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Using multi-sensor for Development of Multiple Occupants’ Activities
Classification Model Based on LSTM
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Abstract In this paper discuss with research developing an LSTM model for classifying the behavior of
occupants within a residence. The multi-sensor consists of an IAQ (Indoor Air Quality) sensor that measures
indoor air quality, a UWB radar that tracks occupancy detection and location, and a Piezo sensor to measure
occupants' biometric information, and collects occupant behavior data such as going out, staying, cooking,
cleaning, exercise, and sleep by constructed an experimental environment similar to the actual residential
environment. After the data with removed outliers and missing, the LSTM model is used to calculate accuracy,
sensitivity, specificity of the occupant behavior classification model, T1 score.

Key words : Human Activity Recognition, RNN, Ballistocardiogram, UWB

M 2 s, el A% AED HESHe dRaEilN

A AW 2 2okl 8 vy Bl kst

Iz vlolg s GG B HIE JHA$k [23]. AelA B A7kl Z7e] wel Au) oy
CHL. szt vhofeizzk A shbgel mek A sl goksbAl MR ool wek 1E A
RIS R e RS ANEE AR oy angn 27k D0l g ouA &

#A3] Y A AR EATY AntEZFAHAAJAE (A1 A4 Received: October 2, 2023 / Revised: October 22, 2023

) Accepted: November 10, 2023
w3 Y A7 EATY AnETPA AR AAME (o] A sxxCorresponding Author: aonami@dankook.ac kr

2}) Dept. of Electrical and Electronic Engineering, Dankook
x| S| stal AR 7] g sk (4l A & University, Korea

H: 20239 109 29, FASE Y 20239 109 224
AANZALD: 20239 119 102

- 1065 -



Using multi-sensor for Development of Multiple Occupants’

Activities Classification Model Based on LSTM

=

S7FE oA Al HAUL
&) FAE Asixe Al oA &
AW eqA] &b dele] 584

TFHOHE] AE Ul oluA] Avjge] o
AR ] ol wep S wom o5 4
o Ede Oﬂdxl 2015 Y 5 sdoiel
A} oA A
Ark & ?i%“ﬂ/‘it AR e F
ILSTM = DE—H_O_ xﬂo]-{sh;]_ ]H/le}. 635 ];-]]
IAQ, UWB #lo|t] [Piezo AX=Z
duglEs FEsk HAA AFE I
1, ﬁ}x“‘i o]Folxl A3¥

67141 €] *‘141 PF(Q)=E, A, 88, 4, &
F3gte] vlolElE TR e o]F LSTM
AAF AAEE A E% dolEE 35

o o)
¥ ogad wde 43

@ proolx
¥
fo ¢

a2

_0|L

)

i

Mo o tlo ) o

rlo

e
s
o L
2 Xl
)
>

B

E

il

i

o,

O

Hﬂ

_5.‘:

o
B
>
N
\

fo ot Mr Hdot Jr O o H
il

ol
ol

tlo rfr

£
of

A
m

o
A}
ofy
)..

N i—“

= 5

i, T e tlo

>~
>

oA e
i

Y

[0
ri‘l

X

ol

" H’-Tw

Mo rd 2
o

0O

ol

e}

HouZ ) o Jo ox

% (Accuracy), ®1
(Sensitivity), & ]L(Spec1f1c1ty agla T1 25
Aikste] 7ttt

158
ks
o=

e b

I, 2&t A7

1 shdet 1w AR BE B
71-12-]]2 2240]—7] H?} Hot]lj = S}L]—E 7]_1]1]3]__—‘%:_ =
3 olm|RE FHESIY AAES FHs= walo] 9r)
(78] 7hvleke AHgstel Aldde] @Es sotd 4

9 AT} =Xk

o

ojulA| dHelH=
£ AAel nls) B& A7k Aosi =3 ojv]A|
A AL Aol Al A AHREA Fsheol.

Aelshr] wiel

o,

2. ZPAA 71ke] AdA By B

FhlleRA e AHE a7t e AR AlAe] w4
& F37] A8 A9, 1AQ A 5 AMEE HsAlA
Al AHFEE A Sl A7EaL ik A4 AlME
A3 Rt Agwrt von Aaxte] Aol
FEHE RUEE 7] offithe w@ilol gk ol A
Adatr] 918 o2 TR BHAAME 83 vl

duelES Fo Aes nestuat o

M., ctsdAM 202|1&
1. IAQ AlA
IAQ(Indoor Air Qualtiy) A<= A

%, CO2, MAADNE A1), vAWA dHolHE
PML0, PM25 PMI0 Al %579 dHeolHE =AY
Innociple®] InnoAir-615I0T Al¥ES AR&8laL AFES

¥ 13} 2

a1 Al EE A
Figure 1. Indoor environment sensor
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Table 1. IAQ sensor(InnoAir-615l0T) specification

Model Value Range Resolution
Temperature(°C) -30°C ~ 100°C 0.1°C
InnoAi Humidity (%) 0% ~ 100% 01 %
r-615lo CO2(ppm) Oppm ~ 5000ppm 1 ppm
T . \ 001pg/m ~ ,
Finedust(xg/m’) 1,000/ 0.01 pg/m
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Figure 2. IR-UWB Radar Sensor.
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Figure 3. Object detection algorithm based on IR-UWB
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Table 2. IAQ sensor measurement value by type of indoor
behavior

Activit Averag
v type Value Min Max R
Tempgd““e( 185°C | 223°C | 204 °C
. Humidity(%) 5% 32 % 28.4%
Going
out CO2(ppm) 433 ppm 520 452
ppm ppm
Finedust(ug/m 42 e/t 7.3/fg/ 5.3/,fg/
) m m
Iempecrf'“’re( 172°Cc | B2°C | 210°C
In Humidity (%) 25 % 42 % 312 %
house . - 568 496
COo2 415
(ppm) ppm ppm ppm
Finedust(xg/m 52 e/ 15.41 8.2pfg/
) ug/m m
Tempecr;me( 192°C | 242°C | 206 °C
Humidity(%) 23 % 592 % 435 %
Cook -
CO2(ppm) 501 ppm o 5086
ppm ppm
Finedust(ug/m’ : 4%.7 166.8
) 62 pg/m pg/m pg/mt
Temmcrjme( 184°C | B5°C | 191°C
Humidity (%) 24 % 5 % 429 %
Clean — —
CO2ppm) 4052 1058 725.3
ppm ppm ppm
Finedust(ug/m’ . 183.2 k%
) 59 pg/m pg/m' pg/m
Tcmpccl")‘“”m( 194°C | BeC | 21°C
. Humidity (%) 2 % 612 % 312 %
Exercis
92 647
€ CO2(ppm) 428
ppm pom o ppm
Finedust(ug/m’ , 522 17.2
) 75 pg/m pg/m’ ug/m’
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Table 3 Number of training dataset and test dataset
according to the type of indoor behavoir

Gruop | Training set(n) Test set(n) Total (n)
Going 1,144 286 1,430
out
In 1,080 270 1,350
house
Cook 1,102 276 1,378
Clean 1,086 272 1,357
EX‘Z“S 1,121 281 1,402
Sleep 1,138 264 1,422
Total 6,670 1,669 8339
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Table 4 Performance evaluation result of LSTM model using
test set data

Accuracy | Sensitivit | Specificit
Model ©) (%) (%) F1 Score
LSTM 9.2 983 979 0.83
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