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Development and Expansion of Video Pen System

Fuma Kishi T, Yuki Miura Tand Takayuki Shinoda 1

Summary: With the aim of streamlining on-site operations and realizing new program expressions, we have in-house developed a video pen system that allows

anyone to easily use new technologies such as Al. The system allows for intuitive operation of functions such as "real-time player tracking CG,

automated player

name CG," and "on-field distance angle estimation." Furthermore, by enclosing information on PC screens, etc., we have achieved "automated score data entry"

and "automated relay race course guides," thereby improving the efficiency of many program production scenes. Furthermore, we have planned a "segment where

Al calculates the excitement of the game in conjunction with the game timer," providing a new dimension to sports highlight scenes.

television

Al, image graphics

1. Introduction

In recent years, TV stations have been actively using Al to reform work styles
and improve broadcast content.
Although many innovations have been made in the output of information and CG
when using computers, many of the operating interfaces have been clunky and
difficult to use.

Therefore, we focused on a system called the Video Pen, which has the
advantage of being intuitive to operate, and redeveloped it into a system that
anyone can easily use, including functions such as image recogpnition. In this paper,

we report on the specific functions and operational results.
2. Key points of the initiative

Nippon Television has been developing a variety of technologies, including Al,
and has now integrated these various functions to develop a "multifunctional device
that anyone can use easily." This system processes information within the video
by touching or surrounding it with the freehand on input video such as SDI, and

outputs the results as data or CG. Figure 1

A simple overview of this system is shown below. Note that an operation tablet is
not necessarily required, and operation with a normal mouse is also possible. As
such, the system is very simple and easy to set up. Therefore, this system does
not necessarily require the preparation or presence of a technical person with
specialized knowledge.
Its high

operability and ease of setup have led to a wide range of content, leading to

new expressions and more efficient program production.
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Figure 1 System diagram

This system is also characterized by the flexibility to add new functions, which is possible only
with in-house development, and we can expect to continue adding new functions based on

various new technologies in the future.
3. Functions of the newly developed video pen

This chapter introduces the use cases of the new video pen we have developed.
While doing so, we will explain the functions of the system.

3.1 Touch function

First, we will introduce the basic function, the touch function. 3.1.1

Real-time positioning In live sports broadcasts,

many players often appear on screen and play simultaneously. For example, in
soccer, 22 players play on the court at the same time. For this reason, during
editing, in order to draw attention to a particular player, player-following CG is
sometimes displayed by superimposing CG that follows the player in the footage.
However, like mosaic processing, this is a time-consuming process, making it

difficult to use in live broadcasts.

Therefore, this system combines image recognition and touch functionality.

It automatically follows the object you touch in real time.
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Figure 2 Operation scene

Figure 3. Defense line display

It was developed to be able to display CG. When you touch a player, the CG that
follows that player is displayed in real time. The operation is shown in Figure 2.
Furthermore, when you touch multiple players, it is also possible to display lines
with the shortest distance between the players, starting from the top of the
screen. For example, in soccer, as shown in Figure 3,

The defensive line can be displayed.

When touching multiple players, you can register the uniform colors of each
team by touching each player on both the opposing and friendly teams on the
day. This prevents lines from connecting even if you accidentally select different
teams. In addition, even if players switch positions while the defensive line is
displayed, the system constantly recognizes the positions of the players and
automatically adjusts the relative positions of the lines to prevent lines from
crossing.

Furthermore, as another function, it is possible to select the caption you want
to display for the target and display it while tracking. For example, in a baseball
broadcast, after selecting a position tag such as first, second, or third, you can
touch the player and have the position CG displayed above his head in real time.

3.1.2 Real-time player name CG

This system not only recognizes objects, but also recognizes faces.

It also has a built-in recognition function, which makes it possible to clearly display
information about athletes during live sports broadcasts. For example, more than
30,000 people participate in the Tokyo Marathon, with many athletes sharing the
same last name and many from overseas. This makes it extremely difficult to
instantly determine who is appearing on the screen during a live broadcast and
display their names. Additionally, because athletes run in groups, viewers have
a hard time identifying at a glance which athletes are attracting attention. To

address this issue, this system has two types of athlete name display functions.

The first mode allows you to specify a player's name on the Ul and displays a
caption for that player. This is used when you want to focus on just one specific
player.

The second mode is to recognize the faces of all players who have been
registered in advance and automatically display the player's name CG. This is

useful when you want to show many notable players.

However, road racing

is one of the sports where facial recognition is difficult because the expressions
of athletes change due to fatigue and the color and brightness of sunlight
changes as the race progresses.
This system has succeeded in improving the accuracy of facial recognition during a
race by continually updating the faces of athletes who have been recognized even
once during the race. In actual competitions where it has been used, accurate
display has been achieved without a single mistake. Furthermore,

when multiple CG player names are automatically displayed, there is a concern
that the CG player names may unintentionally overlap. Therefore, the system is
designed to recognize the top and bottom and size of the athletes' faces and
automatically adjust the position so that the CG player names do not overlap. For
this reason, they are not necessarily displayed directly above the athletes, but if
athletes are crowded together, the display position is automatically moved so that the
CG does not overlap. Taking this into consideration, if the display overlaps,
the system estimates the relative positions of the riders from the size of their
faces and displays only the riderin front.
This type of ingenuity makes it possible to prevent mistakes in advance,
even under the extremely harsh conditions of a road race. It also means that the
system can be operated without the need for a dedicated operator, leading to
labor savings. Furthermore, because rider names are displayed automatically, it
also helps to reduce the number of mistakes made by announcers when reading

them.

3.1.3 Range and angle estimation

In rugby, kicking is a big highlight.
In rugby, CG images of the distance and angle between the ball and the goal are
often displayed to indicate the difficulty of the kick. Until now, distance
measurements were carried out on-site in advance, and a model of the entire
rugby field was created to calculate the distance and angle. Furthermore, since
the relative positions of the field and camera differ at each venue, measurements
had to be taken in advance for each match, making preparations difficult. This
system uses the white lines drawn on the field as a clue and can estimate the
distance between the ball and the goal from video alone. In rugby, there are
several white lines with specified distances, such as the 5m line and the 22m

line. These white lines
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Figure 4. Distance and angle CG

By simply touching three points on the intersection of the grid, the field is
recognized and internally converted into a plan view. After that, by touching
any two points on the field, the system calculates the distance and angle. Not
only that, but because the system is able to recognize the field, it can also

display CG that follows the field, as shown in Figure 4.

This makes it possible to estimate the distance and angle to the goal from
the image of a single camera, which previously required a lot of preparation for
distance and angle CG, leading to significant labor savings.

3.2 Surrounding Function

In addition to the function of drawing CG wherever a user touches the
screen, we have added a function to automatically recognize textual information
within an enclosed area and display subtitles or read the text aloud. These
examples are explained below.

3.2.1 Automated Score Data Entry This

function was used to send out subtitles during the 2023 Basketball World
Cup. During basketball broadcasts, a huge amount of data, such as each
player's scoring rate and three-point success rate, must be selected and
reflected in the subtitles.

In the conventional operation, this data was read manually, and the necessary
data was selected and reflected in the subtitles. However, there was a limit to
how much data could be processed manually.

In some cases, it was not possible to provide the necessary information immediately.

To address this issue, we added a function that recognizes the text
information of areas circled with the video pen, thereby speeding up data
sharing. First, on-site score data is shared on the screen and entered into the
video pen system. Then, by selecting an arbitrary data range by enclosing it,
character recognition allows the data to be instantly reflected in the subtitles
(Figure 5). This allows anyone to easily reflect data in the subtitles in about one

second, contributing to improving the informational value of the content.

Another major strength of this function is its ease of use, as all that is
required is to share the data screen and circle it. Normally, to share data at
this speed, it is necessary to contact the event organizers in advance and have
them allocate a system for data output. However, the larger the event, the
greater the costs and operational risks for the event organizers, so this is not

the case for international events.
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Figure 5. Subtitle display of basketball score data

However, by using this method, the entire process can be completed within the

company's own system, overcoming this concern.

Furthermore, the ability to select desired data while looking at the screen
also enhances the ease of use of this function. Previous attempts have been
made to acquire data using image recognitionl), but in order to select a range ,
it was necessary to look up the x and y coordinates on the screen and enter
those values into a program file. This made it difficult to quickly respond to
sudden layout changes, but with this function, the task can be completed simply
by surrounding the required data while looking at the screen. Taking advantage
of this strength, it was possible to flexibly respond to layout changes on the

data screen on the day of operation at the 2023 Basketball World Cup.

3.2.2 Automation of Ekiden Course Guides At

the 100th Hakone Ekiden race, held in January 2024, an unprecedented
production support system was implemented by adding an automatic voice
reading function in addition to the character recognition with free range selection
described above. At

the Hakone Ekiden, radio waves from the broadcast van are received at
approximately 20 relay points. At each point, broadcast staff are waiting,
pointing their antennas at the broadcast van to receive the radio waves. If the
position of the broadcast van is lost, there is a risk that the radio waves will be
cut off and the broadcast will stop. For this reason, the position information of

the broadcast van must be communicated to the broadcast staff one by one,

but this information is transmitted using mobile devices, etc., when working at high altitudes.

In this case, there is a risk of an accident due to the device being dropped.
Therefore, the current location of the live broadcast information is communicated
to the on-site staff as audio information (course guide) via

an intercom. However, in the previous operation, the course guide was read
out manually, which required the reading staff to work for a total of approximately
70 hours, including test and rehearsal days. There were also instances where
the reading did not proceed smoothly due to mistakes made when the staff lost
concentration, and conflicts in the reading timing of the four mobile broadcast
vehicles. In order to improve the efficiency of this operation,

a new function was developed that combines a function to recognize the text

information in the enclosed part with automatic reading.
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Figure 6 Automatic reading of course guide for the Hakone Ekiden

First, as shown in Figure 6, the distance display area on the PC screen displaying
the distance information of the mobile broadcast van is circled with a video pen.
This calls up the place name data linked to the distance information, and then an
automated voice reads out the current location.

Additionally, in order to automate the process, several operational innovations
were incorporated. First, if the mobile broadcast vehicle remains at the same point
due to an athlete falling, for example, the name of the location at that point will
continue to be read out, thereby informing the field that there is no system shutdown
due to a problem. Furthermore, if the speed of the mobile broadcast vehicle
increases, older reading cues will be eliminated and the reading of the most recent
location will always be given priority. These innovations

have enabled the automation of course guide reading, eliminating the need for
two people to read out loud, which was previously required for testing, rehearsals,
and actual offer, performances.

The team was able to completely reduce manpower for the first five days. Their strength is their
error-free operation even over long periods of time, and they supported stable operation of the live
broadcast for a total of 12 hours.

3.3 Application to new program production

This system has been developed mainly to support program production.
However, as a new attempt, we have added new functions related to program
production. Here we will explain an example of this.

In addition to the Basketball World Cup, the Rugby World Cup in 2023 was also
attracting attention. In rugby broadcasts, it was necessary to keep viewers interested
even during halftime to prevent them from dropping out. Therefore, an unprecedented
attempt was made to implement a segment in which Al determines the most exciting
scene in the first half of the match. First, a timer displayed during the match was
circled

with a video pen (Figure 7), and the time information was recognized as text. This
triggered a speech recognition Al that had previously learned the voices of the
spectators to calculate the excitement level during the match in real time every
second that passed. The calculation every second was designed to match the
competitive nature of rugby, where play is frequently stopped due to fouls, etc. This
made it possible to visualize the excitement throughout the entire match and

quantitatively evaluate which moments were the most exciting.

Figure 7 Timer display selection during a match
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Figure 8. Display of excitement during a
match (Top: Real-time display of excitement figures + subtitles; Bottom: Graphical display of excitement

throughout the match)

(Figure 8)

The effects using this function are shown as the "BRAVE Enthusiasm Meter."
It was turned into a corner and used on air for all 19 matches. To make it easier for
anyone to use, an app with a Ul that allows intuitive operation of various functions,
such as inputting subtitles and recording history, was developed on just one screen.
Taking advantage of the speed and flexibility that only an in-house developer can

functions were continually improved throughout the tournament.

Thanks to these innovations, it became possible to operate approximately half of all

matches without the presence of a technical specialist.

Furthermore, if this production were done manually, someone would have to
constantly monitor the match, which would amount to six working days' worth of time
for all matches broadcast by Nippon Television. In addition to the new production of
quantitative evaluation using Al, the significant contribution to labor savings
mentioned above was also an attempt that could only be made with this system.

3.4 Future Developments

As for future developments, we aim to update the monitoring technology by further
applying "monitoring excitement during matches." Here,

This section explains its development.

Generally, broadcasting stations have a large number of systems that must be
monitored, such as weather information, time signals, and distribution. Most of these
are monitored in a master room, but as content becomes more diverse, the number
of systems that need monitoring is increasing, and there are limits to how much can
be checked manually. Therefore, we are proposing and testing a monitoring system
that utilizes a video pen system.

Nippon Television has a specialized channel called "NTV NEWS24" that
broadcasts the latest news 24 hours a day.

There is a scroll board as shown in Figure 9, but
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BnEE This has contributed to new production effects and has evolved
RL=a2—-A#H ) ) )
FhTLET ) into a comprehensive system that goes beyond production support.

= Taking advantage of its intuitive interface, it is expected that the range

of applications will continue to be flexibly expanded to cover a wide

range of content.

Figure 9. Automatic monitoring of news distribution sz #ik)
1) Takayuki Shinoda: “In-house development and operation of Al business support system ‘Aidy”,

Journal of Visual and Media Studies, 77, 1, pp.109-113 (2023)

There is a need to monitor whether news is being broadcast or

whether any fields are blank.

&L A D F
F MES 20224, HAT L CHGERE (M) AK.
AR=YCCRVTNIALCGY AT LDEN « FH,

Frptipaze - 5 AHEE.

Therefore, we developed a system that uses a video pen to
circle the scrolling area and notifies users of abnormalities with
audio information when the above problems occur. The automatic
audio notification of the abnormality makes it possible to quickly

notice problems even in a master room with a large number of monitors.

%55 B 5 E
=iH  thRE co2ste, BAT L CHOE® (B AK.
AKR—=YCCRVTNIALCCY AT LD - &H,
FHARTBSE - ZAHED.

Itis.
In this way, the video pen system can be used to help broadcast

stations operate unmanned. In the future, we hope to further

expand the monitoring range. Cor rmes
T JZ 20084, HAT L EHERE () AR,
K, FALEIE - CCHAMFHRM OB HHs & AT L TEHD
PZEIHES L, #930 DA 245, IERH.

4. Conclusion

Starting with the video pen, various programs were produced

under the concept that "anyone can intuitively use new technology."

Copyrights to Machine-Translated Content
The copyright of the original papers published on this website belongs to the Institute of Image Information and Television Engineers.
Unauthorized use of original papers or translated papers is prohibited. Please be sure to cite the original publication when referencing.
For details, please refer to the copyright regulations of the Institute of Image Information and Television Engineers.



HEEE
RAL=1—-2H
BNTOET !

H9 =a—ABMEDHBFEHR

Za—APWN TRV, [ZElIZko TWwRwnr] %
BHLIWE W) =—ADH 5.

FIT, EFARVEHWTCAZ O = Vi EREG Ik
T, ERRN I TUNRRAE LB EBERCTREZ NS E
BYAT AR L. BHE R TREONELEZ S
EIWSTED720, EZFEDHEFICZVI R I —ZHIZBW»
THVERLE M TFTNIZEDINN L e TELHREE 2o
TV,

CNDEHZ, EFFRVOVATFLARIENTHI LTI
KROBENERICHBRITHLIENTEL. 5%, bk
L EHHPOILRIZORIF TV E 720,

4, tTV

EFA Ry ZREE LT, [HETH B2 men ik
ATENTEZJE V) Ay LT MO LEFIFLHM

106 (106)

ANOIHADPER L7z, HionibzhBIc b EL, ke
TESARZZ I EE S WEREN LR Y AT N H#LE
FIFTWAE, KR, Y7 72— ARIEPLT, 5%
HHW2B AT Y NEFRITIGH#ERZ AT T T E
PECE 5.

(X #t)

D Mz . “ATEBXIEY AT L (T4 74 ) OfMBSEEER",
WelieEak, 77, 1, pp.109-113 (2023)

&
(=]

A D F
F TEE 202248, AAT L EHGER (B Ak
AR=YCCRIVTNIALCGY AT LDEH -
FHAISE - AR,

g

%55 B 5 E
=i thRE co2ste, BAT L CHOEE (B AR
AFE=YCCRVTNITALCCGY AT LD - EH
FHARTBSE - ZAHEDE.

L D bR E

EH B2 20084, HAF L CHERE (M) ARDL
S, FAURINE + CCHMERM OB T & 47 L TEHO
BISICRER L, %930 DA & B, EAR.

M&IER X T 1 7F 55 Vol. 79, No. 1 (2025)





