
al environmental and global warming issues as 
evidenced by phrases such as “low-carbon so-
ciety”. We have entered an age when there is a 
strong demand for contributions to ecology 
(resolution of environmental issues), even for 
image technologies. The image technology re-
quired in 21st century is a technology which  
will bring about a low-carbon industrial revo-
lution in place of the “carbon society” which 
has continued since the start of the Industrial 
Revolution in the 18th century. 

2 Cerebral nerve surgery support

On March 9 and 27 of 2001 the NICT 
(Known as the “Communications Research 
Laboratory” at the time), Tokyo Medical Uni-
versity Hospital (Hereinafter referred to as 
“TMUH”) and Kurume University School of 
Medicine (Hereinafter referred to as simply 
“Kurume University”) collaboratively carried 
out the “Cerebral Nerve Surgery Support Using 
Ultra-high Defi nition Images and 3D Images” 
verifi cation experiment. The subject of this ex-
periment was to realize remote instruction in 
neurosurgery using 4K1K ultra-high defi nition 
images and 3D HD (3 dimensional Hi-Vision) 
images [7]‒[9]. These verifi cation experiments 

1 Introduction

As we enter the 21st century ultra-high defi -
nition image technology and 3D video technol-
ogy research and development in the video 
fi eld has rapidly accelerated and begun to be 
put to practical use. The National Institute of 
Information and Communications Technology 
(Hereinafter referred to as “NICT”) has worked 
on ultra-high defi nition image technologies 
which will both exceed current HDTV (Hi-Vi-
sion) and serve as the base technology for the 
next generation of information and communi-
cation technologies, as well as the transmission 
technologies for these ultra-high defi nition im-
age technologies. 4K image base technologies 
with 4 times resolution of HD at 8 million pix-
els have been completed as a result of this re-
search and development [1]‒[6] [10]. In addition, 
the NICT is also recently working on 4K3D 
image technologies which are a development 
of these stereo 3D image technologies.

This paper summarizes the work on these 
4K image applications up until now and pro-
vides a discussion on future prospects. In re-
cent years the reduction of the emission of 
greenhouse effect gases (CO2) in particular has 
been gathering attention as a measure for glob-

6-3 Applications of 4K Ultra-High Defi nition Image

ARAKAWA Yoshiki

NICT has conducted research and development on the 4K ultra-high defi nition image and its 
transmission technologies to realize the next-generation communications with 4 times resolution 
of the conventional HDTV (Hi-Vision), and completed the foundation for the 4K image technolo-
gies in the pioneer of the world. NICT’s results on applied research and development based on 
the 4K image technologies are summarized in this paper. The author gives the prospect for ap-
plications of the 4K image technologies.

Keywords
Ultra-high defi nition image, 4K, Robot, Telework, Low-carbon
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are carried out during actual surgery after the 
patients’ approval was obtained.   The advising 
doctor (an advanced medical specialist) at 
TMUH provided neurosurgery instruction to 
the surgeon at Kurume University from TMUH 
(a remote location) using 4K1K ultra-high defi -
nition images and 3D HD images. In the event 
of an emergency an advising doctor was also 
standing by at Kurume University. See refer-
ence [10] for detailed information on 4K1K ul-
tra-high defi nition image technologies. 

The basis and most important aspect of 
telemedicine communications is the construc-
tion of an image environment which allows for 
reliable communications between the surgeon 
and the advising doctor through a network. A 
4K1K camera was installed in the Kurume 
University operating room and ultra-high defi -
nition images were transmitted in order to pro-
vide the advising doctor with a strong sense of 
presence based on reality-enhanced images.

This experiment used the research and de-
velopment gigabit network JGN and the Tokyo 
Metropolitan Bureau of Sewage optical fi ber 
line (a section of approximately 20km from 
TMUH to JGN Otemachi) to connect between 
TMUH and Kurume University by network. 2 
pairs of low delay MPEG codec systems were 
used for MPEG video transmission. An over-
view of the experiment follows below. 
(1) Live transmission of 4K1K ultra-high defi -

nition images of the entire operating room
As shown in Fig. 1, a 4K1K ultra-high defi -

nition panoramic view of the entire Kurume 
University operating room was transmitted live 
to TMUH. Ultra-high defi nition and super wide 
angle images of the entire operating room al-
low to grasp simultaneously and instantaneous-

ly both the overall situation and details and al-
low to monitor all surgical staff. As a result, it 
is greatly easier to instruct a remote surgeon.
(2) Live transmission of HD images of neural 

endoscopy
As shown in Fig. 2, HD images of the neu-

ral endoscopic surgery carried out at Kurume 
University were transmitted live to TMUH. 

Panoramic view of the operating room 
transmitted live using 4K images
(March 9, 2001, TMUH)

Fig.1

3D HD images captured by 3D surgical 
microscope and transmitted live to TMUH 
(Left monitor, March 9, 2001, TMUH)

Fig.3

HD images of neural endoscopy
(March 9, 2001, TMUH)

Fig.2

3D images of surgery circumstances at 
Kurume University operating room
(Left monitor, March 27, 2001, TMUH)

Fig.4

210 Journal of the National Institute of Information and Communications Technology Vol.57 Nos.1/2   2010



3 Remote control

3.1 Avatar robot
The NICT is conducting research and de-

velopment on the fusion of information and 
communication technologies and robotics 
technologies. The NICT has also carried out 
research and development related avatar com-
munications (Physicality-enlarged communi-
cations, remote control communications) for 
the realization of robot avatars through net-
works. The NICT has developed a humanoid 
arm and 5 fi ngered-hand with haptic sensors 
which is of approximately the same size and 
as close as possible in functions of the human 
arm and hand, as shown in Fig. 6. In addition, 
the NICT completed a “network avatar robot” 
prototype composed of these humanoid arms 
(both arms) and hands (both hands) in 2003. 
The model (basic concept) for this lies in tele-
existence [11] .

This network avatar robot can be remote 
controlled using 3D operation gloves as shown 
in Fig. 7. The 3D operation glove is a device 
with sensors which detect the positions and 
angles of the fi nger joints embedded into a 
glove which allows detection of the movement 
of all 5 fi ngers. This device can remote control 
precisely the robot arms and 5 fi ngered hands 
through a network as if they were a part of the 

High defi nition images allowed to understand 
precisely the details of neural endoscopic sur-
gery from a remote location. 
(3) Live transmission of 3D HD images

Surgical microscope images (Refer to Fig. 
3) and   surgery environment (operating room) 
images (Refer to Fig. 4) were transmitted from 
Kurume University to TMUH using 3D HD 
images. These 3D HD images made determina-
tion of depth and direction easier and to en-
hance reality and presence greatly. These im-
proved the precision of surgical instruction as a 
result. Figure 5 shows the TMUH advising 
doctor providing remote surgery instruction. 

Avatar robot and 5 fi ngered hand with haptic sensorsFig.6

Remote instruction from TMUH
(March 27, 2001, TMUH)

Fig.5

211ARAKAWA Yoshiki



aging elements) to a single board (1 CMOS 
imaging element)

(2) Miniaturization of lenses and other optical 
systems

(3) Reduction of the size and weight of the 
camera head

3.3 Remote control verifi cation 
experiment

The NICT and JVC collaboratively mount-
ed this miniaturized 4K camera onto the head 
of the avatar robot system as the robot’s eyes in 
2005 as shown in Fig. 6 and 9. In short, a proto-
type of a network avatar robot with robot vision 
that approaches human vision was successfully 
developed [4]. Further, a 4K avatar robot sys-
tem was constructed through combination with 
a 4K projector. Figure 10 shows a photograph 
that images are captured by the 4K robot vi-
sion, transmitted through a network and dis-
played by a 4K projector. The remote operator 
of the robot can control the robot remotely and 
precisely using the 3D operation gloves and 
looking at these 4K reality enhanced images. 

A variety of verifi cation experiments were 
carried out in order to evaluate the effective-
ness of this avatar robot based on 4K ultra-high 
defi nition images. As a part of this, the Re-
search Promotion Council of Keihanna Info-

operator’s own body (the operator’s own 
hands). 

3.2 Compact 4K camera
4K ultra-high defi nition image cameras ap-

proach human visual limits (eye resolution) 
and there are great expectations of the devices 
for robot vision, serving as “robot eyes”. How-
ever, as shown on the left of Fig. 8, these 4K 
camera systems were large scale, fi xed devices 
(studio cameras). From both size and weight 
standpoints, this made the equipping of the de-
vices on the robot as robot eyes impossible. 
The miniaturization of 4K cameras was thus a 
fi rst important requirement for drastically im-
proving robot visual recognition capability and 
other related performance and functions.

As shown on the right of Fig. 8, Victor Co. 
of Japan (presently JVC KENWOOD Hold-
ings, Inc., hereinafter referred to as “JVC”) 
succeeded in reducing the size and weight of 
the previously developed 4K camera (Left side 
of Fig. 8) with a reduction in volume to approx-
imately 1/18 and weight to approximately 1/19 
(comparison of camera head sections). This re-
duction made it possible to mount on a robot. 

In detail, reduction in size and weight was 
accomplished through undertaking the follow-
ing points.
(1) RGB boards reduced from 3 (3 CMOS im-

4K camera comparisonFig.8

3D remote control interface including 3D 
gloves

Fig.7
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ventional images. As a result, it can be said that 
4K images are on step closer to human visual 
capability. 

This system uses 4K ultra-high defi nition 
images but they are 2D. There is the view that 
if 2D images are increasing resolution, they 
can be seen as 3D. It is true that 4K images 
have high “3D presence”, however, in the real-
time operation of these 3D real spaces, 2D im-
ages are insuffi cient. 3D images are indispens-
able in the same manner human eyes and hands 
link and interact three-dimensionally.

4 Whole sky image

On July 22, 2009, a total eclipse of the sun 
was observed in Japan for the fi rst time in 46 
years. A total solar eclipse is a phenomenon 
where the sun and the moon overlap perfectly 
and attract strong interest because of the wax-
ing and waning of the sun and the corona and 
diamond rings which cannot normally be 
viewed. However, when one goes to a monitor-
ing area, what actually makes a deep impres-
sion is the sudden change of the entire sky into 
an extraordinary natural phenomenon as we 
enter the moon’s shadows (darkness, tempera-
ture, wind, animal behavior, etc.). In order to 
convey these types of changes as experienced 
at a monitoring station, ultra-high defi nition 
and whole sky images are optimal [12]. 

Communication Open Laboratory, Network 
Robot Section Meeting and Skill Transmission 
Working Group (Composed of members from 
the NICT, JVC, Kyoto University Hospital, 
etc.) carried out basic evaluation verifi cation 
experiments on remote control of the avatar ro-
bot in 2005. These experiments involved read-
ing the small and large text on surfaces of spec-
ifi ed items and grabbing them among a large 
number of various daily items (plastic pet bot-
tles, etc.) arranged haphazardly as shown in 
Fig. 9 and 10. Then a comparative evaluation 
was carried out with conventional images in-
cluding HD images. 

For 4K images with high resolution and a 
wide angle the small text (titles, explanations) 
written on the haphazardly arranged various 
items (plastic pet bottles, etc.) were able to be 
easily read, and specifi ed items were able to be 
grabbed and moved. In addition, work was also 
able to be carried out while easily reading small 
handwriting characters on notes, etc. and not 
just printed text. However for HD images (2 
million pixels) without high resolution or a 
wide angle, it was made clear that work reading 
these types of small texts was diffi cult. 

This proved that 4K ultra-high defi nition 
images (4K cameras and 4K projectors) can 
drastically enhance the reality and presence of 
the remote controlled space and markedly im-
prove robot operability and workability. This is 
caused that 4K images simultaneously main-
tain both high resolution and a wide viewing 
angle compared to HD images and other con-

4K camera mounted on avatar robotFig.9

Remote control interface using 4K pro-
jector and 3D gloves

Fig.10
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sion requires approximately 6Gbps bandwidth, 
however the actual bandwidth that was able to 
be used was 88Mbps (4Mbps used for audio). 
The JPEG2000 encoding parameters were 
tuned in order to achieve maximum possible 
image quality within this limited bandwidth.

On July 22, 2009, the URCF Whole Sky 
Image Transmission Project succeeded in the 
transmission of live 4K whole sky images of 
the total solar eclipse observed at Amami Os-
hima Yani Elementary School using this 4K 
whole sky image transmission system as shown 
in Fig. 13. The live images were transmitted to 
4 sites at Keihanna Plaza, Osaka ABC Hall 
(Fig. 14), Osaka Science Museum and Tsukuba 
Expo Center [14]. The Wakayama University 
4K dome screen system was installed at the 

From this point of view, the Ultra-Realistic 
Communications Forum (Hereinafter referred 
to as the “URCF”) and the Ultra-high Defi ni-
tion Image Working Group (Leader: Aizawa 
Kiyoharu, University of Tokyo Professor) or-
ganized the Whole Sky Image Transmission 
Project (Leader: Okyudo Masami, Wakayama 
University Professor) in February of 2009. 
Then, a 4K whole sky image transmission sys-
tem was constructed to put together the 4K ul-
tra-high defi nition image technologies being 
researched and developed by the URCF mem-
bers. The URCF is an Organization for Indus-
try-Academic-Government Collaboration es-
tablished by the Ministry of Internal Affairs 
and Communications and the NICT and is op-
erated by the NICT. 

For the camera, JVC’s compact 4K cam-
era was used with a specialized fi sheye lens 
developed by JVC and Wakayama Univer-
sity attached as shown in Fig. 11. In addi-
tion, Wakayama University developed a dome 
screening system as shown in Fig. 12. This was 
constructed from 4K whole sky image projec-
tor Super Media Globe II and a 5m inclined 
suction air dome which are the products of 
Konica Minolta Planetarium Co., Ltd.

The JPEG2000 real-time codec developed 
by Nippon Telegraph and Telephone  (Herein-
after referred to as “NTT”) Network Innova-
tion Laboratories was used as the 4K codec 
system [13]. Uncompressed 4K image transmis-

4K camera with fi sheye lens attachedFig.11

4K whole sky dome systemFig.12
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mately 10K is required. As 8K super high defi -
nition image technology is currently being re-
searched and developed by NHK, we hope to 
carry out similar experiments using 8K tech-
nology in the near future. In addition, the 
URCF is investigating future verifi cation ex-
periments involving live transmission of ultra-
high defi nition whole sky images of not just 
solar eclipses, but also a variety of natural phe-
nomenon (constellations, aurora, etc.) and 
scenery such as world heritage sites.

5 Sign language communication

Sign language is expression through a com-
bination of detailed and rapid fi nger move-
ments, minute facial expressions and whole 
body movements. As such ultra-high defi nition 
images realize both high resolution and wide 
angle, they are optimal for remote sign lan-
guage communication. From this viewpoint, 
the URCF Ultra-high Defi nition Image Work-
ing Group – Ultra-high Defi nition Image Basis 
Work Group (Leader: Arakawa Yoshiki, NICT) 
constructed a bidirectional 4K ultra-high defi -
nition image communications system based on 
the 4K ultra-high defi nition image technologies 
of the URCF members.

The core of this system is the low delay 
4K/60P JPEG2000 codec. Professor Fujii Tet-
suro of Tokyo City University and NTT Net-
work Innovation Laboratories succeeded in the 
development of a codec which is 2 times the 
frame rate of HDTV at 60 frames per second 
(60 P) and an image transmission delay of 100 
milliseconds or less. The transmission of the 
solar eclipse images were at 30 frames per sec-
ond (30 P), so the 4K image temporal resolu-
tion was doubled.

A keynote lecture was held by Yonaiyama 
Akihiro, leading authority on Japanese sign 
language, on October 31, 2009 at the 35th con-
ference of the Japanese Association of Sign 
Linguistics. The URCF Ultra-high Defi nition 
Image Basis Work Group and the Japanese As-
sociation of Sign Linguistics succeeded in the 
bidirectional 4K image communications to 
connect University of Tokyo (Komaba), the 

Keihanna Plaza.
This live transmission of 4K ultra-high def-

inition whole sky images was the fi rst attempt 
at such in the world. It was cloudy on the 
eclipse day, however the outline of the sun, the 
shadow of the moon passing (the darkening of 
the entire sky), the strong winds before and af-
ter the eclipse, the behavior of birds and the 
excitement of the people was successfully 
transmitted in vivid detail. In addition, this 
transmission experiment was widely opened to 
the public. Participants enjoyed a reality en-
hanced sensation and experience of the total 
solar eclipse from a remote location to watch 
4K whole sky images in doom theaters.

For whole sky images, in order to capture 
and project images approaching the resolution 
of human eyes, an image system of approxi-

Live transmission experiment on 4K 
whole sky images of total solar eclipse

Fig.13

4K Whole sky image presentation in 
ABC Hall

Fig.14
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tra-high defi nition image technologies in the 
sign language fi eld.

6 Telework

The Industrial Revolution which started in 
England in the 18th century was also the start of 
the “carbon society” (destruction of the global 
environment). The mass production of automo-
biles which bloomed at the beginning of the 
20th century in the United States evolved into 
an “automobile society”. It can be said the rep-
resentative of 20th century society and indus-
trial structure was the automobile industry and 
automobile society. Automobiles have made a 
great number of contributions across many fac-
ets of the human race.

On the other hand, automobiles have also 
caused a number of serious problems including 
traffi c accidents, increase in accident victims, 
great expenditure on and consumption of ener-
gy, air pollution and global warming. Carbon 
society (destruction of the global environment) 
accelerated as a result, with no end in sight. 
The necessity and effectiveness of automobiles 
remains, however technologies which can sup-
plement or replace automobiles are rapidly de-
veloping, and in the 21st century we should aim 
for a society where automobiles are not an ex-
cessive presence (car-less society). 

The Ministry of Internal Affairs and Com-
munications is promoting telework (working 
from home) which is based on network tech-
nologies [15] [16]. Telework can control peoples’ 
movement and use of automobiles, and reduce 
offi ce space, etc. For these reasons, telework is 
the starting point for the realization of car-less 
society and low-carbon society. However, most 
attempts at this so far have been “information 
telework” aimed at PC related work, television 
conference work and other deskwork. This ex-
tremely limits the types of work for which tele-
work are possible. Telework does not yet cover 
physical labor and a wide variety of other work. 
“Physical telework” for remote direct opera-
tion and remote production is still an unex-
plored region. True telework will be accom-
plished when both of these are realized [17].

site of the conference, and Tokyo City Univer-
sity (Yokohama City). Then, as shown in Fig. 
15, the conference and the following question-
and-answer session, etc. were transmitted live 
using bidirectional 4K images (Sharing of real-
ity-enhanced images) [5] [6]. JGN was used for 
the network line, and a total of approximately 
1,200Mbps, or 600Mbps in 1 direction×2 was 
used for communication bandwidth. 

The realization of this low delay 4K/60P al-
lowed to convey the quick movements of sign 
language and subtle fi nger movements in real 
time. Sign language communications were re-
alized with high presence. In addition this ex-
periment was widely opened to the public. Par-
ticipants enjoyed a reality enhanced sensation 
and experience of the sign language conference 
from a remote site.

The evaluation of hearing impaired persons 
who used sign language in their daily lives 
showed that the temporal resolution of 4K/30P 
images was too low and caused stress (the im-
ages were jumpy and shaky). 4K/60P images 
eliminate these temporal resolution issues and 
are (the minimum limit) acceptable (movement 
is fairly smooth) for sign language images. 
However, approximately twice this temporal 
resolution would be ideal.

For this experiment 2D 4K images were 
used. Furthermore, the URCF plans to carry 
out verifi cation and evaluation experiments us-
ing 4K3D image and 8K image, and is trying to 
prove the effectiveness and practicality of ul-

4K/60P sign language images from To-
kyo City University (Right monitor)

Fig.15
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lution and precision at a high level. Further, 
both require the same level of resolution and 
accuracy as human hands and fi ngers.
(3) High precision/defi nition 3D image dis-

play technologies
In order to realize high precision remote 

control, it is necessary to realize 3D image dis-
play technologies which improve depth and di-
rection resolution and accuracy.
(4) Extremely low delay image transmission 

technologies
Because physical telework will include 

remote control of avatar robots, a high level 
of low delay, real time and bidirectionality is 
necessary for transmission (networks). Highly 
effi cient transmission technologies (image en-
coding/decoding, compression and transmis-
sion technologies, etc.) for ultra-high defi nition 
images and 3D images are essential. 

Realizing physical telework in addition to 
information telework, brings obvious ecologi-
cal benefi ts, but also presents a great deal of 
potential for resolving the following issues fac-
ing Japan.  

• Decentralized society (Correction of met-
ropolitan area concentration, regional 
gaps and commuters’ hell)

• Car-less society (Reduction of traffi c ac-
cidents, accident victims, traffi c jams)

• Tele-manufacturing society (physical tele-
work from home)

• Reduction of the burden on care and 
medical facilities through remote care-
giving/medical treatment 

7 Conclusion

The NICT is working on research and de-
velopment for applications of 4K ultra-high 
defi nition image technologies. Avatar commu-
nication (Physicality-enlarged communication, 
remote control technologies) in particular will 
serve as the base technology for telework. In 
addition, telework will greatly contribute to the 
realization of a low-carbon society. 

There is a high potential that in the 21st cen-
tury ecological industry (environmental indus-
try), that is to say, the industry which will real-

For physical telework, it is vital that the re-
search and development of advanced tele-exis-
tence systems which fuse reality-enhanced en-
vironment technologies, including 3D image 
technologies, and real space sensing robot 
technologies. 

It is necessary to renew and to break away 
conventional 3D image technologies with im-
ages which jump out. Specifi cally, it is indis-
pensable that 3D image technologies have the 
same or more capability and functionality as 
human eyes.

In the broadcasting and fi lm industry, there 
are exceptions, but images are generally viewed 
passively. This is to say, images are just viewed 
and there is no need for any type of 3D opera-
tion (action). As such, it can be thought that the 
need for 3D is low. The importance of depth 
information is low and there is little demand 
for the accuracy of such. It is theorized that 
there is not great difference in the amount of 
information (content) a person takes in between 
2D and 3D. It would seem that 3D movies do 
not remarkably heighten the impressions left. 

On the other hand, for physical telework 
systems, the images must be viewed actively 
not passively, as the image information will be 
used for some sort of 3D operation. Images are 
tightly linked with the 3D real world and 3D 
operations, so 3D images are required strongly. 
In order to realize physical telework, more de-
tailed research and development on the follow-
ing items is required.
(1) Physicality-enlarged communication tech-

nologies
The core is the research and development 

of remote control technology capable of han-
dling the complex, minute and slight move-
ments of human hands and fi ngers. This tech-
nology is also basis and foundation. 
(2) Visual limit robot vision

Research and development of technologies 
for taking images in 3D real space in high pre-
cision and high defi nition close to human visu-
al capacity and functionality. Namely, it is to 
realize robot vision (3D camera) which ap-
proaches or exceeds human visual limits. In ad-
dition, it is necessary to link (1) and (2) in reso-
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of Sign Linguistics including president 
Shibuya Tomoko and director Kuroda 
Tomohiro, provided great assistance. In 
addition the members of the URCF Ultra-
high Defi nition Image Basis Work Group 
also cooperated greatly. I would like to 
take this opportunity to thank all relevant 
personnel. The sign language transmis-
sion experiment was carried out as a part 
of the following research.

•  NICT sponsored research “ Research and
Development of Design and Evaluation 
Methods Concerning Next Generation 
Network Construction (Issue B) Study and 
Mounting of  New Network Evaluation 
Methods for Next Generation Network 
Architecture” (Implementation Supervi-
sors: Fujii Tetsuro, Takahara Atsushi)

•  JST Basic Research Programs “Research
Area: Information Environments and Peo-
ple, Name of Issue: Establishing a coop-
erative information environment based on 
interaction analysis” (Research Represen-
tative: Bono Mayumi) 

•  The results of the Ministry of Internal Af-
fairs and Communications sponsored re-
search “Research and development of the 
next generation video contents produc-
tion and distribution technologies” (Re-
search Representative: Fujii Tetsuro) 
were used in the sign language transmis-
sion experiment. 

ize a low-carbon society, can grow to become a 
core industry as the automobile industry did in 
the 20th century. We are therefore convinced 
that telework, robotics and 3D remote opera-
tion fi eld should be given more consideration 
as the practically applicable fi eld of the image 
technology. This creates a great potential for 
Japan’s image, home electronics and robot in-
dustries to continue to be global leaders in the 
21st century as well. 
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