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Current Methods of Hive Inspection 

Disrupts Colony's Controlled Environment,

Stresses Bees,

and

Lowers Productivity

Problem
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Figure 1 : 
Fiona’s Mom Checking Hive in Wadsworth, Illinois



Solution
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Solution
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No Need To Open The Hive!



Only Device 

That Can Be 

Easily Removed 

To Use On 

Multiple Hives!

Commercially Viable
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Figure 2 : Cost Comparison to HiveGenie
(https://shop.hivegenie.com/products/hivegenie-monitor/?variant=32317471686742)



Design
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Block Diagram
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    Subsystems
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Power Subsystem
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Requirements

⬣ Battery supplies 
12V DC and 1 A

⬣ Buck Converter 
converts 12V to 5V 
±5%

⬣ Linear Voltage 
Regulator regulates 
5V to 3.3V ±3%



Power Subsystem

*About 4 hours to Fully ChargeELECTRICAL & COMPUTER ENGINEERING

Component Max Current Draw (mA)
CO₂ Sensor 125

Display 40

Microcontroller 345

Temperature & Humidity Sensor 0.00098

....Battery takes about..... 

.2 hours and 21 minutes.  

....to drain at full load......

Battery Analysis
⬣ 12 V . 1200 mAh
⬣ PCB Requires 510.00098 mA

1200 (mAh)

510.00098 (mA)
Time =

= 2.353(hours)



Sensor Subsystem
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Measurement
Healthy 

Hive 
Range

Sensor 
Range

Sensor 
Accuracy

Temperature 
70°F 
-
97 °F 

−40 
- 
176°F

±0.54°F 
(±0.3°C)

Relative 
Humidity 

50% RH 
-
60% RH

0% RH
-
80% RH

±2% RH

CO₂ 
Concentration

< 5,000 
ppm

400 ppm
- 
5,000 ppm

 ±
( 50ppm 
+
5%value )



Sensor Subsystem
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Requirements

⬣ Temperature and 
Humidity Sensor 
operates within ±5% 
of its rated +3.3V 
supply voltage and 
provides accuracy 
of ±0.54 °F and 
±2% RH.

⬣ CO2 Sensor 
operates within ±5% 
of its rated +5V 
supply voltage 
provides accuracy 
of ±(50 ppm + 5% 
reading)

National Oceanic & 
Atmospheric 

Administration Data :
April 16, 2026. 

Average: 427.58 ppm

5+(5(0.05)) = 5.25V

5-(5(0.05)) = 4.75V

3.3-(3.3(0.05)) = 3.135V

3.3+(3.3(0.05)) = 3.465V

Temp is off by only 0.5°F

https://gml.noaa.gov/ccgg/trends/gl_trend.html


Sensor Subsystem
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 Single Conversion - Software
⬣ CO2 Sensor

⬡ Pulse Width Modulation (PWM) 
⬡ Based on Duty Cycle

Figure 3 : PWM Output Timing for 5,000 ppm Sensor

TH: High level output time during cycles
T: output during cycle (1004ms±5%)

TH - 2(ms)

T - 4(ms)
CO2 [ppm] = (5,000)

⬣ Temperature and Humidity computed from raw 20-bit values using formulas defined in datasheet

Raw Data

2^20
Temperature [℃] = (150)

Raw Data

2^20
Humidity [%] = (100)

⬡ Celsius to Fahrenheit Conversion :
9

5
(℃ x ) + 32 = ℉



Microcontroller Subsystem
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Requirements

⬣ MCU boots system 
with the USB-B Micro 
mode 

⬣ MCU receives data 
from sensors when 
data is available.
Data will be received 
from:
1. Temperature and 

Humidity Sensor
2. CO₂ Sensor

⬣ MCU delivers correct 
data to Display



Microcontroller Subsystem
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min



Conclusion
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Final Product
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https://docs.google.com/file/d/1lbTj1HFR-StQDqybKzLDcsVKi4dVK8GQ/preview


WIFI !

Successes
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←  Figure 4 : GitHub HTML Hive Monitor Dashboard

↓  Figure 5 : Beehive Monitor - ThingSpeak IoT

https://rabdeltawab.github.io/beehive/
https://thingspeak.mathworks.com/channels/3329131


Successes
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Block Diagram
WIFI 



Successes
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Challenges
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What We Would Do Differently
⬣ Spent More Time Picking the CO2 Sensor

⬣ No Access to Controlled Environment Testing 

*This is our old sensor. 

We are using a new CO2 sensor because of calibration challenges



What We Learned
⬣ Surface Mount Soldering

⬣ 3D Printing

⬣ Importance of Personal Protective 

Equipment

⬣ Advantage of Testing Each Subsystem

⬣ Different Communication Protocols 

Takeaways
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Societal Impact
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Easier to Keep Bees.

More Beekeepers

More Honeybees

More Pollination

More Crops! More Honey!

More Money!



Thank You !
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Special Thanks To …

⬣ Arne Fliflet

⬣ Hossein Ataee

⬣ Paul Hood

⬣ Beekeeping Club at 

UIUC

⬣ Jack Blevins

⬣ Jonathan AshbrookQuestions ?




