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Honeybees are Vital Pollinators

• Required for production of more than 80 

crops of agricultural interest

• Economic value: up to $550 billion 

globally and $29 billion for the US

• Without honeybees, humanity will suffer
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Problem: Catastrophic Colony Loss

https://beeculture.com/survey-reveals-over-1-1-million-honey-bee-colonies-lost-raising-alarm-for-pollination-and-agriculture/ 

• 40-50% of colony loss every year 

(62% in 2024-2025)

• Reasons are multiple: environmental 

factors, parasites, pesticides, etc.
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Queen Missing!

9:00

Heating Cooling

Hive ID : 10000

Research Goal: Safeguard Honeybees through 

Sensing, Learning, and Control

: Alaska        



Challenges in Traditional Beekeeping

1. No robust and reliable way to understand colony health

• Manual, labor-intensive inspection every 2-3 weeks

• Significant cost and time 

2. Absence of systematic and eco-safe methods to support hive health

• Especially under changing weather conditions

• Icepacks and heating plates in summer/winter: on an ad-hoc basis

3. Inability to timely and accurately identify stressors in honeybees

• Missed early distress signs

• Sudden temperature shock to bee brood
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My Solutions: Electronic Bee-Veterinarian

1. No robust and reliable way to understand colony health

• Manual, labor-intensive inspection every 2-3 weeks

• Significant cost and time 

2. Absence of systematic and eco-safe methods to support hive health

• Especially under changing weather conditions

• Icepacks and heating plates in summer/winter: on an ad-hoc basis

3. Inability to timely and accurately identify stressors in honeybees

• Missed early distress signs

• Sudden temperature shock to bee brood

Thrust 1: Hive health quantification with real-time monitoring, 

forecasting & alerting method 

Thrust 2: Self-regulatory & economically sustainable in-hive climate 

management 

Thrust 3: Diagnostic tools for stressor identification and 

recommendation system for necessary actions
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Hive health quantification with real-time 

hive monitoring, forecasting & alerting method

Thrust 1

Sensors

Forecasted

Flag Notification
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Core Area 

(Near brood nest area)

Background

Hive temperature gives valuable information about hive health.

Most Important! Ө (t) ≤  330C  or  Ө (t) ≥ 360C    =

330C ≤ Core Temp, Ө(t) ≤ 360C =

How do a healthy hive regulate core temperature so perfectly?
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Cooling during 

Heat

Heating during 

Cold

Thermoregulation

Think of hive core temperature as human body temperature….

Change in thermoregulation ability = 1st order response to stressors

Background
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Problem Statement

GIVEN:

G3: Forecast & 

Alert

G1: Quantify 

Hive Health 

G2: Detect & 

Explain Events

DO:

10MS. HossainUCR ORCA Forum 2025



Contributions : EBV+ [1,2]

C1: Principled

⛛2θ ∝ ∂θ / ∂t

C2: Effective

FuturePresent

● Thermal diffusion 

● Control theory

● Forecasting with 

high accuracy

C3: Explainable

● Hive health factor

● State discontinuity 

detection (offline)

C5: Scalable
● Linear with input 

size

C6: Informative

● In line with   

domain experts

Strong Weak

Discontinuity Δh = - 11%

C4: Proactive
● Real-time alert 

for beekeepers 

(online) Weak

h < 0.15
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1. MS Hossain et al., “Principled Mining, Forecasting and Monitoring of Honeybee Time Series with EBV+,” In ACM TKDD; Just Accepted February 2025.

2. MS Hossain et al., “EBV: Electronic Bee-Veterinarian for Principled Mining and Forecasting of Honeybee Time Series,” In SIAM SDM 2024.
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Overview of Proposed Method : EBV+

1. EBVmodel+ : Reconstruction 
G1: Quantify Hive Health 

Δh =- 11%

Discontinuity

Detected

Strong Weak

h < 0.15
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EBVmodel+ for Reconstruction & Forecasting

𝜕𝜃(𝑡)

𝜕𝑡
= 2(𝜃𝑒𝑥𝑡 𝑡 −  𝜃 𝑡) − ℎ

𝑟𝑐𝑟ℎ(1 − 𝑒−𝜃(𝑡))

𝑟ℎ + 𝑟𝑐𝑒−𝜃(𝑡)

13MS. HossainUCR ORCA Forum 2025



EBVmodel+ for Reconstruction & Forecasting

Environment Hive Env.

Heat Flows
Physics: 

Thermal Diffusion⛛2θ ∝ ∂θ / ∂t

Env. Temp. ∝ Hive Temp.

𝜕𝜃(𝑡)

𝜕𝑡
= 2(𝜃𝑒𝑥𝑡 𝑡 −  𝜃 𝑡) − ℎ

𝑟𝑐𝑟ℎ(1 − 𝑒−𝜃(𝑡))

𝑟ℎ + 𝑟𝑐𝑒−𝜃(𝑡)

𝜃𝑒𝑥𝑡 𝑡 𝜃 𝑡

Without Bees
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EBVmodel+ for Reconstruction & Forecasting

𝜕𝜃(𝑡)

𝜕𝑡
= 2(𝜃𝑒𝑥𝑡 𝑡 −  𝜃 𝑡) − ℎ

𝑟𝑐𝑟ℎ(1 − 𝑒−𝜃(𝑡))

𝑟ℎ + 𝑟𝑐𝑒−𝜃(𝑡)

With Bees Only

Set Point : 𝛉ideal

Cooling

Ө
(t

) 

Heating

Cooling ability,rc

Heating ability,-rh

𝜽𝒊𝒅𝒆𝒂𝒍 Ө(t) 

Health factor, h = 1

h = 0.5
Control Theory: 

‘Sigmoid’ P-Controller
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Field Deployment (UCR Ag-Ops)

Phase 1: August 2021 - September 2021 (10 hives)

Phase 2: March 2024  - Ongoing (6 hives)

Sensors
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One-day ahead forecasting Daily health factor estimation

Raised flags for unexpected events Raised warnings if health is too low

Threshold for 

raising warnings

Hive inspection Mite treatment

Case Study from Field Deployment (Phase 2)

- Dashboard from 

Graphana
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Broader Impact of EBV+

Quantitative assessment of traditional beekeeping treatments

Ice treatment helps during 

extreme hot weather

Ongoing Collaboration with Entomologists

1. Compare –

a) Various hive setups 

b)  Different genotypes of bees

2. Select healthy hives for stressor testing in 

lab environment

3. Effect of Varroa mite infestation on hives
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Recognition from Industry Practitioners & Professional Beekeepers

Wilbur-Elis Innovation Award (2022)
Honorable Mention

UCR Bee Health Conference (2022)
Attended by SoCal Beekeeping Clubs (500+ members) 

Locate me: 4th from bottom right
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Media Coverage
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Self-regulatory & economically sustainable in-hive 

climate management 

Thrust 2 (In Progress)

Design an Automated 

Controller with Energy 

Harvesting Device 

Maximize Net Profit

Activate 

Cooling

Activate 

Heating

Estimate Controller 

Parameter & Schedule 

of Operation

Peltier Cell

(Cooler)

Heater Plate

+

Installation Cost

Hive 

Health

Honey 

Production

Core

Temp 
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Diagnostic tools for stressor identification and 

recommendation system for necessary actions

Thrust 3 (In Progress)

Beekeepers’ Notes

Classify Stressors 

(Multi-class)

No Queen

No Broods

Mite Infestation

Pesticide Hit

Collect Data by 

Inducing Stressors
Integrate with Proactive 

Alert Method
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Open-Sourced on Github 
1.github.com/rtenlab/EBeeVet

2. Data
3. Published Papers

4. Codes & 

README /w 

instructions to use

5. Academic 

Software License
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http://github.com/rtenlab/EBeeVet


Conclusion

Hive health quantification with real-time monitoring, 

forecasting & alerting method 

Self-regulatory & economically sustainable in-hive climate 

management 

Diagnostic tools for stressor identification & recommendation 

system for necessary actions

THANK YOU!!
Contact:

mhoss037@ucr.edu
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