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Problem

Current Methods of Hive Inspection
Disrupts Colony's Controlled Environment,
Stresses Bees,

an

Lowers Productivit

Figure 1 :
Fiona’s Mom Checking Hive in Wadsworth, lllinois
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Microcontroller

Boot &
Reset Buttons

No Need To Open The Hive!
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Sensors
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(placed in hive)
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Commercially Viable

Monitored Hives VS Price To Monitor

Only Device
That Can Be
Easily Removed

To Use On

Multiple Hives!
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== Cheapest Available == Our Material Cost

1500

1000

500

1 Hive 2 Hives 3 Hives 4 Hives

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

3 C02 Sensor

Temperature & FWM
Humidity Sensor 3.3V
High/Low 3.3V Signal

5V
Wire

12C

Microcontroller
Subsystem

MCU
(ESP32-C3-
WROOM-02)
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Subsystems
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Power Subsystem I

Requirements

c1 oo Power Subsystem

@ Battery supplies

12V DCand 1A

@® Buck Converter sattery )
converts 12V to 5V LD1117S33TR_S0T223
+5%

@® Linear Voltage
Requlator regulates
o5V to 3.3V £3%

m\ © Auto Trigger

o
1+1199839

"Range " "Aperturs AutoZers mputZ DCVRatic
Auto 10PLC  Off On l;”A off On

\ DC Current

\ + e R ar e Auto Zord | ’ ~. N

0 g a g 0 3 0 n:"f A:um: oif on AN { & .

: ~
= A to 14 ® (e \
.,
L ¢ 4
Terminals ' Range Aperture Auto Zero /
3A 10A Auto 10PLC Off On
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Power Subsystem

Battery Analysis

@ 12V . 1200 mAh
@® PCB Requires 510.00098 mA w4

| 1200 (mAh)
Time =
KBT:H 510.00098 (mA)
€ E OB O wenem
= 2.353(hours)
Component Max Current Draw (mA)
CO: Sensor 125
Display 20 Battery takes about
Microcontroller 345 2 hours and 21 minutes
Temperature & Humidity Sensor 0.00098 to drain at full load.

ELECTRICAL & COMPUTER ENGINEERING *About 4 hours to Fully Charge



Sensor Subsystem

Sensor Subsystem

P I3

o C02_MHZ19

) FERAANWWGERERNER

TempHumSensor

HD_CO2

+3.3V
1 Red f|‘
2 Yellow
3 Black
4 White R11
10k
SW2
SW_Push
1 -
> —0 O
3 +5V
4
5
6 , C02_TXD
7 PWM |j TP3
P4 TestPoint
TestPoint
+5V +3.3V
o
® x = [ g =
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Healthy
_ Sensor Sensor
Measurement| Hive
Range |Accuracy
Range
Temperature o v 0.54°F
+ (o]
97 °F 176°F (0.3°C)
Relative 50% RH |0% RH
Humidit ' ' 2% R
i 60% RH |80% RH
400 :
CcO; < 5,000 PP ¢ 50ppm
Concentration |ppm +
5,000
’ PP 59 value )
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Sensor Subsystem

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)

- A & O » - -

(DCVoltage |

+03 138 855

18 B

T Range Kito Zero " Input 2 'DCV Ratio e
of

APV KEYSIGHT ~ 34461A 62 Digit Mult

(DCVoltage |

+03 469 58» ‘

& 7 vnc‘ ==

(DC Voltage uto Trigger

| +04 75129

e VQJ

1] i

S ncv ltage |

VDC |

+05 252 68 ,"

_ "N
= ¢ msn weather

| © Urbana, IL »

; Cifrent weather

°F Mostiy'clou
Feels Like 768

uality>  Wind > Hmldrty) Vis

042 16 mph'A 58/

Hourly Forecast >

Tonight Sat18

(=
&
Coz: 418 FEM v
Temr: V9.8 F w '
Huras bt = w
RESULT:P

National Oceanic &
Atmospheric
Administration Data :
April 16, 2026.


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

Sensor Subsystem

Single Conversion - Software |~ _‘ B
® CO2 Sensor -
O Pulse Width Modulation (PWM) =]l &
O Based on Duty Cycle 2500ppm
TH - 2(ms) ol
CO2 [ppm] = (5,000)
T _ 4(m8) 5000 ppm
TH: High level output time during cycles = 5 220 560 780 1000 1250 1560 750 2000
T: output during cycle (1004ms+5%) Time (ms)

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

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

- t 0o Raw Data (150)  Humidity [% Raw Data (100)
—~ umidi =
emperature [ C] Sro0 9 y [% o0
O Celsius to Fahrenheit Conversion : (°C X — ) +32=F
9)
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Microcontroller Subsystem

Req u i reme nts final_beehive_w_wifi_mangerino  config_m.h M i Croco ntro lle r +3.3V
101
102  byte char_cross[8] = { SUbsyStem J\ us
103 2b20000, ESP32-C3-WROOM-02
® MCU boots system e | e SO P — | co2_rxD
I 1 105 ©b01010 b 1 C02_TXD
with the USB-B Micro - iy +33V 1021/TX0fH——
e e 106 0b00100, ﬁ 100
107 001010, R6 101
mode 108 010001 b2
. EDRREE AN 13103
109 ©b000oooY, HD_CO2 3 104
= 110 b0 4
MCU receives data 11} :;g:zgk = :32 @ ESPRESSIF
? 6
112 e [} ESP32-C3-WROOM-02
from SEeNnsors When 113  void lcd_init_chars() { %l 108 i
. . DT _ elallie s
data IS avallable 114-1 lcd.createChar(®, char check); ‘ ' 29 1516
115 lcd.createChar(1, char_cross); slot 1 = ) USB_D— 13| 548
. . . USB_D =
Data will be received e UsB0+ 1Miosg
117  void lcd_print_labels() {
from 118 lcd.setCursor(@, 0); lcd.print("C02: ppm"); 1
119 lcd.setCursor(@, 1); lcd.print("Temp: F");
1. Temperature and - ' GND

Output  Serial Monitor X
)2

Humidity Sensor | » |
2. CO: Sensor [DATA] CO2: 402 ppm (n=3) | Temp: 57.5F | Hum: 20.8% | Pass/Fail/Fa:l T_:JSB'B-M'W

- VBUS
USB. D+ 3 Iﬁ .

— i

. :. -.-_= ; ; ¢ USBD- 2 :gto % y’p
MCU delivers correct | B 1 5 . P SE |
data to Displa | B Humc: I b | i

GND
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Microcont

roller Subsystem

CO2 Warming Up for 1 mMin

Mobile Hive Checker

lelcome!

ON/OFF Button Pressed

START/IDLE TESTING
coz: EEM
TemrF: F
Hura:

All three measuremenis
Clear State
Display Start Screen

RESLILT:
within range

One measurement
exceed threshold

Measurement
Display Update
Every 4 sec Interval

RESULT RESULT
Overall Status: Passed Overall Status: Failed
:' »-._‘“. RESET Button o \
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Final Product
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https://docs.google.com/file/d/1lbTj1HFR-StQDqybKzLDcsVKi4dVK8GQ/preview

Successes

192.168.4.1 HIVE MONITOR
HiveMonitor-Setup
- . . .
-
——_— | MowToRoFNE <— Figure 4 : GitHub HTML Hive Monitor Dashboard
€02 (PPM) TEMP(*F) HUMIDITY (%)
BEEHIVE WIFI Setup 1334 19-3 o
=
HiveMonitor-Setup
CO2 HISTORY
kR
3,000 .
2,500
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1,600
1,000 J
80
0 seoeds
£ - L] L] L]
e R T l Figure 5 : Beehive Monitor - ThingSpeak loT
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ailatn o Combined Hive Metrics Over Time
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= go{ ~~ 2 &’
30 L \‘
\ E
Saving Credentials n proese
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If it fails reconnect to AP to try again =
7 ? .
Apr810:22 PM April 0124 PM Apr 160614 PM Apr 16 06:20 PM %
z
£ ] 1500 'S
HUMIDITY HISTORY £ )
e E3 % 2
Wi-Fi = K
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manage settings for joining networks and nearby b 50 4
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e
Wi-Fi @ w P r
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https://rabdeltawab.github.io/beehive/
https://thingspeak.mathworks.com/channels/3329131

Block Diagram

Buttons

BOOT

ELECTRICAL & COMPUTER ENGINEERING

12C
High/Low 3.3V Signal
OLED Display

—— \Wire
(20x4)

. T WIFi /HTTP
Microcontroller

Subsystem

WiFi

ubsystem
MCU WiFi Manager portal

(ESP32-C3-

WROOM-02) -Configure the WiFi Connect to HiveMonitor-Setup
-Exit: Opt-Out WiFI AP hotspot
-Info about system
-Upload Firmware

Saved Credentials
on Non-Volatile Storage

Fetch Data from Thingspeak Cloud to html dashboard
-Chart.js Charts for sensor data
~Current sensor data with Pass/Fail
~Overall Pass/Fail banner
- Auro-refresh every 5 min
- Graph 720 points 10 days

Upload Data to Thingspeak Cloud Using Config Details
HTTP GET every 15sec Field1=CO2, Field2=Temp, Field3=Hum
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WiFi Setur l Setur pPortal oren No WiFi g offline |
Connect rhone to: Go to 192.168.4.1 Data won’t urload
HiveMonitor-Setur in vour browser Reset to try again
Then follow prompt |

CO2 Warming Upfor 1 min

Welcome!

[ Y : OPT-OUT on Webpage 5
i . | Connect to HiveMonitor-Setup No Data Gatherin
Mobile Hive Checker & Webpage Menu or Timeout 9

v

_ TESTING
ON/OFF Button Pressed
START/IDLE WIFI-Setup Connected to WIFI
in <= 3 mins
Data Upload to
Things-to-speak All three
measurements
Clear State Credentials Saved 8 22;?3?%5&?? within range
Display Start To remove->hit boot button for 3 secs Measurement
Screen Display Update
Every 4 sec Interval
WiFi reset! )
Clearing credentials

Release button...

RESULT RESULT

Overall 5 Failed Overall Status: Passed

RESET Button
Pressed

e RESET Button
ELECTRICAL & COMPUTER ENGINEERING TR s Pressed e = GRAINGER ENGINEERING



Challenges

N |

What We Would Do Differently

@ Spent More Time Picking the CO2 Sensor

@® No Access to Controlled Environment Testing

A

\‘.o.

- A

: ‘LH

*This is our old sensor.

We are using a new CO2 sensor because of calibration challenges

ELECTRICAL & COMPUTER ENGINEERING GRAINGER ENGINEERING



LELCGEVVEVE

What We Learned

Surface Mount Soldering
3D Printing

Importance of Personal Protective
Equipment
Advantage of Testing Each Subsystem

Different Communication Protocols
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Societal Impact
4‘91 HFE

Easier to Keep Bees.

6)({{\{\ More Beekeepers

“ w L More Honeybees
S More Pollination

More Crops! More Honey!

More Money!
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Thank YOU ' Special Thanks To

® Arne Fliflet

Hosselin Ataee

Paul Hood

@® Beekeeping Club at
UIUC

® Jack Blevins

® Jonathan Ashbrook

Questions
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