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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 device interactions 
face several design challenges such as, high quality of service and user satisfaction, incompatibility among the 
devices, different qualities and response times for the internet connection, limited processing and storage 
capabilities. Connected vehicles and devices are integral components of the IoV concept which is a mobile 
system which allows information exchanges involving Vehicle to Vehicle (V2V), Vehicle and Device (V&D), 
Vehicle and Person (V&P) and Device to Device (D2D) etc. Deployment of IoV platform during multimedia 
communication needs portable devices with large screen size to exchange the data and interact with other 
devices with the help of sensors, actuators, connectors in WSN, personal area networks and IoT etc. Flexible, 
scalable and seamless connection is very vital for IoV by integrating vehicles, sensors, actuators, humans, 
machines etc to enhance the user perception, i.e., QoE and decrease the power drain.  

The sensor oriented intelligent automation of vehicle’s mechanical functionality improve safety of 
transportation system, while coordinated traffic data exchanging in vehicular network increases travelling 
efficiency.  Nevertheless, power and buffer-aware Green and sustainable transportation via Internet of 
connected Vehicles (IoV) came with a high risk of quality compromise during medical media information 
transmission. For instance, illegitimate accessing of wheels, locking doors, engine disruption to path forging, 
location and identity changing, denial of traffic service, motion tracking, etc. Thus it is very vital since long 
time to remedy the virtual vehicle hijacking in IoV networks with potential solutions. Because of less-
efficient, low QoE-aware traditional methods, the current IoV scenarios are not effectively and completely 
entertained while transmitting multimedia enabled healthcare data through connected vehicles. Also the no 
appropriate practical solution is planned to provide the cost-effective power and buffer aware QoE 
optimization solutions for designing and deploying the vehicular networks. Every day lots of queries are 
coming and do not entertained and explored accordingly and remain un-answered. For instance, how to 
manage the motion of the vehicles and provide the effective monitoring mechanism? What are the key steps 
to get-rid of the eavesdropping and un-wanted conditions while using phones on the vehicles? At what level 
less power and buffer drains are obtained while collecting the secret traffic information in the IoV networks? 
How to satisfy the users by providing high QoE during communication process in IoV networks with suitable 
tools and techniques?  

In the mean-time Artificial Intelligence (AI) based self-driven vehicles in IoV encourage several applications 
to get maximum benefit of it by interacting with the humans. With the increase of the information amount, 
complex will be the computation procedure, and more effective and accurate will be the future game 
predictions. As the increase in volumnoius amount of IoV data, there is need of modern tools, trends and 
practices to effectively manage and monitor the needs of modern digital world for the benfit of the society. 
With the rapid revoltuon in the digital technologies for advanced multimedia based IoV system there is a need 
of portable devices for collecting the huge amount of the data to assist and guide the future trend setters for 
carefully analysing the demands of the transportation industry by promoting the internet of things (IoT)-based 
platforms. As in this world of digital information every corner of the landscape meets the huge challenges 
while categorizing and clustering the large amount of the data, and to extract the desired output from that raw 
and unsmoothed data is the cumbersome task for which the manual conventional tools and techniques are not 
so efficient and up-to-mark. At present several endeavours are made by the both industry and academia to 
spent large amount of assets in IoV system management during multimedia communication for the accurate 
and effective information analysis and observation [1-3]. The vehicle manufacturing environment is full of 
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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 IoV system users. 
Convergence aims to interconnect the things so communication can be initiated.  Interoperability between 
vehicles in IoV is the key parameter to easily exchange the information between vehciles and outside the IoV 
platform at remote location. There are several types of specialist technologies in use within an increasingly 
automated manufacturing environment of vehicles.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
 
 
                                        Fig. 1 QoE Optimization during Multimedia communication in IoV 
 
Generally, increasing pool of several networks in-line with the business personnel there is a huge change in 
the showcase mechanism of the developed products from functional process to sailing phase with quite 
cumbersome trends. Complex traits and practices with large hindrances in putting and getting product 
preparation order, adaptation of new business strategies, recruitment and resignation of the skilful employees, 
decisive actions for the salaries and bounces of the workers etc, there are critical challenges because of non-
technological trends. Best way to bridge the gap between every entity in the globe is to decorate the entire 
world with the cyber and information sharing/exchanging environment by dealing with the internet of things 
networks, which are very intelligent and decisive networks. Besides, there is a high demand to develop the 
uniform and integrated platform to invite all the standards to talk the one uniform language. In the broad sense 
this challenge can be transformed into opportunity by developing the convergent and interoperable IoT 
environment in the every application of the industry. With this bold step the emerging and revolutionized 
wave of medical evolution can be brought at the door steps of the every corner from industry to academia, 
because it intends to digitize the every single area in this physical. This all can be possible with the dram 
world of sensor technologies which in nut-shell is known as the IoT for the medical applications, or we can 
say that IoT. So, after successfully introducing the concept of the IoT key problems start while bringing and 
inviting every industry, enterprise, higher education institute, form and factory to collaborate and coordinate 
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to sustain the digital village, digital industry or IoT-village. That core problem is the convergence and 
interoperability between reliable and cloud-based technologies in the IoT world. Moreover, IoT and IoV, 
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, etc. First time the 
notion of CPS was very vague and unacceptable due to less development in the technology, then with the 
passage of the time computers, hand-held devices, networks started to interact among themselves and the real-
world by efficiently managing, regulating and monitoring the all functions.  Due to mobility of the vehicles 
while transmitting multimedia data more power is drained with large delay, jitter and channel quality 
degradation, which will show the blurred media quality on the large screen cell phones, and hence the less 
QoE. And in the mean-time frequent switch of the vehicles such as, ambulances in the healthcare deteriorates 
the quality of wireless channel by more packet loss hence, high power drain and short battery lifetime of IoV 
based sensor nodes, which are the critical challenges during multimedia communication in IoV networks 
while monitoring the healthcare of patients.  
  
This paper contributes in three distinct ways. First proposes two novel algorithms named, Power-aware QoE 
Optimization (PQO) and Buffer-aware QoE Optimization (BQO) and compares their performance with the 
Baseline. Second proposes multimedia communication mechanism. Third, proposes the QoE optimization 
framework during multimedia communication in internet of vehicles (IoV) while using the portable devices to 
keep the long-lasting communication with high level of satisfaction in multimedia domain. 
 
 The remaining of this review paper is organized as follows. Section 2 presents the existing solutions of AI-
based techniques, frameworks, protocols. AI-based QoE optimization framework is proposed in Section 3. 
Section 4, presents the experimental results. Future directions and tentative solutions are discussed in Section 
5. Paper is concluded in Section 6. 

2. Related Work  

This section presents the rigrous literature on the Artificial Intelliggenience based techniques for the QoS 
optimization during media communication in the Internet of Vechicles (IoVs). Besides, latest and relevant 
works are highlighted with the major contributions in the aformentioned domains. Technology and internet 
oriented medical world is one of the most favorite regions 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 the unique information in terms of various services for instance, 
physiological signals, medical video and images etc. For making distinct services as the prominent and 
valuable active actors are needed to perform the separate tasks in terms of the network managers, service and 
stuff providers. These all entities combined together to form the one platform in fulfilling the end user’s 
requirements in the hospitals and medical theaters. For the high satisfaction and the on-time services users 
have to pay a lot while entertaining their main demands. For the effective use and analysis of the QoE services 
with high level of optimization it will be great to propose the innovative techniques and frameworks which 
are very necessary for the entire medical system and its management. For highly important information for 
enhancing the user’s satisfaction several ingredients must be taken into account e.g., the effect of the network, 
and impact of the environment for gathering the overall information with the greater visibility with the 
support of the data analysis tools and techniques e.g., ML. With the rapidly increasing boom of the ML 
oriented technologies it is very important to optimize, visualize, and present the better picture of the QoE for 
the better service provision from the network, which also will help in the assessing and examining the faults 
and quality degrading factors. Besides, these key factors are important to sustain the performance of the 
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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. I QoE/QoS Optimization based on the Artificial Intelligence in Multimedia communication   

It is not easy to optimize and manage the QoE in the best-effort network types and services due to the 
allocation of the assets among the several users and services. Hence, managers and vendors are always 
curious to see the new strategies of the network from the traffic management to the service provisioning 
perspective. In this regard effective and fairly optimization of the QoE in the medical domain is very vital to 
share and transfer the services among the patients, physicians and the other users for clearly analyzing the big 

Ref. No Applications Proposed Technique Component being Optimized        Results 

[1-3] Multimedia Monitoring, IoT Adaptive, Machine 
Learning  

MAC Layer components Self-adaptive ices 

[4-6] Energy-efficient computation 
for IoT 

energy-efficient power 
down policy, routing 

 latency and energy consumption Minimum latency and 
energy consumption 
level. 

[7-10] QoS/QoE in multimedia   MAC,Phylayer 
Protocols 

Energy consumption model Low power 
consumption 

[11-13] IoV and Multimedia  Bluetooth-based body 
sensor network 
platform 

Duty cycle Minimize cost and 
energy consumption 

[14-17] Reliable data communication in 
IoT 

Adaptive resource 
allocation 

Frequency and transmit power Reduce energy 
consumption 

[18-21] QoE/QoS regulation in the 
multimedia healthcare  

Energy-efficient health 
monitoring techniques 

Heat absorption and energy 
consumption 

Improve quality of 
healthcare 

[22-24] To monitor the QoE/QoS in 
individual’s multimedia mobile  

Computation and 
Communication 
techniques 

Mobile phone’s energy 
consumption 

To extend battery 
lifetime 

[25-27] To monitor QoS/QoE in the 
multimedia 

Ennery harvesting, 
TPC, QoS optimization 
techniques 

Low duty cycle MAC, PHY  
parameters 

To enhance energy-
efficiency, QoS and 
lifetime  of BSNs 

[28-30] To monitor QoE in IoV system Energy Harvesting,  
TPC, scheduling 
methods   

To manage power and enhance 
energy 

To reduce energy 
consumption of 
sensor nodes 

[31-33] To develop energy-efficient IoT Joint routing and TPC 
techniques 

To enhance energy-efficiency To optimize and 
manage  

[34-35] Power adaptive in multimedia  Rectifier circuit 
technique 

To optimize power consumption To optimize energy 
and extend lifetime of 
BSN 

[36] Energy-efficient IoT, IoV and 
multimedia 

Adaptive, MAC and 
routing power control 
techniques 

To optimize energy, channel 
parameters 

To manage power and 
extend lifetime of 
BAN 

[37-39] Energy-efficient cloud, 
framework, algorithm for IoV 

Cloud computing 
energy-efficient 
techniques 

To optimize, transmission power, 
and cloud energy 

To obtain  energy-
efficient BSN 

[40-43] 
 
 
                        
[44-47]            

Multimedia and Energy-
efficiency in IoT, IoV  
 
Internet of vehicles, cognitive 
computing, AI,  

TPC, energy harvesting, 

and MAC 

 Strategies 

Self-driven and 

adaptive AI techniques,  

To optimize, manage the TPC 
and duty-cycle 
 
 
To optimize the cognition level 
based entities  

Temperature 
requirement by 
different strategies 
 
Efficient IoV systems  
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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, image and other related 
information highly visible and bright picture of the scene is required for both the physicians and the patients 
with acceptable level of satisfaction. So, at this stage it very necessary to understand the clear knot between 
QoE and QoS to measure the network performance and user’s perception [1-3]. This research proposes the 
framework for the QoE optimization in the medical healthcare by considering the MAC and PHY layers 
characteristics in terms of several performance metrics for example, duty-cycle, QoS, and power drain for 
effectively managing and monitoring the QoE with the high level of the satisfaction. Also due to the increase 
of the chronic diseases and big screen size mobile devices it is very vital to synchronize the services of the 
network and the QoE level of the users in the medical hospitals and the theatres. Because today’s QoE patters 
and practices are more relevant to the human perception, assumption and the cognition level of their overall 
environment. Clear visibility and the big picture of the medical event is very important, thus video and image 
transmission over the large size wearable devices in the medical domain for the ease and comfort of both the 
physicians and the patients is needed. Key performance indicators playing the remarkable role in presenting 
the actual face and ground realty about the networks and the satisfaction level of the patients and doctors in 
the medical healthcare environment. 

3. Proposed QoE Optimization Algorithms in IoV System 

This section proposes the two AI-enabled QoE optimization algorithms, multimedia communication 
mechanism, and QoE optimization framework in IoV system, each of this is described individually in the 
detail as follows. 
 

A. Multimedia Communication mechanism in IoV 
 
  This section presents the media communication process through sensor nodes in internet of vehicles (IoV) 
system. There are four key parameters of this entire procedure. In Fig.1, contains three key sections of the 
multimedia communication in IoV platform. First, multimedia communication mechanism is established in 
association with the media server. Second, the inter-vehicle, intra-vehicle and extra-vehicle communication 
among different entities is carried-out by exchanging very sensitive and urgent healthcare data among the 
vehicles for healthcare through dynamic wireless link (i.e., mobile station). Third, vehicles for healthcare are 
exchanging the sensitive, secret and important data to the patient theatres, hospitals and medical centres where 
physicians, nurses and other related staff members will examine/perceive the quality of the multimedia data 
over the IoV network. Than the quality of experience (QoE) or user perception will be improved by adopting 
the large screen smart devices for the better and big picture according to the resources available to the IoV 
networks.  Moreover, IoV’s traffic will be prioritized according to the class such as, urgent/normal, pre-
recorded, online, or high definition respectively. For achieving the timely and delay-tolerant multimedia 
transmission fast and less buffered techniques with less power drain must be encouraged to make the raw 
unsmoothed multimedia data into uniform and synchronized pattern with high and clear visibility. Besides, 
that smoother data will consume less power and battery lifetime of the portable devices at the customers side. 
Forth, smoothed data will be transferred to the client/customer side to achieve high QoE with longer and 
sustainable media transmission as the final target. 
  In Fig.3, first internal part shows the communication among the healthcare vehicles in-line with the body 
sensor networks (BSNs), hospital and the patient’s car for revealing the big and better picture of the 
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multimedia communication in IoV 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 IoV 
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 checked by getting the 
user’s opinion/feedback on the basis of IoV performance (i.e., reasonable buffer space of smart wearable 
device, their longer battery lifetime and less power drain, etc).  

                                  Fig 2 Multimedia communication mechanism in IoV  
 
So, by analysing that huge demand we propose the novel QoE optimization framework during multimedia 
communication in IoV system. Besides, QoE optimization has caught the attention from every sector from 
industry to academia with the emerging proliferation in big screen mobile cell phones for better and bigger 
picture [11-13]. Less efforts are made to promote the QoE optimization during media transmission in IoV 
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environment with adaptive and self-learning techniques such as, AI 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 AI-enabled methods 
during media transmission in IoV system. Our proposed AI-enabled based end-user QoE optimization 
framework and novel algorithms reveals the significant performance of the entire system while fulfilling the 
expectations of the customers with the consideration of the performance metrics for instance, delay, power 
drain and battery lifetime in IoV system. Besides, AI-based schemes are the popular and the high performance 
indicators with less resource as shown in the Figs 2 and 3. 
 

B. Artificial Intelligence based QoE optimization Framework for multimedia Communication 
 

 
 
              Fig.3 Proposed AI based QoE Optimization Framework of Multimedia Communication in IoV 
 
The proposed QoE optimization framework through multimedia platform in IoV comprises several steps. 
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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 IoV system by deploying the real-time applications, 
forth feedback of the overall users will collected to analyse the QoE of the entire multimedia system. Lastly, if 
performance is not satisfactory than will be improved/enhanced by connecting with the QoE server on the 
basis of the feedback. Than reports will be generated accordingly to further amend the entire multimedia 
system in the IoV applications.  
 

C. Artificial Intelligence enabled QoE optimization Algorithms   
 

This sub-section proposes two novel AI-based QoE optimization algorithms named, Buffer-aware QoE 
Optimization (BQO) and Power-aware QoE Optimization (PQO) during multimedia communication in the 
IoV system.  

a) Buffer-aware QoE Optimization Algorithm  
 

We propose a novel algorithm based on the buffer allocation mechanism to optimize the QoE during 
multimedia communication in the IoV system. Proposed BQOA optimizes the QoE by controlling high peak 
variable rate of multimedia by allocating proper buffer size in IoV. 
 
A discrete multimedia model is considered for clearly describing the mechanism of a BQOA, 
t∈ሼ1,2,…,Fሽ, in which ܨ are taken from receiver’s buffer size ሺBufferሻ with frame rate ݎሺݐሻ at time period	ݐ. 
In the case of constant	Buffer,ܤሺݐሻ ൌ ݉݅݊ሼܦሺݐ െ 1ሻ ൅ Buffer, ݐ ሻሽ forܨሺܦ ൌ 2,… , (1)	with Buffer ,ܨ ൌ Buffer 
and Bufferሺ1ሻ=0 , will be achieved. To remedy the Buffer  abundance and starvation ൫ܴ௠௜௡ ൑ ܴ௔௩௚ ൑
ܴ௠௔௫൯during video streaming, a suitable transmission schedule must be followed in the presence of N-
dimensional real vector ൌ ሾܽሺ1ሻ, … , ܽሺܨሻሿ. BQOA remarkably optimizes the QoE by minimizing PMR, Std 
dev and energy (encoding and transmission), and adapts video rate ሾܴ௠௔௫, ܴ௠௜௡ሿ according to the Buffer (i.e., 
starvation or overflowing) during video transmission through sensor nodes. Now for energy optimization, 
media frame rate is considered in the range ofሾܴ௠௔௫, ܴ௠௜௡ሿ. While average frame rate ܴ௔௩௚ (see eq.5) lies in 
between ܴ௠௔௫	and	ܴ௠௜௡, and video sequence is delivered at ܴ௔௩௚, which leads to less energy drain. If ܴ௔௩௚ is 
larger than ܴ௠௔௫	 , the F has to be transmitted at	ܴ௠௔௫	to avoid Buffer overflow. If ܴ௔௩௚ is smaller than	ܴ௠௜௡, 
the video frame data rate is 	ܴ௠௜௡  to avoid Buffer  starvation. This guarantees that the energy drain is 
minimized without overflow or starvation of Buffer. ܴ௠௔௫	reveals the maximum multimedia transmission rate 
without Buffer overflow as presented in eq. (1). 

ܴ௠௔௫ ൌ
∑ ஽ሺ௧ሻା஻௨௙௙௘௥ಷ
೟సభ

௧ಳ
       (1) 

 

஻ݐ ൌ
஻ሺ௧ሻ	ି	௤_௕௨௙௙௘௥

௧
      (2)  

ܴ௠௜௡ ൌ 	
∑ ஽ሺ௧ሻ	ି	௤_௕௨௙௙௘௥ಷ
೟సభ

௧ವ
         (3) 

஽ݐ ൌ
஽ሺ௧ሻ	ି	௤_௕௨௙௙௘௥

௧
      (4) 

       
ܴ௔௩௚ ൌ

ோ೘ೌೣ	ା	ோ೘೔೙

2
         (5) 

 
 ஻, presents the prior time when Buffer size is entirely full and transmitter node starts working (see eq.(2)) atݐ
ܴ௠௔௫.  
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Similarly, 	ܴ௠௜௡ is the minimum multimedia communication rate to avoid the Buffer starvation (see eq.(3)), 
by adopting ݎ݂݂݁ݑܾ_ݍ. Whereas ݐ஽ is the period of time when Buffer is empty while transmitting at 	ܴ௠௜௡ as 
given in eq. (3) by adopting ݎ݂݂݁ݑܾ_ݍ. Optimal and efficient multimedia communication schedule can be 
obtained at the condition ܴ௠௜௡ ൑ ܴ௔௩௚ ൑ ܴ௠௔௫ to optimize the QoE. BQOA remarkably gets efficient and 
reliable multimedia communication schedule by avoiding large peak rates, and deviation, thus, QoE is 
optimized accordingly. 
 

b) Power-aware QoE Optimization Algorithm 
 
This sub-section proposes the novel power-aware QoE optimization algorithm (PQOA) to effectively manage 
the resources during multimedia communication in the IoV system. In addition proposed PQOA is based on 
the channel features in association with the IoV as an individual and realistic network. According to AI-
enabled PQOA and path loss model for IoV system during multimedia communication to facilitate the end-
users there is a rigorous mathematical description in following eqs. (6) and (7) 

ௗ஻ܮܲ ൌ 10 ൈ ݃݋݈ ቀ
ଵ଺గమ.ௗమ.௅

ீ௥.ீ௧.ఒమ
ቁ     (6) 

 
ଵ଺గమ.ௗమ.௅

ீ௥.ீ௧.ఒమ
ൌ 10

ುಽ೏ಳ
భబ        (7) 

Whereas, ߣ , ܮ , ݎܩ , ݐܩ are the gain (for transmitter, receiver antennas), length and bandwidth, respectively  
for  IoV system during multimedia communication as in eq.(8) 

10
ುಽ೏ಳሺ೏బሻశೄ

భబ . ቀ
ௗ

ௗబ
ቁ
௡
ൌ 10

ುಽ೏ಳ
భబ       (8) 

Eqs.(8) to (9) are used to express the path loss of the individual network at the patient’s body in association 
with received signal strength indicator (RSSI), transmission power (TP) level and QoE monitoring level over 
adaptive edge-computing healthcare platform for the disable patients. When calculate the power consumption 
in-line with the impact of the fading and path loss on the entire healthcare environment. Besides, power drain 
of the class A linear power amplifies (PA) with modulation schemes for instance, binary phase shift keying 
(BPSK), quadrature phase shift keying (QPSK) and M-array amplitude modulation (MQAM). 
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                Fig.4 Flow chart of AI-based proposed BQOA in IoV System             
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                                  Fig.5 Flow chart of AI-based proposed PQOA in IoV System 
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 Then total energy consumption per bit can be expressed by eq.(10) with power of power amplifier as in 
eq.(11) 
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Adaptive power for optimizing the QoE in IoV system during multimedia communication as represented in 
eq.(12) 

௧ܲ ൌ
௉ುಲൈఘ

௉஺ோ
ൈ  (12)             ݐ

4. Experimental Set-up  

In order to simulate the mobility scenarios of vehicles, it is supposed that the emergency vehicles or 
ambulances have moving speed from 10 km/h to 24 km/h. The vehicles deliver/exchange the information to 
the healthcare network by transmitter sensor node and base station (BS) with the help of an access point. The 
data generator and access point are inter-connected through ZigBee and Wi-Fi enabled networks. The 
direction of producer is set to enable the producer pass from one AP to another. The selected key factors are 
compatible with the IoV environment. Besides a detailed methodology is presented by adopting the single-
hop topology-based sensor clusters in IoV system during multimedia communication. QoS computation 
model is to minimize the power consumption, resource cost, delay and overhead. Besides, mobility 
management based channel model is considered for QoS computation during multimedia communication in 
terms of less delay, low cost and power optimization in the IoV systems. Furthermore, MATLAB based 
Convex Optimization tool is used to estimate the transmission power levels and the received signal strength 
indicator (RSSI) value of each sensor nodes then average values are obtained by combining individual score 
of both former and later entity for entire system. As du to the random individual quality and high mobility or 
less stability in the channel there are more chances QoS degradation (high power drain, more delay and less 
throughput, etc). So, it is very vital to optimize the resources then find the aggregate values and the less risk-
bearable and critical point to defeat the attackers. Also the channel stability (i.e., less deviation in the RSSI 
value) or mobility management is the critical and demanding factor to stabilize the entire IoV environment 
during multimedia communication.  
 
We also validate the proposed PQA, BQA and conventional methods by considering the real-time data sets 
from US department of transportation [44] for further observing the optimized QoE, less power drain results. 
For example, connected vehicles are the most successful things in the era of IoT. The connections between 
vehicles and networks grow and provide more convenience to users. However, vehicles become exposed to 
several challenges due to dynamic nature of wireless channel. Therefore, a connected vehicles now need 
high QoE during multimedia 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 and energy saving 
level of the connected vehicles in IoV platform. Besides, we adopt the real-time transportation dataset from 
motion sensors [44] gathered from vehicles [45]. There are a total of 3,220 stations and 47,719 vehicles 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 experimental subjective test 
as per the requirement of the medical healthcare services and platform is conducted in a closed room over 50 
subjects (25 male and 25 female) between age groups of 40-70 without any visual problem to them such as, 
color blindness etc. Before involving them into experiment their color-identifying test was conducted by 
showing them on the stick over the wall in the vehicle to easily monitor the entire satisfaction level. Our 
experiments are conducted in MATLAB by using questionnaire survey data of 10 samples (i.e. patients) to 
model and evaluate QoE. Besides, patient’s satisfaction survey is performed and then results are compared 
with the polynomial, exponential and logarithmic mapping functions based on Webb Fechner’s law and 
average grading score. Furthermore, QoE is assessed in terms of two performance metrics such as, duty cycle, 
QoS and power drain. ML enabled framework is proposed by considering both the PHY and MAC layer 
parameters, besides, mean opinion score (MOS) is the better yardstick to examine the user perception about 
the quality of the multimedia service in the IoV system while monitoring healthcare . The increasing demand 
of the joint PHY and MAC layers usage provides the remarkable results during QoE optimization in satisfying 
the user expectations during media transmission over the large screen mobile devices. So, the vigilant and 
active techniques such as ML based self-adaptive methods are considered as the dire need of today’s 
emerging medical market with wearable devices to fulfill the desires of the users. Usually, QoS of the 
networks is not the sole candidate to portray the perception and notions of the users, humans, customers, so to 
know about the user’s actions and reactions, about the service provided by the network. Thus it is very 
important to deal with the QoE from the perspective of both the user and network for big and better picture of 
the network by adopting the various components from MAC, Network and PHY layers.  

4.2 Discussion 

This sub-section presents the detailed discussion of the revealed experimental results by properly computing 
and comparing QoS in association with conventional methods. Besides, the role and importance of the MAC 
and PHY layer parameters in clearly depicting the performance of the entire medical network is the game 
changer step. Mean Opinion Score (MOS) values to medical media transmission changes the network 
performance metrics. These MOS always gives the user satisfaction toward the network services and the 
product usage in an efficient and visible pattern. That is why a novel QoE framework with the intelligent ML 
techniques and the consideration of the MAC and PHY layers parameters over the big screen mobile cell 
phones and the wearable devices is proposed. In addition the perception level of the customers is examined 
while transmitting, sharing the clear picture of the medical event. For obtaining this rigorous subjective and 
objectives tests are performed, which are entirely based on the survey and customer’s expectations fulfilment 
while watching the video clips or image over the large screen devices.  Moreover, it is also examined that how 
the users are interpreting the service after provisioning. Duty cycle, power drain and the QoS at the MAC, 
physical and network layers accordingly playing the major role in obtaining the overall perception and 
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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 deliver an optimized 
end to end high QoE service. This requires a deep understanding and efficient identification 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 providers to Internet service 
providers, and to content consumers (users) themselves.  
  Therefore, a comprehensive QoE assessment requires the understanding, the role, and impact of these actors 
on multimedia content from delivery till consumption. There are close ties between the QoS, QoE and end-
customers in this increased era of the mobile healthcare. In the mean-time the boom in the wearable devices to 
easily transfer and receive the data to/from customer/physician is the dire need to set-up the innovative and 
needful experimental test-bed. In this regard, we consider the several sensor nodes and various performance 
parameters such as, QoS, QoE, duty-cycle and the power consumption analysis. Fig.6 presents the QoE 
optimization in the IoV system by taking into account the various performance indicators In Fig.6 (a) 
relationship between IoVs and QoE optimization is revealed for Baseline and proposed PQOA,BQOA. It is 
analysed and observed that QoE is optimized at high, medium and low level by BQOA,PQOA and Baseline 
approaches respectively. Fig.6 (b) presents the relationship between buffer size and delay for Baseline and 
proposed BQOA, PQOA, we examined that there is a linear trade-off between buffer size and delay which is 
higher for Baseline, relatively high for BQOA and small for PQOA respectively, due to their power and 
bandwidth management capabilities in IoV system. Similarly, battery lifetime is optimized with respect to 
time for Baseline, and PQOA, BQOA accordingly. PQOA extends the battery lifetime at higher level, BQOA 
increases battery lifetime at medium level and Baseline at low level consequently. Finally, relationship 
between time and QoE optimization with respect to the IoVs count for PQOA, BQOA and Baseline 
accordingly. We observed that PQOA significantly improves the QoE during media streaming than BQOA 
and Baseline in IoV system. Fig.7, presents the performance evaluation of the entire multimedia 
communication through IoV system with several parameters for example, QoE optimization, duty cycle, 
power and the quality of service (QoS) in line with the number of nodes for perceiving the satisfaction level 
of the end-users/customers for the entire medical health system.  After the large and rigorous experimental 
set-up it is interpreted that self-adaptive and intelligent machine learning techniques are high performance 
oriented methods in the experimental results and discussion 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 increasing as the number of sensor nodes increases, besides it is 
examined that QoE is optimized significantly at smaller value of the sampling rate and degrades with the 
increase of the sampling rate. Fig.7 (b) reveals the trade-off between number of sensor nodes and duty cycle 
optimization while portraying the clear image of the QoE from the end-user’s aspect. 
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(a)                     (b) 

 

                                        (c)   
                                                                             (d) 
Fig.6 QoE optimization in IoVs. a) Number of IoVs vs. QoE optimization, b)dealy vs. Buffer size, c)Batter 
lifetime optimization vs. time, d) QoE optimization with IoV count vs. time 



 

 

       

       
 
Fig.7
Pow
 
 

                      

                      
 

7 Performanc
wer optimizatio

          (a)       

          (c)      
  

ce evaluation 
on, d) Quality

                     

 
  

of medical h
y of Service op

                      

 
 

healthcare, a)
ptimization 

 

                
                     

) QoE optimi

                      
                      

  

zation, b) du

      
      (b)           

(d) 

uty-cycle optim

 

mization, c) 

17 



18  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                 
 
 
 
                                  Fig.8 Relationship between the time and vehicle count in IoV network 
 
It is observed and interpreted that the duty cycle is remarkably improved at the sampling rate and 
exponentially decreases with the number of sensor nodes. Duty cycle optimization is one of the key 
performance analysis components especially from the end user’s perspective whether there is an acceptable 
satisfaction level or not. Fig. 7(c), reveals the relationship between the number of nodes and power 
consumption at the various sampling rate values to examine the value of QoE, and less power is consumed at 
small sampling rate and vice versa. Similarly, it is shown in Fig.7 (d) that there is a direct relationship 
between number of nodes and the QoS optimization at the various sampling rates. It is examined that more 
QoS is achieved and hence the high QoE with satisfactory 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 perspective the medical system’s requirement.  
 
Fig.8 presents the relationship between time (in hour) and the vehicle count in the IoV, where three regions at 
three different distance (in kilometer) values i.e. (50,50),(0,100) and (100,100) coverage is considered to 
examine the overall QoE and energy optimization. In addition results are validated by adopting real-time 
transportation data sets [44][45] over time scale of 10 hour time period with a confidence interval of 93%. 
While each pair for example (50,50) shows the area of covered region (50 square meter) with respect to 
distance (50 km), similarly (0,100) represents the zero covered region upto 100 km due to less QoE and high 
power drain issues. And finally the data pair (100,100) exploits that 100 square meters are covered upto 100 
kilometer to properly provide the QoE during multimedia communication in IoV. 
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5. Future Directions and Tentative Solutions   

High mobility in the IoV networks during multimedia communication in healthcare drains more power in the 
wearable/portable devices, which degrades the QoE i.e., user perception about the entire system performance. 
So, in order to efficiently optimize the QoE with cost-effective services AI and ML based methods are the 
appropriate and promising options. Still the presence of manual systems pulling back the entire system into 
the age of stones so it is very vital to introduce the modern and automatic system to improve the product of 
the system. ML infrastructure is cumbersome and hard to be integrate with the other medical healthcare 
platforms. Besides, many healthcare facilities are not inspirational and sustainable for the future applications 
for maintaining the overall staff to design the self-adaptive and intelligent ML schemes. Self-derived IoVs are 
playing the key role in transmitting the sensitive medical information through e-healthcare vehicles i.e., 
ambulances with high end user satisfaction  i.e., better QoE by watching clear, big and better picture of the 
critical event. Also the adjustment of the artificial intelligence and ML is famous throughout the main world.  
US is the leading investor in the healthcare market with the major portion of the budget allocation for the 
elderly healthcare and the critical situation analysis. With the rapid progress in the system there from 
technological view point it is important to facilitate the common people according to the needs of their 
locality. IoVs are the key area lies under the umbrella of IoT in association with sensors, actuators, etc to 
manage the resources i.e., QoE of the end users while transmitting multimedia information from e-healthcare 
vehicles to physicians, hospitals and medical centers for facilitating the aging society. Traditional static nature 
vehicles are not the suitable option to deal with the multimedia data transmission from patients side to the 
hospital, but the current mobile e-healthcare vehicles in IoV is the appropriate option to manage the QoE of 
the users while watching/receiving the video clip or images on the large screen of the smart phones. QoE 
optimization and analysis frameworks and the algorithms are the key ingredients to deal with QoE and QoS 
linearity model. To remedy that problem we propose the ML based self-adaptive framework by considering 
the MAC and PHY layer entities for QoE optimization while watching the video or image transmitted through 
mobile e-healthcare vehicles over the large screen smart phones. Following are the tentative proposed 
solutions. 

Due to increasing demand of the highly intelligent and mobile sensor enabled IoV platforms for the quick and 
rapid multimedia communication in healthcare through e-healthcare vehicles is basic and important need to be 
fulfilled by providing the high QoE i.e., user perception.  
  Solution1, first due to the emerging demand of the mobility-aware IoV platform for healthcare domain 
Artificial intelligence and machine learning based self-adaptive solutions for the medical system monitoring 
are the dire need of the future.  
Solution 2, Fuzzy-logic based novel decision making techniques in IoV while transmitting the real-time data 
of the patients need to be developed in the business and enterprises to effectively increase the product of the 
entire system  
  Solution 3, adaptive resource sharing based algorithms in IoV system while transmitting the multimedia 
information with high computation capabilities are considered as the need of the hour in the medical health 
applications. Hence, the benefits of machine learning and adaptive methods are higher and long-lasting. 

6. Conclusions 

This research proposes a state-of-the art QoE framework for the analysis of the end-user’s perception about 
the services provided in the medical healthcare informatics. Besides, QoE optimization in the MAC and PHY 
layers is performed based state-of-the art techniques for the health informatics and personalized health 



20  

 
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 scalable solutions for 
mitigating these health problems, which can promote healthier lifestyles outside of clinical settings. We 
further apply our proposed models to extensive experiments on real-world daily behavioral data, which 
demonstrate promising utility and efficacy of our method. Future works include extensions of the model to 
other dynamic models that have different characteristic than linear models, e.g., some diseases, such as 
Depression, might follow a different dynamic process. While currently we assume sufficient data has been 
collected for each individual, it is also of interest to develop an adaptive learning and planning model that can 
be applied to scenarios where data come in sequentially. 

Main limitations of this research are as follows 
 Fuzzy-based strategy merely supports in the decision making and prioritizing the critical factors in 

healthcare sector 
 Fuzzy-enabled algorithm is not creating the strong bond between the convergence and 

interoperability for the sustainable IoMT. 
 In near future interoperability in joint transmission power control and IoMT networks for low-power 
healthcare applications will be center of attention. 
 
Highlights of the Manuscripts 
 

 We propose an AI-enabled QoE optimization platform during media communication in IoV System   
 Framework for QoE optimization during multimedia communication in IoV is proposed  
 Several challenges and state-of-the art solutions are proposed for future research in IoV 
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