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Abstract - Wireless network has emerged as the primary technology for the next generations networks and 
it adopts various feature such as ease of deployment, low cost, increased coverage which forms the self-
organized structure without relying on any fixed network. Wireless network possesses various multimedia 
transmission application such as real time delivery of audio, video and VOIP; out of these services video 
transmission is considered as more challenging as it requires high QoS as the QoS are degraded often due 
to unreliable nature of network, fading radio signals, node’s mobility. Moreover, high quality video 
transmission requires high QoS such as efficient bandwidth utilization, high throughput, low delay and 
high PSNR value for video transmission; in order to utilize the network resources, guaranteed QoS is 
essential requirement which has been researched by several researchers, however main issue of these 
approaches are missing end-to-end QoS guarantee for video transmission. In this paper we design and 
develop an ICLO (Integrated Cross Layer optimization) approach which aims to enhance the Quality of 
Service; considering two major issue i.e. video encoding and packet transmission. Further, these problem 
are solved through various optimization model such as optimization of channel modelling, obstacle aware 
interference modelling, queueing model and video distortion model. Further these optimization are 
integrated to solve the designed problem which enhances the Quality of Service. Further, we evaluate the 
ICLO considering the performance metrics like bandwidth efficiency, PSNR, Throughput and End-to-End 
delay. 

Keywords: ICLO, Wireless Ad-hoc Network, Video Transmission, QoS. 

1. Introduction 

Multimedia streaming service and applications have increased in exponential manner and it has shaped 
telecommunication industry into whole new dimensions with rise in video application; further wireless 
communication model is expected to grow in terms for multimedia service including data, voice and video [1]- 
[3]. Moreover, this phenomenon has provided unanimous impact on individual communication and information 
accessed; further enhancement in networking, electronics and video coding will lead to designing of wireless 
service [3], however it requires efficient mechanism for transporting the video applications over the wireless 
networks.  

Moreover, wireless ad hoc network is one of the decentralized wireless network where network do not rely on 
pre-existing network infrastructure; moreover, wireless ad hoc network has varied application such as battlefield 
communication, health care, video conferencing and discover recovery where video/audio are transmitted; further 
other multimedia applications includes monitoring, security, entertainment, education, surveillance and so on. 
However, such unanimous growth and demand requires QoS (Quality of Service) provision [3] especially in video 
based application due to delay constraint [4]- [7].  
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In general, video application adds various interface such as remote surveillance, interactive gaming, video 
telephony, distance learning and video conferencing; moreover, different devices and application require different 
QoS (Quality of Service) mainly high throughput with wide range of capabilities, and also user preference is very 
much crucial. Moreover, ability to access the video content requires considering the user interaction, hence it 
requires atobridge gap between the mechanism and content used. QoS ensuring guarantee depends on the 
resilience and robustness of mechanism used [8]- [10]; hence it is obvious to develop robust, efficient and 
adaptable strategy for video transmission over the wireless network [11]- [14]. In order to support and transmit 
the video data over the wireless network and for ensuring the trade-off among the energy consumption, 
implementation complexity and video quality [15] proposed similar approach such as mitigation impact of time 
varying channels needs to be considered over the video transmission; interestingly one of the approach i.e. Cross 
Layer Design (CLD) is one approach which adopts the possible solution for channel conditions adoption to 
provide the efficient QoS required for video transmission over the wireless network. Hence efficient mechanism 
needs to be developed that can mitigate the any impact on the time varying channels for video data transmission; 
further development in QoS optimization was observed through Cross Layered Design aka CLD approach which 
provides the possible solution for adopting the channel condition for providing the required QoS. Although cross 
layer approach seems little sophisticated for layered communication and fair resource distribution, cross layer 
approach can be adopted and modified further. Moreover, it has become quiet challenging to provide the QoS 
guarantee in the wireless network since earlier approach lacks the  resource scheduling and satisfactory 
management through central node. Furthermore, it also suffers from internal and external interference failures. 
Other existing cross layer approach can be highlighted such as first, change in nodes mobility changes the topology 
of the network through unpredicted manner and this affects the link stability [16]; also when the nodes are battery 
based, any failure in node affects the established link and network topology as well. Third, meeting the 
communication quality requirement with restricted resources such as bandwidth and queue length [17][18]. 
Furthermore, while designing the cross layer approach, apart from the above three concern is time sensitive 
application. In, wireless network most of the network are time sensitive application such as ad-hoc network, D2D 
network, M2M network, vehicular network, thus providing high throughput possesses challenge along with 
optimized delay requirements since it has fast varying channels and complicated interference [19] [20]. Thus, 
providing the QoS guarantees for video based application is the key issue and can be identified as the problem in 
wireless network domain; further the video packet data demands optimized utilization of energy and secure video 
packet data transmission. Moreover, despite having several shortcomings in cross layered approach, it has been 
possibly best solution for QoS guarantee. Thus this paper focuses on the designing the QoS optimization of 
wireless network for video data transmission through adopted cross layered approach. 

1.1 Motivation and Contribution of Research Work 

In past decades, multimedia streaming has possessed unprecedented challenge due to the dynamic nature of 
network such as random packet loss and bandwidth consumption and other parameter optimization. Hence, to 
address issue of parameter optimization based on the layered based approach; further several research work has 
been carried out for parameter optimization. Moreover, most of the architecture focused on the transport layer and 
application layer. At transport layer, congestion control is utilized over the streaming application through fairly 
share of the network resources. Furthermore, UDP (User Datagram Protocol) is adopted that avoids the congestion 
control mechanism, however congestion control mechanism was designed on the top of UDP (User Datagram 
Protocol) which was subjected to QOS optimization. However, the existing mechanism suffers from the 
communication among the layers which creates huge gap for the QoS requirement. Thus, motivated by the above 
phenomena, we tend to design  the QoS  aware mechanism which adopts the requirement of same. Moreover, 
contribution of research work is highlighted through below points; 

1. Review the existing mechanism of QoS enhancement and analyze their shortcoming. 
2. Design and develop integrated cross layer optimization model aka ICLO for enhancing the Quality of 

Service metrics. 
3. Integrated-cross layer optimization model is an optimization based mechanism where at first the two 

distinctive problem related to video encoding and optimal transmission is designed; further several 
optimization is carried out such as channel modelling, optimal queue modelling, optimal transmission 
policy. 

4. Moreover these problems are integrated and ICLO algorithm is proposed in iterative manner for QoS 
enhancement in wireless network model. 

5. Theproposed model is evaluated considering metrics like bandwidth efficiency, delay, PSNR and 
throughput; further comparative analysis is carried out to prove the model efficiency.  

This research is organized as follows, first section starts with generalization and importance of wireless network 
and selection of wireless network, further same section proceeds with video transmission and QoS requirement of 
video transmission in wireless network; this section ends with motivation and contribution of research work. 
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Second section focuses on the extensive review of various QoS-aware mechanism. Third section presents the 
Integrated cross layer optimization mechanism along with architecture diagram and mathematical formulation; 
fourth section evaluates the proposed model through comparison with existing model.  

2. Literature Survey 

Multimedia communications has observed continuous growth due to various challenges and opportunities; 
wireless technology has been one of the promising technologies for efficient communication. Considering the 
Quality of Service as aconstraint, considerable amount of research have been carried to enhance the various 
metrics of QoS; some of them especially for video transmission.  

In [21] AOMDV (Adhoc on demand multipath)-Vector is proposed which provides partial QoS which assures the 
alternative path when one of the path is interrupted; further to improvise the communication, QoS aware AOMDV 
mechanism is proposed in [22]which gathers the information of remaining energy as well as queue length through 
cross layer approach and further integrated these information to choose the high end quality path; however in 
adecentralized wireless network , QoS is degraded when the nodes are mobilized. Moreover, rapid change in 
network topology causes the frequent path interruption and designed mechanism has to choose path in frequent 
manner, this leads to degradation in QoS; thus considering the issue of path stability, several research 
worksconsidered the alternative path based mechanism. few compute the probability of stability of choosing the 
corresponding path based on defined distance between the RSS (Received Signal Strength) or the distance among 
nodes. Similarly, [23] proposed link reliable MR (Multipath routing); several link reliable path is find between 
source node to destination node through using Quality estimator and link quality. Furthermore, it minimizes the 
routing probability in decentralized wireless network; however it does not consider the node resource like 
remaining energy or bandwidth which restricts the QoS with certain extent. End-to-end mechanism for efficient 
energy and QoS enhancement through multipath routing is proposed in [24]; in here P-LQE protocol were used 
and further an estimator was used for estimating the various reliable and energy aware multipath routing for the 
data transmission. Moreover, authors in [25] proposed path selection mechanism considering the link stability 
which utilizes the delay parameter of QoS in sending and receiving time for estimating the link stability; further, 
authors in [26] used a mechanism named PRIME which is mainly based on the design of probabilistic approach 
to enhance the route stability. In [27], authors proposed a mechanism named RRMP aka reliable multipath based 
routing protocol; in here dual path selection were considered i.e. time constraint and stability factor providing the 
delay and low link interruption optimization. Authors in [28] developed an estimator Link Quality Estimator 
(LQE) to be applied in industrial based WSN; in here dedicated nodes are used for estimating the link quality 
considering the signal strength. However, link stability estimation through using only distances cannot influence 
node speed and hence fails to optimize the QoS performance. [29] developed cross layer based mechanism for 
designing the robust and durable routing for uniform node motion scenario; uniform nodes motion is designed 
through distance consideration among the two vehicles for estimating Link Residual Time (LRT). [30] developed 
an integrated multimedia transmission for enhancing the QoS and also they addressed the multiple issue related 
to wireless ad-hoc network; in here threshold selection was used for the video packet based formulation of 
threshold and optimal route for the videos transmission. The main issue with  this mechanism is that it involves 
high delays that directly impacts on the packet loss.  

3. Proposed Methodology 

In this section, we design and develop an integrated cross layer optimization mechanism to enhance the Quality 
of Service; in general Quality of Service enhancement refers to various metrics enhancement like bandwidth 
efficiency, End-to-End delay, PSNRand throughput.  

3.1 Problem Definition 

Based on the critical review of various existing model of video transmission, it was observed that maximizing the 
video quality is equivalent to problem of maximizing the average metrics which includes delay, bandwidth, PSNR 
and throughput, this whole parameter optimization can lead to enhancing the QoS where queuing delay, video 
encoding rate and transmission threshold are considered in integrated manner. 

Let’s consider two distinctive optimization parameter indicated as ℶ ൌ ሺℶ௡ሻ௡∈ே and 𝑅 ൌ ሺ𝑅௡ሻ௡∈ே where 𝑁 
indicates total number of instance carried out, then the problem is can be design such as  

For given 𝐶଴,௠, 𝛿௠, 𝑄଴,௠, 𝑄௠
௞ , 𝑗௠, 𝑀, 𝐶௠

௥௘௤, 𝐾௠, 𝑓መ௥, ℵ, 𝐸, 𝑂௠, 𝑆௥ 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑚𝜖𝑀, find ℶ and 𝑄 such that maximize 
𝑄𝑜𝑠_𝑝𝑎𝑟𝑎𝑚 with respect to below three condition; 

Condition1: ℶ௡ is greater than or equal to 0 

Condition2: ℶ௡ 𝑖𝑠 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 െ ℵ𝑙𝑚 ቈ1 െ ቀ1 െ
ௌೝ

௄೘
ቁ

ாషభ

቉ 
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Condition3: 𝑄௠ is greater than 𝑄௠
௄  for all 𝑚 

Moreover, we design iterative approach based algorithm and the designed QoS problem is divided into two 
distinctive sub-problem i.e. video encoding rate optimization and transmission optimization, which is solved 
through integrated level  

3.2 System Model and Preliminaries  

Let’s consider a wireless network that has various communication instance𝑀 for video transmission through unit-
hop route; in general such network is utilized  for video transmission in network. In case of each instance𝑚,  𝑚𝜖 𝑀 
where the source and destination both are identified; entire instance distribute the spectrum and these spectrum 
are parted into various  channels indicated as 𝐸. 

Wireless video transmission time is parted into various time slots; for the given time slots, at first each instance 
selects the optimal frequency channel in 𝐸 and later arrival packet is decided through comparing it with threshold. 
If channel gain is more than the threshold then the packet is transmitted else it is queued for buffer, further it 
should be noted that link channel condition and video encoding both has to considered for each instance with its 
threshold. 

Video packet loss aka which further leads to QoS degradation is mainly due to the problem of packet delay and 
link transmission; for instance high transmission threshold leads to fair probability of choosing a channel and 
minimize the error rate but leads to queueing delay whereas low transmission threshold gives high transmission 
probability but leads to high transmission error. Furthermore video encoding rate have direct impact on queue 
state and causes delay.  
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Figure 1:  ICLO  workflow 

Figure 1 presents the ICLO mechanism flow which comprises three distinctive layer physical , MAC and  
application layer; video packet is transmitted from source node to destination node and in between several 
optimization is carried out which is discussed in further sub-section. 

3.3 Channel Modeling 

In general channel model suffers from the Rayleigh fading and large scale path loss; small scale fading is 
considered as independent as well as distributable for every instance occurred; let’s consider channel gain denoted 
as 𝑓௥

௘ of instance𝑚 which belongs to 𝑀 among the transmitter and receiver  for given channel 𝑒𝜖𝐸 which is 
denoted through below equation.  

𝑓௥
௘ ൌ 𝑓መ௥𝑓መ௥௘ (1)  
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In above equation, 𝑓መ௥௘ is considered as the fading gain and 𝑓መ௥ is considered as the channel; moreover we consider 
path loss model of non-singular as singular loss model tends to be in infinity if receiver and transmitter is 0; hence 
in our case path loss is unit and further path loss model is modified as: 

𝑓መ௥ ൌ  
1

൫1 ൅ 𝑐௥
∁൯

 (2) 

In above equation, ∁ indicates the path loss exponent an 𝑐௥
∁ indicates the communication distance of designed 

instance; also it is assumed that 𝑓መ௥௘ remains constant throughout the given time interval and only varies through 
various interval. Furthermore, in case of each model having fading parameter as ℵ with channel fading 𝐹෠௦

௙, 
probability of identical distribution is given as: 

𝑃𝑟𝑜𝑏𝑎𝑖𝑙𝑖𝑡𝑦ሺ𝑔ො௥
௘ ൌ 𝑤ሻ ൌ exponential ቆെ

𝑤ଶ

𝜏
ቇ

2𝑤
𝜏

. ሺ∀𝑟 ∈ 𝑀, 𝑒 ∈ 𝐸ሻ (3) 

Further, considering the exponential parameter1/𝜏and fading gain, probability function of channel gain is given 
through below equation.  

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦൫𝑓መ௥௘ ൌ 𝑥൯ ൌ exponenital ቀെ
𝑥
𝜏

ቁ
1
𝜏

. 𝑥 ൒ 0, 𝑒 ∈ 𝐸 (4) 

3.4 Optimal Transmission Policy Design  

Considering the channel modelling in above section, we design optimal transmission approach for video packet 
transmission; let’s consider the threshold of channel fading for defined instance where 𝑚𝜖 𝑀, then optimized 
transmission equation is formulated as: 

𝑒∗ ൌ  
arg 𝑚𝑎𝑥

𝑒 ∈ 𝐸 𝑓መ௠௘ ൌ
arg 𝑚𝑎𝑥

𝑒 ∈ 𝐸 𝑓መ௠𝑓መ௠௘ (5) 

Moreover, in equation 4, optimal channel gain is comparatively lower than defined threshold 𝜑௠ then 
transmission probability is given as: 

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑡𝑖𝑦൫𝑓መ௠௘ ൏ 𝜑௠൯ ൌ න exponential ቀെ
𝑥
𝜏

ቁ .
1
𝜏

𝑑𝑥
ఝ೘

଴
 (6) 

Further, packet transmission for unit time slot for designed instance𝑚 is give as: 

𝜌ሺ𝜑௠ሻ ൌ 1 െ ቀ1 െ exp ቀെ
𝜑௠

𝜏
ቁቁ

|ி|
 (7) 

3.5 Obstacle aware optimal modeling 

Once we optimize the channel modeling and packet transmission approach, we develop interference model. For 
instance, if particular channel gets selected by various instance to transmit the packet in simultaneous manner, 
this causes interference in network. Hence we need to develop an optimal modeling; let usconsider 𝜔௠

௥  as the 
SINR (integration of noise ration and signal to interference) for the defined instance earlier on given frequency 
channel at receiver side, then successful packet transmission for instance is given as: 

𝑃൫𝜔௠
௥ ൐ 𝜔௦ ൯ ൌ ൌ 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦ሺ

𝑂௠𝑓መ௥𝑓መ௠௘

Ξ௠
ଶ ൅ 𝑜𝑏𝑠௠

௘ ሺ𝜑ି௠ሻ
൐ 𝜔௦  

 

 

           (8) 

In above equation, 𝜔௦  indicates SINR threshold and as per equation 4, 𝑓መ௠௘ is exponential distribution, 𝑂௠ indicates 
the instance power transmission, Ξ௠

ଶ  indicates noise induced and interference observed is denoted by 𝑜𝑏𝑠௠
௘ ሺ𝜑ି௠ሻ. 

Moreover, interference depends on the channel fading discussed earlier, hence optimal threshold of entire instance 
is given as: 

𝑜𝑏𝑠௠
௘ ሺ𝜑ି௠ሻ ൌ  ෍ 𝑓መ௟௠𝑓መ௟௠

௘ 𝑂௟𝜒௟
௘ሺ

௟∈ ெ

𝜑ି௠ሻ  

 

(9) 
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In above equation, 𝑓መ௟௠
௘  indicates channel fading and 𝑓መ௟௠ indicates path loss gain at source node instance (denoted 

as 𝑚),𝜒௟
௘ሺ𝜑ି௠ሻ is optimal instance selection which select unit while transmission and chooses null when not 

transmitting.  

3.6 Optimal interference distribution 

In order to design optimal interference distribution, we select the random deployment model with PPP (Poison 
Point Process) then we compute the probability of optimal interference distribution through logarithmic 
function, thus 𝑜𝑏𝑠௠

௘ ሺ𝜑ି௠ሻ is represented as: 

𝑒௠ሺ𝑤ሻ ≅ Probabilityሺ𝑜𝑏𝑠௠
௘ ሺ𝜑ି௠ሻ ൌ 𝑤ሻ 

 

𝑒௠ሺ𝑤ሻ ൌ ൫𝑤𝜔 ሺ𝜑ି௠ሻ2𝜋଴.ହ൯
ିଵ

exponential ሺെሾln 𝑤 െ 𝜛ሺ𝜑ି௠ሻሿሻ൫𝜔ଶሺ𝜑ି௠ሻ൯
ିଵ

 

 

 

         (10) 

In above equation, 𝜛ሺ𝜑ି௠ሻ and 𝜔 ሺ𝜑ି௠ሻindicates mean and standard deviation of variable’s natural 
algorithm, both have dependency on 𝜑ି௠. Further we compute the transmission probability of packet error and 
given as: 

𝑃𝑟𝑜𝑏𝑎𝑖𝑙𝑖𝑡𝑦௠
క ሺ𝜑ି௠,  𝜑௠ሻ

ൌ න
1

2𝜏

∞

ఝ೘

exponential ቀെ
𝑤
𝜏

ቁ 𝜉𝑒 ቆ
lnሺ𝑤𝑧 െ 𝑎ሻ െ 𝜛ሺ𝜑ି௠ሻ

√2 𝜔 ሺ𝜑ି௠ሻ
ቇ 𝑑𝑥

൅ 0.5 exp ሺ
ሺ𝜑ି௠ሻ

𝜏
ሻ 

         (11) 

In above equation, 𝑧 ൌ
ை೘௙೘

′

ఠೞ
   and ൌ Ξ௠

ଶ . 

3.7 Queuing approach at MAC layer 

In order to determine packet loss model, queueing model has to be designed; let’s consider 𝑤௠  be the time slots 
for packet transmission, thus probable mass function is given as 

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦ሺ𝑊௠ ൌ 𝑗ሻ ൌ ൫1 െ 𝜛ሺ𝜑ି௠ሻ൯
௝ିଵ

𝜛ሺ𝜑௠ሻ 

 
              (12) 

Further, first instance of 𝑊௠   is computed as: 

𝑜𝑝𝑊௠ ൌ ൫𝜛ሺ𝜑௠ሻ൯
ିଵ

                   (13) 

In above equation, 𝑜𝑝ሾ. ሿ represents expectation operator; further let’s consider 𝑢௠ for the simplicity and further 
probability is given as: 

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦ሺ𝑊௠ ൌ ℎሻ ൎ 𝑢௠exponentialሺെ𝑢௠𝑗ሻ 

 
                (14) 

Let’s consider the time duration as𝑆௥ , then average service rate for video packets denoted by Ξ௠ and computed 
as: 

Ξ௠ ൌ
𝜛ሺ𝜑௠ሻ

𝑆௥
 

 

                (15) 

Further, let’s assume packet arrival with fixed parameter Λ௥ computed through where video packet length is 
computed through 𝐾௠  and video encoding rate is presented through 𝑄௠ at source node.  

Θ௥ ൌ
Q௠

K௠
                (16) 

Moreover, we compute the load factor 

𝐿௦ ൌ
Λ௥

Ξ௠
                (17) 
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Moreover, it is required to keep the queue stability hence through the substitution we compute upper bound 
through below equation. 

𝜑௠ ൑ െ𝜏 ln ൥1 െ ൬1 െ
𝑆௥, 𝑄௠

𝐾௠
൰

భ
|ಶ|

൩                (18) 

Further, it is observed that packets are discarded, thus we compute delay 

𝑃𝑟𝑜𝑏𝑎𝑏𝑙𝑒௠
ద ሺ𝑄௠, 𝜑௠ሻ ൌ expሺെ ቆ

𝜛ሺ𝜑௠ሻ

𝑆௥
െ

𝑄௠

𝐾௠
ቇ 𝐷𝑖𝑠𝑡𝑜𝑟𝑡௠

క ሻ 
            (19) 

 Further we design an integrated algorithm which is carried out in the iterative manner for two different sub-
problems designed in same section. 

3.8 Optimal Video Distortion Model 

In this subsection of the research work, we consider the integrated packet loss which occurs at MAC layer and 
physical layer; PSNR is one of the highly appreciated metric for video quality measurement; further model for the 
designed instances 𝑜 is given as 

𝑃𝑆𝑁𝑅௢ ൌ 10 logଵ଴ሺ
𝐸௠௔௫

𝐸௢
ሻ 

    (20) 

In above equation, 𝐸௢is distorted model for designed instance 𝑜; further designed instance comprises integration 
of two types of distortion i.e. lossy video and packet loss distortion. Lossy video compression is computed 
through below equation. 

𝐸௢
௟௖ ൌ 𝜀௢൫𝑆௢ െ 𝑆଴,௢൯

ିଵ
൅ 𝐸଴,௢      (21) 

In above equation, 𝑆଴,௢, 𝜀௢, o are special parameter  that are estimated through different  traditional approach and 
𝑆௢ indicates video encoding output rate; further packet loss contribution to video degradation is formulated as: 

𝐸௢
௣௟ ൌ 𝑙௢𝑄௢

௣௟    (22) 

both integrated are formulated as: 

𝐸௢ ൌ 𝐸௢
௟௖ ൅ 𝐸௢

௣௟    (23) 

Total video degradation for entire session is computed as: 

𝐸௢ ൌ 𝐸௢,଴ ൅ 𝜀௢൫𝑆௢ െ 𝑆଴,௢൯
ିଵ

൅ 𝐸଴,௢ ൅ 𝑄௢
௘௥௥௢௥ሺ𝜑௠, 𝜑ି௠ሻሻ (24) 

Also, above formula concatenate the application layer and physical layer  and performs the integration 
architecture of channel modelling, obstacle aware, queue modelling and video distortion model to enhance the 
cross layer design  

Tables 

Step1: Take input as the network information, 𝑀 ൌ |𝑀|, 𝑂௠, 𝑆௥ 
Step2: video and queue sequence information 

𝐶଴,௠, 𝑄଴,௠ 
Step3: Set the max iteration and compute PSNR value 
Step4: Initialization 
Step5: Fix iteration count and repeat𝑖 ൌ 0, 𝑄ሺ0ሻ ൌ ሺ𝑄௠

௞ ሻ௠ 
Step6: Given vector, obtain the optimal solution for  

𝜑ᇱ ሺ𝑖ሻ ൌ 𝜑∗
௠∈ெ
ᇱ ሺ𝑖ሻ 

Step7: Find optimization sub problem through optimization 
Step8: Further integrate and optimize the parameter like bandwidth, delay and throughput 
Step9: Repeat until 𝑄𝑜𝑆௣௔௥௔௠ሺ௜ሻ െ 𝑄𝑜𝑆௣௔௥௔௠ሺ௜ିଵሻ for all instances 

 

Table-1.  Integrated QoS aware optimization 
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4. Performance Evaluation 

In this section of the research, we evaluate the proposed model to prove the model efficiency; moreover proposed 
model is designed using the MATLAB Tool with system configuration of windows 10 with 16 GB RAM and 4 
GB NVidia Graphics.  

Further model is designed through considering network area with nature of single –hop network and area of 
100𝑚 ൈ 100𝑚 for communication, also communication nodes are randomly distributed in 2D-configuration. 
Moreover designed network topology is parted into 100 distinctive network with each 10𝑚 ൈ 10𝑚 grid. Nodes 
are distributed in uniform manner where video transmission packet is transmitted from source node to target node, 
also destination node is created in random direction with assigned random distance. Further system configuration 
is given through below table. 

𝑴𝒐𝒅𝒆𝒍 𝒄𝒐𝒏𝒇𝒊𝒈𝒖𝒓𝒂𝒕𝒊𝒐𝒏 𝑨𝒔𝒔𝒊𝒈𝒏𝒆𝒅 𝑽𝒂𝒍𝒖𝒆 

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑝𝑎𝑐𝑘𝑒𝑡 𝑐𝑜𝑢𝑛𝑡 𝑡𝑜 𝑏𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 200 

𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐴𝑟𝑒𝑎 100 𝑚 ൈ 100 𝑚 

𝐺𝑟𝑖𝑑 𝐴𝑟𝑒𝑎 10𝑚 ൈ 10𝑚 

𝐿𝑜𝑠𝑠 𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑃𝑎𝑡ℎ 3 

 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑅𝑎𝑦𝑙𝑒𝑖𝑔ℎ 𝐹𝑎𝑑𝑖𝑛𝑔 1 

𝑆𝑙𝑜𝑡 𝑇𝑖𝑚𝑒 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 5 𝑚𝑠 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝐺𝑟𝑖𝑑 100 

𝑉𝑖𝑑𝑒𝑜 𝑝𝑎𝑐𝑘𝑒𝑡 𝐿𝑒𝑛𝑔𝑡ℎ 3.04 𝑘𝑏𝑝𝑠 

𝑁𝑜𝑖𝑠𝑒 𝑃𝑜𝑤𝑒𝑟 10ଵଶ 𝑚𝑊 

𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑃𝑜𝑤𝑒𝑟 1000 𝑚𝑊 

𝑆𝐼𝑁𝑅 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 10 

                  

Table-2. Model Configuration 

Table 2 shows the considered configuration for simulation, in here we choose fixed frequency channel of one, 
five and ten for addressing the relation among transmission probability and different channels. 

4.1 Performance Metric Evaluation 

In this section of the research, we evaluate the model considering bandwidth efficiency, PSNR, throughput and 
end-to-end delay. 

4.2 PSNR (Peak to Signal)-Noise Ratio 

is defined as the ratio of maximum signal power to corrupting Noise which affects the representation; PSNR is 
computed for each frame of received video sequence as the data input for programs are divided into various 
frames. It is considered as one of the important metrics for video quality evaluation, the higher value of PSNR 
indicates the better video quality; figure 2 presents comparison of existing and proposed model where y-axis 
PSNR with different iteration. It is observed that PSNR value in each iteration is performed to be better than the 
existing model. Further in graph, we observe that for early instance i.e. for first four instance proposed model 
observes less PSNR value i.e. 0.5044, 0.50525, 0.5031 and 0.5002 in respective manner; however for other 
instances proposed model simply outperforms and video degradation quality is marginally optimized in 
comparison with existing model. 
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Figure 2: Peak to signal ratio performance 

4.3 Bandwidth Efficiency 

Bandwidth consumption is a highly important criterion for evaluating the performance of the proposed method, 
as it determines the network data transmission and latency. Bandwidth consumption is defined as the amount of 
data transmitted over time; it is another major parameter to evaluate the model for QoS metrics; figure 4 presents 
the bandwidth efficiency comparison where the graph is plotted as threshold selection vs bandwidth efficiency 
rate observed. Furthermore, threshold value is selected from o to 0.55 with interval of 0.05and bandwidth 
utilization for same threshold occurs between 0.6 and 0.65 whereas bandwidth utilization of ICLD remains 
between 0.7 and 0.8; also it is to be observed that it remains stable over the various threshold selection. 

 

Figure 3:Bandwidth Efficiency Performance. 
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4.4 End- to-End Delay 

End-to-end delay is also an important parameter for evaluating an integrated wireless network. It indicates the 
effectiveness of data transmission and is defined as the time taken for transmitting the packets from a source to 
the destination. Figure 5 presents the delay comparison by varying the various threshold variation; in here x-axis 
presents the different threshold variation and y-axis presents the delay. Moreover, for 0 threshold existing model 
observes the delay of 0.5333 whereas ICLD observes 0.49875; similarly, for 0.05, 0.1 and 0.15 threshold, existing 
model observes 0.5333, 0.543 and 0.547 whereas ICLD observes delay 0.517, 0.525 and 0.530 respectively. 
Further for threshold variation of 0.2 and 0.25 existing model gets delay of 0.550 and 0.551 whereas proposed 
model of 0.534 and 0.537, delay is computed in ms. 

 
Figure 4: End-to-End Delay. 

4.5 Throughput 

Throughput is important for evaluating the packet transmission ability of the network. It can be defined as the rate 
of successful packet deliveries; figure 6 presents throughput considering the various packet arrival rate; in here y-
axis presents throughput and x-axis presents video packet arrival rate. In video transmission, time at which packet 
arrives. In below graph for each packet arrival throughput is computed and observed  

 
Figure 5: Throughput vs packet arrival rate. 
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4.6 Throughput with Different Cases  

Figure 7 presents throughput variation by considering different scenario, in case of first scenario transition 
probabilities of value 0.2 is selected, in second scenario transition probabilities of 0.5 and in third transition 
probabilities of value 0.5 is selected. Further, simulation time considered is 30 on the single channel. 

 

Figure 6: Throughput variation graph against time 

 

  Figure 7: Average throughput performance 
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  Figure 8: Throughput performance 

 

Figure 9: Throughput Variations 
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0.7903, thus improvisation of 17.60 % is observed.Similarly, average delay for plotted graph observed by 
proposed model is 0.52408 whereas existing model delay is 0.539; this shows that ICLD observes enhancement 
of nearly 3%. Furthermore, throughput is computed against the various packet arrival rate and it is observed 
through graph (figure 6) that average throughput observed is 673 whereas ICLD observed throughput of 899 
which shows that proposed model observes 33.58% of enhancement in terms of throughput. Further figure 7 
shows the consistent performance of ICLD by varying the time with respect to instance. 

5. Conclusion 

Providing real-time multimedia services over wireless network represent a very promising and attractive topic due 
to its interesting applications and challenges; in this research work we design and develop integrated-cross layer 
optimization for QoS enhancement. Our model follows the optimality of channel modelling, obstacle aware 
interference modelling and video distortion modelling, also problem formulation is carried out with two sub 
problem i.e. video interface and optimal transmission policy. Moreover these issue are integrated and cross layer 
optimization mechanism is design that enhances the QoS metrics; further ICLO mechanism is evaluated 
considering the parameter like throughput, packet arrival rate, bandwidth efficiency, PSNR and end-to-end delay. 
Simultaneously, comparative analysis is carried out with same parameter with existing model and graph shows 
that ICLO (Integrated Cross Layer Optimization) outperforms the existing model.  

Although, it was observed that ICLO outperforms the existing model, there are several areas which has to be 
investigated mainly energy and security; further in future work we would be considering the optimized energy 
model. 
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