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Special Theme

the NCT community and potential partners outside the core community aware
of the project and its plans. In addition,
the web portal collects useful resources
for the community, such as datasets, references (papers, books, courses), and
deliverables. The web portal also provides a Roadmap [1] that defines neuromorphic computing and its next steps, a
state-of-the-art document that collects
knowledge about the latest breakthroughs in NCTs, and a cartography
document that collects links from different national and international networks and organisations in Europe to
facilitate the growth of the NEUROTECH network. It also provides
information about upcoming events –
both organised and supported by the
project and other relevant events worldwide, and provides a feature for subscribing to the NEUROTECH mailing
list through which relevant news about
the NCT is announced. NEUROTECH
Forum II that was held online on March
15th 2021 provided an overview on the
opportunities of AI, technology trends,

and prospects. Dedicated discussions
were held on enabling SME’s to step
into neuromorphic computing and AI as
well as on AI induced ethical questions.
The forum attracted more than 1000
views, with 150 attendees at all times
for the entire day from all over the
world.
The project started in November 2018
and will continue until the end of 2022.
Future activities of the project revolve
around the growth of the community
and bridge between fields that can influence and benefit from NCT. These
activities include, but are not limited to,
industrial panel discussions about NCT
opportunities and challenges, scientific
discussions about new discoveries and
the development of materials and algorithms that empower NCT, and discussions on the ethical aspects of creating
NCT and its applications.
The upcoming events include the educational events that happen monthly,
and the different workgroup activities

that are scheduled regularly. For
example, the Science workgroup event
is planned on April 27th for bringing
together the coordinators of the recently
accepted neuromorphic EU projects to
answer the question How novel technologies can boost neuromorphic computing? A view from European project
consortia.
Link:
L1] http://neurotechai.eu
Reference:
[1] E. Donati et al.: “Neuromorphic
technology in Europe : Brain-inspired
technologies are advancing apace
across Europe and are poised to help
accelerate the AI revolution”, The
Innovation Platform, 2020
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NeuroAgents – Autonomous Intelligent Agents
that Interact with the Environment in Real Time
by Giacomo Indiveri (University of Zurich and ETH Zurich)
Artificial intelligence systems might beat you in a game of Go, but they still have serious
shortcomings when they are required to interact with the real world. The NeuroAgents project is
developing autonomous intelligent agents that can express cognitive abilities while interacting with
the environment.
Tremendous progress is being made
globally in machine learning, artificial
intelligence (AI), and deep learning. In
parallel, especially in Europe, there is a
strong convergence of AI algorithms,
neuroscience basic research and technology development.
However, despite this remarkable
progress, artificial systems are still
unable to compete with biological systems in tasks that involve processing
sensory data acquired in real time in
complex settings and interacting with
the environment in a closed-loop setup.
The NeuroAgents project is bridging
this gap with basic and applied research
in “neuromorphic” computing and engineering. Our team is combining the
recent advancements in machine
40

learning and neural computation with
the latest developments in microelectronic and emerging memory technologies. We are designing autonomous systems that can express robust cognitive
behaviour while interacting with the
environment, through the physics of
their computing substrate. In particular,
the project is making inroads in understanding how to build “neuromorphic
cognitive agents”, i.e., fully fledged
artificial systems that can carry out
complex tasks in uncontrolled environments, with low-level adaptive sensory
processing abilities and high-level goaloriented decision-making skills.
The project has two ambitious, tightly
interlinked goals: (i) to study the principles of computation used by animal

brains for building a disruptive neuromorphic computing technology, and (ii)
to build electronic signal processing
systems that use the same physics of
computation used by biological neurons
to better understand how animal brains
compute.
The project started in September 2017
and is currently entering its final stages
of research. The studies of neural computation and AI algorithms (the “mind”
of the project) paralleled the design of a
new neuromorphic processor chip (the
“brain” of the project), which has been
recently delivered and is now being
tested. Meanwhile the “mind” algorithms and architectures were mapped
on older generation neuromorphic
processors produced in the previous
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NeuroP ERC project, and interfaced
with robotic actuators (the “body” part
of this project).
The techniques employed combine the
study of neural dynamics in recurrent
networks of neurons measured from
neuroscience experiments, with the
simulation of spiking neural processing
architectures on computers, and with
the
design
of
mixed-signal
analogue/digital electronic circuits that
emulate the properties of real neurons
and synapses [1,2]. The theoretical neuroscience studies focus on perception,
memory storage, decision-making and
motor planning. The software simulations take the high-level results
obtained from the theory and implement
them using software spiking neural network simulators. The software is
designed to incorporate the “features”
of the electronic circuits used into the
simulated neural networks. These features include restrictions such as limited
resolution, noise, or the requirement to
clip signals to only positive values (e.g.,
because voltages cannot go below the
“ground” reference level and currents
can only flow in one direction). The
microelectronic techniques focus on the
design of spike-based learning and plasticity mechanisms at multiple time
scales, and of asynchronous eventbased routing schemes for building
large-scale networks of spiking neurons. The robotics activities include
testing the models and the spiking
neural network chips with neuromor-
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phic sensors and motorised platforms
(e.g., in active vision stereo setups) [3].
Future activities of the project involve
connecting all the pieces together (i.e.,
mind, brain, and body), and applying
the results and the know-how gained to
practical “edge-computing” applications, i.e., applications in which the
agent needs to respond to the data that is
being sensed in real-time, with low
power and without having to resort to
cloud-based computing resources.
The final goal of developing braininspired sensing, processing, and cognitive architectures, all implemented with
spiking neural network chips, is indeed
within reach and the NeuroAgents
project promises to produce very interesting results.
NeuroAgents is an ERC Consolidator
project (No. 724295) hosted at the
Institute of Neuroinformatics at the
University of Zurich and ETH Zurich,
Switzerland. The project has led to collaboration with many EU partners,
including IBM Research Zurich; IIT
Genova, Italy; CEA-LETI Grenoble,
France; the University of Groningen,
the Netherlands; Newcastle University,
UK; or the SME SynSense AG, Zurich
Switzerland.
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