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We already have a wearable conditioning 
strategy?

Earlier generation of wearable cooling/ heating ?
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Thermal sensitivity

Local body thermal sensation

Whole body thermal sensation

(Meh, D., Denislic, M., 1994)
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Thermosensitivity
and thermal 
sensation map of 
the human body

(Luo, M., et al., 2020) 7
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Wearable thermo device
(SONY REON POCKET , 
2019)

• COOL/WARM automatically 
starts when the main unit is 
attached to the neck, and 
automatically stops when the 
main unit is removed and placed 
on a desk 

• Battery—power based

• Cooling mode: 8 hours

• Heating mode: 27 hours
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GEMM, 2021: 
A pocket-sized, wearable 
cooling and heating device

• Thermo-electric technologies 
to bring an instant cooling or 
heating at the touch of a button. 

• Manual control

• Plug & Play 

• Battery-based

• It can be worn on the outside 
or inside of clothing.

(POLAR SEAL, 2020)
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QOOLA WEARABLE 
AIR-CONDITIONER

It can dissipate cooling for users in hot 
weather and generate heating in cold 
weather. It is suitable in both Winter 
and Summer.
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(Geeky Gadgets, 2022)
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‘UCOOLITY’ WEARABLE 
AIR CONDITIONER

13

1. A solution for sports enthusiasts and workers alike to help 
them maintain their routine when dealing with high 
temperatures

2. Delivers up to 10-hours of use per charge to easily 
accommodate all-day use

3. Keeps the user up to 33-degrees Fahrenheit cooler 
compared to the surrounding environment

(Trendhunter, 2022)

USB Cooling 
Jacket with Fans 

• The upgraded 90mm fans are 
more powerful to provide stronger 
wind to the body and distribute air 
more evenly. 

• Thanks to the ergonomic design, 
this cooling fan jacket can promote 
sweat evaporation, improve 
ventilation and increase air blow to 
the whole body, finally effectively 
reduce body temperature. 
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Heated Jacket 
with Battery 
Pack
• Battery heated coats. Up to 10 

hours of heat with best 
insulation. Powered by ORORO 
UL-certified rechargeable 
batteries.
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THERMOELECTRIC 
GENERATORS FOR 
WEARABLE BODY HEAT 
HARVESTING (TEGS)

• A significant advance in the design of 
thermoelectric generators (TEGs) for body heat 
harvesting applications is reported.

• A comprehensive quasi-3D analytical model was 
developed to optimize the thermoelectric 
materials and device parameters.

• The fabricated TEGs exhibited 4-7X higher power 
density than commercial TEGs on human body.
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(Nozariasbmarz, et al. , 2020)

Power Generation using a Wearable

(University of Missouri., 2020)

What is missing in the current products / 
state of the arts? 
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Technical needs to accommodate each user’s input in an unobtrusive and natural way

19
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Bio-sensing 
thermal comfort 
modeling

Where to measure on the body to develop a thermal comfort 
model as a function of skin temperature.

• 10 local body segments have been mostly selected in the 
existing studies. 
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(Choi’s Human-Building Integration, 2018-2021)
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Large variations of skin temperatures per subject
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(Choi et al., 2018)

Skin temp. Variations per Thermal Sensation

Forehead Arm

Wrist (back) Wrist (front)
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(Choi et al., 2019)
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Thermal sensation prediction model as a function of Machine Learning algorithms (ANN)
- Combinations of Significant Attributes of Estimation Accuracy  (using absolute level of skin temperatures)
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# Baseline Combination of Attributes Accuracy

1

Gender

&

BMI

Human factors only 35.99%

2 Waist 76.03%

3 Arm 70.19%

4 Wrist (front) 68.45%

5 Forehead 68.04%

6 Wrist (back) 65.36%

7 Neck 64.01%

8 Wrist (front)         Wrist (back) 87.17%

9 Waist Arm 93.02%

10 Waist Wrist (front) 92.51%

11 Waist Wrist (back) 92.41%

12 Waist Arm Wrist (front) 95.87%

13 Waist, Arm, Wrist (front), Forehead, Wrist (back), Neck 95.27%
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Thermal sensation prediction model as a function of Machine Learning algorithms 
- Results of Estimation Accuracy based on Single Body Areas/Segments (Skin temp. + Gradient)
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# Baseline Combination of Attributes Accuracy

1

Gender

&

BMI

Chest 89.56 %

2 Waist 91.91 %

3 Arm 91.24 %

4 Wrist (front) 91.27 %

5 Forehead 88.21 %

6 Wrist (back) 93.45 %

7 Neck 89.39 %

8 Belly Arm 81.56 %

9 Wrist (front and back) 94.39 %
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Skin temperature as a thermal sensation estimation index results 
in 104 correct predictions out of 110 (95+% accuracy).
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Lessons from the project

1. A human data-driven thermal sensation model can be 
established by using advanced computational algorithms. 

2. Human bio-signals tell us a lot of significant information. 

3. Environmental comfort is significantly affected by Individual 
physiological characteristics, such as gender, age, and/or 
ethnic origin.

4. A conventional/general comfort model is still effective but 
limited in prediction accuracy for an individual level. 

5. A  thermal sensation / comfort model can be established 
per individual user with the help of advanced sensing and 
computational technologies but require a lot f technical 
procedures to be defined (: Big Data and AI are a must). 
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What should be done in future research?
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Future Work

28

Develop a robust sensing-based thermal sensation/comfort model of for an individual user with 
considering individual physiological characteristics. 

Establish a thermal sensation/comfort modeling design guideline as a function of critical sensing 
points on the human body per environmental condition.

Integrate the modeling results with the existing wearable system for sensing and controls.

Consider multiple parameters in terms of indoor, outdoor, building typologies, climate and 
seasonal conditions, activity level,  multiple ambient environmental condition, etc. 

Net-zero energy feature: A thermo-electric generation as a cooling or heating resources while 
contributing to the power source (for wearables) is a novel technical platform. 
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Annex 87 - Subtask C: 
Control, operation and system 
integration

30

• Activity C1: Identify and summarize existing 
methods for controlling PECS (including sensors 
used for control).

• Activity C2: Develop guidelines on integrating 
PECS with ambient conditioning systems in 
buildings.
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joonhoch@usc.edu
Always looking for great collaborators 

and partners!

joonhoch@usc.edu
Always looking for great collaborators 

and partners!

Thank you.
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