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This is Part 5 

• See http://www.scaruffi.com/singular for the index of this 
Powerpoint presentation and links to the other parts 
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2. The A.I. Winter and the Return of Connectionism 

3. Theory: Knowledge-based Systems and Neural Networks  

4. Robots  
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6. Singularity  

7. Critique  
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9. Applications 

10. Machine Art 

11. The Age of Deep Learning 
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Bionics 

Jose Delgado 
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A Brief History of Bionics 

1952: Jose Delgado publishes the first paper on 
implanting electrodes into human brains: 
"Permanent Implantation of Multi-lead 
Electrodes in the Brain"  

1957: The first electrical implant in an ear (André 
Djourno and Charles Eyriès) 

1961: William House invents the "cochlear 
implant", an electronic implant that sends 
signals from the ear directly to the auditory 
nerve (as opposed to hearing aids that 
simply amplify the sound in the ear) 
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A Brief History of Bionics 

1965 : Jose Delgado controls a bull via a remote 
device, injecting fear at will into the beast's 
brain 

1969: Jose Delgado’s book "Physical Control of 
the Mind - Toward a Psychocivilized Society"  

1969: Jose Delgado implants devices in the brain 
of a monkey and then sends signals in 
response to the brain's activity, thus creating 
the first bidirectional brain-machine-brain 
interface. 
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A Brief History of Bionics 

1973: Jacques Vidal, first paper on brain-
machine interfaces 

 

 

 

 

1988: Emanuel Donchin’s and Larry Farwell’s 
“brain-fingerprinting” 
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A Brief History of Bionics 

1997: Remotely controlled 

cockroaches at Univ of Tokyo 

1998: Philip Kennedy develops a brain 

implant that can capture the "will" 

of a paralyzed man to move an 

arm (output neuroprosthetics: 

getting data out of the brain into a 

machine) 
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A Brief History of Bionics 
2000: William Dobelle develops an 

implanted vision system that allows 
blind people to see outlines of the 
scene. His patients Jens Naumann 
and Cheri Robertson become "bionic" 
celebrities. 

2001: Peter Fromherz’s hybrid circuit of a 
electronics and neurons 

2002: John Chapin debuts the "roborats", 
rats whose brains are fed electrical 
signals via a remote computer to 
guide their movements 
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A Brief History of Bionics 
2002: Miguel Nicolelis makes a 

monkey's brain control a robot's 
arm via an implanted microchip 

2005: Cathy Hutchinson, a paralyzed 
woman, receives a brain implant 
from John Donoghue's team that 
allows her to operate a robotic arm 
(output neuroprosthetics) 

2004: Theodore Berger demonstrates 
a hippocampal prosthesis that can 
provide the long-term-memory 
function lost by a damaged 
hippocampus  
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A Brief History of Bionics 

2004: Color-blind artist Neil Harbisson 

becomes the first person in the 

world to have an antenna 

implanted in his skull, a device that 

turns color into sound 
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A Brief History of Bionics 

2003-8: Marcel Just and Tom Mitchell 

at Carnegie Mellon University read 

minds 

 



A Brief History of Bionics 
The age of two-way neural transmission… 

2006: The Defense Advanced Research 
Projects Agency (Darpa) asks  scientists to 
submit "innovative proposals to develop 
technology to create insect-cyborgs 

2011: Matti Mintz replace a rat’s cerebellum 
with a computerized cerebellum  

2011: Theodore Berger develops "memory 
chips" that can turn memories on and off 
in a mouse's brain 



A Brief History of Bionics 
The age of two-way neural transmission… 

2013: Miguel Nicolelis makes two rats 
communicate by capturing the "thoughts" 
of one rat's brain and sending them to the 
other rat's brain over the Internet  



16 

A Brief History of Bionics 

The age of two-way neural transmission… 

2013: Rajesh Rao and Andrea Stocco 

devise a way to send a brain signal from 

Rao's brain to Stocco's hand over the 

Internet, i.e. Rao makes Stocco's hand 

move, the first time that a human 

controls the body part of another human 

2014: An amputee, Dennis Aabo Sørensen, 

receives an artificial hand from Silvestro 

Micera's team capable of sending 

electrical signals to the nervous system 

so as to create the touch sensation 
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A Brief History of Bionics 

2015: Nicolelis connects brains of 
monkeys so that they collaborate 
to perform a task 

2015: Zoran Nenadic and An Do attach 
an electroencephalograph device 
to the head of a paraplegyc man 
and make him walk 

2015: Ted Berger and Dong Song build a 
brain prosthesis to help people 
suffering from memory loss 
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A Brief History of Bionics 

Stimulating the vagus nerve 
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A Brief History of Bionics 

Neuro-engineering? 

(http://targetedindividualscanada.com) 

(http://its-interesting.com) 

The future of the human brain? 
neural implants that offer you 
pleasant experiences for free in 
exchange for sending neural 
impulses to your brain that will 
make you desire their products 
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A Brief History of Bionics 

Microchip implants 

1998: Kevin Warwick at the University of 

Reading implants an RFID tag above his left 

elbow 

2003: Neil Harbisson implants an antenna to 

his skull 
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A Brief History of Bionics 

Microchip implants 

2004: VeriChip starts selling an RFID chip 

implant for humans 

2006: Amal Graafstra has a microchip in each 

hand, one for storing data (that can be 

uploaded and downloaded from/to a 

smartphone) and and one for a code that 

unlocks his front door and logd into his 

computer 
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A Brief History of Bionics 

Microchip implants 

2010: Epoc (Australia) develops an EEG 

neuroheadset for videogames (Emotiv) 

2012: Amal Graafstra implants chips on 

attendees of the Toorcamp for $50 each 

2013: Rich Lee implants headphones into 

his ears  

2014: Ada Poon at Stanford invents a safe 

way to transfer energy to chip implants 

("electroceutical devices") 
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A Brief History of Bionics 

Brown Univ (Arto Nurmikko) & 

Cyberkinetics’ BrainGate (2008): 

wireless transmitter for paralyzed 

patients with a neural implant that 

bypasses the spinal cord 

Brown Univ (Leigh Hochberg) uses 

BrainGate to make a tetraplegics 

operate a robotic arm simply by 

thinking about the movement (2011) 
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A Brief History of Bionics 

Federal Institute of Technology/ EPFL 

(Switzerland, 2015): robotic wheelchair 

that combines brain control with artificial 

intelligence 

Grégoire Courtine at EPFL restores 

movement to a primate’s paralyzed leg 

using Brown's BrainGate (2016) 
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A Brief History of Bionics 

2016 Nick Ramsey inserts wireless 

electrodes into the skull of a 

paralyzed patient (unable to 

speak or move) so that she can 

control a computer mouse simply 

by thinking of moving her fingers 

2016 Niels Birbaumer: victims of 

complete motor paralysis  

answer yes/no questions with 

their thoughts 
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A Brief History of Bionics 

2016 No brain implant! Bin He demonstrates 

an EEG cap fitted with 64 electrodes that 

can convert the “thoughts” a person into 

the movement of a robotic arm 
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A Brief History of Bionics 

2017 Bill Kochevar, a man with complete 

paralysis, feeds himself using Bolu 

Ajiboye’s brain-controlled arm 
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 Bionics 
Eric Leuthardt (Washington Univ) 

Newton Howard (Oxford Univ) 

Dong Song (USC) 
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 Bionics 
DARPA’s Neural Engineering Systems Design 

(Phillip Alvelda, 2017) 

 

 

 

Edward Chang (UCSF) 
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 Bionics 
Stefan Harrer (IBM Australia, 2018): 

GraspNet = brainwave sensor + 

Deep Learning + Nvidia Jetson 

TX1+ robotic arm 
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 Bionics 
Andrea Stocco (2018): BrainNet 
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 Bionics 
2017: David Blodgett (Johns Hopkins APL) decodes 

thoughts from neural signals using electrodes 

placed on the surface of the brain in patients 

undergoing treatment for epilepsy 
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 Bionics 
Gregoire Courtine's spinal implant (2018) 
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 Bionics 
Kristin Zhao & Kendall Lee (Mayo Clinic): 

Jered Chinnock walks (2018) 



35 

 Bionics 
Peter Mitchell (Royal Melbourne Hospital) develops the 

StentrodeT (2020) that allows paralyzed patients to 

type sentences on a computer (14-20 characters per 

minute) 
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 Bionics 
Michel Maharbiz & Jose Carmena (UC 

Berkeley): “Neural Dust” 

A dust-sized, wireless, battery-less sensor 

that can be implanted in the nervous 

system, in muscles and in organs 

(commercialized by Iota Biosciences, 

Berkeley, 2017) 



37 

 Bionics 
Electroceuticals 

• Implantable devices that deliver electrical 

impulses to the neural circuits of organs in 

order to treat ailments. 

• 1958: The first implantable pacemaker 

(Rune Elmqvist,  Sweden) 

• 1998: Kevin Tracey discovers that the 

nervous system and the immune system 

communicate via the vagal nerve. 
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 Bionics 
Electroceuticals 

• Vagal nerve stimulation (VNS) is a tool to 

“hack” the immune system. 

•  SetPoint Medical (Los Angeles, 2007, 

cofounded y Tracey) 

•  Galvani Bioelectronics (Britain and 

South San Francisco, 2016) = 

GlaxoSmithKline + Google's Verily to 

accelerate development of bioelectronics 
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 Bionics 
Mind Reading 

• Edward Chang's team at UC San Francisco 

(2019): 

– A recurrent neural network decodes 

cortical recordings into vocal tract 

movement representations, and then 

transforms those representations into 

speech 
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 Bionics 

Mind Reading 

• Edward Chang's team at UC 

San Francisco (2019): 

– Speech decoder: real-time 

decoding of perceived and 

produced speech from high-

density ECoG activity in 

humans during a task that 

mimics natural question-

and-answer dialogue 
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 Bionics 
Mind Reading: can an A.I. visualize your thoughts? 

• Yukiyasu Kamitani (Kyoto Univ, Japan) 
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 Bionics 
Mind Reading: can an A.I. visualize your dreams? 

• Yukiyasu Kamitani (Japan) 
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 Bionics 
Mind Reading: can an A.I. visualize your dreams? 

• Jack Gallant (UC Berkeley) 
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 Bionics 
Memory transfer between individuals 

• David Glanzman (UCLA) 
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 Bionics 

Elon Musk’s Neuralink (2017) 

Bryan Johnson’s Kernel (2017) 

Thomas Oxley’s Synchron 

Matt Angle’s Paradromics 

Robert McIntyre and Michael 

McCanna’s Nectome (2015) 
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 Bionics 

Nectome 
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 Bionics 

Foc.us (London, 2012): “brain stimulators” to 

improve reaction speeds of gamers 

Neuropace (San Francisco, 1997): predict, 

detect and stop the signals sent among 

neurons that cause seizures 

Neurable (Boston, 2015): control toys and 

games with thoughts 

Brainco (Boston, 2015): monitor the level of 

focus of students in the classroom 
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A Brief History of Bionics 

Facebook 
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The Future of Body 

• Implantable electronics 
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The Future of Body 

• Implantable electronics 
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The Future of Body 

• Implantable electronics 

– Yuxin Liu, Zhenan Bao, Jinxing Li: plastically 
deformable morphing electronics (MorphE) that 
grows as the body grows (as tissues grow) 
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The Future of Body 

• Implantable electronics 

– Yuxin Liu, Zhenan Bao, Jinxing Li: plastically 
deformable morphing electronics (MorphE) 
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Art & Bionics 

• Richard Ramchurn (2018): “The Moment”, a 
brain-controlled film 
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Next… 

• See http://www.scaruffi.com/singular for the 
index of this Powerpoint presentation and 
links to the other parts 

 


