JKSCI

SR BE Y RS =23

Journal of The Korea Society of Computer and Information
Vol. 27 No. 2, pp. 25-32, February 2022
https://doi.org/10.9708/jksci.2022.27.02.025

Deep Learning-based Pet Monitoring System
and Activity Recognition device

Jinah Kim*, Hyungju Kim* Chan Park*, Nammee Moon*

*Student, Dept. of Computer Science and Engineering, Hoseo University, Asan, Korea
*Student, Dept. of Computer Science and Engineering, Hoseo University, Asan, Korea
*Student, Dept. of Computer Science and Engineering, Hoseo University, Asan, Korea
*Professor, Dept. of Computer Science and Engineering, Hoseo University, Asan, Korea

[Abstract]

In this paper, we propose a pet monitoring system based on deep learning using an activity
recognition device. The system consists of a pet's activity recognition device, a pet owner's smart
device, and a server. Accelerometer and gyroscope data were collected from an Arduino-based activity
recognition device, and the number of steps was calculated. The collected data is pre-processed and the
amount of activity is measured by recognizing the activity in five types (sitting, standing, lying,
walking, running) through a deep learning model that hybridizes CNN and LSTM. Finally, monitoring
of changes in the activity, such as daily and weekly briefing charts, is provided on the pet owner's
smart device. As a result of the performance evaluation, it was confirmed that specific activity
recognition and activity measurement of pets were possible. Abnormal behavior detection of pets and

expansion of health care services can be expected through data accumulation in the future.
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I. Introduction
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II. Related works

1. Pet monitoring system

Ui =S PUEY A|AEl] WsH o
2529 5o melshy] St Brof A
35 vrsEoAl dlofel=
B2 2ot

A URl HRE ZRIshs Feolle %‘“ Moz gy
=&&, AIA, 72t 59 RIS o] &gttt o]z RE
2529 &85 AHEske D"y KWL g5 &
stal, 3789 ZAE vRlY] AUtE 7715 &5l Al
= ZUE™ FEfY] At AESITh Aks w4171,
w57, i o] AME PASHA vhelsEo] B 82
== URAAY BiHE d9] &5 7155, vhele] &
OtE 7710 && 82 =Alelsto Alsste A7t Al
Q=] ATHS]. 7HH[2FE ARESH QI5AlS 7I8He] A4 Al
Wog WEEo AMNY Ess2 olEste ofF &t
2QloAl LR A= A UTHO.

SHAIRE, B =o] &80 AN FATSH= A9 74 vt
25-20] YIEA] 855 ARgsliof &5 TiE F&o] 7Hs5t
o, 852 ARESHA] ?I + 359 2YHAHL E7Hs5H-

i
Rl
ﬂ
[

%
to
ol
o8

r°l‘

T o

o

N

op

ol

lo <

E3t, FHeRE Aot Ao 4ol vl EsEe] B
s S EYgs] Oﬁiﬁl vt = 20| AIZIA|TE o]

5t &s 3 ARA| F7g0] 27Fsstt) olF 7HAdsh ] sh
ofg] 7je] AIMuy 7Hdl2tE ZRIsHoF sH, o] ¢ o w5}
A 42 AMEE =29 o] = 59 ARl Ut
U520 dolgls BRI ALY 4% vEsE
o] &5 WS vlwA 37 SLoftR] 9F7] wizof o]2fgt
MRS 7T & ot oo, vhels=o dgst &
59 ols v 520) S0} 2o wa At 37e}
718 2 A2} Basich. €2 Sol o, del.
7] 5 ot A8 9IA0] e velsE 2E 2UHA
A7 RSl 7, 8. 8, 10], 2el} el el
Ol Yoli7F HAY Hlo]8 wol]=rt HAE 4 Q7] TiE
of A-&gk YA] AAo] F-asit. o] ZARES &|astst
7] st =ofl AH&sh= ®Alo] 71y AstoH11].
Iy gojeiz BRIY HAY U, 2Y A= 5
ot AR Aol A A= HlolE7E QRE|A] ¢lop &
YERY 4ds0l Alskd & At} ol sl A=Est Hlo]
Bl AX2] gat ged 7[vre] 74 wivo] atHch
diwsel  dHed 71 A
(CNN:Convolutional Neural Network, ©]s} CNN)z} &~
2t AI7Z4%HRNN:Recurrent Neural Network, ©]s} RNN)

SkAaL
H'od



Deep Learning-based Pet Monitoring System and Activity Recognition device 27

Smart device

Server

Activity recognition
device
?\ -

—

BLE
Pairing

—— Data collection

Data preprocessing

Missing data handling Z-score normalization Sliding Wlndow

) Data

MAC address
Gyroscope x/y/z |

Accelerate x/y/z
Step count BB | _

Maria DB 10
Transmission| ~——Activity recognition Monitoring ~
Daily briefing Weekly briefing
{ B B

Deep learning

Activity recognizing

Fig. 1. Overview of deep Learning—based pet monitoring system
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2. Pet activity recognition device
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Table 1. Comparison of pet activity recognition device
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III. The proposed system
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Table 2. Data table structure
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1. Data collection

1.1 Activity recognition device configuration
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1.2 Data collection method
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Fig. 4. Deep learning—based behavior recognition model structure

2. Data preprocessing
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IV. Experiment

1. Experiment environment

1.1 Server environment
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Table 3. Hardware Specification of Server

Name Specification
CPU AMD Ryzen 9 5950X
Memory 128GB
Graphics Card Geforce RTX 3090

1.2 Dataset
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Table 4. Result of collected data

Activit Number | Ratio N;jrrzil:ﬁr: o Number of
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data
orct 0
(Sitting) 245 31.1%
At .
(Standing) 106 13.4%
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B .
(Running) 40 5.1%
Total 788 100% 80% 20%

2. Experiment results

(Epoch)i= 1000|044, Adam 4479.2} ?J#% o]- &3]
0.0012 852 ZIsieict.

st A=

2elo] 54 Q] Ak Fig 63} 2o] Jges
W 9] &=38H(Confusion matrix)2 UERHITE &
i}, Table 5g} 7E1—o] 9,]-5 o]/\l 313101]/\1 7F 9J—£oﬂ u;}E X%Dl
Z(Precision), Al E(Recall), {1-A4(F1-Score)?t 7‘4%.}
=2 @ =il FA) HRes o 87%e, O

S0 914 2 517 9198 SHRlsiGiT) e velsE
o] 8o % I x| 28| Th2o] vfeje] SAlelo]
st e, telE SAl0|HA EAsh: sl 7],
A71, 571, 27190 tslid= eRte] AP} EAlekE &elst
At T v E=9 H2] A g2t goEf 0]
O AIsiEictH Feiert e o S Aoz Azt

ocoo&aZ T Mma

slE

\:!\(\ 0.88 0 0 0.087 0

08

@)‘s\"‘q 0 0 0 0.14
- 06

g & 0075 0 (EEEM 0087 004
) - 04

%«\b“‘q 0.05 0 0.023 [N 0.02
-02

-
‘x\ﬁ\‘# 0 0 0.023 0.087

’ J E ' g -00

@m @@.\\q (‘)\@& 5@“&(@ \‘@@Q

Predicted

Fig. 6. Confusion matrix of each activity

Table 5. Precision, Recall, F1-S Score for each
activity
Activity Precision Recall F1-Score
o 0.95 0.86 0.90
(Sitting) ' ' '
At
(Standing) 0.74 0.81 0.77
_:"_.q 0.88 0.95 0.91
(Lying)
a 0.80 0.93 0.86
(Walking) ’ ’ ’
EHq 1.00 0.12 0.22
(Running)
Accuracy 87%

gg]zs_x%gi &= o]Al gulS yjutog ke wilEe]
AP ok Aulold sag ohdl Re sjoR
2ol ADLE 7|7|2UE Au|AS HEET BE QA
Ao] L9 5490 MAC 542 7]502 LEsto] 2}
ROl B BUHY AHlAS A2Et 2E 2UEz]
HElas wlejel Ante 7])2 Eaf AAlEl 51x] 2]
o] sl YU U A7 BelE AE S

oZi rEE rulo

L Sy R
=2 O O

s Fig. 71} &



Deep Learning-based Pet Monitoring System and Activity Recognition device 31

EIHO] OV\]E]%

o] RUEHS AT 3, =
ERX 3Zo] A—]X{é—ﬂi& ol

ol 5ol RS,
2A|8C} Hojx AL EolA|d vielel AvtE s]|S £
8 241 AulAS A3

:ao"gg“" %3]
2:01 = all 38%8&
e m Q Daily briefing
& |
|
© HPILITE o130 -
Weekly Briefing
Activity is less than before. Please check weekly brief.
© HPILITE 30 v
Daily Briefing
Activity is lower than yesterday. Please check daily brief
20211223 20211224 20211225 20211226
“Lying =Sitting =Standng ~Waking =Running
Janggun
auaz
1.022
Weekly briefing
100
Y
®
; \/\
Janggun w

1 Activity is lower than yesterday §

Dec-ist Dec-2nd =] Dec-atn

1. Activity is less than before >
] (@] S

Fig. 7. Activity monitoring service Ul

V. Conclusions
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