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Abstract – Communication process is fast changing from 

conventional voice only to interactive multimedia pattern 

consisting of voice, images and video services. However, these 

multimedia services require more network resources in terms 

of bandwidth for efficient delivery. Unfortunately, mobile 

network is bandwidth limited, thus becoming difficult for 

effective distribution of multimedia services to users on 

mobile network. This research work investigates the effect of 

content-based adaptation on quality of mobile video services. 

The research aims at devising an alternative mechanism for 

improved mobile video services. 
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I. INTRODUCTION 
 

Mobile video communication involves distribution and 

consumption of video services over mobile network. 

Mobile network is bandwidth limited, this affect the 

quality of received video services [1]. Thus, the need to 

investigate and design a system for improved mobile video 

services. The objective of the research work is to design a 

system that distributes the limited bandwidth resources 

among video streams to maximize the perceived video 

quality. The perceived video quality performance is 

measured using Peak-Signal-to-Noise-Ratio (PSNR) [2]. 

The quality metric is used also to verify the performance 

of the proposed scheme in terms of the overall average 

perceived video quality. 

Perceived video quality performance depends on many 

factors including source compression, bandwidth 

allocation, error concealment, error resilience, channel 

protective techniques and content characteristics. The level 

of protection and received video quality significantly 

depend on the available network bandwidth and allocation 

to individual video stream. Research reports on bandwidth 

allocation for improved video services have been 

discussed in the literature. J. McManus et al [3] proposed a 

constant bit-rate virtual channel scheme between the video 

encoder and the viewers. G. Gardikis et all [4] explored 

bandwidth allocation strategy based on service hierarchy, 

giving priority to individual services. In [5], J. Salehi et 

all, investigated work-ahead technique, by sending video 

data ahead of schedule time to minimize quality distortion. 

P. Chou et al [6] researched on end-to-end mechanism is 

proposed in which the video encoding is based on network 

condition estimated from the packet loss statistics. An 

adaptive bandwidth allocation framework based on long 

term video traffic prediction is proposed in [7]. M. Krunz 

[8], presented bandwidth reservation model. But the 

technique poses complexity and inaccuracy in reservation 

strategy. In [9] LIVA model is proposed, which relies on 

network nodes’ feedback information for layered internet 

video adaptation. A mathematical model for congestion 

control is discussed in [10]. Quality of experience-driven 

adaptation scheme is proposed in [11]. A price-based 

resource allocation framework is presented in [12], where 

bandwidth allocation is a function of payment rate. 

However, these techniques have not considered the 

adaptation capability of the content to resolve the 

mismatches between the video streams properties and 

network constraints. Unlike the proposed scheme, most of 

the discussed schemes in the literature require high 

computational complexity due to complex calculations, 

unrealistic assumptions which may not be feasible in 

practical scenarios.             

The proposed scheme Content-Based Adaptation for 

improved mobile video services differs from the existing 

systems in the literature on the fact that it harnesses the 

characteristic of video contents in the quality enhancement 

process. The proposed scheme is less complex and scales 

efficiently with the available network resources to improve 

perceived video services. 

 

II. SYSTEM MODEL AND ANALYSIS 
 

Content-based Adaptation scheme for improved mobile 

video services is discussed in this research paper. The 

research aims at designing more efficient video content 

adaptation system to enhance perceived video quality in a 

bandwidth limited mobile network. The proposed system 

design consists of H.264/AVC codec, video content 

analyzer and adaptation module as the key components. 

The H.264/AVC encoders perform compression 

functionality, packet structure adaptation and source rate 

adaptation. The video characteristic is an important 

parameter in the proposed system design process. The 

content information of the video streams are extracted and 

transmitted ahead of the video stream through a dedicated 

channel to the adaptation module where adaptation process 

is performed. The computation of video stream bandwidth 

allocation is performed using the extracted content 

information. The video streams are then adapted based on 

the content information of the video streams. 

The adaptation module regulates parameters for video 

streams adaptation process. The major challenge 

considered in this investigation includes how to utilize 

content characteristics of video streams in adaptation to 

enhance the perceived video quality in a bandwidth 

limited network. Figure 1, presents the framework of 

content-based adaptation scheme for improved mobile 

video services in constrained-bandwidth network. 
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Fig. 1. The proposed content-based adaptation 

  

III. CONTENT CHARACTERISTIC 
 

Content characteristic include the magnitude of motion 

in the video sequences. Changes in the motion 

characteristics between successive video scenes are mainly 

caused by object motion, example a goal keeper in a 

football scene and global motion include camera motion 

such as zoom, pan. In object motion, different objects 

experience different motion characteristics in the video 

scene. In camera motion, objects within the video scene 

experience similar motion. Since camera motion produces 

homogeneous motion characteristic within the video 

scene, motion compensation results in reduction of 

residual energy and an increase in compression 

performance [13]. Thus, object motion is considered in 

estimating content characteristic in this work. The content 

characteristic is analysed using the optical flow algorithm 

of Lucas and Kanade [14]. In the research, different 

standard video sequences characterized with different 

motion activities are analysed using the algorithm. The 

temporal resolution, spatial resolution and number of 

frames in video sequences are considered in the process of 

content characteristic analysis. 

 

IV. SIMULATION AND RESULT 
 

The performance of the proposed scheme is tested with 

the standard test video sequences: Football and Soccer test 

video sequences. The tested video sequences represent 

different two types of requested video services from 

content operator. H.264/AVC reference software, version 

JM 15.1 [15] was used in the simulation process to 

perform source encoding. The compression configuration 

includes: Group of Picture GOP size of 16, frame rate of 

30fps, CIF 352x288 spatial resolutions and a macroblock 

size of 16×16 pixels. Each test video sequence has a total 

number of 300 frames. The adaptation module transcodes 

[16] the pre-encoded video stream and re-encodes the 

input video streams at different bitrates based on the 

content characteristic of the video streams. The adapted 

video streams are decoded using H.264/AVC decoder. The 

system performance is compared with conventional 

approach, where adaptation is performed at constant 

bitrates without considering content characteristics of the 

video streams. 

The performance of the proposed scheme is measured in 

terms of perceived video quality performance. Peak Signal 

to Noise Ratio video quality metric is used to measure the 

performance of the proposed scheme. However, it is 

important to note that PSNR scale ranges from 0 to 100, 

where 0 depicts the worst perceived video quality and 

higher values of PSNR represents better received video 

quality. More details on PSNR are discussed in [17]. 

In comparison with the conventional approach, analysis 

of the results show that the perceived video quality 

measured in terms of the obtained PSNR value from the 

proposed scheme record improved performance across the 

tested video streams. The enhancement in quality 

performance of the proposed scheme is a result of 

effective adaptation of the bitrates to video streams based 

on the content characteristics of the test video sequences. 

Plots of the average perceived video quality performance 

in terms of PSNR versus average bitrates (BWT) for the 

Football and Soccer test video sequences are presented in 

Figure 2 and Figure 3: 

 

 
Fig. 2. Average PSNR video quality performance 

comparison of Football test video sequence. 

 

 
Fig. 3. Average PSNR video quality performance 

comparison for Soccer test video sequence 
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The results presented in Figure 2 and Figure 3 show the 

perceived video quality performance of the proposed 

scheme compared to the conventional approach at 

different bandwidth characteristics. The improvement in 

the quality performance of the test video sequences is a 

result of adaption process which systematically distributes 

bitrates based on the content characteristic of the video 

streams. This adaptation system allocates low bitrates to 

video stream when content characteristic is low and 

allocates high bitrates when content characteristic is high. 

The higher bitrates allocation to high content characteristic 

video stream enhanced the quality performance at high 

motion scene. Comparing the received video quality 

performances, it is also observed that the quality 

performance of the proposed system measured with PSNR 

quality metric improve as the average bandwidth 

allocation increases. The observations on the results can be 

utilized to develop an advanced system model for 

improved mobile video services. 

  

V. CONCLUSION 
 

Content-based adaptation scheme has been discussed in 

this paper. Content characteristic is considered in the 

adaptation process. The results demonstrate the efficiency 

of the proposed system. The insight gained from the 

research can be harnessed to design an efficient scheme 

for improved mobile video services. In future research, the 

proposed scheme will be optimized and tested with 

various video resolutions to develop more efficient 

adaptation approach for improved mobile video services in 

constrained network. 
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