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From     Sensation     to  Perception
Memory, learning,

expectation, attention, 
reflection, …

Sight, hearing, smell, 

taste, touch, proprioception, 
…



Machine Sensation
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Optical Sensor
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Machine Learning: Data-centric  &  Model-centric 



https://commons.wikimedia .org/wik i/Fi le :0 _GTzatE Ud4cICPVub.png

Machine Learning: Data-centric  &  Model-centric 

“More is Different”

The larger is the quantity, 
the more unexpected is the quality

Anderson
Anders on, Phi l ip  W. "More is di fferent: brok en s ymmetry  and the nature of the h ierarch ic al  structure of s cience." Science (1972)



Labelling!

https://y outu.be/pbmTDxprHaM ?feature= shared



Annotation!

✓ Tree

✓ Bicycle

✓ Kid

✓ Female

✓ Male

✓ Family

✓ Park

✓ Green

✓ Outdoor

✓ Cycling

✓ Summer

✓ …

A happy family of 

three—parents and 

their young son—

cycling together 

through a green park 

enjoying the outdoors 

in a sunny day and 

creating lasting 

memories with every 

ride. 



Acoustic Sensor



Motion Sensor: Accelerometer

(A) Walking

(B) An early thirties, tall & skinny man is walking

age height weight gender

labelling

activity



Optical Sensor: PhotoPlethysmoGram (PPG)

https ://doi.org/10.3390/el ec tronics 3020282

https ://doi.org/10. 1038/s 41746-022-00629-2 

https://doi.org/10.3390/electronics3020282


Target information in the Data

Target 

Signal

Data-

Independent

Noise

Non-target 

Signals

X ∈ ℝ𝑡×𝑑×𝑐

At each time-point, each device, 

generates samples coming from 
some channels.

Each application concerns only 
some specific information! 

Yi = ℱ𝑖(X)



X

Deep Learning
an encoder to extract features and a classifier to make predictions

X 𝑦
ℱ

𝑥 𝑦
ℰ

𝒛
𝒞

DNN
ConvNet,

LSTM,

Transformer

FC,

KNN,

DT



Learning from unlabeled PPG data



https://github.com/Nokia-Bell-Labs/papagei-foundation-model

https://github.com/Nokia-Bell-Labs/papagei-foundation-model


PPG datasets
Publicly available!



PPG characteristics
Better understanding of data for designing better models

https ://doi.org/10. 1038/s 41746-022-00629-2 



Stress-induced Vascular Response Index
the ratio of mean PPG signal between post- to pre-systolic phases

Signal Quality Index
skewness of the signal as an indicator of quality 

Inflection Point Area ratio:
the ratio of systolic to diastolic areas defined by the dicrotic notch

sys is the systolic peak

PPG characteristics
Better understanding of data for designing better models



PPG characteristics
Better understanding of data for designing better models



Linear Probing



Learning from unlabeled Audio data



https://github.com/nokia-bell-labs/audio-class-discovery

https://github.com/nokia-bell-labs/audio-class-discovery


https ://doi.org/10.3390/su14052923

Audio to MFCC

https://doi.org/10.3390/su14052923


Annotating MFCC?!



Singing
label= 1 label= 0

Inside a hall
label= 1 label= 0

Annotating MFCC!



In-the-wild Audio

https:// research.google .com/audioset /



SoundCollage
Automated Discovery of New Classes in Audio Datasets



Class Discovery



Takeaways!

✓ Balanced Approach: Effective solutions in human sensing require both model-centric and 

data-centric approaches for optimal compute efficiency and model accuracy.

✓ Challenges of Data Labeling: Due to the sensitivity and complexity of health data, labeling is 

often impractical or cost-prohibitive.

✓ Unlabelled Data Learning: Learning from unlabelled data is essential, as it enables us to build 

meaningful feature representations without needing extensive labeled datasets. Robust 

feature extractors allow limited labeled data to support accurate classifiers, enabling effective 

model training with minimal labeling.

✓ Automated Pipelines for New Insights: Combining domain expertise with machine learning in 

automated workflows helps unlock new insights from existing unlabelled datasets. Large-

scale, unlabelled data sources (like PPG and Audio) can be leveraged to develop innovative 

solutions.



We are building multi-sensory device platforms that learn, infer, and 
augment human behavior and health awareness.

     we have opportunities  
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