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Design of Research Methods for Parrot Behavior Analysis
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[ 3-2] gdtA Al @& ¥ B9y g g9 5d AAE vl

Detection Model HEZ%SA i(S@'/ii)ng T}?Stil(\)/ﬁ(szr)lg F}%Zttig/[ i(sf;jglg
Keypoint Only 62.4 41.7 55.3
Keypoint-Detection Ensemble 38.9 19.6 24.1
Single Object Detection 27.5 14.2 18.9
Object Detection Top—down 0.0 1.2 3.4
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3.3 3% Jg 4 d+ 2d

3.3.1 =5 7|+ AA

Rear Cameracl A &53t
Y A sd JHAE ZFAT M E e g3 dds sdstES
oMo g A= .

Front Camera A7 Ao A dhg] o] dAalo] B5F IS X
ato], o] & XA WstE AR gotd ¢ s
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[ 3—3] Front Camera®} Rear Cameraol A #A3t & 7
7} 2k Alok 54 g2/ dE
o] 4l # (Eating)
Front AN A B —%‘F(Drink.ing)
Camera &-2] (Resting)
&2 (Bathing)
Rear AFRIA] 1A 2ol 712 7} (Stretching)
Camera ere =H =e & o Wk o] 5 (Pacing)

B39t} Front Cameras Wol %3 55 Adals #2slr] ¢a a13F

T2 AAEH glof, AolA RS

z]e] @ Stretchingell A 2] E7le] H3

Rear Camerai= 7NA| 9] o]F A= HWbE X §el= 534 Aok AlFstz

2, 9k o]5 o] ARl s AR 7158 55 9lo] Pacing Aol A
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A% ¥ thid) el e WAoR
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o )
= N
A3l o Rear Camera®]A+= Stretching, Pacing && 2 4133}

3.3.1.2 =AY
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s w7 dA Ax= %%ﬂt @aﬂi A B Head, Tail, Foot?

TAHE 7IHte 2 BCE AH&E3% H, M Z15(01, 02)5 AlLtst
= Hrlo g 39T BCE Ta11JJr Foot =& Head®} Foot®] 7]3s}38H4
TAE o] &8 AEHY, v YT A9 FAEFES el E VEH 988
83l o] 2 Wl o R Head-BC-Footo 2 o] Fojx= A 717 4%
(01)¢} Tail-BC-Footo. = o] FolA|= kAl T4ZH(02)5 ZH S d=
AxstA Tt 6,2 Eating® Drinking@} o] AA|7F dwpo =z 7] gojx =
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inge] A3 BAHE A2 ddste,

7+ Ak sy A 0w Aeeigint. olFA E5E A E 2 4k JEe

T 9o AA BistE AFAoRE AT 7 HolERA, o]F 3
T i R4l Fa wud 7]%2i &&= AT

olgfgt ~AYE 7|k 1% 4 olF F ek dAA 7 HE,

A 714t Feedere} Water PF2~= A H| Foot2] o) #A14 52 34 E¢s}

of HF AT HolES ARt vl AHEHAT 53] 0,2 T ¢l I W3t

TS o)l FH o R orgstet ¥ 3453 24 Eating¥}
Drinking®] 37 =#& Aok o7 Bx|de A gz &85%om 0
27 Resting®] 7|7 <+4 sjE & Z

Before pecking
at the food

(T-BC-F):122° /& (H-BC-F).85°

After pecking
at the food
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BC_x = (head[0] + foot[C]) /
BC y = (head[!] + foot[l]) /
BC = (BC_x, BC_y)

thetal = tri_angle(head, BC, foot)

By: Tail S =4 obE
theta? = tri_angle(tail, BC, foot)

cv2.line(frame, head, BC, color, 7)
cv2.line(frame, tail, BC, celor, 2}

cv2.line(frame, foot, BC, color, )

thetal hist.append(thetal)

theta2_hist.append(theta2)
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ht_raw = ht_angle_horizontal(head, tail)

ht_smooth_hist.append(ht_raw); ht_smooth = sum(ht_smooth_hist)/ie

ht_roll hist.append(ht_smooth); peak = ht_roll hist)
drop_prev = (prev_ht_smooth - ht_smooth) if prev_ht_smooth

drop_from_peak = peak - ht_smooth

label head = in_label(head)
label head== positi
label head== position=="

: cls=f

th = DROP_DRINK if cls=="D =1 DROP_EAT

f cooldown > 0: cooldown -=

trigger = (drop_prev »>= th) (drop_from peak »>= th)
£ USE LOW ANGLE GUARD: trigger & (ht smooth <= LOW_ANGLE)

trigger cls==
eating count +=

eat_tracker.on_event(t_sec)

trigger i cls==
drinking count +=

drink_tracker.on_event(t sec)

f trigger:
cooldown = COOLDOWN
ht_roll_hist.clear(); ht_smooth_hist.clear()

ht_smooth_hist.append(ht_raw)

prev_ht_smooth = ht_smooth

g AE FA] A 2=Elo] T FE o] wo] ofd AA| HFH FEa FHESH
T 2552 T} Eating Drinking B4 $13+ 37 o)Wl E x| oaig]
% W4 Z=E [29 3-21]0] YERAT

3.3.1.5 Drinking -5 ®©A|7]F

Drinking< Eating®} wj-¢- f-AFsH w2 7]L7] WHstE Ho|X|ql Kz

] Y1A7F EFolgt= HolA FEHY. Drinking 52 F27F & %W
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HT: 163 7 ] HT: 143 Z
eating count : 12 8 . ] eating count : 125
drinking count : O % o drinking count : 1%

Drinking 7‘*‘34 (Peaking 21 4) Drinking “ﬂ (Peaking #%)

[29 3—-22] Drinking &5 ©A 2 74314 7|5 3pd
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Zow RtRAo g FA W/t =5 e 579 24| YEhv= A
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(self, win):
t_now = self.history[-1][7]
win_h = [h for h in self.history if t now-h[0] <= win]

len(win h) < 2Z: retu i

disp, darea = A
pidin p +(1, len(win_h)):
_, x@,y@,a8, = win_h[i-1]
_, x1,y1,al, = win_h[i]
step = math.hypot(x1-x8, yl-y@)
f step < PIX_EP5: step =
disp += step
hs(al - a@)
a@,1=-5) < AREA EPS: da =

darea += da

avg diag = sum(h[2] for h in win_h)/len(win_h)

ratio = max(disp/avg_diag, darea/max(al,i=-5))

ratio, win_h[0][7]

(self, ratio, win start, t):
f win_start and not self.resting and ratio <= MOTION THR:

self.resting, self.rest start = True, win_start #

f self.resting ratio » MOTION_THR:
self.episodes.append((self.rest start, t))

self.resting, self.rest start = False,

[713] 3—24] Resting & #HA A4 z=
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el Bathing!!!
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. 3 - : o parrot Pcs'\i\'on:Water-.. i~

Qa\\ AN 5 %

)’ skc,

’* l; \ \ »
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Bathing % 4% (A447) Bathing 24 4% (29)
[18] 3—25] Bathing 35 &% %

S99 G Haselel /1SRN, Bathing box7h A% 02§45
I AR W F7] W b E ZdElell A Bathing confidence”} #4742
2 A" 5ol #=F Bathingo® #HalSi},

[21, b[2]), min(a[=], b[=])
ax(0, x2 - x1) * max(@, y2 - y1)
area = (a[2]-a[#])*(a[*]-a[1]) + (b[2]-b[0])*(b[*]-b[1]) - inter

inter / (area + )

(self, box): self.box, self.miss
(self, box, a=2.4): 5 === =]
cx = a¥((box[0]+box[2])/2) + (1-a)*((self.box[o]+self.box[2])/2)

cy = a*((box[1]+box[1])/2) + (1-a)*((self.box[1]+self.box[ ])/2)
w = a*(box[2]-box[a]) + (1-a)*(self.box[2]-self.box[#])

h = a*(box[=]-box[1]) + (1-a)*(self.box[>]-self.box[1])
self.box = (cx-w/2, cy-h/2, cx+w/2, cyth/2)

(dets, tracks, thr=o.1):
t tracks:
best = max(dets, key=I 5 d: iou(t.box, d), default=
f best iou(t.box, best) > thr: t.update(best)
: t.miss +=
tracks[:] = [t t tracks t.miss <= 5]

[713] 3—-26] Bathing 3 #A A z=
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Pacing e} 7} A ZHE o] Zo] &= w2 A A|7H(2%) ©]AF speed_ norm
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3.3.2 Rt & HAE T dA volzedl

ATl FEHF el AT A% B o xeil e g4 GOz
AAE GATL, Fo A H9E FEF 7, 2AHED 4% A0S AN
Sha, whAuRo R F3be wEt Az e FRstel AF BB BRe:
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ohue Aalel Wa, o 2k 914 o), W FA A% WY 5 AT
AR BT pelgonM, 71 B Aok 7w A2nt) ¥ e 4

IR == NS o R

Input Frames Spatial Context Temporal Analysis &
Segmentation Decision
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1 Wing present &
Preprocessing Feeder | | Water Perch Foot on Perch
(resize, normalization)
i Pixel Region Labeling
’ Parrot Object Detection | 3 Smoothing
v Pixel Region Assignment ‘ (EMA]
ROI Crop wL T l
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B resting: resting angle range | —M _ _ _ _ duration 2 T_threshold
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+ . ! o
Build Skeleton - H, BC, F Foot in Region BC in Water r_ - - :
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Compute H, BC, F Region Water : = L H

+
Compute
8(H-BC-F), 6(T-8C-F) }_

Outputs:
counts, durations
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(a) Top-down schematic of the cage illust- (b) Side-angle rendering
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_77_



~
Ho
|

0
s

o]} 2

-
-

o] Aol B2 Front Camera

B

35

w2ol7] wiimel HA AA <

w2

o]

o
3l

)
N

ol

B

<

el

TH

o

bounding box <FA4 Al o]

o] bounding box7}

F7]

S

3

=
=

Front Camera+

B

O
N

X

R

‘.A_.u,.o
i

15 3714

A %

o]
=

d

g
Wel, il AlolA Al <

-
s

Front Camera

TH
o
3

fite)

<]z
Tor

il

A melo] A

= Front Camerat #

27 T Aok An

sz

1}, Rear Camera”’} A&

S

R

o} oKk

F71 18l A

e
%o

HA 2

45

H =
ANHEE

o

S

Uk Rear Cameras:=

to] A X3 Th Rear

95

A

Nd

1
s

ZFAow o]FolA)

—_—

T
el

Hol A %714 e Vel

Us o84 deew deA jlon, 2EAY

Ao BaHr), wea

eSS Hol:=

44

g

AL 1]

<
o

¢+
B

o

_78_



_79_

130° Degree
Fixed focus / Manual focus

5V / 80mA
-20°C ~ 70°C
USB2.0 UVC

Mo W o 3 T ow o= o m R
ar.ﬂ_d_nsn%%% RN g o
BOE ooy W W5« I T - o @m. |
P " % (- Gy T R X o U o ~ ,.
N o= oy R T M G " - — 1 = m ¢
DR R O R T &
1__/l 17F % o oF < % ﬂvl ,_.me ,NL Jui} Jrﬂ 4
do M o K T o IR B F _
4T 5w - o To Y o
Gl b W o X woE o z
= N = Jjo R 5 e W o o um 0
GRS I S RN g Gl 2
P oo N o T o B oo T 2
O o= o ™ N = =
o Ny X do B0 W E = S
Booe AR ogp W w W o X = 2
P ERE TSy moaagn D X ! 5 S
A B S A G S S d ||| B |
R i I - BT P& & |2
NN o ow GO~ J)) < | = |» ~ N
T m T o Y & Q
MoT e W4k = - = |2
= .&l -~ ﬂ.ﬁ oR — i
o 4 7 ¥ ox om 1\ < 5 ~
%%%Mﬁ%diﬂ 2o WA w 257 2l o
) ~ ) J— = = o lu
RN T S g dmaa N < =R N
OT..._ — o = ~ On_ JL EO =~ ~ ﬂ_l — N PVl o X al =
I oo B Ly T cla =285 =
o ol ol = i <r T 0 O i ¥ — | T || S| o] o] <
o ~— M B N v m o o= 9 F W = R o
e EPET EEE 0L g o =
(S . — g =
%ﬂﬂo_%ﬂﬂ%mu@@ m.ﬂ] - E%u
WS L. o S S | — | — Wi
R S~ 5 = om) Mo X 5 NN | | X
L T T o~ 2 o « u.mo - H] — mﬁ m | | MAM % = =
ﬂnﬂ;?_nnm » R A]#o W ||| = K || 9P| 2
ﬂ‘b o - oF -3 ;o._ fi _,Tl Ee io E.w wrmo EM Og W: o~
W mg Exy g s Ay 7z
T AL B oo TR %P T N BT




a. 7bele} AAE A1 3D REw shd

[22) 3—-31] 7Fdlet AX& A2 Fpat B2 v

o]¢} 2 Front-Rear dual-view 7%+ 35 3|&d &4 9o 35
()

ThsatAl & W ol e}, T Aokl A FPHE S AMH R FHato
g dAe A weks noh AEeEA geotdd 4 A gt

5 7l 25 oF 130°FOV(Field of View)Z 713 dl=2E Alg-3}1o],
A2 frgo]l Ao g F7h g SAE AE #Fdo] dag Aus B ot
Ao g 22T # At ol F WA= FE A vA TS FA
4=z 248 4 e 123 7is AFdn

Zh2}i= UVC(Video Class) 7|¥Fo. 2 Windows-Linux-Raspberry Pi &

2] OSellA ARG o] W8Ao] ssom F7|7E H3toll A Ao =2
RES &8sGltt 7hvet 5L PCB FH wEol7] ", 55 v
o= AT g o] BE oY AF V] AV dF Y o o
of7F ol vt AR = &5 3AY T Hdolv v At &3 7
Hko] g 54 Aozl & JheAd S Alwst, w52 A -AA

o AT AA vy B3 AR 2ol A vkl el Ad s §

.



[3£ 3-5] AF AH&% vk 7l A

=2

A : Parrotl N : Parrot2 N : Parrot3 WA : Parrot4
Pineapple Blue—Cinnamon Yellowside Suncheek

TS gHat7] s, 2ol AlY w9359 oFF<l Pineapple Conure 178

A, Blue—Cinnamon Conure 170, Yellowside Conure 170#], Suncheek

Conure 17HAIE A /MAZ AAsAE A 7IAIES 25 AS 1de] A

W Azoln, 7 A& Y AF A 1E7 LI ALS =AM AFA
A

AH5S Falske] o) 2Ed s 9908 Hastagith BE Ae Ay AL
A 25 + 2 °C, 350-400 lux QA AL, =3 Atges md 11
A 3030l ELdskA wAste] WA 3E FHol-Ha 30| WE AT

= g
A9 welHE A 2 BE 540l g Tl Eelths 24 84 30%
2H 0F 77 F 1147
5o wF A A o

ofw g 9% AFE FhakA ekgkond, 7 Al
&

= Sl
of W% Aol7k A HAel )¢ Aow s & AES BAT.

o]-(‘( )
e
o
=
ox
o
fr
o
38

TR He
o 25 + 2 °C, 3Hls5ie 45-55%
B37) 12L:12D(%Y LED %%), Flicker—Free %% 4|

LR L= AtER(HAY- 7SI &9,

AAT g8 ] AT
87 s 9 o) 17, At 1%
39 FEA7 QA-0F 7 147ke] A uA}F A7 AT

_81_



B Aol e 399 IS R H o m Ak, e HelEE a8
= ul
= .

eh¢-= A%, °1F GPU 7]

AZAY 314 SSDof| AAgto R 7]= ﬂ
FA

=
—

PRZEEH Eo]o = gaS H264 oz 9l s} xﬂzc} Z7re 3%;43
&

SSD& ¢ #4 dlolel7t 2 Hel wet s W
A 2AHE & FF+= A (Google Drive) & JREFHEE A
ATh FEEE A AIZEd e v ] HJ”EE Ty, MEY T Y A

(2% 3-32] dolE 3 874 9 A

_82_



[ 3-33] dloly =5 B/ Ay Fx=

920 dE2E=% do]E = Google Colab?] GPU AAF 7oA ¢
=t} Colabel HEFN-2 UltraRAM 7]1RES] ALF JAA~HAE A8},
TR G Y 293 tlolE dAgo] g vEey 21 T3

|9 =, EE o]y &<l YOLO 7|9k vhdA mell k<5
glal =AY E A 8 A4 AL 59 BE Z2A2E Colab

]

5\’12 , Python 7] Hko 27 133k A& 253t A0 HE
g A
Esjo) 5 A2 A 24 o) 54 AGMAH S T
olsh e B P A9 Heleel 4, 44, )
< GHEA FAPEA R, A wby S0l A7k &
Ao ALG 5 i /NS AT

QF :
3] =g gko] 7k A4 Hulo 1*"11/‘1 aoﬂ'ﬂx = ‘éﬂ, GPU 9=

3.4.4 "ol Al A
3.4.4.1 Y 7+ 2 AE S A

w A7) "olBA 7E5E fs A Y A2 Labellmg =&

_83_



ARgete]l YOLO @219 vhed vz gAsialnt. epil" S8 2= Parrot,
Head, Tail, Foot, Wing?] thAl 7}x 2 A )&}l th. ParrotS W] B A A
Ao ]G, Heads w3 F28|7F £3H5 & Ay Taile 349 219 5

Al 9] A], Foot2 23} @71l 94 Wing2 @7 Zldo] W3] =ejy+=

e AlFoz BAsL,

\l

Front Camera®} Rear Cameras S3 3 ¥ X ]O] o &l e A7}
B ea] 1A E = A olvt ey S
7t ofg- AL Fele 2 st F oY, 7Hd ??ié}oﬂ os] & ?_}Xé*éo]
Aetd ¢ orn=E eyt EHsH e ZHdEs TR Aty
ghl ek th. Wing @2~ Stretching 3% 38l £A]9

Rear Camerad] et ® &4 #FHS 7|vtow Wasl §345 7}{] Eﬂﬂ%]

o gal ehas sl

-

o5 T3 dqE T AR S °?<15*37Jr SAll ZEd @9 w v+
S WA AT & ATk

3.44.2 A5 FFE dolHA 4

Eating dlo]E] A Camlel A A 71&7] 6,9 P&t HAhet Hols
Agoe] FAlel FAHE 2 AL 7oz 539, 7FHe] §le oA
& A3} train 927, val 2774, test 178(F 1367%) 2.2 FA3FAA ). o]0

>~I

| = Drinking Ho|HAlS F-27} & ¥WS &) vhEd o2 YH7tE &S
71€7] W3l dgs 71Fo® AHEEtY train 927, val 2773, test 173 (F
1367%) FE= Fr3i

Bathing Hlo]E] A Water oA Wing =243 H4 deo] g
Efus 73 T o BR ke train 9274, val 273, test 173, ¥ 136
Fo g A5 o™, Resting Ho|H AL oA vt~ T4 o] 5 &

<

_84_



o] mjg- il 0,07} ¢k F3tel A= AWES VIToR FASH
train 927, val 274, test 17%, & 1364 gr a9}
Rear Camera 7]HF9] Stretching H°o]E A Wingo] &+#3s] 2 A +=7F

= %’SQE wto]l 7Hd WEgk el AHste] train 457, val 1474
test 9%, & 680w FEH3FHTE A O R Pacing Hlo]EHAlS Front
CameraOM v uts FA o] Fp-Adst® vk o] gal U7 AIZE o] 4
A&H = AU 7o st train 487, val 157, test 107, & 73
g atRE Akt

ole} Zro] oAl 7}x] £ AF FFol el FHA A vlolHAlS FH g
5, 24 <52 Google Colab 27 2] NVIDIA A100 GPU®lA 4=33}3]
YOLO 7|8t &% 2ele ZF 200 epoch ¢t 55 wrEstg a1, 1= o]n)
A BT 720X720, batch size® 32% 1Adle] BE F%F FHo] #Y

& 2704 58 & Q=S ek

A=

_85_



3.5 AT e B4 3 AS Wy AF

3.5.1 Al Detection =9 7|vt 35 | #24] HIA HFHH AA

d

oA Gto A= olzF A2 7|wk VI(Visual Inspection) AFE9F Al ¥4 2
HE vHugozy PF +F RO IS HAITSNY. VI B4
Eating, Drinking, Resting, Bathing, Stretching®] T 7} @5l djslo]
FRE Ao, 7F 5] WA of B A Sl¢ s AZFE AIHES
A= 71535t Al 2419 A S ddstry] 93 7+ A 2R T
olggt VI-AT HlulE A 7S B8t FA oA dAe
22} 2F A e} YR wE sk
Al #4o] o= Ax BaAdd 4 9= 2l

Pacing & VIZ #s7] ofeE 7324 545 7F
of vlal gi/gel A ALttt Al Hol] = & 4
TAHOZE 3% oo TR H4 o, vbhH A
= Pacing 54 glo] R4 o =

o] .

AE7tel dd

-H?l'
2 B
o 2o

il
4
s
iy

2
ol
o
©
m
rlo
r o
o~
r

haX
o
1
1o
&
X

J
-0,
gh
N
L
=
4y
03‘:',
s
30
i)

)
0:01:,"
off
s
A

I

=,

P

0%

01

o2

X
o of T rlo B
& e M

of

s
A
Ll
Ho
ok
©
offt

2
o
=
o2

rf

o
k
_OL
4o
X
Mo 52
e
By
g o
offt

Eoox
o Jo =
N
N
&U
)
=)

VI W20 2 Pacings A EA A F+2 4 §ioh
o7 B Ao HE PacingS VI Bl A A 9]&}ar, Al
s T3 59802 Frissith

Ha g BEe FRA EAel

o

)

L

o

=
dr o

N
=
r2
A
9
off

R=)
L)
)
e
SO}
o
il
X
=)
olr
o
2
ui
[ey!
Y
=
0

Drinking, Bathing, Stretching®} & <=7t 35
Hoz VI Atz et Al ¥4 A3E vwshglh. vhd
A S A &E e A dsolBng s F

9} Al #A19] AeA-S H7slS )l Bathing® Stretching a7 @90l A +=

WA NS FREA RS F Y] R ARste] AES wedste] A
39 ol 4ol w4 V1 AT on], o] & Bl BB 1 FH Aol A

_86_



[ 3-7] 7} &8 Al &4 239 VI 43 ¥ 7|&

Behavior Metric A 713k
Eating Count WRAslaes Al 07 Al B4 Axlel VI 232 Hlal | 1days
Drinking Count | WRISGE ZAloa Al B4 Axke} VI 27 vl | 1days
Bathing Count WSS Al o7 Al B4 Ade}l VI A= H]al | 3days
Stretching Count | TA3GTE Aoz Al BA Axte}l VI 27= v]al | 3days
Resting Time(min) | & YIAEE SAl07 Al B4 Ayje} VI 29E 8|l | 3days

Q
gk Adafolw, AL V15E AbE ﬂﬂ%‘ T %1% Al AN &glo] dellM &

88 5 ot A5 BeE 2AE A

o
.ﬂ

Al 7|9t 8% 5 ndo] AFAS AuFH o5 Hrlslr] Y3l Precision,
Recall, mAP@0.59] Al 7}#] #]3£¢} 37 Confusion Matrixs &-&3}3ith.
Precision A7} §A3 s 5 A4 AeE g9 HE&=2, Zdid SA=
dAvit G ow Aleh=AE F7FIHh Recall AAl LA P5S Al
7h w2 A Fa EAYEAE Yl A xR, BF 72 75 ddste
4 F$23A AEE Y. mAP@0.5% Parrot, Head, Tail, Foot, Bath®} 7+
A4 AA F9E T 2004 AFSA EAske TS Hrleke A

T T EE AS5E A 7 A EE YET

E3 s B RY oA B e ARlS AuHor g1y ffs
A3} =% 3)E (Confusion Matrix Normalized)S 241591t} Confusion
Matrix+= A A 2 =(True) ¢t o= e 2= (Predicted) d] £E5 A4 0=
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A 37 A3 o F7F &9
Precision o] §Ag A 3 A Ad WE LHCER | g0y
(A=) g FDE dviy A=A Et °r
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IoU 05 o 7+ %t A™UE. Parrot |
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s ST 1 5 o =
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IV. )\1@ EJ,]_ ol

4.1 Al Detection =& 7]vt 3= 5

24
LR LR

A5 4%

2 AFo| A= Al 7]8F v 5 5 14 Rdo] A fF Hzy) of
= Ax9 e‘i]llz_fé— Hol=X& AF3s7] 918 VI(Visual Inspection)®} Al
Detection Z3& HFH o= Hluste] [F 4-1]o YelSdH

[3% 4—1] VI-AI Detection Comparison 23}

Behavior Eating Drinking Resting Stretching | Bathing
Metric Count Count Time(min) Count Count

day 1 1 3 3 3

Al 391 87 723 24 4

Parrot 1 VI 385 92 716 23 4

Relative 391/385 87/92 723/716 23/24 4/4

Error(%) | (+1.5%) | (-5.4%) | (+1.0%) (-4.2%) (0%)

Al 325 105 207 46 2

Parrot? VI 332 99 215 44 2

Relative 325/332 105/99 207/215 44/46 2/2
Error(%) | (-2.1%) | (+6.1%) | (—3.7%) (+4.6%) (0%)

Al 362 69 156 7 0

Parrot3 VI 368 72 164 7 0

Relative 362/368 69/72 156/164 7/7 0/0
Error(%) | (=1.8%) | (-4.2%) (—=4.9%) (0%) (0%)

Al 388 76 84 0 0

Parrotd VI 380 70 79 0 0

Relative 388/380 76/70 84/79 0/0 0/0
Error(%) | (+2.1%) | (+8.6%) (+6.3%) (0%) (0%)
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Eat Behavior — Al vs VI Drink Behavior — Al vs VI
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Cumulative count

Cumulative count
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N
=]
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L N N L 9 O O 9 L 9 9 L O O N O O 9 O L O 9 N
ENSES P N S Y PR ST Y N ESN RN S PR O SN I
o > ; ST QT T SR PN S K SN - S > RS

[713] 4—-2] Parrotd4el] W3t Eat, Drink VI-AI Detection 23} 133

3} YEbst). Drinking BE3F -5.4% 9] 27t #rE oy, ezl 7]

WA kAL A4 ekel AR §A

vbd | 7 2 2polE HQl JNA|= Parrotd®, [13 4—2]9] 4] Drinking
g% o] Relative Error7} +8.6%% Yebgth 2o = Etalar 1o A
A W3l 552 AlSF VIZF A9 53 FHlE FAsksor, dA4<l
Ay

A A pgAow Axete] A s 1) RS Hu

of

[¥ 4—2] Resting, Stretching, Bathing ¢ LxH A X2 u3%

Behavior Resting Stretching Bathing
Metric Time(min) Count Count
day 1 2 3 1 2 3 1 2 3
Al 244 | 233 | 246 7 8 9 1 2
Parrot1 VI 241 | 231 | 244 7 7 9 1 2 1
total AI(723) / VI(716) | AI(23) / VI(24) 4
Al 67 71 69 14 15 17 0 1 1
Parrot?2 VI 70 74 71 13 14 17 1 1
total AI(207) / VI(215) | AI(46) / VI(44) 2
Al 52 50 54 2 2 3 0 0
Parrot3 VI 55 52 57 2 2 3 0 0 0
total AI(156) / VI(164) 7 0
Al 27 26 31 0 0 0
Parrot4 VI 25 24 30 0 0
total AI(84) / VI(79) 0 0
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Resting: WA Sl57h ope} Ago] A& Ahe] FAghs 7Eo R
A et ewo]7] W, U WAE By kAo Frtatr] H8 3
A7k} HolH S skl o7t A7k 7Nk e ah Fte] el
AT el wE s e] AR g gle], T Ao R AA AHE F
o] Arshy] ofgih mEbA 39 F9k S 74 Resting Time T8&
Alatgro =, A e sAef AFREE Folaxt sl

Resting Time?2] 74 $-oll= & A NA £1~6% H22] wlg- & eapqk
o] UEFGTl Restinge AA A7+ S0k AlA Ao &2o] Aol dojr}x]
B TS vk, & Aol A AR A A V)ES A o)F
ZFS Ay JA o wstx| &a AA e AA A7 thH] o]F H|Eo]
o5 s e 7 47 AIRE o] A H = 45 RestingS = I8k W

3
Holt}, oel gt A4 71 Ee Fe

el VIe] dehst x2 UA

N
Ll
o

—— Al Resting Duration (min)
—— Adjusted VI Resting Duration (min)

oo N
B oo N o
o o v o

Duration (minutes)

—
o
o

11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30

(18 4—3] 2] 7} 7F4 wkd Parrotl 39 xF2] Resting A A 7F 1832

25.0{ = Al Resting Duration (min)

~—— Adjusted VI Resting Duration (min)
225
20.0
17.5
15.0

12.5

Duration (minutes)

10.0
7.5
5.0

19:29 19:30 19:31 19:32 19:33 19:34 19:35

[ 4—4] 2] 7} 7F =4 Parrotd 29 xF2] Resting WA ZF 1832
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Parrot22] 3U=} Stretching 5ol Al VIe] §#] A3 BE o3
s o] WA Sl=7) A glel A A x]sle] Al4kE Relative Error7F 0% =2 UEFSE
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= RHeE NHE} B 4% A 3
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4.2 Resting-Bathing-Stretching®} Pacing® At v]& ¥4 A3}

e o] A4 BEe AA YA Sk AEeA TR UEhde b
&) (Resting, Bathing, Stretching) ¥ ~Ed| 2~ JeldA] F7tsl= v 44
°]%F 5 (Pacing) &2 FEHET} o] F Yoo LA ety Ay A o]

7F F58HA vl = 7] e, Pacing®] S7F A5 2E#H A AR E &85}
7] fleiA = b8 e A Wk dagA ol
Pacing 52 T=q 58 AE7HY A& vl O R 3% ol A &H=
& o]

A% o)l Ao gYH o Aelagih. Te 32 o4 o] Btk o
y

Pacing©] ‘/}E}Ur% MAZE e Eot 574 H-A o] flar Aol AL whE A

Q1 ol Fel ARt AzhE ARGt HdiEvte] Ao R d5e dE =
= W gk slolth

el gl 2= [29 4-6]1 [2¥ 4-7]2 AA F5-

Bathing, Stretching¥} Pacing §'5& F 71X 2FollA sAld e 4 3]

LE AT (28 4-6]19 a#= AdolA e e

A

o

[ 4-3] Resting-Bathing-Stretching¥} Pacing®] Attf H]& 24 A3}

Behavior Pacing Resting Stretching Bathing
Metric Time(min) | Time(min) Count Count
day 3 3 3 3
Parrotl 67 723 24 4
Parrot2 82 207 46 2
Parrot3 216 156 7 0
Parrot4 517 84 0 0
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Relative Ratio Analysis of Resting, Bathing, Stretching, and Pacing (Parrot 1, 2, and 3)
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Relative Ratio Analysis of Resting, Bathing, Stretching, and Pacing (Parrot 4)
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[72¥] 4—7] Resting:-Bathing-Stretching, Pacing®] i H] A1 (parrot 4)
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4.3 Al 7|9t 3= 5 md AFA NS Hyl A5

[13 4-8]2 E Ao A %3} Eating, Drinking, Bathing 35l A ]
Al 7]¥b Object Detection R#He] i3} &5 H(Confusion Matrix
Normalized) Z¥& A|AIg 3lo]t}. Parrot, Head, Tail 2#2=% 247+ 1.00
ol gL E Ko o g A9 o FE HAsA &3kt Foot9 Bath =
25 717} 0.959 A =E YeERgl o, LA 5%+ 5 background =
wREol AL Fo R Q1% AR Yreto] EAFS FlEith
Background 2=+ 0.809] A& Hlal, ¢F 20%T headZ 2912
of wg] F o mAgk F2¢lo] wjA io]zg} T Ao ST

At o7 Fg 5/Ho P 95-100%Y =& AIEE drsia
o], B mdo] 8% el BA 71X AA A dAoA 2} AFHHS
223 gS HolFEr)

Confusion Matrix Nomalized
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[71¥ 4—8] Eating, Drinking, Bathing 35 Confusion Matrix
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train/box_loss train/cls_loss train/dfl_loss metrics/precision(B) metrics/recall(B)
1.0
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081, 0-21! 0.0

0 100 200 0 100 200 0 100 200 0 100 200 0 100 200
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[71¥] 4-9] Eating, Drinking, Bathing 3% Training Metrics(:Z# A]3%)

[28 4-9]0lA #AA® T AxE 4 %< Eating, Drinking,
BathingS ©%|3}7] 918l @23 Head, Foot, Bath 4¢ 59 AAS mdo]
Gupr} kg A o7 FH Y =AE Kot} Training Metrics& A¥ X+
olfr+= 2O Aes Hrtal & 4 9+ Validation Metrics(A5 #13%) 9k

5 o

Agreto] stio] AR dwEtEd=AE & 5 7] Witk

>4

4 train/box_loss¥ Bounding Box Loss®=A] EHlo] oS3 v~ 237
o AA x| AolE YnletH, S 7] oF 2.704 F&sto] o F STt
of wet 0.55 +E7HA] 8] ST ol & Fal mEe] HhA 9% o=
A7t = #ﬁ,gi ZolSo] A AA Bx So] kA o7 FFAE YL
S Feld 4= ARt} train/cls_losst Classification Loss2A] Z4A| 7} &35
e =E FEshe A4 o/ E e, 7] ¢F 6.0014 0.5 FF7HA
w4 At o= qE dvkel] ok AA 9o i A7)
2A FFEHATES HAFT train/dfl_lossi=YOLO vBoA  AM&3hE=

Distribution Focal Loss® B2 A 7A|e] AHAEE RAS= 985 51, 1.85

=
oA 0.87H4] FFash3itt. ol= ¥t SR I A 59 AEE7 dnbA

val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)

2.2 f

s 161 1.0

] 0.6

20 1.5 4 0.8

4
1.8

1.4 1 0.6 0.4
3

161 134

0.4
-
1.4 124 02
0.2
12 B 1.1
0.0 0.0

0 100 200 0 100 200 0 100 200 0 100 200 0 100 200

[72¥ 4—10] Eating, Drinking, Bathing 3% Validation Metrics(# % A 3%)

- 100 -



e
BN
[-411
o
e
off
o

o7 NALYYSE gunstl. Precision(B)S & 5
0.95~1.0 YA FFH o= FA o] Qo] Ao MASHA] &gk U

Bt o, Recall(B)2 004 w2 Al ate] 0.90~0.95 -3kl A =5 3ko.
2 AA Aes FAA Wi gA s T S5 HEEHAFE BT
At

[Z1¥ 4-10] #5 A% = Eating, Drinking, Bathing & X7} Al 2%
tlolEle M= b A o082 Fad 4 =& B7He Aot} val/box_loss
= 2.15904 1.152 ZAste] v YA oS AFo] AT dolHAAE
AHANTFS  BoFglen, IHAge]l TASA FAFS  AAbeATh
val/cls_loss¥ 5.0014 0.7 =502 7FAasle] A% do|gH A e B5F A
Tol A o7 FHHASS UETE val/dfl_loss B3 16014 1.1=2

Halo] vk AA AL E7F B4 &2 HolHdA L daEHA FAHASS
golgd 4= AT mAP@0.5(B)E 0014 oF 0.97 =744 4<53ke] ToU
0.5 oA Ao &g P& o 59 G4V 7Hsallas HAFAS
™, mAP@0.5-0.95(B)% 0.65~0.70 =20 & = 3to] thekst [oU 7]l
e gt
T Axe gH R HAasAY FHskal e
= ANk o R 0.9 ool M FAH AT B mAP Al
Ax7F =& o2 Fysto g B 2dll Eating, Drinking, Bathing 3

H= AA GA GACNA i3 A dukst 5
S GRS BoFrh old e Aye o]F w 7|k A oA RHlo]
2 A

oo Bz &}

p 4

1

==

-H

2

_4

o

tl
>+
u

a8 4-11]1 & ‘?_?Loﬂf\i T-%3 2499 Precision-Recall &AE Az
8)-5 <l Eating, Drinking, BathingS ©%|3}7] I3 Z&
h g 5o AAE drivt FestA AHeA A=
i er ]E} 7t 2=l
et G E A7 AA R SupEX e AA AAE drbt 24
I A=A E FAl BoET
A

A3} parrot 0.995, head 0.995, tail 0.957, foot 0.987, bath 0.985

o)

o

Precision—Recall =F41-& confidence threshold

- 101 -



Precision-Recall Curve
1.0

—— parrot 0.995
head 0.995

—— tail 0.957

—— foot 0.987

08 —— bath 0.985

- all classes 0.984 mAP@0.5

Precision
o
>

o
IS

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Recall

[Z1¥ 4—11] Eating, Drinking, Bathing 3-& Precision-Recall Curve

2 yEtston dA @2 09840130tk o]# 3 52 Eating BE Al
Head?] Ho|% <], Drinking 3% A Head®} Foote] &% %<, Bathing
8% Al Bath 99 2143 2 AR 22 9ds ddete o] Z8d a8 2
A FLA7F =8 AR EAHASTS orlskith

e S5 Recalle] 0.9 F57H4] 571H8F8lS wl % Precision©]
o= E‘]O] Lx]d A o] AA A
. 53| parrot, head, foot,
bath 22 confidence threshold”} ‘EB_?'S}H g 2o Aol st
o] AR FAHATS AT = UATH

1 tail 822 Recallo] 2 F3Fol Al Precision A47F v A o
s, ol ag7h 2t b A TheAd o] ol HA dRTt iAo s
o7 Wiz o2 A E Uk 2l E taile] A5 A 0.9578 71538k F
3l =& IS dHINES BT

3} Precision-Recall Curves= Eating, Drinking, Bathing 35 ¥4
Hko] &= AR Eo] thFst threshold 2310l A =2 Precision®} Recall
S AR ES BoFolon, o= A A oA LAt

o] Z
po], H& 7H 5o Ao B mdo] AFIE i
[e)

s
. .
KeX
T

|=3
=



Confusion Matrix Nomalized

1.0
.

08

head-

tail oo

foot o

Predicted

wing -

-0.2

background- 020 033

0.0

= o = = o o
o o Q

£ 3 = 8 g s

@ N o o

Q. E’

e

3

True 2

[Z13 4—-12] Stretching & BAE ¢ Wing 7|4t Confusion Matrix

[Z1¥) 4—12]+ Stretching 352 ©XA|3}7] 98] Wing AAE 7]HHo=2
A& A3E Ayrstd s E FEiE e Aolvh 4 A, parrot
3 tail, foot =T ZH2F 1.009] A& HQoH, o] T AAE0]
Stretching o] F-¢} F¥atA| P A o2 FAHASS 27k} Head S
225 0.809 A== Y, Y] 20%+= background® FF5o] A5
2z QoA Head7F 7HA A AWV 2HA Yebbe A5 SFeto] WAsldlas B
o F=Att.

Stretching 3%&¢] 34 %% Wing ZF2E 0.909 AF=Z 7|=319
o, YA 10%%= background® &7 % At} ©]= Winge| Stretching 4|
of A HAA & E‘f?ﬂﬂ?ﬂ‘i SN 7F W Hol AW Eel] I 7k
FE A= Ao FEro] WASSS ovskeith ¥ background+

0.809] A=z FFREALH, 20%+ wingo.2 A2 =St} o] k2 w7
Gl G AL ARG BIv 22 o] vElE W wingo = Z3 A
= Aol EATS AlAFeI T
THAoR, B AL Stretching P55 SH3E= Wing A Ao dis)

duslgon, gie] Z A7) 0.80~1.00 F230l A

- 103 -



]_

metrics/recall(B)

S

100
<

-

50

1.0
0.8
0.6
0.2

[

0.4

(@]
a

metrics/precision(B)

100
H
] T

50

r””"”

1.0
0.8
0.6
0.4
0.2
0.0

train/dfl_loss

100

50

1.6
14
2
0

-

1
1
0.8+

train/cls_loss

—e— results
smooth

100

50

I

5
4
3
2
1

-

train/box_loss

100

[19) 4—13] Stretching 3% Training Metrics(Z# *

o7 A%t thwt Head9} backgroundol] A 2

50

2.0
L5
0

1

0.5

o] Stretching ¢k A]

No

K

A|m
o

g]

ol

LA

%3

Stretching & ©AE 93 +

KeR
-

[1¥ 4—13]

bz
8

)

Hol Wing S|k 7Ie 59 1+

S HoF9 a1, train/dfl_loss

x_loss”

train/bo

-
T

1o] Stretching Fetol

} Stretching E4 &
8 A FolA

R8s

o]
train/cls_loss SA] A<

=

Z o
=] —

ruge]

A

c‘)l_

s

13

KeR
=]

SRt

Tor

o

i

ato] A A

S

A<
A

w2

[e)

T

Wing &Ej<] Al
a1, Recall(B)

A

}S9t}. Precision(B)2 £¢d xu W o] %
[e3]

-

R

°©

#2747
o]

[eJie)
(/2)\:]'1:_!“5

],

S

3} Stretching A

)

o)
=

5t

e}
Stretching #& 7

=

X
oR
+
ol
o7
o
el
o
[

o

JJo

do T

el

joby

%

B

(28 4-14] A5 A%

o

Z}
=

}o] Stretching &

°©

|

to] Wing 282 #7571 4

o2 A

%]
|

- 104 -

HloEf ol M = ¢+

°©

LN
-

AN ZL
Wing ¢
FATN

-

T

1

s

A e
val/cls_loss <A

val/box_loss



val/box_loss val/cls_loss val/dfl_loss metrics/mAP50(B) metrics/mAP50-95(B)
1.04
1.61" 3 1.4
41 ] 0.8 0.6 1
.31
144 | 1 !
3 | 0.6
1.2 0.4
12 24 0.4 i
114 0.24
0.24
1.0 11 1.0 1 ]
0.0 0.0
0

0 50 100 0 50 100 0 50 100 0 50 100

50 100

[719) 4—14] Stretching 3% Validation Metrics(FZ A 3%)

2 FAEHASS HERAT val/dfl_losstE FAH oz =3l mdo]
Stretching g oA YElE theFst Wing FElE ALl A48 5 A&
S FRJINAFAY. mAP@0.5(B)&= =2 7o = FHelo] Winge &=4] o &
2 71Z0.2 3} Stretching A7} v]$- =& w2 585 S-S ond}
Ao, mAP@0.5-95(B) 9A] eHF A oz FHdte] theke loU 211

=

A
A% Stretching ¥& A E AnsHA AT 5 Ad5S A5
=i}
=~

(19 4-13] 2 [29 4-14]15 s, T4 B A5 A oo e
£2 A xE kA A o7 7FAs Y FHEFH 1 Precision?} RecallS =&
T A FAEAY. o] gr Ai= 1 Stretching 5 ©A 22| Wings
THORE 3 52 5EHS T3] TEetls W otHTt A2 & HlolEol A=
Ao r dnkstE F USFSE HoFE Fo AV I

[Z1¥ 4—15]% Stretching 35 ©A & 93l g5¥ 229 Precision—
Recall Curve®, HAHtA o2 =2 AT} AHES JHGSS HoE

Parrot, Tail, Foot, Wing®} 7+o] Stretching #tsto] Q3 FQ A ES 1
T 0.99 W99 =2 AP ¢ 7IFskl e, of= a9 °] Stretching
A Al b o7 HAH A o ghd. 53] Tail, Foot, Wing®] =412
AL e 7PEA FAE™ 270 % Precisions gHE3H F Recallo]
S7Meg e e s A7 Al HAeR &= EHE Bt vhH Headw
0.879 FEo= Y& 9 in vi v AP e ®Eolsd, o
Stretchingo] TS v 2] g#qle] % Eﬂﬂgi w2 A 7 A= R
SAske] "R A5 BRG] wiEow sAET. AA S T

mAP@0.5% 0.9722 vj-§- =7 33l t}Y3t Stretching 7+{HAM = 2d

o 1

M

- 105 -



Precision-Recall Curve

1.0
—— parrot 0.995
head 0.879
—— tail 0.995
—— foot 0.995
wing 0.995
w3l classes 0,972 MAP@0.5

0.6 4

0.4

Precision

0.2 1

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Recall

[721¥] 4—15] Stretching 35 Precision—Recall Curve(PR #HH.)

o] sbgHom FQ AA B AW FAd 5 ik ol A
7} Stretching 359 BT AV B A £33 8 AT} 223
fﬂiﬂ A&S HolFn o] % Stretching A%E MEl FA ghAlo A Al

F Ades AR

s)
= =
Pacing 53%9] Ex] A2 Confusion Matrix®} Precision-Recall Curve

Precision-Recall Curve 9,3/\ nde] =o
Z 9~ Precision® Recall 25 1.00] 83 ¥
o] WAG BE ZHdelA g4 2 glo] A}
B9t 53] Precision®] A2l 1.0

=
Pacing¥} F#33+ Q¥HA & AASHA &3S 2v]slH, Recallo] 1.00] 9



Confusion Matrix Nomalized Precision-Recall Curve

1.0

1.0 —— parrot 0.995
—— all classes 0.995 MAP@0.5
08 0.8
parrot
3
.4 0.6
o : £ os
3 1 B
— -G
o 0.4 @
0.4
o
background 0.0
0.2
0.0
= ~xT
o
= 8 % 0.0
8 Q0 0.0 0.2 0.4 0.6 0.8 1.0
True o

Recall

[719) 4—16] Pacing 3% Confusion Matrix®} Precision—Recall Curve

214 Pacing 7+l £A]3t= Parrot AA|S 243 X% &

S A
B82S AT AA Sl 7|3 mAP@O0.57F 0.995% LhERG

A w3 2499 Pacing 35 x| 7|¥lo] =H3] AAsA S-S HoJFS]
THANE 3% o olF ] A%E Hol AH, §5, Haw g 54 gt
94 WEANE BAAOE e 5 ATk B 2 Aol g o

- 107 -



V. 2

A=

717 )

)

on
_foO

E

}aL

10
3

—_—

o

o

0

o
A

O
0

xT
<0

o}
ol

G

ol &

-
T

:’L

1AM

;3

3

a1 A;

=
=

%L

= AAE
& BF A 2

715}

Aol
C7NAN, 2B 2 W o] F o] of Al 7hA]

™, oA 7}

3

3L

=

ol
X

o

fviel

]

[e)
=
|
RS

}

71 Al

Z

5o
o17] uj

=
[e=]
1

3
3

ol Ao} 7]

=

pu—

-

R

HH

LA

07k 713 A el

1 okg Ao ulEol

T

1.

7)) W}, wo] 44

A=
7|Rke] g}, o] A 7] 27

to] o}

S

-

R

-
[}

2

°©

]_

°©

oA 7]
st

A

A

J_?L
gl 7]

- 108 -

e}

-

R

} AF

o

]_
ol A A7 o] oy AEd A 7 9]

= et A% e 24 sl A

Ale1A] W

/\O
A

B B3 A2 A
=

*
H]
B
1

-
T

=
=
-

A A

A

45 kel g
2

p 4

5] 7]

=

o] A

A

=

=

ofuel, A Abejsh A2

[

de ZUEY

5):)
Run

[e)
&

=
9
-
[e]
A
oz

3 O

PR
A

o

[e;

283} g5o] 7] A4

ol &7

I
=
2=
-

=]



AE 79 7)27] BoT 27k AR AFS Aoz o oA 7hx| %
T AAE v o B wsks AlEst
= grkehs d Bag 724 EgE Agst

o Mo

=
qata A FeE

71E Q13 FA49] Keypoint 718 Al 54 7%& 27k gol #4 9]

W Pelsk oy Y FEZ s AA SFo] BEYH BRA A

849 7% 94 Aol F43] AskEths @A dglom, olg Fual)
gl

Foot, Wing& ZH%‘“XWP-E WA o R o]FolAH, o5 B3 2F 5

=203 Fagk 21Y gidol = B4 7|gk 2AYE 425 A A

T AU Hobrk Zh H-9l 3F oA f1A6F 2t WSS 7Rko ® Eating,

Drinking, Resting, Bathing, Stretching, Pacing &

e 4 A%, RGB AlzwlH o] 7]wk 9% &
o] AA A Thgo] wrAlstt et 2 F AloF S e 9

E£xom FAY £ UdgS Gl A4F 23 YOLO 7|Rb mElE

Parrot, Head, Tail, Foot E&2=oA mAP@0.5 2F 0.9959] vj-$- =&

S HY 3, Wing¥ Bath® ©#] 9 A] shortcut rule = AlZzwlg]o] A 7]ut

r

H

L

-{o

e
rﬂ

& 3 Mo YA

& BAZ g AAE WPOE A7 WA VISH AL B4 Aot

lo

N
~

13+ VI-AI Detection Comparison®l|#]+ Eating, Drinking®
Ful oly 2} Resting, Bathing, Stretching & SF4 3§ 5ol A

F 33%9] ,\];q. = /\];GJ,]. == /\]7]- —.—;{;7}

g
o 4t

- 109 -



w0
o

—_
fi7e)

O

iy

[y
&

—

O

il
T
Hr
<

=
| Y

-

s

A

A

=

A= 7]

AN
ojm, Xello] Al ~EH

)

o}
3L
=]

OO]

=
A= o, vt =

o

i

Fol v
oM <tg #-&ol

o

=

g]

Resting@} Bathing®] &2 3] 74 3}al Stretching

=S

BAZF vEbste o & A

-

R

iR

L
1o

-

7R A el A

}

9
pl

oFA 3%=9] Resting, Bathing, Stretching®} Pacing 7Fe] AFtf v]& A4
¢] 3% o4 Pacing 3

oAM= FET o &

ol se] <7t

)
{]

—_
110

o

i

&

g

7V} Ab e %

=z
-

e Boler d

B

A1o]l A Object Detection 7]

sh= B o] Al 24 A7} A

4

T

)

222 Pacing &0 31 H4 dl50o] A

Resting A€ A7t} Bathing W1 =7}

=

]

N
=

LQL
)

I

o]
1l

79}
om,

e}l

=

53 ~Ed2d @59 4%

A A &F
Bl E,

[e)
=

(

s’d

-

7}

[ RN
AT
==

b o}

o
pul

P
T

s}, 7lo1A] wix| o] s}, wj7d o] W3l Soll o

24 ~EP 2 A

i

o} 2)

iy

TH
o

o

o

&
™

=
TH

£}

P

ks

thd Al 7]

110 -

& oo}

o

p=S

==
=

-

E Fo]A] AHEdt Al AE F



sk,

A A

o
=

1=
[e]

7}

111



ZAE, S48, =3 (2026). Al 7|9 w5 AA F4 2 fE A
AT PR T]=8E], 24(1)

2, 2, o)A E, w3d (2025). ~E#H 2 Az 7)15S 7H 2wt
E HPEAA. Asia—Pacific Journal of Convergent Research Interchange,
11(3), 843—859. https://doi.org/10.47116/apjcri.2025.03.58

AoE, $8, ASE, w3 (2024). vh Y] AR A hdth ~EY A A
HEZ A+ Asia—Pacific Journal of Convergent Research Interchange,
10(2), 305—326. https://doi.org/10.47116/apjcri.2024.02.26

KB Think. (2025). gt 9k 55 A} 2025 b= Qb= H.I1A], June 29.
Retrieved from https://kbthink.comy/investment/deepdive/research/250629—2.html

KBEgAF dddT4. (2021). AHA, 7= 2 vtels2s 2 o554 &
o A& KBA AW g,

AAR. (2018). w=ollA = H =L Q7)1 Afolell Fulf AR, 23y A
2>, October 6. Retrieved from
https://www.opinionnews.co.kr/news/article View.html?idxno=11598

FAFAAFL (2023). 2023 W EE AFE, AWl B F7bdA

o2 FA4. AF: sHFNAEFN s AN, s E
g
“

. (2023). “BFA] WS G AAEARS) 53 AR A WEA.

%A H. Retrieved from https://www.joongang.co.kr/

i
r U
N

U4 (2021). YFA) A1, AR7EE 9 i E A tAa s @),



o
-

o]

W] AATV. Retrieved from https://www.nbntv.co.kr/

=74, (2022). A HA FHskE v wEsE b e T

KOTRA 22N AHA~F97. Retrieved from https://news.kotra.or.kr/

$&. (2024). [Ae]A22200] At F] S % ThsHEG A G

Al YTN Ato]d 2,

)&, (2024). CESOIA F&uke gle) =, Al9} 280] vliE Wt 5L 7

SkA
pud

rok

o], L3 2¥E]9]. Retrieved from https://www.thefrontier.co.kr/
AH] =42, (2021). 629 W5 A e HH A AAAAIYL S A

m A X December 8. Retrieved from https://magazine.hankyung.com/

T3] AAATA, (2022). HFHE DA 24 A EAES) S

gl 71 =2 Y e ek e g9 e,

- 113 -



2. 79d

Andrew U. Luescher (Ed.). (2006). "Manual of Parrot Behaviory. Ames, IA:
Blackwell Publishing.

Beaton, L. (2022). Pet bird segment enjoys growth, faces pandemic challenges.

"Pet Food Industryy, Retrieved from https:/www.petfoodindustry.com/

Charles, J., Pfister, T., Magee, D., Hogg, D., & Zisserman, A. (2016). T
Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition (CVPR 2016)s;, Personalizing human video pose
estimation. arXiv:1511.06676.

Costa, P., Macchi, E., Valle, E., De Marco, M., Nucera, D. M., Gasco, L.,
& Schiavone, A. (2016). An association between feather damaging
behavior and corticosterone metabolite excretion in captive African
grey parrots (Psittacus erithacus). "PeerJy, 4, e2462. https://doi.org/
10.7717/peerj.2462

Dormehl, L. (2016, March 22). World’s first smart bird cage. "New Atlas;.

Retrieved from https://newatlas.com/pets/worlds—first—smart—bird—cage/

Fang, C., Wu, Z., Zheng, H., Yang, J., Ma, C., & Zhang, T. (2024). MCP:
Multi—chicken pose estimation based on transfer learning. "Animalsy,

14(12), 1774. https://doi.org/10.3390/ani14121774

Fazzari, E., Romano, D., Falchi, F., & Stefanini, C. (2025). Animal behavior
analysis methods using deep learning: A survey. "Expert Systems with

Applicationsy, 289, 128330. https://doi.org/10.1016/j.eswa.2025.128330

Gobinath, V. M., & Kathirvel Ayyaswamy, A. (2024). Al—based healthcare
systems for pets and birds. "Biomedical Journal of Scientific & Technical

Researchs, 58(5). https://doi.org/10.26717/BJSTR.2024.58.009202

- 114 -


https://www.petfoodindustry.com/
https://doi.org/10.7717/peerj.2462
https://doi.org/10.7717/peerj.2462
https://newatlas.com/pets/worlds-first-smart-bird-cage/
https://doi.org/10.3390/ani14121774
https://doi.org/10.1016/j.eswa.2025.128330
https://doi.org/10.26717/BJSTR.2024.58.009202

Global Market Insights. (2025). How AI and wearables are changing pet
parenting. 'Global Market Insightss, June 4. Retrieved from

https://www.gminsights.com/

Grand View Research. (2022). jPet care market size, share & trends analysis report
(2022-2030) 4. San Francisco: Grand View Research. Retrieved from

https://www.grandviewresearch.com/industry —analysis/pet—care —market

He, R., Wang, X., Chen, H, & Liuy, C. (2023). VHR—BirdPose: Vision
transformer—based HRNet for bird pose estimation with attention mechanism.

"Electronicsy, 12(17), 3643. https://doi.org/10.3390/electronics12173643

Jang, W., & Lee, E. C. (2021). Multi—class parrot image classification
including subspecies with similar appearance. "Biologyys, 10(11), 1140.

http://doi.org/10.3390/biology10111140

Jerem, P., Herborn, K. A., McCafferty, D. J., & Nager, R. G. (2015).
Thermal imaging to study stress non—invasively in unrestrained birds.
FJournal of Visualized Experimentsy, 105, e53184. https://doi.org/
10.3791/53184

Kleinberger, R., O’Connor, J. T., McMahon, M., & Hirskyj—Douglas, I.
(2024). No More Angry Birds: Investigating Touchscreen Ergonomics
to Improve Tablet—Based Enrichment for Parrots. TCHI '24:
Proceedings of the 2024 CHI Conference on Human Factors in

Computing Systemsy. https://doi.org/10.1145/3613904.3642119

Lin, C. W., Hong, S., Lin, M., Huang, X., & Liu, J. (2022). Bird posture
recognition based on target keypoints estimation in dual—task

convolutional neural networks. "Ecological Indicatorss, 135, 108506.

https://doi.org/10.1016/j.ecolind.2021.108506

- 115 -


https://www.gminsights.com/
https://www.grandviewresearch.com/industry-analysis/pet-care-market
https://doi.org/10.3390/electronics12173643
http://doi.org/10.3390/biology10111140
https://doi.org/10.3791/53184
https://doi.org/10.3791/53184
https://doi.org/10.1145/3613904.3642119
https://doi.org/10.1016/j.ecolind.2021.108506

Mellor, R., Owen, R., Mason, G. J., & Lambert, H. (2021). Nature calls:
Intelligence and natural foraging style predict poor welfare in captive
parrots. "Proceedings of the Royal Society B: Biological Sciencesy,

288(1964). October 6.

Palme, R., Rettenbacher, S., Touma, C., El-Bahr, S. M., & Mostl, E. (2005).
Stress hormones in mammals and birds: Comparative aspects
regarding metabolism, excretion, and noninvasive measurement in fecal
samples. "Annals of the New York Academy of Sciencesy, 1040, 162
-171. https://doi.org/10.1196/annals.1327.021

Piseddu, A., van Zeeland, Y. R. A., & Rault, J.—L. (2024). What we (don’t)
know about parrot welfare: A systematic literature review. "Animals,

14(12), 1537. https://doi.org/10.3390/ani14121537

Redmon, J., & Farhadi, A. (2018). YOLOv3: An incremental improvement. "arXiv
preprinty arXiv:1804.02767. https://doi.org/10.48550/arXiv.1804.02767

Ren, S., He, K., Girshick, R., & Sun, J. (2015). Faster R—CNN: Towards
real—time object detection with region proposal networks. Advances in

Neural Information Processing Systems, 28, 91-99.

Ritchie, B. W., Harrison, G. J., & Harrison, L. R. (1994). TAvian Medicine:

Principles and Applicationy. Lake Worth, FL: Wingers Publishing, Inc.

Seymour, K. G. (2025, June 30). Squawk of the town: Parrot study reveals
how technology can enrich the lives of pet parrots. "TAmerican
Animal Hospital Association (AAHA) - Trends Magazines. Retrieved
from https://www.aaha.org/

Siguin, M., Casas, R., Casas, O., & Blanco, T. (2025). Towards effective

wearable design: 20 key factors for monitoring physiological health in

- 116 -


https://doi.org/10.1196/annals.1327.021
https://doi.org/10.3390/ani14121537
https://doi.org/10.48550/arXiv.1804.02767
https://www.aaha.org/

animals. "Results in Engineerings;, 27, 106001. https://doi.org/
10.1016/j.rineng.2025.106001

Tabh, J. K. R., Burness, G., Wearing, O. H., Tattersall, G. J., & Mastromonaco,
G. F. (2021). Infrared thermography as a technique to measure
physiological stress in birds: Body region and image angle matter. ©

Physiological Reportss, 9(11), e14865. https://doi.org/10.14814/phy2.14865

The American Pet Products Association(APPA). (2024). "Releases 2024 Bird,
Small Animal & Horse Owner Insight Reporty. Stamford, CT: The

American Pet Products Association.

Thompson, B. (2024, December 22). World's first smart bird cage does all
the cleaning and feeding for you. "New Atlassy. Retrieved from

https://newatlas.com/pets/worlds —first—smart—bird —cage/

Uehling, J. J., Tallant, J., & Pruett—Jones, S. (2019). Introduced and
naturalized parrots in the contiguous United States. Journal of

Ornithology, 160, 907-919

van Zeeland, Y. R. A., Spruit, B. M., Rodenburg, T. B., Riedstra, B., van
Hierden, Y. M., Buitenhuis, B., Korte, S. M., Lumeij, J. T., & R. A.
(2009). Feather damaging behaviour in parrots: A review with

consideration of comparative aspects. Applied Animal Behaviour

Science, 121(2), 75-95. https://doi.org/10.1016/j.applanim.2009.09.006

Wah, C., Branson, S., Welinder, P., Perona, P., & Belongie, S. (2011). "The
Caltech—UCSD Birds—200—2011 Dataset (CUB—200—2011),. California
Institute of Technology. https://doi.org/10.22002/D1.20098

Wang, J., Sun, K., Cheng, T., Jiang, B., Deng, C., Zhao, Y., Liu, D., Muy,
Y., Tan, M., Wang, X., Liu, W. & Xiao, B. (2020). Deep

- 117 -


https://doi.org/10.1016/j.rineng.2025.106001
https://doi.org/10.1016/j.rineng.2025.106001
https://doi.org/10.14814/phy2.14865
https://newatlas.com/pets/worlds-first-smart-bird-cage/
https://doi.org/10.1016/j.applanim.2009.09.006
https://doi.org/10.22002/D1.20098

High—Resolution Representation Learning for Visual Recognition, IEEE
Transactions on Pattern Analysis and Machine Intelligence, 43(10),
3349—3364.

Yayla, R. (2024). A prototype study on YOLOv1O—based bird gesture
recognition. [International Journal of Multidisciplinary Studies and

Innovative Technologies, 8(2), 76-80.

- 118 -



ABSTRACT

A Study on Al—Based Behavioral Pattern Analysis
Methods for Companion Parrots

Kang, Dae—Hun

Major in Smart Convergence Product
Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

As companion animals are increasingly recognized as members of the
family, demand for pet healthcare and related technologies that enable
detailed monitoring of animal health and emotional well—being has
rapidly grown. Companion parrots, in particular, are becoming
increasingly popular due to their high intelligence and sociality; however,
their heightened sensitivity to stress makes it difficult to objectively assess
their emotional states. This study aims to establish a system capable of
quantitatively evaluating stress states and psychological stability in
companion parrots by applying video—based artificial intelligence
behavioral—pattern analysis techniques.

Parrots possess dense feather structures that obscure body contours,
demonstrate nonlinear and rapidly changing movements such as head

rotations, wing flapping, and pre—flight postures, and frequently interact
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with cage components including perches, feeders, water bowls, and toys.
Due to these environmental and anatomical characteristics, traditional
visual inspection or joint—based pose estimation alone is insufficient for
reliable behavior classification. To address these challenges, this study
proposes a new behavioral—pattern analysis framework that integrates a
multi—stage object—detection structure, skeleton—based pose analysis, and
cage—environment recognition.

The framework first detects the entire body of the parrot and then
re—detects the head, tail, and feet within the region of interest to
minimize background interference and information loss. A Y—shaped
skeleton model was designed to quantify behavioral features such as
body—tilt variation, foot—coordinate movement patterns, and center—point
displacement ratios. In addition, the spatial locations of feeders, water
bowls, and perches were segmented from the cage environment to ensure
that visually similar movements could be interpreted accurately based on
their contextual meaning.

Building on this foundation, six behaviors were selected and classified:
Eating, Drinking, Resting, Stretching, Bathing, and Pacing (stress—induced
repetitive movement). These behaviors were chosen because they are both
reliably distinguishable by Al in real—world footage and represent the
minimum essential behavioral set necessary to assess emotional state,
environmental adaptation, and health. Resting, Stretching, and Bathing
represent psychological stability, while Pacing serves as a primary stress
indicator reflecting anxiety, hyperarousal, or maladaptation. Eating and
Drinking, although physiological behaviors, serve as reference actions for
defining behavioral boundaries using spatial segmentation; abnormal
increases or decreases in eating and drinking patterns may also signal
early signs of health issues or life—cycle changes. Furthermore, the

body—tilt-based detection mechanism used for distinguishing eating from
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drinking is reused across all behaviors to precisely determine behavioral
onset and offset, improving classification accuracy.

Experiments were conducted indoors with four conures, and
long—duration videos were recorded simultaneously using two
high—resolution cameras capturing full—body views and perch—area
interactions. Behavioral episodes annotated through visual inspection were
compared with Al—derived results to validate the model’s performance.
High detection accuracy was observed for both the full body and specific
body parts, and stable classification performance was achieved across all
six behaviors.

Traditionally, behavioral analysis in avian and poultry research has
focused on measuring how frequently and how long a specific behavior
occurs, using these values as isolated indicators for managing health or
improving husbandry conditions. In contrast, the behavioral—pattern
analysis proposed in this study aims to structurally understand emotional
state and stress level by interpreting not only the frequency and duration
of individual behaviors but also the sequence of behavioral events,
repetition patterns, transition structures, and the relative ratio between
stable and stress—related behaviors.

The analysis revealed a clear negative correlation between Pacing and
stable behaviors such as Resting, Bathing, and Stretching. Parrots
exhibiting a high ratio of stable behavior showed low levels of
stress—related movement, while individuals with increased stress behavior
exhibited a corresponding reduction in stable behavior. These findings
confirm that the proposed analytical framework reliably reflects the
emotional states of companion parrots.

In conclusion, this study presents an integrated behavioral—pattern
analysis system combining multi—stage object detection, skeleton modeling,

and environmental—context recognition to automatically evaluate
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behavioral changes and stress indicators in companion parrots. The results
demonstrate strong potential for application in real—time cage monitoring,
abnormal—behavior detection, and early stress—warning systems, ultimately
contributing to improved welfare and the establishment of data—driven

husbandry practices through long—term behavioral data analysis.

[Key words] Companion parrots, Behavioral pattern analysis, Object

detection, Multi—stage framework, Pet—tech
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