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Abstract

Due to the advancements in multimedia communication in inte. nec o~ ~hicles (loV) through emerging technologies i.e.,
WiFi, Bluetooth, and fifth generation (5G) etc. The critical ch. ') nge for loV during multimedia communication in
healthcare is the quality of experience (QoE) optimization b, ~anag. 9 the mobility of wireless channel between vehicles.
Besides, Artificial Intelligence (Al) based approaches have “nu.~lv changed the landscape of loVs, also the portable
devices for transmitting multimedia content in loV system has b. ~ome very necessary for the end-users in their respective
fields. Most of the end users are facing is their annoyc ' anu ..ss satisfactory perspective about the quality they are
experiencing i.e.,QoE. If the service provisioning is not p..~sant then most of the end-users/consumers give-up to
continue, and finally market devaluates the overall rerformance of the devices, company or entire system. So remedy that
problem this paper first proposes two novel algor’.nms 1.. med, Power-aware QoE Optimization (PQO) and Buffer-aware
QoE Optimization (BQO) and compares t ~ir perfc mance with the Baseline. Second proposes multimedia
communication mechanism. Third, proposes t-e Qu." 2ot mization framework during multimedia communication in loV
system through portable devices. Besides, e Jerir 2ntal 1esults reveal that proposed PQO and BQO algorithms optimizes
the QoE at (31%, 33.5%) with improved li" 'tim* of p' rtable devices at (25%, 27%) higher level than the Baseline (25%,
17) accordingly by satisfying the end-use’ 5. He. ~=. i* 1s concluded that our proposed algorithms outperforms the Baseline,
so can be considered as potential candic es for the 10V applications during multimedia communication.
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1. Introduction

The key ingredients of Internet of Vehicles (IoV) system are the sensors, personal devices, actuators, etc to
communicate with other devices and the infrastructure using different technologies. Such d’ vice interactions
face several design challenges such as, high quality of service and user satisfaction, incomg .tiu..**v among the
devices, different qualities and response times for the internet connection, limited pre~~ssing and storage
capabilities. Connected vehicles and devices are integral components of the 1oV conc pt v hich is a mobile
system which allows information exchanges involving Vehicle to Vehicle (V2V), Vehic.. = 1d Device (V&D),
Vehicle and Person (V&P) and Device to Device (D2D) etc. Deployment of 10V pla. ~*m ou ing multimedia
communication needs portable devices with large screen size to exchange the ¢ .- ana . “teract with other
devices with the help of sensors, actuators, connectors in WSN, personal area ne .wor' 5 > 10T etc. Flexible,
scalable and seamless connection is very vital for loV by integrating vehicles, ~ isors, actuators, humans,
machines etc to enhance the user perception, i.e., QOE and decrease the powe” u.ain.

The sensor oriented intelligent automation of vehicle’s mechanical 1. ~ction ity improve safety of
transportation system, while coordinated traffic data exchanging in v_.iucular network increases travelling
efficiency. Nevertheless, power and buffer-aware Green and sust in?'.e 1 ansportation via Internet of
connected Vehicles (IoV) came with a high risk of quality compr~mise duri.,g medical media information
transmission. For instance, illegitimate accessing of wheels, locking dou.~ engine disruption to path forging,
location and identity changing, denial of traffic service, motion 1. ~cking, € c. Thus it is very vital since long
time to remedy the virtual vehicle hijacking in loV networl.> wiu, ~_ential solutions. Because of less-
efficient, low QoE-aware traditional methods, the current IoV scei.. “ios are not effectively and completely
entertained while transmitting multimedia enabled healthca. = cata through connected vehicles. Also the no
appropriate practical solution is planned to provide the cos. ~ffective power and buffer aware QoE
optimization solutions for designing and deploying the ‘e .. = networks. Every day lots of queries are
coming and do not entertained and explored accordingly -.1d remain un-answered. For instance, how to
manage the motion of the vehicles and provide the et~ e 1. onitoring mechanism? What are the key steps
to get-rid of the eavesdropping and un-wanted condition. wi.ie using phones on the vehicles? At what level
less power and buffer drains are obtained while cu. ~wu..g * ie secret traffic information in the loV networks?
How to satisfy the users by providing high QoE during . ~mmunication process in 1oV networks with suitable
tools and techniques?

In the mean-time Artificial Intelligence (A1, ~ased s If-driven vehicles in 1oV encourage several applications
to get maximum benefit of it by interact ng wiu. *«€ humans. With the increase of the information amount,
complex will be the computation prr.edi e, end more effective and accurate will be the future game
predictions. As the increase in volumnu. “- am unt of loV data, there is need of modern tools, trends and
practices to effectively manage and monitor ...e needs of modern digital world for the benfit of the society.
With the rapid revoltuon in the di¢ @l .. ~hnologies for advanced multimedia based loV system there is a need
of portable devices for collectine the huge amount of the data to assist and guide the future trend setters for
carefully analysing the demand , of 1 ie transportation industry by promoting the internet of things (loT)-based
platforms. As in this world or "0’ @l information every corner of the landscape meets the huge challenges
while categorizing and clust :ring tric 'arge amount of the data, and to extract the desired output from that raw
and unsmoothed data is th . cur .oersoame task for which the manual conventional tools and techniques are not
so efficient and up-to-marn. at pr.sent several endeavours are made by the both industry and academia to
spent large amount of ..ets in .,V system management during multimedia communication for the accurate
and effective informe ion ana ssis and observation [1-3]. The vehicle manufacturing environment is full of



communication and connectivity protocols that are not interconnected and often not interoperable. That’s why
convergence and interoperability are critical if this revolution is upto the expectations of loV system users.
Convergence aims to interconnect the things so communication can be initiated. Interoperability between
vehicles in loV is the key parameter to easily exchange the information between vehciles an” outside the loV
platform at remote location. There are several types of specialist technologies in use witr.n .~ increasingly
automated manufacturing environment of vehicles.
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Use. s

Fig. 1 QoE Optimization during Mui.. ~edia communication in loV

Generally, increasing pool of several networ’.s in-*ne with the business personnel there is a huge change in
the showcase mechanism of the develope « produc 5 from functional process to sailing phase with quite
cumbersome trends. Complex traits anc' prac.~ec with large hindrances in putting and getting product
preparation order, adaptation of new bur.nes¢ strategies, recruitment and resignation of the skilful employees,
decisive actions for the salaries and bo. ~er 5 of “.ae workers etc, there are critical challenges because of non-
technological trends. Best way to br dge t.. ~ 4p between every entity in the globe is to decorate the entire
world with the cyber and informat ,.. <haring/exchanging environment by dealing with the internet of things
networks, which are very intelligent ana '~cisive networks. Besides, there is a high demand to develop the
uniform and integrated platform .0\ vite all the standards to talk the one uniform language. In the broad sense
this challenge can be transfc mec into opportunity by developing the convergent and interoperable loT
environment in the every arplica. "n of the industry. With this bold step the emerging and revolutionized
wave of medical evolutior can e brought at the door steps of the every corner from industry to academia,
because it intends to dig..”7e .ne e ery single area in this physical. This all can be possible with the dram
world of sensor technolrnies v. i n in nut-shell is known as the 10T for the medical applications, or we can
say that loT. So, after succes. fully introducing the concept of the 10T key problems start while bringing and
inviting every industr_* enterp ise, higher education institute, form and factory to collaborate and coordinate



to sustain the digital village, digital industry or loT-village. That core problem is the convergence and
interoperability between reliable and cloud-based technologies in the IoT world. Moreover, 10T and loV,
cloud based technologies and services all lies in the umbrella of the cyber-physical system (CPS) ; which is
integrated and embedded systems of sensors, actuators, connectors, men and machines, e’_. First time the
notion of CPS was very vague and unacceptable due to less development in the technol gy, then with the
passage of the time computers, hand-held devices, networks started to interact among themselves a. i the real-
world by efficiently managing, regulating and monitoring the all functions. Due to m‘ oili / of the vehicles
while transmitting multimedia data more power is drained with large delay, jitte. an. channel quality
degradation, which will show the blurred media quality on the large screen cell pk-nes, ..>d hence the less
QoE. And in the mean-time frequent switch of the vehicles such as, ambulances in the i ~'thcare deteriorates
the quality of wireless channel by more packet loss hence, high power drain and .nor hattery lifetime of loV
based sensor nodes, which are the critical challenges during multimedia cor. mur cation in loV networks
while monitoring the healthcare of patients.

This paper contributes in three distinct ways. First proposes two novel algc sithms n med, Power-aware QoE
Optimization (PQO) and Buffer-aware QoE Optimization (BQO) and comp.. < * eir performance with the
Baseline. Second proposes multimedia communication mechanism. 7 aird. ~-aposes the QOE optimization
framework during multimedia communication in internet of vehicles (1.\* whil: using the portable devices to
keep the long-lasting communication with high level of satisfaction i.. multi~~ .1a domain.

The remaining of this review paper is organized as follows. Sec. ~n 2 pre sents the existing solutions of Al-
based techniques, frameworks, protocols. Al-based QoE optin..7atioi. ©.amework is proposed in Section 3.
Section 4, presents the experimental results. Future directions and te..*ative solutions are discussed in Section
5. Paper is concluded in Section 6.

2. Related Work

This section presents the rigrous literature on the Ai w.~ial | “telliggenience based techniques for the QoS
optimization during media communication in the Interrt 0. Vechicles (loVs). Besides, latest and relevant
works are highlighted with the major contributior.. v .2 .formentioned domains. Technology and internet
oriented medical world is one of the most favorite regiu. ~ with ease and comfort in everyone’s life which has
become the demand and desire of the every citizen. In the mean-time the boom and rapid revolution in the
portable devices for sharing and exchanging che un "ue information in terms of various services for instance,
physiological signals, medical video and . 2qes ¢ .c. For making distinct services as the prominent and
valuable active actors are needed to perfr rm the s .arate tasks in terms of the network managers, service and
stuff providers. These all entities con ine’. togther to form the one platform in fulfilling the end user’s
requirements in the hospitals and mrdica. thee ers. For the high satisfaction and the on-time services users
have to pay a lot while entertaining * *eir main demands. For the effective use and analysis of the QOE services
with high level of optimization it will .. areat to propose the innovative techniques and frameworks which
are very necessary for the entirs .. ~dical system and its management. For highly important information for
enhancing the user’s satisfactir .1 sev 2ral ingredients must be taken into account e.g., the effect of the network,
and impact of the environmen. ' gathering the overall information with the greater visibility with the
support of the data analys's to~ls and techniques e.g., ML. With the rapidly increasing boom of the ML
oriented technologies it ic */er imp srtant to optimize, visualize, and present the better picture of the QoE for
the better service provisinn tic ™ “.1e network, which also will help in the assessing and examining the faults
and quality degradinr factor. Besides, these key factors are important to sustain the performance of the



network and user’s satisfaction at the economical rates. Effective QOE monitoring and optimization is related
to the bold and strong initiatives are taken while recognizing the degradation in the customer’s satisfaction
when they are getting poor services while using the network facilities.

Table. | QOE/QoS Optimization based on the Artificial Intelligence in Multimedia communication

Ref. No Applications Proposed Technique Component being Optimized Results
[1-3] Multimedia Monitoring, loT Adaptive, Machine  MAC Layer components Self-adaptive ices
Learning
[4-6] Energy-efficient ~ computation energy-efficient power latency and energy consui.. tion " “inimum latency and
for loT down policy, routing energy consumption
level.
[7-10] QoS/QoE in multimedia MAC,Phylayer Energy consumptior mode Low power
Protocols consumption
[11-13] loV and Multimedia Bluetooth-based body Duty cycle Minimize cost and
sensor network energy consumption
platform
[14-17] Reliable data communication in  Adaptive resource  Frequency =~ trai.. " sower Reduce energy
loT allocation consumption
[18-21] QOE/QoS regulation in the Energy-efficient health Heat a.or-.on nd energy Improve quality of
multimedia healthcare monitoring techniques consu ~ntion healthcare
[22-24] To monitor the QOE/QoS in  Computation and  Mobile nhone’s energy To extend battery
individual’s multimedia mobile Communication censumption lifetime
techniques
[25-27] To monitor Qo0S/QOE in the Ennery harvesting, L. * duy cycle MAC, PHY To enhance energy-
multimedia TPC, QoS optimization  parame. *s efficiency, QoS and
techniques lifetime of BSNs
[28-30] To monitor QOE in loV system Energy Harvesting, 1. manage power and enhance To reduce energy
TPC, sched ..., ~nergy consumption of
methods sensor nodes
[31-33] To develop energy-efficient IoT  Joint routing 7 1 TPC  To enhance energy-efficiency To optimize and
techniques manage
[34-35] Power adaptive in multimedia Rectifier ¢ ~uit  To optimize power consumption To optimize energy
technique and extend lifetime of
BSN
[36] Energy-efficient 10T, loV and Adaptive, MAC and To optimize energy, channel To manage power and
multimedia routi' 4 . “ver control  parameters extend lifetime of
tec’ niques BAN
[37-39] Energy-efficient cloud, Clo.' omputing  To optimize, transmission power, To obtain  energy-
framework, algorithm for loV 2nergy-e.. " 2nt and cloud energy efficient BSN
tect (ques
[40-43] Multimedia ~ and Energy-  ~ C, er rgy harvesting, TO optimize, manage the TPC  Temperature
efficiency in loT, loV and .. AC and duty-cycle requirement by
) different strategies
Internet of wvehicles, cog iitive Strategies
[44-47] computing, Al, Se.f-driven and  To optimize the cognition level — Efficient loV systems

adaptive Al techniques,

based entities

It is not easy to optimize .nd mai.. Je the QOE in the best-effort network types and services due to the
allocation of the assets 7 non, the several users and services. Hence, managers and vendors are always
curious to see the new stra.. vies of the network from the traffic management to the service provisioning
perspective. In this rer ura effective and fairly optimization of the QoE in the medical domain is very vital to
share and transfer the services imong the patients, physicians and the other users for clearly analyzing the big



picture of the system from the customer’s satisfaction level. For this process the heavy and self-adaptive ML
techniques are need to be developed in association with the currents technological trends and the customer’s
satisfaction from every perspective such as from network usage to the service availing in the medical hospitals
and centers. With the increasing market of the wearable devices in the medical healthcare and voluminous
amount of the data from several sources such as, physiological as well as the video, imag¢ . an.' ather related
information highly visible and bright picture of the scene is required for both the physici~ns and t1.e patients
with acceptable level of satisfaction. So, at this stage it very necessary to understand * e ¢) ar knot between
QoE and QoS to measure the network performance and user’s perception [1-3]. This . < arch proposes the
framework for the QoE optimization in the medical healthcare by considering the “1AC .nd PHY layers
characteristics in terms of several performance metrics for example, duty-cycle 1S, a.' power drain for
effectively managing and monitoring the QoE with the high level of the satisfac’.on. .. due to the increase
of the chronic diseases and big screen size mobile devices it is very vital to syi..“ onize the services of the
network and the QoE level of the users in the medical hospitals and the theat” ... Becaw se today’s QoE patters
and practices are more relevant to the human perception, assumption and t 1e cogm ‘on level of their overall
environment. Clear visibility and the big picture of the medical event is very ‘mport .nt, thus video and image
transmission over the large size wearable devices in the medical domai’. 1ur the ease and comfort of both the
physicians and the patients is needed. Key performance indicators ple ‘in~ (ne emarkable role in presenting
the actual face and ground realty about the networks and the satisfe ~tion leve’ of the patients and doctors in
the medical healthcare environment.

3. Proposed QoE Optimization Algorithms in loV System

This section proposes the two Al-enabled QoOE optim..-uon aigorithms, multimedia communication
mechanism, and QoE optimization framework in loV system, c.~h of this is described individually in the
detail as follows.

A. Multimedia Communication mechanism in lo

This section presents the media communication ..>~=< ."rough sensor nodes in internet of vehicles (loV)
system. There are four key parameters of this entire . “acedure. In Fig.1, contains three key sections of the
multimedia communication in loV platform. First, multimedia communication mechanism is established in
association with the media server. Second, *'«¢ m. r-vehicle, intra-vehicle and extra-vehicle communication
among different entities is carried-out by xchangii J very sensitive and urgent healthcare data among the
vehicles for healthcare through dynamic ‘vireie.~ lir « (i.e., mobile station). Third, vehicles for healthcare are
exchanging the sensitive, secret and imp Jrtar . data (o the patient theatres, hospitals and medical centres where
physicians, nurses and other related st..¢ r emb' rs will examine/perceive the quality of the multimedia data
over the loV network. Than the qual’.y of €. ~.ience (QOE) or user perception will be improved by adopting
the large screen smart devices for ... hetter and big picture according to the resources available to the loV
networks. Moreover, loV’s traffic wil .~ prioritized according to the class such as, urgent/normal, pre-
recorded, online, or high defir.uu. respectively. For achieving the timely and delay-tolerant multimedia
transmission fast and less buf erecd techniques with less power drain must be encouraged to make the raw
unsmoothed multimedia dat~ intu niform and synchronized pattern with high and clear visibility. Besides,
that smoother data will cor ,umr less power and battery lifetime of the portable devices at the customers side.
Forth, smoothed data wii. he rrans.erred to the client/customer side to achieve high QoE with longer and
sustainable media transmission, ~< ne final target.

In Fig.3, first intern ¢ part c"ows the communication among the healthcare vehicles in-line with the body
sensor networks (BS Is), hosital and the patient’s car for revealing the big and better picture of the



multimedia communication in loV framework. Second, that part is connected to the internet and multimedia
server to adaptively monitor the human perception level after receiving/examining the QoE from loV
environment. Third, perceived QoE will be further analysed and examined with the large screen smart mobile
sets by properly adopting the QoE tools and techniques. Finally, QoE level will be checks J by getting the
user’s opinion/feedback on the basis of loV performance (i.e., reasonable buffer space .1 .™art wearable

device, their longer battery lifetime and less power drain, etc).
T T T T — T T R

Fig 2 . ' cimedia communication mechanism in loV

So, by analysing that hur 2 de nanc’ we propose the novel QoE optimization framework during multimedia
communication in loV syste.. B sides, QoE optimization has caught the attention from every sector from
industry to academia * vith the enierging proliferation in big screen mobile cell phones for better and bigger
picture [11-13]. Less sfforts ¢ e made to promote the QOE optimization during media transmission in loV



environment with adaptive and self-learning techniques such as, Al and unique architectures. Few related
works on QoS/QoE management in wireless, and cellular networks are presented, but still large room is
vacant to deal the QOE optimization problem with the intelligent and resource efficient Al-enabled methods
during media transmission in loV system. Our proposed Al-enabled based end-user CJE optimization
framework and novel algorithms reveals the significant performance of the entire system ' /m..~ fulfilling the
expectations of the customers with the consideration of the performance metrics for instance, ae.y, power
drain and battery lifetime in loV system. Besides, Al-based schemes are the popular anc he igh performance
indicators with less resource as shown in the Figs 2 and 3.

B. Artificial Intelligence based QoE optimization Framework for multimedia Comi.. "ication

Multimedia Communication
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Fig.3 Proposed Al u. "d r,0E Optimization Framework of Multimedia Communication in loV

The proposed QOE ¢ timizati n framework through multimedia platform in loV comprises several steps.



First, media stream will be watched by customers/users through big screen portable devices at the YouTube,
second the quality of the multimedia is perceived by the users with the help of the QoE measuring tool, third
that measured quality video/image is examined by the loV system by deploying the real-time applications,
forth feedback of the overall users will collected to analyse the QoE of the entire multimedia ystem. Lastly, if
performance is not satisfactory than will be improved/enhanced by connecting with the “yu._ <erver on the
basis of the feedback. Than reports will be generated accordingly to further amend the entire .. ultimedia
system in the loV applications.

C. Atrtificial Intelligence enabled QoE optimization Algorithms

This sub-section proposes two novel Al-based QOE optimization algorithms nan ed. Buffer-aware QoE
Optimization (BQO) and Power-aware QoE Optimization (PQO) during mult’ ned” 4 cornmunication in the
loV system.

a) Buffer-aware QoE Optimization Algorithm

We propose a novel algorithm based on the buffer allocation mechanisi. tn _ptimize the QOE during
multimedia communication in the loV system. Proposed BQOA optim’zes t+- QoE by controlling high peak
variable rate of multimedia by allocating proper buffer size in loV.

A discrete multimedia model is considered for clearly describing the mec:. nism of a BQOA,

te{1,2,...,F}, in which F are taken from receiver’s buffer size (b. *fer) wi' 1 frame rate r(t) at time period t.
In the case of constant Buffer,B(t) = min{D(t — 1) + Buffer, L [™}.. . = 2, ..., F, with Buffer (1) = Buffer
and Buffer(1)=0, will be achieved. To remedy the Buffer abui.'»nce and starvation (R, < Rayg <
Rmax)during video streaming, a suitable transmission scheu 'le must be followed in the presence of N-
dimensional real vector = [a(1), ..., a(F)]. BQOA remar'-2hlv opu.nizes the QoE by minimizing PMR, Std
dev and energy (encoding and transmission), and adapts v ec raw [Ry,qx, Rimin] @ccording to the Buffer (i.e.,
starvation or overflowing) during video transmissior throu 1 sensor nodes. Now for energy optimization,
media frame rate is considered in the range of[R,,qx, h, 1. Wnile average frame rate Ry,  (see €q.5) lies in
between R4 and Ry,,;,, and video sequence is de'ivered .t R, ,, which leads to less energy drain. If R, is
larger than R, , the F has to be transmitted at R,,,,, to avoid Buffer overflow. If R, is smaller than R,;,,
the video frame data rate is R,,;, to avoid Buffer starvation. This guarantees that the energy drain is
minimized without overflow or starvation of “unc. R,,4, reveals the maximum multimedia transmission rate
without Buffer overflow as presented in eq. ).

Roax ¢ Zi=1 th); suffer (1)

tr =] b\—_q —uffer (2)
FV —

Roin = Zt=1 D(f)th_buffer 3)

¢ = RO-wurer @

Rypy = ettt (5)

tg, presents the prior t..c when ouffer size is entirely full and transmitter node starts working (see eq.(2)) at

Rmax'
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Similarly, R, is the minimum multimedia communication rate to avoid the Buffer starvation (see €q.(3)),
by adopting q_buf fer. Whereas t, is the period of time when Buffer is empty while transmitting at R,,,;,, as
given in eq. (3) by adopting g_buf fer. Optimal and efficient multimedia communication schedule can be
obtained at the condition Ry, < Rgyg < Rpmax 10 Optimize the QoE. BQOA remarkably ge.. efficient and
reliable multimedia communication schedule by avoiding large peak rates, and devi=tion, thu., QOE is
optimized accordingly.

b) Power-aware QoE Optimization Algorithm

This sub-section proposes the novel power-aware QoE optimization algorithm (F Q0# * “n effectively manage
the resources during multimedia communication in the loV system. In additior. ~ro’ osed PQOA is based on
the channel features in association with the IoV as an individual and realictic ne.rark. According to Al-
enabled PQOA and path loss model for loV system during multimedia cor imunic. tion to facilitate the end-
users there is a rigorous mathematical description in following egs. (6) and (

16m?.d%.L
PLap =10 x log ( G:GMZ ) ©)
PL
16m2.d2.L ~ 10 lgB )

Gr.Gt.A?
Whereas, Gt , Gr , L, A are the gain (for transmitter, receiver artennas), | ngth and bandwidth, respectively

for loV system during multimedia communication as in eq.(8)

PLgp(do)+S , 4\ T PLgp

107 1 (do) =10"10 (8)

Egs.(8) to (9) are used to express the path loss of the individu.' network at the patient’s body in association

with received signal strength indicator (RSSI), transmissi == nower \TP) level and QoE monitoring level over

adaptive edge-computing healthcare platform for the disaL ~ p .uents. When calculate the power consumption

in-line with the impact of the fading and path loss on “~e en.. = healthcare environment. Besides, power drain

of the class A linear power amplifies (PA) with modu. u." stnemes for instance, binary phase shift keying
(BPSK), quadrature phase shift keying (QPSK) and M-arr.* amplitude modulation (MQAM).
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2
PLyp(dg)+S n -1
Poy =10 50— (£) =@ -1.N. (Q-l G (1-57) b.BER)) .PAR )

dg 3K
Then total energy consumption per bit can be expressed by eq.(10) with power of pow - amplifier as in
eq.(11)

1
E’active_bit = P’active 'Tbit = (Pe + P’PA)-_

Ry b
, 13x10~3 PLap(do)+S 5\ 4 1
E activep;y — :S 5 0 10 (d_o) .a(zb —1).M" SV (10)
2
_1f1 1\t ’3.(211/2—1) .
(Q 1(;(1_2117) bBER)) N ey e .PAR, .PA. 1-of f(a)
PAR
Ppy =TP + Pamp =(1+pB)TP = - TF (11)

Adaptive power for optimizing the QoE in loV system during multim” uia communication as represented in
eq.(12)

Ppax
P = (12)

4. Experimental Set-up

In order to simulate the mobility scenarios of vehicles, it ic en ssed that the emergency vehicles or
ambulances have moving speed from 10 km/h to 24 km/h. 1.~ vehicles deliver/exchange the information to
the healthcare network by transmitter sensor node and bace station [3S) with the help of an access point. The
data generator and access point are inter-connected th.quop'. ~.gBee and Wi-Fi enabled networks. The
direction of producer is set to enable the producer pass fron. yne AP to another. The selected key factors are
compatible with the loV environment. Besides a deta.'s. mew.iodology is presented by adopting the single-
hop topology-based sensor clusters in loV system dui’ng multimedia communication. QoS computation
model is to minimize the power consumption, “esuu.2. cost, delay and overhead. Besides, mobility
management based channel model is considered for (.~ computation during multimedia communication in
terms of less delay, low cost and power opfimization in the loV systems. Furthermore, MATLAB based
Convex Optimization tool is used to estima’ : the u ‘nsmission power levels and the received signal strength
indicator (RSSI) value of each sensor node. *hen av rage values are obtained by combining individual score
of both former and later entity for entire ystem..*  du to the random individual quality and high mobility or
less stability in the channel there are nJre r 1ances QoS degradation (high power drain, more delay and less
throughput, etc). So, it is very vital tc o, iize “.1e resources then find the aggregate values and the less risk-
bearable and critical point to defeat (he attac. :rs. Also the channel stability (i.e., less deviation in the RSSI
value) or mobility management is ¢he “vitical and demanding factor to stabilize the entire loV environment
during multimedia communication

We also validate the proposeu 20O 1, BQA and conventional methods by considering the real-time data sets
from US department of tran portau. ~ [44] for further observing the optimized QoE, less power drain results.
For example, connected v .nicl s are the most successful things in the era of 10T. The connections between
vehicles and networks gro.. ~ad p ovide more convenience to users. However, vehicles become exposed to
several challenges dur .. dyna.. «c nature of wireless channel. Therefore, a connected vehicles how need
high QoE during mu timedia. communication. We establish the test-bed for validating the proposed and
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conventional methods to exploit the ground truth in terms of the QoE and energy drain while detecting the
critical status of vehicles. Besides, we obtained the vehicle traffic data as the real-time use-case and
performed the one-way analysis of variance (ANOVA) test. As a result, our statistical and mobility
management based proposed PQA and BQA can accurately analyse the power, QOE ar . energy saving
level of the connected vehicles in loV platform. Besides, we adopt the real-time transpor’ s~ dataset from
motion sensors [44] gathered from vehicles [45]. There are a total of 3,220 stations and 47.719 ve:. cles total.
Virtual identities are allocated to each vehicle with a specific station

4.1 Experimental Results

This section presents in detail the experimental results and discussion. Extensive exp: ~*mental subjective test
as per the requirement of the medical healthcare services and platform is condu.*=d n a closed room over 50
subjects (25 male and 25 female) between age groups of 40-70 without any ‘/<ual .. ~blem to them such as,
color blindness etc. Before involving them into experiment their color-ir antifyii. ¥ test was conducted by
showing them on the stick over the wall in the vehicle to easily monitor *he enti 2 satisfaction level. Our
experiments are conducted in MATLAB by using questionnaire survev _ita u. .v samples (i.e. patients) to
model and evaluate QoE. Besides, patient’s satisfaction survey is per orm u < 1d then results are compared
with the polynomial, exponential and logarithmic mapping functions wased on Webb Fechner’s law and
average grading score. Furthermore, QOE is assessed in terms of two pe. “armiance metrics such as, duty cycle,
QoS and power drain. ML enabled framework is proposed by ~onsiderii g both the PHY and MAC layer
parameters, besides, mean opinion score (MOS) is the better y~rdsu.' tr examine the user perception about
the quality of the multimedia service in the loV system while mon..~ring healthcare . The increasing demand
of the joint PHY and MAC layers usage provides the remark ... . cous during QoE optimization in satisfying
the user expectations during media transmission over the large ~~reen mobile devices. So, the vigilant and
active techniques such as ML based self-adaptive me -...> ~r= considered as the dire need of today’s
emerging medical market with wearable devices to fulfi.' “ne desires of the users. Usually, QoS of the
networks is not the sole candidate to portray the perce, ..~n an.' notions of the users, humans, customers, so to
know about the user’s actions and reactions, about the Se. ‘ice provided by the network. Thus it is very
important to deal with the QoE from the perspecti. - .7 "~t. the user and network for big and better picture of
the network by adopting the various components from ..* AC, Network and PHY layers.

4.2 Discussion

This sub-section presents the detailed dic .ussioi. " the revealed experimental results by properly computing
and comparing QoS in association with con' entinnal methods. Besides, the role and importance of the MAC
and PHY layer parameters in clearly ac,¥.tinp he performance of the entire medical network is the game
changer step. Mean Opinion Scorr (MOS, values to medical media transmission changes the network
performance metrics. These MOS an.~vs gives the user satisfaction toward the network services and the
product usage in an efficient and visible pa.ern. That is why a novel QoE framework with the intelligent ML
techniques and the considerati'n o the MAC and PHY layers parameters over the big screen mobile cell
phones and the wearable devi.~< i* proposed. In addition the perception level of the customers is examined
while transmitting, sharing *.1e cle«. nicture of the medical event. For obtaining this rigorous subjective and
objectives tests are perforr .ed, - vhich are entirely based on the survey and customer’s expectations fulfilment
while watching the video ¢..> or ir iage over the large screen devices. Moreover, it is also examined that how
the users are interpreti~, the sc. ice after provisioning. Duty cycle, power drain and the QoS at the MAC,
physical and networl layers 1ccordingly playing the major role in obtaining the overall perception and



expectation level of the users while observing the media quality. These parameters are either directly
associated to MAC layer (i.e., duty cycle) or indirectly associated QoS and the power dissipation. These all
entities are the important role players with the high impact on the evaluation of the user perception in the
medical healthcare domain. Multimedia QoE assessment and monitoring is essential to deli- er an optimized
end to end high QoE service. This requires a deep understanding and efficient identifi au.~ of different
objective and subjective parameters that impact the user experience. Multimedia content delivery is a large
and continuously evolving field that involves various actors from content service provic :rs v Internet service
providers, and to content consumers (users) themselves.

Therefore, a comprehensive QoE assessment requires the understanding, the role, 21 imp. ~t of these actors
on multimedia content from delivery till consumption. There are close ties between the N0S, QoE and end-
customers in this increased era of the mobile healthcare. In the mean-time the boc a ir, tha wearable devices to
easily transfer and receive the data to/from customer/physician is the dire neet to ¢ .t-up the innovative and
needful experimental test-bed. In this regard, we consider the several sensor nodes ~nd various performance
parameters such as, QoS, QoE, duty-cycle and the power consumption - aalysis Fig.6 presents the QoE
optimization in the loV system by taking into account the various per armance indicators In Fig.6 (a)
relationship between loVs and QOE optimization is revealed for Baseline an.' nr~.0sed PQOA,BQOA. It is
analysed and observed that QoE is optimized at high, medium and lov leve’ “v BQOA,PQOA and Baseline
approaches respectively. Fig.6 (b) presents the relationship between L ¢ siz : and delay for Baseline and
proposed BQOA, PQOA, we examined that there is a linear trade-0.” hetwr~~ ouffer size and delay which is
higher for Baseline, relatively high for BQOA and small for PQOA 1. vectively, due to their power and
bandwidth management capabilities in 1oV system. Similarly, L. *tery life .ime is optimized with respect to
time for Baseline, and PQOA, BQOA accordingly. PQOA exte:. 's the _~..ery lifetime at higher level, BQOA
increases battery lifetime at medium level and Baseline at low . ’el consequently. Finally, relationship
between time and QOE optimization with respect to the "avs count for PQOA, BQOA and Baseline
accordingly. We observed that PQOA significantly improves the Q0E during media streaming than BQOA
and Baseline in loV system. Fig.7, presents the p viu.. ~~~e evaluation of the entire multimedia
communication through loV system with several parame. s for example, QOE optimization, duty cycle,
power and the quality of service (QoS) in line with ti. - ~imb. v of nodes for perceiving the satisfaction level
of the end-users/customers for the entire medical healti. sys.>m. After the large and rigorous experimental
set-up it is interpreted that self-adaptive and intc -,2~* n achine learning techniques are high performance
oriented methods in the experimental results and disc.. *<ion part. Fig. 7(a), presents the relationship between
number of sensor nodes and QOE optimization in the healthcare system by adopting several values of the
sampling rate at the physical layer.

It is examined that QoE is exponentially: incic <ir 4 as the number of sensor nodes increases, besides it is
examined that QoE is optimized signif cant’y at smaller value of the sampling rate and degrades with the
increase of the sampling rate. Fig.7 (b, Vv .als t'.e trade-off between number of sensor nodes and duty cycle
optimization while portraying the cle .r imay. <. the QoE from the end-user’s aspect.

15



16

6
1.4 10 T T T T T T T T 0.25 T T T T T T T T
—p—PQOA —p—PQOA
—4— Baseline j —€4—BQOA
12 F )
=—P— BQOA 02 =P Baseline
1F J
C ~~
kel m
© 0.15
Nos i %
£ N
3 ?
- 1l o 4
w 06 2 o
[¢] m
04
0.05
02F J
0 o
1 2 3 4 5 6 7 8 9 10 1
Number of loVs Delay(msec)
(@) (b)
00109 I I T T T T T T T - : .
—b— PQOA I - | —
—<}— Baseline i Q .
» 0.0108 | —>—BQOA { Baseline
> 20k BQOA
o
5 Tt
200108 1 c
i o 4
g 3
'€ 00107 f 1 <
a 3
Q.
o 510
g 0.0107 - - ‘g
o £
5 o
> 0.0106 . o
g é
g o /\(
0.0106
0.0105 : 1 L ! Lo ! | . . |
0 2 4 6 8 ! . 14 16 18 20 : ) 3 . 5 6 S 6 o 0
Tir-e(sec, Time(sec)
(¢
(d)

Fig.6 QoE optimization = loVs. =, Number of loVs vs. QoE optimization, b)dealy vs. Buffer size, c)Batter
lifetime optimization ' s. time, 1) QoE optimization with loV count vs. time



17

QoE Optimization

—b—Rs=0,1°10°
—6— R3=0.3"10°
—+—Rsu0.0°10°

: :“ “':_ . . . : : -
H H i TP . s gani®
i i i § Mokl s S i
3 4 5 [ 7 g 9 10 1 12
Number of Nodes
(@)

Number of Nodes

©

Optimization

—b—Rguo 110% £

—&—Rg=0.3*10°
4| —4— Rg=0 810°
—&— Rs=0.5*10°
== Rest10

.
P‘"Sl!!l!!'!:

ean

B

T L

QoS

10}
'l 2 1§ 1 3 i i
3 4 5 6 1 8 98 10 n
Number of Nodes
(b)

12

Duty-cycle Opt.m’ al~v

(d)

5 : ? S £ O |
i 2 3 N 5 5 7 8
Number of Nodes

Fig.7 Performance evalua’.on *.f medical healthcare, a) QOE optimization, b) duty-cycle optimization, c)

Power optimization, d) Qu “'it of € :rvice optimization



18

—3k— (50,50) ]
(0,0)-(0,100)

—&— (100,100)-(100,0) | -
%
|

20

-
[¢)]
T

Vehicle Count
)
T

_5 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10

Time (Hours)

Fig.8 Relationship between the time and ve. icle vo .. in 1oV network

It is observed and interpreted that the duty cycle is re. arkanly improved at the sampling rate and
exponentially decreases with the number of sensor nodes. L.*/ cycle optimization is one of the key
performance analysis components especially from the ei.~ u.. ™~ nerspective whether there is an acceptable
satisfaction level or not. Fig. 7(c), reveals the relation.""p between the number of nodes and power
consumption at the various sampling rate values to ex. -. ‘ne ti.» value of QoE, and less power is consumed at
small sampling rate and vice versa. Similarly, it is sh>wi. in Fig.7 (d) that there is a direct relationship
between number of nodes and the QoS optimizat. . =* th+ various sampling rates. It is examined that more
QoS is achieved and hence the high QoE with satista. ~ry user level. Moreover, it can be said that the joint
MAC and PHY layer provides the high QoS and QoE optimization with respective to the need of the end-
user/customer satisfaction from the perspecti: ¢ the Medical system’s requirement.

Fig.8 presents the relationship between time (n, ~av ) and the vehicle count in the oV, where three regions at
three different distance (in kilometer) alur s i.e. (50,50),(0,100) and (100,100) coverage is considered to
examine the overall QoE and energy . ti .aizat on. In addition results are validated by adopting real-time
transportation data sets [44][45] ove time .>= e of 10 hour time period with a confidence interval of 93%.
While each pair for example (50.", shows the area of covered region (50 square meter) with respect to
distance (50 km), similarly (0,100, repres. ~ts the zero covered region upto 100 km due to less QoE and high
power drain issues. And finally e fata pair (100,100) exploits that 100 square meters are covered upto 100
kilometer to properly provide * e Q .E during multimedia communication in loV.



5. Future Directions and Tentative Solutions

High mobility in the loV networks during multimedia communication in healthcare drains mare power in the
wearable/portable devices, which degrades the QoE i.e., user perception about the entire sys' :m performance.
So, in order to efficiently optimize the QoE with cost-effective services Al and ML basr d n..*hods are the
appropriate and promising options. Still the presence of manual systems pulling back th~ entire system into
the age of stones so it is very vital to introduce the modern and automatic system to i".ipro ‘e the product of
the system. ML infrastructure is cumbersome and hard to be integrate with the otr " ' iedical healthcare
platforms. Besides, many healthcare facilities are not inspirational and sustainable fu. *he tu. :re applications
for maintaining the overall staff to design the self-adaptive and intelligent ML sch7 . ~s. Se.” derived loVs are
playing the key role in transmitting the sensitive medical information throur a e- .ca’*-care vehicles i.e.,
ambulances with high end user satisfaction i.e., better QoE by watching clear, ..’ and better picture of the
critical event. Also the adjustment of the artificial intelligence and ML is far .us throo Jhout the main world.
US is the leading investor in the healthcare market with the major portio of the judget allocation for the
elderly healthcare and the critical situation analysis. With the rapid pro_vess it the system there from
technological view point it is important to facilitate the common pe e according to the needs of their
locality. loVs are the key area lies under the umbrella of 10T in ass cig*’un \ 'ith sensors, actuators, etc to
manage the resources i.e., QoE of the end users while transmitting rultimedi> .nformation from e-healthcare
vehicles to physicians, hospitals and medical centers for facilitating the oy, g society. Traditional static nature
vehicles are not the suitable option to deal with the multimedia ~ata tran mission from patients side to the
hospital, but the current mobile e-healthcare vehicles in 10V is *he ay, »~ riate option to manage the QoE of
the users while watching/receiving the video clip or images on the 'arge screen of the smart phones. QoE
optimization and analysis frameworks and the algorithms ai. e Key Ingredients to deal with QoE and QoS
linearity model. To remedy that problem we propose the ML ba. 1 self-adaptive framework by considering
the MAC and PHY layer entities for QoE optimization wi e vv .._"~ing the video or image transmitted through
mobile e-healthcare vehicles over the large screen smar. shones. Following are the tentative proposed
solutions.

Due to increasing demand of the highly intelligent . ~u 1.2 ‘e sensor enabled loV platforms for the quick and
rapid multimedia communication in healthcare through . healthcare vehicles is basic and important need to be
fulfilled by providing the high QOE i.e., user perception.

Solutionl, first due to the emerging dem-ad o1 “he mobility-aware loV platform for healthcare domain
Artificial intelligence and machine learniny hased st /f-adaptive solutions for the medical system monitoring
are the dire need of the future.

Solution 2, Fuzzy-logic based novel de isior making techniques in 1oV while transmitting the real-time data
of the patients need to be developed in .~ ousi’ .ess and enterprises to effectively increase the product of the
entire system

Solution 3, adaptive resource sh ... hased algorithms in loV system while transmitting the multimedia
information with high computation capab..ties are considered as the need of the hour in the medical health
applications. Hence, the benefit of 1 yachine learning and adaptive methods are higher and long-lasting.

6. Conclusions
This research proposes a sw..* -of-t"ie art QoE framework for the analysis of the end-user’s perception about

the services provided i". uie meu..al healthcare informatics. Besides, QoE optimization in the MAC and PHY
layers is performed jased su te-of-the art techniques for the health informatics and personalized health
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planning. Proposed framework is very generic and can be adopted for the several healthcare management and
monitoring applications to entertain various latest issues such as, cardiovascular, diabetic, and the stress etc.,
where the disease process is a complex dynamic process that can be modified by exogenous variables such as
some behavioral and clinical variables. Our framework holds great potential to provide scal ole solutions for
mitigating these health problems, which can promote healthier lifestyles outside of cl’ iica. <ettings. We
further apply our proposed models to extensive experiments on real-world daily beb~ioral dac@, which
demonstrate promising utility and efficacy of our method. Future works include exter sion: of the model to
other dynamic models that have different characteristic than linear models, e.g., su. > diseases, such as
Depression, might follow a different dynamic process. While currently we assume . “fficic, * data has been
collected for each individual, it is also of interest to develop an adaptive learning # .." nlani..~g model that can
be applied to scenarios where data come in sequentially.

Main limitations of this research are as follows
o Fuzzy-based strategy merely supports in the decision making and prioriti= ng the critical factors in
healthcare sector
e Fuzzy-enabled algorithm is not creating the strong bc.a between the convergence and
interoperability for the sustainable loMT.
In near future interoperability in joint transmission power control an lowi T ne’ works for low-power
healthcare applications will be center of attention.

Highlights of the Manuscripts

e We propose an Al-enabled QoE optimization platfc .. cu. iy inedia communication in loV System
e Framework for QoE optimization during multimedia cu.."munication in loV is proposed
e  Several challenges and state-of-the art solutions .. . ~~n<ed for future research in loV
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