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 The greatest challenge in multimedia streaming is the limited bandwidth and the battery 

energy of mobile devices. Multimedia streaming consumes lot of energy in the mobile 

devices while encoding and decoding the multimedia content. Various research works 
have been carried out in reducing the energy consumption in mobile devices. Recent 

advancements in cloud computing has also served this purpose. In this paper a 

comparative study on various energy efficient techniques is performed. In addition, we 
also discuss some relevant literature on the complementary problem of achieving 

energy efficiency by incorporating cloud for multimedia streaming services.  
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INTRODUCTION 
 

 The growing demand for visual content on the 

internet has increased the amount of multimedia 

content available world-wide. The sum of all forms 

of video will be 80 – 90 percent of the global 

consumer traffic by 2018 (Cisco Visual Networking 

Index, 2014). The need for accessing the good 

quality multimedia data at a faster rate with less 

energy consumption has become one of the major 

issues in streaming multimedia content. This issue 

still continues as it takes long time to load the large 

amount of multimedia content over the available 

network services [Zhu Li et al. (2008)]. In this paper, 

we survey various multimedia streaming techniques 

that are proposed during the last few years to achieve 

an efficient streaming of multimedia content.  

 A wide variety of streaming technologies are in 

existence and they are still emerging so as to provide 

the best quality of streaming with low cost. As the 

world is moving into full HD (1080p), it has become 

necessary to provide good quality with improved 

efficiency. This can be achieved either by traffic 

scheduling or multimedia content adaptation 

mechanisms or by modifying the content itself 

(Hoque et al., 2014).  

 The structure of the survey is as follows. Section 

II reviews a number of related surveys and details the 

importance of our survey. Section III discusses about 

the various multimedia streaming techniques. Then 

in section IV we review the energy efficient methods 

carried out in multimedia streaming. Finally in 

section V we conclude the possible lessons learned 

from the survey and future directions.  

 

1. Present Scenario:  

 There are a number of related works that have 

been carried out to utilize cloud services for 

multimedia applications. In this section we will 

discuss various research works in the multimedia 

applications in the cloud infrastructure.  

 Nan et al., (2014) proposed a new queuing 

model to characterize the service process in the 

multimedia cloud. Using the proposed queuing 

theory the resource allocation problems have been 

studied in three different scenarios namely: Single-

service scenario, multi-service scenario and priority 

service scenario. For every scenario the response 

time minimization problem and resource cost 

minimization problem have been solved. The 

simulation results in this paper shows that the 

resource allocation schemes proposed can optimally 

allocate cloud resources for each service at minimal 

resource cost.  

 Chang et al., (2012) proposed a novel cloud 

multimedia architecture that makes dynamic 

adjustable multimedia streaming system suitable for 

the characteristics of the mobile devices. They have 
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designed an algorithm called DAMS (Dynamic 

adjustable multimedia streaming) for cloud 

multimedia streaming architecture. The variable bit 

rate and resolution of adaptable GOP were discussed 

in the paper. Mobile device resources, multimedia 

codec characteristics and the current network 

environment and design the stream dispatcher with 

the adaptable codec approach were considered to 

calculate the most suitable segment for mobile 

devices in time. The algorithm decreases the loading 

of the content storage servers thus decreasing the 

power consumption in mobile devices effectively. 

The experimental results shown in the paper clearly 

gives a picture of the efficiency attained by this 

algorithm in cloud multimedia streaming service.  

 Sebestyen et al., (2013) proposed a self tuning 

multimedia streaming system on cloud infrastructure. 

Private cloud architecture is deployed for multimedia 

streaming and an automatic performance tuning 

solution is provided. Quality assurance and energy 

efficiency are achieved. The Qos factors that are 

taken into consideration are minimum initial waiting 

time and cumulative disruption time of continuous 

playing. On-demand dynamic allocation of resources 

employs proxy servers to manage extra load and 

releases the proxy servers when the load is less.  

 

2. Multimedia streaming techniques: 

 Streaming multimedia content from a server and 

presenting it to the end user with less consumption of 

energy is challenging. There are wide varieties of 

streaming techniques that have proposed in the recent 

years to achieve streaming at the best quality and less 

cost. We will discuss few such techniques and 

compare their performance in this section.  

 

2.1 Encoding rate streaming: 

 Encoding rate technique is exclusively applied 

by the streaming clients. The server sends content 

using fast caching and the player has a small 

playback buffer. Therefore, the playback buffer and 

TCP receive buffer become full at the very 

beginning. Since the player decodes content at the 

encoding rate, the same amount of buffer is freed 

from the playback buffer and also from the TCP 

receive buffer. The client again can receive the same 

amount of content from the server (Hoque et al., 

2015). 

 

 
 

Fig. 1: Encoding rate streaming - Interaction between playback buffer and TCP receive buffer (Hoque et al., 

2015). 

 

2.2 Throttling: 

 Throttling is a server-side streaming technique. 

In this case, the server sends content at a limited 

constant rate, which is higher than the encoding rate. 

Therefore, the content is downloaded at the client at 

a faster pace than the encoding rate. The multiple of 

the encoding rate is referred to as the throttle factor. 

The throttling factor can vary depending on the video 

service or even on the player type for the same 

service (Hoque et al., 2015).  

 

2.2.1 Single TCP Connections: 

 In single TCP connection, the throttling takes 

place and the data is sent in small chunks. The 

concept is similar to those found in (Rao et al., 2011) 

and (Alcock and Nelson, 2011). When receiving the 

video of HD quality the chunk size increases. These 

chunks are sent by the streaming servers at periodic 

intervals to the streaming clients. The interval is 

increases as the encoding rate or quality of the video 

is decreased (Hoque et al., 2015).  

 

2.2.2 Multiple TCP Connections: 

 Finamore et al., 2011 observed a similar 

condition in which the video content is downloaded 

in „chunks‟, each on requested in separate TCP 

connection. In multiple TCP connections method, the 

player receives the content at the throttled rate in the 

beginning. Since the playback continues at the 

encoding rate, there is always some extra content in 

the buffer. Therefore, this playback buffer becomes 

full at some point and the player closes the existing 

TCP connection. Whenever some buffer is freed, the 

player initiates another HTTP partial content request 

over TCP. In this way, the player actually receives 

more data from the server than the actual size of the 

content (Hoque et al., 2015).  

 

2.3 Buffer Adaptive Streaming: 

 Buffer adaptive techniques represent smart 

player implementation. The players maintain two 

thresholds of buffer level: a lower and an upper. 
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During a streaming session, the player stops 

downloading content when the playback buffer is 

filled to the upper threshold value and it resumes 

downloading when the buffer drains to the lower 

threshold. The video players apply buffer adaptation 

in two different ways and generate ON-OFF traffic 

pattern (Hoque et al., 2015)  

2.4 Fast Caching: 

 Fast caching refers to downloading the whole 

content in one-go at the very beginning of the 

streaming using the maximum available bandwidth. 

The players continue playback and at the same time 

maintains very large playback buffer (Hoque et al., 

2015)  

 

2.5 Rate Adaptive Streaming: 

 As observed in the paper by Stockhammer 

(2011) Dynamic Adaptive Streaming over HTTP 

(DASH) like rate adaptive mechanisms are able to 

change the quality on the fly for adapting with 

bandwidth fluctuations. The quality switching 

algorithms are implemented in the client players. A 

player estimates the bandwidth continuously and 

transitions to a lower or to a higher quality stream if 

the bandwidth permits (Hoque et al., 2015)  

 

3. Comparative Analysis on Methodologies: 

 There are wide varieties of streaming 

techniques, discussed in the previous section that has 

been proposed by various authors in achieving the 

best quality of service at less cost and low energy 

consumption. By incorporating cloud computing 

techniques in streaming has led to a development of a 

whole new domain of new methods of improvement 

which opens up new areas of research in the field of 

multimedia streaming. In this section we will discuss 

the different methods and techniques adopted by 

various authors in achieving the energy efficient 

streaming system.  

 

3.1 Energy Efficient Techniques: 

 An energy efficient caching scheme (Huszak et 

al., 2013) is proposed that keeps the balance between 

the power consumption and the acceptable playout 

delay caused by caching that has direct influence on 

the perceived quality. According to the obtained 

results the proposed delay-conscious caching model 

can serve as a guideline for the offline playout delay 

determination in order to keep the delay as low as 

possible, but reduce the consumed energy as well.  

 Lin et al., (2014) proposed an approach that 

minimizes the energy consumption incurred by the 

backlight when users access multimedia streaming 

on mobile devices and a cloud-based energy-saving 

service, called the dynamic backlight scaling service, 

which minimizes the backlight‟s energy consumption 

when displaying video streams on mobile devices has 

been introduced.  

 Lai et al., (2014) introduced an adaptive energy-

efficient stream decoding system for cloud 

multimedia network on multicore architectures, 

combined with multicore scheduling and dynamic 

voltage frequency scaling (DVFS) to provide high 

efficiency and low power consumption of the cloud 

multimedia decoding mechanism.  

 An algorithm was designed by Li et al., (2008) 

based on Lagrangian relaxation and dynamic 

programming in the average distortion metric case, 

and bisection search on distortion threshold and 

dynamic programming in the maximum distortion 

metric case and a heuristic algorithm to reduce the 

computational complexity has also been developed. 

The results obtained indicate that it is a very efficient 

and effective method in energy-efficient video 

transmission over a slow fading wireless channel.  

 Zakerinasab and Wang (2013) have introduced a 

two-level NC and transmission scheme to stream 

multimedia content to smart phones. At the top level, 

the Cloud produces coded blocks of video segments 

using systematic network coding in GF(256) and 

serves coded blocks to the smartphones. At the 

bottom level, received content is shared among 

smartphones within a WiFi network. The content is 

transmitted in both verbatim form and coded form 

using systematic network coding in GF(2). Network 

coding operations on smartphones are also 

minimized by offloading the encoding process to the 

Cloud and using XOR-only network coding in the 

WiFi network only when necessary. a light-weight 

distributed scheduling algorithm to eliminate the 

centralize management for data swarming among the 

nodes has also been implemented.  

Issues considered (Zakerinasab and Wang, 2013)  

 Variable loss rate  

 Bandwidth fluctuations  

 Trestian et al., (2012) presented an in-depth 

study on how the wireless environment can impact 

the energy consumption of a mobile device while 

performing VoD. The tests were conducted by the 

author on an Android Mobile Device in a controlled 

wireless (IEEE 802.11g) environment in order to 

better understand the impact of each parameter on 

the energy consumption. Five different quality levels 

of the multimedia stream were considered and their 

impact on the energy consumption was also 

analyzed. The results given by the author shows that 

by changing the quality level of the multimedia 

stream the energy can be greatly saved while the user 

perceived quality level is still acceptable. This 

demonstrates the benefits that can be obtained by 

using an adaptive multimedia mechanism in terms of 

energy consumption. These mechanisms could be 

further improved in order to consider the energy 

consumption, making them even more energy 

efficient. Another important observation is the 

impact of the transport protocol (e.g., UDP, TCP) on 

the energy consumption. The results show that TCP 

is more energy efficient than UDP in all situations. 

After analyzing the Wireshark trace files, it has been 

noticed that TCP has a larger packet size distribution 
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than UDP. This mean that in case of TCP, less data is 

transmitted which leads to a decrease in energy 

consumption of the mobile device.  

 In Energy-Aware Mobile Video Transmission 

(Kolios et al., 2013) delivery is controlled, and hence 

content buffered at the terminals, to improve the 

energy efficiency of the wireless system. This 

solution maintains a smaller available buffer when 

terminals are away from the base station (BS), while 

it delivers content more aggressively when the 

terminal is closer to the BS. This is to say that as 

long as playback is not interrupted, the perceived 

user experience is not affected at all by the 

application buffer size, allowing great flexibility in 

purposefully delaying fragment transmissions when 

seem fit. In essence, capitalizing on such delay 

tolerance, the system refrains from communication 

when the channel conditions are not favorable and 

only engages in transmission when the experienced 

channel gains are considerably better. In this way, 

communication occurs at the best locations within 

the cell (in terms of link gains) minimizing in that 

respect the total energy consumption for both the 

transmitter and receiver nodes, the whole process 

being constrained by the real-time playback 

requirements of the service offered.  

 In Table 1, the power consumption that is 

achieved in various techniques that has been 

discussed in the previous sections is listed out and 

the percentage of power consumption is compared.  

 An adaptive energy- efficient stream decoding 

system that has been proposed in (Lai et al., 2014) 

has reduced the power consumption by 36.% to 41.9 

% as compared to the general systems in spite of 

keeping the bit rates quite high and since the but 

rates have kept high, the quality of the content is not 

compromised.  

 Another approach that been carried out to reduce 

the energy consumption is the backlight scaling 

optimization in (Lin et al., 2014) and in this paper, 

the energy efficiency achieved varies according to 

the mobile device used.  

 BaSe-Amy Algorithm (Li et al., 2008) is 

compared to the Constant Bit Rate (CBR) where the 

device screen brightness is set to 60%. In case of 

BaSe-Amy+ algorithm, (Li et al., 2008), the device 

screen brightness is dynamically controlled. As a 

result, the two algorithms BaSe-Amy Algorithm and 

BaSe-Amy+ algorithm, (Li et al., 2008) showed an 

increased battery life of 7.6% and 10% respectively.  

 A Cloud-Assisted Energy-Efficient Video 

Streaming System (Zakerinasab and Wang et, 2013), 

a two-level NC and transmission scheme to stream 

multimedia content to smartphones showed that it 

can save up 73% of battery power compared to the 

current streaming systems on mobiles and 52% 

compared to Microcast (Keller et al., 2012).  

 Caches for Multimedia Workload (Kudithipudi 

et al., 2008) reduced the power dissipation at smaller 

technology nodes and improved the performance and 

achieved a power saving of 9% to 21%.  

 
Table 1: Comparison of power consumption in various techniques. 

Approach Power consumption Percentage 

An Adaptive Energy-Efficient Stream Decoding System for 

Cloud Multimedia Network (Lai et al., 2014) 

36.2% – 41.9% 

(Lesser than general systems) 

Dynamic Backlight Scaling Optimization (Lin et al., 2014) 10 – 20% (HTC Desire) 
27 – 40% (Apple ipad) 

BaSe-AMy Algorithm (Li et al., 2008) 7.6% (Increased Battery Life) 

BaSe-AMy+ Algorithm (Li et al., 2008) 10% (Increased Battery Life) 

A Cloud-Assisted Energy-Efficient Video Streaming System 
(Zakerinasab and Wang et, 2013) 

73% (compared to current streaming systems on the mobiles) 
52% (compared to MicroCast (Keller et al., 2012)) 

Caches for Multimedia Workload (Kudithipudi et al., 2008) 9% to 21% power saving 

 

4. Conclusion:  

 In this paper, we have discussed the various 

energy efficient techniques for multimedia 

streaming. A performance analysis on various 

techniques that have been previously discussed has 

also been done. The need for accessing good quality 

of multimedia at a lesser cost has increased. 

Incorporation of cloud computing techniques in 

multimedia treaming will lead to whole new ideas for 

research. As the demand for visual content in the 

internet has increased in the recent days, the need for 

energy efficient streaming techniques has also 

increased.  
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