| Quarterly Scientific Journal of Technical and Vocational University
Spring 2023, Vol. 20, No. 1, p. 321-339

: https://karafan.tvu.ac.ir/?lang=en
Journal Homepage 2 TVU

d :10.48301 A.2023.354479.2231

Detecting the Probability of Stroke through Blood Plasma
Measurement and ECG Examination using Fuzzy Logic

Marziyeh Barootkar!*

1Faculty Member, Department of Computer Engineering, Technical and Vocational University

(TVU), Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received: 09.03.2022
Revised: 12.06.2022
Accepted: 02.14.2023

Keyword:

Brainstem Stroke

Fuzzy Logic

Prediction

Autonomic Nervous System

*Corresponding Author:
Marziyeh Barootkar

Email:
barootkar.znu65@gmail.com

Disorders of the autonomic nervous system (ANS) complicate the
clinical course in patients with acute stroke. This research
presented a model that can be used to detect any deficiency in the
autonomic nervous system and show its relationship with the
occurrence of stroke. The data used in the present research was
provided by using previous studies conducted on the functioning of
the autonomic nervous system in patients suffering from stroke
(brainstem). The focus of this research was to examine studies that
present the function of the autonomic nervous system in the early
period after stroke. The current research determined the effect of
stroke location on autonomic nervous system function and by
examining the vital parameters of the body, an attempt was made to
relate them to the functioning of the autonomic nervous system. In
the final step, using other research, vital data associated with the
functioning of the autonomic nervous system was identified. Then,
using these data and a fuzzy system based on Takagi-Sugno’s logic,
the correct functioning of the autonomic nervous system was
estimated with parameters in the heart, brain, and blood plasma
measurements. This estimate helps to identify the patient's
condition and his proximity and distance to stroke.
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EXTENDED ABSTRACT

Introduction

In this research, a method was developed to identify the health status and determine the
stroke index. At first, the indicators affecting the health of the autonomic nervous system
were extracted. Atlast, vital data related to the functioning of the autonomic nervous system
were extracted. Then, using these data and using fuzzy logic, the correct functioning of the
autonomic nervous system was estimated with parameters in the heart, brain, and blood
plasma measurements. As it was found by referring to the background of the research, little
research has been done on the prediction of stroke, and due to the lack of use of important
factors such as the measurement of the integrals of the upper and lower bands of the cardiac
band and blood plasma tests, the conducted cases do not have sufficient accuracy. In this
research, a model was presented to express the string condition of the stroke index. In this
method, by calculating the absolute value of the minimum distance of the stroke index from
the available values, it was tried to express the type of health condition of each person. Using
the performed simulations and the obtained results, it was seen that the amount of
deviation from the normal state, either in the direction of increasing or decreasing the
health indicators, will be to an unfavorable extent.

Methodology

In this section, the design of a fuzzy system is discussed using the data available in
existing articles. Patients with modular stroke, whose type of stroke has the greatest effect
on the functioning of the autonomic nervous system, are simulated with the number "one".
Patients with non-modular stroke, in which the type of stroke has a lesser effect on the
functioning of the autonomic nervous system, are simulated with the number "0.4". And
finally, the control group, which is in perfect health, is marked with a zero index. Now, by
designing and implementing a fuzzy system, it is possible to estimate the status of each
person with an index between zero and one. where the index of zero will indicate complete
health and the index of one will indicate modular stroke and dysfunction of the autonomic
nervous system.

The inputs of the fuzzy system are six variables; which were selected as (RR, HFB, LFB,
LFB/HFB, NEP, EP). In order to consider sufficientaccuracy, all inputs have 9 membership
functions as [C, Hm, Hn, Am, An, Sm, Sn, Cm, Cn]. which, from left to right, represent
healthy people (Control), hyperacute phase in (medullar, non-medullar) forms, acute
phase in (medullar, non-medullar) forms, subacute phase (medullar, non-medullar), and
finally chronic phase (medullar, non-medullar). For the output of the fuzzy system, which
is the stroke index, according to the Takagi-Sugno method, fixed functions were selected
as follows:

[0,0.1,0.2,0.25,0.3,0.4,0.5,0.75, 1] @

The set of fuzzy rules for extracting the stroke index was chosen as follows (Table 1):
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Table 1. Set of fuzzy rules.
Rule Number RR HFB LFB LFB/HFB NEP EP Stroke Index

1 C C C C C C 0

2 Hm Hm Hm Hm Hm Hm 1

3 Am Am Am Am Am Am 0.75
4 Sm  Sm Sm Sm Sm  Sm 0.5
5 Cm Cm Cm Cm Cm Cm 0.25
6 Hn Hn Hn Hn Hn Hn 0.4
7 An An An An An An 0.3
8 Sn Sn Sn Sn Sn Sn 0.2
9 Cn Cn Cn Cn Cn Cn 0.1

Results and discussion

In this section, by calculating the absolute value of the minimum distance of the stroke
index from the values in relation 1, it is attempted to express the type of health condition of
each person. For example, for a healthy person with a stroke index of 0.0413, the minimum
distance value is calculated with the mentioned values. And because it has the smallest
distance from the zero point, the condition of this healthy person is expressed as (C). To test
this, some arbitrary inputs were given to the variables and the output of the fuzzy system
was reported in Table 2.

Table 2. Fuzzy system inputs and MATLAB program response.
Number RR HFB LFB LFB/HFB  NEP EP Output
Stroke index = 0.5

1 1110 3336 4769  3.116 2762 0.446 I
Condition = Sm

2 649 195 616 0486  -0.003 -0.068 Stroke index = 0.5
Condition = Sm

3 99 4500 2616 17 13 o025 Strokeindex=0.29169
Condition = An

4 800 1500 3000  1.542 12 0231 Stroke index = 0.2

Condition = Sn

Comparing the first and second lines gives an interesting result. Expressing this fact that
if the input indices of the fuzzy system are at maximum or minimum values, the health
status of the person and the stroke index found will be unfavorable. Perhaps this matter can
be said in another way: the degree of deviation from the normal state, either in the direction
of increasing or decreasing the health indicators, will be to an unfavorable extent.

Conclusion

In this research, a method was developed to identify health status and determine the
stroke index. At first, the indicators affecting the health of the autonomic nervous system
were extracted. Then, using these data and using fuzzy logic, the correct functioning of the
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autonomic nervous system was estimated with parameters in the heart, brain, and blood
plasma measurements. This estimate helps to identify the patient's condition and his
proximity and distance to stroke. For this purpose, a model was presented to express the
string condition of the stroke index. In this method, by calculating the absolute value of
the minimum distance of the stroke index from the values in relation 1, it was attempted
to express the type of health condition of each person. Using the performed simulations
and the obtained results, it was seen that the amount of deviation from the normal state,
either in the direction of increasing or decreasing the health indicators, will be to an
unfavorable extent.
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