
A Smartphone Thermal Temperature Analysis for

Virtual and Augmented Reality

Xiaoyang Zhang, Harshit Vadodaria, Na Li, Kyoung-Don Kang, and Yao Liu

Department of Computer Science

State University of New York at Binghamton

{xzhan211, hvadoda1, nli19, kang, yaoliu}@binghamton.edu

Abstract—Emerging virtual and augmented reality applica-
tions are envisioned to significantly enhance user experiences. An
important issue related to user experience is thermal management
in smartphones widely adopted for virtual and augmented
reality applications. Although smartphone overheating has been
reported many times, a systematic measurement and analysis
of their thermal behaviors is relatively scarce, especially for
virtual and augmented reality applications. To address the issue,
we build a temperature measurement and analysis framework
for virtual and augmented reality applications using a robot,
infrared cameras, and smartphones. Using the framework, we
analyze a comprehensive set of data including the battery power
consumption, smartphone surface temperature, and temperature
of key hardware components, such as the battery, CPU, GPU,
and WiFi module. When a 360◦ virtual reality video is streamed
to a smartphone, the phone surface temperature reaches near
39◦C. Also, the temperature of the phone surface and its main
hardware components generally increases till the end of our
20-minute experiments despite thermal control undertaken by
smartphones, such as CPU/GPU frequency scaling. Our thermal
analysis results of a popular AR game are even more serious:
the battery power consumption frequently exceeds the thermal
design power by 20–80%, while the peak battery, CPU, GPU,
and WiFi module temperature exceeds 45, 70, 70, and 65◦C,
respectively.

I. INTRODUCTION

Virtual reality (VR) and augmented reality (AR) appli-

cations are fast emerging in several areas, such as educa-

tion/training, entertainment, medicine, and manufacturing. In

VR or AR applications, users often hold or wear smartphones,

head mounted displays, or smart glasses for an extended period

of time; therefore, thermal comfort and safety is a key issue.

Prior studies showed that a person senses warmth when the

temperature of an object is in the range between 33–35◦C

[1]. A user may feel discomfort and begin to feel pain in the

temperature range of 42–45◦C [2].

Although smartphone overheating has been reported many

times, an in-depth measurement and analysis is relatively

scarce. Kang et al. [3] claim their work is the first to perform

a systematic analysis and user study of smartphone thermal

behaviors for various mobile applications, such as video chats,

games, video recording, video streaming, and voice calling.

They observe serious thermal issues in smartphones. Their

work, however, was performed using relatively old smart-

phones with a main focus on general mobile applications;

they did not consider thermal impacts of VR or AR appli-

cations expected to significantly increase data transmissions

and computations to support more immersive user experiences

using state-of-the-art smartphones or wearable VR/AR devices

(that often have similar hardware architectures/specifications

to smartphones).

To shed light on this issue, in this paper, we perform an

initial work on measuring, analyzing, and predicting the smart-

phone thermal temperature and present preliminary results to

promote further work on thermal analysis and management

in mobile devices for VR and AR applications. More specif-

ically, we build an effective temperature measurement and

analysis framework for VR/AR applications using a robot,

infrared cameras, and a new generation of Android smart-

phones (Google Pixel 4 and Samsung Galaxy S10). Using the

framework, we collect and analyze a comprehensive set of data

including (but not limited to) the power consumption, phone’s

surface temperature, and temperature of various hardware

components, such as the battery, CPU, GPU, and WiFi module.

In our experiments, we consider two applications. In the first

application, a 360
◦ video [4] in VR mode is streamed to a

smartphone for 20 minutes. In this experiment, the temperature

of the phone surface reaches near 39◦C that is higher than the

thermal threshold for a sensation of warmth [1]. Also, we have

built a prediction model more accurate than the one presented

in [3] to predict the surface temperature of a smartphone with

high accuracy. Our prediction errors are 0.34
◦C and 0.4

◦C in

terms of the mean absolute error and root mean square error,

respectively.

Furthermore, we use Minecraft Earth [5] that is a popular

AR game for thermal analysis. The results indicate serious

thermal concerns: the battery power consumption frequently

exceeds the thermal design power (TDP) by approximately 20–

80%. The peak battery, CPU, GPU, and WiFi module temper-

ature exceeds 45, 70, 70, and 65 ◦C, respectively. The battery

temperature continuously increases from approximately 26
◦C

at the beginning to near 46
◦C at the end of our experiment.

The temperature of the CPU, GPU, and WiFi module mostly

range between 60–70◦C. Such high temperatures may greatly

diminish the long-term reliability and durability of hardware.

Also, they may incur thermal safety risks when users run

VR/AR applications for extended periods of time on their

handheld or wearable devices.

The rest of the paper is organized as follows. In Section II,

background for mobile thermal management is given. Sec-

tion III describes the setup of the temperature measurement











behavior of smart glasses. For example, the temperature of a

Google Glass can rise to as high as 51.9◦C by running a video

chat application.

A work closely related to ours is [3] that measures the

temperature of various smartphones running a variety of appli-

cations including video chatting, gaming, and video recording.

They showed that certain applications can cause smartphones

to overheat and cause a thermal pain. They also propose

a smartphone surface thermal temperature prediction model

using system-collected CPU usage statistics, CPU temperature,

battery temperature, and data transmission and reception rates

as inputs. However, the GPU, a very important component

extensively used for view rendering in VR, AR, video, and

gaming applications, was not considered in their model. Com-

paring to their work, we focus our study on emerging VR and

AR applications on a new generation of smartphones. Our

thermal temperature prediction model considers the device’s

GPU usage information as well as a comprehensive set of data

collected from a number of temperature sensors available on

Android smartphones. We achieve more accurate temperature

predictions: our RMSE (the only accuracy metric used in [3])

is much smaller than that of [3].

Another line of research related to thermal control is mo-

bile power consumption optimization. EVR [18] leverages

semantic-aware streaming and hardware-accelerated rendering

for energy saving. Sun et al. [19] propose a new 360
◦ rendering

algorithm with a co-designed hardware architecture. Strix [20]

aims to minimize the display power consumption in VR

applications via dynamic brightness scaling. MARLIN [21]

leverages tracking to reduce the energy consumption for object

detection via deep learning in AR applications. In addition,

MARVEL [22] combines local tracking with selective cloud

offloading for AR with low energy consumption.

VI. CONCLUSIONS AND FUTURE WORK

An important factor that affects user experiences in VR/AR

is the thermal characteristics of smartphones that serve as a

basic platform for AR/VR applications. However, a systematic

thermal analysis of smartphones for VR or AR application is

relatively scarce. To address the issue, in this paper, we build a

temperature measurement and analysis framework for VR/AR

applications using a robot, infrared cameras, and smartphones.

Using the framework, we have analyzed the thermal character-

istics of two popular VR/AR applications. After streaming a

360
◦ VR video from YouTube for 20 minutes, the smartphone

surface temperature increases close to 39
◦C. In the tested AR

game, the battery power consumption frequently exceeds the

thermal design power by 20–80%. The peak temperature of

the battery, CPU, GPU, and WiFi component exceeds 45, 70,

70, 65 ◦C, respectively. In our experiments, the smartphones

overheat quickly at the beginning, and the thermal temper-

ature generally keeps increasing despite aggressive dynamic

CPU/GPU frequency scaling performed by the underlying

OS and hardware. Overall, research on thermal analysis and

management for emerging VR/AR applications is in an early

stage with many open issues as outlined in §IV.
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