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Abstract—Next generation wireless networks are poised 

to support real-time video-on-demand and high quality 

multimedia streaming applications. In order to support 

them, several adaptation strategies have been proposed at 

different layers of the OSI network stack. Also, certain 

cross-layer strategies across physical/data link and 

transport/application layers have been proposed over the 

years. However, given the battery constraints of a smart-

phone, it is imperative that new cross-layer design be 

developed that would bring into account an energy-

oriented mechanism from a device perspective. In this 

paper, a new adaptive solution, EDAS – energy-efficient 

device oriented adaptive cross-layer scheme for multimedia 

transmission in wireless network environments is 

proposed. Importantly, EDAS provides a novel framework 

spanning across several OSI layers that would dynamically 

vary the energy consumption in mobile devices while 

maintaining a high peak signal to noise ratio (PSNR) in 

order to ensure a good video quality. It has been observed 

that EDAS significantly outperforms other schemes in 

terms of PSNR, loss-rate and importantly, the energy 

consumption in device. 

Keywords—Adaptive scheme, cross-layer design, energy-

efficiency 

I.  INTRODUCTION  

Over the last years, there has been a phenomenal increase in 

the demand by the mobile device users to have delivered real-

time multimedia content at high quality. However, achieving 

high quality real time multimedia streaming is very 

challenging, mainly because it is delay sensitive, and requires 

high bandwidth for continuous high quality transmission. At 

the same time, multimedia and graphic-intensive applications 

consume high amounts of energy in the mobile device, thereby 

resulting in significant reduction of the overall device battery 

life.  
 

There have been different works [1] that have proposed rate 

adaptation based protocols for high quality multimedia 

transmissions. However, most of these are deployed at a single 

layer of Open System Inter-connection (OSI) network stack. 

Although acceptable in case of a wired network where each 

layer treats the other layers as black boxes, in case of a 

wireless network, the OSI layer working cannot be optimized 

without being aware of other layers. For example, a network 

layer protocol could be optimized only if it has real-time 

information about instantaneous delivery channel conditions. 

Additionally, some research works have focused on adapting 

existing algorithms and protocols for multimedia compression 

and transmission to the rapidly changing wireless channel. 

However, many-a-times, these solutions do not necessarily 

provide adequate support for multimedia applications in areas 

of high interference. This is because the resource management 

and the available adaptation and protection strategies in the 

lower layers of the stack are optimized without the particular 

characteristics of multimedia applications being considered 

[2]. It should be noted that this “layered” optimization in the 

past led to a simple and independent implementation and to a 

non-optimal multimedia delivery performance. With the 

ability of the networks to process complex information and 

computational intelligence today, it is imperative to have 

cross-layer strategies in order to optimize the adaptation 

process for efficient multimedia delivery. 
 

This paper proposes a novel cross-layer energy-efficient 

device-oriented adaptive scheme (EDAS). EDAS is active at 

four layers - physical layer, link layer, transport layer and 

application layer. EDAS is mainly a device-oriented energy-

adaptive mechanism which adjusts the video bit-rate at the 

application layer dynamically, according to real time statistics 

of battery level of mobile device, effective network throughput 

and user perceived video quality, monitored at the receiving 

side at different network layers. 
 

The paper is organized as follows. Section II describes the 
related work on cross-layer adaptive video delivery solutions, 
while section III describes EDAS. The simulation set-up and 
results are presented in section IV, while section V concludes 
the paper.  

II. RELATED WORK 

A medium access control (MAC) layer protocol proposed for 

rate adaptation at low network layers is the receiver based 

auto-rate (RBAR) protocol. Using RBAR results in high 

overall throughput, especially in wireless LANs. Over the 

years, the authors proposed a feedback-based Quality Oriented 

Adaptive Scheme (QOAS) [3, 4] for efficient multimedia 

transmission in wireless networks. QOAS is an application 

layer solution which employs end-user perceived quality 

estimation in the feedback loop and outperforms other 

protocols such as the TCP Friendly Rate Control Protocol 

(TFRCP) [5] and the enhanced Loss-Delay-based Adaptation 



Algorithm (LDA+) [6] in a wireless environment, in terms of 

perceived quality, loss rate and the achievable throughput [7]. 

However, QOAS does not have any in-built energy-saving 

mechanism. Hence, a significant addition was required to be 

incorporated across the layers for energy-efficient cross-layer 

wireless multimedia transmissions [8]. Further, in case of real-

time multimedia transmission, not only the system throughput, 

but also other parameters like delay, packet loss and overall 

quality of service (QoS) should be considered. In addition, the 

fluctuations in the wireless channel, limited bandwidth, 

contention among several subscribers and dynamic topology 

make QoS a very significant issue. 

 

Recently, the authors have carried out a detailed analysis of a 

joint optimization of user experience and energy efficiency of 

wireless multimedia broadcast receivers with varying display 

and energy constraints [9]. This work focused mainly on the 

physical and link layer aspects, wherein the solution combined 

user composition aware source coding rate optimization, 

optimum time slicing for layer coded transmission and a low-

level cross-layer adaptive modulation and coding scheme. 

However, this solution did not integrate the higher layers in the 

cross-layer design. Other works include an energy-quality-cost 

tradeoff solution for mobile video delivery [10], a battery 

power-aware adaptive multimedia delivery scheme for 

wireless mobile devices [11], energy-aware mobile learning 

solutions [12], an energy-aware multipath content delivery 

scheme [13] and a mechanism for energy-aware multimedia 

content adaptation. [14]. 
 

III. SYSTEM MODEL OF EDAS 

This section describes the design of the proposed cross-layer 

energy-efficient device-oriented adaptive scheme EDAS. The 

design comprises of two aspects: the system architecture and 

the energy-efficient mechanism. The cross-layer EDAS is 

designed to optimize those parameters that affect the most the 

video delivery process, and consequently end-user perceived 

quality Q: loss rate, delay, jitter, bit rate and throughput. 

EDAS acts at various layers, from physical and MAC layers to 

transport and application layers. It should be noted that the 

proposed solution takes into account the system architecture 

while designing joint delivery improvement strategies across 

the layers. This is achieved by making use of information from 

layers such as physical layer on bit error rate for each link and 

data link layerto learn about the current network conditions 

and therefore quality of each link. 

A. Architecture of EDAS 

EDAS is an adaptive, information-centric solution spread 

across four layers. Its main characteristic is that it adapts its 

operation depending on the requirements of multimedia data 

traffic. In addition, a completely localized data management 

framework is presented in EDAS that helps capture 

information about traffic patterns in the network. 

Simultaneously, it deals with the end user perceived quality 

for multimedia streams at the receiver end. This information is 

subsequently used by application/transport layer scheme at the 

sender to modify its operation accordingly. The backbone of 

this scheme is the shared centralized database, as illustrated in 

the framework presented in Fig. 1. The database contains 

network parameters that affect individual layers or more than 

one layer, as well as parameters that get affected or modified 

by different layers. After accessing this cross layer 

information, each layer makes modifications of the parameters 

that they are concerned with applying the best adaptation 

strategy they can in order to imkprove delivery performance 

from their point of view. Note how the interaction between 

layers not connected directly takes place through the 

centralized database.  

 
Fig. 1 Interaction of layers with a centralized database in EDAS 

 

As part of this process, the physical layer provides adaptive 

rates to transport layer and also helps the MAC layer to select 

the best contention strategies for efficient delivery of traffic 

i.e., choosing a non-interfering set of senders and receivers at 

a particular time. Importantly, in the design of EDAS, instead 

of carrying the duration of the reservation as done in a non-

adaptive protocol, the information on the modulation rate and 

size of data packets is stored in this database and only updates 

are being carried by packets. This serves the dual purpose of 

providing a mechanism by which the receiver can 

communicate the chosen rate to the sender, while still 

providing neighboring nodes with enough information to 

calculate the duration of the requested reservation. Hence, for 

e.g., the MAC layer would not only choose a modulation rate 

that would maximize the throughput, but also communicate 

the same to the server, thereby developing a continuous 

interactive mechanism. This considerably reduces the 

overhead. Further, at application layer EDAS extends the 

QOAS’s client-side multimedia quality of delivery monitoring 

mechanism Quality of Delivery Grading Scheme (QoDGS) 

and uses QOAS’s server-side Server Arbitration Scheme 

(SAS) [3] as described next.  

B. Energy-Efficient Mechanism in EDAS 

As already mentioned, EDAS uses SAS at sever side and a 

cross layer quality of delivery grading scheme (CR-QoDGS), 

which extends the QoDGS, at the client. 

 



The most important feature of CR-QODGS is the calculation 

of a score based on the parameters from the Physical and 

MAC layers. These include: bit error rate (BER), signal-to-

noise ratio (SNR), modulation scheme and contention mode at 

MAC layer. A higher BER or lower SNR would lower the CR-

QODGS score which-in-turn would suggest to reduce the bit 

rate transmitted by the sender.  

 
 

 
Fig. 2 Client-server model for energy-efficient bit-rate selection 

mechanism in EDAS 

 

Further, a significant aspect of EDAS is to reduce the energy 

consumption. Regularly, the EDAS component at the client 

side monitors continuously the battery level of the device and 

request adjustments of the bit-rate based on the most recent 

readings. This is done in a process which includes six steps. 

The tasks in each step are repeated until the full video is 

played.   

 

1. The client sends a video streaming request to the server. 

The video bit-rate in this request is at the highest possible 

level given the battery power readings. 

2. The sever checks the receiving request and sends the video 

streaming at the corresponding rate. 

3a.The device receives the information and while displaying 

the video, also finds out the remaining battery level of the 

device.  

3b. Further, the client calculates the CR-QoDGS score based 

on the video quality displayed and also an ED (energy of 

device) score that is calculated based on the remaining 

battery level of the device. The ED score is calculated 

based on the remaining battery life (‘b’) and the set battery 

threshold level (‘BT’); explained in section 3.1 

4.   Both these scores are sent back to the server.  

5. The EDAS mechanism at the server first calculates the bit-

rate based on the CR-QoDGS score and then the actual bit-

rate depending on the ED score. This is such computed in 

order to enable complete playout of the video content 

given the battery power levels at the client device. The 

server then transmits the video content at the data rate that 

is adapted to both delivery conditions and client device 

energy level.  

C. Instantaneous Battery Level 

The “instantaneous battery level” in the device indicates the 

battery of the device at the instant when the client has just 

received the latest video data from the server.  A battery 

coefficient ‘b’ is defined as the ratio of the current energy 

level to the initial energy level of the device [15].  

b = Ec/Ei, 

where Ec is device’s current energy level and Ei is device’s 

initial energy level. 

 

‘b’ shows the instantaneous energy level of the device and 

decreases monotonically from 100% to 0%. Further, a battery 

threshold level, ‘BT’ is considered which defines the level 

below which the energy-efficient mechanism of EDAS would 

be applied. ‘BT’ can be set dynamically depending on user 

preference regarding trading-off between video quality and 

multimedia content duration. For instance, ‘BT’ = 0.5 implies 

that the bit-rate reduction in the device would apply only when 

the value of ‘B’ reaches below ‘BT’ = 0.5. If ‘BT’ = 0.75, then 

the energy-efficient bit-rate adaptation mechanism is applied 

only when ‘B’ drops below ‘BT’ = 0.75’. In order to alter the 

data rate, a 5-state bit-rate level ��, is defined for each video 

content relative to its highest bit-rate level, where � ∈
�1, 2, 3, 4, 5�. Iteratively, when b drops below a certain value 

during an iteration, during the next iteration the bit-rate is 

reduced by half its previous level, i.e., ���� � ���/2�. If the 

last decided bit rate does not have adverse effect on the 

network performance, the next session bit-rate is either kept at 

same level or increased by one-step, i.e., ���� � �� 	or	�� � 1, 

depending on the instantaneous user-experienced video 

quality. If the quality-level is above a satisfactory level (set by 

threshold Qt), the bit-rate level is maintained; else the rate is 

increased by one level. The BT and Qt can be set in the device. 

 

 
Fig. 3 Network topology for traditional multimedia wireless network 

architecture 

D. Experimental Set-up 

The tests involved a Samsung Galaxy Nexus One device as 

the client, as it is anticipated that most of the users today 

would have a smart-phone with at-least the capabilities of this 

model. The test system comprises of the phone and a video 

server streaming content over a wireless IEEE 802.11g 

network. The phone is connected to an external measurement 

setup that monitors and logs its power consumption during the 

execution of various tests. A shunt resistor (0.22 Ω; ± 1%) is 

inserted between the phone and battery to allow calculating 

the current by measuring the voltage drop across the resistor. 

The low-value shunt resistor of 0.22Ω ensures that energy is 

not wasted during the measurement phase. The instantaneous 

energy consumed is measured using an Arduino board as 

shown in Fig. 4.  



In order to test the energy efficiency of the proposed EDAS 

mechanism and to investigate the impact on potential energy 

savings in the device, the system is simulated for an IEEE 

802.11g based wireless network, with a single-hop 

communication between the client (device) and server (base 

station). The simulation setup consists of a number of mobile 

nodes distributed in a circular coverage area of 1 square km. 

There is a sender located at centre of the area. The server 

communicates directly with all wireless terminals in the 

network, as shown in Fig. 3. There are a number of sources 

(i.e. S0 is the video source multimedia and S1, S2,…, SN are the 

background traffic senders) connected to the server (BS) that 

transmits multimedia content to N clients - C0, C1, C2.., CN. 

The links between S0, S1, S2…, SN and the server are 

sufficiently provisioned, so as not to cause any delay or loss. 

The performance of EDAS scheme is evaluated in terms of 

four parameters: average bit rate, loss rate, energy 

consumption and peak signal-to-noise ratio (PSNR).  

 

 
Fig. 4 Set-up for measuring energy consumption in mobile device 

 

In order to test the performance of EDAS during multimedia 

streaming, the original version of test video were downloaded 

with bit-rate of 2657kbps and 145 seconds length. It is 

compressed by WisMencoder 2.3.0 (with built-in FFMPEG) 

into 5 different bit-rates videos: 180kbps, 500kbps, 900kbps, 

1200kbps, 1600kbps respectively. Notably, different video 

levels were assigned for the different bit-rates. These include: 

180 kbps (L1), 500 kbps (L2), 900 kbps (L3), 1200 kbps (L4) 

and 1600 kbps (L5). Further, the performance of EDAS is 

evaluated for different instantaneous battery levels. Four 

instantaneous battery levels are considered: 100%, 75%, 50% 

and 25%. The four scenarios are simulated from the same 

video starting point.  

 

Fig. 5 to Fig. 8 show the results of the cross-layer based 

EDAS scheme for different battery threshold (‘BT’) and the 

results are compared to QOAS. Fig. 5 shows the remaining 

battery level of the device while Fig. 6 shows the average 

PSNR of four different cases of EDAS and QOAS. It can be 

observed from Fig. 5 that EDAS with BT = 1.0 has a much 

longer battery life as compared to other BT levels. For instance, 

the remaining battery at 14,400s, i.e., at 4 hours is 0.38 in case 

of BT = 1.0; only 0.097 in case of BT = 0.25 and 0.2 in case of 

QOAS. In fact, this battery improvement is consistent 

throughout the simulation. This shows the significant battery 

improvement of EDAS. Notably, Fig. 6 shows that the 

resulting PSNR is also the highest for BT = 1.0 as compared to 

other schemes. Interestingly, PSNR of EDAS for all four 

considered thresholds as well as that of QOAS are 

considerably good. This shows that application of EDAS does 

not result in a degradation of video quality in the network.  
 

E. Results 

 
Fig. 5 Variation of battery level with time for EDAS (different 

threshold, BT) with the QOAS scheme 

 

 
Fig. 6 Variation of PSNR with Time for EDAS (different threshold, 

BT) mechanisms with the QOAS scheme 

 

The variation of bit-rate with time in Fig. 7 gives a very 

interesting result. It can be observed that EDAS results in 

considerably higher variation in the instantaneous bit rate at 

for different BT thresholds. Notably, BT = 1.0 results in a very 

low bit rate; which in turn indicates a lower average video 

quality transmitted from the network itself. On the other hand, 

EDAS with low BT values implies a higher transmission rate in 

the initial stages from the network itself, till the battery of the 

device reaches the BT threshold value. Once this threshold is 

reached, the bit-rate decreases rapidly; as the primary focus is 

now on saving the battery life and extending the device life. In 

particular, the bit-rate of EDAS is higher than that of QOAS 

until the threshold; after which it degrades sharply. This 

indicates a significant feature of EDAS. Firstly, the bit-rate 

offered by the transmitter in case of EDAS is adaptive yet 



significantly higher than that of QOAS; especially until the 

threshold BT is reached. Secondly, when the battery level is 

low, the EDAS decreases the transmission bit rate itself, so as 

to reduce the overall energy consumption and also to have a 

smooth degradation in video quality not to be perceptible to 

end-users, while increasing the battery life.  

 

 
Fig. 7 Variation of Bit-Rate with time for EDAS  

(different threshold, BT) with the QOAS scheme 

 

 

 
Fig. 8 Variation of Loss-Rate with time for EDAS (different 

threshold, BT) with QOAS 

 

Finally, Fig. 8 shows the variation in loss rate in percentage, 

for four scenarios in EDAS as compared with QOAS. It can be 

observed that the loss rate of all the schemes are less than 1%, 

resulting in good video quality level. Note how EDAS results 

in an extremely low value of 0.2% when the battery threshold 

is set at BT = 1.0. This shows that the cross-layered EDAS 

provides a flexible solution to adapt the bit rate and extend the 

battery life while maintaining good quality level. 
 

IV. CONCLUSIONS AND FUTURE WORK 

A novel cross-layer energy-efficient device-oriented solution 

EDAS was proposed in this work for efficient multimedia 

streaming to wireless mobile devices. The functionality of 

EDAS spans across four layers of the OSI network stack: 

physical, MAC, transport and application. EDAS provides a 

flexible mechanism for dynamically reducing the energy 

consumption of mobile devices and thereby extending their 

battery life, without affecting user perceived video quality. 

Future work will focus on developing an analytical framework 

to reflect closer interaction between the four network layers. 

This framework should also consider a comprehensive 

mathematical analysis that would indicate the relation between 

energy savings and the resulting bit-rate in order to better 

support the adaptation decisions. Another further work in this 

direction is to enhance this cross-layer design over all layers 

of OSI stack and considering more parameters, taking into 

account the current deployed network architectures. 
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