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RESEARCH PRINCIPLES 

ARTIFICIAL INTELLIGENCE (AI)  

VERSUS  

INTELLIGENCE AUGMENTATION (IA)

‣ Artificial intelligence (AI) = reproducing of human 
cognition 

‣ Intelligence augmentation (IA) = supplementing and 
supporting of human thinking, analysis, and planning, 
leaving the intentionality of a human actor at the heart of 
the human-computer interaction



An artists with Alzheimer’s…



INTRODUCTION

THE POWER OF SENSORY STIMULATION ON DEMENTIA

The 
Power of 
Music

The 
Power of 
Music



BRAIN, EMOTIONS & MUSIC

“BRAIN DREAMS MUSIC” PROJECT AT RIKEN BSI 

HUMAN BRAIN MEETS AI TO COLLABORATE ON MUSIC COMPOSITION AND PERFORMANCE



INTRODUCTION

GARTNER HYPE CYCLE FOR EMERGING TECHNOLOGIES, 2018



OLD SCHOOL BCI/NEUROTECH

MY PASSIVE BCI/NEUROTECH



ERP

SIGNAL PROCESSING FOR MODALITY AND TASK DEPENDENT NON-LINEAR OR 
NON-STATIONARY BRAINWAVE ANALYSIS AND NON-BRAIN INTERFERENCE 
REMOVAL IN REAL TIME

‣red = attended real sound‣purple = attended virtual sound‣blue = ignored sounds

๏green = attended vibrotactile๏black = ignored vibrotactile๏blue = attended ultrasound tactile๏red = ignored ultrasound tactile



INTRODUCTION 

BRAIN-COMPUTER INTERFACE (BCI)

▸ reactive BCI — user intentions are decoded from the 
brainwaves in realtime using a non-invasive 
electroencephalography (EEG) and they are translated to a 
symbiotic robot or VR/AR agent thought-based only 
control 

▸ active BCI — utilizes user intentional modulations of 
brainwaves in response to self—paced mental processes  

▸ passive BCI — which analyzes an arbitrary brain activity 
and allows for biomarkers monitoring of elderly users for 
potential dementia progress elucidation



INTRODUCTION

DEMENTIA FACTS
▸ Dementia and especially Alzheimer’s disease (AD) are the most common cause of 

cognitive decline in the elderly creating significant medical and economic burden  

▸ Approximately 47 millions of people live with neurocognitive disorders worldwide, 
and this number is expected to triple by 2050  

▸ Recent research findings in neuroscience have illustrated that abnormal tau and 
amyloid could modify the pre- and postsynaptic neuronal mechanisms, elevate the 
neuronal calcium influx leading to increased excitability, neuronal loss and altered 
rhythmic patterns 

▸ Evidence from recent neurophysiological and pathological studies suggests that 
impaired synaptic plasticity is a dominant feature of AD, which is essential in all 
complex cognitive functions such as learning, abstract thinking and memory 

▸ Dementia and AD has recently been described as a network disconnection disease or 
as an oscillopathy





ALZHEIMER’S DISEASE

WHERE ALZHEIMER'S STARTS AND HOW IT SPREADS

▸ The damage initially appears to take 
place in the hippocampus, the part of 
the brain essential in forming 
memories  

▸ As more neurons die, additional parts 
of the brain are affected, and they 
begin to shrink  

▸ By the final stage of Alzheimer’s, 
damage is widespread, and brain 
tissue has shrunk significantly





ALZHEIMER’S DISEASE

SIGNS AND SYMPTOMS

▸ Memory problems are typically one of the first signs of cognitive impairment 
related to Alzheimer’s disease (mild cognitive impairment  = MCI) 

▸ Movement difficulties and problems with the sense of smell have also been 
linked to MCI 

▸ The first symptoms of Alzheimer's vary from person to person and often 
relate to decline in non-memory aspects of cognition: 

▸ word-finding 

▸ vision/spatial issues 

▸ impaired reasoning or judgment





INTRODUCTION

DEMENTIA PREVENTION

▸ Pharma companies such as TAKEDA 
Pharma, Novartis, etc., have “digital 
pharma” departments for “beyond-a-
pill” healthcare  

▸ FONOBONO NPO founded by Dr. 
Otake—Matsuura 

▸ Pharma spinoff company AIKOMI 
develops already late dementia 
cognitive-therapy support 

▸ Improved biomarkers comparing to 
our previous AD EEG research





CONVERSATIONAL INFORMATICS APPROACH

CONVERSATIONAL ASSISTIVE AI BASED ON CO-IMAGINATION METHOD



NLP FOR DEMENTIA DETECTION FROM SPEECH

FASTTEXT MODEL 
USING WORD2VEC 
(SKIP-GRAM MODEL 
USING SUB-WORD 
INFO) APPROACH



RIKEN AIP CBAT

PRELIMINARY 
RESULTS IN “BAG-
OF-WORDS/CHATS” 
ANALYSIS 
APPROACH:  

13C



RIKEN AIP CBAT

PRELIMINARY RESULTS IN “BAG-OF-WORDS/CHATS” 
ANALYSIS APPROACH: 13C



AGING & “AWAKEN” BRAINWAVES

BRAIN FACTS

Horvath, A., Szucs, A., Csukly, G., Sakovics, A., Stefanics, G. and Kamondi, A., 2018. EEG and ERP 
biomarkers of Alzheimer’s disease: a critical review. Front Biosci (Landmark Ed), 23, pp.183-220.
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BRAIN MONITORING

EEG + FNIRS BY G.TEC



STATE-OF-THE-ART BCI/BMI

MULTI-SENSORY STIMULATION ENVIRONMENTS FOR BCI AND 
NEUROTECHNOLOGY APPLICATIONS



DEMENTIA & ERP



DEMENTIA & BRAINWAVES 

HORVATH, A., SZUCS, A., CSUKLY, G., SAKOVICS, A., STEFANICS, G. AND KAMONDI, A., 2018. 
EEG AND ERP BIOMARKERS OF ALZHEIMER’S DISEASE: A CRITICAL REVIEW. FRONT BIOSCI 
(LANDMARK ED), 23, PP.183-220.



AUDITORY BCI

SPATIAL 
AUDITORY 
BCI WITH 
REAL & 
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TASK LOAD & BRAINWAVES 

SPATIAL REAL VS. VIRTUAL 
SOUND BEHAVIORAL & ERP 
RESPONSES



TACTILE BCI

EXPERIMENTAL SETUP



TASK LOAD & BRAINWAVES 

SPATIAL SKIN-
CONTACT VS. 
AIRBORNE TACTILE 
STIMULUS 
BEHAVIORAL & ERP 
RESPONSES



SHALLOW LEARNING CLASSIFIERS

RIEMANNIAN GEOMETRY CLASSIFIER 



SHALLOW CLASSIFIERS

EXAMPLE COVARIANCE MATRICES OF VARIOUS EEG PATTERNS



RESULTS

TACTILE (TIME-SHIFTED-P300) ERP RESPONSES



Results: Median accuracies of single subject dataset for training 
and testing using tactile and AUTD (time shifted) P300 responses

Results: Median accuracies of all subject dataset for training 
and testing using tactile and AUTD (time shifted) P300 responses



RESULTS

ERP SCALP TOPOGRAPHIES



Results: Median accuracies of single subject dataset for training and 
testing using auditory (amplitude modulated) P300 responses

Results: Median accuracies of all subject dataset for training and 
testing using auditory (amplitude modulated) P300 responses
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DEEP LEARNING CLASSIFIER

TENSOR–TRAIN–LAYER–BASED NEURAL NETWORK CLASSIFIERS



RESULTS

COMPARISON 
OF  
SHALLOW 
AND  
DEEP 
CLASSIFIERS 



BCI FOR DEMENTIA ELUCIDATION

ODDBALL/P300-STYLE EXPERIMENT



PASSIVE BCI FOR DEMENTIA MONITORING

REACTION TIMES (HCI STYLE) FOR “FOOD RECOGNITION” SETUP



PASSIVE BCI FOR DEMENTIA MONITORING

REACTION TIMES IN AN ODDBALL EXPERIMENT



RESULTS

REACTION  

TIMES  

(RT)



PASSIVE BCI FOR DEMENTIA MONITORING

EMOJI-GRID ACCURACY TRAINING VS. TESTING RESULTS



PASSIVE BCI FOR DEMENTIA MONITORING

EMOJI-GRID ACCURACY TRAINING VS. TESTING DISTRIBUTIONS



PASSIVE BCI FOR DEMENTIA MONITORING

EMOJI-GRID 
ACCURACY 
TRAINING VS. 
TESTING FOR 
“MOCA-
SCORED” 
SENIORS ONLY



PASSIVE BCI FOR DEMENTIA MONITORING

TT_FNN CLASSIFICATION RESULTS WITH RT (DEMENTIA VS. 
HEALTHY AT MOCA=25 THRESHOLD) 

TEST SET ACCURACY ~90%



PASSIVE BCI FOR DEMENTIA MONITORING

TT_FNN CLASSIFICATION WITHOUT RT AND ACCURACY DROPS TO ~69%
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WORK IN PROGRESS

BEYOND ERP AND TOWARD MICRO STATES



WORK IN PROGRESS

BEYOND ERP AND TOWARD MICRO STATES



WORK IN PROGRESS

EEG-MICRO-STATES & AUTO-ENCODERS

1                    2                   3                     4                   5                     6



“LABEL—FREE” MACHINE LEARNING

PRELIMINARY RESULTS OF DEEP LEARNING DATA-DRIVEN SYMPTOM DISCOVERY



THE END

CONCLUSIONS

▸ The discussed pilot results of the brainwave- and 
behavioral-based dementia biomarker elucidation offer an 
advance in a search for new imaging methods for elderly 
leading to a life improvement and healthcare cost 
minimization 

▸ In a subsequent step of our approach, we will focus on the 
collection of more data in order to train better deep 
learning models for further improvements of the proposed 
approach


