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Augmented reality (AR) is a popular service in mobile 
devices, and many AR applications can be downloaded 
from app stores. As TV broadcasting has continued to 
integrate with the Internet, it has become an area in which 
the AR concept is able to reside, although in a simple form, 
such as an advertisement placed in the static region of a 
scene. There are some restrictions against TV 
broadcasting realizing AR since TVs are fixed devices and 
typically do not have GPS, geomagnetic, or acceleration 
sensors, which are standard equipment in mobile devices. 
However, the desire to experience AR on a large TV screen 
has triggered research and development for an ideal AR 
business model and service type. This paper introduces 
several use cases for augmented broadcasting services and 
also presents an augmented broadcasting metadata 
scheme designed for a broadcasting environment. We also 
verify some of the use cases and an augmented 
broadcasting metadata scheme in an implemented 
augmented broadcasting system based on a hybrid TV 
platform. 
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I. Introduction 

Augmented reality (AR) is a new trend in various service 
areas, such as advertising, entertainment, and education, on 
mobile devices, tablets, PCs, TVs, and other platforms. AR 
enables users to see the real world augmented with graphical 
objects that provide enriched information or enhance the user 
experience. Research has defined AR differently from virtual 
reality (VR) in the respect that VR does not allow interaction 
with the real world [1] and AR does allow such interaction and 
can even affect the real world. This means that AR is more 
attractive when interactivity is allowed. The smartphone 
provides a richer user interface, including a touch screen, 
motion sensor, and GPS sensor, which offers more chances to 
develop interactive AR services. The hand-held mobile device 
also allows the user to walk and see through the camera 
simultaneously at his or her leisure and search for useful 
information related to his or her location. The mobile device 
becomes the lens toward an augmented world [2]. 

On the other hand, TV is usually a one-way service and is 
restricted in terms of interactivity. The angle of a TV scene may 
not be changed according to the user’s will because it comes 
from a remote camera controlled by the producers [3]. Still, 
there have been attempts to incorporate AR into a broadcasting 
environment. In a classic example of a virtual advertisement in 
a sports broadcast, the ground or the crowd is overlaid with the 
advertisement. In this case, all augmentation is conducted 
before the video image is transmitted. Once the broadcaster 
transmits the TV program, it is not possible to change the 
compositing. Interaction between the TV program and the user 
is not available unless the viewer has a direct connection to the 
content producer. However, as smart TVs increase in popularity, 
an Internet connection is becoming essential, and a motion-
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sensing remote controller may enhance the user interface.  
As AR services are prosperous in various platforms, an 

interoperable media format for AR service has become 
necessary. MPEG started to standardize AR technologies under 
the project name of Augmented Reality Application Format 
(ARAF) in 2011. ARAF represents a subset of the ISO/IEC 
14496-11 (MPEG-4 part 11) Scene Description and 
Application Engine standard, combined with other relevant 
MPEG standards (for example, ISO/IEC 23005 — MPEG-V) 
[4]. Requirements from the use cases proposed by interested 
companies, research institutes, and other standards 
organizations have been collected. Examples of the targeted 
areas are broadcasting, gaming, tour guiding, education, 
simulation, and medical training. We present use cases for the 
augmented broadcasting service in section II. Also, we propose 
additional scene nodes, describing the augmentation region and 
reference signal. The augmentation region provides the 
parameters of a static or animated 2D region related to natural 
media. A virtual object can therefore be composed with the 
natural medium and contained inside the region. The reference 
signal provides signal detection capabilities in a scene. The 
ARAF has a phased work plan from version 1 to version 4, and 
the first version of technical specification was approved as a 
committed draft in Jan. 2012 and will be finalized in 2013. 

In this paper, we propose the use cases for AR within a TV 
environment and propose a test system implementation. 

II. Use Cases of Augmented Broadcasting 

1. Use Case #1: Augmentation Region-Based Broadcasting 

Overlaying synthesized content in a predefined area of a TV 
program is the most basic augmented broadcasting service. To 
prevent unsolicited content from overriding a TV program, the 
broadcaster overlays content and transmits a composited video 
stream. However, with this method, it is impossible to change 
augmented content in a flexible way. Therefore, we propose 
that only a coordinate space in which to place 2D or 3D objects 
on top of a visual image be defined by the broadcaster and that 
the composition be performed on the terminal side of the user. 
We refer to this space as an augmentation region, and Fig. 1 
shows an example of augmentation-region-based AR. Since 
current set-top boxes (STBs) may not have enough power to 
automatically process the tracking from the video stream in 
real-time, the augmentation region and its tracking information 
should be described beforehand. This information should be 
transmitted together with the video data, and it should also be 
possible to transmit a prepared mask, depth-information, a 2D 
or 3D object, and other data, such as an illumination resource 
for the natural composition of 3D objects [5].  

 

Fig. 1. Augmentation-region-based broadcasting. 
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Fig. 2. Augmented broadcasting allowing manipulation of 3D
object.  

 
2. Use Case #2: Interactive Augmented Broadcasting 

Even though broadcasting is a unidirectional service, it is 
possible to provide a user localized interaction with a 3D object 
in the augmentation region. Take, for example, a student 
watching a TV program teaching classical architecture, as 
shown in Fig. 2. While the teacher explains the principal parts 
of Como cathedral and Romanesque style, a 3D model of 
Como cathedral appears and the student can manipulate the 3D 
model through a remote controller prepared with an orientation 
sensor. Another option to manipulate a 3D object is to run 
image tracking algorithms to extract the orientation data of the 
marker image begin accessed by the user. This will be possible 
in the near future if the cost of STBs drops and if more 
calculation power and CPU speed become available for use in 
an STB.  

3. Use Case #3: Choice of AR Service Provider 

As a user selects his or her preferred TV channel among 
various broadcasting service providers, the source of the AR 
can also be chosen by the user. This is not yet realizable in a 
TV environment; however, a similar concept has already been 
realized in a mobile environment. An example service is “The 
Layar Reality Browser,” which provides various types of AR 
services, such as location-based layers to help users find nearby 
locations, including cafes, shops, and other businesses, as well 
as historical locations and monuments. Other layers let users 
play games within their environment, browse for clothes in a  
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Fig. 3. Layar application.  
 
360-degree virtual shop, or even interact with artwork placed 
digitally into the real world image. Users can select one of 
these layer services operating on the Layar platform. Figure 3 
shows the Layar application, which allows users to change 
layers (left image) and displays search results based on the 
selected layer (right image) [6]. 

It is also possible to provide this kind of service in a TV 
environment. The broadcasters transmit video with the 
augmentation regions, times, and location information but do 
not include the actual overlays. Instead, they provide a list of 
access points of the AR service provider, through which the 
users can select the provider and access their overlays. This 
business model will reduce the overload in developing an AR 
platform for each application, provide an opportunity to the 
potential AR service providers, and give users the option to 
select a qualified AR service among the various providers. 

4. Use Case #4: Location-Based AR Broadcasts 

When a person gets lost on the road or wants to find a place 
nearby, an AR navigation application can conceptually show 
him or her the right direction with an arrow overlaid in the 
scene. This is possible owing to the location and orientation 
sensors in mobile devices. However, TV does not have such 
sensors, and the video stream is not related to the location of 
the user’s viewpoint. Nevertheless, watching TV, the user 
sometimes wants to know information related to the location of 
the scene, such as transportation options, restaurant choices, 
and tourist attractions. This is possible if the video stream 
contains the location and orientation signals obtained from a 
camera. TV cameras equipped with location and orientation 
sensors are already used in AR advertisements during sports 
broadcasts. The signals are used to naturally composite 
advertisement graphics on the playing field or scoreboard. 

In addition to broadcasting advertisements in this way, it may 

be possible to broadcast various types of useful location-based 
information. For example, in golf broadcasts with location 
information, the AR service provider may give the users the 
ground shape of the field. Another service provider may offer 
information on the golf clubs used during the match. Similarly, 
during tourism broadcasts, location information can provide 
users with more useful details, such as transportation guidance 
or restaurants located in the area [7].  

III. Components of Augmented Broadcasting System 

The proposed system framework is composed of four 
essential parts: an authoring server, multiplexing and 
transporting server, AR-content-providing server, and a TV or 
TV STB with a 2D-/3D-graphics-rendering engine. 
Additionally, user interaction components in a TV or TV STB 
are needed so that the user can interact with the augmented 
content. Also, a broadcasting network is needed to transmit TV 
programs and information for real-time rendering of 
augmented content, which should itself be provided by a 
telecommunications network. Figure 4 shows the overall 
system framework of an augmented broadcasting service [8]. 

1. Authoring Server  

An authoring server is used to generate information for the 
real-time rendering of augmented content on a TV or TV STB. 
The information is generated as metadata, which includes the 
following: the regions where the augmented content will be 
presented; time schedules for when the augmented content will 
be broadcast; uniform resource identifiers for downloading the 
augmented content; the types of augmented content to be 
presented; some scenarios for expressing emotions, behaviors, 
or circumstances; and the attributes of the augmented content 
for a seamless blending of AR graphic images and video. 

AR-broadcasting metadata may be generated as XML data 
through an authoring server aided by automated graphics tools 
and human effort. Needless to say, the metadata is authored 
based on TV programs. Thus, the information related to TV 
cameras and various sensors used in TV content creation may 
be included in the metadata. 

The structure of the metadata should be defined in a form 
that is easy to transmit through a broadcasting network. A 
fragmentation of the metadata is required to transmit the 
metadata using the audio-visual streams of broadcasted TV 
programs. In addition, the reference point of the fragmentation 
is the time during which the regions or scenes used for 
presenting augmented content are created or the time during 
which the attributes of the augmented content, regions, or 
scenes become altered. Each unit of fragmentation, that is,  
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Fig. 4. System framework of augmented broadcasting service. 
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“instruction,” may include all or part of the information used 
for the presentation of augmented content. To create a region or 
scene for presenting augmented content, a reference instruction 
is generated, which includes all of the information needed for 
the presentation of the augmented content. Subsequent 
instructions may include only information on variations of the 
region, scene, or augmented content. Each time an 
augmentation region or scene is created, a reference instruction 
for the region or scene is generated. 

2. MUX and Transporting Server 

In the proposed AR-broadcasting system, a process for 
rendering the augmented content in real-time and blending it 
into a broadcast video is required. AR-broadcasting metadata 
can be multiplexed with a video stream based on an MPEG2 
transport stream. In this process, the packet ID for the AR-
broadcasting metadata should be defined, and the program-
specific information indicating the relation between the TV 
program and the metadata should be transmitted through the 
broadcasting network. In addition, synchronization of the 
presentation of the AR content and the video content should be 
considered. For this, exact information on the progress time of 
a TV program may be required and should be transmitted 
periodically. 

Considering the time taken to download and graphically 
render augmented content on a TV or TV STB, it is necessary 
to transmit the metadata ahead of the related video content. 

3. TV with 2D-/3D-Graphics-Rendering Engine 

The architecture of a TV or TV STB for rendering 
augmented broadcasting content is shown in Fig. 5. AR-
broadcasting metadata and video can be separated using a de-  

 

Fig. 5. Aarchitecture of TV or TV STB for augmented 
broadcasting service. 
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MUX. The metadata should also be parsed to download and 
graphically render augmented content. According to some of 
the synchronization information included in the metadata 
transmitted from the multiplexing and transmitting server, each 
rendered image of augmented content should be immediately 
blended with its counterpart in the video frames. Furthermore, 
all attribute parameters for a seamless blending should be 
applied, and, according to some scenarios for the expression of 
emotions, behaviors, or circumstances, the augmented content 
should be animated. In addition, regardless of the metadata, the 
function of augmented content that can react to user 
instructions should be supported. 

In a typical digital TV or TV STB, video and graphics are 
handled on separate planes. Each plane is an area of graphics 
memory served as a render target in a display adapter and 
stores images in proper pixel formats ready to be displayed on 
a TV screen. The video plane stores the images decoded and 
rasterized by the video decoder, and the graphics plane stores 
the images rendered by the 2D-/3D- graphics-rendering engine. 
These two types of images are blended into a single stream of 
images using hardware display pipelines. Thus, regardless of  
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Fig. 6. Sequence for requesting augmented content. 
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the video frames, the independent control of augmented 
content is possible. 

4. Augmented Content Providing Server 

Augmented content is made based on the content of TV 
programs. Thus, augmented content may be distributed mainly 
by TV broadcast systems. However, to provide various forms 
of augmented content, a wide range of content providers 
should be involved. For this, through the AR-broadcasting 
service system, the chance to deliver various advertisements or 
additive information to TV viewers should be provided to 
content providers. These advertisements and additive 
information are included in or attached to the augmented 
content and can be automatically displayed. 

Augmented content is typically a 2D image or 3D graphics 
model generated using computer graphics tools. In addition, 
augmented content can be generated in various types of 
formats. Thus, a TV or TV STB should support various 
graphics application programming interfaces to render the 
various formats of augmented content. Otherwise, it is 
necessary to generate augmented content in a standardized way. 

The server used to provide augmented content can be 
operated mainly by TV broadcast systems. In such a server, 
various content providers upload various types of augmented 
content. Thus, the augmented broadcasting metadata can be 
configured such that only specific augmented content is 
selected automatically or the augmented broadcasting metadata 
can be configured such that it contain only URL information 
and the viewers can select the augmented content themselves. 

The broadcaster gives permission to use an augmentation 
region to the AR service provider (server providing augmented 
content) before providing an augmented broadcasting service. 
A list of AR service providers is managed by the broadcaster, 
and a mapping table of these providers to the actual server 
location is managed by the rendering engine. Therefore, the 

 

Fig. 7. Fragmentation of metadata. 
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rendering engine requests augmented content for a specific 
augmentation region from the AR service provider. The AR 
service provider will prepare augmented content for each 
augmentation region predefined by the broadcaster. Figure 6 
shows the procedure used by the broadcaster, AR service 
provider, and rendering engine. 

IV. Metadata for Augmented Broadcast 

The metadata for the augmented broadcast is to support the 
AR services we propose in this paper. We decide to implement 
metadata instead of using MPEG-4 BIFS because the XML-
based metadata, which has a simple structure, is easily adapted 
to the existing broadcasting server system. The metadata 
basically defines the augmentation region in the scene of the 
2D video. The overlay should be inside of the region and 
should not trespass on the area outside of the region because 
the broadcaster usually prevents content from being overlaid 
outside of the approved region. The metadata also describes the 
default overlaying object; however, users may replace it with 
their preferred object, which is provided by another service 
provider, as described in the proposed use case scenario. The 
metadata will be produced by the broadcaster and delivered 
with the broadcasting content.  

An augmented broadcasting service is basically a streaming 
service, and the metadata therefore needs to be appropriately 
designed for such a service. For the synchronized presentation 
of synthesized graphics with broadcasting content, the 
presentation time is important. Therefore, the fragmentation of 
the metadata is made at the point in time when the graphic 
object is presented. As mentioned earlier, we call this unit of 
fragmentation an “instruction,” and each instruction contains 
updated information that needs to be presented at a specific 
point in time. Figure 7 shows the streaming strategy of the 
metadata. The first instruction contains all information 
necessary for the generation of a new AR event, such as the 
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Fig. 8. Root element. 
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augmentation region, overlay, and environmental information. 
The augmentation region in the first instruction is the start 
position of the augmented content, and this position and 
orientation may be changed by the following instructions. The 
following instructions contain only variation factors, such as a 
change in the position of the augmentation region, a change in 
the overlays, or a change in the illumination direction. This 
strategy will reduce the data overload of the media channel [9]. 

Figure 8 shows the structure of augmented broadcasting 
metadata. There are descriptions and instructions under the root 
element, called “augmented reality broadcasting metadata 
(ARBM).” The description metadata describes the general 
information concerning the creation of metadata, such as the 
creator, issue date, and copyright. An instruction is generated at 
the time when a change in the AR presentation is triggered. 
Therefore, each instruction has the presentation time 
information indicating when the content should be displayed. 
The keyInstFlag attribute indicates that the current instruction 
is the first instruction defining the augmentation region. If the 
value of the keyInstFlag attribute is “true,” the duration 
indicating the end point of the augmentation region should be 
described. The numInstruction attribute indicates the number of 
following instructions that belong to the key instruction. The 
key instruction and its following instructions should have the 
same value as the keyInstNum attribute by which the terminal 
shall process the following instructions based on the key 
instruction.  

The MarkerImage subelement is used to send a reference 
image to the terminal for the processing algorithm, such as to 
automatically track an image based on the reference image. 

 

Fig. 9. Animation of augmentation region. 

startTime stopTime

Augmentation 
region 

<x1,y1>
<x2,y2>

keyTime keyTime keyTime 

keyValue keyValue keyValue 

 
 
This subelement also applies to the user’s interaction with the 
object via tracking the reference signal (for example, bar code, 
marker image, and representative sound) from the video 
captured by the camera. This is useful when the user has a 
marker image, and the motion of the marker image is 
synchronized with the motion of the object overlaid on the TV 
program image. The ARRegion subelement is used to define 
the region in which the object will be displayed. This element 
also includes instructions on how the augmentation will be 
performed (for example, scale, rotation, and transform). Figure 
9 shows the movement of an augmentation region according to 
the presentation time. 

The ARObject subelement identifies the object by its URL 
when the size of the object is large; otherwise, the object is 
identified by its inline content. The EnvironmentInfo 
subelement describes the assistant parameters, such as the light 
source type, direction, and color for a natural composition. 

V. Implementation and Experiment Results 

The implemented augmented broadcasting system 
constructed on a PC consists of the authoring tool, transmission 
system, and client system. The authoring tool generates the 
augmentation metadata, providing the user an interface through 
which editing the augmentation region and its motion can be 
executed. Figure 10 shows the overall interface of the 
authoring tool.  

Users can search a video scene using the player shown on 
the left side of Fig. 10. If they find a proper scene for defining 
an augmentation region, they can draw a green box around it, 
as shown in the center of the figure. Each augmentation region 
has a start- and stop-time depicted as a rectangle in the timeline 
of the video, as shown at the bottom of the figure. The attribute 
values of each augmentation region are listed in the grid box 
shown on the right side of the figure. After editing the 
augmentation regions, the regions are generated by selecting 
the publish menu shown at the top of the figure.  

Figure 11 shows an example of augmentation metadata 
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Fig. 10. Authoring tool for augmentation metadata.  
 

 

Fig. 11. Example of first instruction.  
 

 

Fig. 12. Example of second instruction.  
 
generated by the authoring tool. The metadata contains one 
instruction for a demo video. The example describes the 
augmented object, which is called “como.x” and should appear 
at the presentation time (pts) of 90 tics and remain until 200 tics 
in the restricted area of the augmentation region, which forms a 
rectangle by a connected line with four points defined using the 
values of (x1, y1) through (x4, y4). In addition, the initial 
position, scale, and orientation are given by (tx, ty), (sx, sy), 
and (rx, ry, rz), respectively. This example describes a case in 
which the augmentation region is static and there are no 
changes in its position. However, when the augmentation 
region is dynamically changed, more than one instruction 
indicating a change in position or orientation should be  

 

Fig. 13. Sequence of transporting server. 
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Fig. 14. Test platform for verifying augmented broadcasting
service.
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included in the metadata. Figure 12 shows one of the following 
instructions describing a shifted position of an augmentation 
region. It is not necessary to carry information regarding the 
augmented object since this is derived from the first instruction, 
indicated by augNum. 

The transmitting server and the service platform are 
connected by Ethernet and mainly a UDP/RTP protocol. The 
current version of the transmitting server transmits metadata 
separately from the audio-visual stream. Figure 13 shows the 
procedures used for transmitting metadata and streaming 
audio-visual data in the implemented system. The client sends 
a message requesting metadata, and the transporting server 
replies to the client with fragmented augmentation metadata. 
The header of the message includes the tag, the message ID, 
the sequence number, the length of the payload, and the 
payload of the metadata. After finishing the metadata 
transmission, the transporting server orders the VLC media 
server to transport an audio-visual stream using the RTP.  

The implemented client receives metadata and parses it to 
locate the augmented object to load and composite into the 
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video frame through a rendering engine based on OpenGL. 
The augmented object is then finally displayed on a TV screen 
through an HDMI cable. To synchronize the augmented 
content and video frame, the client engine continues watching 
the presentation time stamp included in each piece of metadata. 
The augmented content is simultaneously loaded onto a second 
device, such as a tablet computer, and synchronized by the 
user’s control of the content, such as the translation, rotation, 
scale, and play speed control. Figure 14 shows the overall 
augmented broadcasting system. 

VI. Conclusion 

Unlike a mobile device, a TV-based broadcasting service has 
a limitation in realizing full AR service. However, there are 
benefits that cannot be neglected when an appropriate AR 
service model is combined with a large screen and hybrid TV 
platform. In this paper, we proposed a potential augmented 
broadcasting service model, described through four use cases. 
Some of these cases are easily adaptable to the current TV 
environment, but the others still require an upgraded CPU 
power and an assistant device, such as a camera or tablet PC 
connected to a TV. We proposed an architecture for an 
augmented broadcasting system and augmented broadcasting 
metadata scheme containing augmentation region information. 
We also implemented an augmented broadcasting testbed 
system composed of an authoring tool, transporting server, 
client engine, and the application of a tablet computer to verify 
the proposed architecture and metadata. We successfully 
showed the demo results by showing augmented content 
blended with broadcasting content in real-time on such a 
receiving terminal as a TV or STB. 

For further study, we will apply an auto-tracking algorithm to 
the authoring tool for an efficient definition of an augmentation 
region. In addition, a high-level synchronization scheme is 
required to realize a frame-rate level of synchronization 
between the broadcasting and augmented content [10]. Finally, 
for the natural blending of augmented content into the 
background of a scene, the environment information should be 
described in the metadata and rendered in real-time in the client 
engine. 
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