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Global Competition in Technology Brain Science, Research to Reshape the Future
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Professor Im Chang-hwan, Department of Biomedical Engineering
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Brain-Computer Interface (BCl), which connects the human brain with a computer or machine, is a future brain science

technology that the world is paying increasing attention to. It reads signals generated in the brain to control external

devices or to communicate with the outside world. Professor Im Chang-hwan's research team, which recently succeeded

in generating virtual brain waves by using advanced Al algorithms, is expected to lead the rapid growth of brain-

computer interface technology.
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A diverse and extensive range of brain science research

Neural style transfer, which drew attention as a result of deep learning joining art, is
the latest artificial intelligence algorithm in which Al learns the styles of Van Gogh or
Rembrandt, for example, and transforms random pictures into paintings by these artists.
Until now, it has been mainly used for images or voice conversion, but has never been
applied in the brain science field, including brain waves. Professor Im’s team used this
technology in brain science for the first time in the world and created a virtual brain wave
signal.

“One of the big challenges in creating a brain-computer interface is calibration. It is the
same principle as having to register a fingerprint first to use the fingerprint recognition
function of a smartphone. It is time-consuming and cumbersome, which is one of the
obstacles to the practical use of the technology.”

Professor Im Chang-hwan’s team developed an artificial intelligence technology that
automatically generates EEG signals for zero point calibration by applying a neural

style transfer technology to an idle EEG measured when the user does nothing for
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Recent Works

Multi-site Multi-phase transcranial AC stimulation (msmp-tACS) (submitted)
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Brain science is a multidisciplinary study that combines various knowledge, and its scope is

m

diverse and wide. Professor Im Chang-hwan conducts various research,
including brain-computer interface, non-invasive brain stimulation, and neuromarker
development for brain disease diagnosis.
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15 seconds. By using this method, a high-level brain-computer interface can be
implemented without the existing inconvenient zero point calibrating process. The
results of this research are expected to play a major role in the commercialization of
related technologies.

Professor Im Chang-hwan was the first person in Korea to begin brain-computer interface
research. To date, he has published more than 190 papers in internationally renowned
academic journals in the field of brain engineering, and has worked on various writing
activities to get more people interested in brain science. In 2012, he developed the fastest
mental typewriter (a typewriter that types just by thinking) in the world; and in 2019, he
succeeded in communicating with a patient in a vegetative state through brain waves. In
2020, he realized a system that controls devices in homes with brain waves and exhibited
it at CES in Las Vegas, USA. Recently, he proposed a concept of ‘neuroeducation” that
learns the concentration and comprehension levels of a person during online education
through brain waves and increases learning efficiency, and published a paper in the

world’s top educational technology journal.

The world competing in brain research with large-scale
investments

Brain science is a multidisciplinary study that combines various types of knowledge,
and its scope is diverse and wide. Professor Im Chang-hwan also conducts various
researches, in addition to brain-computer interface, such as non-invasive brain
stimulation and neuromarker development for brain-disease diagnosis. In 2011, he
developed the world’s first multi-channel electrical brain stimulation, and in 2016 he
released electrical brain stimulation analysis software named "Comets." Currently, the
program is being used by more than 100 organizations around the world. Recently,
he developed a new type of brain-stimulation technology that stimulates the deep
brain from outside the head and was recognized worldwide. He is also working on the
development of a neuromarker that can quantitatively diagnose brain diseases such as
depression and mild cognitive impairment, and a device that can easily diagnose brain
health in the form of a wearable band.

“The most well-known project in the field of brain science is the BRAIN Initiative in the
USA. Its goal is to develop new brain research technology and rapidly advance it further.
A tremendous amount of research funding of nearly 6 trillion Korean won has been
invested over the past 10 years, and follow-up projects are planned. The European Union
is also conducting a large-scale brain research initiative called the Human Brain Project.
A huge amount of research funding of 1.3 trillion won was invested over 10 years. The
ultimate goal of this project is to develop a computer that resembles the human brain.
Similar large-scale projects are being conducted also in Japan and China.”

Professor Im Chang-hwan explains that innovative investments are also being made in
companies in the field of brain engineering. The most representative is Neuralink, led by

Elon Musk. Neuralink is known to have received more than 700 billion won in investment
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since its establishment in 2016. Synchron of Australia, which received approval for linical
trials for a brain-implanted electrode called stentrode by the FDA last year, and Kernel
of the USA, which developed a helmet-type brain function measurement device, also
succeeded in attracting large-scale investments.

“Korea does not fall behind in terms of the quality of research. | can proudly say
that Korea's technology in brain-computer interface that | am researching and the
electroceuticals with electrical brain stimulation, in particular, are the best in the world.
However, since brain science and brain engineering have a wide range of studies, the
base for research is not expanded and there are inevitably gaps in some fields.”
Recognizing the importance of the field of brain science, Korea too has formed a research
support group and invested in it, as with space development nuclear technology. In
2011, the Korea Brain Research Institute, a government-funded research institute, was
established to lead domestic brain science development, and many brain engineering
companies are now receiving attention. The number of related researchers, which was

small only 10 years ago, also continues to increase.
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Professor Im Chang-hwan's research team is leading the development of brain sciences in Korea by successfully generating virtual brain signals using the “neural style transfer” technology in brain science

for the first time in the world. The photo shows the brain wave measuring experiment of the research team.
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To date, Professor Im Chang-hwan has published more than 190 papers in internationally renowned academic journals in the field of brain engineering and has worked on various writing activities

to get more people interested in brain science.
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Why we need to pay attention to brain science in the future

As many advanced technologies are being merged, brain science is expanding into
various fields and brain engineering is developing innovatively. Professor Im Chang-
hwan explained three reasons for the growing importance of brain science:

The first is conquering brain diseases. There are still many brain diseases that we
do not know the causes of or how to treat them. In particular, degenerative brain
diseases such as dementia are rising as a major social problem with the increase
in life expectancy. Dementia is a serious brain disease that 20% of people over
80 years of age and 30% of people over 90 suffer from. There is thus an urgent
need to find the key to overcoming brain diseases through brain science research.
Electroceuticals that stimulate the brain or nervous system with electricity,
magnetism, ultrasound, or light are expected to be utilized as a new method to
effectively treat mental and brain diseases because they have no tolerance and
side effects.

The second is the development of new artificial intelligence and computers. The human
brain uses a small amount of energy to exhibit excellent cognitive abilities. It is the result
of the evolution into the most efficient computer over a long period of time. Therefore,
by understanding the principle of a working human brain and developing artificial
intelligence or computers by imitating it, we will be able to realize excellent performance
with little energy.

Thirdly, understanding the human brain greatly affects our society. Do brains differ by
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Brain science is expanding into various fields and
developing progressively. People's lives will be transformed
through brain science.

gender or race? Do humans have free will? Will humans be smarter by making efforts?
Depending on the answers to these questions, various social problems may arise, or
conflicts may be resolved. How will brain science change our lives in the future?

“The research focus for now is on overcoming disabilities and diseases. However, we
expect to develop technologies that can be applied to the general public. It will also
create synergy with the fields of education, game, marketing, and other industries. In our
laboratory, we are also actively conducting researches in areas such as neuro-marketing
that quantitatively evaluates people's preferences for various products based on brain-
computer interface technology; and measuring motion sickness of passengers that will
become an important issue when autonomous vehicles are used.”

Professor Im Chang-hwan emphasized that human lives will be transformed through
brain science. In fact, Professor Im’s team is expanding the scope of its researches
into technologies that can only be seen in movies, including “human augmentation”
technology that enhances cognitive and sensory abilities such as memory and dynamic
visual acuity, an “imagined speech recognition” technology that synthesizes words when
thinking in the brain; and technology that reads soldiers’ thoughts to increase their
morale and takes care of their mental health; and technology that controls wearable
robots with brain waves.

Professor Im Chang-hwan intends to continue developing new brain science
technologies that will contribute to enhancing people's lives, by striving to discover the

secrets of the brain. 2¢
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