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Evolutionary video encoding is a made-to-order 
video compression technology for a richer life

—Would you tell us something about your current 
research?

What I’m working on now is called evolutionary 
video encoding. Transmitting digital video data takes 
a lot of time and accumulating it in personal comput-
ers consumes a lot of their capacity because it is so 
voluminous (Fig. 1). One way around that problem is 
to compress the data, and my work is to develop video 
compression technology.

Until now, all types of video have been compressed 
by the same technology and methods, but what we are 
working on is the application of compression meth-
ods that are appropriate for each particular video. By 
analogy to clothing, past technologies are like ready-
made suits, but what we are aiming for is made-to-
measure technology tailored to the video.

Examples of current compression technology are 
JPEG for still images and H.264 for video (Fig. 2). 

There is also discussion in international standardiza-
tion activities on HEVC (high efficiency video cod-
ing), which aims for double the compression effi-
ciency of H.264. However, each compression tech-
nology uses the same algorithm for all types of 
video.

To achieve even higher compression efficiency, 
however, we can easily imagine that we should select 
the compression algorithm best suited for the particu-
lar video. For example, the most suitable algorithm 
differs for video of people and video of scenery. It is 
impossible to choose the optimal algorithm for each 
case manually, so we are investigating processing 
based on a computer algorithm that selects the opti-
mal compression automatically. Moreover, that com-
puter algorithm evolves over time, so we achieved a 
predictive equation that no human could have pro-
duced. We call that evolutionary video encoding.

Although evolutionary video encoding attains a 
higher compression ratio over time, it is currently still 
too slow for practical use. Now that we have proven 
that it is possible in principle, our research will focus 
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on shortening the processing time (Fig. 3).
If we can make this technology practical, we will be 

able to exchange video data rapidly and also be able 
to store even more video data on a single disc. It will 
also let us enjoy a more vivid video experience.

You do not choose a place to do research. 
You gain a firm grasp of basic knowledge 

and past methods and do the work 
with care and deliberation.

—What inspired you to do this research?

When I heard a lecture on evolutionary image pro-
cessing given by Professor Nagao at the Yokohama 
National University, it made me wonder if that idea 
could somehow be applied to compression technolo-

gy. It was about ten years ago. Five years later, a 
specific plan occurred to me when I was considering 
research topics and concepts for a freshman research-
er.

—Was there some aspect of your work that was par-
ticularly hard?

The pressure is great and that can certainly be hard 
on the researcher, but I wouldn’t go as far as to call it 
a hardship. Results and productive research are very 
important, and the strain involved in continuously 
producing results is great.

We cannot simply give up when things do not go 
well; all we can do is to have faith in ourselves and 
press on. Looking back on my research process and 
experience, it seems that I have mostly been clear-
headed in my work. Nevertheless, it seems that there 
is a lot that I have forgotten. In research, it is not 
unusual to encounter problems that we cannot handle 
well even when we try hard to apply different kinds 
of knowledge. I don’t think that it is appropriate to 
call that failure. It is important and necessary in 
research to know how to set milestones. A good track 
record in setting deadlines is probably important in 
any line of work. Nevertheless, when I was unable to 
keep to the milestones, then rather than giving in to 
perplexity, I chose to clear my mind to think and deal 
with the problem and move forward.

For example, sometimes I come up with a good idea 
for solving a problem while I’m not in the workplace. 

Fig. 1.   Need for video compression.
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  Spatial resolution: 720 x 480 pixels
  Color representation: 8 bits each for
  three colors (red, green, and blue)
  Frame rate: 30 fps

DVD-R: digital versatile disc recordable
SDTV: standard-definition television

A single-sided, single-layer DVD-R (4.7 GB) can record only 150 s of such data.
→So, a 2-hour movie would need 48 DVDs!
    Video compression technology allows a 2-hour movie to be recorded on a single disk.
→The bit rate for HiVision is about six times that of SDTV (about 1000 Mbit/s).
    Video compression technology also accommodates the bit rate for terrestrial digital
    broadcasting (15 Mbit/s).

(720×480×8×3×30) bit/s = 248.8 Mbit/s
                                        = 31.1 MB/s

Fig. 2.    Examples of image compression technologies in 
use.

• Personal computer image data (JPEG, MPEG-2, etc.)
• Digital camera (JPEG)
• Digital video camera (MPEG-2, H.264, etc.)
• Terrestrial and satellite digital broadcasting (MPEG-2)
• 1-seg broadcasting (H.264)
• DVD recorder (MPEG-2)
• Blu-ray disc (MPEG-2, H.264, VC-1)
• Internet video distribution (H.264 etc.)
• Videophone (MPEG-4 etc.)
• Digital cinema (JPEG 2000) etc.
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About ten years ago, I was struggling with a certain 
problem and thinking about it from different angles, 
but could not think of a good solution. Then, one 
Sunday while I was lying on a beach at the Kamakura 
seashore near home, a solution flashed into my mind. 
That idea actually worked, and it led to my receiving 
the Niwa-Takayanagi Best Paper Award from the 
Institute of Image Information and Television Engi-
neers.

Many researchers probably say this, but even when 
I am away from my research work, research is not 
absent from my mind.

Looking at it the other way, although there is some 
work that must be done at the workplace or other 
particular location, you do not have to be selective 
about where to conduct experiments in your head. For 
that, it is only important to be thoroughly familiar 
with various kinds of basic knowledge and methods.

To regard your own field of specialization as simply 
something to study and understand will not produce 
good results. I think a good approach is to do careful 
thought experiments first. Such thought experiments 
prior to the execution of an idea will fail to provide 
guidance unless you have various types of knowledge 
in your mind. Of course, it is also true that most of the 
time you do not know the outcome until you actually 
try it.

Incidentally, a happy time for me is when doing 
various thought experiments while I’m in bed at night 
and ready for sleep. I also like to do programming 
while riding trains or buses.

We should apply our energy to praise and 
encouragement rather than hardship

—So, you think that even hardship is not really a 
hardship. Could you tell us something of your 
moments of joy?

Four years ago at an image encoding symposium in 
Japan, I gave the first presentation on evolutionary 
video encoding—the topic I am working on now. At 
an informal get-together after the presentation, a 
number of people who had heard my talk came up to 
me and made laudatory comments, such as saying 
that my talk was interesting or gave them a strong 
impression. I was also delighted to receive the highest 
award of that symposium for my talk.

At the same time, I received encouragement for my 
idea. There was one thing unrelated to evolutionary 
video encoding that stimulated their interest greatly. 
It was the idea of how the difficulty of highly efficient 
encoding of normally distributed data could be over-
come by arranging the data in a two-dimensional 

Fig. 3.   Example of accelerated evolution.
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lattice and taking values in a spiral shape beginning at 
the center. Doing that converted a normal distribu-
tion, for which highly efficient encoding is possible 
but difficult, into an exponential distribution, for 
which efficient encoding is easier (Fig. 4). That idea 
was praised as beautiful by Professor Bernd Girod, an 
authority on media coding at Stanford University, and 
others. It also led to a Yamashita Memorial Research 
Award from the Information Processing Society of 
Japan.

I’ve also heard the words, “This is great.” many 
times coming out of nowhere. 

While I am very happy to receive praise directly in 
this way, when I hear of a good evaluation second-
hand, from an unexpected source, it is truly pleasant 
and encouraging.

—My impression is that you find joy rather than 
worry to be more of a stimulation in life. From your 

experience, what advice do you have for the young 
researchers.

I believe that young researchers pass their days 
being too busy. When one thinks about it later, the 
younger you are, the more time you have to spend for 
your research. For example, I am now often away 
from home on business, either in Japan or abroad, so 
on days off I spend my time going out with my fam-
ily and enjoying being with them. Also, to be with my 
three children while they are small, I usually leave 
work at 6:�0 pm. Even if I’m not able to have dinner 
with them, I still put priority on time shared with 
them in other ways. Looking at this as a common 
thing, I think that you have more time to spend for 
pursuing your own research when you are in your 
youth.

Although I, too, may fail to recognize when there is 
time to use for research, I will try to describe my 

Fig. 4.   Highly efficient encoding of the signal source according to a normal distribution.

A signal source having a normal distribution is difficult to encode as it is. However, for pairs of signal sources (upper right), 
assigning numbers (corresponding to z in the graph in the lower left) around the center in a spiral path (lower right) allows a
reversible conversion to an exponential distribution, which is suitable for data compression by Golomb encoding (lower left).
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ideas of how to be a researcher.
•  Aim for the highest: Always target the optimum, 

the theoretical best. Even though it is often not 
actually attainable, we can set that as our goal.

•  Value the fundamentals: As I mentioned before, 
make it a policy to do careful thought experi-
ments before trying to implement an idea. Build 
a foundation of knowledge that allows you to do 
that by reading many technical papers and 
books.

•  Develop the ability to implement programs: For 
most things, we do not know until we try. In such 
cases, I think it is most effective to implement 
them in your own mind, and I am sure no one 
else can do that more effectively.

•  Understand your own motivations: In my case, 
being able to do research is my motivation, not 
money. The expression, “researcher is not an 
occupation, but a kind of person”, is one for 
which I have a lot of sympathy. In any research, 
no matter how much time you spend, there is no 
limit to what can be produced. We should prob-
ably not think of research in terms of cost or time 
effectiveness.

•  Extend your strong points: It is good to over-
come our weaknesses to a certain extent, but I 
have come to understand from my experience 
that to bring about the only one, the only path to 
follow is to extend our strengths. So, please have 
confidence in yourself. Good results come from 
tackling problems with the attitude that “I know 
I can do it!”

I will use these tips as the basis for my own ongoing 
endeavor to master encoding research. I would like to 
continue to help more young people enter the world 
of research and develop into mature researchers. 
Leadership is not one of my strengths, but I believe 

that helping and showing how I, as a researcher, 
grapple with my own research is something that I can 
do.
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