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Motivation

--------

(2022 - 2023)

Billion Dollar  Higher Colony  No Bees,
Industry Loss No Humans

Reliable & Explainable
Hive Monitoring
System
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Background (1/3) UG

Core Area Peripheral Area
(Near brood nest area) (Near honey storage area)

Most Important!
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Background (2/3) @

N
o

—— Core Temp, O(t)
—— Peripheral Temp, Op¢/(t)
—— External Temp, Oy (t)

Temperature (°C)
w
o

N
o

Timeticks (t)

330C < Core Temp, O(1) <36°C= &
O (1)< 33°C or O (t)>36°C =
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Background (3/3)

Cooling during
Heat Cold

Change in thermoregulation ability = 1st order response to stressors
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Problem Statement

N
o

GIVEN:

—— Peripheral Temp, Op/i(t)

—— Core Temp, O(t)
—— External Temp, Ocy(t)

Temperature (°C)
N w
S S

Timeticks (t)

DO:

V =,
G1: Quantify G2: Detect &
Bee Strength Explain Events

MS. Hossain et al.

(G3: Forecast
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Related Work

Poor Performance Blackbox &
(rule based: arbitrary threshold) Domain agnostic Unsupervised
F— == == E T B e e Ny ————
Method | Hive 1l Traditional Deep EBV
I monitoring !|! time series | Learning If; (Ours)

Property and analysis

N

C1: domain-specific

C2: effective

N

C3: explainable

NSNS

C4: scalable

Joe-Air Jiang et al., Compt. Elect. Agri. 2016; Stefania Cecchi et at., Sensors 2020; many more.
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Contributions : EBV

Addresses limitations of prior work

C1: Principled C4: Scalable
e Thermal diffusion V20 o 00 / ot e Linear with 7
o Control Theory input size Z<
C2: Effective w ? C5: Informative
« Forecasting with L 4L | elInline with =
high accuracy Present  Future domain experts =¢

Discontinuityl As, = -82%
As, = - 55%

C3: Explainable

o Hive strength parameter .| WM

e State discontinuity R
- E 10 - =

detection £ | — éwStrong

Timeticks (t)
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Outline

® Method & Technical Solution ¢ —————
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Dataset & Experimental Setup

Sensors
Peripheral Area Core Are
(Near honey storage area) (Near brood nest area)

Riverside, California, USA (Aug’21 - Sep’21)
Challenge: Very hot climate — Severely stressed hives

Probable Solution: Add ice cubes on top of hives
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Recorded Temperature Data @

—— Core Temp, O(t) — Peripheral Temp, Op/i(t) —— External Temp, Og(t) ’
S a0 [30-36]°C 40 [34%\36]0(%\

2 A £

- s

T 30 30

3

E 201 201

Timeticks (f) Timeticks (t)

i Control Hive | Treated Hive

=7 (5in total) = (5intotal)

Core Temperature Varies More in Control Hives !!
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Overview of Proposed Method : EBV @
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1. EBVmodel :
Reconstruction
(G1: Quantify Bee
Strength &
G3: Forecast)

w
@

As, =- 82%
1Ash =- 55%

w
@

w
=

w
8]

— 0ft)

— 8 sirong| Weak
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Temperature (°C)

~
@

SDM 24

Timeticks (t)

Discontinuity
—  Detected

2. EB Vﬁt Ccuts

Segmentation
(G2: Event Detect.)
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EBV,, 4, fOr Reconstruction & Forecasting @

-5.0(t) i Ooq(®) =0
+5,0(t) otherwise

!

l Cooling : Strength, s,

o0(t) Ocxi(t) + Oy5(t) - 20(1)
T - Hext(t) + eadj (t) -2 H(t)

Heat Flows 1

)
V20 « 00 / ot

Environment Hive Env.

T Heating : Strength, s,
Control Theory:

Thermal Diffusion ‘Split’ P-Controller
Env. Temp. o Hive Temp. Hive Temp. o Required bees’ work
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Segmentation Algorithm : EBVi;iecue (1/2) @
Hypothesis: Bees’ strength will not change (segment) unless there are any
stressors (cut-point).

Q: How to find segments and cut-points?

A: (a) Occam's Razor: Simple & Accurate
(b) Greedy Algorithm: Fast Execution

S1: Represent the sequence with no cuts (m=0) & one set of params (p=3)

Xo = (S¢: Sh> Oigear) AIC, = -2InLy + 2(m + (m+1)p)

t 1+ 1 ]
Accuracy Model Complexity
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Segmentation Algorithm : EBVi;ie .t (2/2) @

Q: How to find segments and cut-points? (cntd...)

S2: Now try with a single cut and two segments

W i
AIC, =-2InL; + 2(m + (m+1)p); m=1,p=2*3 =6
Compare: (AIC, < AIC,) ? If TRUE:
S3: Repeat Till Find Best Reconstruction with Minimum AIC !!
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e Empirical Evaluation < ————
o Q1 Effective: (a) Forecasting (G3) & (b) Event Detection (G2)
o Q2 Explainable: (a) Event Detection (G2) & (b) Treatment Effect (G2)
o Q3 Scalable: Linear on input size
o Q4 Informative: Observation coincides with experts (G2)
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Q1(a) Effective: Forecasting (G3) @

Input (3 days) > Forecasted (7 days)
G 40 ‘
2301 " I \ 2 /'\
o / \ ’ \ , \\ A
g. l \‘,’ \\ , q - Input O(t) ——— 7 Days Ahead Actual O(t)
§ 20 ‘_ \d ‘\} \‘— Input Ogx(t) — = Forecasted O(t)

Timeticks (t)

{38 Control Hive
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Q1(a) Effective: Improved Accuracy (G3)
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Q1(a) Effective: Improved Accuracy (G3) @

SDM 24

w 2.0
z
1.5
S
61,0
©
$0.5
2

Treated Hive Control Hive ﬂ

F____

Deep
Holt Winters
DeepAR

Seasonal ARX
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Seasonal ARX |
Holt Winters
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~%4 Control Hive
- Dlscontlnmty

S 37.51
g0 N Wuwumwwu MM
§32.5 —— Actual Temp, O(t) \/%ﬁ
E 30.01 _,FlttEd Temp, O{t)‘ Strong mn(ed ak
Tlmetlcks (t
Hive Inspection 14 d
ays
N y 8 days
Sensor Recharge & Replace
SDM 24
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-3 Control Hive

Discontinuity

o 37.54

<

@ 35.0- N

-

® 325

E,. ' —— Actual Temp, O(t)
E 30.01 — Fitted Temp, 6(1)
[t :

charge & Replace

SDM 24 MS. Hossain et al.

23



Q2(a) Explainable: Event Detection (G2) @

Strength of cooling, s, =55  As.=+38% | s = 76 As;=-82% s =14
Strength of heating, s, =31  As, =-35% | sn= ASh =-99% =9
w 37.5
535.0- J\NVWL(\NMMMM Aﬁ“hﬁﬂ”ﬂﬂnr’
EBE'S —— Actual Temp, O(t) v&
E 30.01 — Fitted Temp, 6(t) Str"g\‘ng l(/l\'lxed ak

Tlmetlcks (t

<.

. . \_/
Hive Inspection 14 days
+

Sensor Recharge & Replace

W

31 Control Hive
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Q2(b) Explainable: Treatment Effect (G2) @

0] N AVMAAARA AL A MMMW Control Hive
§ 3231 __ Actual Temp, o(t) ASC =+ 38% AS - 820/0%
530'0' —'Fitted Temp, é(t)‘ Ash = - 3500 Ash = - 55%

G 375

§ 231 — Actual Temp, o(t As. = - 40% J(

% — Fited Temp, 60 Ash = - 48% Treated Hive

Timeticks (t)

Ice Applled
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£s0] N Ay AR AN

| — Actual Temp, O(t)

30.0 1 — Fitted Temp, O(t)

As. =+ 38%

Temperature (°C) Temperatu

SDM 24

37.5 1
35.0 4 -}‘ ‘“
32.5 1
— Actual
30.0 1

Qo s

yredt

Asz-gyy};im//(ﬁm/
= -35% 1 o .

Timeticks (t)
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Q3 Scalable

=
o
-

log(Time (in minutes))

100

—— Control Hive 1 —— Treated Hive 2

——— Control Hive 2 —— Treated Hive 3
—— Control Hive 3 Treated Hive 4
—— Control Hive 4 —— Treated Hive 5
—— Control Hive 5 —==- Line with linear growth

—— Treated Hive 1

SDM 24

102 103
log(No. of time ticks)

MS. Hossain et al.
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Linear & Fast:

20 min for 2 months of
data

“Embarrassingly
Parallel”
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Q4 Informative (G2: 1/3) SE;'j @

e weaeamve T o
) Observation (1):
3 Heating is easier than cooling
“ ol (s, >S,)
10! |°g(sc) 10?
SDM 24
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Q4 Informative (G2: 2/3) &} ok e

A Control Hive

- Line with slope 1
® Treated Hive

SC
102 /4

oy AL ) Observation (2):
"t 5 Bees in treated hives are
stronger, I.e. better
thermoregulation

log(sh)
b o0
>
°
.
b.
o’
&
op

A “
10!

“é@

Weak Bees " togtso Strong Bees
s. <10, s, <10 s. > 10, s, >10

102
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Q4 Informative (G2: 3/3) 8 = @

Dlscontlnmty
| |
38 38
CE 36 n 36
b “W““”“’WMMW
g 32 1 321
£ 401 — Actual Temp, 6() 30| — Actual Temp, o(t)
a —— Fitted Temp o(t) —— Fitted Temp, 6(t)
28 28— : : .
Tlmetlcks (t) Tlmetlcks (t)
‘ 4 <« man @ nemn ‘
Control Hive Treated Hive

Observation (3):
Positive Cumulative Effect of Ice Treatment
Control (= un-treated) hives suffer more from hive-openings.
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Outline

o Conclusion @ ————————
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University

THANK YOU!! m o
@qithub.com/rtenIab/EBeeVet el
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http://github.com/rtenlab/EBeeVet

THANK YOU!! Contact:
) github.com/rtenlab/EBeeVet mhoss037@ucr.edu

University

I =
@& C1: Principled | V20 < 00/ ot | @ C4:Scalable | %72
I TR
! I | : | log(No. of time ticks)
%40 | | I o
& C2: Effective  §” W 04 : & C5: Informative 82'
Present IFuturZ I d
. : Ongoing Work:
. : £ WA Real-time
@ C3: Explainable SETT ¢ : notification of
¢ L= éestrong | | honey bee health

Registration and travel support for this presentation was provided by the Society for Industrial and Applied Mathematics
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