuzzy Set
Stance <65.78 Low
Interval (% | 63.74 -67.52 Mid
stride) > 65.78 High

Figure 4: Membership Functions of Stance Interval

5) Double Support (DS) Interval (% Stride) : This is
similar to the DS interval but it is based on percentage of
stride. This consists of three fuzzy sets for identification viz.,
control group ranges, Parkinson’s disease group ranges,
Huntington’s disease group ranges. Membership function of
this fuzzy set is triangular and trapezoidal. The table 5
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shows the fuzzy set and ranges of DS interval and figure 5  system has 8 rules. Figure 7 shows the rule editor. Some

shows its membership functions. Fuzzy Rules are as follows:
Table 5: Fuzzy Set and Ranges of Double Support 1. If (Gspeed is high) and (Stride is low) and (Swing is
high) and (Stance is low) and (DS is low) then the

Input Field Classification of Diseases (Result is healthy (1))
Ranges Fuzzy Set 2. If (Gspeed is low)and (Stride is high) and (Swing is
Double <3148 Low low) and (Stance is high) and ( DS is High) then the

Support 28.82 -34.15 M.id (Result is PD (1))

Interval >31.48 High 3. If (Gspeed is mid) and (Stride is mid) and (Swing is
(% Stride) mid) and (Stance is mid) and ( DS is mid) then the

(Result is HD (1)) Figure 4.9Shows the rule editor.

Figure 5: Membership Functions of DS Figure 7: Rule Editor

Output Variable: . _ 3.3 Fuzzification and Defuzzification

It is the goal variable. This variable depicts wheather the

subject suffers by Parkinson™s disease or Huntington’s  Thjs js the Mamdoni approach fuzzy system. In this system,
Disease or healthy subject. These ranges are also mentioned 0 inputs are used AND operators. So, it gives the correct
in the membership functions. Membership function of this  reqyt. Hence, the antecedent section has combination of
fuzzy set is triangular and trapezoidal. The table 6 shows the  ¢je inputs to form rules in the rule editor. For aggregation,
fuzzy set and ranges of result field and figure 6 shows the e system is used maximum of validity degree. These

membership functions. maximum degrees is calculated as follows:
_ . A=max (all rules)
Table 6: Fuzzy Set and Ranges of Result Field For defuzzification, the system is used ‘centroid’ method.
Output Field Classification of Diseases d
P Ranges Fuzzy Set . - Jzpa(z)z dz
<1 Healthy COA fz palz)dz’
Result - . e .
et g 1 2 Z% Through this formula, the defuzzification is calculated.
It displays the answer.
= G 4. Results

e In the experiment, the following defuzzification values are
w -y derived to identify the diseases.

= o ¥ : - Table 7: Defuzzification Values

DefuzzificationValues Nature Of Disease
'_'_"‘ EL B e <1 Control subject
_ : = = . =1 Parkinson’s Disease
- —- >1 Huntington’s Disease

4.1 Experimental Result

Experiment No.1:

. The data are extracted from physionet.org. The table 8
3.2 Fuzzy Rule Editor shows the inputs of the proposed system and its result.

Rule Editor is the important one in Fuzzy Inference System.
The rules are set in the rule editor. The disease identification
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Table 8: Gait Parameter Inputs for Experiment No.1
Gait Stride Swing Stance DS Result
Speed
0.98 1.134138

34.98461 |65.01539 |33.43861|1 (PD)

The proposed system gives the result is 1 based on the given
inputs. So, that given subject is suffering from Parkinson’s
disease. Figure 8 shows the output of the above input
parameters.

-
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Figure 10: Surface view of Swing and Stride Interval vs
Result

5. Analysis

The analysis covers 100 subject. The accuracy percentage is
calculated as follows:

Table 9: Accuracy of Each Group

Figure 8: Output — PD people

4.2 Surface View of input vs output

This shows the graphical representation of different inputs
and output. The following are some of the surface views.

R e

F — F -1 -

Figure 9: Surface view of DS and Gait speed vs Result

Subject Total Number of |Number of [Positive | Negative
Number Positive | Negative |Results |Results %
In the group | Results Results %

Control 30 26 4 86.67 | 13.33
PD 50 46 6 88.00 | 12.00
HD 20 17 3 85.00 | 15.00

Accuracy
2E2.50%
22.00%
27.50%
27.00%
26 50%
26.00%
B5.50%
B5.00%
24.50%
24.00%
B3.50% T
Control FD HD

Figure 11: Each Group Accuracy

6. Conclusions and Scope for Future Work

Centroid method is used for defuzzification calculations.
Testing data are also used to test the results. It gives the
expected output. This system has been proved to give results
with better accuracy. Again, the system is trained to identify
only two similar disorders viz. PD and HD with similar
symptoms. Hence, there is further scope to analyse some
other similar movement disorders like Progressive
Supranuclear Palsy, ALS, dementia.
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