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ABSTRACT 
 
As an accepted solution to the mobile network heterogeneity problem, the layered multiple distribution enquires 
data layering and subscriber join-experiments that cost amount of resources. So, it is limited in heterogeneous 
mobile network environments. This paper first proposes a novel adaptive stream multiple distribution for MPEG-4 
FGS video to meet these challenges. Based on the fine-granularity property of MPEG-4 FGS video coding 
technology, the scheme tries to delivery multimedia multiple distribution service over the heterogeneous networks in 
a similar way as that to transport water in pipelines, where the valves in pipelines adjust water flux to next pipeline. 
A modified method of computing PSNR, which considered the dependence of frames in one GOP, is used to evaluate 
the MPEG-4 FGS video transmission. Simulated results indicate that the scheme could dispose the heterogeneity of 
networks and end-systems freely, with permanent stability, flexible scalability 
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INTRODUCTION 
 

In the future, the existing wired and wireless networks are expected to interconnect each other and converged to a 
huge and heterogeneous network [1]. To handle heterogeneous network conditions, layered multiple distribution [2] 
was suggested to delivery video service to heterogeneous subscribers. The technique requires video stream to be 
organized into layers, and each layer is sent to a separate multiple distribution group. Under the available bandwidth, 
subscribers join the appropriate number of layers by join-experiments. Nevertheless, under wireless environments [3] 
frequent join-experiments will cost amount of resources because of frequently fluctuant bandwidth. The scheme 
doesn’t fit for video stream transmission in wireless networks. What’s more, the segmentation of video stream and 
synchronization of received layered data must be also considered really. This leads to more complexity for terminals. 
However, most efforts [4-14] are devoted to resolve the questions about fairness, congestion control and 
TCP-friendliness of layered multiple distributions. All these efforts could not radically remedy the above fatal 
drawbacks of layered multiple distributions. In this paper, an adaptive stream multiple distribution for MPEG-4 FGS 
video, which takes advantage of the fine-granularity property of MPEG-4 FGS [15] video coding technology, is first 
proposed to addressthe insurmountable issues of layered multiple distribution.The scheme tries to deliver the 
MPEG-4 FGS encoded video stream over heterogeneous networks in the same way as that to supply water by 
pipelines. 
 
ADAPTIVE STREAM MULTIPLE DISTRIBUTION SCHEME 
The MPEG–4 video coding with Fine Granularity Scalability (FGS) is a new coding technique expressly designed 
for video streaming. With FGS coding the video is encoded into a base layer(BL) and one enhancement layer (EL). 
Similar to conventional scalable video coding, the base layer must bereceived completely in order to decode and 
display a basic quality video. 
 
The discrete cosine transform coefficients of FGS enhancement layer are bit–plane codedand there is no motion 
compensationwithin the FGS enhancement layer. So the enhancement layer can be truncated anywhere at the 
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granularity of bitsto adapt to the available network resourcesandthe remaining part can still be decoded to improve 
upon the basicvideo quality, while the conventional scalablevideo codingrequires the reception of complete 
enhancement layers to improve upon the basic videoquality. This makes the enhancement layer highly resilient to 
transmission errors,and subsequently well suited to the transmission over error–prone networks such as the 
best–effort Internet. The base layer is transmitted with high reliability (achievedthrough appropriate resource 
allocation and/or channel error correction) and the FGS enhancement layer istransmitted with low reliability (i.e., in 
a best effort manner and without error control).  
 
With fine granularity property, the FGS–encoded videos canflexibly adapt to changes in the available bandwidth in 
wired and wireless networks. The FGS video coding has the potential to fundamentally change the video streaming 
in networks. 
 
As presented in [16], the enhancement layer of MPEG-4 FGS pre-coded video stream could be truncated anywhere, 
so its throughput could be adapted by cutting its enhancement layer. That also means that the video stream rate can 
be adjusted according tothe network status of their downstream links by the routers in networks, which works as the 
valves in pipelines do to regulate the flux of water to a downstream pipeline.  
 
Thus, the ASM-CBCC is devised to deliver the MPEG-4 FGS encoded video stream over heterogeneous networks in 
the same way as that to supply water by pipelines. With the scheme, sources do nothing but send video stream to a 
multiple distribution group and each receiver joins the multiple distribution group. The more the receiver gets data, 
the better it perceives video quality. Simultaneously, routers on multiple distributiondistribution tree conduct rate 
adaptation according to network congestion status. Therefore, the ASM-CBCC is actually a single-channel multiple 
distribution with router-assisted congestion control. 
 
A MPEG-4 FGS DropTail (MF-DT) priority queue also is schemed out to adapt the throughput of video to 
downstream links by dropping some enhancement layer packets according to queue length change, which indicates 
network congestion status. In the queue, different priorities are assigned to the I, P, B, E packets of the MPEG-4 
FGS video stream with the priority from high to low respectively, where E packets are that of enhancement layer. It 
also assumes that non-video packets have the same priority as that of I packets. When a queue reaches its limit, the 
packets with lowest priority will be listed out from the queue’s tail. If their priorities are lower than that of an 
arriving packet, the first packet with lowest priority will be dropped and the packets after it will be moved forward 
correspondingly. Then the arriving packet is appended to the tail of the queue. Otherwise, the arriving packet will be 
dropped simply. The MF-DF could be implemented as an extension of present queues and completely compatible 
with them. 
 
EVALUATION METRIC OF MPEG-4 FGS VIDEO TRANSMISSION 
There are many methods to evaluate the MPEG-4 FGS video transmission by QoS parameters, i.e. packet loss ratio, 
delay jitter, starvation probabilities and so on, but they don’t reflect perceived video quality. The most widespread 
method is the calculation of peak signal to noise ratio (PSNR) of video sequences. Nevertheless, the method [17] to 
obtain approximate PSNR for MPEG-4 FGS video doesn’t consider the dependencies of video sequences as showed 
in Fig.1. So a novel scheme, which considers inter-frame dependencies and rate-distortion curves roundly, is 
designed in this paper to approximate the PSNR of MPEG-4 FGS video sequences.  
 
For each reference frame in current GoP as showed in Fig.3, its direct or indirect prediction frames are assigned to 
assumable dependency-factor (DF) values according their dependency degree on the current reference frame. 
Displayed in Fig.2, the I frame in current GoP has thirteen prediction frames, i.e. the last two B frames in last GoP 
and the residual frames in current GoP. As the two B frames in last GoP are bi-directional prediction frames relying 
on the third P frame in last GoP and the I frame in current GoP, they are given a DF value 0.5 respectively. The first 
two B frames in current GoP gain a DF value 0.75, in respect that they are predicted by the I frame and the first P 
frame in current GoP and the latter also depends on the former again. Only related to the I frame, the first P frame in 
current GoP is assigned a DF value 0.5 accordingly. The second two B frames in current GoP with a DF value 0.875, 
are bi-directionally predicted by the first and second P frame in current GoP, both of which rely on the I frame in 
current GoP. Here the cumulative effects of the I frame in current GoP are considered carefully. Similarly, all the DF 
values for each prediction frame of the I frame in current GoP could be gained, showed in Fig.3. 
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Fig.1 Typical frame sequence and dependencies for GoP 

 

 
Fig.2 GoP pattern in video sequences 

 

Fig.3 DF values for prediction frames of I reference frame 

 

 

(a) 

 

(b)                                  (c) 

Fig.4 DF values for prediction frames of (a) the 1st P frame (b) the 2nd P frame (c) the 3rd P frame in one GoP 
 
In one GOP, different reference frame has different prediction frame number, as showed in Fig.4, where all the 
prediction frames of the first, second and third P frame are given a DF value, respectively.According to [17], the 
PSNR quality of a MPEG-4 FGS coded video is obtained by adding its base layer PSNR quality and enhancement 
layer PSNR quality improvement. The base layer PSNR and the enhancement layer improvement PSNR, could be 
gained by the piecewise linear interpolation of the base layer packet loss ratio PSNR curve [18] and the 
enhancement layer rate-distortion curve, respectively. Therefore, the PSNR quality of a frame could be obtained by 
adding the two PSNR. However, for the prediction frame of a reference frame, its PSNR quality must be minus the 
product of its DF value and the different PSNR of the reference frame between before and after transmission in 
networks. 
 
PERFORMANCE ANALYSIS AND EXPERIMENTS 
The ASM-CBCC is implemented with network simulator [19] and evaluated in our simulated experiments. In 
simulated scenarios, a multiple distribution session and a TCP connection are established to test the 
TCP-friendliness of the scheme. Here, the first 400 frame video trace of the MPEG-4 FGS encoded film “The 
Firm” [20] and FTP are the traffic of the multiple distribution session and the TCP connection, respectively. Their 
throughputs under different shared link bandwidth, as showed in Fig.5, indicate that the ASM-CBCC is in general 
fair toward the competing TCP connection and multiple distribution session.  
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(a)(b) 

 
(c)(d) 

Fig.5 (a) Original throughput of TCP and multiple distribution under 100M bottleneck bandwidth; (b) Throughput of TCP and multiple 
distribution under 100M bottleneck bandwidth; (c) Throughput of TCP and multiple distribution under 50M bottleneck bandwidth; (d) 

Throughput of TCP and multiple distribution under 10M bottleneck bandwidth 
 
We also test the inter-session fairness of the scheme and its capability of coping with heterogeneous networks. 
According to the PSNR computing method in section III, the perceived PSNR quality of MPEG-4 FGS video 
sequences in this scenario [21] is approximated. The Results as showed in Fig.6-8 indicate that the scheme has good 
inter-session fairness and robust capability to deal with the heterogeneity of networks. 
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(a)                                                 (b) 

 
(c)                                                (d) 

Fig.6 (a) Original throughput of the three multiple distribution under 100M bottleneck bandwidth; (b) Throughput of the three multiple 
distribution under 100M bottleneck bandwidth; (c) Throughput of the three multiple distribution under 50M bottleneck bandwidth; (d) 

Throughput of the three multiple distribution under 10M bottleneck bandwidth. 
 
The same simulated experiments with large-scale subscribers reveal the nicer stability of the scheme [22-23]. And 
subscribers also could obtain the same video quality as that with small-scale receivers. 
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(a)                                              (b) 

 
(c)                                               (d) 

Fig.7. (a) Original throughput of TCP and multiple distribution under 100M bottleneck bandwidth; (b) Throughput of TCP and multiple 
distribution under 100M bottleneck bandwidth; (c) Throughput of TCP and multiple distribution under 50M bottleneck bandwidth; (d) 

Throughput of TCP and multiple distribution under 10M bottleneck bandwidth. 
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(a)                                                 (b) 

 
(c)                                                   (d) 

Fig.8. (a) Original throughput of the three multiple distribution under 100M bottleneck bandwidth; (b) Throughput of the three multiple 
distribution under 100M bottleneck bandwidth; (c) Throughput of the three multiple distribution under 50M bottleneck bandwidth; (d) 

Throughput of the three multiple distribution under 10M bottleneck bandwidth; 
 

CONCLUSION 
 

Simulated experiments show the permanent stability of the ASM-CBCC with flexible scalability and unprejudiced 
fairness and TCP-friendliness. Compared with layered multiple distribution, the simple, robust and effective scheme 
is suitable for deploying in wireless circumstances with heterogeneous subscribers. At the same time, a novel 
method to calculate PSNR value for MPEG-4 FGS video sequences in simulated networks is also proposed to 
evaluation of MPEG-4 FGS video transmission. 
 
Acknowledgments 
This study is supported by the Henan Basic and Advanced Technology Research Program (122300410380), the Key 
Research Project of Science and Technology by Henan Ministry of Education (12A510001), the Shaanxi's Natural 
Science Foundation of P. R. China (2009JQ8007), Research Project of Ministry of Education of China 
(096118120011), Science Research Project of Xi'an Ministry of Science and Technology (CXY1132). 

 
REFERENCES 

 
[1] Huber, J.F., Multimedia IEEE, vol.3, pp.5-17, Jan-Feb 2004. 
[2] McCanne S., Jacobson V., Vetterli M. “Receiver-driven layered multiple distribution”, Proc. ACM 
SIGCOMM’96, Stanford, CA, USA, Aug.1996, pp.117-130. 
[3] Zhiming Xu, Yu Wang, Jingguo Zhu. Journal of Software, Vol. 5, No. 1, Jan 2010, 20-27. 
[4] Imrich Chlamtac, Marco Conti, Jennifer J.-N. Liu, Ad Hoc Networks, vol.1, pp.13-64, 2003. 
[5] S.Y. Cheung, M. Ammar, and X.. Li, “On the Use of Destination Set Grouping to Improve Fairness in multiple 



Lu Zhao Gan and Li Junxi                 J. Chem. Pharm. Res., 2014, 6(5):303-310         
______________________________________________________________________________ 

310 

distribution Video Distribution”, In Proc. of IEEE INFOCOM’96, Mar. 1996. 
[6] J. Huang, C. Yang, and N. Fang, Computer communications, vol.22, no.1, January 1999, pp.56-72. 
[7] I. Rhee, N. Balaguru, and G. Rouskas, “MTCP: Scalable TCP-like Congestion Control for Reliable multiple 
distribution”, Proc Infocom’99, New York, NY, USA, March 1999. 
[8] R.Gopalakrishna, J.Griffioneon, J.Screenan, G.Hjalmytysson, Networking and Distributed Systems Research, 
AT&T Labs, March 1999. 
[9] Åke Östmark, Jens Eliasson, Per Lindgren, Aart van Halteren, Lianne Meppelink. Journal of Computers, vol.1, 
No.5, Aug 2006, 20-29.  
[10]  Chilamkurti,N.K., Soh B., "A simulation study on multiple distribution congestion control algorithms with 
multimedia traffic",Global Telecommunications Conference, 2002. GLOBECOM '02. IEEE, vol.2, 17-21 Nov. 2002, 
pp.1779-1783. 
[11]  Chilamkurti, N.K., Soh B., “A simulation study on multiple distribution congestion control algorithms with 
multimedia traffic”, Global Telecommunications Conference, 2002. GLOBECOM '02. IEEE, vol.2, 17-21 Nov. 2002, 
pp.1779-1783. 
[12]  Rimac I., Schmitt J., Steinmetz R., “Is Dynamic Multi-Rate multiple distribution Worthwhile the Effort ?”, 
Euromicro Conference, 2002. Proceedings. 28th, 4-6 Sept. 2002,pp. 233-239. 
[13]  Roesler V., Bruno G.G., de Lima J.V., “A new receiver adaptation method for congestion control in layered 
multiple distribution transmission”, Telecommunications, 2003. ICT 2003. 10th International Conference on, vol.1, 
23 Feb.-1 March 2003,pp. 356-362. 
[14]  Lechang Cheng, Ito M.R., “Layered multiple distribution with TCP-friendly congestion control using active 
networks”, Telecommunications, 2003. ICT 2003. 10th International Conference on, vol.1, 23 Feb.-1 March 2003,pp. 
806-811. 
[15]  Rodrguez-Perez, M.Fernandez-Veiga, M.Lopez arcia, C.Lopez-Ardao, J.C.Herrera-Alonso, S., “An open-loop 
multiple distribution layered congestion control protocol for real-time multimedia transmission”, Proceedings of 
IEEE International Conference on Control System, Computing and Engineering (ICCSCE), vol.5, 1-5 Dec. 2003, pp. 
2855–2859. 
[16]  Jiangchuan Liu, Bo Li, Ya-Qin Zhang, Multimedia, IEEE Transactions on , Vol.6 , Feb. 2004 ,pp. 87-102. 
[17]  Wenmin Hu, Zhonghai Lu, Hengzhu Liu, Axel Jantsch. Journal of Computers,vol.7, No.7, Jul 2012, 
1743-1752.  
[18]  ISO/IEC JTC1/SC29/WG11 Information Technology - Generic Coding of Audio-Visual Objects : Visual 
ISO/IEC 14496-2 /Amd X, December 1999. 
[19]  P. Cuetos, M. Reisslein and K. W. Ross, “Evaluating the Streaming of FGS–Encoded Video with 
Rate–Distortion Traces”, http://trace.eas.asu.edu/indexfgs. 
[20]  Patrick Seeling, Martin Reisslein, Beshan Kulapala, "Network Performance Evaluation Using Frame Size and 
Quality Traces of Single-Layer and Two-Layer Video: A Tutorial", http://trace.eas.asu.edu/pub.html. 
[21]  Yunlong Gao, Lap-Pui Chau, “Adaptive fine granularity scalable coding for video streaming”, Circuits and 
Systems, 2004. ISCAS '04. Proceedings of the 2004 International Symposium on, vol.3, 23-26 May 2004, 
pp.III-837-40. 
[22]  Ns-2:http://www.isi.edu/nsnam/ 
[23]  http:// trace.eas.asu.edu/indexfgs.html. 
 
 


