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The emerging field of 
Thermal Imaging-based Physiological and Affective computing (TIPA)

What do we learn today?

Coffee break 

Part I (14:00 – 15:00) Introduction to TIPA & Thermal Imaging Demo

Part II & III (15:30 – 17:30)

Computational Pipeline & Practical guide 
with TIPA opensource toolkit

Challenges and research opportunities
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What do we learn during Part I?

1) Thermal Imaging and its typical applications

2) Temperature responses to our affective states

3) Types of physiological signatures which can be measured 
through thermal imaging

We will introduce 



Introduction to Thermal Imaging and Applications



Earlier temperature measurements

The first mercury thermometer 
invented by Daniel Gabriel Fahrenheit (1714)

Curved thermometer (circa 1903)

Surface thermometer (1877)



Contact-less temperature measurement

Thermal Imaging (Thermography)
Electromagnetic waves

8µm to 14µm

Electromagnetic waves 
spontaneously emitted from 

an object
Thermography Thermogram

(Thermal Image)



Night timeNight time
Thermal CameraRGB Camera

Cho et al. (2018)



No need of light sources

Less privacy concerns

Contact-free

Cho et al. (2017)
Biomedical Optics Express 

Fundamental advantages



Medical Applications of Thermal Imaging
Diagnostic tools for tumors, Rheumatism, Complex Regional Pain Syndrome etc. 



Medical Applications of Thermal Imaging
Diagnostic tools for tumors, Rheumatism, etc. 

Ring and Ammer (2012)

Inflammation 
following a sports injury Rheumatoid arthritis



Thermal Imaging for Affective Computing



Facial Anatomy and Temperature Distribution



Facial Anatomy and Temperature Distribution

Blood artery network

Waller et al. (2008) Palermo et al. (2013) Ioannou et al. (2014)

Muscles 
contraction



Typical setups for thermal imaging-based 
affective computing

Jarlier et al. (2011)

Pavlidis et al. (2012)



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)



Example: changes in the nose tip temperature   
under mental workload

adamatomic.com/canabalt/
Thermal-video recording

Relax
(3 minute)

Task
(4 minute)

Thermal-video recording

Relax 
(3mins)

Task: Game

Under
workload

(4mins)



Example: changes in the nose tip temperature   
under cognitive load

1 Min:   32.77°C
Max:   34.68°C
Mean: 33.68°C

Relax
(3 minute)

Task
(4 minute)

Min:   33.61°C
Max:   35.16°C
Mean: 34.50°C

Min:   33.42°C
Max:   35.34°C
Mean: 34.42°C

Min:   32.49°C
Max:   35.03°C
Mean: 33.73°C

2 3 4

1 2
3 4



Key limitation: Static thermal imaging

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



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

Low-cost mobile systemExpensive static system



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

Cho et al. (2019)



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

200

100

150

0

50

Expensive static

Cho et al. (2019)



Mobile thermal imaging possible

200mm

0

Low-cost mobileIntegrated into a smartphone



Specification, size and price of systems

…

Cho et al. (2019) https://arxiv.org/abs/1908.10307

https://arxiv.org/abs/1908.10307


Thermal Imaging for Physiological Computing



Physiological
Computing

To enable technology that 
listens to

our bodily functions and
psychological needs

Cho et al. (2019)



Physiology?

Definition: 
The branch of biology that deals with the normal functions of 
living organisms and their parts.

The way in which a living organism or bodily part functions.



Autonomic nervous system (ANS)

The part of the nervous system responsible for 
control of the bodily functions not consciously directed, 
such as 
breathing, the heartbeat, perspiration, sexual arousal and digestive 
processes.

• Parasympathetic nervous system 
• Sympathetic nervous system
• (Enteric nervous system)





They respond to 

Physical Activities
(e.g. exercise) 

Psychological Activities
(e.g. Mental workload) 



How to measure physiological signatures?

Breathing (Respiration)?

Heartbeat?

Sweat (Perspiration)?

Cortical activity?

Muscular activity?

34



Simple, non-invasive techniques include:

35

EMG 

Galvanic Skin response 
(GSR)

Heart Activity EEG

Peripheral
Temperature

Respiration



Physiological measures: Fundamentals

•Register changes in biological systems

•Changes may be so subtle that cannot be identified at behavioural
level

•Advantages: 
•Hard to control deliberately
•Processed Continuously 
•Easily integrated with other measures (self-report and behaviour)



Cardiac pulse (Cardiovascular signature)
Typical signal forms

ECG

PPG

1



ECG and PPG



Cardiac pulse (Cardiovascular signature)1

• Heart rate (HR): number of beats per unit of time (beats per minute - bpm)
• Interbeat interval (IBI): time (ms) between two R wave peaks 

• Heart  Rate Variability (HRV) features (e.g. SDPP etc.)

• Resting: HR~72 bpm; IBI~830 ms

• Typical cues: 
‒ Decrease in HR: relaxation
‒ Decreasing IBI, Increasing HR: stress, frustration, anger

‒ Increase of attention causes short term HR deceleration. Arousal causes long term HR 
acceleration. 

• Affected by environmental changes, physical activity, drugs (coffee, nicotine), age, gender; 
fitness; etc. 



Breathing (Respiratory signature)2



Breathing (Respiratory signature)2

•Relative measure of chest expansion
•On the chest or abdomen
•Respiratory rate (RR) and relative respiration amplitude (RA)
•Typical cues:

Increasing RR – anger, joy, exercise
Decreasing RR – relaxation, bliss



Galvanic Skin Response (Perspiratory 
signature)

3

Also called Skin Conductivity (SC) or Electrodermal Activity (EDA)

Empatica



Galvanic Skin Response (Perspiratory 
signature)

3

•Tonic SC: baseline level of skin conductance (SCL) in absence of any 
stimuli

Different people have different levels (range 10-50 µS: micro-Siemens)
Vary all the time according to psychological state and autonomic regulation

•Phasic SC: Changes in response to an event.
Can last 10-20 sec. before going back to baseline

• SCR Amplitude, SCR Latency, SCR Rise time, Half-recovery time



Muscular signature4

Body Electromyography (EMG)

Myo



Muscular signature4

Body Electromyography (EMG)

Typical 
EMG preprocessing

1) Rectification

2) Smoothing 



Muscular signature4

Perspiratory signature

Respiratory signature2

Cardiovascular signature1
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Cho et al. (2019)

Physiological Thermal Signatures



Cardiovascular signature1

Physiological Thermal Signatures

Vasoconstriction-induced changes (vasomotor)

Instant Stress (JMIR Mental Health, Cho et al. 2019)Hall and Guyton (2011)



Remind you

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

Cho et al. (2019)



Cardiovascular signature1

Physiological Thermal Signatures

Garbey et al. (2007) 

(*low reliability)Cardiac Pulse rate 



Respiratory signature2

Physiological Thermal Signatures

(*very accurate)Breathing signals

Cho et al. (2017)
Biomedical Optics Express 



Perspiratory signature3

Physiological Thermal Signatures

Sweat gland activation 

Krzywicki et al. (2014) 

Active pores
3



Muscular signature4

Physiological Thermal Signatures

Facial micro-muscle activation 

Facial Action Coding System (FACS) ?

e.g. Emotion and Action Unit (right)
- P. Ekman and W. V. Friesen (1978)

FACS categorizes the physical “micro facial 
muscle (Action Unit)” expression of emotions

Emotion Action Unit
Happiness 6+12
Sadness 1+4+15
Surprise 1+2+5B+26

Fear 1+2+4+5+20
+26

Anger 4+5+7+23

Disgust 9+15+16



Muscular signature4

Physiological Thermal Signatures

Facial micro-muscle activation 

Jarlier et al. (2011)

Angry Happy



Muscular signature4

Perspiratory signature

Respiratory signature2

Cardiovascular signature1
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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)



THERMAL
IMAGING

Neck-shoulder 
Regions (Vessels)

Regions of Interest 
(ROIs)

Vasoconstriction/dilation-
related

Cardiovascular Activity

Pulse rate

Temperature 
Difference

(Directionality)

Facial micro-muscle
activation

Affective 
States
(Distress, 

Fear, 
Empathy,

Love, 
etc)

Physiological
Activity Metrics

Nostrils

Respiratory Activity

Blood Volume Pulse-
related 

Cardiovascular Activity

Respiratory Rate

(Accuracy is low)

Action Unit 
Intensity

The majority

Perspiratory Activity
(sweat glands)

Facial regions
(beyond nostril)

Respiration
Variability

Thermal
Variability

Cho (2019)



Coffee Break (15:00 – 15:30)

Part II & III (15:30 – 17:30)

Computational Pipeline & Practical guide 
with TIPA opensource toolkit

Challenges and research opportunities



Any questions?
&  thermal imaging demo 



TIPA. 
youngjuncho.com/tipa





Coffee Break (15:00 – 15:30)

http://youngjuncho.com/news/phdstudentship/

http://youngjuncho.com/news/phdstudentship/

