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Figure 1: Bee clusters in a flattened 360◦ image captured by our system.

ABSTRACT
Studying bee behavior and diagnosing hive issues in their natural
habitats has often been a challenge due to limited visibility, observer
interference, and limitations of conventional recording methods. A
teleoperated immersive 360◦ view offers an unobstrusive, holistic
observation within the hive. In this work, we present a framework
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for capturing and analyzing bee activity using commercially avail-
able 360◦ cameras and hardware to create an immersive VR experi-
ence. A video demo is available at: https://youtu.be/96pqv9AyRlo.
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1 INTRODUCTION
Bees play a vital role in our ecosystem as key pollinators and con-
tributors to food security. However, studying their complex social
behaviors presents significant challenges due to their small size,
sensitivity to light, and susceptibility to disturbance. Existing obser-
vation systems are limited. They either do not capture bees in their
natural habitat (e.g., [1], [3]) or provide only a static generalized
view of bees [2]. In this study, we created an immersive 360◦ system
that allows students and researchers to observe bees with minimal
disturbance.

2 SYSTEM DESIGN
The primary design objective was to provide users with a remote,
holistic, and immersive view inside the beehive while ensuring
minimal disruption to the bees. The immersive 360◦ hive system, as
shown in Figure 2 is composed of several integrated components.

2.1 Mechanical Parts
The mechanical design involved modifying a standard deep super
to create a square internal cavity for the bees. An inner cover was
affixed to the super to serve as a lid, with an aperture cutout to
house the Kandao Qoocam 8K Enterprise camera. The camera was
enclosed in a weather-resistant hard case with a notched cutout
for the power button, allowing a solenoid to remotely control the
camera.

2.2 Network
Wireless connectivity was provided by a GL.iNet GL-E750V2 router
(Mudi V2) with a pre-paid SIM card, connecting the Qoocam and a
Raspberry Pi 5 for remote camera operation and data acquisition.
Users can remotely access the Pi through the use of Raspberry Pi
Connect screen sharing.

2.3 Electronics
The electronic system consists of a Raspberry Pi 5 (8GB of RAM)
with a 2TB NVMe SSD, a 5V relay module, a power rail, and the
router, all supported by an uninterruptible power supply. The re-
lay module, connected to the Pi and power rail, enabled control
of auxiliary devices including a fan, red LED light strip, and a
solenoid. The Raspberry Pi operated on Raspberry Pi OS (64-bit
Debian Bookworm), with a Waydroid container, which provided
Android application compatibility on the Pi. This was required for
communication with the Qoocam camera, as official support exists
only for Android and iOS platforms.

3 DATA COLLECTION AND DEMO
Field trials yielded approximately 100 minutes of footage docu-
menting behaviors such as brood care, comb construction, and
in-hive interactions. The recordings were taken five times a day for
a two-week period, though some sessions failed or were incomplete.

Figure 2: A beehive box equipped with our system.

Usable footage was transferred to a local workstation and viewed
in virtual reality using Meta Quest Link with an Oculus Quest 2.
Notably, the presence of a 360◦ camera did not appear to disrupt
natural activity in the hive. The bees exhibited no observable signs
of distress or avoidance of the equipment. These results suggest
that immersive video can capture authentic behavioral patterns and
provide a holistic view within the hive.

4 FUTUREWORK
The captured videos provide significant value by enabling repeated
and detailed observation of bee behavior. Nevertheless, there are
several limitations that we’ve identified.

For one thing, communication with the Qoocam requires an
Android container, which introduces software bugs and inconsis-
tencies, as well as degraded video quality. The system is also power-
intensive and data-heavy, requiring continuous power and substan-
tial storage capacity. We also observed some mechanical challenges,
such as bees depositing wax on the camera casing, solenoid, and
lights, which can impair solenoid function and disrupt remote cam-
era operation.

This prototype serves as an initial testing platform, with ongoing
efforts on integrating AI/ML techniques for video analysis and
behavioral study during scientific visualization in virtual reality.
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