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(Figure 1) Automatic loT Pet Feeders Equipped with a Camera

Qtof] thall A AIATh Smart Pet Feeder(Koley et
al, 2021)= Ats 87] ol 2Ale dol A3
H AR TS S8 wiAS Alofdhe Wt
of o3l A Atk Koley et al. (2021)7} A|AI g
ek wiAlE AR SRS AgstA SAS
T Ao, AA7E 2 AR 874 R 5=
AR A HFol Am AA Al AEHH o= WA
3b7] wiEel HE = dFsosE 25l AlA
of %ol WA 7ol EATT A
_/,: 011;} U']-E]-/H H]—E:]E _4 ;{l;gﬂc:] 242 H]:
7h w2 FHEtE o] &3l AR FHS 53t
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AFE vAE o] g3h= Wl tig A7} o
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(Cominotte et al., 2020; Gjergji et al., 2020;
Kashiha et al., 2014; Mortensen et al., 2016; Song
et al., 2018). 7} &ol = ZAFFE HIAL o] &3
E17], S20 dig SF dSo] Al=" A 9l
THSubhi et al., 2018; Fernandes et al., 2020).
N2 JHEE o]&3 TF AS5L2 3D ol
€ ol &st= WA 2D oA E o] 83k W
oz FET 5 Utk &7 AFolA 3D olr]A|
ANM FEd 50| TFH =& FHWAE B
ol ALE YETHCominotte et al., 2020;
Mortensen et al., 2016; Song et al., 2018) 2D ©]
HAE o] &3 TF A= 338 =47t
D &3toll 3= HA 761'1 %i—’éol HAYsE7]
ol Plud P& doltk. shARt, H Held
71&2 TR ?:‘°‘°1 2D °|m|AE Fef A
(Entity)2] FH< oS3t W] A7E 9
t}. Fernandes et al.(2020)2 {2l 7]%t o|H]|A]
- (Image Segmentation) 7|"H-S ©]&3) 2D ©]
m 2] & ol 7o EAS FE3L 72 54
AR o] &3] T A 39 RPoE THS
dZst= e AT Gjergji et al. (2020)
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3.1. HIO|E{ =&

Atz O] Tt dHjlel TEFS A5 + A
= 2ds ”P~71 sl Alsell % A AR
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(Table 1) List of Feeds

Name

Producer Sample Image

Scottish Salmon

Canagan

Grain Free New  Zealand Lamb

Wishbone

Grain Free  Chicken Formula Natural Balance
Healthy Skin Nutrena
Recipe for  Small Breed Adult Dogs

Free-run Duck

Acana

Poodle Adult

Royal Canin

ECO 1 Organic Lamb

Natural Core

Healthy 6 years old +

Nutrena

Bene M32

Natural Core

z
S
=
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(Table 2) Image Dataset Composition

Category Number of Images Total Number of Images
Single feed 2,800

Mixed feed 2,800 5,880

Non-feed 280

(Figure 2) Data Collection Process and Examples of The Collected Feed Images.

Y- 8d 104 A NS, Figure 2
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TG ou A= 7t B9 oY A 2
Ato] 22 gJAtel kol Hat 0.5, EFHAL 0.5
o] o= A 7S A3 Normalize) T =
g FH A O olrAE ST UESE
249 =% ¥k (Random Horizontal Flip), 2171
Z%(Brightness  Adjustment), §2r¢] A
(Random Rotation)d} 72 o]u]X] Z7}(Image
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33. 28 32X
B AFoMEs Ay AAY 2dS 1H3)
ok AT AW 2o 9% o)n)x] WHL

oJgoF (LeCun et al., 2015; Rajpurkar et al.,
2017; Razzaki et al., 2018), A ZE-EoKPyo et al.,
2019; Xue et al., 2016; Zhou et al., 2016),
2 HoKSeo, 2018) A E 17t 58S H71s}
5 40 P ol itk 94 950

3

FE2H EAS vEoR O]U]X] & AR FF
S o S3h= 99 ZE S (Fully Connected Layer)
ZIgke] FF dF U ES F(Weight Prediction
Network)©| T}

olmA EAL =37 93 AT AAW

A2 EfficientNet?} ResNet-2 AHS-3IT: EfficientNet
]7(:)]111—_/] A5 OEIE]Z_Q_ ) ] QA
A7e] e < oo <, §f
1728 sdg 235 A 2AYE &+ AU
compounding scaling methodS %83+ 4
2173 %o th(Tan et al., 2019). ResNet-> 22} 8}
& (Residual Learning)S 53 7—]% A7 =

o] j%x% oF 3=
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fr 1
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- E%‘% A}%ﬂ o]fr ‘:]'*“5”]' 2o AA,
PyTorch ZH| U35 B3l 4A AHEE &+ )

o 2d RS 9% ZYYYAE PyTorchE
AR Wl ek Y Qo] Rl T
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& EdEo] SAH0R
1A =4, e 47 g8 o8 WA
EA) 3k}, EfficientNet2 J}2HE
o w2} EfficientNetBOY-E] EfficientNetB7714] 8
Mel mdlo] ZEA3FH, ResNet2 ResNetl§HF-E
ResNet1527FA] 57012] mdlo] Zx)3lt}. whahA,
g E e F7F 2] A vXE IS
HES 5 Aok AA, o|mA] BF ZAA F
24 25 gebug ¢ oie 253 45E 7S
I THHe et al., 2015; Tan et al., 2019). F=o{ % 3}
B E A8 0% &8s ovAE 52 T
o A== vh} OP‘— =] /‘41%7] o o) 1:]-

2 FAH Aot B AA3L-S BAE] 9
A B F= VES A9 TF A= HIESA A
olof| A =5 o}-2(Dropout)= 2]-8-3 Uh(Srivastava
et al, 2014). H]X& X (Nonlinearity)S H3}7]
8 AR AAATH FHA FHAES

Alolof| ReLu A3} S ALFom, mdo)
HE 2L L07 o =3 AL YA E] 9

3l FF oS WESLIZY 9%kl tHAl RelLu
As1ErE 4890k EHRS -1 ~ 1 Aol
9] FoZ mF3eH Sigmoid EAAETE &
&3t AZ 71+ JdFA oY, Sigmoid B4
3} e gl S kol Aol oA 5
Aol AHEH oPA BT O & T AR
UE olFAE Bdo| Yo7 AL
]5—01 A= o] FojA 2] F&
17] w]Eol ReLus AHE-
%]Ql :rLEE <Figure 3>< &3l &
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(Figure 3) Model Architecture

34. 28 B3, AF, HI}
AsHE 53 1 (Stratified 5-fold

A+ Az 71H
Cross Validation)% ol g3 mdle] FH AHAZ
aga HrEE AAES. 24 Hekd 500 3
(Epoch)®] ¥} AFE 7343 F H7HE AA
glth. o]= RMSE loss@to] HBHAOZE 400
epoch ©]%F A5¢ & /Aol §le AS g2l
7] Wizolth EZF FHH AF A AHSEE b
olH o] ®jX|(Batch) Arol== 322 HAFor

g FHE 93k &4 &<(Loss Function) %
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Error) & AREJITE o|wf) vl x| Alo]=2E 322 A
A O]‘I‘I‘L ‘:]'okd' /‘]'017\-/] oju|=|of th &l
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5ol ARg-sh= HlolE Al FL sttt
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Ht A oxbo} F Aujn] o3} AR F
g Ao eAke} H AiH] A8 &

ot Ht Aojn] A2 2] A5s U
O 2 Hrlsh= olfre AR T 8 oAk A
&l 2715 ada 2dE Grletr] 9ol
o} rdol HE yrt A= ZF Ao =24
H7t Ao Ha o g2 SAIT vy o
Halo] mE 2d J%5e] WH3l= <Figure 4>5
B8l 1T 4 Aok

— =

Dol o riu

IN'
r&ﬂ

¢

269



o
o
i
o
o
0E

36 BO —e— EfficientNet

=— ResNet

3.5
w18

w
»

250

MAE(gram)
w
w

w
~
@
5]
"

31 S

B3 103

0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Number of Parameters xao!

(a) Mean Absolute Error

4.6 —e— EfficientNet

a5 »— ResNet
4.4
4.3 Bl
4.2
0@4‘]
a0
dZ: 3.9 B2
38 SLN
3.7 T34
3.6 50
35

101
34 =

0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Number of Parameters

=107

(b) Mean Absolute Percentage Error

(Figure 4) Performance by Number of Parameters

(Table 3) Model Performances

Model Number oImF)’arameterS MAE(g) MAPE(%)
EfficientNetBO 4.03 3.59 £ 0.12 4.61 £ 0.16
EfficientNetB1 6.53 3.37 + 0.32 427 +£ 042
EfficientNetB2 7.72 3.20 £ 0.22 390 + 0.36
EfficientNetB3 10.72 3.06 £ 0.28 3.86 + 0.62

ResNet18 11.18 3.46 + 0.06 391 + 0.12
ResNet34 21.29 3.34 £ 0.09 376 + 0.18
ResNet50 23.54 3.32 £ 0.08 3.66 + 0.12
ResNet101 42.54 3.06 £ 0.06 3.40 £ 0.11
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(Table 4) Model Performances on Single Feed and Mixed Feed

Single Mixed t(p)
Model

MAE(g) MAPE(%) MAE(g) MAPE(%) MAE(g) MAPE(%)

EfficientNetBO 3.80 + 0.14 476 + 0.24 3.72 £ 0.13 445 + 0.18 0.80(.446) 1.80(.113)
EfficientNetB1 3.53 + 0.30 435 + 044 3.53 + 0.39 4.19 + 0.46 0.03(.979) 0.44(.674)
EfficientNetB2 345 + 0.24 4.05 £ 0.36 326 + 0.25 3.74 £ 0.39 0.92(.384) 1.01(.344)
EfficientNetB3 324 + 0.27 391 + 0.66 3.18 + 0.31 391 + 0.66 0.23(.827) 0.21(.839)
ResNet18 3.46 + 0.06 391 + 0.12 3.28 + 0.05 3.67 + 0.12 3.96(.004)** 2.45(.040)*
ResNet34 3.34 + 0.09 376 + 0.18 326 + 0.13 3.63 £ 0.16 0.94(.380) 0.92(.383)
ResNet50 3.32 + 0.08 3.66 + 0.12 3.15 + 0.05 3.51 = 0.15 3.34(.013)* 1.37(.210)
ResNet101 3.31 + 0.13 3.52 + 0.14 3.10 + 0.08 329 + 0.11 2.41(.049) * 2.26(.055)

p*<0.05, p**<0.01
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(Figure 5) Performance Evaluation (Mean Absolute Error by Gram)
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Abstract

A Deep Learning Method for Cost-Effective
Feed Weight Prediction of Automatic Feeder for
Companion Animals

Hoejung Kim* -+ Yejin Jeon** + Seunghyun Yi** - Ohbyung Kwon***

With the recent advent of IoT technology, automatic pet feeders are being distributed so that owners
can feed their companion animals while they are out. However, due to behaviors of pets, the method of
measuring weight, which is important in automatic feeding, can be easily damaged and broken when using
the scale. The 3D camera method has disadvantages due to its cost, and the 2D camera method has
relatively poor accuracy when compared to 3D camera method. Hence, the purpose of this study is to
propose a deep learning approach that can accurately estimate weight while simply using a 2D camera.
For this, various convolutional neural networks were used, and among them, the ResNet101-based model
showed the best performance: an average absolute error of 3.06 grams and an average absolute ratio error
of 3.40%, which could be used commercially in terms of technical and financial viability. The result of
this study can be useful for the practitioners to predict the weight of a standardized object such as feed
only through an easy 2D image.

Key Words : pet feeder, computer vision, weight prediction, deep learning, convolutional neural network
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