
 

Research team reproduces major functional
principles of the brain using technology
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The connected oscillators start to communicate with each other like in a neural
network and become synchronised after a while until they all oscillate in the
same rhythm as genuine neurons. Credit: Christian Urban, Kiel University

How does the human brain collect, process and store the flow of data
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which it constantly encounters? How does it manage cognitive tasks,
which require complex interaction between various areas of the brain
and overload high performance computers that work much more
quickly? Why can the brain cope with all of this using much less energy?
It is the aim of the research team from Kiel led by Professor Hermann
Kohlstedt, Head of the Nanoelectronics Department at Kiel University
(CAU) and spokesman of the national collaborative research project
"Memristive devices for neural systems" (FOR 2093) funded by the
German Research Foundation (DFG) to track this impressive efficiency
of the human brain using technology and to implement its method of
operation in artificial neural networks. The scientists from Kiel have
now succeeded in electronically reproducing two fundamental principles
of operation of the human brain, memory and synchronisation. They
recently published their results in Applied Physics Letters.

The human brain is a master of energy efficiency. It has approximately
100 billion nerve cells, also known as neurons, which manage with
power of only about 20 Watt. Modern high performance computers
would require many thousands of times more energy to perform
similarly complex calculations as the brain manages. The neurons in the
brain are linked to each other with synapses and form a highly complex
network. The term "learning" in the neurological sense means that the
synaptic connections in the brain are not determined statically. Instead
they are continually readjusting on the basis of environmental influences,
for example sensations. This makes it possible to store new memory
content locally, known as the neurological plasticity of the brain.

In addition to the spatial ability of the neural connections to adjust, there
is another important building block to process information in the brain:
the synchronisation of neural groups. Electrical impulses, so-called
action potentials, form the basic unit of information processing in the
brain. These impulses permanently transmit information between the
neurons and in doing so they cross and influence the synaptic
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connections in the brain. "In the case of conscious sensory perceptions
the spatial irregular occurrence of neural impulses changes into ordered
structures suddenly and for a limited time," says Professor Thorsten
Bartsch, a neurologist at Kiel University and member of the research
group. The previously independent impulses of the neurons synchronise
themselves in this case even over areas of the brain that are not close
together. Evidence of this synchronised "firing" in humans can also be
shown by measuring brain waves (electroencephalography, EEG).
"There have been discussions for a long time whether the human
consciousness is closely linked with this synchronisation of the neural
impulses. This may provide the key to gaining a better understanding of
brain functions," continued Bartsch.

  
 

  

Tom Birkoben, Mirko Hansen and Marina Ignatov (from left to right) have
developed an electrical circuit, which is in principle structured like human nerve
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cells. Credit: Christian Urban, Kiel University

The scientists based in Kiel have now reproduced both these principles
of how the brain works, in other words storing memory content in the
synapses and the synchronicity of the neural impulses within an
electronic circuit. "We have used a new type of electronic device for this
to help us reproduce the processes of the brain," explained Kohlstedt.
These devices are described as memristors (from words "memory" and
"resistor"). They are characterised by the fact that their electrical
resistance depends on the charge that has flowed previously. "This
method makes it possible to store different circumstances in biological
networks, similar to "memory devices," added Dr. Martin Ziegler, a
scientist in the Nanoelectronics Department and sub-project leader in the
research group.

The researchers from Kiel have now coupled two oscillators to each
other using memristors in their electronic circuit. Oscillators are
switches, which generate periodic voltage impulses – similar to the
"firing" of the neurons in the brain. At the start their impulses flowed in
an asynchronous manner, with both oscillators therefore being uncoupled
initially. Thanks to the adaptive "memory devices," their oscillations
soon synchronised. This enabled the researchers to equip an electrical
circuit with the same fundamental properties that also characterise a
biological neural network.

  More information: M. Ignatov et al. Synchronization of two
memristively coupled van der Pol oscillators, Applied Physics Letters
(2016). DOI: 10.1063/1.4942832
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