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hospital in Thailand.

to receive treatment quickly.

tem provides automated management.

Abstract \
ckground: Cerebrovascular diseases or stroke tend to cause high mortality in Thailand. An essential respon-

sibility of a hospital is the development of medical care to support the safety of patients. For this purpose, a
smartphone application was developed for the risk assessment and emergency system for stroke treatment in a

Methods: The proposed application involved the risk assessment related to the occurrence of stroke evaluated
by the health status and face image using analytical geometry and face detection technology. The social network
Application Programming Interface (API), LINE Notify API, and Global Positioning System (GPS) were used
to inform the Stroke team in the Suratthani hospital about emergency cases, followed their requirement in 2020.
Results: From the testing, the facial angulation classification, calculated using a support vector machine (SVM),
had 92.38% accuracy. The system also provided an emergency call and text messaging that includes patient’s
current location and personal information to the stroke team directly, which gave an opportunity for the patient

Conclusion: The emergency system can help quickly perform the risk assessment of stroke. Our proposed sys-

Keywords: Stroke; Support vector machine; Face detection; Application; Screening /

Introduction

Wotld Health Organization (1) has reported that
the cerebrovascular diseases had the second rank
in the list of diseases with the highest death rate,
in 2019. Among the about 80 million patients,
approximately 5.5 million deaths result from the
cerebrovascular diseases. According to the report
of public health statistics in Thailand, 304,807
people had a stroke in 2017, and the annual
numbers tend to increase in Thailand (1-2).

Stroke is the leading cause of disability in the el-
derly and will cause death, although the death
rate from stroke is also associated with obesity
and diabetes as comorbidities. Still, rapid identifi-
cation of the symptoms could reduce the mortali-
ty rate. The risk factors for stroke are complex.
There are many variants of stroke, with the basic
levels divided into hemorrhagic and ischemic
strokes. Assessing the symptoms with a set of
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short questions regarding age of the patient, re-
cent known times of physical weakness, and eye
deviations (3).

The Stroke FAST Track approach uses the fol-
lowing observation methods: 1) observe the facial
muscles from a smile; ii) observe the weakness of
the arms; iii) observe the speech; and iv) duration
of the symptoms. In an emergency, this approach
can help identify and diagnose preliminary symp-
toms well (4-5).

Observing the patient's face is the most obvious
way to observe the symptoms. Due to the ex-
pression of weakness in the face such as the
mouth being crooked, inability to speak cleatrly,
unable to close the eyes completely, while the
symptoms of amblyopia of 1 or 2 eyes may not
be immediately visible. The facial expressions
during a stroke are similar to facial paralysis
showing numbness on one side of the face, only
one side of the face, inability to close the eyes
completely, distorted mouth, unclear speech, or
whistling sound, and often sudden symptoms (6 -
7). The difference in these two diseases is that the
stroke of the limbs affects one side of the body,
while facial paralysis affects only the face.
Smartphone applications for cerebrovascular pa-
tients named CU Fast Track and App Stroke
KKU have been developed by Chulalongkorn
Stroke Center and Khon Kaen University, re-
spectively (8-9). They were implemented by using
questionnaires for stroke risk factor checklist and
by linking to the hospitals. There is increasing
evidence of application in hospitals (4, 10 - 11).
To assist in the early detection of stroke symp-
toms, face detection will be used in this study.
The smile and mouth detections were important
for assessing symptoms associated with stroke
(12, 13).

The purposes of this study were to develop a
smartphone application for facial stroke assess-
ment and to report the individual risk evaluation
based on cardiovascular (CV) risk factors and
face detection. In addition, for an emergency
stroke case, call the national emergency medical
center for getting him/her to the hospital imme-
diately and to contact the stroke team by sending
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personal information via social network. The
knowledge of stroke and the connection with the
administration of Stroke Team in a Surat Thani
hospital were proposed as a case study. The ad-
vantages of the application include preliminary
self-check assessment at home and early detec-
tion of stroke risks for smart healthcare.

Materials and Methods

Normally the disease screening uses a question-
naire (3-4,6,8-9) provided by medical research
center or organization. In this research, the ques-
tionnaire was based on the Thai CV Risk score,
suitable for Thai people who were 30-70 years
old without heart or blood circulation problems.
This questionnaire was made from 32 patient’s
data files of government hospital data in Thailand
(14-15). Calculation formula of Thai cardiovascu-
lar was provided by the Faculty of Medicine, Ra-
mathibodi Hospital, Mahidol University, Bang-
kok, Thailand. Cardiovascular and Metabolism
Center was used it to assess the risk of develop-
ing cardiovascular disease. Thai CV Risk score
required for risk prediction data on age, gender,
smoking, diabetes (DM), systolic blood pressure
(SBS), waist and height. The results range from
low risk (<10%), to moderate risk (10%-20%)
and high risk (>20%) (16). The stroke screening
tool was adopted from the Thai CV Risk.

Face detection and facial angulation calcula-
tion

Commonly, for a normal person's face, the facial
central axis is drawn through the nose (I.2) and
perpendicular to the line which is drawn through
both eyes (L.1) as shown in Fig. 1. In addition, it
is also perpendicular to the line between two
endpoints of lips (LL3). On the other hand, the
stroke patient cannot lift both corners of the
mouth to the same flevel while smiling. There-
fore, the stroke patient’s lips are pulled to one
side, and the center of lower lip (x4, y4) is shifted
away from the center of the face.
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With Face Detection API of Google Firebase
Machine Learning Kit, the essential points of
smiling face image can be detected. There are 4
important points, two points for the eyes and two
endpoints of the lips, which were used to gener-
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Fig. 1: Essential Points and Lines: (a) Normal face (b) Stroke patient’s face

ate two straight lines (L1, L.3) and calculate the
angle (0) between the straight lines. Most stroke
patient’s faces have this sort of angulation be-
tween L1 and L3, shown in Fig. 2. A large angle
0 serves to indicate high degree of stroke severity.
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Fig. 2: The facial angle 0 between 2 straight lines

The steps for calculating the distortion of the
mouth (degree of the angle 0) from a smiling face
image were as follows:
1. Get 4 coordinates on smiling face
image by face detection APIL: 2 eyes and 2
endpoints of lips.
2 Generate 2 straight line equations

(Ll, L3):

799

a. For each line, find the slope be-
tween 2 coordinates is

slope = i —yi)
(xj —x;)

while (x;7;) and (x; ;) are the
coordinates on that line
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b. Instead one coordinate of each
straight line into the following equa-
tion

y—yi =m(x—x;)

as is the slope of the
straight line

(x99 1s a coordinate of
the straight line

3. Calculate the angle 6 between 2
lines, the formula was derived from the
angle between two-line equation with ge-

ometry theory:
0 1+mn
= arccos
V1i+m2++vV1+n2
where m 1is the

slope of L1 and  #is the slope of L3

All the above steps are automated in the mobile
application. After delivering the angle in degrees,
the value will be used to assess the stroke risk by
a classification model.

The facial angulation Classification

The facial images of stroke and paralysis patients
are very similar, so this project used such images
from the facial paralysis institute website. The
training dataset consisted of 36 paralysis facial
images and 27 normal person facial images and.
The delivered distortion angle of every image was
recorded along with personal facial ratio, a ratio
between the length of lips to the distance of the
eyes, and the true class, before training the classi-
fier algorithms.

Classification algorithms

This project aimed to classify the facial images
into two groups (stroke/normal). All distortion
angles were used to train two algorithms. The
Decision Tree classification algorithm gave a bi-
nary tree, while the Support Vector Machine
(SVM) searched for a separating plane with a gap
between the groups. Training used 10-fold cross
validation for both models.
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Decision Tree

The common classification algorithm is decision
tree. This article used C4.5 algorithm (17-18).
The algorithm began with attribute selection to
be a node and divide instances into the subsets
based on their attribute values then each branch
extending from the node and the criteria were
generated, repeated steps until all instances have
the same class.

SVM

The SVM aims to find the decision line with
maximum margin between two classes. The deci-
sion line was linear equation which generated

from 2 attributes, a weight of each attribute ()
and the bias value (4) as fallows (19):
m

flx) = ZW]-xj+b

j=1

The risk assessment calculation for the ap-
Plication

The assessment of the stroke risk consisted of 3
main parts, the computation of Thai CV risk
score, facial angulation classification, and individ-
ual risk assessment as shown in Fig. 3.

calculate
Thai CV Risk Score

+

calculate
The facial angulation Classification:
Face detection,
Facial angulation,
Trained classifier model

v

calculate
Individual risk assessment

-

> N

L End
N S
Fig. 3: The core computation sequence in the appli-
cation
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Thai CV risk score calculation
The risk scotre of cardiovascular disease for Thai
people, to forecast the risk categories of cardio-
vascular disease which will be happening in 10
years further. The equation for Full Score calcula-
tion for 10 years predicted event model (14, 10)
is:
FullScore = (0.079442 x Age)
+ (0.127658 X Gender)
+ (0.019350987 x SBP)
+ (0.5845435 X Diabetes)
+ (0.4593124 x Smoking)
+ (0.03512566
X (Waist / Height) x 100 )
The variable value definition is as follow:
Gender = 1, only if a person is male, else
be zero
SBP is a value of systolic blood pressure
(SBP).
Diabetes = 1, only if a person has diabe-
tes, else be zero
Smoking = 1, only if a person is a current
smoker, else be zero
Waist and Height are in the centimeter
unit.
The transformation of the Full Score to the per-
centage is as follows:

Pruuiscore (%) = 1-
(0.964588)eXp(FullSCOT'e—7.720484)) x 100

The result Phuwr. value was interpreted into 5 cat-
egories and applied to suggest the self-care in-

struction. In the application, the percentage
which equal or higher than 20 were implied to a
high-risk level, as shown in Table 1, and used the
extremely high self-care instruction suggested to
the user.

The facial angulation classification calcula-
tion

The input of classification was user’s facial image.
Therefore, after the user picked one on his/her
image, the application called the face detection
API to detect the important points and compute
the facial ratio and angulation afterwards the
trained classifier model was used to predict the
stroke class label. The label was an input data of
individual risk assessment step then it interpreted
into risk score as follows: class “Y” (stroke), risk
score = 3; class "N" (normal), risk score = 0 (ze-
10).

Individual risk assessment

The assessment of face was done to calculate the
patient’s score result. The interpretation of stroke
risk assessment level in this study was based on
the risk scores from stroke screening and classifi-
cation of face detection, with three levels defined
as follows: low risk group: <= 2; moderate risk
group: 3-4; high risk group: > = 5 as shown in
Table 1. When the patient had undergone both
processes, a risk result would be displayed to the
patient. A higher score indicates higher risk of
having a stroke.

Table 1: The interpretation and decision table of individual risk assessment

1.1 Pruscore 1.2 Risk 14 The 1.5 Risk 17 Total risk 19 Risk
score stroke class score score assessment level
1.3 (rsy) label* 16 (rs;)) 18 (rsitrsz) 110
1.11< 10% 1.121 1.13N 1.140 1.151 1.16Low
1.17Y 1.183 1.194 1.20Moderate
1.21=> 10 and < 1.222 1.23N 1.240 1.252 1.26Low
20% 1.27Y 1.283 1.295 1.30High
1.31>=20 1.323 1.33N 1.340 1.353 1.36Moderate
1.37Y 1.383 1.396 1.40High

* N = Normal class, Y = Stroke class
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Results

Comparison of algorithms

The accuracy of stroke detection from face
recognition by the 2 techniques is shown in Fig.
4(a). The assessment revealed that both were in
line with visual inspection. The more accurate
technique was SVM (92.38%), while Decision
Tree scored 90.48% correct calls. An error as-
sessment by using Mean Absolute Percent Error
(MAPE) was also done. The results are shown in
Fig. 4(b). The technique with the least error was

100
98
96

24 9238

)
L 90.48

. ]

88

Algorithms

Accuracy (%)

®Decision Tree ®=SVM

(a)

MAPE (%)

SVM (9.52%), while Decision Tree had 13.52%.
When analyzing errors from each technique
based on the standard interpretation -criteria,
MAPE below 10 indicates highly accurate detec-
tion. The range 10 — 20 is for good detection, 20-
50 for reasonable detection, and over 50 for inac-
curate detection (20). Therefore, when consider-
ing the results of stroke detection from face
recognition in this research, the most accurate
technique was SVM that showed highly accurate
detection or very low errors. Decision Tree
showed good detection.

100
80
60
40

20 13.52 952
" B

Algorithms

® Decision Tree ®SVM

(b)

Fig. 4: (a) Accuracy of stroke detection, and (b) MAPE of Stroke detection

SVM Model

After training the SVM algorithm, the distorted
angle weight, facial ratio weight and the bias val-
ue were -1.589, -1.665 and -0.910 respectively.

Function Value

Instance ID

These data were used to establish the decision
line or trained SVM model to produce function
value.

27.5 30 325 35 375 40 425 a5 475 50
® Y :Stroke class @ N:Normal class

Fig. 5: the SVM predicted function value of each instance in dataset
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The new instances will be predicted based on the
function value (f(x)). If function value is less than
zero (f(x)<0), the instance will belong to stroke
class (Y) and if it is greater than zero (f(x)>0), the
instance will belong to the normal class (N) as
shown in Fig. 5.

Implementation

The usage of mobile phones is increasing and
widely used. Therefore, we implemented the sys-
tem as a mobile phone application. This system
was designed into 2 core parts, which are stroke
risk assessment and emergency system. The

stroke risk assessment is calculated from health
information analysis and mouth distortion from
face detection API analysis. Moreover, this part
also includes the user interface to get data and
show the assessment result, as in Fig. 6. Another
part is the emergency system, it consists of a
medical emergency call and emergency notifica-
tion to the stroke team as in Fig. 5. In the context
of the system there are two user groups; people
with symptoms and the stroke team; and two ex-
ternal systems are Firebase Face Detection and
social network application LINE API.

Risk Assessment and Support System
for Stroke Team at Surat Thani Hospital

User <<include>>

i ¥
Analyze user data
and NCDS data

Analyze

emergency button

Assess Stroke risk

. Ry e
<<include>> <<include>> ~ <<extend>>
7 \ ™.

Face Detection API

Firebase

N, e
N =3
Delete user

Show result ks

)
<<extend>>
74
Activate

Stroke Team

5 E Send

LINEAPI A
<<extend>>
7

Call 1669

~

<<extend>>

Send message

Manage user data report

<<include>>

&

Login

a"’

€ ccextend>>.

=~ Request report

Fig. 6: Use Case diagram

The main menu of the application contains
stroke risk assessment, and medical emergency
call, as shown in Fig. 7. This system consisted of
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Carrier

4:58 PM

Stroke Risk Assessment
and Emergency System

-

]
a
a
C

Stroke Risk Assessment

Medical Emergency Call

What is

Stroke?

IV -l-l
Useo

Manual

Fig. 7: Interface of the main menu

Stroke screening

The users were required to first register to create
the user profile including ID card number, name,
gender, age, address, and emergency contact per-
son and phone number as primary information.
After finishing the registration, the usetr’s infor-
mation will be recorded in the database. The user
was also required to provide health information,
such as blood pressure, height, and NCDs (Non-

Communicable Diseases) data. Health-related
questions on risk behaviors were further asked,
including exercise habits, alcohol consumption
level, and smoking status. The information given
by the user will also be stored in the database and
the risk score was calculated using CV Risk. The
interface of the registration system is shown in
Fig. 8.

Carrier 9

Step 1/3 Registration
Personal Information

Carrier 9

5:08 PM

Step 1/3 Registration
Personal Information

ID Card Number *
1234567891234

Name — Family Name
Darth Vader

Age 70

Gender (® Male ! Female

Phone number 0699999999

Address

Prince of Songkla University
Khuntalay Muang
Suratthani

")
-
User

[
[

[
[
|

Blood Pressure Upper 125 /Lower 85
Waist (inch)

Height (cm)

Health Information

32

180

Smoking (Yes/No)

Able to rise both arms (Yes/No)
NCD Diseases

Diabetes (Yes/No)

Cardiovascular disease (Yes/No)
Cancer (Yes/No)

Chronic kidney disease (Yes/No)

Fig. 8: User Interface for stroke screening
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Face Detection

The proposed face detection user interface is il-
lustrated in Fig. 9. The menu of the application
provided an option to take a photo of the face.
The image will be used to identify facial land-
marks. In the face image evaluation process, the
Firebase Face Detect API will be used to calcu-
late key points on the face, including the left eye,
right eye, tip of the nose, left lip, right lip, and lip

base. When the important points had been ob-
tained, the calculation with analytic geometry was
used to extract distortion angle for the face. The
results from face detection were used by the
SVM classifier to call normal or abnormal symp-
toms. After that, the input given by Thai CV and
face detection will be analyzed to assess the
stroke risk group (Fig. 10). High-risk cases will be
passed to the Stroke Team.

Carrier ¥ 5:12PM

Face Detection

Step 3/3 Face Distortion Analysis

Carrier ¥ 5:18 PM

Stroke Risk Assessment Result

OK

a

User

LA - &

&

Result for next 10 years

e e

~~

High Risk

Suggestion:
Please see the doctor as soon as possible
Avoid risk activities
Control blood pressure to normal level
Reduce weight and exercise more

[ Medical Emergency Call ]

l Back to Main Page l

User

Fig. 9: User Interface for face detection

Emergency module

The application automatically passed the emer-
gency cases to the Stroke Team. For emergency
notification, the user can choose to call 1669 or
send a message to the Stroke Team at Surat
Thani Hospital via LINE. A service application
was developed to be able to send messages to the
Stroke Team at Surat Thani Hospital via LINE
using the information that was already entered.
The Stroke Team will receive information includ-
ing current user’s location using a Global Posi-
tioning System (Fig. 11).

805

Fig. 10: User Interface for results

Usability Test result

The application was tested by 12 expertise in
software developers. There were five topics and
five score levels; 1 (very poor) to 5 (very good).
The results were as follows: ease of use (4.58);
data security (4.33); flexibility of use (4.25); re-
sponse time (4.17); navigability (4.00). The overall
usability was good, the application was highly
easy to use with good flexibility and navigability.
The processing was fast, caused by response time
was good. Moreover, the private information
stored on mobile phone that referred to the good
data security for user.
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Carrier ¥ 4:58 PM Carrier ¥

4:58 PM

Y Stroke.. seses 4G 5:12 PM

* LINE Notify

= Thai medical ) 7
emergency call1669

sl @ 5
[ Call 1669 j
Q-+ ==

( Text => Stroke Team )

System has been sent
your location
and
personal information
to stroke team.

=L

If you need help,
please call

Google Maps

sendERmessage: emergency
case, 1D:1234567891234
Darth Vader, Age:70, Phone:
0699999999

, Address: Prince of Songkla
University

Khuntalay Muang

Suratthani

GoogleMap: https://

1669 www.google.com/maps/place//
(@9.0972576,99.3600397.152
Google Maps
Cancel ] ’
\[ _ ) < Back to home )
2 0
(a) (b) (c)

Fig. 11: User Interface for emergency module

Discussion

Mobile health is widely use in public health ser-
vices. Especially stroke applications, most of their
services followed FAST approach; dropped face,
weak arms, speech difficulties and less time to
hospital (4,5,6,10). Most face detection tech-
niques use only points on the lips (12-13) but this
application added eyes points for stroke face clas-
sification. The top accuracy classifier was SVM
model (13) which was used also. Moreover, rapid
emergency call and stroke patient’s location can
reduce time to hospital (10) and communication
between stroke team and follow teams via text
message can collaborate each other (11) therefore
this application provided emergency call and sent
user’s GPS location and emergency notification
via social network to the hospital’s stroke team.
In addition, prehospital stroke screening was
used in many applications but the application in-
troduced Thai CV risk score (14-15). In Thailand,
there are stroke electronic health records (8) and
emergency call application (10) therefore this ap-
plication can fill up the personal stroke screening
that suitable for Thai people and communication
with hospital stroke team.

Conclusion

This study attempted to support the medical
treatment of stroke in Thailand after preliminary

Available at:  http://ijph.tums.ac.ir

symptoms, followed by Stroke FAST tracking.
The system includes screening, face detection,
health care information for stroke patients, and
emergency contacts. Emergency Call 1669 or lo-
cation and personal information will be passed
on to hospital when the case appears severe. The
application makes it easy for the users, and helps
the patient detect stroke in an automatic way.
The hospital may be able to provide acute stroke
care for the high-risk stroke group. The hospital
provided the knowledge and awareness of stroke
and NCDs, as well as ways to prevent risks.
Future studies should improve the evaluation of
risk of stroke to update health status records au-
tomatically. This will be beneficial for nurses and
doctors in the future.
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