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What do we learn during Part II?

1) The computational pipeline for thermal imaging-based 
physiological computing

We will provide 
2) A practical guide to thermal imaging-based physiological computing

We will dive into 



Computational pipeline
for

thermal imaging-based physiological computing



Muscular signature4

Perspiratory signature

Respiratory signature2

Cardiovascular signature1

3

Cho et al. (2019)

Physiological Thermal Signatures



Cho (2019)

THERMAL
IMAGING

Neck-shoulder 
Regions (Vessels)

Regions of Interest 
(ROIs)

Vasoconstriction/dilation-
related

Cardiovascular Activity

Facial micro-muscle
activation

Physiological
Activity

Nostrils

Respiratory Activity

Blood Volume Pulse-
related 

Cardiovascular Activity

Perspiratory Activity
(sweat glands)

Facial regions
(beyond nostril)



Case 1

Cho et al. (2019)

Without Automatic ROI (Motion) Tracking

Computational Pipeline

Case 2 With Automatic ROI (Motion) Tracking



Case 1

Computational Pipeline

Jarlier et al. (2011)

Chinrest

Facial
Thermal Image

A variety of studies

Using a head fixation mount

Or asking 
not to move



Case 1

Cho et al. (2019)

Temperature
Matrices

ROI
Selection

e.g. Nostrils

Spatial
Interpretation

Averaging 
temperature 
elements
on the ROI

=35.7°C

e.g. 

Physiological
Signals

from all images

Without Automatic ROI (Motion) Tracking

Computational Pipeline



Case 1

How does it work?

Or and Duffy (2007)

Averaging

Averaging

Vasoconstriction – Nose tip (ROI) 



Case 1

How does it work?

Veltman et al. (2005)

o
o Averaging

Averaging

Vasoconstriction – Nose tip (ROI) 



Remind you

Veltman et al. (2005),
Or and Duffy (2007), 
Engert et al. (2014), 
Cho et al. (2019) ...

Nose tip

Mental Stress, Mental workload



Case 1

How does it work?

Veltman et al. (2005)

In response to Mental Stressors

Vasoconstriction – Nose tip (ROI) 



Case 2

Cho et al. (2019)

Computational Pipeline
Without a head fixation mount

Spatial
Interpretation

ROI
SelectionAutomatic ROI TrackingROI

Selection
Spatial

Interpretation
Preprocessing
(Quantization) ROI Tracking



Case 2

Cho et al. (2019)

Computational Pipeline
With Automatic ROI (Motion) Tracking

Temperature
Matrices



Abdelrahman et al. (2017)

How does it work?
Case 2

Face tracking ROI selection

“The participants were asked to 
look to the front facing the thermal camera”

Vasoconstriction – Nose tip (ROI) 



Abdelrahman et al. (2017)

How does it work?
Case 2

Cognitive Load (Stroop test)

Vasoconstriction – Nose tip (ROI) 



Fei and Pavlidis (2010)

How does it work?
Case 2

Automatic 
ROI Tracking
(coalitional 

tracking 
algorithm)

Breathing – Nostril (ROI) 



Fei and Pavlidis (2010)

How does it work?
Case 2

Averaging
temperatures on 

the nostril ROI

Breathing – Nostril (ROI) 



Pereira et al. (2015)

How does it work?
Case 2

Breathing – Nostril (ROI) 



Garbey et al. (2007)

How does it work?
Case 2

Averaging
temperatures on 
the blood vessel

Automatic 
ROI Tracking
(conditional 

density 
propagation 

tracker)

Cardiac pulse – Neck blood vessel



Garbey et al. (2007)

How does it work?
Case 2 Estimated 

Pulse Rate



How does it work?
Case 2

Krzywicki et al. (2014) 

Active pores

Counting 
# of Active Pores

Perspiration – finger tip (ROI) 



Beyond controlled lab settings?
Main Challenge: Environmental Temperature Changes

Cho et al. 2017 (Biomedical Optics Express 8(10))

Mobile Thermal Imaging



Cho et al. 2017 (Biomedical Optics Express 8(10))

Temperature Matrices 

[28°C-38°C]

…….

…….Thermal Image Frames

[28°C-38°C]

Static Quantization

[28°C-38°C] [28°C-38°C]

Fixed
Temperature Range of Interest
e.g. [28°C-38°C]

Given environmental temperature changes
Quantization is important



Cho et al. 2017 (Biomedical Optics Express 8(10)) Featured by the Journal

Given environmental temperature changes
Optimal Quantization to address this challenge 

Temperature Matrices 

[28°C-38°C]

…….

…….Thermal Image Frames

Optimal Quantization

[26°C-36°C] [24°C-34°C] [22°C-32°C]



Given environmental temperature changes
Optimal Quantization to address this challenge 

Cho et al. 2017 (Biomedical Optics Express 8(10)) Featured by the Journal



Optimal Quantization-enabled advanced ROI tracking

Cho et al. 2017 (Biomedical Optics Express 8(10)) Featured by the Journal



Optimal Quantization-enabled advanced ROI tracking
Pereira et al. (2015)’s method (previous state-of-the-art)

Cho et al. (2017)’s method (Optimal Quantization-enabled)

Cho et al. 2017 (Biomedical Optics Express 8(10)) Featured by the Journal



How does it work?
Case 2

Cho et al. (2017) 
Mobile Thermal Imaging

Strong Correlation: 
r= 0.9987 with 

Breathing – Nostril (ROI) 



How does it work?
Case 2

Cho et al. 2017 (Biomedical Optics Express 8(10)) Featured by the Journal

Breathing – Nostril (ROI) 



Practical Guide to
thermal imaging-based physiological computing



• http://youngjuncho.com/TIPA

Practical guide with TIPA opensource toolkit

http://youngjuncho.com/TIPA


TIPA. 
youngjuncho.com/tipa
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What do we learn during Part III?

I.  Beyond thermal directional changes
II.  Limitations of evaluation methods used in the literature
III. Towards real-world situations: Mobile Thermal Imaging

We will discuss the challenges and limitations emerged from the literature 
to explore research opportunities and directions



I. Beyond Thermal Directional Changes?



THERMAL
IMAGING

Neck-shoulder 
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Garbey et al., 2007

Nasal, Periobital, Perioral, 
Chin, Cheek ...
Cho et al., 2019;
Di Giacinto et al., 2014; 
Ebisch et al., 2012; Engert et 
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Nakayama et al., 2005; Or 
and Duffy, 2007; Pavlidis et 
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al., 2006; Shastri et al., 
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Cho et al. 2017a; Ebisch et 
al., 2012; Lewis et al., 2011; 
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2009; Pareira et al., 2015 …

Affective 
States
(Distress, 
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Action Unit 
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(sweat glands)
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Cho et al., 2017b

Jarlier et al., 2011;
Wesley et al., 2012;

Thermal
Variability

Cho et al., 2019

Cho (2019)
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Cho (2019)

Cho et al., 2017b

Cho et al., 2019



Limitations of Thermal Directional Changes



Temperature Directional Change along with 
Affective States

Genno et al. (1997), Or and Duffy (2007), 
Veltman et al. (2005), Engert et al. (2014), 
Cho et al. (2019) 

Nose tip
Mental Stress, Mental workload

Startled 
Upper lip

Shastri et al. (2012) 
Periorbital Pavlidis et al. (2001) 

Sexual Arousal
Mouth Nose tip Periorbital

Salazar-López et al. (2015) 
Love

Whole face

Fear
Kistler et al. (1998) Finger tip

Hahn et al. (2012) 

Cho et al. (2019)



Periorbital temperature

Incongruent findings
When being startled (Auditory Startle stimulus)

Pavlidis et al. (2001) Gane et al. (2011)

Stablewarming



Chin temperature

Incongruent findings
When mentally stressed

Engert et al. (2014)Veltman et al. (2005)

Not changed
decrease



Single metric (temperature direction) can 
be susceptible to many factors

1. Ambient temperature

2. Complex physiological mechanism

3. Interaction effects between affective states

Cho et al. (2019)



Single metric (temperature direction) can 
be susceptible to many factors

1. Ambient Temperature

e.g. Large variation in temperature 
between the waiting space and the experiment room 

Cho et al. (2019) Instant Stress



Single metric (temperature direction) can 
be susceptible to many factors
2. Complex physiological mechanisms

Respiration affecting nose temperature

Cho et al. (2019) Instant Stress



Single metric (temperature direction) can 
be susceptible to many factors
2. Complex physiological mechanisms

Voluntary muscular action affecting facial temperature

Medina et al. (2018)



Single metric (temperature direction) can 
be susceptible to many factors
3. Interaction effects between affective states?

Mental workload vs. embarrassment ?

Cho et al. (2019) Nose Heat

Nose
Temperature
Directional
change

Social
+ Evaluative 

Threats



Emotional N-Back task

Single metric (temperature direction) can 
be susceptible to many factors

Mental workload vs. valence ?

Panasiti et al. (2019)

3. Interaction effects between affective states?

valence



Single metric (temperature direction) can 
be susceptible to many factors

Need to diversify thermal metrics



Towards a richer set of thermal metrics

Diaz-Piedra et al. (2019) Cho et al. (2019) Nose Heat

Thermal Variability?

e.g. temperature during
a two-hours driving session

e.g. temperature during
a100s- resting session



Towards a richer set of thermal metrics

Cho et al. (2019) Nose Heat

A very recently proposed set of metrics

temperature

Existing metric



Towards a richer set of thermal metrics

Cho et al. (2019) Nose Heat

Self-reported 
stress scores

Sedentary Mental stress task



Towards a richer set of thermal metrics

Cho et al. (2019) Nose Heat

Real-world task in a furniture factory



Further efforts are needed to diversify metrics



Given the limited metrics, 
only a few studies have used 
thermal imaging for automatic affect recognition



Affect Recognition: Typical approach
e.g. Multimodal (GSR + BVP)

Signal processing &
Feature Extraction

e.g.
Feature 1: mean HR
Feature 2: mean IBI
Feature 3: mean SCR Amplitude
…

Classification
(e.g. KNN, SVM)

Feature 1 Fe
at

ur
e 

2

Fe
a

tu
re

 3

(This is not real data)

Class 1

Class 2
Class 3



Nhan’s (2010) automatic affect recognition

Nhan and Chau (2010)

Binary classification: Baseline – high arousal, Baseline – low arousal, …

Traditional features 
in computer vision 

applied to 
the five ROIs

à 402 featuresTask: 
International Affective 
Picture System (IAPS)



Nhan and Chau (2010)

Binary classification: Baseline – high arousal, Baseline – low arousal, …

Nhan’s (2010) automatic affect recognition



Binary classification: Baseline – high arousal, Baseline – low arousal, …

Nhan’s (2010) automatic affect recognition



A couple of studies followed Nhan and Chau’s work

Other works reporting 90% in detecting affective states: 
a proper cross validation was not used (e.g. Hong et al. 2016 – stress detection)

Latif et al. (2015)

Authors Key difference

SVM binary detection of sadness and happiness

K-fold cross-validation result: 63.5% (accuracy)

Khan et al. (2016) LDA binary detection of sadness and happiness 
separately
K-fold cross-validation results: 73.7%, 68.4%

Goulart et al. (2019) LDA binary detection of 5 emotions (disgust, fear, 
happiness, sadness, surprise),
3-fold cross-validation: ranging 74.7 - 89.88%



Detection performance needs to be improved
given that..



K-fold cross validation tends to produce artificially 
high accuracies in handling sequential data

To test the ability to generalize,
Leave-one-subject-out (LOSO) cross-validation is recommended

Hernandez et al. (2011)
Ellis et al. (2014)
Cho et al. (2019)



Detection performance needs to be improved
given..

The limitation of hand-engineered features

LeCun et al. (2015)



End-to-end learning approach with a new representation 
method

Cho et al. (ACII 2017) DeepBreath

Automatic stress detection using respiratory thermal signatures

Artificial 
Neural Network

Respiration Variability Spectrogram
(2D Representation of breathing signals)



End-to-end learning approach with a new representation 
method

Cho et al. (ACII 2017) DeepBreath

Automatic stress detection using respiratory thermal signatures



End-to-end learning approach with a new representation 
method
Automatic stress detection using respiratory thermal signatures

Respiration
Variability

Spectrogram
Artificial 

Neural Network

Two perceived levels
Classification

(LOSO)

85%

De
ep

Br
ea

th

Accuracy

70-80%

St
at

e-
of

-th
e-

ar
t

10-fold
CV

De
ep

Br
ea

th

99.7%

Cho et al. (ACII 2017) DeepBreath



Further attentions need to be paid to
Advanced machine learning and

Physiological representation



II. Limitations of evaluation methods 
used in the literature

(to test the quality of physiological signals)



Cho et al. (2019)



Standard evaluation metrics in computational physiology

to analyze the agreement between two different measurements
Bland-Altman plot

Image adapted from Cho et al. (2017)



Standard evaluation metrics in computational physiology

to test statistical association between two different measurements
Scatter plot and correlation

Image adapted from Poh et al. (2010)



Standard evaluation metrics in computational physiology

to measure how spread out residuals are 
(residual: a measure of how far from the regression line data points are)

RMSE (Root Mean Square Error)

Image adapted from Kumar et al. (2015) and Cho et al. (2017)



Some studies in this field missing standard evaluation

(during the introduction) Custom evaluation metric



Nonstandard evaluation metrics tend to report extremely 
high values

Garbey et al. (2007)

Reported accuracy
CAND = 88.52%



Nonstandard evaluation metrics tend to report extremely 
high values

Hamedani et al. (2016)

Reported accuracy
CAND = 92.46%



This sounds very reliable!



We have computed their correlation coefficients
r=0.078 (GT-FFT)

r=0.58 (GT-zero)



For your reference, remote PPG (Photoplethysmography)

Poh et al. (2011)



III. Towards the real world with 
Mobile Thermal Imaging



Expensive and Heavyweight Thermal Imaging 
Systems

Pavlidis et al. (2012)Pereira et al. (2015)

Recap



Advanced technology has emerged:
Mobile, Low-cost Thermal Imaging device

200

100

150
200mm

mm

0

50

0

Low-cost mobileExpensive static

Cho et al. (2019)

Recap



Advanced technology has emerged:
Mobile, Low-cost Thermal Imaging device

200mm

0

Low-cost mobileIntegrated into a smartphone

Recap



Cho (2019)



Use cases of Mobile thermal imaging

Breathing 
signal

Thermal
image

Thermal
camera



Use cases of Mobile thermal imaging

Thermal camera
attached to Microsoft HoloLens

Cho et al. (2019) Nose Heat

Cho et al. (2017)



Use cases of Mobile thermal imaging

Nearly everywhere
without 

privacy concerns



Towards real-world situations, we must

1. Improve ROI tracking performance
(given ambient temperature and motion artefacts)

2.   Improve the quality of physiological thermal signatures

3.   Improve / build thermal metrics

4.   Enrich datasets and opensource toolkits

Cho et al. (2019)
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Thank You!



Thank you !
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