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Catching up from last class
• Pg 121 – Wessberg (…) Nicolelis, Real-time 

prediction of hand trajectory by ensembles of 
cortical neurons in primates Nature, 2000.

• Please decipher what the three regions and two 
lines of a usual Porbaix diagram are.

• Next class will be short: a couple of solutions to 
previous homework will be discussed, and you 
will receive the exam



Cochlear implant:  in the media

Rebuilt: How Becoming Part Computer Made Me More 
Human (Houghton Mifflin, 2005) is a scientific memoir 
of going deaf and getting my hearing back with a 
cochlear implant, that is, a computer embedded in my 
skull. Science fiction writers and filmmakers have 
speculated about cyborgs (human-computer fusions) 
for decades, but in this book I reveal what it’s really 
like to have part of one’s body controlled by a 
computer. 



Modified from Merrill, J Neurosci Meth 2005

Interface Electrochemistry
METAL SOLUTION MODEL



Iridium oxide film deposition

iridium coated

stainless steel

insulated stainless steel

Ir4+(OH)4 +H+ +e−↔ Ir3+(OH)3 +H2O
Ir3+(OH)3 +H+ +e−↔ Ir2+(OH)2 +H2O3mm





100μm

100μm

Snail neurons on silicon, 
process extension rate: 10μm/h

6 h a.pl.

36 h a.pl.



Desirable characteristics of MEAs:
• passivation
• post-processing
• biocompatibility
• packaging

Transparency & flexibility

 

100μm

Wet etching of polyimide:
Flexible substrate for cultures.

 100μm



Electrodes for cell cultures

– Array design
– Biocompatible electrodes
– Cultured healthy cells
– Automatic stimulation 

with acquisition

100μm

1cm

Peixoto, Biosignal 2000.



Live neurons on arrays

100μm 100μm

250ms2m
V

spontaneous activity stimulated activity





EEG, international 10/20 system
From Malvimuo, 

Bioelectromagnetics.



Measuring EEG: bipolar or 
referential?

Fig. 13.3. (A) Bipolar and (B) unipolar measurements. Note that the waveform of 
the EEG depends on the measurement location.



Fig. 13.1. Frequency spectrum of “normal” EEG.



When you measure and read EEG, 
what can you detect?

• Seizures
• Normal EEG
• Sleep/rest
• Abnormal activity
• Activity 

• Typical signal size: ______
• Frequency: ____________
• Acquisition rate: ________



From the EEG signal it is 
possible to differentiate alpha 
(a), beta (b), delta (d), and theta 
(Q) waves as well as spikes 
associated with epilepsy. An 
example of each waveform is 
given in Figure 13.5. 
The alpha waves have the 
frequency spectrum of 8-13 Hz 
and can be measured from the 
occipital region in an awake 
person when the eyes are 
closed. The frequency band of 
the beta waves is 13-30 Hz; 
these are detectable over the 
parietal and frontal lobes. The 
delta waves have the frequency 
range of 0.5-4 Hz and are 
detectable in infants and 
sleeping adults. The theta 
waves have the frequency 
range of 4-8 Hz and are 
obtained from children and 
sleeping adults 



The EEG signal is closely 
related to the level of 
consciousness of the 
person. As the activity 
increases, the EEG shifts 
to higher dominating 
frequency and lower 
amplitude. When the eyes 
are closed, the alpha 
waves begin to dominate 
the EEG. When the 
person falls asleep, the 
dominant EEG frequency 
decreases. In a certain 
phase of sleep, rapid eye 
movement called (REM) 
sleep, the person dreams 
and has active 
movements of the eyes, 
which can be seen as a 
characteristic EEG signal. 
In deep sleep, the EEG 
has large and slow 
deflections called delta 
waves. No cerebral 
activity can be detected 
from a patient with 
complete cerebral death. 
Examples of the above-
mentioned waveforms are 
given in Figure 13.6 







22R050414_two depths, four screws.



Spinal cord: why is a “simple” compression 
so damaging?



Because the 
white matter 

matters.





Neurorobotics - motivation

Why would you want to learn this? 
Who would you help?

What can you do to help?



Neurorobotics

• Introduction
• Brain interface
• Control
• Hardware req.
• Future



Introduction

Neurorobotics: the establishment of any interface between 
ensembles of single neurons in the brain and an external device.

In this presentation: recent advances in Neurorobotics; tools for 
neuroscientists to probe brain functions; uses in clinical settings.

Where do advances come from?
- Hollywood ideas
- Need to improve quality of life
- Interest in “Biology” (how does the brain process info? 

How does it work? Can we control it? Can we controllably make it
change?

- ___________________ (suggestions from the audience?)
- _______________________



Directly interfacing with the human brain

Characteristics of the brain: complex system; convergence; 
divergence; redundancy; summation; parallel and serial signal 
processor.

Principles of brain function emerged 50-100 years ago through 
recordings from the nervous system:

(1) Coordinated patterns of activity
(2) Theory of mass action
(3) Synaptic plasticity
(4) Theory of cell assemblies (information representation is 

stochastic, redundant, related to function, not to anatomy)



(1) coordinated patterns of activity

(1) Information is transferred in the nervous 
system by coordinated patterns of activity
involving interconnected neurons.
Idea suggested by Sherrington in 1906 
(J.Physiol.): “circularities”,
Now called “recurrent loops”. Cramps, spinal 
seizures, spasticity, scratching, swimming. Spinal 
cord, deprived of descending modulation, can 
organize such behaviors.



(2) Theory of equipotentiality; theory of mass action.

Lashley, K.S., 1950.



(3) Synaptic plasticity
Hebb 1949. 



(4) Theory of cell assemblies (information representation is stochastic, redundant, 
related to function, not to anatomy)

(…) 

1972



Coding strategies of ensembles of single neurons

Main advantage of BCIs based on EEG recordings: noninvasive system.
Main disadvantages: slow and error prone.
Investigators interested in the “neural code” or in high yield prosthesis opt for 
invasive systems.

Decoding the neural signal:

Ultimate goal: view multiple “functional
states” of neurons through the 
recording of enough of them.

First individually adjustable micro-
electrode array implanted and recorded
from: Humphrey, 1970.

Since that time: both temporal AND rate coding matter.



Experiment:
5min of data acq
Switch over to arm control
Rats realize and stop mvmt



We learned from early neurorobotics experiments in animals:

- A single neuron by itself does not predict or correlate well with movement on 
single trials;

- Neural activity from tens of neurons can reliable code for limb movement, even 
in individual trials;

- Best correlations between neural population activity and limb movement happen 
during short interval immediately preceding the limb movement;

- Brain activity is independent of actual movement.

What do we know about connecting electrodes to the 
brain?



Neurorobotic control after injury
1989, Kennedy: cone electrode.
Microwire electrode inside a glass cone, with neurotrophic factors.

Patient: no part of the body could be moved except for small face 
movements (eyelids, eyebrows).

• 3wks after implant: neural activity appeared
• 3 months: robust neural activity recorded successfully
• But: somatotopic area for hand had been taken up by eyebrow 
(plasticity!)
• Neural activity could not be correlated to any sensorial input from hand
• 6 months: patient is able to move cursor to a target. 

• Unexpected result: patient “says” that he is actually thinking about 
moving the cursor when he moves it (he’s not thinking about his hand, for 
example)



Implant details: screws (080) and needle array 
through hole in the skull



Unit identification through spike matching algorithms



What is Principal Components Analysis (PCA)?

It is a way of identifying patterns in data, and expressing the data in such a 
way as to highlight their similarities and differences. Since patterns in data can 
be hard to find in data of high dimension, where the luxury of graphical 
representation is not available, PCA is a powerful tool for analyzing data.

If you want to learn it through a couple of easy steps: 
http://csnet.otago.ac.nz/cosc453/student_tutorials/principal_components.pdf




