Comparison and analysis between middleware standards of data broadcasting
SEONGKI KIM, SOOHONG KIM, SANGYONG HAN
School of Computer Science and Engineering
Seoul National University
Dep't of Computer Software Engineering
Sangmyung University
SAN 56-1, SHILLIM-DONG, GWANAK-GU, SEOUL
SAN 98-20, ANSO-DONG, CHONAN CITY, CHUNGNAM
KOREA
Abstract: A variety of middleware standards of data broadcasting have been established by such international organizations as DVB, ATSC, and ARIB. However, the incompatible standards result in undue costs of redundant application developments, middleware implementations, and purchasing of multiple set-top boxes. This paper shows similarities and differences in various aspects between standards. Through the comparison and analysis between standards, it is expected that the compatibility between standards can be established.
Key-Words: MHP, DASE, OCAP, B24, Data broadcasting
1   Introduction

Data broadcasting is the emerging technology that transfers living information, weather, news, traffic, and so more. In addition, it enables a person to use Internet, T-commerce. It is distinguished from the conventional broadcasting and the Internet broadcasting respectively in that it provides interactive services and it is broadcasted through the digital broadcasting line.
A digital set-top box is required to watch the data broadcasting and each set-top box has a data broadcasting middleware, which makes it easy to develop portable applications based on a middleware standard. Many standard organizations and industrial consortiums have established such middleware standards of the data broadcasting as ATSC-DASE (Advanced Television Systems Committee-DTV Application Software Environment)[1], ARIB-STD B24 (Association of Radio Industries and Business-STD B24)[2], OCAP (Open Cable Application Platform)[3], and DVB-MHP (Digital Video Broadcasting-Multimedia Home Platform)[4].
The introduction of incompatible middleware standards raised some problems: the undue costs of porting an application from a middleware standard to another standard; the developing costs of duplicated middleware, and the burden of purchasing multiple set-top boxes to watch the programs that support different standards.

This paper compares and analyzes the middleware standards in several aspects. The remaining sections are organized as follows. The section 2 shows related works and the section 3 compares and analyzes middleware standards. The section 4 summarizes all of these workss.
2   Related Works
An embedded system has limited resources and special purposes in contrast to general-purpose computer in the past. However, as the hardware platform of embedded systems evolves into general-purpose computation platform, the relative importance of an embedded application software has been increased. In addition to this trend, the efforts to provide the interoperability between embedded applications result in the middleware standards of an embedded system. The middleware standards of data broadcasting also lie in this context.

Several middleware standards of data broadcasting have been established by international organizations and industrial consortiums. 

First, the DVB-MHP standard has been one of the most successful middleware specifications. MHP is now in specification version 1.1.1, and it includes an interactive broadcasting profile along with the Internet access capability [4]. The effectiveness of MHP has been verified by various implementations and case studies.
Second, the OCAP standard has been specified by the CableLabs for the data broadcasting via digital cable network and it largely depends on MHP standard with the cable-specific extensions. The latest OCAP specification is described in profile version 2.0 and it includes DVB-HTML application model [3].

Third, the DASE standard is a data broadcasting specification based on ATSC digital broadcasting standard. The development of DASE system has activated in both research and industry. Lee et al.[5] describes the architecture and the emulation environment of ATSC-DASE system that they developed. 

However, the incompatible standards are undesirable to both the manufacturers and consumers. In addition, as digital set-top boxes and digital televisions are expected to participate in home network as a multimedia or a communication device, the interoperation problems between home appliance middleware and data broadcasting middleware become the interest of researchers and practitioners. The need for the software architecture of integrated middleware for data broadcasting emerges in this context. 
There are many studies of integrating middleware standards: Cho [6] has proposed the framework for the interoperation of heterogeneous home appliance middleware using middleware broker and residential gateway. Park et al. [7] describes the proposed middleware architecture for supporting both dynamic reconfiguration and real-time services for a variety of middleware standards for home appliance. However, these many efforts have been generally fruitless because of the lack of knowledge about the similarities and differences between various middleware standards. 
The data broadcasting technology is based on the MPEG-2 standard. However, with the evolution of MPEG standard, the research related to the migration from MPEG-2 system to MPEG-4 is in progress. The EUROPA project [8] describes the next generation of set-top box platform and advanced services, and includes MPEG-4 and MPEG-21 specification. It is expected that the MPEG-J that is part of MPEG-4 specification will be integrated into data broadcasting specifications of next generation.
3 The comparison and analysis of middleware 
3.1
The common parts and architecture

Each middleware standard follows the common middleware organization and has similar functionalities. The common middleware architecture can be identified and is presented in Figure 1.
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Figure 1) The overall architecture of middleware standards
3.1.1   Hardware 

The entire set-top box consists of tuner, modulator, demodulator, decoder, graphics processor, CPU, memory, storage, interface devices like Figure 2.
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Figure 2) The set-top box architecture

A tuner is responsible for receiving and sending both digital and analog signal. A received signal is transferred to demodulator, and demodulator converts signals into digital bit streams. A bit stream is sent to the demultiplexer that classifies the bit streams and sends them to appropriate decoder. A video decoder presents the contents on the screen in coordination with graphics processor. A data decoder is responsible for interpreting encoded data, selecting the program channel and sending data to appropriate decoder [9].
Video and audio contents are processed by video and audio decoder, respectively. This paper concerns with the only data content.
3.1.2   Operating system and device drivers

An operating system that is deployed in a set-top box should have real-time characteristics: the reaction to a user event should be immediately processed. 
Device drivers are interfaces to device to control devices and there are such drivers as tuner driver, demodulator driver, demultiplexer driver, decoder driver, etc.
3.1.3   Platform adaptation layer

A platform adaptation layer means the layer that provides upper layer (middleware, application, etc) with the transparent integration. Without this layer, every middleware should be implemented by using different methods. However, this layer abstracts the differences between OS, and drivers by providing the base layer with the common API sets.
3.1.4   Common middleware architecture

A data broadcasting middleware can be decomposed into several modules in general. Table 1 summarizes the responsibilities and capabilities of each module. Because these modules are the results of conceptual decomposition, the boundaries between modules can be overlapped in an implementation level.
	Module Name
	Descriptions

	Underlying Hardware
Control
	Provide functions to control 
underlying hardware.

	Graphics and Window
API
	Provide 2D and 3D graphics 
API and Window API.

	Native Services
	Implement services that are 
directly executed by 
underlying hardware.

	Execution Engine
	Provide functions to 

execute other codes, 
instructions or coded contents. 
ex) Java Virtual Machine, 
ECMAScript engine

	Middleware Services
	Implement services that are 
executed by execution engine.

	API and Object Model
	Provide API and Object 
Model that is used to build 
applications that are executed 
on top of middleware.


Table 1) Module functionalities
3.2
The parts depending on specification
Having the basics of the common middleware architecture discussed in section 3.1, different middleware standards can be compared. This section describes comparison of MHP / OCAP, DASE, ARIB-B24, and MEPG-4 in various aspects.
3.2.1   Application model 

Basically, each middleware standard has the general application model that can be classified into declarative and procedural model. 

A declarative model can be described as a document based model since this model is defined using XHTML and the modularization of XHTML [10] standard from the World-Wide-Web consortium. 

A procedural model is best described as the application that is compiled into byte code, and downloaded or stored in a binary form, and executed by an execution engine.
The application model of various standards is summarized in Table 2.
	
	MHP/OCAP
	DASE
	ARIB
	MPEG-4

	Declarative 
Model
	DVB-
HTML 
model
	DAE
	BML 
model
	XMT

	Procedural 
Model
	DVB-J 
model
	PAE
	ECMAScript
	MPEG-J


Table 2) Application model

First, the major application model of MHP and OCAP is DVB-J model that is Java based procedural model. A declarative model, DVB-HTML model, is defined on top of the DVB-J model since the user agent is responsible for the interpretation and the presentation of DVB-HTML application.
Second, the DASE system conceptually consists of independent Procedural Application Environment (PAE) and Declarative Application Environment (DAE). Both PAE and DAE share the common decoders and security framework. 

Third, in the case of ARIB B-24 standard, the classification of declarative and procedural model is obscure since the ARIB standard defines BML and ECMAScript as a declarative application and procedural application, respectively. 

Fourth, the MPEG-4, which is expected to be the video technology of next generation for digital broadcasting, was not originally aimed to be the data broadcasting framework. However, rich media support and object-based representation make MPEG-4 as the core of next generation data broadcasting platform. The MPEG-J is the part of MPEG-4 standard and can be classified into procedural application model that is implemented in Java. XMT [11], eXtensible MPEG-4 Textual, format can be fallen into a declarative application model and describes the scene composition in XHTML based on markup language. However, additionally customized declarative application can be defined by implementing appropriate encoder and decoder of each standard.
3.2.2   Application architecture
Figure 3 presents various application architecture.
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Figure 3) The application architecture of each standard
An important point from the discussion of these application architectures is that all application architectures are conceptual. If the interfaces and semantic behaviors of the specification are satisfied, these conceptual structures may not have to be followed in actual implementation.
3.2.3   Lifecycle model 

A lifecycle model defines the state which an application can belong to at the specific time. Applications react to the external or internal events and change the state based on this lifecycle model. A lifecycle model of each standard is depicted in Figure 4.
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Figure 4) The lifecycle model of middleware standards
Java-based applications, DVB-J of MHP and PAE of DASE, follow the Xlet lifecycle model that is specified by Java TV API. The Xlet lifecycle model defines four methods: destoryXlet, initXlet, pauseXlet, startXlet. All applications that follow Xlet model should implement these four methods and each method is invoked by application manager or application itself as a result of state change.

The declarative application model of MHP, DVB-HTML model, has different lifecycle model from DVB-J model while DAE of DASE shares the identical lifecycle model with PAE. DVB-HTML applications are managed by a special DVB-J application named user agent. Each DVB-HTML application is served by an actor that resides inside the user agent. A user agent can contain several actors at the same time and these actors may be at the different states by DVB-HTML lifecycle model from each other. It is important that a user agent itself follows Xlet lifecycle model while an actor follows DVB-HTML lifecycle and the signal information related to DVB-HTML is passed to a user agent.

The MPEG-J has the lifecycle model similar to that of Xlet, but the MPEG-J follows the lifecycle model of Java thread because each MPEG-J application is started by a separate thread by the underlying platform. The BML browser of ARIB-B24 standard follows simple lifecycle model because an instance of BML browser is only activated during the data broadcasting session.
3.2.4   Application signaling model 

An application signaling mechanism enables the device to associate with a service and makes the broadcasting head end system control the lifecycle of the applications that are executed on the device. Signaling information can be classified into the common type that is shared by all of the signaling descriptors and specific types that depend on the application model or transport protocol. Both type of signaling information can be obtained by parsing the data broadcasting stream.
	
	MHP/OCAP
	DASE
	ARIB
	MPEG-4

	Signaling 
Model
	DSM-CC 
based bit 
stream
	XML based metadata
	DSM-CC 
based bit 
stream
	Elementary 
stream of 
MPEG-4


Table 3) Signaling model
In the MHP / OCAP standard, signaling information is part of elementary stream of DSM-CC and application signaling descriptors can be obtained by parsing the binary elementary streams. The DASE platform gains the signaling information using XML based metadata contents that are supplied by the application delivery system. The signaling model of BML platform of ARIB standard contains the information in the bit stream delivered by DSM-CC. The MPEG-J uses the underlying MPEG-4 elementary stream for the delivery of signaling information.
3.2.5   Contents presentation language
To show applications, each middleware standard defines a contents presentation language. The DVB-MHP standard defines the DVB-HTML, ATSC-DASE specification defines the XDML, and ARIB-B24 defines the BML. All of the languages are defined by using the modularization of XHTML, are based on XML, and have to be well-formed and valid. However, to effectively show contents on TV, small changes in the syntax/semantics of XHTML are essential.

A CSS that is to decorate applications and an ECMAScript that is to script applications are also common to all of the languages. There are slight changes in the CSS to present contents on TV. For example in DVB-MHP, to support blending, “alphavalue” property value is imported, and “dvb-tv” media type is introduced. The semantics of standard style properties are trivially changed, and new properties are imported.

An ECMAScript is changed to suitably react a user event or the lifecycle events of declarative application and communicate with procedural application. For instance, a key event module is expanded to support the remote control event, and to support communicating with procedural application, a few of objects are added.
3.2.6   Application programming interface

All of the middleware standards have different API because every middleware has different architecture to one another. Most of the middleware standards have Java VM, Java TV, JMF, HAVI UI, DAVIC. Both DVB-MHP and ATSC-DASE select Personal Java Environment as Java VM. However, ARIB-B24 does not have Java VM because it does not select Java platform.

4   Conclusion

Data broadcasting is emerging technology that enables a person to use Internet and T-commerce through the broadcasting line. It is necessary to have set-top boxes and middleware standards to watch it. This need breeds such middleware standards as DVB-MHP, ATSC-DASE, ARIB-B24. However, these many standards also breed many problems to people, and it is expected that the new standard that covers all of them comes to exist in the near future. To effectively integrate them, it should be essential to know the similarities and differences.
This paper compares and analyzes middleware standards of data broadcasting. By comparing and analyzing the middleware standards, it is expected that the compatibility problems between middleware standards is solved.
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