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Autonomous Transportation in Emergency
Healthcare Services: Framework, Challenges
and Future Work

Muhammad Khalid, Muhammad Awais, Nishant Singh, Suleman Khan, Mohsin Raza, Qasim Badar
Malik, Muhammad Imran

Abstract—In pandemics like Covid-19, the use of autonomy and
machine learning technologies are of high importance. Internet of
things (l1oT) enabled autonomous transportation system (ATS)
envisions a fundamental change in the traditional transportation
system. It aims to provide intelligent and automated transport of
passengers, goods, and services with minimal human interference.
While ATS targets broad spectrum of transportation (Cars, trains,
planes etc.), the focus of this paper will be limited to the use of
vehicles and road infrastructure to support healthcare and related
services. In this paper, we offer an 10T based ATS framework for
emergency healthcare services using Autonomous Vehicles (AVs)
and deep reinforcement learning (DRL). The DRL enables the
framework to identify emergency situation smartly and helps AVs
to take faster decision in providing emergency health aid and
transportation services to patients. Using ATS and DRL for
healthcare mobility services will also contribute towards
minimizing energy consumption and environmental pollution.
This paper also discusses current challenges and future works in
using ATS for healthcare services.

Index Terms—~Fuel efficiency, internet of things (loT),
autonomous transportation systems, autonomous vehicle,
pollution, artificial intelligence, healthcare, deep neural network,
deep reinforcement learning

I. INTRODUCTION

HE large number of vehicles and road users has resulted in

severe transportation delays, lower fuel efficiency, safety

risks and accidents in traditional transportation system. The
current transportation system is highly vulnerable to high traffic
density and cannot effectively manage the traffic load,
especially in peak times. Limited road infrastructure and rapid
increase in vehicles is also affecting the response time of
emergency services such as ambulances, fire brigades and
police. In addition, the increased traffic density is resulting in
poor fuel efficiency and increased pollution. Therefore, it is
necessary to use the road infrastructure more effectively to cope
with the rising needs in overwhelmed transportation system [1].
The 10T based ATS aims to provide flexible, highly efficient,
safer, and smarter means of transportation. It also tries to
minimize the time commitment most of the employees’
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experience while commuting to their work locations, thus
enabling them to be more productive in the time otherwise
wasted in driving [2]. The ATS is not only limited to driverless
cars, rather its scope goes far beyond. Besides the driverless
vehicles with virtually no need of human driving, ATS also
aims low accident rates, efficient use of road infrastructure,
vehicle prioritization, signal free junctions, effective wait free
junction crossings, better traffic diversion, intelligent road use
management, traffic optimization, fuel efficiency, low pollution
and traffic diversion.

The 10T enabled ATS brings a new age of transportation and
thus offers viable applications in all field of life. ATS can help
in diverse fields such as transportation of passengers,
transportation of goods, garbage collection, grocery delivery,
emergency services and rescue response. In healthcare sector,
ATS can bring new era of rapid response and emergency
services to vulnerable patients. More coordinated and
prioritized ambulance services can be offered to vulnerable
patients. It can also initiate traffic diversion to enable prioritized
and signal free road access to facilitate critical patient, thus
minimizing the response time significantly [3]. It also offers
potential for notable improvement in fuel efficiency and
pollution reduction. While the ATS offers some viable benefits
in the conventional healthcare system, the outbreak of
coronavirus (Covid-19) has significantly changed how the
healthcare services operate. In this new rapidly changing world,
the need of ATS can more strongly be felt especially
considering the healthcare concerns [4].

In the ongoing health crisis of coronavirus (Covid-19), the
healthcare infrastructure was significantly affected. The rapid
rise in Covid-19 cases resulted in additional burden on the
healthcare staff, medical practitioners, and qualified medical
experts across the globe. Since Covid-19 proved to be highly
contagious, its widespread could not be limited even by
imposing strict social distancing rules, guidelines, and
lockdown. This resulted in large number of reported cases every
day, thus compromising the ability of the ambulances and their
staff/drivers to cope with the overwhelming demands from both
Covid-19 and other emergency patients. It also put the
ambulance staff and drivers at risk of conceiving Covid-19 [5].
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In addition to this, another fundamental change in the way
healthcare was operating was witnessed in dealing with patients
in need of regular medication. Earlier, these patients collected
medicines from the general practices (GPs) on regular basis.
However, considering increased chances of conceiving
coronavirus, these patients are currently home medicated, and
their medicines are delivered to their homes [6]. This not only
puts additional responsibility on delivery drivers but also makes
them more vulnerable to catching the disease.

In such prevailing circumstances ATS can play a significant
role by minimizing the exposure of the drivers and managing
the overwhelming load witnessed by the emergency ambulance
services and transportation services. To facilitate the ambulance
services, ATS can offer prioritized access and make effective
use of the available resources [7]. In addition, the overall
response time for the emergency patients can be reduced by
efficient route formation, traffic control measures and
prioritized access. ATS can also be used to transport non-
critical Covid-19 patients using taxi services without putting the
drivers at risk. Another important application aspect of ATS
could be the food and grocery delivery where it can eliminate
the delivery driver and consumer exposure. The ATS can also
offer more effective route formation to get more deliveries done
in lesser time ensuring reduced fuel consumption and pollution

(8].
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effective delivery of medicine to home medicated without
exposing patients or drivers to Covid-19. With intelligent route
formation medicine can be delivered to higher number of
patients thus, maintaining the deadline. Similarly, grocery and
food delivery services can be better managed without
endangering anyone and managing the immense demands and
maintaining desired customer schedule. The functional blocks
and applications of ATS in healthcare is presented in Figure 1.
ATS offers countless benefits, especially in times plagued with
pandemics, however, the realization of ATS still faces many
challenges. While there are several preliminary and stand-alone
solutions for automating transportation, yet consolidated and
functional transportation paradigm is missing to fulfil the
envisioned scope of ATS. The upcoming sections highlight the
potential of ATS, main challenges, and its prospects.

Il. IMPACT OF AUTONOMOUS TRANSPORTATION IN
HEALTHCARE SERVICES

Barriers in transportation have often been categorized as
barriers to healthcare access. Delayed transportation can easily
lead to appoints being missed, healthcare being delayed, and
above all, in a state of emergency, putting lives at risk. These
can easily lead to poor healthcare management. The impact of
transportation on healthcare has been reported to be as high as
67% in a sampled population. Patients with chronic diseases
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Fig. 1. ATS in Attributes and Healthcare uses

Use of ATS amid pandemics such as Covid-19 can offer
improved emergency and healthcare services by limiting
exposure, improving response time, offering better
management of patient pick-up and drop off and facilitating
more patients with same number of ambulances. It also allows

need visits from clinicians and healthcare workers, access to
medications and there may be changes to the plan of their
treatment that need to be addressed within a specified time. It is
extremely important to understand the relationship between
transportation barriers and health to understand its impact on
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life-saving decisions [9]. There is a wide gap between the
transportation facilities expected from ATS and the available
services. This has proved to have a large impact on the outreach
of medical facilities that is directly or indirectly linked to the
demographics of the patients.

A. Geographical and Demographic Impact

The geographical locations affect the modes of transportation
being used and is very different for rural and urban locations.
The options of transit, its cost and availability and the distance
to the nearest healthcare facility are all critical factors in
providing an effective means of transportation for a fast and
reliable health assistance. The rural patients face a greater
transportation difficulty, and this hinders their early access to
the healthcare facilities when compared to their urban
counterparts. The burden of travel is higher in the rural areas in
comparison to urban facilities. There are longer driving
distances for to reach the nearest hospital or the healthcare
facility for the people living in the remote areas [10]. Traffic
jams on their way is a prime hindrance in providing an optimal
reach time. Traffic jams also cause high pollution which
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B. Travelling Forward with Autonomous Transportation
System

The evolution of the connected vehicles technology and the
ATS will have a great impact on the emergency and the
healthcare facilities. This has the potential to change the way of
working of the medical response teams and organizations.
Using loT [14] and the networking of data through the cloud-
based technology that share millions of data entities and
elements will coordinate the movement of vehicles. The speed
and accuracy of the resource selection is the key component of
any emergency healthcare operation [11]. The ATS will provide
a real-time platform for the integration of the audio and visual
inputs from the resource sensors. The use of collected audio and
video is a great resource for quality improvement, primarily
utilized as a benefit for safety [12]. The cameras in ambulances
capture the roadway in front and back of the vehicle. The data
via these cameras are transferred and collected through wireless
roadside units. Having a connected system throughout the
roadway will facilitate a faster data and reliable data transfer
time helping in a real-time video transfer. Remote guidance and
operation control can be effectively carried out with the use of
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Fig. 2. ATS in Healthcare Services

eventually lead to more health issues. This is where the ATS
can provide a very good solution by means of connected
vehicles. This will allow a better traffic management. With
connected vehicles the emergency situations can be relayed
easily through the traffic and the emergency vehicle can be
prioritized more effectively. In addition, with well-coordinated
traffic flow, the fuel efficiency can be improved while reducing
the overall pollution.

this connected technology. The limitation of the existing
systems with the emergency vehicles in the presence of multiple
emitters and traffic control units and there is a void created by
the lack of all sharing a common activation protocol. Sensors,
transmitters, and relays are essential components of the modern
emergency healthcare vehicles that help in managing the
climate control, geo-tracking, engine control wireless
transmission of data etc.

One of the key components of healthcare vehicles is to provide
cardiac care. “Time is muscle” and can be prevented with rapid
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recognition of such a cardiac blockage. With the advancement
of 10T the paramedics and health care workers on site are able
to send a 12-lead ECG signal from the site of emergency to the
cardiac care centre in real-time, preparing the medical response
team in the hospital even while the patient is being transported.
There are more situations that can be handled well and be
lifesaving by combining the pieces of information from
different devices and sensors. This can be done very well
bringing 10T, ATS and connected vehicle technologies
together. ATS has provisions that has focus on quality and
efficiency. A combination of short-range communication
system and 10T will in the very near future make use of vehicle-
to-vehicle and vehicle-to-infrastructure technologies for a
better intelligent medical and patient transportation solution, as
depicted in Figure 2. This will enable the medical response to
be efficient, timely, fuel saving and will save more lives with a
much less economic loss and contribution to pollution [13].

I1l. 10T ENABLED AUTONOMOUS TRANSPORTATION
FRAMEWORK FOR HEALTHCARE SERVICES

This section proposes a DRL based ATS for emergency
healthcare services through an loT framework. The proposed
framework is capable of providing quick health services to
patient using ATS. The ATS is fully dependent on DRL and lIoT
infrastructure. The DRL consists of agent, environment,
actions, states and rewards. The agent, which is an ambulance

Page 4 of 7

using DRL will enable healthcare services to be easily available
to vulnerable people.

In the presented scenario in Fig. 3, two main aspects are
defined, communication and decision making. In Fig. 3, each of
emergency AVSs act as an agent in the city. Certain parameters
will be defined by health professional to declare a situation as
health emergency. Once a patient is identified as emergency, a
help request will be sent to nearest communication point. The
communication point will inform all the nearest ambulances
and hospitals of potential emergency event. The decision-
making part for an emergency vehicle depends of its previous
experience and real time data from the environment. With
extensive training, an agent will perform much better and take
intelligent decisions. After confirming a potential emergency
situation, a Global Aggregator (GA) will be responsible to
assign task to emergency AVs. The GA will consider the overall
city traffic and congestion rate in that specific area. The GA will
also utilize the road infrastructure and predict near future
situations. The aim is to minimize total trip time, fuel
consumption and pollution while saving critical patients. Once
a task is assigned, emergency AVs will move towards patient
location. Using real time data and learning experience will help
emergency AVs to take faster decision and achieve higher
reward. The proposed ATS framework for emergency
healthcare services will significantly improve response time
and minimize energy consumption and environmental

Global Aggregator

-

Hospital

+ 0

Communication Link

Emergency

point

Fig. 3. 10T enabled ATS Framework for Emergency Healthcare Services empowered by DRL

in this scenario takes certain action in the environment (a city
in scenario). Against every action, agent moves from one state
to another state and receives certain reward. The goal of the
agent in DRL is to maximize accumulative reward.

The goal of designing this framework is to enhance decision
making parameters in emergency transportation. Due to the fact
that transportation is emerging and moving towards autonomy,
it is important to utilize these services in healthcare. ATS will
help healthcare industry to be more prepared than ever before
for health emergencies and pandemics like Covid-19. The ATS

pollution. By automating mobility services in healthcare can
significantly increase delivery of services and minimize overall
burden on healthcare organizations.

IV. CHALLENGES IN ATS FOR HEALTHCARE

This section presents novel challenges faced by the ATS
industry in the Covid-19 pandemic, which are defined below
and presented in Figure 4. The importance of challenges with
its significance is described in subsections which will open
ways for the researchers to work on. However, the discussion is
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based on literature review and personal recommendation to
highlight some areas which are of utmost importance to work
on to overcome the problems faced in the pandemic.

A. Medical Supplies

The closure of the transportation industry has effect health
supplies a lot which is crucial in this Covid-19 pandemic.
Hospitals and surgeries are facing short of medical supplies due
to items not reaching on time. Does the question arise that how
ATS can help out in this problem? The role of ATS is vital as
there is no direct involvement of humans. Many vendors can
run AT vehicles to supply medical goods to different locations
while transmitting low risk of virus. The vendors need to think
about a quick solution to help out the healthcare industry to
support the world in the fight against Covid-19.

B. Drive-through

During the COVID-19 pandemic, many countries in different
cities have built drive through places for the public to provide
sample tests for further investigation of the Covid-19. The
people need to come and provide samples to the medical staff
which needs to further send it to the laboratories for
investigation. The AVs could be used to take these samples and
send them to the laboratories with minimum human
involvement. This could reduce the virus spread and will
expertise the process quickly in diagnosing Covid-19 patients.

Fiaure 4: Kev challenaes faced bv ATS in Healthcare services

C. Smart Cameras

The role of AVs could be from a different perspective in the
Covid-19 as its main advantage is human-less drive. The smart
cameras could be installed in the AVs which will capture the
surroundings during the drive-in Covid-19. The AVs can
capture human images which can be sent to the cloud storage
where they can further process based on the impression,
gestures, and other condition to identify possible Covid-19
patients. The vehicle could send the images, location, time, to

the servers which on processing the data could inform the users
to perform the medical test for confirming the results.

D. High Speed Communication

Sending information that is collected to the servers/peers is a
vital stage for AVs. The information should reach on time,
accurate, and unmodified to the destination. This could be done
by demanding dedicated lines that should accommodate
minimum interference. The entire world has started interacting
online where they are using Internet connections. The usage of
Internet connection has reduced the bandwidth available for
AVs which might reduce its performance. The 5G would be a
great booster for AVs however, there is still time available for
it to be fully implemented and operable throughout the world.

E. Security Measures

The smooth operation of the AV is important to support the
Covid-19 pandemic. One important factor is the security of AV
itself. Any security breach could result in disasters that might
damage the entire system. How AVs could protect from cyber-
attacks as it needs to be connected with numerous vehicles,
stations, servers, and other identities. There should be a security
layer that enables AVs to protect them from any malicious
contacts. Data send to different servers need to be protected
from malicious exploitation and its integrity should be ensured.

F. Scalability

Scalability is quite a common issue with AV right from the
beginning. Any vendor creates a vehicle that will work based
on its feed data and environment. For instance, a vehicle build
in china by a Chinese company will understand the local
environment and measures which were embedded into the
vehicles. Moreover, many AVs work on geo-specific rules
which makes it difficult to expand to new cities, adopt new rules
and behaviors. This could be the case in the Covid-19 pandemic
as many AVs are built without consideration of the current
situation. This could be a challenge for the AV industry that
how they need to utilize existing built vehicles to provide
support in this pandemic.

G. Legal Measures

Many countries have not had legal permits for users to run AVs
on the roads. Some countries have proper legislation for AVs
and have provided access to users. In this Covid-19 pandemic,
almost every country is facing coronavirus, any supportive
solution provided by AVs would be a challenge for the
countries which don't have any rules or policy for AVs to be
operating on the roads. For instance, what would be its speed,
who will be responsible for an incident, what information
would be collect and process, and much more? The legal aspect
might be a great issue in some countries where (General Data
Protection Regulation) GPDR has been fully implemented.
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V. FUTURE OF ATS IN HEALTHCARE

The essence of AVs has become more evident amid Covid-19
since the contagious nature of such pandemics force individuals
to minimize or avoid human to human contact for possible
transmission. Despite, current legal and technical issues in
transforming AVs into mobility services, AVs have got
unpredicted uptick due to the potentials application these can
provides in future pandemics. The future of AVs is highlighted
in Figure 5, while further details are described in the following
sub-sections.

*
9

®._ =
/7 \
B - =

Figure 4: Future of ATS in Healthcare

A. Pick and drop to and from Healthcare Services

The very basic aim of a transportation service is to provide pick
and drop facility to individuals from one location to another.
Such services will be the heart of future AVs; however, the
major difference is that these AVs would offer contactless
means of transportation allowing key workers, healthcare staff
and patients towards their destination safely and securely
without contributing toward the spread of pandemic. Since,
human driver can become a potential source of contagion, AVs
would significantly reduce such resources through contactless
mobility service. Moreover, this will also reduce the chances of
front-line workers getting infected with pandemic. This is a
critical issue amid pandemic where thousands of healthcare
workers are contaminated, significantly reducing the lifesaving
workforce. These on-demand mobility services i.e. AVs
(working only when required) will meet the high standards of
efficiency along with career safety since these would not
require special preparation requirements (e.g. driver’s
availability) with minimal on-board contagion risk due to
driverless facility.

B. Self-Isolation Equipped AVs

The future AVs equipped with self-isolation measures through
multiple isolated compartments will provide perfect isolation
mean to individual passenger or a small group of passengers
with similar health conditions. This will potentially reduce the
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chances of contaminating healthy groups from ill passengers.
Moreover, such AVs equipped with cleaning and disinfecting
equipment can maintain high standards of hygiene aboard
which are keys precautionary measures to tackle such
contagious and airborne infections alike Covid-19.

C. Diagnosing patients aboard AVs

The future AVs can potentially provide diagnostic of pandemic
prior to reaching hospital. For instance, a person calling
healthcare potential requiring urgent medical treatment with
health symptoms of potentially infection of Covid-19.
However, the healthcare staff is unaware of any of these
symptoms. The diagnostic enabled AV when arrives to pick this
person, will monitor patient’s body temperature and coughing
contactless and transmit the healthcare indicators in real-time to
hospital care practice. The healthcare practice will then make
informed decisions about the possible treatments the arriving
patient require, without contaminating the healthcare workers
in case the patient in already suffering from Covid-19.

D. AVs to disinfect cities

The future AVs can provide high hygiene standards across
smart cities by effectively disinfecting the public areas, roads,
parks, hospitals, residential amenities etc. Such AVs are
already in practice in some areas to disinfect roads. However,
these AVs require further developments in order to translate
these to smart cities covering wide area.

E. AVs to enforce social distancing

Enforcing social distancing is vital in containing the pandemic
and AVs in this regard can significantly assist the local
authorities. Implementing social distancing on a nationwide
scale is very critical yet difficult to implement due the limited
staff and resources. The visual and voice enabled AVs can
detect the mass gathering or even small gathering not practicing
the social distancing. The visual and audio sensing can be
interpreted automatically with the advent of Al and big-data
[15] developing real-time decision support system updating the
law enforcing agencies and policing authorities to identify
individual violating social-distancing. Such AVs can be
deployed in public places such as parks, outside hospitals,
restaurants, roads, and around residential amenities. These
DRL-powered AVs directly reduces the population through
enhanced fuel efficiency.

F. AVs for contactless delivery

Regardless of the severity of the pandemic, freight trucking is
essential to keep the life moving. Embarking AV enabled
trucking for delivering essentials is the future which can
effectively help almost every industry. The delivery enabled
AVs will be less contagious and effective since there would no
human to human contagion and resource dependencies while
moving the goods. The potential applications are 1) Movement
of essential lifesaving medical supplies and personal protective
equipment (PPE) from production sites to consumer locations
such as hospitals, healthcare practices and pharmacies, 2)
Transportation of food supplies from agriculture and production
industries to supermarkets, 3) Delivering cleaning and hygiene
supplies to distributors. Despite these pandemic related
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deliveries, AVs will assist other manufacturing and supply
chain industries at large by provide safe and secure mode of
mobility service.

All the above-mentioned prospects of AVs will not only
provide a reliable and on-demand secure means of
transportation but also significantly enhance the cost
effectiveness. The cost efficiency will occur in terms of
requiring less staff, enhanced fuel efficiency due to reduction in
unwanted travels and also significantly saving on PPE and
medical supplies since driver/staff less AVs will only go to pick
patients, thus not requiring any PPE aboard. The AV based on-
demand mobility service will also significantly mitigate the
environmental population currently occurring due to excessive
and unwanted use of non-AV based transportation.

VI. CONCLUSION

The integration of DRL and ATS in emergency healthcare
through 10T infrastructure will deliver effective and promising
solutions in addition to improved fuel efficiency and reduced
pollution. The DRL can enhance decision making and
computational intelligence in ATS for healthcare. In this paper,
we proposed an abstract level model for ATS in healthcare
services. The use of autonomy helps to control the emergency
situations in pandemics when less healthcare professionals are
available to work. The DRL enhances the system by providing
quick responses in transportation services. The DRL optimizes
fuel efficiency and minimizes overall travel time and cost to
emergency points and hospitals. The overall ATS framework
aims to not only improve the efficiency of transportation related
issues in health crisis (such as Covid-19) but also targets daily
life limitations of conventional transportation systems, thus
making transportation more efficient whether it is journey time,
fuel consumption, air pollution, or vulnerability reduction. In
future, we aim to extend this framework to a fully integrated
and enhanced ATS solution for healthcare services in
pandemics like Covid-19.
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