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Traditional Cooling techniques

Heat pipe Heat sink Thermal-interface materials



Traditional Cooling techniques

Air Cooling Water Cooling

Not applicable to smartphones!



Overheating problem in Smartphones

AR applications Machine learning applications Games

Close contact with smartphone surface

Users start to feel discomfort and pain 
from 45°C



When and how much heat smartphones generate in practical scenarios?



Surface temperature Analysis

Nexus 5X

Target device:
Applications:

Video chat

Video recording

Game

Voice call

Charging



Surface temperature Analysis
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Takes only 6 minutes to reach 45°C Reaches 62°C in 30 minutes! 



Component-specific Analysis

Front

Back

Nexus 5X



Component-specific Analysis

Steady-state temperature of each component while running each application

69% CPU utilization 30% CPU utilization

Multimedia codec built into the AP generates significant heat



CPU-utilization, in itself, is not responsible for overheating

Multimedia codec does not have thermal management capability!



Video recording while charging

AP, PMIC reached 100°C as soon as battery level dropped to 0%
Due to PMIC Charging algorithm



How can we solve this problem?



Predicting surface temperature

Predict surface temperature using Android system statistics

ー 17 CPU statistics 
§(e.g. CPU%, User%, System%, ….)

ー 2 Network sensors
§Tx data rate(netTx), Rx data rate (netRx)

ー 2 On-device Sensors
§CPU temp
§Battery temp



Data Collection

Predicting surface temperature

Feature 
selection Pre-processing

Multiple 
regression

6 apps
à Obtain 40 instances

(1200 minutes)
Correlation-based 
feature selection (CFS)

Time lagging

RMSE: 1.24°C RMSE: 0.64°C



Implications

Should consider overheating  
problems raised from newly 

introduced apps 
(VR/AR, mobile deep learning)

User experience OS design

Requires user-imposed 
regulation for 

thermal management

Developer support

Developers should consider 
user interaction as well as 

user reaction patterns


