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Human Centric Sensing and Computing Strategy

Context rich cognitive services 

Good internet context BUT

Severely limited local context

(limited relevance of cognitive services)

Cognitive edge 

computing & companion

Today

Single channel human reality

Other channels inaccessible 

(Edge) Application driven growth

Multichannel human reality

All channels accessible 
Future

Context key for relevant personalized cognitive services in wellbeing and work safety 

IoT / wearables revolutionize healthcare for chronic diseases and elderly care by enabling 

data-driven preventive medicine 
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Human Centric Sensing and Computing

• Physiology / Medicine
• Psychology / Behavioral change
• Acceptance / Usability / User experience

Artificial 

Intelligence

Human in the Center

Big Data Automation

Data Collection/Preparation

modular platform adapts 

to use cases and  

strengthens

base of AI 

pyramid API 
Inter-

person
Analyt.

Con-
versa-

tion

User Interface

Cloud Services

Data Hub and 

Sensors

Use Cases

Humans as 

largest data 

source and 

consumer 

of AI
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eCompanion: Platform Implementations
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1
2

Apps

API

Storage

MVP
High Quality 

Show Case

Hearable

Platform

Cloud 
connectivity

Voice 
interaction

Edge-
Compute for 

critical 
response

Customer 
controlled 

data stream

Plug and 
play 

experience 

Access to 
cognitive 

micro-
services

1

2

Sensor data fusion and 

feedback to user
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Personal setting

Patient overview

Actual values



Stress – Impairs Performance, Decision Making & Safety 

Benefits of real-time stress monitoring:

Training:    Personalize training

Planning:   Select skills AND stress-tolerance 

Operation: Re-define missions, tasks, teams, and leaders

Stress “Measuring”:

State-of-the-Art: Invasive, slow, and impractical for real-time monitoring.

Our Solution: NON-invasive, real-time, differentiate physical and psychological stress

Impaired ability for critical tasks: 

That rely on high neocortex performance 
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 Heart rate acquired with chest-belt 

 Distinguish mental stress from

physical stress within 30-60 seconds

 Test in firefighter training with 

acquisition, labelling, and learning

Use Case I: Monitoring during Firemen Training: DeStress

relaxing mental test

memory training
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Assisted labelling and transfer learning 

to data from other sensors than ECG



Use Case II: Management of Chronic Lung Disease*

Symptom 
data

+

Electronic 
medical 
records

+

Patients

Data Science:
• Expert system
• Physiological model
• Machine learning
• Image analysis

Dashboard

EMR

Physician

GS
M

Analog: Physician patient interaction 

Conversation 
& Content

 Bi-directional communication patient – physician

 Symptom and activity tracking

 Prediction of exacerbations  

 Personalized context

Recording:

 Medication adherence

 Lung function

 Cough intensity

 Sputum color

 Activity and sleep

 Vital-signs 

 Environmental parameters
Less suffering for those with chronic diseases

*Asthma and COPD: Congestive 

Obstructive Pulmonary Disease
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Quality of life management of COPD patients: CAir
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Air-Quality

Monitor

Vital-Sign &

Activity

Tracker

Sputum 

Collector

Spiro-

meter
Patient App

CAir Desk

Device Smart-

phone 

Camera

Smart-

phone 

Mic

Inhaler Spiro-

meter

Activity & 

vital sign 

tracker

Envrion-

mental 

Sensor

Para-

meter

Sputum 

color

Cough 

count

Medi-

cation 

time-

stamp

Lung 

function

Steps, 

SPO2, 

electroderm

al activity,...

Temperature, 

Humidity, 

particles & 

VOC

IBM Research – Zurich / Smart System Integration © 2021 IBM Corporation

cough

wheeze

snore

Audio Recording Feature Extraction

Mel-frequency cepstral coefficients (MFCC) 
 S. Vhaduri, T. Brunschwiler, ICHI, (2019)

t-SNE of Cough and Snore

Classification, 

e.g. k-nearest Neighbour Confusion Matrix

Cough F1-score = 88%



Preparation

Precontemplation

Action

Mainte-

nance

Contemplation

Transtheoretical 

model

Continuous Patient Interaction and Support at Scale 

Face-to-Face

Holistic interaction

Situational assess

Social bond, trust

Limited time, reach

Tele-Platform

Disease information

Questionnaires

Reminders

Limited scale

Virtual Agent (Chatbot)

Behavioral change and therapy support at scale

Limited contextual and personalized appearance

Personality Traits Behavioral Change 

Stages

Just-in-time 

Intervention

Personality insights Observation of progress Digital-Triggers
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Trend and Anomaly Detection of ADL

Personal activity diary

- Sep. ‘18

- Nov. ‘18

- Dec. ‘18

- Jan. ‘19

- Feb. ‘19

Daily activity clusters

Raw data

Motion BedDoor

Entrance

KitchenLiving room

Bathroom 

Bedroom

Fridge

Chair

Event-based sensor network

12 am 12 am12 pm6 am 6 pm

Daily activity 

probability model

Trend

Seasonality 

Anomaly

12 am

6 am

12 pm

6 pm

12 am

days

Daily activity clock

Cluster 1

Cluster 2

Cluster 3

Prototype

patterns:

- Oct. ‘18

Cluster 3: 

Summer

Cluster 1:

Sickness

Cluster 2:

Winter
Signal 

Decomposition
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Wellbeing Pilot Functionalities and Datasets

Functionalities of Wellbeing Pilot

 Monitor elderly, workers, patients, or athletes

 Service provided by care-givers, captains/supervisors, or coaches

 Privacy and GDPR need 

limited data lifetime

 Elderly Care data from

ActivAge

 Work safety Data from

Firefighter trainings

 Data on monitoring 

and coaching of 

people with chronic 

diseases
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Human Centric Sensing  
and Computing 

Bridge gap to wearables with 

edge systems

Apply AI in healthcare and IoT

Convergence of ITC & 

Healthcare

ADL monitoring and classification

Preventive medicine

European digital Economy

Algorithms

Computing

Sensing

Communi-

cation

Integration

Interaction

Neckband

Hearable

Hypertaste

Time Series

Automation

Deep

Neural

Nets

Haptics

VOC

Smell

eCompanion 

Algorithms

Computing

Sensing

Communi-

cation

Integration

Interaction

Algorithms

Computing

Sensing

Communi-

cation

Integration

Interaction

DeStress

Data not transferred to cloud 

but AI to the edge to improve 

autonomy, functionality, 

latency, reliability, and privacy

Transfer

Learning

Federated

Learning

New 

Sensors

Edge 

acceleration

Hybrid

Cloud

Digital 

Therapy

Future 

Hospital

Smallest

Computer

IBM Research – Zurich / Smart System Integration © 2021 IBM Corporation 12


