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Neural Signal Acquisition
Detect electrical or hemodynamic
activity from the brain.

Signal Processing

Filter noise, extract relevant
features, and transform the
signals.

Pattern Recognition
Identify patterns and map them
to user intentions.

Translation & Output

Convert intentions into commands
for external devices or feedback.

Closed-Loop Adaptation

The system learns and adapts
with continuous use.

(@ HOW IT WAS DISCOVERED

1924 Hans Berger

First recorded the human
electroencephalogram (EEG).

1960s-70s

Neuroscience & engineering
advanced how we measure
and interpret brain signals.

1990s First BCls

Early systems demonstrated
brain signals controlling

a cursor or device.

2000s-Now

Improved sensors, machine learning,
and real-time systems enable
practical, non-invasive BCls.
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BRAIN-COMPUTER INTERFACE (BCl)

Principles « Discovery « How It Works « How It’s Used

A BCl is a direct communication pathway
enabling the brain to interact with external

devices, bypassing the body’s muscles.

HOW IT WORKS

1 Acquisition
Sensors rapture brain activity
(EEG, ECoG, fNIRS, etc.).

2 Preprocessing

normalize, and filter.

\
“/\/\IVW‘- Remove noise, segment,

3 Feature Extraction

Extract meaningful
representations.

4 Classification / Decoding
Map patterns to intentions
(or mental states).

Command / Output
Execute actions, provide
feedback, or control devices.

(@ How IT is USED
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Neurorehabilitation
Restore movement and
communication after injury
or disease.

Assistive Communication
Enable communication for
people with paralysis

(e.g., ALS, locked-in syndrome).

Device Control

Control computers, prosthetics,
drones, wheelchairs, and more.

Cognitive Enhancement
Improve attention, learning,
and mental training.

Neurotechnology
& Research

Study the brain and develop
new human-computer
interactions.

BCls bridge the gap between mind and machine, — o S @_ﬁo i &6 ;I?:
opening new possibilities to enhance human potential L o o
and improve quality of life. Brain Signals Processing Decoding
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BCl HARDWARE ARCHITECTURE

— How a Brain—-Computer Interface is Built -—

1. SIGNAL ACQUISITION 2. SIGNAL CONDITIONING 3. PROCESSING 4. OUTPUT / APPLICATIONS
Capture brain activity Amplify and prepare raw signals Extract information and detect intent Translate intent into action
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Communication

\ \ Feature Extraction
Amplifies microvolt-level signals (UV) and :ﬁ[h “ Time, frequency, spatial or

removes noise and interference. time-frequency features

@ Classification / Decoding
, Machine Learning algorithms

(e.g., LDA, SVM, CNNt:, RNN)

Device / Robot Control
Electrodes placed on the scalp

detect tiny electrical signals
produced by neuronal activity.

Assistive Technology

Neurofeedback
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LS N ——r Feedback to User i
(Visual / Audio / Haptic)

Gaming & VR

Intent Recognition
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commands or actions

KEY HARDWARE COMPONENTS TYPES OF EEG ACQUISITION
WIRED SYSTEMS WIRELESS SYSTEMS DRY ELECTRODES
- High-quality signal, More mobility and Easy to use, no gel
less interference comfort required
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EEG CAP / ELECTRODES AMPLIFIER ADC PROCESSING UNIT COMMUNICATION MODULE POWER SUPPLY p ! i
Ag/AgCl electrodes Boosts weak signals Converts analog signals Runs algorithms and Transmits data wirelessly Provides stable and ‘
capture brain signals. while minimizing noise. to digital data. decodes brain activity. or via cable. portable power. | _*1 ‘

OVERALL BCI HARDWARE FLOW
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ADC

Brain Activity EEG Electrodes Amplifier & Processing Unit Decoded Intent Output /
Signal Conditioning Application

WHAT MAKES IT POSSIBLE?

Sensitive electrodes detect microvolt-level brain signals
Low-noise amplification preserves signal quality

Smart processing extracts meaningful patterns

Real-time decoding translates thoughts into actions
Hardware + Algorithms = Brain-Computer Interface
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Haroware EEG



http://www.youtube.com/watch?v=q0fKTWZ3e3s
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Multiple data sources
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BCl WORKFLOW: FROM SIGNAL TO REAL-TIME CLASSIFICATION

From multimodal signal acquisition to continuous, adaptive, real-time prediction.
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APPLICATIONS OF BCI

BCls can be used in two main ways depending on the user’s role:
actively generating commands or passively being monitored.

ACTIVE BCls

The user actively generates brain signals

to control or interact with a system.

1. Attention-based
control systems
(Soft control of interfaces)

Using attention to select,

navigate or modulate
interface elements.

2. Brain-driven
game interactions
(Hard interface control, P300)

Using brain responses (e.g. P300)
to trigger actions in games
or virtual environments.

3. User-intent detection
(Motor imagery)
User imagines a movement
to control a device or software
(e.g., move left or right).
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,». PASSIVE BCls

Y/ The system passively monitors brain activity
to infer the user’s mental or emotional state.
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1. Cognitive workload
monitoring
(Meditation, TDAH, Sleep ...)

Continuously assesses mental

load, focus or relaxation levels.

2. Neuroadaptive
interfaces
(Neurofeedback, audio,
emotion...)

Systems adapt in real-time
to the user’s brain state.

3. Implicit human-state
assessment
(Emotion Recognition...)

Detects emotions or affective
states without requiring
explicit input.

Low Workload Relaxed

«//\”/\\/\"/\{/»\/vy\//\?v\/\/v\/\/\,\/\p\/\/o

High Workload

Relaxation
——

Focus

Engagement
-

Happy 0.76

Neutral e 0.18
Sad . 0.04

Stress - 0.02

KEY TAKEAWAY

Active BCls empower users to control systems with their minds.

Passive BCls provide valuable insights about the user’s internal state.




EXAMPLES OF ACTIVE AND PASSIVE BCls

BCls can either actively gontrol external systems or passively monitor brain activity
to provide insights and feedback.

N S
ACTIVE BCls PASSIVE BCls
G(o/'; The user actively generates brain signals The system passively monitors brain activity
\ : E
N to control devices or systems. to assess mental or emotional states.
< RIGHT
1. Video game - EETE g2 + 9 1. TDAH detectors ATTENTION LEVEL
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@ ACTIVE BCls = Control PASSIVE BCls = Insight
e You use your brain to do something. The system observes and understands your state.



A little BCl here, a little BCI there...
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http://www.youtube.com/watch?v=FN6Tui_sEzo
http://www.youtube.com/watch?v=FN6Tui_sEzo

Supernumerary Limb Control |

Ball balancing board

. Good
performers performers

Number of people
Number of people

Performance

8898erg8gy 8 8% 288 2
Performance (%) Performance (%
A Single task B Multitask
9 (70)  (8p)
Fig. 2. Histograms showing the distribution of people with respect to their performances for the single task and multitask conditions. (A} Single task. 5 P "
Panel (| oW al representation of the probability function resulting from the GMM-EM algorithm. The performance score (68! 3'“('93”“

Bad performers | Good performers

Fig. 3. The two modalities for the multitask condition. Performance median
score and the number of good performers (eight people, median = 85) and bad per-
formers {seven people, median = 52.5) for multitask condition. Error bars indicate min/
max values



https://docs.google.com/file/d/18Bx3R8FY44ijhWCd4jwpAU9nqr9SboC6/preview
https://docs.google.com/file/d/18Bx3R8FY44ijhWCd4jwpAU9nqr9SboC6/preview

BClI COMBINED WITH OTHER SIGNALS

Multimodal interfaces for more robust, accurate and intuitive human—-machine interaction.
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COMPLEMENTARY SIGNALS

More Robust
Works better in real-world
conditions and variability.

More Intuitive
Leverages complementary
information from the user.

More Accurate
Combining signals reduces
false positives and errors.
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APPLICATIONS

Assistive Communication

BCI EMG EYE TRACKING MULTIMODAL FUSION (& ) SiControl >0 50 e ||
Brain Signals Muscle Activity Gaze & Pupils Data Integration NS 5::z::i:;er;vzg;:?:::azo;:; “ THANK You {
control devices more reliably. N
= N ; ” -
‘ /’\ Gaming & Entertainment G ‘w
» » @' ) » Enhanced immersion and control ,: L =
= \/ by combining brain signals with / :
S—— = =) muscle activity and gaze.
WA'«MVHWW\N‘M W‘MMW"‘MM *Aﬁj‘\f”»\//\’\»'\q//\' ‘/\//\/“ / . Robotics & Prosthetics o y
Measures brain activity Measures electrical activity Tracks eye movement, Sensor fusion and machine 3 h/;orebnaFural and preczsz; cc?ntrol ‘\'/m
(EEG) to infer mental produced by muscles to gaze direction, blink rate learning combine signals - g ooeuganms OthrOS; Ie_nc .
states, intentions or detect movement or and pupil size to infer to improve performance st Sk gt e s
cognitive workload. muscle activation. intent and engagement. and reliability. =
Examples: Motor imagery, Examples: Hand grasp, Examples: Gaze direction, ;"/ N\ Drl\{mg & Mobility p ";‘5;2’“
attention, workload, emotion arm movement, facial blink detection, pupil dilation & Monitor driver attention and G ? o i
expressions ol / intent, detect drowsiness and OROWSINESS
enhance adaptive assistance. - & Low

WHY COMBINE SIGNALS?

Greater Robustness Faster & More Reliable
Performance is maintained

Responses
even when one signal is Faster intent detection
noisy or weak.

and more stable control.

Wellness & Mental Health
Monitor stress, focus and &

Higher Accuracy
Complementary signals
reduce ambiguity and
improve detection.

Richer Context /
CE:_:D Understanding ( @
More complete picture l\ emotions through combined
of the user's state neurophysiological signals. N

and environment. ~
E O=0 S
o0 > — oy P
3 — MWW — — S — -\/ — (==
@ s 4 n_ﬂJ]J]_Il o=0~0 = @ =
Fusion & ML Model

Decision & Output
Feature fusion and machine

Intent recognition and
learning / deep learning command generation
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TYPICAL MULTIMODAL BCI PIPELINE KEY TAKEAWAY

Combining BCI with EMG and Eye Tracking
unlocks the full potential of human intent
decoding and enables smarter, more
natural and reliable interfaces.

Signal Acquisition Feature Extraction

EEG + EMG + Eye Tracking

Preprocessing
Filtering, artifact removal,
normalization

Action / Application
Control device, feedback
or display output

Time, frequency, spatial
and statistical features



Brain* ¢—> PC



http://www.youtube.com/watch?v=g45Xa6QVKng
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Test your hand tracking
and classification HP

on a NES Party ;
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PyGesture Studio
Real-time hand gesture recognition
powered by Python, MediaPipe and
Machine Learning.
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PyGesture Studio

Python. MediaPipe. S HEFAL
UFPNERALDNY RS T AFv—RBE
YV—=ILFYbrTY.
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PyGesture Studio

Capture. Train. Predict. Interact.
FvIFv -FB-FM- 12250

Hand Tracking (MediaPipe)
N> EFSv%>% (MediaPipe)

PARE-LT L ET
63 Features

21 @ADFVFR—7

63flnsMmE

Prediction (Real-Time)
UFZLEALTFN

Gesture:

START

Confidence:
98.6% 4
{E#EE - 98.6%

Webcam MediaPipe Feature Extraction Dataset Model Real Tnme
YT THRS Hand Tracking (63 Features) Recording Training Prediction
MediaPipe S E Ot F—8tvk EFLEE DFIEA L
NYErToF2T (63{E D351 i) .53 FH
FEATURES MACHINE LEARNING ALGORITHMS
E T HREE MEFETLIVIL
v/ Real-time webcam acquisition =
UTILEALDD LT HASRE ‘ Random Forest / S 4 LT7#L Xk
v/ Automatic 21 hand landmarks . Extra Trees / TZZ RS —
BB21RT FY— o e
v/ Multi-class gesture dataset @ Support Vector Machine (SVM) / / ‘w‘
RLVFUVSADS I RF¥—T—2tEvhk YR—rROZ2—T>> \ /
N\ /
v/ Muiltiple machine learning models % - SOSEE
HEROBRPFEFILICHS ® E,&N;;es’ Nslghbors (KNN)/ Best Model
v/ Real-time gesture prediction - e Automatically
UPLEALDTTRF v —F R (9 Gradient Boosting;/ Selected
v/ Save & load models (Joblib) QE?—ZT»r/d‘ BERETIVE
EFIIDRELRIAHK (Joblib) . Multi-Layer Perceptron (MLP) / B TEIR
v/ Build your own HCI applications RS-t TrO>
BEBOHCIZ7 IV r—>a>a il
Play NES Custom gestures Real-time ML OO0
with your hands as controllers e g predictions
FTNESETLA WAGLIIRAF v —% UTNRA LD ™
arvea—->—i mMELVFA

|/ : ,,i Build. Train. Play The future of Human-Computer Interaction starts with your hands. | .. \
fEB. F 3, MR A a— BDEREKIE. BRIEDFEHNSWBED. y
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Fun for everyone

All you need is a webcam!
HALZTRELDS
BEREDORITTHAXSET!

Perfect for HCI,
education & research

HCI. 3475 . 5 32 (c il :

N eeeaeeo]
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CURRENT STATUS

| mEoz7—o2

| Webcam Acquisition
DT THASIRA

‘ Hand Detection
AR 1.

\ Feature Extraction
R o

‘ Dataset Recording
T4ty iR

[ Model Training

i EFLSE

| UPNEALTFR

‘ GitHubT 2

Real-Time Prediction

1 Open Source on GitHub
N Lo



https://github.com/Bsenzio/pygesture
https://github.com/Bsenzio/pygesture

Can you convert one signal into another?
hB3EsZDESICERTESTIETIN?

Exploring the bridge between brainwaves and hand movements
EEG BRAIN SIGNALS B - FOME DR FEEES HAND TRACKING
B 1SS (EEG) = = NSO F SNl
IS IT POSSIBLE? I
ZNIFETRED ? Ry

’

=37

21 Landmarks
63 Features

2105V KR —2

63D MR
- S o
Bj_‘:ai“:"\cti"ity From brainwaves... ...to hand movements? \ 3 Fr
RS BRI S .. FOBEA? 2
> ,,\‘ : B
> A ) | N H
2 AN~ 0l BRIDGING MIND AND MOVEMENT o | IQ
o — J \ J - / ,E\tg‘]géjtj <“ .
Neural Signals EEG Waves Intention >, Hand Landmarks  Feature Extraction Movement / Gesture
BRES i 5% BERE-BE

FOSRT—2 BMEoHmE HhE-CxXFv—

9= ~,
_‘@’_ Applications: BCI, Assistive Technology, VR/AR, Robotics, Neurofeedback and more ‘
WS SRS BClL XBHEM. VR/AR. OKRF 1R, —a—0OT71—KNwokE \
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1D AN. Understanding. Translating. Connecting. The future is in our hands and minds. 2
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