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Beekeepers would like to monitor environmental conditions 
and overall health within a beehive without physically opening the 
hive. Several parameters would be useful to monitor and may 
include temperature, humidity, and light levels to name a few. It 
would also be useful to assess the general health of the brood 
and the queen, and this might include the presence of a mite 
infestation.

1. System should work without external power
• The system should charge and be powered from batteries

2. Internal camera to view brood cells
• Camera will view individual brood cells to show early larva and mites.

3. Wireless Communication
• All systems should work on a wireless network for external access.

4. Temperature and Humidity Sensor
• Provides the temperature and humidity levels within the hive

5. Camera Feed
• The user will be able to see a live feed video of the hive on demand.

• Concept #1 provides a solution to the bee monitoring system. The overall shape of the design mimics an already 
existing frame within a honeybee hive box. This new frame would be able to have comb for the honeybees to 
utilize on the top half of the frame. The bottom half would house most of the electrical components in a plastic 
box. The box would be close enough to the next frame so the bees would not build comb around it.

• Concept #2 uses an existing frame within the beehive to house the bee monitoring equipment. A microcontroller, a 
camera, and the electrical components are enclosed in glass in the frame. The frame stays bolted into the 
beehive to keep the module in place. Sensors for monitoring temperature and humidity are kept on the frame. The 
solar panel and battery are kept outside the hive. This design ensures that the frame and components are not 
disturbed while being moved around.

• Concept #3 uses a standard raspberry pi camera sensor. It allows to go around the focus distance requirement of 
the camera module focusing the camera on a mirror that is parallel to a second mirror pointing at the objective.

• Concept #4 would use mechanical principles to “eject” the slat to take a photo. The relays would connect to the 
Raspi allowing remote control to the beehive. The camera would be suspended outside the hive and the trays 
would slide into a position using a motor and gears, the picture would snap, and the tray would return to the hive. 
This solution was approached to resolve the “no-contact” aspect of the requirements as opposed to placing the 
camera inside the hive.

The beekeeper is able to log into AWS to view 
the temperature and humidity of their beehive. The 
data refreshes every thirty minutes. This is enough 
time for the beekeeper to act and save his 
honeybees if the temperature is too low or the 
humidity is too high for the bees to survive.

The beekeeper will have to log into 
MotionEyeOS to view the cameras within the hive. 
This camera feed will be able to show the varroa 
mites that are harmful to the honeybees. The 
beekeeper will only be able access the cameras 
from the same network that the bee monitor is 
connected to.
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Conclusion
In conclusion, the prototype that was produced satisfied all of the 

requirements that were defined within the scope of the project. The 
monitor system is able to be powered without being connected to the 
electrical grid. There is a microscope camera and a wide-angle camera 
in the monitor. The microscope views the early stages of the 
honeybee larva and shows if mites are present. The wide-angle 
camera shows the activity of the hive. The bee monitor can be 
accessed from a Wi-Fi connection. The temperature and humidity 
sensor works accurately and displays the readings to the internet via 
AWS.
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Figure 1 shows the finished prototype of the Bee 
Monitor. The final design utilizes two frames within the 
beehive. The frames are attached by a hinge at the 
bottom. This allows for easy maintenance of the system. 

The monitor is controlled by a Raspberry Pi 4. There is 
a temperature and humidity sensor located on the bottom 
of the camera housing. The housing contains a 
microscope camera. This camera views the individual 
brood cells by bending the light by using a mirror. The 
second camera is looking at the over-all health of the 
hive.

Figure 2: Installed Prototype

Figure 1: Bee Monitor

Figure 2 shows the prototype installed into one of Dr. 
Stack's hive boxes. The solar panel shown in the picture 
charges a battery located in a junction box underneath the 
panel. The battery is a 100 Ah battery. There is a 
controller for the solar panel that has a few USB ports. 
The Raspberry Pi requires a USB-C cable to operate. 
There is a twenty-foot cable coming out of the junction box 
to the bee monitor.

Figure 3 is the display for the temperature and humidity 
readings. This information is on an Amazon Web Service 
(AWS) account that Dr. Stack has set up. He can view the 
temperature and humidity from anywhere that has Wi-Fi 
connection.

Figure 3: Temperature and Humidity Readings

Figure 4: Camera Feed

Figure 4 shows a snapshot 
of the live camera feed. This 
information is displayed on 
motionEyeOS. This allows the 
user to privately view the activity 
within the hive. The image on 
the right is for the camera that 
shows the general health of the 
hive. The second image shows 
the individual brood cells. This 
allows the beekeeper to check 
and see if there are any mites 
present. It also will help show 
the developmental stages of the 
honeybees. The terminal 
window shown in Figure 4 
shows the refresh rate of the 
temperature and humidity senor. 
The sensor gets a reading every 
thirty minutes.
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