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ABSTRACT 

Since the launch of digital satellite broadcasting in Japan in 2000, data 
broadcasting has been serving a wide variety of information as well as 
program related data broadcasting. We propose Java data broadcasting as 
an advanced service platform that is capable of providing services to satisfy 
the recent diversified needs of viewers. Java data broadcasting is built upon 
ARIB-J of which core is DVB-GEM, and provides enhancements of flexible 
presentation and operability comparable to the Internet service for PC, 
functional expandability using devices on a home network, and acquisition 
and forwarding of broadcast stream data. By these enhancements, Java 
data broadcasting offers greater flexibility and wider expandability by 
working together with devices on a home network. And the services offered 
by Java data broadcasting can always keep up to date by involving the 
latest devices. This paper describes the structure and enhancements 
introduced in Java data broadcasting, and its feasibility result obtained 
through prototype implementation. 

INTRODUCTION 

Since the launch of digital satellite broadcasting in Japan in 2000, data broadcasting has 
been serving a wide variety of information such as news, weather, traffic information as 
well as program related data broadcasting. Current data broadcasting in Japan uses 
Broadcast Markup Language (BML) and receivers for BML provides basic functionalities 
for data broadcasting. BML is an XML based declarative content format and the BML 
document controls the presentation of data broadcasting content including video, audio, 
still pictures and text. A viewer can manipulate the content through a remote controller. 
However, the functionality of data broadcasting has remained unchanged since its launch 
and it may not be enough to meet the recent diversified needs of viewers. For example, as 
the World Wide Web offers flexibility for use and services taking advantage of new 
technologies, adaptation to individual needs or preference for watching broadcast 
programs has become important. The primary design target of a language of BML is to 
make the same presentation on the same functional receivers. Hence BML provides less 
flexibility for personalization and functional enhancement. And functionality for 
manipulation of content in BML is limited due to the strict specifications of the receiver 
profile. 
To obtain more flexibility for broadcasting services toward advanced satellite broadcasting 
that is expected to be introduced after 2011 in Japan, we propose a new type of data 
broadcasting as an advanced service platform that is capable of keeping pace with cutting 
edge technology and satisfying the diversified needs of viewers. The new data 
broadcasting is based on Java, and provides enhancements of flexible presentation and 
operability comparable to the Internet service for PC, functional expandability using 
devices on a home network, and acquisition and forwarding of broadcast stream data.  



This paper describes the new data broadcasting in detail and how it works with example 
content on a prototype receiver. 

REQUIREMENTS AND APPROACH FOR SOLUTION 

Based on about ten years of experience in interactive multimedia broadcasting in Japan 
and our future service perspective, the major requirements for a flexible interactive 
broadcasting service are listed below. 
 
- A user input device other than a remote controller can be used. Especially, a device 

with ‘free moving cursor’ is preferable. 
- A receiver platform should enable enhancement of its functions even after the launch 

of a data broadcasting service. 
- Acquisition and forwarding of received broadcasting data should be controlled by data 

broadcasting content to support complicated data processing. 
 
A procedural content format is more appropriate than a declarative one to satisfy these 
requirements. Java is a typical case: creation of data broadcasting content as Java 
application and its execution on a Java virtual machine in a receiver. Because the Java 
virtual machine is a virtual computer, data broadcasting content can process data similar 
to a PC and run on all receiver models that provide a Java virtual machine. The difference 
between a PC and a receiver for Java based data broadcasting is the resources available 
for application such as memory, CPU performance, or storage. System resources of a 
receiver are normally very limited. To obtain more resources and flexibility for a receiver, 
utilization of external devices over a home network is a practical method in a consumer 
household. Support of storing data broadcasting content also contributes to satisfying the 
above requirements. 
Based on this approach, we propose a Java data broadcasting as an advanced service 
platform. It has been built upon ARIB-J, a standard of Java data broadcasting in Japan, of 
which core is DVB-GEM.  
In addition to providing functionalities defined in the latest DVB-GEM, the following major 
enhancements are introduced to the Java data broadcasting. 
 
- Flexible presentation and operability comparable to the Internet service for PC 
- Functional expandability using devices on a home network 
- Acquisition and forwarding of broadcast stream data. 
 
By these enhancements, an advanced service platform will be built using Java data 
broadcasting, which is not included in any other Java based data broadcasting standards. 

FLEXIBLE PRESENTATION AND OPERABILITY  

The Java virtual machine of the Java data broadcasting is JavaME Personal Basis Profile 
1.1 that is employed in the latest version of DVB-GEM, and it provides a mouse event 
mechanism. However, there are no GUI components that support a mouse event in DVB-
GEM. In order to accept input by a mouse, it is required to provide classes for GUI 
components that receive a mouse event and for the control of the appearance and visibility 
of the mouse cursor.  
Several classes and property information are introduced to support the functions above. 
They are: 
 
- A  class to control shape, color and size of the mouse cursor 
- Buttons and text components for user interaction with the mouse 
- System property information describing availability of the mouse. 



 
It is important to keep content compatible on the receivers with or without the mouse. By 
providing information describing availability of the mouse, data broadcasting content can 
control the showing or removal of a mouse cursor on the screen.  
A button is one of the most basic GUI components for user input. DVB-GEM does not 
provide a button for a mouse, and the appearance of a typical button used on a PC is poor 
due to the limited function of drawing its top. The introduced class for a button provides the 
capability to render the still image on top of the button in addition to other functions that 
conventional buttons have. 
Text components such as the so called TextArea that provides area to render text with or 
without scrollbars are also essential GUI components if a mouse is available. Data 
broadcasting content should be consistent with availability of a mouse and scrollbars of 
text components on a receiver. System property information on availability of a mouse on 
a receiver is introduced, which can be read by the content. 

JOINT OPERATION BETWEEN A RECEIVER AND DEVICES ON A HOME NETWORK 

A receiver is implemented as a complete set and no means are usually provided to add 
new hardware. Lack of such means sometimes makes it difficult to expand functionality. 
On the other hand, many recent consumer devices are well designed for a specific 
purpose and good performance. For example, a game controller is more instinctive to 
manipulate content than a remote controller, or a PC can offer functions that require 
massive computing power. PCs and connected home appliances such as Digital Living 
Network Alliance (DLNA) compliant devices provide network connectivity. If data 
broadcasting content can work together with such devices over a home network, 
interactive broadcasting services will be more attractive and easier to use. ‘Joint operation’ 
between a receiver and such devices will bring functional expandability, which contributes 
to useful, flexible and convenient interactive broadcast services. Figure 1 illustrates the 
concept of ‘Joint Operation’ between a receiver and the devices working together over a 
home network. 

A receiver provides additional Java classes to manage and detect the status change of 
connected devices.  Data broadcasting content authored as Java application running on a 
receiver works as a glue between the broadcasting services and the devices. It searches 

 
 

Figure 1 – ‘Joint Operation’ between a receiver and devices on a home network 
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required devices to present content effectively by using provided classes on the receiver. 
Once data broadcasting content discovers required devices, the content communicates 
with the devices, sends appropriate data to the devices and receives required data from 
the devices. 
For the purpose described above, new Java classes are introduced. Figure 2 illustrates a 
class diagram of the new classes. Most of the added classes are designed as abstract 
interface not to depend on a physical network type such as USB, Bluetooth, or Ethernet, 
and software implementation of a receiver. And Universal Plug and Play (UPnP) device 
discovery is the expected protocol for device search because DLNA compliant devices can 
talk in that manner.  

Interface DeviceManager discovers connected devices and obtains information about the 
devices. Interface DeviceDiscoveryListener allows data broadcasting content to receive 
DeviceDiscoveryEvent. Interface Device is a super interface of all devices and provides 
basic functions such as low level I/O and retrieval of information of the device. Interfaces 
HID, RendererDevice and TranslatorDevice are child interfaces of the Device and 
represent major device types. Interface DeviceStateListener allows data broadcasting 
content to receive a DeviceStateEvent that notifies state change of the device. 
If a new device that can work with Java data broadcasting is released into the market, it 
provides a new sub-interface of the Interface Device that represents a new device type. 
The device can still be found by data broadcasting content using the same DeviceManager. 
As a result, data broadcasting services can always remain up to date by simply 
transmitting corresponding data broadcasting content that uses the new sub-interface. 

ACQUISITION AND FORWARDING OF RECEIVED BROADCAST DATA 

The high functionality and extensibility of the proposed Java data broadcasting can be 
used to create a rich viewing environment of broadcast programs also, besides the 
presentation of data broadcasting content. There are demands of viewers whereby they 
want to view programs in a way that suits their viewing condition or their preference or 
ability. To satisfy the demands, we are proposing an advanced receiving system, AdapTV, 
which will enable a single piece of conventional broadcast content to be presented in 
multiple forms according to the viewer’s context. Java data broadcasting content is smart 
enough to achieve the idea of AdapTV. In the case where the receiver is not powerful 
enough to provide a processing ability for the adaptation, it can take advantage of a high 
performance machine on a home network. For this purpose, we proposed a functionality of 
Java data broadcasting to acquire and forward broadcast stream data.  

 
 

Figure 2 – Class diagram of classes for joint operation 



Java data broadcasting provides a 
new class to acquire broadcast stream 
data. The class offers a similar path to 
regular input and output classes of 
Java programming language.  
Unit size of sliced stream data is 
determined automatically inside the 
class according to stream type 
information in the service information 
signal. 
Broadcast stream data may also be 
required in devices working together 
with a receiver. In addition to the new 
class to acquire broadcast stream data, 
another new class to forward received 
broadcast stream data to other 
devices is defined. Figure 3 shows the 
structure of both classes. 
In theory, Java data broadcasting 
content can forward the acquired stream data to other devices by using the Java system 
classes for network access. However, CPU performance of a receiver or Set-Top-Box 
(STB) is normally much less powerful than a PC. And it may not be enough to forward high 
speed data such as audio and video through the Java virtual machine. To avoid corruption 
of the service with forwarding high speed data, actual forwarding should be carried out in 
the native library layer beneath the Java virtual machine. That is, the class for forwarding 
should be provided just only to control for setup, start and stop of forwarding by giving 
command to the native layer.  

PROTOTYPE IMPLMENTATION AND ITS PERFORMANCE 

Prototype Receiver 

Figure 4 shows a prototype receiver we developed to verify the functionalities of the new 
Java data broadcasting. The prototype receiver uses an IPTV STB development kit with a 
commercially available chip for a Blu-ray recorder. Major specifications are listed in Table 
1. 

 
Figure 3 –Structure of classes for acquisition and 

forwarding of broadcast stream data 

 
Figure 4 – A prototype receiver 

Items Specification 

CPU 300MHz MIPS core 

Memory 256MB including file system 

A/V decoder MPEG-2 MP@HL x2 
H.264 HP@L4.0 x2 
MPEG-2 AAC x8 

I/O HD Component Video 
HDMI  
Stereo Analog Audio 
USB 2.0 x2 
10/100 Ethernet 
DVB-SPI 

OS Linux  

Table 1 – Specifications of  
a prototype receiver 
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All the system software including the Java virtual machine runs on the prototype receiver. 
The prototype receiver communicates with other devices through its Ethernet network 
including UPnP device discovery. A mouse can be used through the USB port.  
Other connected devices for functional expansion are implemented in several PCs. All the 
connected devices support UPnP device discovery and work with the prototype receiver. 

Example Content And Its Performance 

We also developed several Java data broadcasting contents on a prototype receiver to 
verify the functionalities and performance of Java data broadcasting.  
The first example is to verify the 
capability of the mouse, button and 
vector graphics. 
Figure 5 shows the image of example 
content that draws the QR code 
(ISO/IEC 18004). The QR code is a 
common 2D bar code in Japan and 
many cell phones provide a function to 
read it out. This content is intended to 
draw a user specific QR code on a 
HDTV screen by entering a PIN using 
the arrow keys of a remote controller or 
a mouse. The image pattern of the QR 
code on the left is calculated and drawn by Java data broadcasting content. Buttons on the 
right and the large mouse cursor at the center are GUI components introduced as 
enhancement of Java data broadcasting. Buttons have a 3D shape so that the user can 
easily recognize what button is clicked by the mouse. This content is designed to be 
compatible for both receivers with or without a mouse. A highlighted button has a ‘token’ 
and the token can be moved by the arrow keys of a remote controller. Pressing ‘Enter’ of 
the remote controller has the same effect as click. 
The second example is to verify 
usability of the human interface device 
over a home network. Figure 6 shows 
the image of example content that 
employs a game controller on a home 
network as an input device. A home 
network connected game console that 
supports a UPnP device discovery 
responds to device search by the Java 
data broadcasting content as a human 
input device and works together with 
the content. A schematic of the game 
controller on the right indicates that a 
game controller is working and shows how to use it. This content is intended to watch an 
important moment of a Sumo wrestling match from various angles. Many cameras are 
allocated around the field and still pictures taken by the cameras are transmitted from a 
broadcaster. A viewer can select one of them by remote controller buttons or the lever of 
the game controller. A corresponding still picture is displayed on the left and the selected 
angle is shown on the right.  
The third, fourth and fifth examples are to verify the usability and performance of 
acquisition and forwarding of broadcast stream data. Figure 7 shows the data flow of 
example content that employs broadcast data acquisition and forwarding. The function of 

 
Figure 5 – An example content  
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acquisition is verified by text read out and translation examples.  The function of 
forwarding is verified by the video cropping example. 
Content for text read out searches a text reader using UPnP device discovery. Once the 
content finds the device, it starts to acquire closed caption data from broadcast stream 
data. When a user allows transferring closed caption data to a text reader, the content 
formats text data and transmits it to the text reader. The text reader receives the data and 
reads it out and shows it on a screen. This content is intended to improve accessibility for 
visually impaired persons. Another way to use this content and the device is to alert the 
user to an important scene. If a user sets some reserved words to the text reader, it can 
emit a sound alarm not to miss a scene that the user may be interested in while he/she is 
not watching TV.  
Content for language translation also searches a translation device using UPnP device 
discovery. The content formats and transmits acquired closed caption data and instructs 
target language to the translator device. The translator receives the text and returns text 
that is translated to the target language. The content receives translated text from the 
translator over a home network and shows it on the screen. This content is intended to 
provide information to those who are not familiar with the language used in the TV 
program. 
Content that forwards the received transport stream (TS) to a video cropping device also 
searches the device on a home network. HDTV images do not normally fit on a small 
terminal due to the different aspect ratio and the size of the screen. If the image is cropped 
to fit the terminal, a user can enjoy TV programs on the user’s small terminal. However, 
video cropping requires massive computing power far beyond the CPU performance of 
STB. The load of forwarding received TS is expected to be much lighter than video 
cropping. One of the purposes of this content is to determine whether or not the prototype 
receiver has enough performance to forward TS around 20Mbps to the device over the 
home network. While peak load reaches about 60% of CPU capacity, forwarding is 
successful. As for other examples, CPU of the prototype receiver has more room; load is 
40% or less and there is a good user response. 

 
Figure 7 – An example content using broadcast data acquisition and forwarding 
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The sixth example is to verify digital video recorder functions. Figure 8 shows the image of 
example content of both scene selector and TV. This content is intended to provide an 
easy tool to jump to a scene that a viewer is interested in. When recording a program, 
Java data broadcasting content starts running on a receiver and searches for the scene 
selector. The scene selector provides a database to store closed caption data and 
receives the data from a receiver. When in playback, Java data broadcasting content 
multiplexed in recorded TS automatically searches for the scene selector. A viewer selects 
a scene to jump to from the list of all the closed caption data of the playback program. 
Java data broadcasting content accepts the command to jump from the scene selector and 
execute it. 
The six example content described above works successfully and shows the functionality 
and expandability of Java data broadcasting. 

CONCLUSION 

We propose an advanced interactive service platform by using Java data broadcasting. 
The platform provides flexibility and expandability for broadcasting services under the 
control of Java data broadcasting content. We confirmed its feasibility through prototype 
implementations. We will continue to develop further functionality and standardize with 
various industries toward advanced satellite broadcasting that is expected to be introduced 
after 2011. Furthermore, we are also studying an authoring tool of Java data broadcasting 
and developing evolutional broadcast services using Java data broadcasting. 
Java data broadcasting enables the update of the service platform by software download 
and support of new hardware over a home network. By using this technique, broadcasting 
service will always be able to keep pace with both diversified viewer’s needs and 
technological advances. 
 

 
Figure 8 – An example content using digital video recorder function 
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