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A (very) short history of AI

Tabulating
Systems Era

Cognitive Systems 
Era

Programmable 
Systems Era
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Augmenting Intelligence: The New Era of Computing

Emotion

Artistic ability

Imagination

Creativity

Logic

Analytical 
thought

Objectivity

Language
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Augmenting Intelligence: The New Era of Computing

AI = Augmented (human) Intelligence

Brain-Machine
Interface 

Converse in 
spoken dialogue 

Comprehend 
complex images

Analyse sensory 
data (for example: 
vision, hearing, 
touch, brain activity) 

Develop domain 
knowledge 

Derive new insights 

Comprehend text
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Social

Genomic

Lifestyle

Survey

Response

Clinical data

Imaging

Speech

Social

• Twitter
• Facebook
• Instagram
• Non traditional 

social platforms

Genomics

• Family history
• Single 

Nucleotide 
Polymorphisms

• Copy Number 
Variation

Lifestyle

• Wearables
• Fitbits
• Monitors

• Apps
• Phones
• Watches

• Socioeconomics

Survey

• Cognitive test
• Questionnaires

• Directed
• Bureau of 

Statistics
• Commission 

for Mental 
Health

Response

• Times to apps
• To images

Clinical data

• Clinical GP 
notes

• Exit notes from 
hospitals

• Pathology 
laboratory

Imaging

• Eye
• Retina
• Movement & 

tracking
• CCTV

• Behaviour
• Movement

Speech

• What was 
spoken

• How it was said
• Tone, volume, 

etc.

Data is the new natural resource
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The pace of technological progress – a human 
misconception

http://www.visualcapitalist.com/the-8-major-forces-shaping-the-future-of-the-global-economy/
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The future comes earlier these days than it used to…

http://www.visualcapitalist.com/the-8-major-forces-shaping-the-future-of-the-global-economy/
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AI must be used to assist the human decision maker

Learn
Extract
Know-
ledge

Decide
Query &
Retrieve

Reason 
& Plan
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The ‘Pharma Dilemma’
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The Drug Development Cycle
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AI for clinical trial design: from themes to functionality…
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Neurological diseases: burden on healthcare system
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Epilepsy: Patient Monitoring Using AI 

7.8B

~1% 65M
chronic

epilepsy

35%
drug 

resistant

Automatically Detecting and Classifying Seizures

• Patients are often unaware of their seizures.
• Patients keep diaries but these are vastly inaccurate.
• Drugs are tested against diaries.
• Accurate seizure counts allow better treatment evaluation.

Digital Seizure Diaries: Automatic Seizure Tracking

Epileptic seizures are electro-chemical signalling disturbances in the brain.

Selected Publications

• Trends in Pharmacological Sciences (Cell
Press) 2019; 40(8), pp. 577-591.

• EBioMedicine (The Lancet) 2018; 27, pp.
103-111.

• MICCAI (MLCN) 2020; “SeizureNet: Multi-
spectral deep feature learning for seizure
type classification”.

Partners

• Harvard Medical School, Boston
Children’s Hospital, Royal Melbourne
Hospital, The Alfred, St. Vincent’s Hospital
Melbourne, Temple University

We combine deep learning, mobile sensors
and video data to monitor epilepsy patients
for automatic real-time detection and
classification of epileptic seizures. Integrating
these logs with Electronic Health Records in
Digital Seizure Diaries allows to design more
efficient clinical trials and enables improved
personalized diagnosis, treatment and
disease management.
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degrees of 
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Intrusiveness of Monitoring Data

external

seizure dogs

intra 
cranial 

EEG

contextual

high

patient self-assessment

video electronic 
medical 
records

IoT, mobile 
sensors and 
scalp EEG

Disease 
burdens in the 
US and Europe 
are $15B and 
€20B p.a.

(2016-
2017)

(since 2018) (since 2019) (since 2020)



Personalized epileptic seizure prediction using electroencephalography 
(EEG) data measured by implanted electrode sensors

IBM Research 
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From Wearables to THINKables

IBM Research 



iEEG & timing
data

Deep Neural 
Network

Post-processing

Alarm system

Pre-processing

Predicting epileptic seizures

Motivation

Build algorithms that allow a patient to manage their condition, alerting them 
to impending seizures

Data

Long-term intracranial Electroencephalography (EEG) recordings from 15 
patients provided by Melbourne St. Vincent’s Hospital and The University 
of Melbourne, labelled by expert neurologists

Approach
o Train deep neural network to recognise patient-specific patterns 

emerging before a seizure
o Design a system that allows for real-time alarms
o Allow for tuning based on patient’s needs

IBM Research



Data selection

ictal (seizure)preictal (16-1 minutes pre seizure)
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el 16

expert labelled,
time-stamped

automatically labelled

Seizure Prediction Task
Train algorithm to distinguish between preictal and interictal (normal) brain signal
Interictal: at least 5 hours away from seizure

IBM Research 



Data pre-processing

Timing information: Seizures have been shown to follow different circadian rhythms in different patients.

16 channel iEEG signal
16 32x32 pixels 
spectrograms
every 30 seconds

time of seizure

32x32 pixels 
timing image

Spectral Information
Epileptic seizures correlate with neuronal synchronisation, which can be visualised using spectrograms.

IBM Research 



Neural network architecture 

32@3x3 64@3x3 64@3x3 64 32

Conv1

Conv2 Conv3 FC1

FC2
SoftMax

Input

17@32x32

MaxPool

MaxPool Dropout Dropout Dropout

Real-Time Classifications
oNetwork classifies each sample of 30 seconds
oWithout post-processing, this would result in one prediction every 30 seconds
oExploiting the sequential structure of the data, temporal averaging should improve classification accuracy

IBM Research 



Epileptic seizure prediction – study results 

Ultra-low power consumption mobile 
processor implementation for mobile 
deployment

Study strategy:

oPseudo-prospective
oSpectrograms + time information
oPost-processing (integrate and fire)
oNetwork retrained once a month
oTunable by patients (max sensitive vs. least 
intrusive)

Results across all patients for entire 
duration of study:

oMean sensitivity of 69%
oMean time in warning of 27%
oMean improvement over chance 42%

example results 
for patient 13

IBM Research 



Precursor: Predicting Epileptic Seizures - Published in EBioMedicine (2018) 
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Epileptic seizure detection: re-inventing the epilepsy monitoring unit
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Patient 
Preparation

• Patients are 
prepared for the 
test.

EEG 
Recording

• EEG ranging 
from 22 minutes 
to several days 
is recorded.

EEG 
Interpretation

• Certified 
physicians 
interpret EEG.

EEG Report 
Generation
• A report of 

findings (e.g.
abnormality) is 
prepared.

Normal or abnormal EEG? Is there an epileptic seizure?
Can we timestamp it? 

Which type of seizure is it?

Manual interpretation of scalp EEG – process pipeline 

IBM Research 



Automatic interpretation of scalp EEG – data 

Seizure type
Label, Type, [Superclass]

Available train and test data

Patients Files Seconds

FN Focal 55 682 43,965.52

GN Generalized 32 294 28,886.77

CP Complex Partial [Focal] 22 273 20,753.23

SP Simple Partial [Focal] 2 54 1,856.15

TC Tonic-Clonic [Motor] 5 36 5,364.27

TN Tonic [Motor] 2 63 1,231.24

AB Absence [Non-Motor] 7 80 636.58

IBM Research 



Identifying epileptic seizure types  

Motivation:
o Patients may have more than one type of seizure
o The type of seizure may inform therapy/medication
o Tracking types and each type’s rate may further 

inform medication adjustments
o Type information may help in diagnosis and to make 

clinical trials more nuanced

Implementation:

o Convolutional neural networks for binary classifiers
o Focus on preserving spatial electrode information

Seizure classes investigated:
o Focal/General, Motor/Non-motor, Tonic/Tonic-clonic, 

Complex-partial/Simple-partial

IBM Research 



What type of epileptic seizure is it? 

IBM Research



Towards a fully automated digital seizure diary

IBM Research 



Current work: multimodal data classification   

Data modalities include:
intracranial EEG, scalp EEG, ECG, body temperature, blood pressure, movement patterns, sleep data, heart rate, video, audio, 
electronic health records, electrodermal activity, photoplethysmogram

IBM Research 
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Find out more…
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…and read this book:

M. Mirmomeni, T. Fazio, S. v. Cavallar, and S. 
Harrer “From Wearables to THINKables: AI-
enabled sensors for health monitoring”, in 
Wearable Sensors – Fundamentals, 
Implementation and Applications – 2nd

Edition, ISBN 9780128192467, Academic 
Press, November 2020. 
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The world is our lab

China

YorktownAlmaden Austin Tokyo

Zurich 

India

Dublin 

Australia 

Brazil

Africa

Haifa
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sharrer@au.ibm.com

https://www.linkedin.com/in/stefanharrer/

https://researcher.watson.ibm.com/researcher/view.php?
person=au1-sharrer


