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Abstract

This paper describes on our experience of developing the Database Connector as an interconnection method between multimedia database, and the streaming framework. It is possible to support diverse and mature multimedia database services such as retrieval and join operation during the streaming if an interconnection method is provided in between streaming system and multimedia databases. The currently available interconnection schemes, however, have mainly used the file systems or the relational databases that are implemented with separated form of meta data, which deals with information of multimedia contents, and streaming data which deals with multimedia data itself. 

1. Introduction
As the technologies for multimedia operating systems, communications and application services as well as high-performance hardware platforms develop, streaming services have become general in these days in such areas as internet broadcasting, satellite broadcasting, VOD and cordless mobile systems. Since streaming is such a common service, a demand for the real-time support for diverse high-quality multimedia database services increases. 


Current streaming systems, either, simply provide users with multimedia files stored in hard disks of the streaming server, or store the information of the multimedia data in a relational database so that users can query on the information.  Upon streaming, such a streaming system which interconnects with the relational database transmits multimedia data stored in the file system of the server. In other words, the multimedia data is managed separately from its information or meta-data in such a system. Therefore, multimedia services such as retrieval and join operations during streaming can not be provided since it still has the service constraint file systems have.


In order to  overcome the constraint, we propose in this paper a Database Connector as an interconnection method between multimedia database and ISSA(Integrated Streaming Service Architecture), a real-time multimedia streaming framework we developed [1][2][3]. Much research has been done in the area of multimedia database systems. To our knowledge, however, there is no commercial multimedia database that can be interconnected with any commercial streaming system. So, as an interconnecting target database system, we selected BeeHive, a global real-time multimedia database system, under development in the University of Virginia, whose source codes are accessible. BeeHive offers features along real-time, fault tolerance, quality of service for audio and video, and security dimensions. ISSA, on the other hand, is a streaming system framework which is easy-to-extend, able to run adaptively on different operating systems and networks, and supports diverse audio/video media formats.
2. Related Work
This section briefly describes research works related to the interconnection between streaming systems and multimedia database. The RealSystem server of RealNetworks provides streaming services using the system's own media format. Since the media format does not require big size of the network bandwidth, and can provide streaming services with many users, maintenance cost can be reduced. It is possible to build multimedia systems using the RealSystem development tool called RealSystem SDK. It supports both multicast and unicast transmission method, and UDP/IP, TCP/IP, RTP protocols. RealSystem also supports RTSP, a real-time session protocol for the session management. It, however, stores information about multimedia data in a relational database, shows the information to users through the web, and streams the multimedia data users select. The multimedia data is stored in a file system of the RealSystem server. So, it manages multimedia data and its information separately, which results in some overhead when streaming. Since it still has the constraints inherited from the file system, it can not provide the full multimedia database services such as the retrieval and join operations.
3. ISSA and BeeHive
The ISSA framework model consists of the Streaming Application, MOA (Media Object Architecture) which is the interface between ISSA and the Streaming Application, Database Connector, Gateway Module, and ISSA. MOA further consists of the Application Interface and the Application Wrapper. The Application Interface is divided into two parts, AMS (Agent for Multimedia Service) and Streaming Server. The AMS integrates and distributes the information of the contents or sessions scattered in each streaming server. The Streaming Server serves as a media transmission function through the integration of RTSP (Real-Time Streaming Protocol)[8] modules, and plays the role of informing the AMS of the contents it has or existing sessions. The Application Wrapper is composed of Directshow Source Filter and Winamp plug-ins. The Directshow Source Filter is used for interconnection with MS Windows Media Player, and Winamp plug-ins is used for the MP3 streaming service. The Database Connector has the BeeHive Connector for the interconnection with the BeeHive real-time multimedia database, and the Gateway Module consists of the CORBA Gateway for the interconnection with CORBA.
The BeeHive is a real-time multimedia database system which supports diverse multimedia functions on the SHORE file system developed in Wisconsin University. It furnishes real-time support, QoS for audio/video, fault-tolerance and security, and is adequate to apply the interconnection method proposed in this paper because it is an open system. The BeeHive is composed of the Native BeeHive Sites, connection  ports for the outside systems, and the interface for the interconnection between the BeeHive and the outside systems.
4. Interconnection Method for 
ISSA and BeeHive
In the proposed interconnection method, the interface is designed and implemented to apply to any kind of  multimedia database. There are two interfaces. One is the Transaction Interface which processes transactions needed for the interconnection between the streaming system and the multimedia database, the other is the Streaming Interface which transmits the requested multimedia data.



Four transaction primitives, Read, Write, Find, Play, are defined in the Transaction Interface, where each transaction request from users is transformed into the transaction used in the multimedia database system. The Streaming Interface sends the resulting multimedia data to the user. The Database Connector is the one that interconnects the Streaming Server to the multimedia database. The IPC message queue is used to transmit transactions, and the IPC shared memory is used to exchange meta-data or multimedia data.


The overall structure for the interconnection between ISSA and BeeHive is as in Figure 1. The ISSA module is composed of the BeeHive Connector, Media Manager and Transport Manager. 
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Figure 1. Overall Structure for the Interconnection between ISSA and BeeHive
The Transport Manager module, in charge of networking in ISSA, supports RTP/UDP and TCP protocols. It also supports the RTCP protocol to monitor the transmission status of the packets. The main roles of the module are to divide the media stream into the uniform size of packets and to transmit the stream to the ISSA clients using the RTP protocol.

5. Performance Evaluation

We executed performance evaluation under the intranet/internet environment with 10 Mbps bandwidth. BeeHive and the ISSA server were operated on a SUN workstation with SunOS 5.5.1. The media data was stored splitted into blocks in 512 Kbyte size in order to reduce the system load and minimize the affect on the streaming service quality. The client was implemented using MicroSoft Windows Media Player 6.4 with the RTP source filter developed in ISSA. We evaluated the performance in two ways. First, we compared the RPC-based interconnection method with the proposed IPC-based interconnection method, and tested which method is more efficient for streaming multimedia data. Secondly, we compared streaming multimedia data stored in a file system with streaming media data stored in a multimedia database with IPC-based interconnection method, and tested data transmission rates in seconds in both methods to tell the differences.
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Figure 2. Experiment 1: the Average Transmission Rates of the Streaming Server for both File System and Multimedia Database under Intranet Environment

6. Conclusion

In this paper, we proposed an IPC-based Database Connector as an interconnection module between the ISSA streaming system and BeeHive, a real-time multimedia database. The interconnection module consists of the transaction interface to process multimedia database transactions and the streaming interface to stream media data stored in multimedia database. IPC-based message queue, shared memory and semaphores were implemented in order to deliver messages and data between two systems. From the results of the performance evaluation, we concluded that streaming method using multimedia database can provide multimedia services without big loss of QoS, compared to the file-based streaming method. Since the IPC interface module was implemented as a plugin, the proposed interconnection method is extensible to the other multimedia databases. 

As part of our future work, we are planning to apply the caching function to our system, in order to reduce the overhead due to the use of two shared memory blocks.
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