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Abstract

Brain science explores the nature of cognition, consciousness and intelligence, and
is the "ultimate frontier" for human beings to understand nature; inspired by it, brain-
inspired technology develops machine intelligence such as brain-inspired devices and
robots. This interdisciplinary field relies on the integration of biology, medicine,
information science and other disciplines to promote the innovation of neurobiology,
psychology and other disciplines, and deepen the social sciences such as law and
economics. Brain science drives the development of frontier branches such as bioimaging
and data science, while brain-inspired technology promotes the optimization of artificial
intelligence algorithms, enabling applications such as automatic driving and intelligent
medical treatment. Brain science and brain-inspired technology are expected to produce
significant research results in national health, intelligent industry, social development and
national security, which have far-reaching social, economic and military strategic
significance.

The key scientific questions facing brain science and brain-inspired technology
include: 1) How many types of neurons and glia are involved in a brain? How to classify?
Which characteristics play a decisive role? 2) Multi-modal, multi-scale, and cross-species
standard brain mapping unveiling brain origin and evolution; 3) Mapping of whole-brain
connectome with specific functions such as learning, memory and cognition and the study
of their interrelationships; 4) Development, evolution, and regulation mechanisms of
neurons and neuronal networks; 5) Regulation of central-peripheral information exchange
and integration; 6) The origins of mental illness; 7) How to develop brain-inspired
computational thinking based on the thinking of brain science and computational science?
8) What inspiration can biological neural networks bring to deep learning? How to
develop biologically plausible deep network learning algorithms? 9) Building brain-
computer fusion intelligence; 10) Digital twin brain; 11) How to explain the black box
problem between artificial intelligence models and human brain working mechanisms?

12) Ethical and Safety Considerations in Neurotechnology and Brain-Inspired Artificial
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Intelligence.

The core technical problems to be solved include: 1) development of non-human
primate models; 2) non-invasive observation of whole-brain neuronal activity and
neurochemical molecular dynamics, and in vivo observation of synaptic activity; 3)
mapping and analysis of neural networks performing specific functions in the whole brain;
4) high-precision encoding, decoding, and regulation technology in cognitive processes;
5) construction of large-scale spiking neural network (SNN) computing platform with
model optimization techniques; 6) integrated technology of multimodal brain functional
imaging and regulation for small animals; 7) key technologies to analyze neural circuit
mechanisms of brain diseases; 8) key technologies for neuromodulation; 9) technical
problems of large-scale neural networks analysis for brain-inspired computational
intelligence; and 10) artificial intelligence models based on cognitive behavioral
paradigms of primates.

In the field of brain science and brain-inspired technology, China has actively
participated in the international frontier of brain science, established a series of
international facilities with advanced technologies, and made a number of international
leading achievements in brain science theory, technology and application research. This
project studies the advantages, leading teams and important research bases in the field of
brain science and brain-inspired computing in China, investigates the development status
of related research fields in China, and provides a basis for the strategic planning.

Based on the studies, the development strategy include: 1) Give high priority to the
development of tools and methods for brain science and brain-inspired technology
research; 2) Establish special funds from the national level to support independent
innovation technologies, and promote the applications in China and the world; 3)
Strengthen top-level design and insist on supporting bases and teams with distinctive
strengths and research priorities; 4) Provide long-term and sustained funding to support
research and infrastructure; 5) Cultivate the next generation of scientists and researchers;
6) Host and organize international academic conferences. Manage high-level

international journals; 7) Participate in the management of international academic
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organizations and consortiums. Propose and initiate international big science projects.

In the end of this report, the policy suggestions are raised, including: 1) Strengthen
talent cultivation and train more scientists and engineers to devote themselves to brain
science and brain-inspired technology fields; 2) Strengthen top-level design and layout
rational research system; 3) Strengthen support to China’s leading technology with

independent innovation.
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