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Health Monitoring System for Elderly
Drivers Using IoT Platform

Se Jin Park, Seunghee Hong, Damee Kim, Young Seo, and Iqram Hussain

Abstract— loT (Internet of things) is considered most innovative technology in smart healthcare monitoring
system which is able to demonstrate real-time physiological parameters in computer and mobile platform.
Driving has been an integrated part of our lifestyle and sometimes stress and health abnormality arises during
driving, specialy for elderly drivers. Among all kinds of health problems, stroke is most deadly diseases and
real-time health monitoring is desired to detect stroke onset during regular activities. The aim of our study is
to develop a health monitoring system for elderly drivers using air cushion seat and loT devices in order to
detect health abnormality such as stroke onset during driving. We have also made a prototype of health
monitoring system using Quad-chamber air cushion system and loT devices. This system can display ECG,
EEG, heart rate, seat pressure balance data, face/eye tracking etc. using loT sensors, generate alert and send
message to relatives and emergency services if any health abnormality happens during driving to provide

emergency assistance.
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1 INTRODUCTION

The Internet of Things (IoT) performs a significant
role in the development of smart vehicles, which of-
fers smart transportation, cloud connectivity, vehi-
cle-to-vehicle interaction, smartphone integration,
safety, security, and e-healthcare services. Recent
development trends show that auto industries are
already paying attention to develop IoT cars that
could integrate driver’s health status and driving
safety. Both auto industry and key global original

equipment manufacturers are integrating
healthcare services into their next-generation prod-
ucts [1].

Health has become a major point of interest now-
adays. People pass significant amount of time of
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daily life on driving seat. Some health complexity
happens during driving like heart problem, stroke
etc. Driver’s health abnormality may also effect
safety of other vehicles. So, automotive manufactur-
ers and users are interested to include real-time
health monitoring in car system. World population
is aging rapidly and aged population is getting much
more concern nowadays. Aging originates from in-
creasing longevity and results in deteriorating fer-
tility [2].Population aging is taking place in nearly
all the countries of the world. As age increases,
older drivers become more conservative on the
road. Age-related decline in cognitive function ham-
pers safety and quality of life for an elder. As the
aged population in the developed world is increas-
ing, so the number of older drivers is becoming
higher [2]. Research on age-related driving has
shown that an increased risk of being involved in a
vehicle crash is more at around the driver’s age of
65. Certain behavioral factors, in particular, may
contribute to these statistics: drifts within the traf-
fic lane, confusion in making left-hand turns, and
decreased ability to adjust behavior in response to
an unexpected or fast-changing situation [3].

Stroke is the second top reason of death above
the age of 60 years, and its proportion is rising [4].
Many health abnormality happens after stroke. Pos-
tural disorders is observed as one of the most com-
mon disabilities after stroke [5].
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Some developments in the wearables and em-
bedded sensors to measure physiological and bio-
signals during driving have been already done [6].
Faurecia developed an automotive seat which de-
tects traveler’s heart rate and breathing rhythm
through unique types of embedded sensors [7]. A
car seat with a capacitive sensor developed The
Nottingham Trent University is capable to detect
traveler’s heart rhythm [8]. IPPOCRTE designed a
steering wheel could measure vital physiological
parameters including ECG, eye gaze, body tempera-
ture, and pulse rate [9].

This paper focused on briefly explaining the de-
sign and framework of the elderly drivers’ health
monitoring services in connected car using [oT de-
vices. The purpose of this study is to develop a real-
time health monitoring system for elderly drivers’
in order to detect health abnormality such as stroke
using quad-chamber air cushion and IoT devices
successfully and generate messages & alerts to re-
sponsible ones such as family members, emergency
services or hospitals about drivers’ stroke onset
while driving and transfer victim to hospital or
clinic.

2 MODEL AND METHODOLOGY

2.1 loT Car Seat Model

A model of air cushion is designed for monitoring
health status of driver. The dimension of the rectan-
gular cushion is about 23.5 cm x 18 cm and each
chamber size is about 11.5 cm x 8.5 cm. Air cham-
bers are pumped by a small air compressor to main-
tain inflation in order to detect symmetric body
pressure. Air cushion is made of polyvinyl chloride,
very common kind of synthetic plastic polymer.

For measuring pressure in each cell, each air
chamber is equipped with air pressure sensor. Each
cell has one airinlet, one air drain line. This air cush-
ion is inserted to inside of air seat and covered with
seat cover. For better comfortability, air cushion top
surface is placed in same level of car seat flat surface
(Fig. 1). To add an air cushion in the seat cushion,
small modifications have been done to make room
for the air cushion. In order to get effective pressure
response, air cushion has been placed in middle po-
sition of car seat. Air hoses are attached to cham-
bers for connection with air compressor.

In back part of the seat, ECG sensor is attached
and remains in contact with wearable clothes.
Wearable clothes are made of woven conductive
fabric. In front of seat, proximity heartbeat sensor is
placed in order to measure driver’s heart rate. Face
tracking and eye tracking camera will monitor face
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Fig. 1. Model of loT sensors and Quad-chamber air cushion
installed in driving seat.

pattern and eye movement from the front side of
driver.

2.2 Design of health monitoring system

IoT sensors such as ECG/EEG sensor will monitor
heart spectrum, pressure sensors will monitor body
pressure balance, and heart rate will be measured
using proximity sensors. Air cushion cell pressure
can detect drivers’ postural balance in order to de-
tect brain stroke onset of elderly drivers. Arduino
Mega ADK s used as an interfacing platform with air
cushion pressure sensors and Arduino platform is
capable to feed data to Car control system and cloud
server also.

BIOPAC ECG sensor will monitor heart spectrum.
For measuring heartrate, TI Launchpad based prox-
imity radar sensor has been used. As victim lose
conscience after stroke onset, postural position of
drivers becomes unstable [10]. Front & rear, right &
left side inclination of postural position can be hap-
pen during stroke onset. Body unbalance can be
happen for other reasons such as doing additional
activities during driving. So, only one sensory sys-
tem is not sufficient to detect stroke during driving
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Fig. 2. Data analysis methodology of health monitoring sys-
tem using Air cushion seat and loT bio-signal devices.
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for elderly people. ECG, Heart rate and air cushion
pressure data together can detect any abnormali-
ties during driving. Data analysis method for
driver’s health monitoring system using Air cushion
seat and [oT bio-signal devices is shown in Fig. 2.

3 ARCHITECTURE AND FRAMEWORK OF
DRIVERS HEALTH MONITORING SYSTEM

Real-time heath monitoring is most influential for
detecting stroke onset. Air cushion chambers can ef-
fectively measure symmetric body pressure that is
important for detecting body pressure balance of el-
derly driver. ECG and EMG data also vital physiolog-
ical parameter to understand health status during
driving. Heart rate data will be also monitored.
Firstly, IoT sensors will measure physiological sig-
nals and feed these data to cloud platform. In cloud,
drivers’ health record, normal physiological data
have to be stored first as reference data. Real-time
ECG/EMG/heart rate will be compared with refer-
ence normal data in order to find out health abnor-
mality during driving.
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Fig. 3. Framework of drivers’ health monitoring system us-
ing Air cushion seatand loT devices.

Framework of newly designed Air cushion based
drivers’ brain stroke detection system is presented
in Fig. 3. Real-time data also train-up big data and
capture ECG/EMG/heart rate/face pattern that
boost up Self-learning engine. For real-time IoT sen-
sor data, MapR Streams is used for scalable data col-
lection, Spark streaming is used for data processing.
Processed data is stored using MapR-DB(HBase).

Complete system will feed drivers’ physiological
data to cloud engine for comparison of real-time
data and already stored reference data in order to
detect stroke onset of elderly drivers. System will
also generate an alert and deliver messages to
emergency services, family of the victim, people
around the victim, and hospitals in order to ensure
the immediate medical assistance. Each sensor pre-
diction result contributes in large set of IoT sensor
network. The more sensor in health monitoring sys-
tem, the more reliability of monitoring system.

Fig. 4. Developed loT sensor based newly developed seat
installed in a car simulator.

Health monitoring system has been prototyped and
installed in car seat (Fig. 4).

4 CONCLUSIONS

This paper provides information about framework
and prototype of Real-time health monitoring such
as stroke detection system using Quad-chamber air
cushion and IoT devices for elderly drivers. To eval-
uate the sensitivity of developed elderly drivers’
stroke detection system, experimental tests were
performed. From body pressure balance using air
cushion, we can conclude that the developed car
seat is expected to identify stroke in tilted unbal-
anced postural position. In addition, ECG/EEG,
heart rate sensor embedded in car seat can monitor
and detect abnormality when brain stroke onset
happens. In Overall, body pressure balance using air
cushion, ECG, heart rate data can detect abnormal
health status of elderly drivers’ during driving. In
future study would consider a range of bio-sensors
and techniques such as image processing of facial
condition using face tracking and eye tracking, ther-
mal imaging of elderly drivers’ body in order to de-
tect stroke onset during driving.

ACKNOWLEDGMENT

This work was supported by the National Research
Council of Science & Technology (NST) grant by the
Korea government (MSIP) (No. CRC-15-05-ETRI).

REFERENCES

[1] Park, SJ., Subramaniyam, M., Hong, S., Kim, D., Yu, J.:
Conceptual design of the elderly healthcare services
in-vehicle using IoT. SAE Technical paper (No.
2017-01-1647) (2017)

[2] Park, S.J., Subramaniyam, M., Kim, S.E., Hong, S.H.,
Lee, J.H,, Jo, C.M.: Older driver’s physiological re-
sponse under risky driving conditions-overtaking,



24

unprotected left turn. In: Duffy, V. (ed.) Advances in
Applied Digital Human Modeling and Simulation.
AISC, vol. 481, pp. 107-114. Springer International
Publishing, Heidelberg (2017). doi:10.1007/978-3-
319-41627-4_11

Andrews, E.C., Westerman, S.J.: Age differences in
simulated driving performance: compensatory pro-
cesses. Accid. Anal. Prev. 45, 660-668 (2012)

Park, S.J., Min, S.N., Lee, H., Subramaniyam, M.: A
driving simulator study: elderly and younger
driver’s physiological, visual and driving behavior
on intersection. In: IEA2015, Melbourne, Australia
(2015)

D. P’erennou, “Postural disorders and spatial ne-
glect in stroke patients: A strong association”, Re-
storative Neurology and Neuroscience 24 (2006),
pp.319-334.

Park, S., Hong, S., Kim, D. et al,, "Development of a
Real-time Stroke detection system for elderly driv-
ers using Quad-chamber air cushion and IoT de-
vices." SAE Technical Paper 2018-01-0046, 2018
(In press).
http://www.faurecia.com/en/innovation/dis-
cover-our-innovations/ active-wellness
NTU,https://www4.ntu.ac.uk/apps/news/160600-
15/Car_seats_which_detect_when_drivers_are_fall-
ing_asleep.aspx

Parti, D.: [ppocrate: a new steering wheel monitor-
ing system (2015). https://www.politesi.polimi.it/
F. Horak and ]. MacPherson, Postural orientation
and equilibrium, in: Handbook of physiology, L.B.
Rowell and ].T. Sheperd, eds, Oxford University
Press: New York, 1996, pp. 255-292.

Dr. Se Jin Park (corresponding author) is a Principal researcher at
Korea Research Institute of Standards and Science (KRISS) and
Electronics Telecommunication Research Institute (ETRI) and a
professor of Medical Physics at University of Science & Technology
(UST), Daejeon, South Korea. E-mail: sjpark@kriss.re.kr.

PLATFORM TECHNOLOGY LETTERS



