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Deep Knowledge Group and its analytical associates, have constructed 
intricate analytical frameworks competent enough to analyze, define 
and foretell DeepTech industries of exceptional breadth, depth, and 
sophistication which have in 2021 been transformed into an 
incorporated whole: a manner of Mega-Analytical Framework worthy of 
characterizing the 5th Industrial Revolution for the first time, and of 
predicting the most practical means of advancing, optimizing, and 
coordinating the trajectory of its constant advancement and the 
careful, de-risked and socially responsible delivery of its advantages 
for global humanity. The Fifth Industrial Revolution is poised at the 
cusp of a future in which things considered unimaginable today 
become the norm helping ease the sting of automation.

The driving forces of the 5th Industrial Revolution will bring substantial 
changes across various industries with NeuroTech being one of the 
most innovative among them.

This report aims at analyzing the current technological and business 
trends in NeuroTech, presenting the overview of various NeuroTech 
markets, technologies as well as highlighting and forecasting trends of 
the development of the 5th Industrial Revolution.
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This report delivers the comprehensive overview of the development of the 
advanced materials, covers the innovative material architecture and 
frameworks, investment landscape, and gives the in-depth view on the 
future holding for this ever-evolving industry.
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1st Industrial 
Revolution

2nd Industrial 
Revolution

3rd Industrial 
Revolution

4th Industrial 
Revolution 5th Industrial Revolution

Major Driver Mechanisation Electrification Automation Digitalisation Humanism, Creativity and 
Personalisation

Timeframe Between 18th and 19th 
century Late 19th century Around 1980s Start of 21st 

century 2nd decade of 21st century

Tools

Beginning of 
mechanical production 

facilities powered by 
steam and water

Labour and 
production 
enabled by 
electricity

Production 
automation using 

IT systems

IoT, VR, AI, Big 
Data Science

Cyber physical system networks, 
multi-level cooperation between 

humans and machines

5th Industrial
Revolution

4th Industrial 
Revolution

3rd Industrial
Revolution

2nd Industrial 
Revolution

1st Industrial 
Revolution

The 5th Industrial Revolution Outlook

The Industrial Revolution has passed a long way from the 18th century when the production started to be mechanised up to the 2020s with machine 
learning algorithms that tends to replace human intelligence. As technology developments gather pace the workflows become ready for next 
generation progress boost - the Fifth Industrial Revolution (5IR). 

The 4th Industrial Revolution is the state of humankind’s development we live in these days. Singularity is the state which is about to happen in 2045. It 
is quite apparent that between the state of the 4th industrial revolution and 2045, naturally there will be some kind of stage in between, which may be 
defined as the 5th Industrial Revolution if the proper actions are performed.

The 5th Industrial Revolution (5IR) can be summarized as the combination of humans and machines in the workplace. Nevertheless, this is vastly 
oversimplified and does not even begin to explain the magnitude and complexity of the change. The Fifth Industrial Revolution will actually place more 
weight on the importance of human intelligence than ever before and how these unique human traits, when harnessed in tandem with the accuracy of 
AI lead to greater outcomes.
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The 5th Industrial Revolution (5IR) can be divided into four 
major components: MetaTechnologies, DeepTech, PoliTech 
and SocialTech, and Financial Systems and Economies, each 
having its subsets of parts.

Neurotechnologies are set within the DeepTech and SocialTech 
sector since it comprises industries with the objective of 
providing technology solutions to benefit human neurological 
outcomes, mental health states and generally secure and 
promote objective and subjective well-being. The industries 
utilizing DeepTech have profound enabling power, they are able 
to create great differentiation and catalyze changes, while the 
development of SocialTech encourages the humanization and 
inclusiveness of society.

Neurotechnologies encompasse a myriad of different 
technological advances, ranging from the effective use of 
previous methods to ground-breaking novel approaches and 
applications; such technological advances are meeting older 
challenges and are shaping new frontiers in neuroscience, 
medicine, and biomedical engineering. That is sometimes 
achieved with loud ground-breaking solutions that can 
transform entire fields such as Neurorehabilitation.

Neurotechnologies within the 5th Industrial Revolution Framework

The Fifth Industrial 
Revolution (5IR)

Financial Systems & 
Economies

DeepTech

MetaTechnologies

PoliTech, SocialTech & 
Societal Psychology

Source: Neurotechnology: Methods, advances and applications

NanoTech Advanced Materials

LegalTech Gene Therapy

AgriculturalTech Security & 
Transportation

Nanoengineering HealthTech

Chemo- and 
Bioinformatics

SpaceTech and 
Medicine

RegTech Blockchain

GeoEngineering AgeTech & 
Personalized Medicine

NeuroTech IoT & Industrial IoT

Energy Technologies Regeneration 
Technologies

Communication & 
Cognitive Services Waste Management

Robotics FinTech

https://www.researchgate.net/publication/340464943_A_brief_introduction_to_neurotechnology_old_challenges_and_new_battlegrounds
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Introduction to the Neurotechnologies: Perspectives

10 years

             Epigenetic testing 
Minimizing the invasiveness of 
detection helps early-onset 
treatment.

20 years

               Neuropedagogy
Whole-brain learning has 
changed the existing education 
strategy.

10 years

                   Neurogenetics
Obtained and analyzed the 
genetic information of the 
global population.

20 years

                Brain imaging
At the structural and functional 
level, a high-resolution image of 
the whole brain was obtained.

30 years

Non-invasive 
neuromodulation 

The use will become 
ubiquitous, comfortable, 
inexpensive, and efficient.

40 years

            Organoid therapy
Used brain-like organs to screen 
drugs and apply gene-editing 
technology.

50 years

NeuroTech, in a broad sense, is the umbrella term of technologies directly or indirectly related to the central and peripheral nervous system and various 
aspects of consciousness, memory, thought, and other higher-order activity in the brain. NeuroTech as a complex of technologies and industry sectors 
is based on neuroscience and IT.

              Neuroengineering 
Machine learning will help to 
explore the mechanism of 
perception of visual imagery.



Deep Knowledge Group 6

The term Neurotechnology is defined as any technological 
advancement that allows the inspection & intervention of neural 
processes. Consequently, hence the requirement for brain study is 
necessary to ease the symptoms people of with chronic neurological 
diseases.

Neurotechnology contains all infrastructure, whether it is hardware or 
software, to help achieve goals research and improvement of neural 
processes that have paved ways to innovative requests to satisfy the 
request not only to improve daily life easier for people but also to 
cognitively improve.

A lot of work has been done for cognitive enhancement, particularly 
focusing on the brain-computer interface (BCI), also been mentioned 
as a neuroelectronic interface. Neurostimulation techniques, such as 
transcranial electrical stimulation (tES) and transcranial magnetic 
stimulation (TMS), can improve performance in different cognitive 
abilities and skills.

Introduction to the Neurotechnologies

Neurofeedback

Neuromodulation

Neuropharmacology

Neuromonitoring 
 & Neuroimaging

Brain-computer
Interfaces

Artificial Neural 
Network & IoT

Neurotechnology

Security

Internet of
Things

Neuro-
security

Advanced 
materials/ 
electronics

Neuro-
engineering

Communication

Neuro-
informatics

HealthTech
NeuroTech-

Age

Gene Therapy 
and Pharma

Neuro- 
pharmaceuticals 

and genetics

Personalized 
Medicine
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Fundamental 
Science

Technology & 
Applications

A. Precision Measurement and Data Collection

B. Advanced Computing, Modeling, and Simulation

C. Understanding of Neural Structures and Functions

D. Theory of Brain and Cognition, Complex Systems Architecture

Understanding

E. Brain Interface Technology

F. Brain Injury Detection, Prevention, and Repair

G. Augmented Cognition

H. Synthetic Brains and Cognitive Computing

Application

Roadmap for the Future of Neurotechnology

А. Progress is being restricted by a 
lack of high resolution data and 
limitation in computing and 
analytical tools for processing.

B. Development a multiscale, 
integrated model of the brain and 
cognition.

C. The mapping with greater 
accuracy functional areas of the 
brain, research neurogenesis and 
neuroplasticity.

D. Improved understanding 
cognitive patterns, connectome, 
and the complex systems 
architecture of the brain.

E. Brain interface technology will 
be key to future applications that 
rely on information traveling 
between the brain and external 
tools. 

F. New imaging tools and more 
precise interventions will have a 
impact on brain repair damaged by 
injury or disease.

G. First steps toward augmented 
cognition are likely to include 
non-invasive devices that 
supplement human capabilities.

H. Greater understanding of 
cognitive processes and patterns 
could have a revolutionary impact 
on computational power.

Powerful enabling technologies lead to emerging markets that can dwarf their original application. In hindsight, the most valuable 
technological innovations are usually built specifically for their ultimate application. Usually, this concept is the product of retrospective 
bias.
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Sport

-

Jurisdiction

Marketing

Game Industry

Education

Bioengineering

Healthcare

-

-

Management

Military

Electronics 

SpaceTech

Rehabilitation

Medical devices Robotics

Lifestyle Computing

By End-User

Security Systems Wellness

The increased number of publications in 
neuroscience with an average annual growth 
rate of 10%, as well as the increase in the 
number of patents in neurotechnologies doubled 
in the last ten years show us that interest in new 
developments in this area is attracting attention. 
The current development of NeuroTech is 
associated with the acceleration of the Internet 
of Things and Geroscience.

In addition to the health and social field, 
neurotechnologies are of huge potential in the 
military field to improve the cognitive abilities of 
military personnel. 

Moreover, renewed interest in human space 
exploration for long-term missions outside 
low-Earth orbit has highlighted the health risks 
of the nervous system under such conditions, 
which opens up new potential opportunities for 
SpaceTech. 

By Technology Type

Neuronal Tracing

Optogenetics

Whole Brain 
Emulation

Neuroprosthetics

Neuromonitoring

Brain-Computer 
Interface

Deep Brain 
Stimulation

Genetically Encoded 
Calcium Indicators

Neurorobotics

Neuromorphic and 
Neurohybrid Systems

Synthetic Telepathy

Brain-reading

Mesoscale 
connectomics

Neuromodulation

Neuroenhancement

Cerebral Organoid

Cluster Imaging of 
Multi-brain Networks 

Neuronal Positioning 
System

Neurotransmitter 
Detection

Viral Neuronal Tracing

Brain-Like Intelligence

Categories and Key Applications

Brain-targeted Drug 
Nanocarriers 

Government regulation

Government regulation

By End-Users

Sport & Game 
Industry

Mental Health

Workplace

Bioengineering

Jurisdiction

Marketing

Electronics

SpaceTech

Rehabilitation

Consumer 
Applications

Security Systems

Healthcare

Government 
Regulation

Management

Military or National 
Security

Education

Smart Environments

Medical Devices Robotics

Lifestyle Computing

WellnessSemiconductor 
Industry
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Investment Landscape

Source The Market for Neurotechnology: 2018-2022

The growing incidences and prevalence of neurological disorders coupled 
with rising funding from both private and public organizations further 
augment the product demand.

Despite the wide range of application of NeuroTech, the 
neurodegenerative diseases sector remains the least attractive for 
venture investors due to extremely high risks even for such an 
unpredictable industry.  

 securing 
funding

regulatory 
landscape

R&D work

protecting 
intellectual 

property
competition 

between high-tech 
companies

Source Innovation Networks

The two sciences of cognitive computing and cognitive neuroscience 
can be expected to develop reciprocally and synergistically. The next 
generation of computing technology will be closely related to the 
development of neurotechnology. 

The worldwide market for NeuroTech products is expected to reach 
$13.3 billion in 2022 and $21.9 billion by 2026 at a CAGR of over 15.3% 
during the forecast period.

https://www.researchandmarkets.com/research/658b56/global?w=5
https://ktn-uk.org/wp-content/uploads/2021/06/A-transformative-roadmap-for-neurotechnology-in-the-UK.pdf
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Activity in the sector fluctuated, but with a positive overall trend. Reaching all-time high in 2020, the industry took a clear hit from COVID-19 
pandemic. Still, 2021 showed higher funding than in 2019, scoring more than 5 billion USD of investments. The amount of investment per 
deal has certainly elevated showing in 2021 a 36% growth in comparison with 2019 reaching average of 70 million USD per deal.

Private Investments Dynamics 2015–2021, Billion USD

10Deep Knowledge Group

Investment Activity: Private Sectors
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Cumulative Capitalization of NeuroTech-Focused Companies, 2020-2021

11Deep Knowledge Group

Investment Activity: Public Sectors 

The 55 publicly traded NeuroTech companies 
experienced growth from $500M to $1.1T of 
cumulative capitalisation, representing 72.45% of 
2-year CAGR.

The largest NeuroTech companies are Synaptogenix 
Inc, BioXcel Therapeutics Inc, Cassava Sciences, 
Inc., Longboard Pharmaceuticals Inc, Minerva 
Neurosciences, Inc.

Technologically, publicly-traded NeuroTech-focused 
companies are similar to other companies in the 
private sector, which means that their market 
capitalization growth can approximate the dynamics 
of the whole industry.

Despite the dominance of the mature players, there 
are 5 young companies which closed IPO 
successfully in 2021: Annexon Biosciences, 
Annovis Bio, Taysha Gene Therapies, Clene 
Nanomedicine, Synaptogenix.

Source Nature Biotechnology

These questions include 
concerns about brain data 
privacy, runaway human 
enhancement, individual 
autonomy, vulnerability to 
political or economic 
manipulation, 
direct-to-consumer (DTC) 
marketing of devices that have 
variable, if any, effectiveness, 
dual use, do-it-yourself (DIY) 
neurotech and neurohacking, 
and new forms of inequality.

https://www.nature.com/articles/s41587-021-00947-y
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The US is still firmly in the lead in terms of the number of NeuroTech companies, and the EU is the second biggest market in the world. 
However, Asia-Pacific region overall increased the market share to 10.29% (represented by 36 companies of different sizes and funding 
structures) and keeps growing today. We expect steady growth of the Asia companies with increasing the number of public offerings 
among them.

49.71%US

4.57%Canada

30.86%Europe

2.29%Israel 10.29%Asia-Pacific

12Deep Knowledge Group

Investment Activity: Regional Proportion
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Neurotechnology Market

AI

BCI Neuroimaging

Neurofeedback

NeuromonitoringNeuromodulation/
Neurostimulation

https://www.innereye.ai/
https://www.zeiss.com/microscopy/int/solutions/life-sciences/neuroscience-research.html
https://www.sentient.io/en/
https://www.sparkcognition.com/
https://x.company/projects/brain/
https://deepmind.com/
https://appliedbrainresearch.com/
https://www.brainify.ai/
https://www.divergenceneuro.com/
https://braingineers.com/
https://www.nuritas.com/
https://qmind.ca/
https://www.neuromersiv.com/
https://neuro-reality.com/
https://www.neurocreate.co.uk/
https://www.methinks.ai/
http://ilooktech.com/en/
https://www.exscientia.ai/
https://braingaze.com/
https://www.maaind.com/
https://www.neurametrix.com/https://www.neurametrix.com/
https://nwo.ai/
https://www.altoneuroscience.com/
https://www.secretchordlaboratories.com/
https://www.brainvivo.com/
http://healthtechapps.com/
http://humanwaves.be/
http://www.neuromatters.com/
https://www.neurovigil.com/
https://www.nq-medical.com/
http://www.omind.me/en/open-mind-neurotechnologies-eng/
https://senseye.co/
https://thync.com/
https://www.haloneuro.com/
https://neurostar.com/neuronetics/
https://www.livanova.com/en-us/
https://www.zoll.com/
https://www.neurometrix.com/
https://www.bostonscientific.com/en-US/Home.html
https://nevro.com/English/us/home/default.aspx
https://vnstherapy.com/
https://www.medtronic.com/us-en/
https://www.modernatx.com/
http://hagerbio.com/
https://www.addextherapeutics.com/en/
https://www.earlens.com/
https://www.medel.com/
https://nurotonemedical.com/
https://www.neuroelectrics.com/
https://www.cardiovascular.abbott/int/en/home.html
https://www.electrocore.com/
https://www.abbott.com/
https://www.brainsway.com/
https://www.uclahealth.org/
https://endonovo.com/#
https://karunalabs.com/
https://www.brainpatch.ai/
https://www.clearpointneuro.com/
https://synergicmed.com/
https://www.neuroelectrics.com/
https://www.bluewindmedical.com/
https://www.amazingbrains.com/
https://endonovo.com/
https://activelinx.co.uk/
https://www.aleva-neuro.com/
https://aneweratms.com/
https://www.axilumrobotics.com/en/
https://brazosbio.com/
https://www.deepbraininnovations.com/
https://www.magstim.com/row-en/
https://www.eneura.com/#
https://fesiatechnology.com/en/
https://foc.us/
https://www.fxneuromod.com/
https://headinghealth.com/
https://microtransponder.com/en-gb
https://mindalive.com/
https://www.myndtec.com/
https://nalumed.com/
http://www.neuroqore.com/
https://neuroprexinc.com/
https://neuroone.in//
https://neurosigma.com/
https://neurostar.com/
https://www.nyxoah.com/
http://www.pinsmedical.com/html/en/
https://www.onwd.com/
https://serenitymentalhealthcenters.com/
https://www.smarttms.co.uk/
https://soomamedical.com/
https://squaremedicalgroup.org/
https://www.stimscience.com/
https://www.synapsebiomedical.com/
https://www.szelestim.com/
https://vagustim.io/
https://xanastim.com/
https://www.ybrain.com/
https://niatherapeutics.com/
https://www.alphaomega-eng.com/
http://www.ying-chi.net/en/
https://www.neurosmedical.com/
https://brainsciencetools.com/en/
https://www.apollohospitals.com/
https://www.renishaw.com/en/
https://www.neurosurgeryone.com/
https://www.neurochase.com/
https://www.neurocaregroup.com/
https://www.neuropace.com/
https://www.neurorestorative.com/
https://neurodevice.pl/en/main-page
https://neurospring.org/index.html
https://rippleneuro.com/
https://dfwregenerativemedicine.com/
https://biowave.com/
https://ghoonuts.com/
https://www.neurab.com/?lang=en
https://www.parasym.co/
https://pmneuro.com/
https://regenlife.com/en/
https://sensomedical.com/home/
https://soundforlife.com/
https://acplus.com/
https://www.invivotherapeutics.com/
https://caputron.com/
https://www.cshl.edu/
https://hawaiineuroscience.com/
https://cerora.com/
https://blackrockneurotech.com/research/
https://www.nyxoah.com/
http://www.nervesense.co.uk/
https://www.ischemix.com/
https://www.roche.com/
https://iduntechnologies.ch/
https://www.spiegelberg.de/en/
https://www.raumedic.com/
https://natus.com/
https://www.orthopedicone.com/
https://www.neurovisionmedical.com/
http://cal-brain.org/
https://www.brainscope.com/
https://apdm.com/
http://neuralsignals.com/
https://ceribell.com/
https://www.srisaihospital.com/
https://mybrainandspine.com/
https://swfna.com/
https://www.loncego.de/pages/de/go-ems.php
http://www.thervoyant.com/
https://www.gaspine.com/
https://www.en.inomed.com/
https://www.yalemedicine.org/
https://www.fwnc.com/
https://www.neuralerttechnologies.com/
https://zeto-inc.com/
https://viasonix.com/
https://uniondiagnostic.com.ng/
https://www.thesiestagroup.com/
https://www.integralife.com/
https://www.intranerve.com/
https://lifelinesneuro.com/
https://www.holbergeeg.com/
http://www.ebneuro.com/en/
https://amsneuro.com/
https://n1mtc.com/
https://neuroalert.com/
https://medsuranthealth.com/
https://actipulseneuroscience.com/
https://www.nuvasive.com/
https://www.grey-osure.com/
https://mybraintech.com/
https://brainco.tech/
https://www.saludamedical.com/us/
https://www.soovu.com/
https://www.syntheticmr.com/
https://www.i-brain.tech/science
https://choosemuse.com/
https://www.synapsebiomedical.com/
https://www.emotiv.com/
https://www.amazingbrains.com/
https://brainboost.de/en/
https://www.braintrainuk.com/
https://www.centerforbrain.com/
https://www.clearmindcenter.com/
https://life-arts.nl/
https://mindfulgurukul.com/
http://www.mindreflector.com/
https://peakbraininstitute.com/
https://www.neurodevelopmentcenter.com/
https://tusion.xyz/
https://bioinduction.com/#
https://www.neurospace.jp/
https://www.controlbionics.com/
https://cidelec.net/en/
http://www.jordaneuro.com/
https://neurosphere.io/
https://neurotechinternational.com/
https://www.hipposcreen-nc.com/
https://www.vitalushealth.com/
https://www.medicalexpo.com/
http://www.neuropro.ch/
https://qynapse.com/
https://dm.nisshamedical.com/
https://brainmaster.com/
https://www.kernel.com/
http://www.netway.eu/en/homepage/
https://nasamri.com/
https://www.bitbrain.com/
https://www.hintneuro.com/
https://www.neuroverseinc.com/
https://iconeus.com/
https://www.bnac.net/
http://www.truustneuroimaging.com/index.html
https://www.corticometrics.com/
http://mindfulscientific.ca/mindfulscientific.ca/index.html
https://www.nexstim.com/
https://www.advancedscanners.com/
https://brainnavi.com/
https://www.surgalign.com/
https://www.cnsa.com/
https://www.neneuro.com/
https://www.theneuromedicalcenter.com/
https://www.shneuro.org/
https://neurocentereg.com/
https://avala.com/
https://advantis.io/
https://www.besa.de/
https://www.imagilys.com/
https://www.imageowl.com/
https://admdx.com/
https://www.neura.edu.au/
https://prismclinical.com/
https://neurotechnology.com/
https://neurovision.com/
https://www.lansingneurosurgery.com/
https://brainpaths.com/
https://www.medatec.eu/en/
https://neuralink.com/
https://neuropace.com/
https://www.braingate.org/
https://www.ibm.com/ua-en
https://www.neurologica.com/
https://excellent-brain.com/
https://brainco.tech/
https://naxonlabs.com/
https://neuphony.com/
http://www.oymotion.com/en/
https://blackrockneurotech.com/
http://www.neuracle.cn/
https://comind.io/
https://www.gtec.at/
https://www.jimed.jp/
https://www.mindaffect.nl/
https://www.neeuro.com/
https://www.next-mind.com/
http://www.neuramatrix.com.cn/
https://ni2o.com/
http://www.nicolelislab.net/
https://www.openwater.cc/
https://precisionneuro.io/
https://www.soneramagnetics.com/
https://wearablesensing.com/
https://mentalab.com/
https://www.mind-x.io/
https://www.neuroconcise.co.uk/
https://www.mindmaze.com/
https://www.kelyniam.com/
https://www.bio-techne.com/
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The global NeuroTech market is moderately competitive and 
consists of a large number of players.

The chart on the right represents the top 15 countries with the 
largest investment in the NeuroTech Sector (as of 2021). The 
undisputed leader here is the United States accounting for 173 
companies which raised $4.75B. 

It is followed by the United Kingdom, the second largest country 
for the NeuroTech industry by number of companies, which has a 
total of $440M invested in 24 companies. Canada holding third 
position by number of companies (16 companies) takes the 
second place by investments raising $627M.

Despite the fact that China is not represented by a large number 
of companies, the country implements the China Brain Project 
called up to make progress in the field of neurotechnology from 
2016 to 2030.

Countries by Number of Companies

Top-15 countries in the NeuroTech Sector
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United States

United 
Kingdom

China

Kernel
Los Angeles, California, US

NeuroPace
Mountain View, California, US

Mindstrong
Mountain View, California, US

Axonics Modulation 
Technologies
Irvine, California, US

Denali Therapeutics
San Francisco, California, US

California

Minnesota

Medtronic
Minneapolis, Minnesota, US
Relievant 
Medsystems
Minneapolis, Minnesota, US

SAGE Therapeutics
Cambridge, Massachusetts, 
US

Massachusetts

Neuronetics
Malvern, Pennsylvania, US

Pennsylvania

Shandong

Zhimeng Biopharma
Pudong, Shandong, China

InSightec
Tirat Carmel, Hefa, Israel

Inspire Medical 
System
Maple Grove, Minnesota, US

New York

Acorda Therapeutics
Hawthorne, New York, US

Israel

Neuralink
San Francisco, California, US

ESCAPE Bio
South San Francisco, 
California, US

Cerevel Therapeutics
Boston, Massachusetts, US

ElMindA
Herzliya, Tel Aviv, Israel

Central Region SingaporeTauRx 
Pharmaceuticals
Singapore, Central Region, 
Singapore

United 
Kingdom

ReNeuron Group
Guildford, Surrey, UK

United 
Kingdom

Synchron
Melbourne, New York, US

Investment Activity: Regional Proportion
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Factors Influencing the Development of Neurotechnology

Due to different lockdown restrictions, the ongoing COVID-19 
pandemic has had a significant impact on the 
Neurotechnology market.

Despite multiple reports on neurological deficits in COVID-19 
patients from all over the world, the exact incidence of these 
manifestations is still unknown. Skeletal muscle injury, fatigue, 
weakness, headache, and inability to concentrate are some of 
the many clinical complaints of COVID-19 patients, and these 
complaints may be the neurogenic origin.

SARS-CoV-2 was recognized as a potential neurotropic virus in 
early 2020, and the possibility of the virus entering the brain 
through the olfactory mucosa and the sieve plate was raised. 

The transmission route of SARS-CoV-2 into the central nervous 
system (CNS) includes two main routes: hematogenous and 
neuronal retrograde routes. Like other recognized 
neuro-invasive human viruses, SARS-CoV-2 can damage the 
central nervous system due to the misleading immune 
response, which may be related to the neuroimmune 
pathology.

The increasing incidence and prevalence of 
neurological diseases, coupled with 
increasing funding from private and public 
organizations, has further increased the 
demand for products. However, high product 
costs, ethical issues and strict regulatory 
frameworks may hinder industry growth.

The Global Neurotechnology Market is 
projected to grow from USD 9.3 billion in 
2020 to USD 21.9 billion by 2026 at a 
CAGR of over 15.3% during the forecast 
period. During the forecast period, the 
researched neuroscience market is 
expected to grow at a compound annual 
growth rate of nearly 4.1%

Source Stratview Research

Source: Nature

The chart above represents the percentage of countries with 
COVID-19 related disruption in select mental health, neurological 
and substance abuse related services as of 2020. Such trends 
can be a stimulating factor for Neurotech market.

Source: Statista

https://www.stratviewresearch.com/1646/neurotechnology-market.html
https://www.nature.com/articles/s41582-021-00593-7
https://www.statista.com/statistics/1179388/covid-disruption-mental-health-support-worldwide/
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Neurotechnology has the potential to generate major ethical, legal 
and social issues. Brain-controlled computer systems, robotic 
limbs, neuroprostheses, brain-stimulators, cognitive orthotics, 
memory aids, hearing and visual implants have a groundbreaking 
potential to improve the quality of life of neurological patients, but 
neural engineering raises the issues of dual-use and information 
security. 

In addition, advances in robotics, AI, and BCI interface technology 
have led to speculation about the ethical issues that may arise in a 
future world of unprecedented human intelligence and cognitive 
capabilities, as human brains connect more directly with the 
impressive power of machine learning and vast data available via 
the Internet.

Individual 
Privacy and Civil 

Liberties

Safety and 
Security

Inadvertent use 
or Misuse of 
Neurological 
Information

Employment 
Bias / 

Discrimination

Misappropriated 
Law 

Enforcement 
and Intelligence 

Collection

Judicial Misuse of 
Neurotechnology

Fear of 
Government 

Abuse and Mind 
Control

Neuroweapons 
and 

Human-Computer 
Interaction and 

Sentient Machines

Treatment 
versus 

Augmentation

Source Neurotechnology Futures Study

Factors Influencing the Development of Neurotechnology

Since neurological control devices (such as brain stimulators and 
brain-computer interfaces) can be used as medical technology and 
commercial products, neurocriminals sent in advance may destroy or 
terminate the device without the user’s permission or consent.

Source Neuroethics

The Ethical, Legal and Social Issues (ELSI) 
How well are the risks managed posed by progressing neurotechnologies?

https://www.potomacinstitute.org/images/studies/NTFSReport-FINAL.pdf
https://link.springer.com/article/10.1007/s12152-021-09468-6
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Artificial Neural Network Technology

ANNs present a novel approach in computational neuroscience.  
Similar to the brain, Artificial Neural Networks mimic the biological 
neural networks of the human body. Artificial Intelligence, with its ability 
to recognize patterns in large and complex data sets, has achieved 
remarkable success in the past decade, partly because of the way it 
performs certain calculations by simulating the brain.  

The main advantage of machine learning is to recognize patterns that 
may be too subtle or too deeply buried in huge data sets to be 
discovered by people. Innovative neurotechnology is generating a large 
amount of big data from brain connectivity, transcriptome, and 
neurophysiology. 

The structure of an artificial 
neuron can be explained as 
below. The advent of 
Neurosynaptic era was with 
IBM’s TrueNorth. The 
foundations for the same 
were laid by Ovonic 
Computational Devices. The 
message transfer occurs in 
three respective phases, 
Synapse phase, Neuron 
phase and Network phase.

+
summation

threshold

dendrites-weighted
inputs

axon-output 
units

Current work to make ANNs better models of brains

By emulating biological features in 
brain, Spiking Neural Networks (SNNs) 
offer an energy-efficient alternative to 
conventional deep learning by 
processing visual information with 
binary events (i.e., spikes) over multiple 
time-steps.

Recently, RNNs have been shown to be 
successful in various tasks that involve 
processing of arbitrary input 
sequences such as speech 
recognition. It will be important to aim 
at simultaneously explaining a wider 
range of physiological phenomena.

Spiking Neural Networks Developing Brain-like 
Recurrent Networks 

Source: Nature
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3D memory chip with Natural Neural Networks

https://www.nature.com/articles/s41598-021-98448-0
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The development of Artificial Neural 
Network is mainly reflected in two 
directions. 

Acceleration of intelligent technology 
and product development includes, 
among others, brain chips, neural 
computing, brain-computer interface, 
using brain information processing, 
and neural coding mechanisms to 
build new models of neural networks. 

The use of Neuromorphic 
computation to simulate the 
processing of information in the 
human brain with the aim of a 
machine that can implement a 
person's cognitive ability the level of 
human intelligence or exceeding.

Source: Towards Data Science

Directions of Acceleration ANN
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Source Researchgate

https://towardsdatascience.com/introduction-to-artificial-neural-networks-5036081137bb
https://www.researchgate.net/publication/328701744_The_Roadmap_to_Realizing_Memristive_Three-dimensional_Neuromorphic_Computing_System
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For example, object classification in the brain 
and building functional models of the visual 
systems 

Fresh modeling approaches are needed to 
meet new challenges in brain research

1

Neurons in the prefrontal cortex often show 
complex mixed selectivity to various task 
variables 

Existing models of complex neural signals 
may be insufficient to answer the questions of 
consciousness origin. ANNs are promising to 
capture the complex nature of the neural 
activity2

ANNs with given various architectural 
constraints will give an answer to the question 
why the brain works like this

By identifying the particular objective and set 
of constraints that lead to brain-resembling 
ANNs, we could potentially gain insights into 
the evolutionary prerequisites3

There are three reasons for which ANNs or deep learning models have 
already been and continue to be usefulProject Brainwave is a deep 

learning platform for real-time AI 
inference in the cloud and on the 
edge. A soft Neural Processing Unit 
(NPU), based on a 
high-performance 
field-programmable gate array 
(FPGA), accelerates deep neural 
network (DNN) inferencing, with 
applications in computer vision and 
natural language processing

Artificial Neural Network Techniques

Some forms of artificial intelligence are designed in a way roughly similar to 
the human brain, relying on building artificial neural networks to establish 
connections to replicate the level of complex human processing features. 

Once an algorithm is built for a machine, it will experience three different forms 
of learning: supervised learning, unsupervised learning, and reinforced learning, 
which develops and strengthens its neural network. After the computer 
“understands” its intended function, it will work independently to correct itself 
through a series of trials and errors — a process that ultimately leads to 
complex decisions.

Although neuroscientists have achieved great success in the standard neural 
network architecture (Recurrent Neural Network, RNN) and training algorithms 
(Stochastic Gradient Descent, SGD) used in machine learning, for many 
neuroscience problems, building network architectures that will become 
biologically plausible is still an important task

In contrast, traditional artificial neural networks are mostly trained from 
scratch using SGD-based rules. Combining a more realistic learning process 
can help us build better brain models.
Source Cell

https://www.cell.com/neuron/pdf/S0896-6273(20)30705-4.pdf
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To be able to assess the impact of socioeconomic variables in neurological data, future research will need to start collecting 
homogenized metadata corresponding to factors that may cause bias. Despite the apparent advances in AI-assisted diagnosis of disease 
and drug selection, many open questions remain regarding ethical standards.

Has the potential to revolutionize 
healthcare delivery

● AI helps clinicians work smarter 
while improving patient 
outcomes.

Personalized medicine

● AI also has applications in drug 
discovery and development, 
where it could be used to 
identify drug-drug interactions 
and to develop personalized 
treatments.

● AI systems could also help 
reduce health care costs.

Diagnostics

● Artificial intelligence can be 
useful for identifying patterns of 
brain activity that are difficult for 
doctors to detect, it has partially 
overtaken the diagnostic skills 
of human.

● AI diagnosis may be more 
accurate as it eliminates the 
cognitive bias called 
overconfidence bias.

The need for new specialists

● Collection, processing, and 
training of artificial 
intelligence, and what is 
important, the application of 
the conclusions made by the 
neural network remains the 
responsibility of experts.

Increased biased decision-making in 
healthcare

● Artificial Intelligence can 
influence Health Insurance 
decisions.

● AI tools could unwittingly 
perpetuate or even amplify bias 
in healthcare delivery has 
societal, legal, and monetary 
implications. 

The rise of automation in the 
workplace

● Retraining of the labor force 
and upgrading of skills are 
necessary. 

Misdiagnosing 

● If AI is used as a diagnostic or 
therapeutic approach in patients 
who are invisible in the datasets 
that AI algorithms are trained 
with, these may fail to diagnose 
or treat entire patient groups, 
such as ethnic and gender 
minorities.

Risk of leakage of confidential 
patient information

● The growing interest in 
wearable devices for 
monitoring and modulating 
neural activity raises the issue 
of data transmission without 
the consent of the patient.

Risks and Opportunities ANN

Source: Foundation Research

https://ea-foundation.org/files/ai-opportunities-and-risks.pdf
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The expenditure on the global artificial intelligence market 
expected to reach USD 185.17 billion by 2026, registering a 
CAGR of 26.1% during the forecast period (2021-2026). Major 
players:

Source: Mordor Intelligence 

The COVID-19 pandemic has both positively and negatively impacted 
the adoption of AI across industries. For example, in a few months, 
governments around the world have learned to use artificial intelligence 
as a weapon against the virus by educating the public, screening 
patients, and tracking and tracing contacts. Technologies such as the 
Internet of Things and 5G are encouraging artificial intelligence.

Deep learning is considered to be the lowest possible 
cornerstone of the road to the future of artificial intelligence. 
There are still doubts: artificial neurons may be too different from 
biological neurons to produce complex cognitive processes and 
human-like intelligence.

An ANN is a computing system consisting of multiple input and 
output units, much like the biological brain. Traditional ANNs 
have arbitrary structures that do not reflect how real brain 
networks are organized. A recent study published in the journal 
Nature Machine Intelligence demonstrates ANNs with human 
brain connectivity, known as neuromorphic neural networks, 
performed cognitive memory tasks more flexibly and efficiently 
than other benchmark architectures.  

The neuromorphic neural networks were able to use the same 
underlying architecture to support a wide range of learning 
capacities across multiple contexts.

Development Trend of Artificial Neural Network

Source: Nature Machine Intelligence

https://www.mordorintelligence.com/industry-reports/global-artificial-intelligence-market
https://www.ibm.com/ua-en
https://www.intel.ru/content/www/ru/ru/homepage.html
https://www.microsoft.com/en-us/research/project/project-brainwave/
https://research.google/teams/brain/
https://www.sciencedaily.com/releases/2021/08/210809144041.htm
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Los Altos, California, 
United States

Artificial Neural Network (ANN): Companies Profiling

Seed Round

$25M

Pre-Seed Round A Round B Round C

$23.5K $74.3M $144M  $230M

Alto Neuroscience are pioneering an approach to psychiatric drug development which 
matches the right patient with the right drug based on AI-derived brain biomarkers. Initial 
clinical studies focus on depression and PTSD, but pipeline and biomarker platform are 
designed to scale broadly across mental health conditions, and to neurology.

Total Funding Amount

$40M

Cambridge, 
Massachusetts, 

United States

nQ Medical is a neurotechnology company allowing Data Defined Disease Management 
via digital biomarkers using AI. Digital Biomarker Discovery Platform can be supports 
clinical trials by improving accuracy and efficiency in recruitment, and by measuring the 
impact of therapy on outcomes at a far more granular level.

Total Funding Amount

$4.5M

Santa Barbara, 
California, 

United States

Cognixion is a neural interface mission-driven company creates AI-powered products 
aiming to unlock speech for hundreds of millions of people worldwide affected by 
communication disabilities.

Round A

 $32M

Seed Round

  $8M

Total Funding Amount

$14.8M

Seed Round

 $4.3M

Pre Seed 
Round

  $250K

Debt 
Financing

 $1.8M

Seed Round

  $13M

https://www.altoneuroscience.com/
http://www.nq-medical.com/
https://www.cognixion.com/
https://www.altoneuroscience.com/
http://www.nq-medical.com/
https://www.cognixion.com/


Neuromorphic Engineering

https://www.invest-solutions.tech/
https://www.aginganalytics.com/
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The next generation BrainScaleS-2 single chip 
system by HBP and the EBRAINS Research 
Infrastructure is based on physical (analogue or 
mixed-signal) emulations of "point neurons". 
The system runs 1000x faster that biological 
real time.

Neuromorphic devices include semiconductor devices 
conceptually inspired by neurobiological architecture. 

The neuromorphic processor uses a different 
architecture from the traditional von-Neumann 

architecture. The neuromorphic system is in a very 
early prototype stage. IBM provided a system based 

on TrueNorth. Neural chip adaptive spike neuron 
processor technology and Hewlett-Packard lab 

products are early products. Intel's "Loihi" chip solves 
a broader range of AI workloads with a higher degree 

of connectivity. Qualcomm is one of the first 
neuromorphic processors.

Source: Frontesin

Within the IoT 2.0 paradigms, the transition from cloud to edge 
computing is vital for homogeneous and universal data access 
throughout smart connected devices and products lifecycles. 

One of the key players in this challenge is the Neuromorphic 
technology, inspired by the human brain. Neuromorphic devices 
that can emulate the bionic sensory and perceptual functions of 
neural systems have great applications in personal healthcare 
monitoring, Neuroprosthetics, and Brain–Machine Interfaces. 

In order to realize bionic sensing and perception, it’s crucial to 
prepare neuromorphic devices with the function of perceiving 
environment in real-time. The neuromorphic system is in a very 
early prototype stage.

Although initially intended for brain simulations, the adoption of 
the emerging Neuromorphic technology is more and more 
appealing in fields such as IoT edge devices, Biomedical, High 
Performance Computing, and Robotics.

A photo shows Intel’s Loihi 2 neuromorphic 
chip second-generation by Intel's. It supports 
new classes of neuro-inspired algorithms and 
applications, while providing faster processing, 
greater resource density and improved energy 
efficiency. It was introduced by Intel in 
September 2021.

Source:  Intel 

TrueNorth by IBM is a brain-inspired chip 
architecture built from an interconnected 
network of lightweight neurosynaptic cores, 
is fully programmable in terms of both the 
"physiology" and "anatomy". Supports a wide 
variety of computational functions and 
neural codes.

Source: International Joint 
Conference on Neural Networks

Source: Human Brain Project

BrainChip continued development of its 
Akida™ Neuromorphic System-on-Chip 
(NSoC) is releasing BrainChip’s Akida is a 
revolutionary advanced neural networking 
processor that brings Artificial Intelligence to 
the Edge in a way. 

Source: BusinessWire

Neuromorphic Technology

https://www.frontiersin.org/research-topics/25722/powering-the-next-generation-iot-applications-new-tools-and-emerging-technologies-for-the-developmen
https://www.intc.com/news-events/press-releases/detail/1502/intel-advances-neuromorphic-with-loihi-2-new-lava-software
https://www.researchgate.net/publication/260869530_Cognitive_computing_building_block_A_versatile_and_efficient_digital_neuron_model_for_neurosynaptic_cores
https://www.researchgate.net/publication/260869530_Cognitive_computing_building_block_A_versatile_and_efficient_digital_neuron_model_for_neurosynaptic_cores
https://www.humanbrainproject.eu/en/silicon-brains/
https://www.businesswire.com/news/home/20211108006186/en/BrainChip-Completes-Testing-Production-Version-of-the-Akida-Chip
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Main Problems Brain-like Intelligence

Perception of Visual Information

In vivo visual images are difficult to accurately identify 
due to the combined effects of unstable factors such as 

light, angle of view, and object movement. Visual 
perception in complex environments is still a major 

challenge.

Human-Machine Dialogue System

In the noisy real environment of existing speech 
recognition technology, it is difficult to successfully and 
efficiently implement speech recognition, understanding 

and processing operations.

Processing Information like the brain

With the ever-expanding scope of artificial intelligence, 
higher demands are placed on processing center power 

and “thinking speed”. Currently, the priority is to 
introduce advanced technologies such as cloud 

computing and cloud storage.
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Source Ieeexplore 

https://ieeexplore.ieee.org/document/6479026/
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Neuromorphic computing systems have been developed using 
machine-learning software and complementary 
metal-oxide-semiconductor (CMOS)-based hardware technologies to 
emulate the brain. However, these methods have disadvantages in 
terms of power consumption and learning speed.

The creation of an efficient neuromorphic computing system requires 
the development of neuromorphic devices that can simulate the 
functions of synapses and neurons.

Significant progress has been made in modeling some subsystems, 
such as the auditory and visual systems, and neuromorphic models of 
the cerebellum, especially those related to pattern recognition 
capabilities. Progress has been made in the development of a series of 
models of the artificial hippocampus and various neural activity 
networks.

Neuromorphic Techniques
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DNNs require artificial synapses 
that have analog conductance 
modulation characteristics 
because the conductance of 
synapses is adjusted during 
training by backpropagation.

In SNNs, artificial synapses are 
required to emulate the 
spike-timing-dependent plasticity 
(STDP) that is used for 
unsupervised learning.

Deep Neural Network Spiking Neural NetworkTwo-terminal devices such as memristors, ferroelectric tunnel junctions 
(FTJs), and phase change memories (PCMs) have been researched as artificial 
synapses.
Three-terminal devices including electrochemical transistors, ferroelectric 
transistors, and charge-trapping transistors have been researched as artificial 
synapses.

Source Frontiers in Cellular Neuroscience

Source IScience

https://www.frontiersin.org/articles/10.3389/fncel.2021.622870/full
https://www.sciencedirect.com/science/article/pii/S2589004220310439
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Development Trend of Neuromorphic Engineering

The current deployment of Neuromorphic Devices 
has the following obstacles:
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Programming Neuromorphic Hardware 
requires new tools and learning methods.
The complexity of the interaction of 
semiconductor devices. 
The neuromorphic processor uses a 
different architecture from the traditional 
von-Neumann architecture. 

The Neuromorphic Chip Market it is projected to be worth USD 333.6 
million by 2026, registering a CAGR of 47.4% during the period of 
2021-2026. Major Players:

Source Mordor Intelligence 

To accelerate the adoption of interfaces, one needs to consider them in 
the framework of the Device control (IoT) Interaction. In the future 
neuromorphic chips will be swiftly moved from laboratories to commercial 
applications. The real contribution of Neuromorphic Engineering is to 
boost the accuracy of Artificial Intelligence decisions that resemble 
random human behavior. It is purposed to correct any conceivable bugs in 
deep learning with proper diligence. Grand View Research compute 
expected global valuation of neuromorphic market as $6.48 billion by 
2024, which would double the applications with global adoption in almost 
every field. 
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Acceleration of intelligent technology and 
product development - brain chips, neural 
computing, using brain information 
processing, and neural coding mechanisms 
to build new models of neural networks. 

Source: Technolution  

https://brainchipinc.com/
https://www.intel.com/content/www/us/en/homepage.html
https://www.general-vision.com/
https://www.nepes.co.kr/kr/
https://www.synsense-neuromorphic.com/
https://www.mordorintelligence.com/industry-reports/neuromorphic-chip-market#
https://techolution.com/neuromorphic-computing-2030-ai-mega-trends/
https://www.mordorintelligence.com/industry-reports/neuromorphic-chip-market#


Deep Knowledge Group 30

Zürich, Zurich, 
Switzerland

Neuromorphic Engineering: Companies Profiling

Seed Round

$25M

Pre-Seed Round A Round B Round C

$23.5K $74.3M $144M  $230M

SynSense is a leading-edge neuromorphic computing company. It provides dedicated 
mixed-signal/fully digital neuromorphic processors which overcome the limitations of 
legacy von Neumann computers to provide an unprecedented combination of ultra-low 
power consumption and low-latency performance.

Total Funding Amount

$91.8K

Delft, Zuid-Holland, 
The Netherlands

Innatera is a startup that uses neuromorphic engineering to develop advanced 
microprocessors. The startup’s neuromorphic processors mimic the brain to achieve 
ultra-efficiency. Innatera employs a spiking neural network (SNN) architecture to deliver 
high cognition with a narrow power envelope.

Total Funding Amount

$5.6М

Bath, Bath and North 
East Somerset, 
United Kingdom

Ceryx Medical develops bioelectronic devices use a proprietary microchip technology. 
They uses neuromorphic engineering and central pattern generators (CPGs) to mimic the 
body’s nerve centers. This enables the development of new clinical tools that improve 
treatment efficacy and patient outcomes.

Total Funding Amount

$2.7M

Grant

$91.8K

Seed Round 

$5.6M

Seed Round 

$2.7M

https://www.synsense-neuromorphic.com/
http://www.innatera.com/
https://www.ceryxmedical.com/
https://www.synsense-neuromorphic.com/
http://www.innatera.com/
https://www.ceryxmedical.com/
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The eNeura® sTMS™ mini is an 
approved by FDA non-invasive 
single-pulse Transcranial Magnetic 
Stimulation (sTMS) device for the 
drug-free treatment and prevention 
of migraine.

Europe’s first medically-approved 
brain non-invasive transcranial direct 
current stimulation device to treat 
depression is now available for 
people to use at home by Flow 
Neuroscience.

Neuromodulation Technology

Neuromodulation refers to interfacing and intervening with the 
nervous system through electrical, electromagnetic, chemical, or 
optogenetic methodologies with the goal of long-term activation, 
inhibition, modification, and/or regulation of neural activity. 
Directly to a target area can treat almost all diseases or 
symptoms, from headaches to tremors to spinal cord injuries to 
urinary incontinence. With such a wide range of treatments and 
continuous and significant improvements in biotechnology, 
neuromodulation is expected to become a major growth industry 
in the next decade. 

Nerve stimulation devices involve applying electrodes to the 
brain cord, spinal cord, or peripheral nerves. These precisely 
placed wires are connected to the pulse generator and power 
supply via extension cables to generate the necessary electrical 
stimulation.

Therapies including deep brain stimulation (DBS), intracranial 
cortical stimulation (ICS), transcranial direct current stimulation 
(tDCS), and transcranial magnetic stimulation (TMS) have all 
shown promising results across a range of neurological and 
neuropsychiatric disorders.

Transcranial Electrical Stimulation (TES) and Transcranial 
Magnetic Stimulation (TMS) devices use accordingly electrical or 
magnetic stimulation to modulate brain circuits are primarily in 
research projects. However, the technologies is widely used in 
medical and non-medical devices, including modulation visual 
perception, memory, reading, decision-making and even 
imagination.

Source: IEEE Transactions on Biomedical Engineering

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3724171/
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Brain Stimulation Techniques

memory layers
DBS ICS tDCS TMS

Objective DBS involves applying electric current 
through small regions of brain tissue, 
changing the extracellular potential of 
cells and fibers near the stimulated 
electrode. 

ICS involves applying epidural 
electrode, which are placed between 
the cranium and dura.

tDCS involves applying tonic 
modulation flows across the cortex 
from the negatively polarized cathode 
to the positively polarized anode.

TMS involves applying pulsed current 
is discharged through a coil placed 
near the surface of the scalp, creating 
a time-varying magnetic field act to 
modulate neuronal activity within the 
cortex. TMS does not require surgical 
intervention.

Limitations The lack of knowledge pertaining to the 
neurophysiological mechanisms of DBS. 
Devices and implantation procedures will 
need adaptation. Most DBS targets are 
adjacent to neural correlates that lead to 
untoward motor, sensory, and cognitive 
side effects. 

Limitations in electric field 
stimulation. A higher risk of inducing 
seizures than with DBS. 

Temporal precision. The temporal precision of an rTMS 
session and the beginning of the 
subsequent behavioral therapy is not 
exactly defined.

Challenges Introducing rechargeable batteries would 
reduce, but not completely eliminate, the 
number of replacements stimulators. 
Improving therapeutic outcomes and 
reducing patient complications (e.g. 
infection, lead fracture, device dislocation, 
poorly targeted leads) also have the 
potential to reduce costs associated with 
DBS therapy. 

Penetrating microelectrodes have 
been used successfully in both the 
central (CNS) and peripheral (PNS) 
nervous systems, however the brain 
imposes some specific conditions 
such as the absence of regeneration 
and the presence of different types of 
glial cells.

Novel closed-loop control systems for 
individualized cognitive training and 
rehabilitation. 

The design of software and hardware 
components of TMS systems. The 
identification of new targets for 
emerging areas would provide a 
non-invasive alternative therapy for 
patients who are not treated 
adequately with medication. 
Optimization and consistency of 
stimulation parameters, including 
frequency and duration.
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Specifications

● Duration and frequency of 
stimulation can be controlled.

● Engineering guidelines to improve 
device design and programming 
procedures.

● Effective stimulation parameters.
● Negate battery replacement.

Possibilities for Personalized Control

● Overcoming resistant or 
intolerant to available drugs.

● Effects can be local or remote in 
brain networks and can be 
immediate.

● Improving current steering within 
the brain.

● Understanding outcome 
variability among patients.

Influence

● Improve therapy with fewer 
side-effects.

● Minimize postoperative side 
effects on target regions.

● Expanding coverage over multiple 
symptoms of a disorder.

New Competencies

● Neurostimulation treatments, 
even if non-invasive, should be 
initiated by trained practitioners 
in specialist.

● Identify biomarkers for 
closed-loop stimulation therapy, 
more effective and localized 
regions for stimulation.

● Identify variability (outcome).

Long Term Side Effects

● For targeted exposure, a 
combination of neuromodulation 
with optogenetics is required.

● Sham controlled trials are sparse, 
and the exact mode of action of 
this stimulus remains largely 
unknown.

Social Impact

● Retraining of the labor force and 
upgrading of skills are necessary. 

● Neuromodulation is an expensive 
procedure that requires 
maintenance costs and cannot 
be widespread at this stage.

● Brain data privacy remains in 
question.

Personalized Approach

● Their applicability to patients with 
mental disorders and addiction 
disorders relies heavily on the 
identification of biomarkers such 
as brain signals that can provide 
necessary feedback and symptom 
status detection, so as to achieve 
more detailed and personalized 
Neuromodulation.

Invasive Technology

● Is a neurosurgical procedure that 
involves the implantation of 
electrodes connected to a 
stimulator device, posing a risk 
of infection and injury.

● The brain tissue includes a 
complex network of blood 
vessels that are likely to be 
injured by the introduction of any 
external device.

Risks and Opportunities Neuromodulation

Source IEEE Transactions on Biomedical Engineering

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3724171/
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Development Trend of Neuromodulation

The current deployment of Neuromodulation has the following 
obstacles:
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Neuromodulation devices will become more 
compact and non-invasive.

Neuromodulators will become part of the 
Internet of Things.

The brain implants market was expected to witness a revenue of 
USD 7,002.42 million by 2026, with a CAGR of 9.25% over the 
forecast period.

Source: Mordor Intelligence 

This development such as brain-computer 
interfaces (BCI) and deep brain stimulators 
(DBS) interact directly with the human brain, 
whether from electrodes implanted deep in 
the brain, electrodes on the surface of the 
brain, or non-invasive devices that operate 
through the skull are being driven by a 
number of large global neuroscience 
initiatives, including the United States-based 
Brain Research through Advancing Innovative 
Neurotechnologies (BRAIN) initiative. The dominant share of the segment is due to the rising incidence rates 

of traumatic brain injuries (TBI) globally.

At the same time, the non-medical use of these devices may be to 
monitor abnormal behaviors of workers, such as fatigue, stress, and 
drowsiness. This can increase worker productivity and prevent injuries 
in factories and other workplaces with high accident rates.

Neuromodulation is gaining popularity because these devices have 
been very successful in the treatment of conditions for which 
medicines have failed completely or may have unpleasant side effects.

Implantable devices have been the most preferred type, as they allow clinicians 
and healthcare providers to obtain maximum efficiency in stimulation of 
desired nerve. Spinal cord stimulators, vagus nerve stimulators, sacral nerve 
stimulators, and deep brain stimulators are predominantly implantable in 
nature. These, along with new implantable devices being introduced by market 
players, are some of the factors responsible for dominant share of the invasive 
segment in this market. 

Source: Fortune Business Insights

Source: Market Watch

https://www.mordorintelligence.com/industry-reports/brain-implants-market
https://www.neuromodulation.abbott/us/en/hcp/products/dbs-movement-disorders/st-jude-medical-infinity-dbs-system.html
https://www.bostonscientific.com/en-EU/products/deep-brain-stimulation-systems.html
https://www.medtronic.com/us-en/healthcare-professionals/products/neurological/deep-brain-stimulation-systems.html
https://www.neuropace.com/patients/neuropace-rns-system/
https://www.renishaw.com/en/neuroguide-dbs-electrode-delivery-system--6725
https://www.fortunebusinessinsights.com/industry-reports/neuromodulation-devices-market-100561
https://www.marketwatch.com/press-release/neuromodulation-devices-global-market-global-industry-trends-market-size-forecast-up-to-2030-2021-12-06?tesla=y
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Brain-Contacting Stimulators

Implanted cerebellar 
stimulator used for 

the treatment of 
intractable epilepsy, 
spasticity, and some 
movement disorders

Electroanesthesia 
apparatus used for 
the induction and 
maintenance of 

anesthesia during 
surgical procedures

Implanted 
intracerebral/sub- 
cortical stimulator 
used the treatment 
severe intractable 

pain

Cranial 
electrotherapy 

stimulator used the 
treatment of 

depression, anxiety, 
and sleep disorders

Behavior stimulator 
used for effective at 
reducing risk-taking 
behavior, bias, and 

overeating

Implanted electrical 
stimulator for 

Parkinson’s tremor 

Implanted 
brain/subcortical 

stimulator for 
epilepsy

Low electric field 
stimulator for tumor 
treatment used in the 

treatment of some 
brain cancers

Deep-brain 
stimulator for 

obsessive 
compulsive disorder

Implanted autonomic 
nerve stimulator for 

depression

Vagus Nerve 
Stimulation (VNS) 

used for therapy for 
refractory epilepsy 
and for treatment 

resistant depression

Motor Cortex 
Stimulation  used for 
attenuate the various 
types of neuropathic 

pain including 
post-stroke pain
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Non-implanted Stimulators  and Implanted Stimulators for Pain Relief

Powered muscle 
stimulator with 

limited output for 
rehabilitation

Powered muscle 
stimulator with 

limited output for 
muscle conditioning

Transcutaneous 
Electrical Nerve 

Stimulation (TENS)  
for the prevention 

and management of 
migraine

Spinal cord 
stimulator used for in 

chronic pain 
management of 
neuropathic pain 

conditions

Evoked response 
electrical stimulator 

Peripheral nerve 
stimulation used for 

the treatment chronic 
pain

Non-implantable 
electrical stimulator 

for incontinence 
used for the intent of 

strengthening and 
exercising pelvic floor 

musculature

Implanted peripheral 
nerve stimulator for 

pain relief used for in 
patients with pain in a 

peripheral nerve 
distribution

Salivary system 
stimulator used for 
inducement of the 

salivary glands in the 
treatment of 
xerostomia

Noninvasive bone 
growth stimulator 

used to facilitate the 
heal of long bone 

nonunion fractures 
and spinal fusions

Functional Electrical 
Stimulation (FES)  

used as a treatment 
modality for disuse 

atrophy

Percutaneous 
electrical nerve 

stimulation (PENS) is 
used for therapies in 
the management of 
pain secondary to 

osteoarthritis
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Implanted Stimulators for Nonpain Relief Indications

Electric invasive 
stimulator for 

osteogenesis used 
for stimulating repair 

fractured bone 
segments

Spinal cord 
stimulator for applied 

pain as considered 
therapeutically 

refractory

Phrenic nerve 
stimulation is used 

for improving 
breathing function in 

patients

Stimulator for sleep 
apnea used for 
inducement the 

hypoglossal nerve

Gastric electrical 
stimulator system 

the used to help 
control chronic 

nausea and vomiting 
associated with 
gastroparesis

Implanted spinal 
cord stimulator for 

bladder evacuation is 
used for a paraplegic 
and with a complete 

transection of the 
spinal cord

Implanted 
neuromuscular 
stimulator for 

developed to provide 
grasp-release 

function

Laparoscopically 
implanted 

diaphragmatic nerve 
stimulator used as an 

alternative to 
mechanical 
ventilation

Source: Progress in Brain Research

https://www.sciencedirect.com/topics/neuroscience/neuromodulation
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Waltham, 
Massachusetts, 

United States

Neuromodulation: Companies Profiling

Neuroelectrics is pioneering a new therapeutic Starstim® platform to treat neurological 
and psychiatric disorders that combines brain stimulation technology with freely 
customizable tES waveforms allow for advanced investigations with simultaneous 
monitoring as well as closed-loop applications for personalized neuromodulation. Barcelona, Catalonia, 

Spain

Round A

$17.5M $90M
Total Funding Amount

$17.5M

Thync presents technology that targets the autonomic nervous system uses 
transcutaneous peripheral nerve stimulation (tPNS). Unlike its competitors, which use 
Cranial electrotherapy (CES) or Transcranial direct current (tDCS) stimulations, in 
FeelZing electrical currents modulate some of the hormones the fight-or-flight response. Los Gatos, California, 

United StatesTotal Funding Amount

$29.8M

NEURO Metrix strategy is to develop medical devices that utilize non-invasive 
neurostimulation to diagnose and treat neurological conditions and pain. DPNCheck® 
provides rapid detection of peripheral neuropathies, Quell® indicated for the treatment of 
lower extremity chronic pain.

Total Funding Amount

$105.2MPost-IPO Equity

$18.7M        $14.7M      $13.8M   $21M        $26.5M       $7M          $3.5M  

Round  A

$13M $16.8M

Round  B

https://www.neuroelectrics.com/
https://thync.com/
https://www.neurometrix.com/
https://www.neuroelectrics.com/
https://thync.com/
https://www.neurometrix.com/
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Seongnam, 
Kyonggi-do, 
South Korea

Cambridge, 
Massachusetts, 

United States

Neuromodulation: Companies Profiling

Nevro created a disruption by offering a next-generation approach called 10 kHz Therapy, 
which provides patients with significant pain relief and no paresthesia. HFX Cloud™ 
cloud-based patient management system facilitates ongoing support to help individualize 
care for long-term success with spinal cord stimulation (SCS). Menlo Park, California, 

United States
$90M

Total Funding Amount

$355.8M

InVivo Theurapeutics is engaged the treatment of spinal cord injury. Investigational 
technology Neuro-Spinal Scaffold™ is implanted at the site of damage within one week of 
acute thoracic spinal cord injury patients with the goal of supporting neural regeneration 
and cell growth, either alone or in combination with other technologies.

Total Funding Amount

$116.2M

Ybrain creates values through brain science. Company commercialize home-based 
neuropsychiatry diagnosis, treatment and management solutions. MINDD is a digital 
wireless non-ivasive brain stimulation system that aims hospital and home connected 
treatment helps to activate neuronal communication in the cerebral cortex.

Total Funding Amount

$25.3M

Seed Round

 $5.5M        $21.8M       $58M   $48M         $50M       $172M          

 Round A  Round B Round C Debt 
financing

Post-IPO 
debt

Post-IPO Equity

$13M            $30M        $32.2M   $15.2M     $840K       $10M          $15M  

$0.54M       $2.96M       $5.18K   $5.74M     $6.31M     $9.74M

https://nevro.com/English/us/home/default.aspx
http://www.invivotherapeutics.com/
https://www.ybrain.com/
https://nevro.com/English/us/home/default.aspx
http://www.invivotherapeutics.com/
https://www.ybrain.com/
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Neuromodulation: Companies Profiling

electroCORE develops neuromodulation therapies. Stimulator gammaCore™ significantly 
impacts the treatment of episodic attacks of cluster headaches. As well as clearance of 
gammaCore™ non-Invasive vagus nerve stimulation (nVNS) used for the treatment of 
paroxysmal hemicrania and hemicrania continua. Basking Ridge, New 

Jersey, United States
$90M

Total Funding Amount

$145.5M

Cala Health is a bioelectronic medicine company transforming the standard of care for 
chronic disease. The wearable neuromodulation therapies product, Cala Trio™, is the only 
non-invasive therapy for essential tremors. 

Burlingame, California, 
United StatesTotal Funding Amount

$148.3M

Functional Neuromodulation is advancing deep brain stimulation (DBS) therapies to help 
improve the lives of people with mild Alzheimer’s disease investigating the use of DBS of 
the fornix (DBS-f) to drive neural activity and modulate the brain’s memory circuit. Toronto, Ontario, 

Canada
Total Funding Amount

$10.4M

Seed Round

 $550K          $55M       $1.5M   $70M       $463.7K       $18M          

 Round A Debt  
Financing

Round B Post-IPO 
Equity

Post-IPO 
Equity

Round B

 $18M

Round A Round C Round D

$3.3M  $50M  $77M

Round A

$10.4M

https://www.electrocore.com/
https://calahealth.com/
https://www.fxneuromod.com/
https://www.electrocore.com/
https://calahealth.com/
https://www.fxneuromod.com/


NeuroImaging

https://www.invest-solutions.tech/
https://www.aginganalytics.com/
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Source Principles of Neural Science, 5-th Edition

Functional NeuroImaging Technology

Functional imaging can be used in two ways

Look at baseline levels of brain activity.

Define regions that become active during 
specific behaviors and cognitive activities.

Baseline levels of 
brain activity

Regions that 
become active 
during specific 
behaviors and 

cognitive activities

Functional neuroimaging technology can be used to determine the impact of brain injury or disease on the brain system related to 
cognition and behavior, and to determine how rehabilitation changes the brain system. Increasing health problems and the increasing 
adoption of new technologies are some of the key factors driving the growth of the brain mapping equipment market, and the increase in 
the number of diagnostic centers has also promoted the growth of the brain mapping equipment market.

The Neuroimaging techniques allow to understand how the brain develops and controls perception of the world, interactions with it and 
how human brain systems operate using technologies the noninvasive brain techniques such electroencephalogram (EEG), transcranial 
magnetic stimulation (TMS), functional magnetic resonance imaging (fMRI), magnetoencephalogram (MEG), positron emission 
tomography (PET), and near-infrared spectroscopy (NIRS) and computed axial tomography (CAT). 

Imaging modalities segment is mainly attributed to the rising geriatric population and increasing road accidents, which the need for brain 
imaging procedures for the neurologist to diagnose the injury and provide correct treatment, thus boosts the segment growth.

https://neurology.mhmedical.com/book.aspx?bookID=1049
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Source Principles of Neural Science, 5-th Edition

Brain Mapping Techniques

fMRI TMS MEG EEG PET NIRS

Objective By measuring the change 
in blood oxygenation to 
compute hemodynamic 
responses related to 
neuronal activity.

By measuring the changes 
in magnetic field induces 
a corresponding electrical 
potential change in the 
affected cortex.

By measuring the 
changes in magnetic 
fields related to electrical 
activity changes. 

By measuring the 
changes in electrical 
activity as clusters of 
neurons become 
active.

By measuring the changes 
in regional metabolic 
pathways by tagging with 
a positron emitting 
isotope.

By measuring the 
change in blood flow its 
visible and infrared 
absorption spectrum.

Limitations Disadvantage in temporal 
resolution compared to 
EEG and MEG. Expensive 
technology. fMRI and 
PET are indirect 
measures of neural 
activity which rely on 
correlates of blood flow.

Have to rely on structural 
MR images to localize 
activity in the brain. 
Effects at a depth of less 
than two centimeters 
from the stimulation site. 
Limiting spatial resolution.

The difficulty measuring 
changes in deep brain 
structures. Have to rely 
on structural MR images 
to localize activity in the 
brain. Expensive 
technology.

The difficulty 
measuring changes in 
deep brain structures. 
Have to rely on 
structural MR images 
to localize activity in 
the brain.

Require the injection of a 
radioactive, 
positron-emitting contrast 
agent. Necessary to have 
a cyclotron and a 
radiochemist nearby. 
Have to rely on structural 
MR images. Expensive 
technology. Limiting 
temporal resolution.

Have to rely on structural 
MR images to localize 
activity in the brain. 
Limiting spatial 
resolution.

Advantages Noninvasive and does 
not expose the subject to 
radiation. Temporal 
resolution. Can image 
activity in deep structure 
brain. Precise anatomic 
localization.

Allows for direct inquiry 
into the activation of 
corticospinal tract. 
Temporal resolution. 
Portability, relatively low 
cost.

Temporal resolution. 
Better spatial resolution 
than EEG. Can be used to 
assess functional 
connections between 
different brain areas. 
MEG is more sensitive to 
activity in the sulci. 

Temporal resolution. 
Portability, relatively 
low cost. EEG is most 
sensitive to activity 
generated on top of the 
cortical sulci. 

Can image activity in deep 
structure brain. It is not 
prone to the loss of signal 
near air-tissue interfaces. 
Scanning environment 
suffers from less acoustic 
noise.

Ability to estimate 
amounts of 
oxyhemoglobin, 
deoxyhemoglobin, and 
total hemoglobin. 
Portability, relatively low 
cost.

Source: Journal of rehabilitation research and development

https://neurology.mhmedical.com/book.aspx?bookID=1049
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3225087/
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Development Trend of NeuroImaging

ґ

The current deployment of Neuroimaging has the 
following obstacles:
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g In the future we will be able to overcome temporal and 
spatial limitations in brain mapping.

A combination of visualization methods in one device 
will provide an opportunity to obtain more information 
about the work of the brain

The Brain Mapping Instruments market studied is expected to 
grow with an estimated CAGR of 5.8%, over the forecast period 
of  2021-2026.

Source Mordor Intelligence 

In 2021, according to an article titled “Brain Stress Mapping in 
COVID-19 Survivors Using MR Spectroscopy: New Avenue of Mental 
Health Status Monitoring”, there was reported that COVID-19 is not 
confined to the respiratory system but also leads to neurological and 
neuropsychiatric disorders suggesting that the virus is potent to affect 
the central nervous system (CNS), which may result in Cognitive 
impairment after covid subsides.

Imaging equipment is experiencing advances in speed, sensitivity, 
safety, and workflow. There is an increasing trend toward physiologic 
imaging and quantitation, requiring greater consistency across 
manufacturers and clinics. Hybrid imaging blends advantages from 
multiple modalities to provide a comprehensive anatomic, functional, 
physiologic, and metabolic data set. 

Source Neurologic Clinics

https://www.mordorintelligence.com/industry-reports/neuromorphic-chip-market#
https://www.gehealthcare.com/products/advanced-visualization/all-applications/brainwave
https://www.philips.co.in/healthcare/solutions/computed-tomography
https://neuro.natus.com/products-services/neurodiagnostics
https://www.advancedbrainmonitoring.com/products/b-alert-x-series
https://www.siemens-healthineers.com/computed-tomography
https://www.researchgate.net/publication/259002878_Neuroimaging_Trends_and_Future_Outlook
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San Francisco, 
California, 

United States

NeuroImaging: Companies Profiling

Qynapse medtech company of neuroimaging research has developed QyScore® one of 
the largest datasets analyze and interpret a brain scan of automated measures of 
neuroinflammation and neurodegeneration. Being developed for automated prediction of 
clinical disease progression based on a patient’s MRI, AI-powered QyPredict® aims. Paris, Ile-de-France, 

FranceTotal Funding Amount

$6.6M

Nexstim medical device company combinated TMS with 3D brain imaging, to solve the 
problem for relief from depression. Company offer personalize noninvasive, non-drug 
depression therapy SmartFocus® TMS considering to your brain’s anatomy.

Helsinki, Southern 
Finland, FinlandTotal Funding Amount

$68.72M

TRUUST Neuroimaging offers an advanced imaging data analysis platform and premium 
services enabling significantly higher returns for investments and companies made into 
EEG related work from Virtual Reality, to Neurostimulation, to NeuroMarketing, to 
Consumer Testing and beyond. 

Total Funding Amount

$250K

$1.8M

Seed Round

$1.8M $3M

Seed Round

$250K

$19.25M

Venture 
Round

$38.15M $11.32M

Post-IPO 
Equity

IPO

https://qynapse.com/
https://www.nexstim.com/
http://www.truustneuroimaging.com/index.html
https://qynapse.com/
https://www.nexstim.com/
http://www.truustneuroimaging.com/index.html


Brain-computer Interfaces

https://www.invest-solutions.tech/
https://www.aginganalytics.com/
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Brain-computer interface technology has gone through its fifth decade. 
At the same time, it has made tremendous progress and impressive 
results in portability, reliability, performance, and robustness, as well as 
an ever-increasing number of series of clinical, experimental and 
demonstration applications. Brain interfaces are immense and can only 
record signals from one or two locations but already today tiny 
neurogranin are create a network of implants that can be controlled 
wirelessly is used to record and revive neurons wirelessly in multiple 
locations in rat brains.

Currently, several commercial BCIs are routinely used by thousands of 
people, such as deep brain stimulators to relieve the symptoms of 
Parkinson's disease, cochlear implants to restore hearing, and even 
retinal implants to restore vision.

Virtual Reality Environment (VRE) is implemented as an alternative 
customizable platform for brain-computer interface (BCI) applications, 
but it is also an excellent candidate exploited in neurorehabilitation 
paradigms and research cognition through event-related potentials 
(ERP).

BCI refers to an interactive technology that engages passive (1) or 
active (2) brain responses related to will and offers users another way 
to transform will into control of external devices.

Source: Proc (Bayl Univ Med Cent)

signal acquisition

EEG visual task 
information

EEG processing

feedback

visual task 

feedback

control system

signal acquisition feature 
extraction

pattern 
recognition

signal processing

control signal 

1

2

Brain-Computer Technology

Source: Evolutionmag

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4790543/
https://evolutionmag.com.pk/2021/09/04/neurograins-could-power-next-generation-of-brain-computer-interfaces/
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Non-invasive BCI Invasive BCI
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Neuroscience inspiration Brain-chips TrueNorth

With the emergence of virtual reality (VR) 
and augmented reality (AR), as a highly 
immersive and malleable human- 
computer interaction (HCI) mode, a new 
way for previously unfeasible of 
environmental input, which corresponds to 
the concept of the Metaverse.

In these interfaces, users actively adjust 
their brain activity to convey intentions or 
commands to a computer or device, which 
has traditionally been the goal of 
alternative and enhanced communication 
(AAC) devices and assistive technologies.

Source: RickHuckStep

● virtual and augmented reality; 
● 3D graphs; 
● 5G networks; 
● blockchain technology; 
● cryptocurrency, 
● New human-machine 

interfaces such as digital 
wearables;

● brain-computer interfaces.

Non-invasive tools usually use 
sensors applied to or near the 
head to track and record brain 
activity. These tools can be easily 
placed and removed, but their 
signals can be muffled and 
inaccurate.

Invasive BCI requires surgery and 
are small and can activate up to 
one million neurons at the same 
time. Electronic devices need to 
be implanted directly under the 
skull and into the brain to target 
specific groups of neurons.

Brain-Computer Techniques

Source Frontiers in Systems Neuroscience

The "neural dust" 
implantable sensor 
developed by 
researchers at the 
UC Berkeley.

Source RAND Corporation

The next generation of the Internet, is the co-called "Metaverse", is to be 
immersive, tactile, interoperable and decentralized. These technologies include: 

The "neurograins" 
developed by 
researchers at the 
Brown University.

https://rickhuckstep.com/metaverse/
https://www.researchgate.net/publication/265092947_Selective_visual_attention_to_drive_cognitive_brain-machine_interfaces_From_concepts_to_neurofeedback_and_rehabilitation_applications
https://www.rand.org/blog/articles/2020/08/brain-computer-interfaces-are-coming-will-we-be-ready.html


Deep Knowledge Group 51

The non-invasive hybrid brain-computer interface (hBCI) 
technology is used to improve classification accuracy and 
increase the number of commands. 

Only during the most recent years, ground-breaking advances in 
NeuroEngineering have offered a light of hope in the form of 
spinal neurostimulation implants and exoskeletons that often aim 
to bypass the neurological level of injury (NLI). Currently, 
electroencephalography (EEG) is the operating method of choice 
for BCI's.

Hybridization that combines more than two modes is a new trend 
in brain imaging and prosthesis control. Electroencephalography 
(EEG) is most widely used in combination with other brain signal 
acquisition modes due to its ease of use and fast time resolution, 
such as functional near-infrared spectroscopy (fNIRS), 
electromyography (EMG), electrooculogram (EOG), and eye 
tracker. Currently, the most commonly used is the combination of 
EEG + fNIRS and EEG + EOG.

Source: Neurotechnology: methods, advances and applications

The combination of EEG and fNIRS 
two methodologies offers the 
possibility to examine cortical 
activity more comprehensively 
besides having very different but 
complementary temporal and spatial 
resolution. Evoked Potentials (EPs) 
detect the cortical response to a 
given stimulus with the high 
temporal resolution, fNIRS localize 
changes in oxygen metabolism that 
follow neural activation.

Source: NIRx

The method combining hybrid BCI 
and robot-assisted therapy is more 
effective to recover from stroke 
help activate brain plasticity. 
Besides, EEG signals are attenuated 
during transmission, which 
hampers post-classification 
processing of these signals to 
control fine movements, EEG 
signals have good stability and 
larger potential. 

Source: Neurobot

Hybrid Brain-computer Interface

https://books.google.com.ua/books/about/Neurotechnology.html?id=DkrpDwAAQBAJ&source=kp_book_description&redir_esc=y
https://nirx.net/fnirs-eeg
https://www.frontiersin.org/articles/10.3389/fnbot.2019.00007/full
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A brain-computer interface is a system that evaluated the activity of the 
central nervous system (CNS) and transforms it into an artificial output 
that substitute, restores, enhances, complement, or improves natural 
CNS output, and thereby alter the ongoing interactions between the 
CNS and its external or internal environment. 

Most BCI technologies are still in the early stages of development and 
are actively researched and funded by the Defense Advanced Research 
Projects Agency (DARPA), the Army Research Laboratories, the Air 
Force Research Laboratories, and other organizations.

Development of computer-brain interfaces opens immense 
perspectives for the development of neuroprosthetics. BCI can also 
provide significant medical benefits in the military and civilian fields.

Source: GCSP

The Brain-computer Interfaces Market it is projected to be worth USD 
3,212.74 million by 2026, registering a CAGR of 12.56% during the 
period of 2021-2026. Major Players:

Source Mordor Intelligence 

Development Trend of BCI

Sensors Integration Controller Electrode Array for 
Neural Interface Brain activity Neuroprosthetic

Tactile sensors Spatiotemporal stimulation
Correct place and time

Spatiotemporal stimulation
Correct place

Neural circuits 
reorganizations Optimize gesture

To accelerate the adoption of interfaces, one needs to consider 
them in the framework of the Device control (IoT) Interaction

https://www.gcsp.ch/global-insights/neurotechnologies-and-future-warfare
https://www.mordorintelligence.com/industry-reports/brain-computer-interface-market
https://eu.nihonkohden.com/en
https://compumedicsneuroscan.com/
https://www.emotiv.com/
https://www.gtec.at/
https://www.medtronic.com/covidien/en-us/index.html
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Development Trend of BCI

The future development of Brain-Computer Interface technology is focused on the following aspects:
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Collection and transmission of brain signals 
from sensory electrodes from the cerebral 
cortex in a continuous, reliable, convenient, 
low cost with minimal distortion.
In the future, this technology is expected to 
be inexpensive, non-invasive, wireless, easy 
to use, stable and reliable.
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EEG signal analysis is the most important 
and essential part of the brain-computer 
interface. 
In the future, this technology is expected to 
form an EEG signal analysis algorithm model 
that can correctly analyze people's 
intentions. 
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Adaptability of the brain-computer 
interaction. This technology is expected to 
form a new paradigm of brain-computer 
interaction and an algorithm for adaptive 
recognition of brain signals.
In future expected to appear brain-to-brain 
interfaces (BBI; a special type of BCIs where 
human brains are connected together).

Br
ai

n-
Co

m
pu

te
r I

nt
er

fa
ce

s

An applied system for modeling the 
Brain-Computer Interface in real time. 
In the future, the system will be used in 
electronic products, navigation and other 
areas such as brainwave helmets, web 
browsing, sending and receiving emails, and 
character input.

 in future brain-to-brain interfaces 
(BBI; a special type of BCIs where 
human brains are connected 
together) that implant the memories 
of others, such that the recipient 
“would not be able to distinguish 
between his own genuine 
memories and the quasi-memories” 
being implanted
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A brain-computer interface is a way to connect the brain to an external device in order to send and/or receive information directly from it. 
Consumer BCIs will undoubtedly take off and as a consequence, they will provide whole new Brain Data streams about users’ thoughts 
that have never been gathered before. Furthermore, one of the biggest problems in brain-computer interfaces is that the brain signals are 
weak and very variable, which makes it difficult to train a classifier. 

Augmented human abilities

● Access information and data from the 
Internet on the fly.

● Uploading your memories.
● Download knowledge and possibly 

skill sets.
● Have a cognitive AI assistant to aid 

people in decision making and task 
management.

Internet Of Things

● Monitoring mental state and adapts 
the surrounding components 
accordingly is future of smart 
environments.

● Entertainment and gaming 
applications have opened the market 
for nonmedical brain computer 
interfaces.

Modulation of brain functions

● Rehabilitation therapy after traumatic 
brain injury and stroke.

● Prevention, detection, diagnosis, 
rehabilitation and restoration.  

● The cognitive state monitoring BCI 
function.

New work and education options

● Emotional regulation to fight the 
depression feeling as well as other 
neuropsychiatric disorders through 
training sessions.

Augmented human abilities

● Devices may be hacked to cause 
physical harm; control thoughts, 
emotions, or actions; or access 
personal information.

● People could be micromanaged on an 
entirely new level.

● BCI could be misused for totalitarian 
control of people.

Biofeedback

● Interpersonal relationships may be 
profoundly altered.

● People may be psychologically 
harmed if “superhuman” capabilities 
are revoked.

● Long-term mental effects are 
unknown.

Ethical impacts and inequity

● Rapidly sharing information between 
people and machines raises ethical 
issues of accountability.

● Unequal access to BCI technology 
could widen existing social, political, 
and economic inequities.

Physical harm

● Implants introduce the risk of 
hemorrhaging, infection, or brain 
damage.

● Long-term physical effects are 
unknown.

Source: RAND Corporation

Risks and Opportunities BCI

https://www.rand.org/blog/articles/2020/08/brain-computer-interfaces-are-coming-will-we-be-ready.html
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Nijmegen, Gelderland, 
The Netherlands

Salt Lake City, Utah, 
United States

San Francisco, 
California, 

United States

Brain-computer Interfaces: Companies Profiling

EMOTIV is a bioinformatics company with the technology to track cognitive performance, 
monitor emotions, and control both virtual and physical objects via machine learning of 
trained mental commands. Offers three different EEG Headsets: EMOTIV EPOC+ EEG, 
EMOTIV, EMOTIV EPOC FLEX. 

Total Funding Amount

$120K

Blackrock Neurotech provides innovative tools and neurotech expertise to translate 
technology into novel, implantable clinical solutions that improve human lives. 
Blackrock’s precision electrode technology is at the core of Brain-Computer Interface 
(BCI) innovations has enabling BCI Pioneers to walk, talk, see, hear, and feel again.

MindAffect is specialized in the application of artificial intelligence and neuroscience to 
enhance human communication. Company achieved its primary goal to create a 
groundbreaking BCI product THE NEXTMIND DEV KIT INCLUDES which gives locked-in 
patients the ability to interact with the brain-computer interfaces (BCI).

Total Funding Amount

$1.2M

Total Funding Amount

$10M

Seed Round

$1.2M

Venture Round

 $10M

Pre Seed 
Round

$120K

https://www.emotiv.com/
https://blackrockneurotech.com/
http://www.mindaffect.nl/
https://www.emotiv.com/
https://blackrockneurotech.com/
http://www.mindaffect.nl/
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Key Takeaways

The current development of NeuroTech is associated with the acceleration of the Internet of Things and Geroscience. In addition to the 
health and social field, NeuroTech is of huge potential in the military field helping to improve cognitive abilities of military personnel. 

The increasing incidence and prevalence of neurological diseases, coupled with increasing funding from private and public 
organizations, has further increased the demand for NeuroTech products. In 2021 the investments in NeuroTech accounted to more than 
5 billion USD.

The worldwide market for NeuroTech products is expected to reach $13.3 billion in 2022 and $21.9 billion by 2026 at a CAGR of over 
15.3% during the forecast period.

Neurotechnology has the potential to generate major ethical, legal and social issue. Brain-controlled computer systems, robotic limbs, 
neuroprostheses, brain-stimulators, cognitive orthotics, memory aids, hearing and visual implants have a groundbreaking improve the 
quality of life of neurological patients but neural engineering raises the issues of dual-use and information security, moreover, multiplies 
the quantity of data and devices are potentially exposed to security risks.

Neural technologies with better sensor functions are currently being developed. Closed-loop neurotechnology systems respond faster 
and more autonomously, so they can work in conjunction with the subject’s brain to respond fluently to neurofeedback. 

Healthcare has long been the only application of neurotechnologies, with the main focus on neurodegenerative diseases, psychiatric 
disorders, brain tumors and injuries. Today, however, there are plenty of non-invasive brain-computer interface devices and various 
forms of brain stimulation opening up opportunities for improved entertainment, productivity, physical and cognitive enhancement, and 
education.
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The 5th Industrial Revolution is a cutting-edge technological project developed by Deep Knowledge Group and its subsidiaries in order to 
promote and enhance the development of the important technologies, bringing the future closer!

5th Industrial Revolution possess an exhaustive overview of the existing technological spectrum in AI, Biotech, Finance, Energy and other 
areas. Our analytical reports along with the assessment framework allows to define potential disruptive solutions and use such insights 
as a competitive advantage.

About the 5th Industrial Revolution

https://www.5revolution.tech
https://www.5revolution.tech


This information and all additional materials provided in connection therewith (this “Information”) is indicative 
and for informational purposes only and is furnished on a confidential basis in order to provide information 
about certain activities (the “Activities”) to a limited number of interested parties. It may not be copied, released, 
revealed or distributed by any recipient (and its employees, advisors and/or affiliates) to any third party without 
Deep Knowledge Group’s prior written consent.

Deep Knowledge Group doesn’t not offer investment advice and nothing in the document should be construed as 
investment advice. The information contained in the document is not, and should not be read as, an offer, 
solicitation or recommendation to buy or sell any securities. The document is not, and should not be seen as, a 
recommendation to use any particular investment strategy. The Activities referred to herein are tentative and 
certain information contained in this document is based on current market statistics and conditions, and 
therefore, is subject to verification, material updating, revision and amendment. 

Legal Disclaimer
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