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This poster explores the potential for using a 
consumer-grade Insta360 camera to capture continuous 
footage of near-space. Balloon flights expose the camera 
to near-space conditions, including extreme cold, low 
pressure, moisture, and significant turbulence. A series of 
tests were conducted to assess camera durability and 
battery performance during the flight. These tests 
included both ground functionality testing at low 
temperatures and battery life tests. After confirming flight 
readiness through ground testing, the system was 
launched on a high-altitude weather balloon during the 
fall of 2024. The initial flight failed due to a 
low-temperature battery failure and camera instability. 
For the following launch, further adjustments were made, 
including additional insulation, an external battery with a 
larger capacity, and external heat sources. During the 
final launch the camera remained operational above 
30,000 meters, capturing uninterrupted footage 
throughout the flight, including a live shot of the balloon 
bursting at its peak altitude. This poster demonstrates that 
consumer technology, with strategic modifications, can 
function in extreme environments.

Abstract

A commercial camera, with various insulation techniques 
and external power, can function successfully in 
near-space conditions. Moving forward, the Insta360 X3 
will continue to be launched and capture footage of 
launches. Since the collection of this data, Insta360 has 
released two newer camera models that will also be tested 
for near-space functionality. Additionally, the information 
collected through testing various warming techniques on 
the Insta360 X3 can be applied to other payloads that 
require temperature control. 

Future Work

The Insta360 X3 is a high-quality camera that captures a 
360° video recording [1]. The camera has one fish eye 
lens on both sides, and stitches them together to capture 
said video. In addition, the camera uses “FlowState 
Stabilization,” a built in gyroscope to stabilize the 
footage

The camera has a mass of 180g and measures to 46.0mm 
x 114.0mm x 33.1mm. The Insta360 has a run time of 81 
minutes and a battery capacity of 1800mAh. A 10,000 
mAh external battery was added to the Insta360 X3, 
adding roughly seven hours of possible run time. The 
lowest operating temperature of the camera is -20°C, 40°
C above the temperature of near-space [1]. 

 

A primary concern for electronics on high-altitude 
balloon launches is device function in extremely low 
temperatures. At the tropopause, electronics can 
experiences temperatures as low as -60°C [2]. 

The initial camera test was a battery life and data storage 
test at ~20°C at ground-level (~100 m above sea level). 
The Insta360 X3 was placed on a table with full battery 
and left to record. The camera remained stationary 
throughout the duration of the test. The camera recorded 
for 82 minutes and all data was stored onto an SD card. 

The second test conducted on the camera was a battery 
life and data storage test in a commercially available 
freezer at 0°C. The freezer test had two phases, one with 
just the camera and another with the camera connected to 
an external battery. The Insta360 X3 was placed 
stationary in a freezer at full battery and left to record. 
Both tests successfully stored data, with the Insta350 X3 
battery recording 83 minutes of footage and the external 
battery recording 451 minutes of footage. 

The third test conducted on the camera was in dry ice, in 
order to simulate the low temperature of near-space. Dry 
ice has an average internal temperature of -78° C [3]. The 
coldest temperature for the duration of our flight is ~-55°
C [3]. The Insta360 X3 was placed stationary in a cooler 
filled with dry ice at full battery and was left to record. 
The test successfully recorded for 432 minutes.

Materials tested for insulation consisted of low-density 
polyethylene foam for its waterproof, lightweight 
properties, and gaffer’s tape used to reinforce the foam. 
In addition to insulation, various hand warmers were 
tested to find a reliable heating solution. Ultimately, 
Hothands was chosen for its long runtime and 
oxygen-activated heat. 

Extreme Cold Temperature Testing

The Insta360 X3 camera can remain operational in 
conditions as cold as –60°C through proper insulation, 
heating, and design.
 

During a successful launch, the camera recorded for 3 
hours and 18 minutes and captured the exact moment of 
the balloon bursting. Temperature data from onboard 
sensors confirmed that the insulation was effective, and 
the heating source maintained operational internal 
temperatures despite extreme external conditions. During 
landing the payload got stuck in a tree on a golf course 
and was retrieved three days after the launch. Despite the 
system only recording for 14 minutes after the burst, the 
mission succeeded in achieving its core goal: capturing 
the burst shot in near-space conditions.

High-Altitude Launch Results
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