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Indoor Air Condition Measurement and Regression Analysis System
Through Sensor Measurement Device and Gated Recurrent Unit
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ABSTRACT

Indoor air quality analysis is conducted to understand abnormal atmospheric phenomena and the external factor affecting indoor air

quality. By recording indoor air quality measurements periodically, we are able to observe patterns in air quality. However, it difficult to

predict the number of potential parameters, set parameters for a given observation and find the coefficients. Moreover, the results are

time-dependent. Thus to address these issues, we introduce a microchip capable of periodically recording indoor air quality and a model

that estimates atmospheric changes based on time series data.

Keywords : Atmospheric Observation System, Time Series Prediction, Long-Short Term Memory (LSTM), Circuit Type

Circulation Unit (GRU)
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Table 1. Summary of Metadata for Building Learning Models

Data Detail

SK Corporation Jongro Building

Measurement site (Euljiro 65, Jung-gu, Seoul)

Number of all

21,781,467
records

Data size 1.36 GB (1,426,063 Bytes)

Data collection

period 60,504 hours (16/2/22 - 16/9/20)

Data type MySQL

6 air quality variables (CO2, Dust,

Dat: ent . .
ata components Temperature, Humidity, Light, VoC) etc.

B

4 e

\
Y
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£ MySQL Records gt
] = — £ LINUX Server E
TensoJ'r

Kalman filter

/\«/ Node.js
w /

Google Line Chart Model
LSTM model

Sensor Node

Estimation Plot

Fig. 1. Module Diagram for Periodic Measurement and
Transfer of Air Quality Data
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Fig. 2. 2D Tensor(left) and 3D Tensor(right)
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Table 2. 3D Tensor Implementation Algorithm

Algorithm 1. 3D tensor implementation

Input : CSV record {v;,5...910},,,.:4

Fold rate r
Time step ¢
Initialize Model parameter fold rate is used for K-fold cross
validation

L. Select_fecature() < Select {v, 55 ... 56},

2. Set_feacutre_vector() <= Sort {v; 4, . 54}

5. {QTU Xt }re(‘,m'd(_

4 {xﬂxt ) yuxl}tesf/{zq;xw yzrxl}LM“‘n

}hrough time

recor

with ¢ times in order

record

Pile {z,.,}

< Separate {z,,,} by fold rate r

record

Qutput : Training Dataset/Test Dataset |,

{xvxl,’ Z/uxl},mm{ vXt? Z/vxl},mf
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Network: LSTM Network): <=3+ 417 %(Recurrent Neural
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z=o(Wa,+Uh,_,+b_) (5)
r=oc(Wax,+Uh,_,+b,)

m=¢(W z,+U, (h,_, Or)+b,)
h,=(1—=2)Oh,_,+20m

o

Equation (5)9lA o& AlZRO|E ghgo|m g & tA
A gqE #HE, b= t—1 AN 28 ¢S 9n
ok aeal WU, W, U, W, U,& 2t Ale]Est A 719
A& 1% 8 E(weight matrix)elth r& AR Aol
(reset gate)E 9n)dte= Aoz AAd AHE F39 Jdd
st v &S A3 2= A Ao E(update gate) ®
Hol &8 AA AHES RIS HgdetE ARE A
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K 77%).

Table 3. Classification Using Linear Regression

Learning model Component Classification(%)
Linear Regression Dust 85.49
Linear Regression Light 72.80
Linear Regression VOC 21.90
Linear Regression CcO2 89.31
Linear Regression Temperature 9.77
Linear Regression Humidity 86.50
Linear Regression Total average 60.96

Fast Qo et BY medy $4 wde 3

2
(I

WL B2E dolest i Azsh Aok 3, of 7|
29 B wde s)Fe A4a0d A4 2d RFee 7}
4 ge BRES wolt mdARth9T7%) AU 27 €
. weq B 496 HAE HolHs wivt e AL
SAZ A4 BREY WHS e o AY WE ¥
82 A4SAr debd we v dY RS A
nd 2582 60.96%°] ¢},

52 GRUS 0|22 AlA olel of% Za}

GRU=Z ¢ BdS F5317] YeH e gdd 224E
o Aol Bastt dF o] LUBe AZ 4 SuZo
wE % timestep, BHIF, A9 2] Fol Ytk ol

HAo] ndls 93 %
o & 2039 Ao

GRU 1+ 29 &4
IR =(sigmoid)E AHESITE Dense Function F&<&
=4 BN AAE dolH7E B ¥E HolHE
279 "HARE gEse 42 dAYgsE AZE"A
(softmax) & AHEsHth mpA|tow HA3
ADAM (Adaptive Moment Estimation) 28 A}-8-3153
[10]. 371 ¥4 o A=99 AA 72+ Fg 3% Zrh
ADAM HA3g g A2 | g9l zEez 7H

StS timestep t=109% 7|5

fa
a

md
o2
o)
£ W

27070l a1, & e Al

y

Il
flr
—

Bol AHgHE Yoz, setvEs QuelES /127 3
@3 BRozRE AY FAHA A%bias) 24 Fo| F
b A# s gAolth of WAL AdaGrad FaelZ11]3}

FuPFo] ARH WHow, T YudFEe 47
Azl ek F QuelE B4 g sebEe S5
wolt Aoz FadT A4 o2 ADAM A48 ¥
£ 2ESd W dgEd AU 9P VA4 gou
A HaEe 24T+ ARS s A4 SueFol
Table 4= AH9 284 23 WFOR & GRU o4
) Zolt}

T (Dust, Light, VeC, Co2, Temp, Kumidity)
| Output Layer I L Output: 6 Vectors
Output: 6 Vectors
Input: 6 Vectors * 1270 Steps

Dense Function

Output: 1270 Vectors * 1270 Steps
Input: 1270 Vectors * 1270 Steps

i ] &

 —
GRU Layerl ;i
Input: 6 Vectors * 1270 Steps

‘I!Hﬂl__l
Input: 6 Vectors * 108Steps

>
(Dust, Light, VeC, Co2, Temp, Humidity)

Fig. 3. Air Quality Regression Model Construction
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Table 4. GRU Learning Algorithm

Algorithm 2. GRU Learning

Input : Training Dataset {z,.,.¥,.,},

Input/Output vectors 6

Hidden layer features 1270

Time step t

1. GRU_model() < Train {z,., }

event {y,.,}

train

train

rain

with parameters (6, 1270, t)

with the corresponding

2. {yUXI}M <« Predict event class based on GRU_model()

( {-Tq,xf » Yy x l}tf-sl
Output : Predicted classes {y, ., }Lesl

A &7

w42 HolHE AAY &
Z

B

9o] 448 AT Table 5% 2

GRUS} LSTM UIES ol tisle] 3slHar, &
At e9Fe] FAE <3
F rds gasg

=
4% A3}, GRUS| 299

Hr

SeAY Folt WA

#5780

T AAI(84.69%, A WE13), 7t

=
e £F 29e 377 7]

g meelE

. Table 59

7 Ee AS g9l
&2 AAE 59
rEe] HE9) oA

ek th(60.23%, 23 HE 18)

AP A durEQl S A ALgEeE e S
?l(deep layer) T2E ARESHE W2l AUH o ¢u Y
S H¥FY FHE AHEEIEE W B ATl 9 Fof
AL AE FIT F Uk oA 54 dHolHe 54
WE] (feature vectors)7} ThFatal 1 XZo] 4Gl Ay}
g, & vy 54 wErt oAl Fld vE ME %
o] A, &) AIZMG HolHo SEETF A7) Wi AL

2 uyHch
Table 62 23
LSTM, GRU®l djgt 7}
Linear regression®] 0.96%, LSTMe] &57F&
70.13%, GRUS] #f&2 8243%% GRUS #F&o] 74
=3tk HlaE F3l GRUZF HIAE ol AEo] fis|A
71Ee] 71A gy BRdI AAE B4, 2Ea 9 g9 7

Aste maud dvh $5848 & 5 9t

i)

2 A3 Linear regression,

2 e Aol

b
o3l
i
rlo
g
=il
o

o Mo
du
o
rlo
D F
rlo

[\
2

Table 6. Maximum Classification for the Learning Models

Learning model Classification
GRU 82.43%
LSTM 70.13%
Linear Regression 60.96%

Table 5. Experiment to Construct Optimal Time Series Complexity Classification Model

E);?le;ll}r; (;nt Lfnaf)gierfg Layer ()I\fml?yb;rs Hidden node hingrerrllb:ny‘s il lzggber e Classification
1 GRU in/out 2 128 1 3 79.26%
2 GRU in/out 2 32 3 5 77.40%
3 GRU in/out 2 32 2 4 67.55%
4 GRU in/out 2 32 4 6 73.32%
5 GRU in/out 2 32 4 6 72.13%
6 GRU in/out 2 256 2 4 81.96%
7 GRU in/out 2 256 1 3 81.34%
8 GRU in/out 2 334 1 3 80.03%
9 GRU in/out 2 16 4 6 70.39%
10 GRU in/out 2 6 4 6 60.31%
1 GRU in/out 2 334 3 5 81.58%
12 GRU in/out 2 1536 3 5 83.16%
13 GRU in/out 2 1270 2 4 84.69%
14 GRU in/out 2 512 2 4 83.80%
15 GRU in/out 2 1024 2 4 82.43%
16 GRU in/out 2 1024 3 5 82.43%
17 GRU in/out 2 2048 - 2 Out of Memory
18 LSTM in/out 2 32 3 5 60.23%
19 LSTM in/out 2 32 4 6 61.22%
20 LSTM in/out 2 1024 3 5 70.13%
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