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1. Introduction
With the recent growth in popularity of the internet and 

smartphones, it is now easy for information and services to be 
accessed by anyone, anywhere. On the other hand, television 
broadcasting has been the principal source of media in 
people’s living-rooms for about the last sixty years. However, 
if broadcasting is to retain its position as a reliable, topical and 
familiar communication medium, then we believe that it will have 
to become capable of cooperating with a wide variety of other 
services in the future in order to keep up with remarkable changes 
in people’s lifestyles [1].

In 2013, as a means of facilitating cooperation between 
broadcasting and internet services, an integrated broadcast-
broadband system called Hybridcast[2] was standardized by the 
IPTV Forum Japan and the Association of Radio Industries and 
Businesses (ARIB). NHK and commercial broadcasters have now 
started offering a growing range of services, and it is expected that 
the total number of Hybridcast-compatible televisions shipped in 
Japan exceeded ten million sets by May 2019[3]. In Hybridcast, it 
is possible for televisions to display internet content that tracks the 
progress of broadcast programs, and to provide online “catch-up” 
services where people can watch programs that were broadcast 
earlier. It is also possible to provide companion screen services that 
cooperate with smartphones to offer features such as displaying 
information about a program that is currently being broadcast. In 
this way, various broadcasting companies have provided services 
that use broadcasting as a starting point for linking to internet 
content.

However, over the last few years, there have been dramatic 
changes in the amount of time people spend consuming media 
— while smartphone usage has increased significantly, television 
viewing has been declining. In particular, survey results show 
that smartphone usage and television viewing times are reversed 
among young people[4]. In the light of this changing role of 
media in people’s lives, we think it is important to use the internet 
as a starting point for facilitating simple collaboration with 
broadcasting in order to provide better opportunities for people to 
interact with television broadcasts.

Since 2017, therefore, broadcasting companies and television 
manufacturers have been promoting studies at IPTV Forum Japan 
aimed at extending Hybridcast and enabling collaboration of 
services between broadcasting and the internet so that smartphone 
applications and IoT-enabled devices (IoT=“Internet of Things”), 
which are expected to become widespread in the future, can 
initiate collaboration with broadcasting. In September 2019, 

standards were established by IPTV Forum Japan and ARIB.
Section 2 of this paper introduces the current status and issues 

of collaboration between broadcasting and internet services, and 
section 3 introduces the standard technologies that are used in 
current integrated broadcast-broadband services and companion 
screen services. Section 4 then summarizes the newly standardized 
companion device architecture of Hybridcast, section 5 presents 
some examples of services that use this architecture, and section 
6 describes the trends in Japanese domestic and international 
standardization. Finally, section 7 discusses the future prospects of 
this technology, and concludes with a summary.

2. Current status and issues of collaboration 
between broadcasting and internet services
Since the start of broadcasting in 1953, television has spawned 

a variety of cultures and social phenomena and has had a major 
impact on our daily lives. Until the turn of the 21st century, 
television was the dominant medium of entertainment. Families 
would watch television together in their living rooms and would 
discuss the previous night’s drama shows at school and at work the 
following day. Popular programs with high viewing figures would 
appear one after another. However, the growth in popularity of 
the internet and smartphones over the last ten years has made 
it easy for anyone to access whatever information and content 
they want. As a result of this change in the way people access 
information, they are gradually spending less time in front of the 
television. In particular, the results of a survey[4] have shown that 
younger people spend more time using smartphones than they 
do watching television, so the role of television in everyday life is 
changing.

In this way, as people are tending to spend less time watching 
television and more time discussing broadcast programs online, 
there are increasing opportunities to obtain information about 
broadcasts from the internet. For example, it is not at all 
uncommon to see content related to broadcast programs among 
the top search results and hot topics on social networking services. 
Also, another survey[5] has shown that about 70% of people 
have become accustomed to using smartphones while watching 
television, and about 40% have used social networking sites. 
In addition, there are also many cases where broadcasters use 
the internet for purposes such as providing program-related 
information and offering VoD (video on demand) catch-
up services that people can use to watch previously broadcast 
programs. It can therefore be said that broadcasting and the 
internet are highly compatible media.
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Therefore, by facilitating smooth collaboration between 
broadcasting and the internet across devices, we expect to achieve 
synergistic effects such as increased opportunities to use both 
types of service, and greater user satisfaction. But although the 
idea of integrated broadcast-broadband first came to the fore about 
15 years ago, it has yet to result in smooth collaboration across a 
variety of different everyday scenes.

In recent years, the importance of user experience (UX) has 
attracted attention in the development of various services. In 
particular, to implement services that are continuously used, 
we need to come up with a strategy that not only has greater 
functionality and performance, but also provides service users with 
an enjoyable and highly satisfying experience, and to design a so-
called customer journey — a series of processes that incorporate 
service elements. This sort of collaboration between broadcasting 
and internet services gives rise to the following issues from the 
perspective of UX design.

2.1 Use of internet services triggered by broadcast services
Recently, it has become commonplace for broadcast programs 

and commercials to contain broadcast-initiated links to related 
online content by displaying captions containing information such 
as URLs or search query terms. In such cases, even a user who 
has a smartphone to hand while watching television will still have 
to manually enter this URL or search query into a web browser. 
Another common approach is to use data broadcasting to display 
a QR code that can be used to access related information, but 
this still requires the user to perform the operation of capturing 
an image of this QR code with a smartphone. Users regard 
these operations as time-consuming interruptions to the viewing 
experience, and this tends to reduce the likelihood of achieving the 
goal of seeing related information on the internet. Therefore, to 
provide viewers with a seamless experience, it is necessary to have 
a mechanism whereby links from television broadcasts to online 
content can be provided directly from televisions to smartphones.

2.2 Use of broadcast services triggered by internet services
Meanwhile, on social networking sites and other websites, it 

is common to see banner ads and comments related to broadcast 
programs. We conducted an online survey of 1000 television and 
smartphone owners aged from 20 to 59 and found that 47% heard 
about new broadcast programs from online sources such as social 
networking sites, blogs, news articles, online program schedules, 

and broadcasting station websites[6] (Figure 1). The most common 
source of information about new broadcast programs was found 
to be broadcasting, such as electronic program guides (EPGs) 
or simply by seeing what is on television when it is switched 
on. In other words, the internet is the most common source of 
information about broadcast programs outside of broadcasting 
itself, making it an essential medium for improving the 
opportunities for introducing programs to viewers.

At present, however, even if a broadcast program is 
recommended by a friend via a social networking site to someone 
who is sitting in front of the television, it is still necessary to search 
for the remote control, turn on the power, and check the channel 
guide in order to select the correct channel. Once again, these 
additional tasks interrupt the viewing experience as described in 
section 2.1, reducing the likelihood of achieving the goal of seeing 
the recommended broadcast program. Thus, in order to achieve 
a more reliable flow from the internet to broadcasting, we need a 
mechanism whereby people can access broadcast programs more 
simply.

3. Integrated broadcast-broadband systems 
and companion device architecture
One way in which broadcasting services and internet services 

can be linked is through the use of an integrated broadcast-
broadband system. In an integrated broadcast-broadband system, 
in addition to providing online content linked to broadcast 
programs displayed on television screens, it is also possible to 
provide a multi-screen service by linking televisions and 
smartphones. This section describes the current state of two 
representative integrated broadcast-broadband systems: Japan’s 
Hybridcast[2] and Europe’s HbbTV[7].

3.1 Hybridcast
Hybridcast is an integrated broadcast-broadband system 

that attained domestic standard status in 2013 at IPTV Forum 
Japan and ARIB and is now provided as a service by NHK 
and commercial broadcasters. The details will be described in 
section 7, but standardization is mainly being promoted by IPTV 
Forum Japan, with the standard specifications consisting of two 
technical specifications (Integrated Broadcast-Broadband System 
Specification[8] and HTML5 Browser Specifications[9]), and 
operational specifications (Hybridcast Operational Guideline[10]) 
that are necessary for implementing services. As of May 2019, the 

■ Figure 1:  Sources of information about new broadcast program
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total number of compatible television sets is over ten million[3], 
and services have been made available by approximately 25 
broadcasters throughout Japan[11], with further expansion expected 
in the future.

Figure 2 shows the Hybridcast system model. Hybridcast is 
a system based on HTML5 Web technology as standardized by 
the World Wide Web Consortium (W3C). Compatible televisions 
are equipped with an HTML5 browser whereby users can use 
an HTML5 application (hereinafter referred to as a broadcast-
oriented managed application) to obtain online information about 
each channel from each broadcaster. This browser has an extended 
API for collaboration with broadcasting and can also control the 
behavior of the broadcast-oriented managed application while a 
program is being broadcast. By multiplexing with the broadcast 
signal, broadcasters can send either an Application Information 
Table (AIT), which consists of information used to control a 
broadcast-oriented managed application, or the URL of an AIT 
located elsewhere. The television can then use this AIT to launch 
a broadcast-oriented managed application. Currently, many 
broadcasters provide services using a method whereby an AIT 
URL is included in data broadcasts so that the broadcast-oriented 
managed application can be launched from a data broadcast.

In Hybridcast, it is also possible to play videos in the HTML5 
browser. In 2014, a profile for the operation of services that 
distribute video content to televisions using the MPEG-DASH 
(MPEG Dynamic Adaptive Streaming over HTTP) international 

standard[12] was formulated in the 2.0 version of the Hybridcast 
Operation Guideline[10]. This profile has made it possible to 
play back 2K and 4K internet video on video players such as 
dashNX[15], which is written in JavaScript using the MSE/
EME API (Media Source Extensions[13] / Encrypted Media 
Extensions[14]). Furthermore, IPTV Forum Japan has drawn 
up specifications clarifying the technical requirements, such as 
the functions that should be implemented in televisions, while 
organizing the requirements of broadcasters’ video distribution 
services and how they should operate. In 2018, brand names and 
logos for 2K-compatible “Hybridcast Video” and 4K-compatible 
“Hybridcast 4K Video” were announced for televisions and video 
distribution services conforming to these specifications[16].

Hybridcast can also use a smartphone companion application 
(CA) to provide multi-screen services on televisions and 
smartphones. Specifically, in an environment where a television 
and CA are connected on a network in the same segment, 
the HTML5 application on the CA can be launched from 
the broadcast-oriented managed application on the television. 
Furthermore, since data messaging works both ways, the user can 
initiate a companion screen service from a television broadcast. 
For example, various broadcasters provide diverse services to CAs, 
such as linking them to the home page of the program currently 
being viewed[17].

Figure 3 shows the procedure whereby a user can access 
a companion screen service via Hybridcast. As a preliminary 

■ Figure 2:  System model of Hybridcast

■ Figure 3:  Set-up procedure for companion screen service
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is difficult to establish collaboration from internet services on 
smartphones to broadcasting services on televisions. On the other 
hand, although the technical specifications of non-broadcast-
oriented managed applications that can be started by non-
broadcasting entities such as smartphones are specified in the 
Integrated Broadcast-Broadband System Specification[8], services 
that use this type of application are not yet available. It is thus 
presumed that a non-broadcast-oriented managed  application is 
used across channels, which raises issues regarding their inability 
to launch when tuned to another channel, as can be achieved by a 
broadcast-oriented managed application.

3.2 HbbTV
HbbTV is an integrated broadcast-broadband system 

developed in Europe. In 2010, HbbTV1.0[20] was standardized by 
the ETSI (European Telecommunications Standards Institute), 
and services were started in Germany and France. According to 
the HbbTV Association, as of February 2019, there are 44 million 
compatible televisions in 35 countries[7], almost all of which are 
compatible with HbbTV1.0. The HbbTV1.0 standard is based on 
the CE-HTML (HTML4) application execution environment, 
but a new HbbTV2.0 standard[21] was created in 2016 to support 
more advanced services. The HbbTV2.0 standard is almost the 
same as Hybridcast. It allows HTML5 applications to be run on 
televisions and supports companion device architecture between 
televisions and smartphones. Services conforming to HbbTV2.0 
were started in Italy and the UK in 2017, and additional services 
are expected to be introduced throughout Europe in the future. 
HbbTV also defines two types of application that can be operated 
simultaneously: broadcast-related applications that are linked 
to broadcast channels in the same way as broadcast-oriented 
managed application, and broadcast-independent applications 
that can be used across multiple channels in the same way as 
non-broadcast-oriented managed applications. A broadcast-
independent application is used as a platform for audience 
measurement with the permission of users and VOD players.

Companion screen services in HbbTV are implemented as 
follows. First, in HbbTV1.0, methods were defined whereby 
televisions and smartphones could communicate via a relay server. 
To pair the television with the smartphone, the user had to 
use a smartphone application to scan a QR code displayed in 

step, the user has to install the CA on a smartphone. When 
using a service, the CA is started up on the smartphone, and 
then the remote control of a compatible television is used to 
select a channel. Next, the user activates data broadcasting by 
pressing the “d” button on the remote control, and the content is 
operated to start up the broadcast-oriented managed application. 
(Some broadcasters may start up the broadcast-oriented managed 
application automatically via a data broadcasting.) Thereafter, in 
response to instructions from the broadcast-oriented managed 
application, the HTML5 application is launched on the CA so 
that the companion screen service can be used. In order to use 
the service, the television and CA must first be associated with 
each other, and this is performed by pairing the device layers. 
Therefore, the service can easily be used without performing user 
account registration or login operations either in the CA or in the 
broadcast-oriented managed application.

As of July 2019, companion screen services are operated by 
using a CA equipped with a companion device communication 
protocol for collaboration between smartphone applications and 
televisions provided by each television manufacturer. Specifically, 
CA functions are implemented as part of each manufacturer’s 
remote-control application, and the user must install each 
manufacturer’s application on a smartphone. On the other hand, 
in 2016, v1.0 of the companion device communication protocol 
was standardized in version 2.4 of the Hybridcast Operational 
Guidelines in order to improve interoperability between different 
television manufacturers and deal with the diversification of 
smartphone applications providing companion screen services. 
Specially, as protocols whereby smartphones can search for and 
discover televisions, specifications were drawn up for the use of 
DIAL (Discovery And Launch)[18], which was devised as an 
open protocol mainly developed by Netflix, and WebSockets[19], 
which is used for messaging between broadcast-oriented managed 
applications and CAs. Whereas there have previously been limits 
on the CAs that can be used by television manufacturers, this 
standardization means that a single CA (common CA) can now be 
linked to televisions from different manufacturers (Figure 4).

By using Hybridcast in this way, it is possible to achieve 
collaboration between broadcast and internet services across 
different devices including televisions and smartphones. However, 
since the current system design originates from television, it 

■ Figure 4:  Standardization of companion device communication protocol
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a broadcast-related application running on the television. This 
QR code contained a link to the relay server. Since this system 
required a relay server, it was liable to incur longer response 
times depending on the status of the network and relay server. 
Therefore, HbbTV2.0 defines a method whereby the television 
and smartphone communicate directly over the same network. 
The communication protocols used in this system include DIAL, 
which is used for television device discovery, and WebSockets, 
which is used for messaging between televisions and smartphones. 
This facilitates the provision of companion screen services similar 
to Hybridcast. In this way, although HbbTV also facilitates 
broadcast-initiated internet service collaboration across devices, 
it suffers from the same issue as Hybridcast in that it does not 
support collaboration with television broadcast services initiated 
by internet services on a smartphone. Also, although a broadcast-
independent application can be started from a smartphone, it is 
difficult for it to collaborate with broadcasting because it can only 
run as an application independently of broadcasting.

4. Expansion of the Hybridcast companion 
device architecture 
As described in section 3, integrated broadcast-broadband 

systems such as Hybridcast and HbbTV have enabled smooth 
collaboration with internet services initiated from broadcasting 
but have major difficulties in providing smooth collaboration 
with broadcasting initiated in the opposite direction from 
internet services. Therefore, as shown in Figure 5, a companion 
device architecture was standardized by IPTV Forum Japan 
in September 2018 in order to facilitate smooth collaboration 

with broadcasting from internet services using Hybridcast. This 
architecture combines device-centric operation with conventional 
television-centric operation, and was published as version 2.2 of 
the Integrated Broadcast-Broadband System Specification and 
as version 2.7 of the Hybridcast Operational Guidelines.  This 
section presents an overview of the newly defined mechanism 
for launching a broadcast-oriented managed application from 
companion devices, extended companion device communication 
protocol and APIs between televisions and companion devices.

4.1  Mechanism for launching a broadcast-oriented managed 
application from a companion device
Until now, Hybridcast broadcast-oriented managed 

applications have only been launched from broadcast services as 
discussed in section 3.1. Specifically, two sequences are defined 
for this purpose. These are initiated via a data broadcast (A in 
Figure 6) or an AIT multiplexed in a broadcast signal (B in Figure 
6). Here, to facilitate collaboration with broadcasting initiated by 
a companion device, new specifications were added to define the 
sequence for launching a broadcast-oriented managed application 
from a companion device corresponding to C in Figure 6. Note 
that a launch initiated by a companion device is defined as an 
“external launch” in the published standard.

In conventional standards, a broadcast-oriented managed 
application is defined as an application whose launch and 
termination can be controlled from broadcasting. Therefore, it 
has technically been guaranteed that each broadcaster can launch 
only its own broadcast-oriented managed applications over its 
own broadcast channel. For example, in broadcaster A’s channel, 

■ Figure 5:  Concept of collaboration from internet to broadcast service

■ Figure 6:  Launch method of a broadcast-oriented managed application
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it has not been possible to launch broadcaster B’s application 
other than by an instruction from broadcaster A. However, if 
a companion device (non-broadcasting entity) can launch and 
control these applications, then it will be possible to launch every 
application in every channel. This deviates from the concept of a 
broadcast-oriented managed application. Therefore, the concept 
of “service integrity check” was introduced so that broadcasters 
can check integrity between broadcast channel and launching 
application in the same way as conventional broadcast-oriented 
managed application. When requesting the launch of a broadcast-
oriented managed application from a companion device, only 
applications that have been pre-approved by the broadcaster 
providing the channel can be launched by the service integrity 
check mechanism. With the addition of this launch method for a 
broadcast-oriented managed application from a companion device, 
the specifications of protocols and APIs for communication 
between a television and a companion device, receiver functions, 
and so on, were standardized.

4.2 Companion device communication protocol
The new companion device communication protocol v2.0 was 

implemented by extending the companion device communication 
protocol v1.0 as specified by version 2.4 of the Hybridcast 
Operational Guidelines in 2016. This section presents an outline 
of the protocol using the typical sequence shown in Figure 7, 
where a broadcast-oriented managed application is launched 
from a companion device, up to the point where a companion 
screen service is executed. The gray parts of Figure 7 indicate v1.0 
protocols, and the green parts indicate protocols that are newly 
specified in v2.0.

First, in accordance with the provisions of the companion 
device communication protocol v1.0, device discovery for television 
is performed from a companion device using the DIAL protocol. 
Thereafter, negotiation is performed between the companion 

device and the television according to a protocol newly defined in 
v2.0. Following device discovery, when establishing a connection 
between the companion device and the television, the television 
performs authentication with the companion device to confirm 
whether or not the device is certificated. If the companion device 
is found to be valid at this authentication step, then the companion 
device tries to launch the broadcast-oriented managed application 
by transmitting two types of data to the television: information 
about the broadcast channel to which the television should be 
tuned, and information about the location of the AIT of the 
broadcast-oriented managed application. The service integrity 
check is made at this point. Specifically, the television queries 
an online integrity check server to determine whether or not 
the application can be launched based on information received 
from the companion device. In this procedure, for example, the 
broadcast-oriented managed application of broadcaster A can 
be prevented from being erroneously launched on the broadcast 
channel of broadcaster B, thereby preventing the launch of an 
application that is not related to the channel that the viewer 
is currently watching. If the integrity check server accepts the 
request and the television receives the acceptance message from 
the service, the television tunes the channel specified by the 
companion device and launches the broadcast-oriented managed 
application. After that, messaging between the broadcast-oriented 
managed application and the companion device is started, and 
the companion screen service can be used. This messaging is 
performed using WebSockets as specified in v1.0.

4.3 APIs
The companion device communication protocol v2.0 specifies 

an API whereby a companion device can control a television 
and query its status, and an API for querying an integrity check 
server from a television when launching a broadcast-oriented 
managed application based on a request from a companion device. 

■ Figure 7:  Overview of companion device communication protocol
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In addition, whereas version 1.0 of the protocol specifies that a 
companion device is only assumed to be an HTML5 application 
running on a smartphone CA, version 2.0 regards diverse 
smartphone applications as well as IoT-enabled devices such as 
smart speakers as being able to link with televisions in the future. 
As a result, two forms of API are defined. One is an API that 
can be accessed from JavaScript in CA web applications as before, 
and the other is a RESTful API that allows other applications 
and devices to be called via HTTP. These APIs are summarized 
below.

4.3.1 APIs between a companion device and a television
•  GET APIs for obtaining a television’s media and channel 

availability
Before tuning a channel or launching a broadcast-oriented 

managed application from a companion device, these APIs can 
be used to check which broadcast channels and what sorts of 
media (terrestrial digital broadcasting/broadcast satellite digital 
broadcasting/communication satellite digital broadcasting) it 
can tune. Specifically, the companion device can obtain media 
availability information and identifiers (original_network_id, 
transport_stream_id, service_id) specifying the channels that 
can be selected in each medium from the television. Although 
the same smartphone application can be used throughout Japan, 
the television channels that can be received vary depending on 
the area where the television is located and on the user’s settings. 
Therefore, these APIs were specified so that a single smartphone 
application can provide the same service regardless of where the 
user lives.
•  POST API for requesting channel tuning and launching a 

broadcast-oriented managed application
This API was specified to allow a companion device to request 

the tuning of a particular channel and the launch of a broadcast-
oriented managed application on a television. Specifically, it 
is used to transmit information from a companion device to a 
television, including channel designation identifiers that are used 
to request a channel, and the AIT URL of the broadcast-oriented 
managed application to be launched. Note that a query parameter 
used when calling the API can specify whether the action to be 
performed is simply tuning the channel, or whether it includes 
launching a broadcast-oriented managed application. It is also 
specified that when a compatible television receives a launch 
request while switched off, it may execute the requested action 
after it has switched on.
• GET API for acquiring the operating status of a television

This API is defined for confirming the operational status 
of a television from a companion device so that it is possible to 
modify the behavior of the companion device according to the 
status of the television, such as providing a button for tuning a 
desired channel that is not currently being shown on the television. 
Specifically, it is possible to acquire information about the 
identifier of the tuned channel, the number of companion devices 

connected to the same television, and the processing results and 
HTML5 browser status of the television when the selection of a 
channel and launch of a broadcast-oriented managed application 
has been requested from a television by a companion device.

4.3.2  API between a television and a service integrity check 
server

As described in section 4.1, the service integrity is checked 
to prevent a broadcast-oriented managed application from being 
launched according to an request from a companion device if 
it concerns an unrelated television channel. In the Hybridcast 
Operational Guidelines, an API is specified whereby a television 
can ask an integrity check server for a judgment when it receives a 
request to launch a broadcast-oriented managed application from 
a companion device. Specifically, the television receives a request 
from a companion device (including an identifier specifying a 
channel and the AIT URL of the broadcast-oriented managed 
application to launch) and sends it to a check server. The check 
server confirms the validity of the pair of identifiers corresponding 
to the channel and the AIT URL. The server is pre-programmed 
with a whitelist of AIT URLs of broadcast-oriented managed 
applications that are permitted to launch. The server checks the 
contents of the request received from the television against this 
whitelist, and sends the results (OK/NG) back as a response to the 
television. The specification requires that communication between 
the television and the integrity check server is performed using 
HTTPS in order to maintain security.

5. Service use cases
The expansion of Hybridcast companion device architecture 

as described in Chapter 4 will enable smooth service collaboration 
initiated not only from broadcasting but also from internet 
services. In 2016, NHK and commercial broadcasters began 
studying various service use cases with the aim of standardizing 
and promoting this architecture, prototypes of which were 
constructed and demonstrated at exhibitions. NHK has also 
contributed to the prototyping of service use cases by developing 
reference software called the Hybridcast Connect Library[22], 
which can easily implement this architecture in smartphone 
applications and IoT-enabled devices. This section introduces 
some typical service examples that use this companion device 
architecture.

5.1 Watching broadcasts from smartphone applications
As an example of broadcast viewing initiated from a 

smartphone application, NHK presented an example involving 
use of the NHK NEWS & Disaster Info application[23][24]. Users 
of this application receive breaking news and weather alerts 
via online push notifications. In this example, the smartphone 
application incorporates the Hybridcast Connect Library, and 
when alerted by a push notification, the user simply taps a button 
in the smartphone application to switch on the television (if it is 
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not on already) and tune in to NHK General TV to show a news 
bulletin. Figure 8 shows the sequence of operations performed by 
the television and smartphone application. Further details can be 
found on the NHK website[25].

A similar example using the NHK Sports application (end 
of service on December 2018) was also demonstrated. In this 
example, as shown in Figure 9, the user launches the application 
by receiving a push notification delivered just before a live soccer 
match is broadcast, and is able to tune the channel showing the 
match simply by tapping a button in the application. In this way, 
the user can be sure to watch the entire match from the beginning. 
Furthermore, by launching a broadcast-oriented managed 
application as well as tuning the channel, program-related 
information such as the score line and player stats can be provided 
automatically on the smartphone as the match progresses by using 
conventional television-centric companion device architecture. 
As shown in section 3.1, the use of companion screen services 
previously required complex operations, but in this example we 
showed that services can be easily used simply by tapping a button 

on a smartphone. Further details can be found on 
the NHK website[26].

5.2  Support for a video casting style of 
operation 
In smart TVs that support Netf lix and 

YouTube, and HDMI-compatible dongle-
type devices such as Google Chromecast and 
Amazon Fire TV Stick, it is possible to use a 
cast function based on the DIAL protocol to 
cast video playback from a smartphone to a 
television with a simple operation. Even with 
Hybridcast, by combining the new companion 
device architecture with Hybridcast video, it 
became possible to provide users with the same 
experience as this cast function.

NHK has demonstrated an example in which 
a smartphone application selects a program that 
the user missed and issues a playback instruction, 
whereupon the broadcast is switched so that 
the selected online catchup video can easily be 
watched on television. The video returns to the 
original broadcast when the playback ends or 
is stopped (Figure 10)[24]. Further details on 
how this operates can be found on the NHK 
website[25]. In addition, Asahi Television 
Broadcasting has proposed an example where 
push notifications are delivered to smartphone 
applications during sports broadcasts, and 
Hybridcast 4K video is used to allow users to 
watch concurrently broadcast programs from 
the beginning, and a trick play function is used 
to watch programs from the middle[27]. This 
shows that users can easily watch programs 

from wherever they want by using smartphones to combine live 
broadcasts and online video.

Note that these examples are implemented by companion 
device architecture from a smartphone application. The 
smartphone application launches a broadcast-oriented managed 
application that uses the dashNX HTML5-based video player.

5.3 Linking IoT-enabled devices and broadcasting
IoT-enabled devices such as smart speakers are expected 

to become popular in the future. In addition to smartphone 
applications, research in collaboration with broadcast and IoT-
enabled devices is also ongoing. NHK and TV Asahi have 
proposed examples of service use cases using the companion device 
architecture and IoT-enabled devices implemented using the 
Hybridcast Connect Library.

NHK has shown an example where a user says the name 
of an NHK TV program that is currently on air to a smart 
speaker or smart watch, whereupon the television is tuned to 
the corresponding channel and the broadcast program can be 

■ Figure 8:  Example of watching broadcast from a smartphone 
application

■ Figure 9:  Example of using a companion screen service from 
smartphone application
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the television by performing device linkage with 
such as smartphones that users carry wherever 
they go.

Tokyo Broadcasting System Television 
proposed a new idea that takes the user’s 
purchasing behavior in the city as a starting 
point[31]. For example, a user that visits a 
supermarket to buy the ingredients of home-
made sweets as a Mother’s Day gift might be 
given a card printed with a QR code for 
participating in a sales campaign. When this QR 
code is scanned by an application provided by the 
supermarket, the user receives a push notification 
before a sponsored program is broadcast. This 
application is equipped with the Hybridcast 
Connect Library, so the user simply has to tap 

a notification button in order to set the television to the correct 
channel for this program and launch the broadcast-oriented 
managed application. A Mother’s Day message or photograph that 
has been pre-registered in the application could then be displayed 
in the program as part of a commercial for the supermarket as an 
opportunity for the user to surprise his or her mother with a gift 
while watching television together. In this example, since it is 
easy to display personalized information in a broadcast aimed at a 
mass audience, and since it is possible to use the companion device 
architecture to directly transmit personal messages and/or photos 
from a smartphone to a broadcast-oriented managed application 
in a television, this has attracted a lot of attention as a new type of 
service and system model, in part because it can be implemented 
without the broadcaster or sponsor having to store personal data 
on a server.

Hokkaido Television Broadcasting, DENSO, and NHK 
have proposed an example involving collaboration between in-
car services and broadcasting[32]. In this example, by gathering 
data on a user’s movement history from a navigation application 
installed on a smartphone and the user’s common CA viewing 
history acquired by device linkage, the user can be presented with 

easily viewed[28]. Here, the required channel is identified from 
the broadcast program extracted using the NHK program guide 
API[29] and the name that the user spoke to the device, and the 
companion device architecture is used to tune the television to the 
required channel (Figure 11).

In addition, TV Asahi presented an example where a user uses 
a smart speaker to purchase a product or make a reservation for a 
store introduced during the broadcast of an information program 
or an infomercial program[30]. In this case, even if the user issues 
instructions to the smart speaker that are ambiguous, such as 
“Reserve this restaurant” or “Buy this product”, it is possible 
to perform reservations or purchases reliably as the program 
progresses. Here, metadata about the restaurant and product 
information matched to the progress of the program are prepared 
in advance at a cloud server. When the smart speaker recognizes a 
verbal instruction from the user, it sends the instruction together 
with time information to the cloud, where it is collated with pre-
prepared metadata and used to start a reservation or purchase 
interaction. At this time, the smart speaker uses the companion 
device architecture to obtain the identifier of the tuned channel in 
order to prevent the erroneous provision of services when another 
channel is tuned on the television and confirms 
that this is a channel that provides a service. By 
performing this sort of processing sequence, it 
is possible to handle interactions according to 
the progress of the program even when given 
ambiguous instructions containing words such as 
“this”.

5.4  Linking outdoor activities and 
broadcasting
In Sections 5.1 to 5.3, we discussed examples 

of everyday scenes where the user is in front of 
a television, but in the future we expect that the 
starting point of collaboration with broadcasting 
will be implemented by collaboration between 
broadcasting and everyday activities away from 

■ Figure 10:  Example of watching online video content on TV from a 
smartphone application

■ Figure 11:  Example of using smart speakers to watch broadcast
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information about tourist spots introduced in Hokkaido Television 
Broadcasting or NHK programs seen by the user that are close 
to the vehicle route chosen by the navigation application, and the 
common CA can recommended programs related to tourist spots 
visited on that day. Furthermore, as shown in the example of 
section 5.2, Hybridcast video and companion device architecture 
can be used to watch the recommended VoD programs on a 
television. Further details on how this operates can be found 
on the NHK website[25]. This case was studied with the aim of 
verifying the inter-service collaboration model across the barriers 
between different broadcasters, and across the barriers between 
the broadcasting and automobile industries.

6. Standardization trends
With regard to Hybridcast and its companion device 

architecture, this section describes the trends of standardization 
efforts being made in Japan and overseas.

6.1 Domestic standardization trends
Hybridcast is an integrated broadcast-broadband system 

that spans between the two f ields of broadcasting and 
communications. As a result, the specifications for Hybridcast 
are standardized by two organizations in Japan. The functions 
and system models involving the use of communication are 
mostly being standardized by IPTV Forum Japan, while the 
broadcast-related parts are being standardized by ARIB. In 2013, 
IPTV Forum Japan formulated two technical specifications: an 
Integrated Broadcast-Broadband System Specification[8] and an 
HTML5 Browser Specification[9]. The Integrated Broadcast-
Broadband System Specification includes the Hybridcast system 
model, application model and receiver specifications, and the 
HTML5 Browser Specification includes a browser extension API 
for receivers that broadcast-oriented managed applications can use. 
In addition, the Hybridcast Operational Guidelines[10] have been 
established as a standard for implementing integrated broadcast-
broadband services based on these technical specifications. This 
specification includes the technical details that must be shared 
between operators, and functions that should be implemented in 
receiver equipment. On the other hand, with regard to ARIB’s 
efforts to standardize the broadcasting parts, the transmission 
method and description format for AITs in broadcast-oriented 
managed applications are specified in ARIB STD-B24[33], while 
ARIB TR-B14[34] and B15[35] specify the functions for launching 
a broadcast-oriented managed application from data broadcasts 
and the like, and the operation rules whereby broadcast-oriented 
managed applications can access broadcast resources.

Standards for Hybridcast companion device architecture are 
mainly formulated by IPTV Forum Japan. Specifically, these 
include the system model for device linkage and the interface 
model for receivers and companion devices in the Integrated 
Broadcast-Broadband System Specification, the browser extension 
API required for collaborative operation by a broadcast-oriented 

managed application in the HTML5 Browser Specification, the 
CA model and basic specifications of companion devices in the 
Hybridcast Operational Guidelines, and the companion device 
communication protocol.

In September 2018, the extension of companion device 
architecture introduced in this article, was defined in version 2.2 
of the Integrated Broadcast-Broadband System Specification 
and version 2.7 of the Hybridcast Operational Guidelines. On 
this occasion, it was necessary to add a method for launching 
a broadcast-oriented managed application and provisions 
regarding the interaction between receivers and companion 
devices. Therefore, the Integrated Broadcast-Broadband System 
Specifications were provided with additional specifications for a 
method for launching a broadcast-oriented managed application 
from companion devices, receiver functions needed for launching 
and stopping an application, and a system model and interface 
model for device linkage. The Hybridcast Operational Guidelines 
were provided with additional specif ications for CA basic 
specifications and the companion device communication protocol 
described in section 4. In addition, version 6.4 of ARIB TR-B14 
and version 7.7 of ARIB TR-B15 defined a method for launching 
a broadcast-oriented managed application.

6.2 International standardization trends
Hybridcast is a lso closely related to international 

standardization. Hybridcast is built around the standard 
HTML5 technology formulated by W3C, and its overall 
system architecture is standardized by the International 
Telecommunication Union (ITU).

At the ITU, multiple recommendations and reports relating 
to Integrated Broadcast-Broadband (IBB) systems have been 
established by ITU-T (ITU Telecommunications standardization 
sector) and ITU-R (ITU Radiocommunication standardization 
sector). In 2010, ITU-T began researching the requirements of 
IBB systems in SG9, which is responsible for cable television. 
In 2012, general requirements and a detailed system model 
ref lecting the concept of Hybridcast (Integrated Broadcast-
Broadband System Specif ications and HTML5 Browser 
Specifications) were drawn up in ITU-T Recommendation 
J.205[36]. In addition, ITU-T Recommendation J.206[37] was 
formulated in 2013 to specify a reference architecture that 
conforms to Recommendation J.205. ITU-R SG6, which is 
responsible for broadcasting and has a cooperative relationship 
with ITU-T SG9. At ITU-R, two documents were published 
in 2013: ITU-R Report BT.2267[38], which provides diverse 
technical information related to IBB systems including Hybridcast 
and HbbTV, and ITU-R Recommendation BT.2037[39], which 
specifies general requirements for IBB systems. These were 
followed by the publication in 2014 of ITU-R Recommendation 
BT.2053[40], which defines technical requirements based on 
ITU-T Recommendation J.205, and the 2015 publication of 
ITU-R Recommendation BT.2075[41], which provides 
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information comparing IBB systems such as Hybridcast and 
HbbTV. In 2016, the ITU-T published ITU-T Recommendation 
J.207[42], which relates to IBB systems in the same way as ITU-R 
Recommendation BT.2075, and discussions are still ongoing.

The Hybridcast companion device architecture has been 
def ined since the f irst edition of each of the above ITU 
recommendations and reports. ITU-R Report BT.2267 describes 
device linkage system models and service examples, but its 
descriptions have been updated as the technical specifications and 
operational guidelines of IPTV Forum Japan have been revised 
and its services have been expanded. The Hybridcast companion 
device communication protocol standardized in 2016 was added 
to ITU-R Report BT.2267 in 2017 and ITU-R Recommendation 
BT.2075 in January 2019. Also, ITU-T Recommendation J.207 is 
currently in the process of being revised in the same way as ITU-R 
Recommendation BT.2075.

Discussions of a new companion device architecture 
introduced in this paper were also started by ITU-R SG6 in July 
2019. The overview of the companion device communication 
protocol v2.0 described in section 4.2, and the service use cases 
of using a smartphone application to view broadcast and VoD 
content on a television as described in sections 5.1 and 5.2 have 
been added to ITU-R Report BT.2267. In view of the relationship 
so far between Japan’s standardization and the international 
standardization at the ITU, it is expected that recommendations 
will be made in ITU-R Recommendation BT.2075 and ITU-T 
Recommendation J.207 in the near future.

7. Conclusion
This article has introduced a companion device architecture 

that makes it possible to tune television channels and launch 
broadcast-oriented managed applications from companion 
devices such as smartphone applications and IoT-enabled devices, 
which were standardized by IPTV Forum Japan and ARIB 
in September 2018, with some service use cases. Technical 
verification of this companion device architecture is currently 
under way, centered on IPTV Forum Japan, and it is expected 
that services will be able to start soon. This companion device 
architecture makes it possible for televisions, smartphones and 
IoT-enabled devices to interconnect, allowing broadcasting to 
break away from the living room and collaborate easily with 
internet services in diverse everyday scenes both indoors and 
outdoors. In the smart society of the future, it is expected that the 
diversification of lifestyle will be further advanced by having all 
sorts of devices connected to the internet. Hopefully, new services 
that provide new value to people will soon be created based on 
smooth collaboration between broadcasting and the internet 
services.
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