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Abstract

Telemedicine technology provides patients with an effective healthcare system that complements other healthcare systems that already
exist. Two different ways of implementing telemedicine systems are, (i) In a stationary environment, from a clinic in a village to a distant
hospital. (ii) In a mobile environment where we connect from a moving ambulance to a remote hospital. This paper considers the latter
scenario. In such a situation, the transmission of biosignals and sometimes multimedia data is required for critical patient diagnosis. We
have designed a simulation scenario where Blood pressure (BP) signals are being transmitted along with streaming audio. However, we
have used different radio access technologies for the purpose. BP is sent over WiFi and audio over LTE. This is done since WiFi connec-
tivity is intermittent in a highway road network and as BP is transmitted infrequently, this serves the purpose. The LTE channel is kept
free to transmit streaming audio signals. We have considered Vehicular Ad-Hoc Network (VANET) without considering any roadside
infrastructure. In VANET the communication from source to destination is established using vehicle to vehicle communication. While
transferring the patient from the emergency location, the ambulance makes use of the vehicular network for transmission of the relevant

data. A novel attempt has been made to leverage the presence of multiple wireless technologies such as WiFi and LTE.
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1. Introduction

In the pharmaceutical industry, telemedicine is broadly used as an
effective social medical service system. Telemedicine refers to the
wireless transmission of medical information such as biological
signals (BP, ECG, and SPO2), medical images (MRI, X-ray),
audio and videos to a distant location for diagnosis as Patient’s
pre-hospital care is much required during transportation from
emergency site to the medical organization in critical cases. Tele-
medicine provides advanced healthcare systems through electronic
communications to improve patient care [1]. In emergency scenar-
ios like disasters critical patient information is needed to be send
when the patient is carried to the hospital in an ambulance. The
hospital doctor gives required instructions based on the infor-
mation sent. These instruction is redirected to the ambulance with
the patient to provide treatment in critical conditions. This system
can be used as a means to treat the patients when it’s critical be-
fore the ambulance reaches destination hospital. All hybrid radio
technologies will be available in next-generation communications
environments. This multi-radio access technology (RAT) is the
basic physical connection method for radio-based communications
in telemedicine networks. Nowadays mobile phones support mul-
tiple RATs such as Bluetooth, WiFi, and 3G, 4G and Long Term
Evolution (LTE) [2].

IEEE 802.11n is the improved WiFi standard proposal for the
IEEE 802.11-2007, which substantially enhances organizational
throughput. The new 802.11n standard has impressive perfor-
mance. The main innovation of this 802.11n standard is MIMO
(Multiple-Input-Multiple-Output), multiple antenna support, wider

channel bandwidth. The most important advantages are greatly
improved efficiency, frame aggregation, and security. It is suitable
for use in the 2.4 GHz and 5 GHz bands.

LTE is an emerging wireless technology for higher data rates.
LTE is a standard for rapid remote interchanges of cellular con-
nectivity and information terminals for UMTS/HSPA and
GSM/EDGE innovation. The main concept of cellular technology
is multi-access, which means it transmits multiple data or voice
connections on a single radio channel. The availability of band-
width depends on the network traffic. LTE provides a variety of
MIMO modes to achieve high data rates and better spectral effi-
ciency for UEs in the uplink and downlink [3].

Patient care and prehospital care is very important during the pa-
tient's transportation from the emergency site to the medical or-
ganization in critical cases. In that case, the ambulance paramedic
assistant need to transmit the patient’s various vital biological
signals. Fig.1 represents an ambulance moving from the country-
side to a hospital in the city. There are a pair of nodes here, one is
a mobile node i.e. the vehicles moving on the road and the other is
fixed node, which can be primary healthcare center or hospitals.
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Fig. 1: General Architecture of Telemedicine Systems.

2. Related works

In recent years, the health field has been rapidly integrating tech-
nology into remote monitoring, diagnosis, and patient treatment.
The literature survey described below shows a variety of wireless
network standards that help patients perform prehospital care.
Khalifehsoltani et al. [4] mentioned that due to the development of
network technology, the Quality of Service (QoS), and human
lifestyle has changed. In other words, e-health is a newly discov-
ered and well-organized way to provide society with medical and
health services to improve the relationships among experts, pa-
tients, and users of all medical systems. Broadly speaking, this
paper also discusses the application of modern information tech-
nology and e-commerce in various aspects, including the ad-
vantages and problems of healthcare systems. Therefore, in this
article, it presents challenges and opportunities to improve the
state of e-health in these countries. It will assist decision makers in
developing better strategies for these issues. Afterward, we can
study existing plans based on the experiments obtained in this
study and develop appropriate telemedicine strategies for develop-
ing countries.

Ullah et al. [5] introduced an unwavering quality leading to toler-
ance by using a source to destination reporting framework that is
used to transfer e-recovery (electronic therapy) systems is consid-
ered unverifiable. In this study, we focused on the characteristics
of a series of medical resources. It highly emphasizes QoS and
QOE tolerance for these parts of the system. Review and propose
QoS parameter determination and related prerequisites, clinically
valuable boundaries in the electronic health literature, and qualita-
tive representation of non-mergers.

In [6] as the author describes the previous protocol used in
telemedicine framework, namely the VehiHealth routing protocol
finds the location of every node in the network for communication,
and traffic information helps to transfer data from source to desti-
nation. Then the data will redirect by managing the neighbor's
intersections and then forward the data with the smallest intersec-
tion value. This process makes it easy to send data to a target.
However, mobility can cause problems with this protocol. There-
fore, this routing technique cannot be used in busy traffic areas.

In [7] the author deployed a system which consist of a truck hav-
ing different telecommunications equipment and spiral computed
tomography (CT) machine and through audio/video conferencing
with the medical center, this unit can help run medical diagnoses.
Through the use these systems, pharmaceutical services are pro-
vided to rural areas.

Vergados et al. [8] use DiffServ to increase the height of packet
loss in crisis medical services. Information is partitioned accord-
ing to variety of classifications and requirements. The creators
showed excessive demand for information, and the information
was unfortunate and delayed much less than the loss of lower
demand information. They think that this arrangement is amazing
under the extremely demanding movement conditions and is par-

ticularly suitable for telemedicine situations. In [9], a DiffServ-
based system was additionally proposed, in which the creator pro-
posed a multicast engineering to accomplish QoS destinations in
LTE Vehicular Ad-Hoc Network (VANET) systems. The author
focuses on the work of multimedia traffic.

In [10] the author have mentioned that VANET depends on the
adjacent vehicles which collects the data packets from the origin
of the node that sends the data. So when the nodes are decreased
then there will be a link interruption. The author have mention
about another technology which helps avoiding traffic in emer-
gency scenario is UWSN and combine it with the proposed ener-
gy-saving mechanism.

In [11] the author introduced a new network management software
combining both WLAN and MANET that can be used where tra-
ditional communication system is not available like at the time of
disasters. Therefore the system provide an alternative communica-
tion mechanism where in which the main data communication is
lost.

In [12] the author proposed IPv6 vehicle platform mechanism
which integrates eHealth devices that permits data communication
between these devices and remote servers, i.e., data like personal
health records (PHRs). This allows remote monitoring of the pa-
tient's vital signs by the doctor from a hospital located in distant
location.

Manishankar et al. [13] the basic QoS parameters in WiFi, LTE
and WIMAX technologies are studied. The research concludes
that the knowledge on QoS parameters are limited in the minds of
people. In [14] the author proposed an actual-time multi-function
medical telemedicine framework that runs on Bluetooth, GSM,
and GPRS. The system generates ECG data which is transmitted
through the above-mentioned channels. The proposed system have
been tested by considering downtime interval, packet loss rate,
downtime frequency, packet error rate and throughput.

In [15] the author proposed a method to localize the position of a
node itself and its neighboring nodes by calculating the distance of
all the neighboring nodes and it shares the distance with the
neighboring node which forms as a cluster. Using this cluster with
the help of 3 nodes it is possible to find the 4™ node position. This
helps in tolerating noise and more accurate position can be pro-
duced.

In [16] author described about the main factors that are required in
transmission of data in emergency scenarios like adaptive resource
allocation with priority and multiple service type. The author pro-
posed a network which is designed for eHealth services and can
handle normal and emergency situations, including admission
control and bandwidth allocation as per IEEE 802.16 standard.
The speed of ambulance and WiFi nodes through which the data is
transferred differ significantly which leads the recalculation of
routing quickly in order to provide efficient data transmission.
Recalculation of packet routing, in turn, creates a considerable
workload for each nodes. There are many attacks such a DOS
which can lead the system to crash. To solve this problem, we can
consider the security features and described above [17].

In [18] the telemedicine systems, maintaining QoS (quality of
service) is of prime importance. Receiving very good quality of
audio signals and other biological signals of timely manner in a
telemedicine network is crucial. In any VANET, the time for es-
tablishing a connection between nodes is very short because the
nodes are constantly moving. Therefore, establishing a network
that can quickly establish new routes and have high connection
time is a challenging task [19].

In [20] author describes the network must be smart enough to use
all available bandwidth. Some imperative QoS parameters used to
evaluate the corresponding system are information rate, packet
delay, and packet loss. The information rate is the amount of bits
that will be transmitted through the network system. In general,
packet delay can be seen as a mix of management, queuing,
transmission and propagation delays.

In [21] the author did a survey on different sensor network solu-
tions in smart city. The survey is done by considering many emer-
gency message passing scenarios like ambulance sharing and cab
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sharing using real-time traffic data service to navigate efficiently.
The author has simulated the service on ns2 using MANET rout-
ing protocols to study the effectiveness.

In [22] the author proposed a system that emphasizes the propaga-
tion of emergency messages through multiple hops. The system
was tested in sparse networks, freeway scenarios, and cluster-
based networks. In [23] author have did a survey on different
mechanisms like traffic scheduling, radio resource management
and admission control based on IEEE 802.16 and WiMAX. Au-
thor have proposed an algorithm which combines admission con-
trol and bandwidth allocation for IEEE 802.16 for wireless tele-
medicine services. The proposed algorithm utilizes radio resources
more efficiently.

In [24] the author uses tree-based and mesh-based routing proto-
cols to provide a successful delivery which makes use of Lempel-
Ziv-Oberhumer method for collision control in MANET. The
author introduced a conduction control mechanism when sending
messages, which improved the efficiency of the message transmis-
sion rate.

3. Methodology

In our telemedicine framework which is a blend of LTE and WiFi,
a patient is being transferred in an ambulance to a distant hospital.
Medical information like vital signals will be transferred continu-
ously to the doctor in hospital from ambulance until the ambu-
lance reaches the hospital. The patient facts we consider being
transmitted is Blood Pressure (BP), which is a very important vital
for any human. This is sent using WiFi. Apart from BP, audio
signals are transmitted utilizing LTE. The reason for using WiFi
for BP signals is that the frequency of sending these signals is less
and WiFi connectivity when the ambulance moves, may be inter-
mittent. For the transmission of audio signals, we use LTE since
we may be sending streaming audio and LTE provides a better
connectivity.

Table 1: Varieties of Data Transfer

QoS parameters evaluated for the scenario are throughput, packet
loss ratio (PLR), and packet delay. Table 3 shows a complete de-
scription of the parameters used for the simulation.

Table 2: QoS Matrix

Type of Default Data Rate Re- Maximum De- PLR
data quired lay in %
BP 2 kbps- 5 kbps ls 0
Audio 4 kbps- 25 kbps 150- 400 ms &

Transfer Network
Transference of BP data from the ambulance to the IEEE
hospital 802.11n
Transference of Audio data from the ambulance to the

N LTE
hospital

The simulations are done using SUMO [25] and NS3 [26]. The
speed of the ambulance and the vehicle is constant from beginning
to the end. Multiple simulations are performed using different
node densities such as 75, 95, 115 and 150 with packet size of 250
and 500 bytes. At first 75 nodes where used for the simulation
where the 1st node is considered as the hospital and the 75th node
is considered an ambulance. We have considered all nodes with a
constant speed of 30km/hr. Our topology is built by enabling the
WiFi 802.11n standard and LTE in user nodes which are standard
mobile devices for fast remote communications. In WiFi, we uti-
lize the Ad-hoc On-demand Distance Vector (AODV) routing
protocol [27] to send the packets from source to destination and
eNB or eNodeB is a base station and UE or user equipment nodes
is used to specify LTE network. All the mobile phones are con-
trolled using eNB or UE node representing as a base station. The
communication between the end user is done using mobile device
which is equipped with UE. It needs a packet gateway node (PGW)
to communicate.

3.1. Architecture design

Our system design focuses on telemedicine scenario which con-
sists three primary parts: the ambulance, the VANET, and the
hospital. In our scenario, the ambulance is equipped with all the
hardware’s expected to evaluate the biological signal along with
audio. In order to obtain reliable communication, we need to
maintain required QoS standards. Table 2 shows QoS matrix re-
quired for data transmission.

For transmission of BP, it is required to consider a data rate of at
least 2 kbps, tolerating a maximum latency of 1 second [28] and
for audio data transmission, needs a default data rate of at least 4
kbps with minimum latency of 150 milliseconds and maximum
latency of 400 milliseconds [19]. To maintain this requirements,
500 bytes of audio data and 250 bytes of BP need to be sent every
second. So in our scenario, we send 10 packets each of 25-bytes
for BP as well as 50-bytes packets for audio per second.

The packet size and inter-packet interval values are taken into
account and calculated as follows.

BpS _ 1000+kbps [19] (1)
Where,

Bps = number of bytes transferred per second

kbps = number of kilobits transferred per second

Using the above equation, we change over kbps to Bps for finding
the best time interval. We use the below formula to calculate the
interval time.

inter packet interval = % (2)

Where,
N= total number of packets per second

Taking into account the parameters of these conditions, the formu-
las for packet delivery ratio (PDR), packet loss ratio (PLR), packet
delay, and throughput are,

The PDR is calculated using the following formula:

__ Ixx100

PDR = — (©))
Where,

rx= total packets received.

tx= total packets transmitted.

The PLR is measured using the following formula:

PLR = Ip*100

(4)
Where,

Ip= total packet loss.

tx= total number of packets transmitted.

Delay rate used for the simulations is measured using the formula:

Mean delay = E * 1000 (5)

Where,
ds= the sum of all delays for the number of packets received.
rx= total packets received.

In the below equation, tb is the transmitted bytes and tt is total
time taken to transmit.

(tb*8)/1000

Throughput = .

[19] (6)
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Table 3: Simulation Parameters and Values 70
Parameter Values 60
Simulator NS3 (v3.26) 50
Simulation Time 880s -
Routing Protocol AODV e 40
Routing Standard 802.11n = 30
Node Densities 75, 95, 115 & 150 -
. 250 bytes (blood pressure) 20
e R 500 bytes (audio) 10
Type Of Traffic Constant bit rate (CBR)
Road length 5 km 0
75 95 115 150
4. Results and analysis Node Densities
LTE Wik

Based on the study we have plotted performance of the proposed
system by considering throughput, PLR, and delay. The study was
done by using ns3.

1) Throughput: The observation analysis indicates that speed
of vehicles remains constant with the increases in the num-
ber of mobile node densities. As node density ‘n’ increases,
there will be more nodes within the range of the source node
which will lead in reducing the number of hops. When node
density is varied as 75, 95, 115 and 150 the throughput gets
decreased eventually from 0.854 kbps to 0.338 kbps de-
pending upon the position of the vehicles. For LTE, it
shows stable performance regardless of node density.

4.5
4
33.5
é 3
= 25
f=9
5 2
g 15
= 1
0.5
0
75 95 115 150
Node Densities
LTE WiFi

Fig. 2: Node Densities vs. Throughput.

2) PLR: PLR depends on network traffic, node densities,
bandwidth, etc. As per the result obtained in WiFi when
node density increases the PLR also increases. From the
Fig. 3 we can see that for lesser node density, PLR is also
less. The reason for this can be that with the decrease in
number of nodes the routing messages traversing the net-
work also decrease. This leads to lesser packets being
dropped. The performance worsens as the number of nodes
in the network increase.

In LTE scenario, the PLR is shown to be 0.11% for all node densi-
ty because the range of eNB is 45km and in our scenario, the total
distance to send the audio data is much lesser than the maximum
range. So there is only one eNB being used in all node densities
and number of hops is also minimal.

Fig 3: Node Densities vs. PLR.

3) Delay: Here also we can observe that the performance de-
grades with an increase in node density. However, the delay
observed is very much within acceptable limits required for
maintenance of QoS as mentioned in Table 2.

0.5

0.4

£03

£o2
]

0.1

0

75 905 115 150
Node Densities
LTE WiFi

Fig. 4: Node Densities vs. Delay.

5. Conclusion

We carried out simulation-based experiments to evaluate a multi-
RAT environment for transmission of human vitals and streaming
audio data in telemedicine scenarios. Experimentations over a
road length of 5 km and varying node densities show that the vari-
ous QoS parameters such as PLR, delay, and throughput show a
deterioration in performance with an increase in the node density.
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