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Abstract-Media streaming in mobile environments is becoming more and more important with the proliferation of 3G technologies and the popularity of online media services such as news clips, live sports, and hot movies. To avoid disconnection and/or service breakdown when the users keep moving, proper data management strategies must be taken by all parties. We propose a two-level framework and a set of new techniques for cooperative media streaming in mobile environments. Headlight prefetching is designed for the cooperation of streaming access points to deal with the uncertainty of client movement and the requirement of seamless service handoff. Dynamic chaining is for the cooperation among mobile users to maximize cache utilization and streaming benefit. On receiving a media segment request from a mobile client, the streaming access point starts a search for possible supplying partners before attempting to a remote media server. Simulation results demonstrate that the integration of headlight prefetching and dynamic chaining can significantly decrease streaming disruptions, reduce bandwidth consumption, increase cache utilization, and improve service response time.
Index Terms—Cooperative media streaming, prefetching, dynamic chaining

1 INTRODUCTION

Media Streaming is a promising technology for providing multimedia information services such as news clips, live sports, and hot movies in mobile environments. Effective data management for media streaming is naturally the key to the successfulness of such services. Since it is quite common that many users may request the same media at around the same time, traditional client-server model can easily result in server bottleneck, bandwidth waste, poor cache utilization, and longer delay. Broadcasting or multicasting cannot solve the problem easily since different users may connect and request the same media at different time. Repeated broadcasting or multicasting may be unavoidable. Furthermore, once a media playing is started, subsequent segments must be fetched and transmitted to the user on time to avoid play interruption. Look-ahead perfecting is almost a must to overcome the instability of wireless connection. 

The mobility of mobile users and the unpredictability of user movement further complicate the problem with the issue of service handoff. The segments perfected for a particular user may be totally useless when the user makes a sharp turn and heads toward a completely different direction. To avoid disruption and service breakdown, the perfecting and data management problem must be solved effectively. Proper strategies must be taken by all parties, including the media servers, the streaming access points, and the users. In an earlier paper, we raised the issues above and proposed a preliminary idea as an initial solution. 

In this paper, we extend the idea and propose new two-level cooperative service architecture and a set of techniques for media streaming in mobile environments. More specifically, headlight prefetching is designed for SAP-level cooperation to deal with the uncertainty of client movement and the requirement of seamless service handoff. For each mobile client, we maintain a virtual fan-shaped prefetching zone along the direction of movement similar to the headlight of a moving vehicle. All SAPs of the cells covered by the headlight zone are coordinated to provide prefetching service for the user. The  viewing and sharing the same media at around the same time. Should the chain be broken because of the departure of a supplying peer, a new search is started. If a supplying partner cannot be found, the SAP will resume the responsibility of locating and providing the requested segment, as well as the headlight prefetching service. Dynamic chaining explores the proximity of collocated and concurrently moving clients, as well as the continuous service characteristics of streaming media for efficient sharing. Integrated with headlight prefetching, the proposed two-level techniques provide effective data management for streaming media services in mobile environments. For performance evaluation, we conduct both analytical analysis and computer simulation. 

We analyze the cost benefit on different levels of successfulness when applying our methods and empirically compare the performance of different combinations of our schemes with on-demand and traditional data management techniques. 

2 RELATED WORK

With the proliferation of 3G technologies and the rapid advances of handheld devices, multimedia services such as

live news, sports events, hot movies, or even TV broadcast

to mobile phones and PDAs are becoming more and more

feasible and attractive to an estimated over two billion customers worldwide. New services and standards such as

MBMS [2], DVB family (DVB-H in particular) [3], BCMCS [4], and MediaFLO [5], and so forth, are all striving to satisfy the ever stronger demand of mobile users on up-todate multimedia contents and entertainment. Seamless media streaming plays the key role in such services since most of them are provided in the form of streaming media. Media streaming in mobile environments has been attracting much attention lately [13]. Fitzek and Reisslein propose a real-time continuous media streaming protocol with special emphasis on dynamic transmission capacity allocation and prefetching [14]. Li and Wang develop NonStop middleware with partition prediction and service replication for continuous media streaming in mobile and ad hoc networks [15]. Anastasi et al. look further into the problem of energy efficiency when providing streaming media services to mobile clients [16]. Tong et al. provide detail analysis of the cost effectiveness of video streaming over multihop wireless networks, especially on the use of path diversity [17]. Kyriakidou et al. investigate video streaming techniques in 3G mobile networks on top of a three-tier architecture similar to ours [18]. However, they assume a clustered infrastructure that is not needed in our work. Their emphasis is on the coordination of media servers for smooth handover and the rate adaptation technique when a base station becomes overloaded. There is no coordination at the base station level or the user level. Data management issues, prefetching in particular, are largely ignored.
2.1 TWO-LEVEL COOPERATIVE STREAMING MEDIA SERVICE ARCHITECTURE
We propose two-level cooperative service architecture as illustrated in Fig.1; the sources of the media information are named Streaming Media Servers (SMSs). For wireless access, all cells have corresponding SAPs connected with each other through fixed networks or high-speed radio links. Each SAP provides wireless media services for mobile users within that cell. The first level cooperation is among SAPs to provide proper data management and seamless service handoff. A group of users can provide media segments for each other to form a cooperative user group.
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Fig 1: Two-level cooperation architecture for mobile media streaming.

We consider a streaming media as consisting of a sequence of media segments. Because of the streaming nature, it is not necessary to provide the entire media all at once. A media request from a mobile user can therefore be treated as the starting request of a sequence of media segments. There are several data management challenges for streaming media services in such environments:

In general, a mobile user can request any media clip from any location at any time. The SAP of the cell where the user resides must locate and send the first segment to the client as soon as possible to reduce service delay. Once the media playing is started, the SAP must fetch and transmit the subsequent segments fast enough to catch up with the playing speed. Good prefetching and buffering techniques are required to avoid possible interruption. A mobile user can move and change direction at any time. The unpredictability of user movement can only be handled by close cooperation of neighboring SAPs to provide seamless services across cell boundaries. To reduce service cost, the media segments should be served on a proximity basis. In other words, on a service request, it is best to locate a nearby user with the requested segment to provide the service. If not available, a service from the local SAP is desirable. The remote access to the SMS should only be used as a last resort. Due to the continuously playing characteristics, most segments are viewed just once. Because of the limited client storage capacity, downloaded segments are usually discarded shortly after being played. It should be considered by the data management system to reuse these segments (through user-level cooperation, for example) in such a short window of time.
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Fig 2: Level 1 - Cooperation among Users
2.2 HEADLIGHT PREFETCHING

An important characteristic of streaming media is the continuous playing requirement. Once started, the requesting user expects a smooth viewing experience. Fetching a segment upon its request is not likely to catch up with the playing speed. Prefetching and buffering are almost a must. Traditional prefetching is done by maintaining a sliding window immediately ahead of the current segment. This is only satisfactory when the user is moving in a straight-ahead pattern. For irregular patterns, the traditional approach may fail miserably. The problem is that if the user changes direction and moves toward a new SAP, the later may not have anything prepared for the user.
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Fig 3: The headlight prefetching zone.

The uncertainty of user movement can easily result in frequent disruption and unpleasant viewing experience. To have all surrounding SAPs prefetch the needed segments can potentially lead to large number of unnecessary operations. Even with well equipped SAPs, this is still conceivably not cost effective. We therefore need a good mechanism to continuously identify the proper set of prefetching SAPs. Those that are more likely to be visited next should be selected with higher probability. After successfully identifying the SAPs, we still have to determine the right segments to prefetch. To have all selected SAPs prefetch the same set of segments is certainly not satisfactory. The ideal case is to prefetch just the segments needed to keep the media viewing smooth. Once again, we need to cope with the uncertainty of user’s moving speed and pattern by dynamically determining the segment assignment. Those SAPs that are more likely to be visited next should be assigned more segments to prefetch. Furthermore, we also need to determine the right timing to start or stop prefetching. Otherwise, the prefetched segments may either arrive too early or too late for disruption free media services. The idea of headlight prefetching is to have a unified mechanism for solving the issues above. A headlight prefetching zone (Fig. 3) is a virtual fan-shaped area along the direction of user movement similar to the headlight of a vehicle.

2.2.1 Headlight Shifting

Headlight prefetching is quite effective for largely stable moving users. However, if the user makes a sharp turn, then most or even all of the prefetching done on the previous headlight zone may be completely useless since the user is no longer heading toward the predicted direction. We can of course start a new round of headlight prefetching for the new situation. However, these will double the prefetching cost. Since the media stream is played continuously, the segments needed for the new headlight zone overlap significantly with that of the old zone.

2.2.2 Headlight Sharing
Headlight shifting only considers the headlight zone of one user. Since hot medias may be viewed by many users at around the same time, the headlight zones of different users may have many segments in common. If they overlap with each other, then it is very likely that we can find the needed segments from other zones. We call this idea headlight sharing. Once a requested segment is located in the neighborhood, the cost of remote access can be saved. To facilitate headlight sharing, we device a distributed index structure on each SAP for maintaining the availability of media segments on other SAPs. Let the set of all media clips be M and the set of all segments of media m be Gm. A separate index table Di = {Si,M} is maintained for each neighboring SAP Si from which an index message is received, where M ={(mj,sk,t)|mj € M, sk € Gmj}is the partial set of media and segments available on Si. Each segment has an expiration time t to indicate the period of validity.

2.3 DYNAMIC CHAINING

Media segments flow like a stream and almost all segments are viewed only once. The viewed segments are discarded to make room for forthcoming segments. Since a segment may travel a long way before reaching the client, it is a considerable waste of effort if each segment serves only one purpose and is thrown away shortly after being viewed. Dynamic chaining is exactly designed to make the best use of every downloaded segment. For users requesting the same media, we try to form a chain of segment stream that flows through the users one by one. Only the head of the chain needs to receive the segments from the SAP.

2.3.1 Chain Management

The number of streaming chains can vary significantly. We therefore do not keep track of the chains in SAP. Once a chain is formed, we simply let the media segments flow through the chain without extra management overhead. In many cases, the chains thus formed are very steady, especially among users that are constrained to move in a coherent pattern such as vehicles on a superhighway or passengers on a train. However, a chain can potentially break at any time since any user can depart at any moment. Since we choose not to maintain the running chains, it will come to the attention of the SAP only when the receiving users of the departing node can no longer receive the required segments

2.3.2 Belt Sharing
A recurrent need in dynamic chaining is the search for a supplying partner. However, excessive search is potentially cost prohibitive. We therefore develop an indexing technique to quickly identify a stable supplying partner. The idea is to use a low overhead method to continuously maintain an index of a set of candidates around a node such that whenever a search requirement arises, a supplying partner can be immediately identified. Along with a chain, the indexed candidates form a belt-like structure with segments that are ready to be shared with nodes in the chain, thus the name belt sharing.

2.4 Integration with Headlight Prefetching
Even though the headlight prefetching and dynamic chaining ideas can be applied separately, they work as integrated but complementary services. Due to intermittent disconnection and the instability of wireless network, neither one of them alone is good enough to provide seamless and quality services. For example, when there are no neighbors around, we can only rely on headlight prefetching. On the other hand, when the connection with SAP is not available (such as in a tunnel or bush area), we can only count on peer support. Therefore, the two sets of techniques are designed to work closely together and complement each other. In general, chaining is always attempted first for its scalability and cost effectiveness. Even when the current supplying partner can no longer provide the service, belt sharing can quickly help finding a good alternative partner. In case that no supplying partner can be found, the headlight prefetching is launched to satisfy the segment requests. A node under headlight prefetching can still receive belt sharing update messages. As soon as a matching message is received (i.e., a good supplying partner is found), the node can switch to chaining mode immediately. Working together, dynamic chaining and headlight prefetching provide a flexible and effective mechanism for media streaming in mobile environments.

3. SIMULATION AND PERFORMANCE EVALUATION
For performance evaluation, we develop a Java-based simulation environment with the set of parameters and value ranges as listed in Table 3. Parameter values are selected to reflect the typical usage patterns. For example, the speed ranges from a low-speed city tour (36 km/h) to a high-speed train travel (180 km/h). First, we evaluate headlight prefetching alone. Then, we complement it with dynamic chaining to understand how user-level cooperation can improve system performance. For both parts, the proposed techniques are incrementally added to demonstrate the improvement. Furthermore, we compare the performance under different request patterns (Zipf and random distributions). For scalability evaluation, we vary the number of media clips, the speed of users, as well as cache size. Then, we evaluate the performance under different movement patterns. Finally, we estimate the overhead and saving by comparing the number of prefetching messages and the average peer search time.

3.1 Performance Evaluation of Headlight Prefetching

The first set of experiments is used to compare the performance of different combinations of headlight prefetching, shifting, and sharing strategies. All strategies are tested under two request patterns: random and Zipf distributions. We are particularly interested in the total number of interruptions during a media playback and the average segment download time since they are the dominant factors affecting service quality. We can easily observe that shifting and sharing indeed improve the performance of headlight prefetching, especially when used together. All strategies achieve better performance under Zipf distribution since hot medias can be quickly shared with others. The combination of shifting and sharing again leads to best result. Traveling speed is another important factor since the faster the speed, the less time we have to prepare media segments for the users.

3.2 Performance Evaluation of Dynamic Chaining
For dynamic chaining, we can observe that the simple idea of chaining significantly improves the performance of headlight prefetching on both play interruption and average download time. The performance is even better when belt sharing is applied. The best result is obtained when headlight shifting and sharing are used with dynamic chaining and belt sharing. 

[image: image3.emf]
Table1: Simulation and parameters
Since our techniques differ significantly from traditional cooperation techniques such as P2P file sharing, it would be very interesting to see if the proposed techniques can indeed provide better performance. We compare the average search time between P2P, dynamic chaining, and belt sharing techniques. We can see that chaining alone greatly reduces the search time while belt sharing improves the performance even more.

4. CONCLUSIONS AND FUTURE WORK

We have proposed a two-level framework and several techniques to facilitate dynamic data management for media streaming in mobile environments. Both headlight prefetching and dynamic chaining provide good performance in comparison with traditional on-demand technique. To offer even better data management in response to the changes in user behavior such as access and moving patterns, we are developing an adaptive chaining and headlight prefetching technique. Under current design, a user is either served in chaining mode or in headlight prefetching mode. It is potentially beneficial to adopt both techniques on the same node. When a node is under chaining service, we dynamically reduce the headlight prefetching activity to prepare for a sudden disconnection of the supplying partner and a failed search in the belt sharing index. Finally, we plan to look into the introduction of multilevel cooperation into streaming services. In particular, different ways of cooperation between media servers, SAPs, and mobile users should bring about new dimensions of optimization into media streaming services in mobile environments.
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