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Abstract*

Advance of technology in handling digitalized multimedia information has enabled us to create and transfer multimedia data over the networks with less difficulty and investment for equipment. 

In such a situation, creation of community for content authoring and fabricating, formed by consumer, creator, and fabricator of content, is essential for the growth of content sharing market. It is important for the telecommunication service providers to support creating such a community by providing brokerage, retailing, storage, and transport services of the multimedia data.

In this paper, we clarify a business model with the role of retailer of content sharing, and content fabricator, which are the specialization of Retailer role in the TINA Business Model. We then focus on the system for authoring and fabricating the contents, which enables us to combine distributed multimedia data of various kinds. 

Through the exchange of multimedia information, delivery of data is essential for assuring the desired conditions, such as quality presentation, or requirement for license restrictions. For this we propose the concept of Multimedia Contents Mill (CMill), which is a mechanism to control the delivery of contents, by obtaining necessary information for control out of the application-level requirement that are embedded in each multimedia data. Together with a TINA-based controlling interface, we obtain flexibility for the change of network technology and user environment.

1. INTRODUCTION

Current advance of technology in multimedia applications have enabled us to handle various types of digitized information with better presentation quality and less cost for processing. As for the tools for contents creation, markup languages such as SMIL[2], based on the technology of XML[1], have been standardized to describe information structure of multimedia contents. Such progress has enabled description of multimedia presentations in more reusable style, in which reference among multimedia information is easier to be done. This has enlarged the opportunity for the users of the multimedia services to participate in the creation of their own multimedia information.

There is a growing need among the consumers and providers of multimedia services to re-produce a value-added content by fabricating existing multimedia information distributed over the network. In such a situation, a role and its system are necessary to support the exchange of information and to mediate between creator, consumer, and the fabricator of the contents. 

As for the network side, rapid development of telecommunication technology has brought improved transport quality of service (QoS) such as high bandwidth, less delay, and low error ratio, with less cost for the consumer. In addition to that, it allows network service providers to offer greater number of service choices with respect to networking characteristics. Customers are able to select from various types of network services, whether mobile or fixed, best effort or guaranteed, connection oriented or connectionless, to best fit the consumer’s demand.

Despite the advance of technologies in both multimedia applications and network services, content providers feel difficulty in dealing with such technologies because of their complexity. Currently, the more the consumer and content creator have choices for transport network types, the more carefully the service providers have to prepare for the various combinations of technologies. Thus here we also need to provide simpler usage of services by a supporting platform.

In this paper, we propose a business model for multimedia contents exchange, where information is fabricated, value-added, and delivered by the role of content fabricator and retailer. This concept is further explained in section 2.

In section 3, we extract major requirements for the supporting platform according to the business model requirements.

In section 4, we propose structure of system, which is used for content management and brokerage by Application Service Provider (ASP). We aim to encourage reference-style content composition, by providing brokerage and authoring support as application services. We also propose the concept of Multimedia Contents Mill (CMill), which has functionality to convert the application-level QoS requirement described in contents, into necessary information for contents delivery. 

Section 5 gives an overview of the system implementation, with appropriate control and configuration over the network. Our proposal brings easier adaptation for various types of consumer environment and enhances flexibility in controlling the content delivery.

2. BUsiness model for MULTIMEDIA CONTENT sharing

For the reuse of available information sources over the network, parts of content information are mutually referred, customized, and are put additional value to fit for each requirements. For example, an educational institute would use off-the-shelf educational material that is targeted for mass market, but might demand using a customized lesson material after adding localized information or re-editing its structure according to their own curriculums. There is demand for adding interactive features by providing references to the existing network contents.

One approach for an enterprise to meet with such needs is to join in the market as a mediator, by supporting creation, composition, and usage of multimedia content. This is similar to the role of Retailer in TINA Business Model, which provides their services to consumer as well as content provider, by putting additional values such as brokerage or utilization of network transport services. Thus we propose a business model for the exchange of multimedia contents as a specialization of TINA Business Model (Figure 1). 

In our model, we assume that multimedia information is categorized into networked content, broadcasted content, and packaged content. Networked content consists of multimedia data such as text, image, sound, movie, etc., that are shared or provided via communication networks. We assume that each piece of networked content is deployed onto distributed nodes in the network. Broadcasted and packaged contents are provided with their own transport media, such as broadcasting/receiving facilities, or package distribution channels. Content provider provides the above types of content to the consumers, who pay usage fee or view advertisement.

Content fabricator is a specialization of Retailer in the TINA Business Model, that has the role to collect, organize, and fabricate such distributed content, to receive commission for their work. Content fabricators are usually at the same time high-end consumers who have knowledge to create values by combining existing multimedia data.

Retailer, also a specialization of Retailer in the TINA Business Model, supports the exchange of multimedia information between consumer, content provider, and content fabricators by offering data management, content delivery, and support for content authoring. In order that the content creators/fabricators can join in the market with less initial cost for software application, these are provided as application services. Retailer obtains their benefit as commission for their services, either from the content provider or from the consumer.

For the content provider of broadcasted/packaged contents, the retailer provides registration services. With this the content providers can register the catalog information of their contents, in order to be linked with the networked contents, or to obtain marketing information through the usage of its catalog data by the consumer. This feature of the retailer to combine broadcasted / packaged contents with networked contents, will enlarge the market to share multimedia data among different types of media services.

.
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Figure 1. Business model for the composition and delivery of multimedia contents
3. Requirements 

With regards to the proposed business model, we extract the requirements for the system to support contents composition and delivery over communication networks. Reference management, composition and authoring support, and contents delivery control are necessary as its functionality.

3.1. Wide availability of the content sharing services
To encourage the usage of retailer’s services of content sharing, retailer should provide services with less investment for the necessary environment. Retailer can provide its service as an ASP, to handle data management including registration, storage, and processing. 

For the content creators, the model for content description should be well matched with their common way of creating contents that can combine not only the networked contents but also the broadcasted or packaged contents. It is necessary to provide a measure with which the creators can compose contents with the above combination, without detailed knowledge of the transport technology.
3.2. Consumer’s participation in the authoring community
To accelerate the service usage, retailer should encourage small businesses as well as consumer to participate in the authoring and composition community. Content information is most likely to be sent from content provider to consumer, as well as from consumer to consumer. In such cases, Multimedia content is shared among various types of consumer environment, which is characterized by network service type, processing capability, available devices, and so on. To offer maximum quality with regards to the characteristic of content, content delivery system should be able to adjust the format, transfer rate, or type of media to fit with the given condition.

4. System Functionality for the ASP services
To meet with the above requirements, we clarify the system requirements for effective management, brokerage, and delivery of multimedia contents.

4.3. Content creation and brokerage support

For the mutual reference among content information pieces, we need to define a unit of information with which content fabricators can identify each piece of it. We specify the information objects that are used by the multimedia applications, which brings us easier reference and efficient authoring and composition of multimedia content information. 

(1). Common information model for content description

We define Content, Scene, Medium, and Flavour. Content is a block of combined multimedia information, which can be a unit of contents creators to offer a meaningful block of information that constructs multimedia services. Content has its properties such as title, keyword, author, abstract, and its unique ID, which is described as XML document.
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Figure 2. Information model for distributed contents composition
Scene is also a block of multimedia information with certain meanings. Although it does not contain the complete theme, it can be a unit to be referred by other contents that contains interactive features. Scenes are usually contained in content. Scene can also contain scenes. Scene can be activated by a content as the result of the interaction between the application and its user. 

Medium is mapped to the information that has a set of properties, represented by a number of different binary informational entities. Medium can be a movie, audio clip, still image, or text information, that can be contained in scenes. Medium can also be a unit of authorization of the contents creators as a fragment of information that can be collected to structure scenes or contents. Media can also be activated by a scene as the result of the in interaction between the application system and the player. 

During its delivery, we assume that medium is processed as data to accommodate to the requirements of the transport network. Characteristics of such data, in its visual presentation, can be distinguished by factors such as encoding properties or quality of visualization. This can be attached to media as meta-data, which is referred to as flavor. Medium can be represented with different type of presentation quality, being each different one a different flavor. Difference of flavors implies different visualization QoS and the usage of network resources. Definition of content, scene, media, and flavour is shown in Figure 2.

(2). Content brokerage using application services

The proposed system handles the brokerage of multimedia contents by managing the registration and catalog of media data that are indexed and provided to the consumer as contents catalog. 
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Figure 3. Support for the content brokerage
The proposed system offers content registration, storage, composition, and delivery as common application services. This feature is effective to accelerate reference-based contents composition, and to enhance the customizability of the existing multimedia contents (Figure 3).

4.4. Content delivery support

To provide a multimedia content that is comprised with various materials distributed in different nodes, parameters for transport and media synchronization should be considered for each information source. This should vary according to the characteristics of the transport networks, multimedia devices, and network devices. Moreover, interactive feature of contents incurs sudden change of network resource usage.

In this section, we propose Multimedia Contents Mill, which is a supporting environment to deliver multimedia information over the communication networks. Our proposed platform serves as a “mill” that inputs requirement information (content description, required quality of presentation, etc.), and extracts into content delivery information, which is used by network services.

(1). Conversion of QoS information
Multimedia Contents Mill (CMill) offers a measure for the contents creators to specify quality requirements for the presentation of multimedia contents. Such information includes image resolution, or tolerance for the degradation of images (frame loss, jitter, and so on) caused by errors or delay of transport networks. In this paper, we refer to such information as application service QoS.

Network service QoS represents the quality of networks service that determines the parameter to provide necessary quality of data transmission. Examples of such information are bandwidth, and delay parameters, for specific network technology. To provide optimal network configuration to support content delivery, Multimedia Contents mill has functionality to map application service QoS into network service QoS, by storing mapping information in repository. Mapping schema can be decided prior to the usage according to the experiences in QoS provision.

An example of such mapping is shown in Figure 4. This allows the content creators to describe information that is necessary to maximize the presentation quality of contents, without knowing the details of specific network technology.
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Figure 4. Mapping of application service QoS into network service QoS
(2). Control of network and application-level communication
Using the network service QoS information, Multimedia Contents Mill configures the network and application-level communications.

Through the procedure above, stream control functionality controls the network interface, content server, and terminal interfaces. With a proper processing logic in the stream control function, content delivery system can make adjustment to provide optimal quality of service, suitable for the customers’ environment and network status. This is needed to cope with the change of network status, and adapt to the versatility of consumers’ network environment.

Interactive features require applications to relate time-based events of stream data with other actions. Thus control for the application-level communication should also be done in order to synchronize interactive media. Moreover, multimedia data is adjusted to fit into various types of consumer premises equipment. This increases the content to be delivered into variety of consumer environment, without the contents creators’ effort to re-format the content data for a specific condition.

5. Implementation of the proposed system

Based on our proposed concepts, we introduce the system architecture and implementation of a system that supports authoring and delivery of distributed multimedia information. We put focus on its functionality to provide QoS for the communication channel by converting the requirement for the visual presentation quality of media data described in each content, into network control or configuration parameters.

5.5. Implementation of QoS information mapping

For the specification of the media Meta data and for the description of content, we decided to use XML. Content, scene, medium, and flavour are defined with corresponding XML tags. 

Flavour is described as tagged information, which is itemized inside the description of a medium. QoS information mapping functionality of the CMill parses the flavour information as the candidates for presenting the media, and chooses one of them, according to the availability of network service and terminal devices. This enables flexible media delivery that matches with the situation and type of consumer premises equipment.

XML documents that include media information, presentation control information, and QoS information are registered together with the media data into the contents registration block and stored into the data library. Through this procedure, application QoS information is extracted and put into QoS information mapping function.
5.6. Control of multimedia streams

Using the network service QoS information, the CMill configures the network interface and application-level communication. Stream control mechanism of the CMill is shown in Figure 5. Stream control function controls/configures network resources and contents server. Control parameters changes according to the status of the network and application.

When the content player receives the stream data, the player shows the visual image of the content. After the visualization of the media data is started, stream control function receives the status from the contents player, which includes the status of application quality that is actually provided to the consumer (frame rate, frame loss, delay, etc., for motion pictures). With this information, stream control decides the control parameter for the network, and transfer rate for the contents server. If it is necessary to change the parameters, stream control will send operation to validate its control.
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Figure 5. Implementation of contents delivery control
Using the network service QoS information, the CMill configures the network interface and application-level communication. We have implemented stream control function with network control interface based on TINA concepts [4], which brings us flexibility in adapting to various types of network technology, such as ATM-PVC, ATM-SVC, and IP networks.

Through the delivery control, multimedia data as well is adjusted to fit into various types of consumer premises equipment. This increases the content to be delivered into variety of consumer environment, without the contents creators’ effort to re-format the content data for a specific terminal environment.
6. Conclusion

In this paper, we proposed a business model of multimedia contents exchange where information is fabricated and value-added by content fabricator and broker. In this model, each piece of multimedia information is distributed over communication networks. Existing contents are aggregated and composed as interactive contents with customization and value-addition. 

We have also proposed a system structure for the support of content management and brokerage that are to be done by ASP. Brokerage is done by managing the registration and catalog of media data that are indexed and provided to the consumer as contents catalog. This feature is effective to accelerate reference-based contents composition, and to enhance the customizability of the existing multimedia contents.

For the delivery of multimedia data, we have introduced Multimedia Contents Mill (CMill). It has functionality of  (1). conversion of application service QoS into network service QoS, and (2) delivery control of contents by configuring network resources and application-level communications. CMill allows the contents creators to include application service QoS information as XML meta-data, and functionality to convert such information into network service QoS information. This allows the content creators to fully utilize the network resource, in order to gain the presentation quality of contents as much as possible, without knowing the details of specific network technology. 

With our proposed concept, we introduced system architecture and implementation of a multimedia content sharing system, according to our proposed concepts. With a prototype running on Windows NT/2000 operation system, we have proven the feasibility of media brokerage functionality, use of content composition platform for synchronized multimedia content, and its delivery control.
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