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兼具高傳輸效率與容錯韌力之異質多層次多媒體群播服務 

Transport Efficient and Loss Resilient Heterogeneous Multilayer Multimedia 

Multicasting 

John K. Zao (NCTU), Wen-Hsiao Peng (NCTU), Chung-Hsuan Wang (NCTU) and Robert S.Y. Li (CUHK) 

I. INTRODUCTION 

This technical report described the results of on-going research on heterogeneous multicasting of 

H.264 Scalable Video Bitstreams performed by an NCTU project team consisting of Prof. John K. 

Zao (NCTU CS, PI), Prof. Wen-Hsiao Peng (NCTU CS, Co-PI), Prof. Chung-Hsuan Wang (NCTU 

EE, Co-PI) and Chair Prof. Robert S.Y. Li (CUHK IE, Adjunct-PI) supported by the NSC grant 98-

2221-E-009-103. 

Prof. John K. Zao (NCTU CS, PI) and Prof. Wen-Hsiao Peng (NCTU CS, Co-PI) began their 

collaborated research on SVC multicasting since early 2007. Their work was focused initially on the 

adaptation of SVC inter-layer dependence relations and bitstream extraction orders so as to attain 

rate-distortion optimized playback for different viewing devices. After receiving their first NSC 

grant, they invited Prof. Chung-Hsuan Wang (NCTU EE, Co-PI) and Chair Prof. Robert S.Y. Li 

(CUHK IE, Adjunct-PI) to join the project team and started exploring the benefit of employing 

unequal erasure correction and networking coding techniques to enhance the performance of SVC 

streaming over wireless LANs and the public Internet. 

In the past four years, the project team has produced significant results in the following research 

topics. Only the underlined ones are summarized in this section. Reviewers are referred to the cited 

publication for details. 

 Video Multicasting among Peers with Asymmetric Network Connectivity [1] 

 Rate-Distortion Optimized SVC Interlayer Dependency and Bitstream Extraction [2, 3,4] 

 Bandwidth Allocation for SVC Multipath Multicasting [5] 

 Rate-Distortion Optimized RTP-based SVC Internet Streaming [6] 

 Unequal Erasure Protection (UEP) of Scalable Video Multicasting using Randomized 

Linear Network Codes [7,8] 

 Joint Source-Channel Coding for Rateless Unequal Erasure Protection of Wireless H.264 

SVC Broadcasting [9] 

II. 1BVIDEO MULTICASTING AMONG PEERS WITH ASYMMETRIC NETWORK CONNECTIVITY 

II.1 5BObjectives 

Our first work on video multicasting tried to confront two issues that often arise when peer-to-peer 

application layer multicast (ALM) is used to provide video streaming to household users: 

1. Peers with asymmetric connectivity for up/down links such as ADSL, VDSL or Cable modem 

usually have narrower upstream bandwidth. The capacity of peer’s upstream bandwidth will 

influent on how many topological children it can support. 

2. Peers, especially the mobile ones that use wireless links, may be disconnected from the network 

at any time, and thus cause the ALM services they render with unexpected performance 

degradation. 
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II.2 6BApproach 

We devised a resilient application layer multicasting (ALM) mechanism, which has several desirable 

properties. (1) Peers can tolerate a small number of packet delay or loss and they still can receive 

complete message in time. (2) A sudden breakdown of some peers or links won’t disrupt the 

reception of downstream peers. (3) Streaming data can be retrieved only by the peers subscribing to 

the ALM service, but not by the peers helping to provide the service. 

 

Figure 1 : Application Layer Multicast (ALM) System 

We solve the asymmetric connectivity issue by making full use of peers’ upstream bandwidth and 

increasing the total upstream bandwidth of the service. To reach the purpose we described, we use 

three approaches, which are described in the following paragraphs. 

(A) 19BInformation Dispersion 

Rabin’s Information Dispersal Algorithm (IDA) is used to process the message generated from 

source peer and a message will be divided into several stripes. The peers can’t know any content 

without receiving sufficient number of stripes. There are two meanings. First, it means you can’t 

know any content of the message from one or few stripes. Therefore, if some peers have no authority 

to read the message, we only need to make sure not to let them receive too many different stripes of 

the message. Second, it means peers don’t need to receive whole stripes of a message and they can 

still know the complete message. By this characteristic, we can improve the fault tolerance and 

robustness of data transmission. 

(B) 20BMultiple Path Transport 

Each message transported from source peer that provide streaming data will be divided into several 

stripes. In the multicasting tree formation, we not only construct one tree, we construct as many 

different trees as the number of stripes that one message is divided into. And each tree transmits 

different stripe of the message. This approach will lead to two advantages. First, each stripe will pass 

through different path. When one peer leaves or crashed, descendants of the peer will only lose one 

stripes and they still can receive other stripes. Furthermore, when a hop of the path is congested, it 

only influences on the reception of one stripe. Second, a stripe is much smaller than a message. The 

advantage is that a peer with low upstream bandwidth can also support several children because the 

data it needs to retransmit is small enough. Therefore, every peer can fully utilize their upstream 

bandwidth. 

(C) 21BHelper Recruitment 

Because the lack of upstream bandwidth, even we use multiple stripes approach to fully utilize every 

peer’s upstream bandwidth; it is still possible that new peers cannot find the parent in the tree that 

can provide them smooth streaming data. Therefore, the service will request some peers called helper 

that still have unnecessary bandwidth to join and share their bandwidth to increase the total upstream 
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bandwidth of the service. With the aid of the helpers, 

the service can accept more peers and each peer can 

receive the streaming data smoothly. 

II.3 Simulation Results  

We combined the three approaches mentioned above 

and produced a new application layer multicast 

system
1
 as shown in Figure 1. In an ALM system, 

there are many ALM services and each service 

provides different streaming data. Every ALM 

service uses information dispersal algorithm, 

multiple stripes, and helper approach to operate 

independently. Each user who joins the system is 

called a peer. The peer who provides streaming data 

is called source peer. The peer who wants to receive the streaming data of the service and join it is 

called subscriber in that service. And for other services, it is a helper. The peer who doesn’t join any 

service of the ALM system is called idle peer. And the idle peer is also a helper for all services in the 

system. 

III. 3BRATE-DISTORTION OPTIMIZED RTP-BASED SVC INTERNET STREAMING 

In this thesis [6], we aimed at building a rate-distortion estimation model. The expected rate and 

distortion can be calculated through our estimation model with a given packet loss rate and a 

transmission policy under certain transmission scenario. 

Many details need to be tackled when streaming via RTP over the wired Internet are taken into 

account in our estimation model. This model is 

built for SVC video streaming under receiver-

driven retransmission and receiver-driven 

aggressive retransmission. 

The results show that the difference of RD points 

between different transmission policies become 

larger when the packet loss rate increase. As the 

maximum retransmission times increase, the 

improvement of distortion becomes less obvious. 

We also propose transmission policy optimization 

algorithms. For a given bit rate, we can find the 

optimal transmission policy with minimum 

expected distortion through our optimization 

algorithms. 

III.1 Rate-distortion Estimation Model 

In this research, our Rate-Distortion Estimation 

Model is based on Chou’s model. First at all, we 

consider two kinds of retransmission mechanism.  

 Receiver-driven Retransmission 

                                                      
1
 The ALM simulation network consists of 380 routers and 100 hosts – among them, 10 hosts are subscribers. 

Figure 2: Packet latencies at two dispersed subscribers 

as more subscribers and helpers were introduced 

Figure 4: Network topology of Trickle simulations 

Figure 3: Recovered frame counts at the same two sub-

scribers 
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The retransmission is controlled by receiver. When receiver wants to receive a multimedia data 

unit, receiver will send a request message to sender ask for the data unit. If in next time slot, 

receiver dose not receive the data unit, receiver will decide whether resend a request message to 

sender or not depends on the transmission policy.   

 Receiver-driven Aggressive Retransmission 

The different with Receiver-driven Retransmission is that sender will send the data unit 

continuously until receiver sends an ACK message which represents receiver received the data 

unit. 

 Rate-distortion Estimation 

Expected Distortion Value 

𝐷(𝐿,𝑇)(𝝅) = 𝐷0 − ∑ 𝛥𝐷(𝐿′,𝑇′) ∏ (1− 𝜖𝜋(𝐿′′,𝑇′′))

ℵ𝐺(𝐿′′,𝑇′′)≼ℵ𝐺(𝐿′,𝑇′)ℵ𝐺(𝐿′,𝑇′)∈𝑆(𝐿,𝑇)

+ 𝒞(𝐿,𝑇)  

Expected Transmission Cost Value 

𝑅(𝐿,𝑇)(𝝅) = ∑ (𝐵(𝐿′,𝑇′) + 𝐻 ⋅ 𝑁(𝐿′,𝑇′))

ℵ𝐺(𝐿′,𝑇′)∈𝑆(𝐿,𝑇)

𝜌𝜋(𝐿′,𝑇′)  

III.2 Transmission Policy Optimization 

 Optimization Algorithm 1 

We used Greedy algorithm to find next possible policies according to extraction path. And then 

compute the expected rate and distortion choose the optimal improvement from these policies as 

our next policy. Find out the next policy step by step. Finally, we can get the optimized policy. 

 Optimization Algorithm 2 

Algorithm 2 is also greedy but it did not take the extraction paths into account. When we tried to 

find the next policy, the algorithm will regard all possible policies as candidates even if some of 

them do not have any dependency with the data units that receiver has already received. Use this 

algorithm we find out another possible optimized solution. 

III.3 13BEstimation Results 

 

Figure 5: (a) RD Trellis of Different Policies, Packet Loss Rate = 0.2 in Receiver-driven Retransmission. (b) Policy 1, 

Different Packet Loss Rate in Receiver-driven Aggressive Retransmission 
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Figure 6: Different Policies, Different Packet Loss Rate in Receiver-driven Aggressive Retransmission 

 

Figure 7: (a) Optimization Algorithm 2 RD Curve of optimal policies. (b) Compare Algorithm 1 to Algorithm 2 Min 

MSE at Different Bit Rate 
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一、 國外研究過程 
Prof. John K. Zao was invited to pay a visit to Prof. Jens-Rainer Ohm ohm@ient.rwth-aachen.de of 

Institut für Nachrichtentechnik, RWTH, Aachen [cf. attached email messages] as a collaborator and the 

graduate advisor of summer internship student, Mr. Chih-Ming Chiu (邱志明). The following schedules 

of a two-day visit (as a detour from Frankfurt after attending the Microsoft Imagine Cup Final in 

Warsaw, Poland) provided a brief and yet valuable chance to interact with a world-renowned 

multimedia research team. 

7/11 (Sun) Schedules Activities 

 2PM (14:00) - 4PM (16:00) Warsaw -> Frankfurt 

 5PM (17:00) – 10PM (18:00) Frankfurt -> Aachen 

 Night Stay in Aachen 

7/12 (Mon)  Schedules Activities 

 9AM (09:00) – 11AM (11:00)  Meeting with Chih-Ming Chiu and 

his colleagues 

 11AM (11:00) – 12NN (12:00)  Meeting with Prof. Ohm 

 12NN (12:00) – 1PM (13:00)  Lunch with Chih-Ming Chiu and 

his colleagues 

 1PM (13:00) - 6PM (18:00)  Aachen -> Frankfurt 

 7:45PM (19:45)  Frankfurt -> Hong Kong 

二、 研究成果 

Meetings with Prof. Ohm, his colleague (Dr. Mathias Wien) and PhD students (Bing Zhang) have 

proven to be most fruitful. Not only we learned of their most recent work on High Efficiency Video 

Coding (HEVC) but also started co-working relation with Mr. Bing Zhang. My student, Chih-Ming 

Chiu (邱志明), has been following up this line of work. 
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一、 大陸研究過程 

香港中文大學李碩彥講座教授是本計畫的協同主持人，其主持的香港中文大學網路編碼與信息

研究中心亦為本計畫的資助來源之一。李講座教授為「網路編碼」的共同發明人，在線性網路

編碼、蝴蝶網路、卷積網路編碼等方面做了原創性的工作，與合作者楊偉豪教授、蔡甯教授發

表在 IEEE 資訊理論匯刊上的論文“Linear Network Coding”獲得了 IEEE 資訊理論協會 2005 

年度論文獎。這是三十餘年來亞洲研究人員首次獲得此榮譽。李教授極有興趣將目前「具有不

同錯誤消除能力的多來源的隨機編碼」的理論與我們合作，進行技術發展，期望不管是在理論

或是實務上，都能夠有合作加乘的成效。 

Prof. John K. Zao and his co-advised PhD student, Mr. Kuo-Kuang Yen (顏國光),were invited by Prof. 

Shu-Yen Robert Li (李碩彥講座教授) to visit CUHK Institute of Network Coding (INC) and discuss 

the prospect of developing Randomized Linear Network Codes (RLNCs) with Unequal Error/Erasure 

Protection (UEP) capability. The invitation letter was attached below. 

Mr. Yen was also invited to stay and work as a full-time research assistant (RA) in the institute. 

二、 研究成果 

During this visit, Prof. Zao gave a talk on “Scalable Video (SVC) Multicasting Using UEP Ran-

domized Linear Network Codes (RLNCs)” at the CUHK-INC. The talk was followed by a series of 

intensive discussions of potential collaboration. 

The two papers published at the NetCod 2011 conference in July 2011 are the direct products of the 

collaboration. 
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此次參加會議的支出由國科會生物處醫療器材產業藍圖發展計畫所支付。在此說明的原因為之前

有在此計畫中提出本案的預算，但實際上並沒有從此計畫支出。 

 

一、參加會議經過 

Prof. John K. Zao was invited to attend the flagship conference of IEEE Engineering in Medicine and Biology 

Society (EMBS) as the corresponding author of the published paper. The official invitations were included in 

this report as Attachment #2. The certificate of attendance was included as Attachment #1. Prof. Tzyy-Ping 

Jung (UCSD) and Mr. Chun-Shu Wei (NCTU, BRC) were in his company at the conference [photo, below 

left]. During the conference, Prof. Zao attended the activities listed in the attached program sheet [Attachment 

#3]. In addition, he also attended the “Engineering Global Health” workshop on September 1, 2010. Prof. Zao 

presented his paper in the morning of Friday (September 3rd) at the poster session [photo, below right]. He 

returned from the conference on the following day, September 4. 

二、與會心得 

The exchanges of opinions at the poster sessions and the “Engineering Global Health” workshop were most 

informative and fruitful. A lot of insight was also gathered by listening to the keynote speeches. 



 

三、考察參觀活動 (無是項活動者略) 

四、建議 (略) 

五、攜回資料名稱及內容 (略) 

六、其他 (略) 
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電子報、網站 0  

科 
教 
處 
計 
畫 
加 
填 
項 
目 計畫成果推廣之參與（閱聽）人數 0  



 



國科會補助專題研究計畫成果報告自評表 

請就研究內容與原計畫相符程度、達成預期目標情況、研究成果之學術或應用價

值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）、是否適

合在學術期刊發表或申請專利、主要發現或其他有關價值等，作一綜合評估。

1. 請就研究內容與原計畫相符程度、達成預期目標情況作一綜合評估 

■達成目標 

□未達成目標（請說明，以 100 字為限） 

□實驗失敗 

□因故實驗中斷 

□其他原因 

說明： 

2. 研究成果在學術期刊發表或申請專利等情形： 

論文：■已發表 □未發表之文稿 □撰寫中 □無 

專利：□已獲得 □申請中 ■無 

技轉：□已技轉 □洽談中 ■無 

其他：（以 100 字為限） 
詳細資料請參考下一段。 

3. 請依學術成就、技術創新、社會影響等方面，評估研究成果之學術或應用價

值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）（以

500 字為限） 

自 2008 年夏，本團隊從網際網路、視訊壓縮、通道/網路編碼等方面着手研發兼具高傳輸

效率與容錯韌力之異質 H.264-SVC 群播服務。在這次研究計畫中，我們致力加強 H.264 –

SVC 之優雅降解 (graceful degradation) 能力。本計劃旨在實現以下三個目標： 

1. 發展一種特別為 H.264 – SVC 視訊串流而設計之短訊息 rateless 非均等抹除糾正

（UEP）編碼，並用之以優化 H.264-SVC 在無線區域網或城域網內進行視訊群播時的優雅

降解能力； 

2. 發展一種具有非均等錯誤糾正之隨機線性網絡編碼（RLNC），以期能克服當熱門網站突

然出現大量流量時，進而造成公眾網路上壅塞的狀況； 

3. 發展一套演算法來決定如何最佳或近乎最佳地分配 MGS 編碼，使 SVC-MGS 視訊串流得

以和 rateless 非均等抹除糾正編碼或網絡編碼搭配，並且可達到近乎最佳的傳輸效益和

畫面品質。 

我們發表了三篇會議論文在不同的國際學術會議上，分別是在網路編碼及視訊編碼

(Network Coding)及傳輸(Scalable Video Coding and Transport)的領域。 

 


