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An Age of Transformation

Source: The New Yorker – October 23, 2017
“Rech Support” by R. Kikuo Johnson”

Source: The New Yorker – March 15, 2021
“Captive Audience” by Tom Gauld.

Source: The New Yorker – April 6, 2020
“Bedtime” by Chris Ware.
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… of the future?

How far is the present 
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 Our relationships with social networks are restricted by an algorithm;

 Google search results change from person to person because the 
program “thinks and learns” on its own;

 AlphaZero (DeepMind) behaves like human beings, who play chess 
because it is also capable of learning from the game;

 AI-controlled U-2fighter planes  (US Air Force)  behave better than 
human pilots. They have superior performances when using radar 
systems and without any assistance;

 The “complex intelligence” of GPT-3 (“Generative Pre-trained 
Transformer”), an Open AI language model that builds new texts 
(essays), answers to new questions, and complex sentences;

 AI systems can generate photos and videos from text descriptions 
(Meta-FAIR).
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AI @2022
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Technology is around

R. Karlsson (1996), Printed in Helsingin Sanomat, October 18.
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Environment the step!
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Artificial Intelligence

Beginning of AI:
Neural models McCullock& 
Pitts, 40’s
SNARC, Minsky & 
Edmonds, 50’s

AI in real problems:
MYCIN on a computer, 70’s
AUTHORIZER'S ASSISTANT, American 
Express, 80’s
Agents and Recommendation Systems on 
the Web, 90’s
Semantic Web, emerges in the 21st century
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Ambient Intelligence

User

Environment

Outside Environment
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 “Computing is not about computers anymore. 

 It is about living.

 Nicholas Negroponte
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Living
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Our moment

Image source: Interpretable Machine Learning. A Guide for Making Black Box Models Explainable, de Christoph Molnar, 2021
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● Initial state

● change state with an action
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Symbolic

● goal (Final state)

● state space
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Machine Learning

Source: The map of the machine learning world 
Vasily Zubarev (vas3k.com)

Source: Machine Learning for Everyone
https://vas3k.com/blog/machine_learning/
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Person centric computing
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Source: The New Yorker – September 30, 2019

“Our Intelligence is what makes 
us human, and AI is an extension 
of that quality”.
Yann LeCun (A.M. Turing Award 2018)

“I know it when I see it”
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 How to make systems a little more smart, 
reliable and sensitive to human presence 
and interaction?
◦Everything is learned;
◦Self-supervised learning;
◦Prediction is the essence of Intelligence…
Yann LeCunn
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The question
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 “Behaviour is the mirror in which everyone shows 
their image.“
 Johann Wolfgang von Goethe
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Motivation
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Overview
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 Soft Sensors - use information available from other measurements and 
process parameters to calculate an estimate of the quantity of interest

 Logger applications that run in the background, collecting the necessary 
events
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Data Generating Devices
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MOV, timestamp, posX, posY

MD[L|R], timestamp, posX, posY

MU[L|R], timestamp, posX, posY

MW, timestamp, dif

KD, timestamp, key

KU, timestamp, key

APP, timestamp, app_name
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Data Generating Devices
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Data Generating Devices
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 Keyboard

• Key Down

• Key Up

 Mouse

• Mouse Down

• Mouse Up

• Movement

• Scroll
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Data Generating Devices

• Smartphone
• Acceleration

• Touch Down

• Touch Up

• Touch Intensity

• Touch Area

• Other Sensors…

• Chair
• Accelerometers 

placed on different 
points on the chair

• Video Camera
• Amount of 

Movement
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 Database: MongoDB
◦ Cross-platform, document oriented database that provides, high performance, 

high availability, and easy scalability

◦ Works on concepts of collection and document

 Data aggregation tasks
◦ Generate interaction features at 5 minute intervals

◦ Mean, median, variance, etc.

◦ Classify data if necessary
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Analytics



Synthetic Intelligence 
Lab

 Click Duration (CD)

 Time Between Clicks (TBC)

 Time Double Click (TDC)

 Mouse Velocity (MV)

 Mouse Acceleration (MA)

 Distance Between Clicks (DBC)

 Excess of Distance (ED)

 Average Excess of Distance (AED)

 Distance of the Mouse to the Straight Line (DMSL)

 Average Distance of the Mouse to the Straight Line (ADMSL)

 Absolute Sum of Angles (ASA)

 Signed Sum of Angles (SSA)

 Time Between Keys (TBK)

 Key Down Time (KDT)

 Writing Velocity (WV)
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Analytics
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Analytics

• Absolute Sum of Angles
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Analytics

• Average Distance of the Mouse to the Straight Line 
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Analytics
• Average Excess of Distance

• Distance Between Clicks
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Visualization
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Visualization
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Challenge
Estimate behaviours in a non-invasive 

way
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Behavioural Analysis 
Stress, Fatigue and Attention Detection
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Stress Assessment

This system is being used to study 
people’s interaction with 
technological devices in different 
contexts. This example shows 
data from a student during one 
high-stake exam (School of 
Medicine, University of Minho). 
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Stress Assessment
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 A strong positive correlation was also found between this feature and Cortisol, both before and after the 
exam. Cortisol is one of the most reliable stress indicators. 
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Stress Assessment
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 A touch is a sequence of touch 
events over time, each with a 
timestamp, intensity and area.

 The model includes the following 
features:
◦Touch duration

◦Touch intensity (avg, min, max)

◦Touch area (avg, min, max)

◦ Intensity values

◦Area values

◦Type of action

◦Touch pattern (coefficients of the 
quadratic fit)

An Interaction Model
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Differences between individuals
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mal
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It shows that older users appear to have longer and more intense touches
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Gender: data analysis

In both cases, female participants tend to exhibit higher values
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Age: data analysis

In general, and as expected, older participants tend to have an overall slower interaction
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Age: data analysis

In general, older people tend to have more intense touches and also tend to use a larger area of the finger
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 Binomial classification model for predicting age group
◦ Young   <= 35 years old (17 individuals)
◦ Old  > 35 years old (15 individuals)

 Ensemble of trees with gradient boosting

 Non relevant features were discarded

 Features used:
◦ Max, min and avg touch area
◦ Max, min and avg touch intensity
◦ Time between decisions
◦ Touch duration
◦ Age bin

 30 trees, each using 80% of the data and 70% of the features, 5-fold cross 
validation
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Results
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 The resulting model correctly classifies 82.03% of 
young users and 66.37% of old users, with an overall 
76.08% of correctly classified instances 
◦precision = 0.6936
◦recall = 0.6637
◦F1 Score = 0.6783
◦AUC = 0.82 
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Results
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 Limitation:
◦Relatively small number of users in each case studies;

 Results:
◦Approach does not depend on application-specific data and can be 
easily implemented;

◦Allows to collect data from large numbers of users in a non 
intrusive way;

◦May prove relevant for studying other aspects (e.g. emotion, 
personality traits);

◦May be used to develop mobile applications that are more 
user-aware and person-centric.
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Some Results
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Recent Publications
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Camera position:
- under the rearview mirror

Scenes:
- violence
- non violence
- non violence with “violent” music

Video format:
- mp4

Number of persons:
- 2 back seats

Violence Detection 
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RECORDING PARAMETERIZATION

Source: ER.InCo.P30
Sistema de fusão multissensorial em cockpit
Sensor fusion & Action recognition, BOSCH-UMinho Project
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A

B

C
D
E

Violence/Non 
Violence

Start 
action

End 
action

Start 
sound

End 
sound

Day / 
Night

Language Occupation seat Type of action

0 - Non Violence
1 - Violence

00:00 00:00 0 -  Day
1 - Night

Ex: 
Portuguese;
English

ABCDE
1- occupied
0- free
Ex: 10100
(2 persons)

Ex: singing;
Violence with 
gun

Violence Detection 

43

Source: ER.InCo.P30
Sistema de fusão multissensorial em cockpit
Sensor fusion & Action recognition, BOSCH-UMinho Project
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AmI Cockpit

Web Portal 

Interface 

Skeleton mesh to 

generate 

synthetic data

Source: ER.InCo.P30
Sistema de fusão multissensorial em cockpit
Sensor fusion & Action recognition, BOSCH-UMinho Project
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Violence Detection 

Source: ER.InCo.P30
Sistema de fusão multissensorial em cockpit
Sensor fusion & Action recognition, BOSCH-UMinho Project
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Results:

46



Synthetic Intelligence 
Lab

Recent Publications
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Personal Assistants
Pharos - a personal trainer

ISLab.UMinho
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Recent Publications
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Mobility
Cars of the Future (Present)

BOSCH@UMinho
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 Predictive and Analytic Models for the Optimization of Multi-Municipal Water Systems
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PAMWater
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INTEROPERABILITY

SYNTACTIC

STRUCTURAL

SEMANTIC

Reference 
Model

Archetypes

Terminologies

DANIELA 
OLIVEIRA

KNOWLEDGE ENGINEERING FOR INTEROPERABLE 
ELECTRONIC HEALTH RECORDS
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Computed Tomography Based Orthopedic 
Surgery Planning solution
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• Just like Human-Human interaction, 
Human-computer Interaction is richer in 
information that what we can see at first sight

• This information can be used to develop more 
intelligent and sensitive interfaces

• This is in-line with one of the main objectives 
of Human-computer Interaction
• To put the user in the middle

54

Conclusions
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