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TR (PM) S22 F RASHE A/ » o] DU I
TEF B2 ERIMUR T > W5 G MR
[ FE S LA U L B 59 Y 8% £E (Donaldson ef al.,
2005) » 28I —SEALER(CO,) R [FER 22 R T 444
HARENRE#EEEE - MESER N NBHER
HYERER » —EALBR(CORY R EHHN R R 2ER
I A LA AE AR Y B 22 ) [K(Bai et al., 2020) »
B IK AR EE - BEE IR KRR E AT
= BRI KR R R AR ~ O BT
B /K S0 N5 B e it e B A Y SRR
i BN AT 6 [m] Y462 (Bastianoni ef al., 2004 ;
Patil et al., 2021) -

1.2 3 SHEABERR

2015 B EEFTEsTH (ERE) » #
TIAHEBBBRIECR » K 2 BRSBTS e (e 5
[R2EEA - MR T IFEmREE, —5 - BORE
SSUFE P 3 A Y B 5 S 7 L 6 Pl s R PR 0 2
i o WEERIRE Ry T ARE RN HERE
HWEIN B ESE BF AR EIR - S BE
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IFBERAETTRERES - G (TSMC) ~ 5E
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2.3.3 XFFREH(SVM)

19954 H i & 53 = Vapnik%E A USRS
B A S B2 HSVM (Cortes and Vapnik,
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BB R R 22 2 A M o R
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and Yang, 2007)#EFTIEERMEIER( ¢ ) - IRFE I
1 22 B = 4EFE R ZE fH] (Noble, 2006) - Bl
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R T fEERZ BRI - 2
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&5 Node-RED}iiif2
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ABHFE DU 23 S5 1F B A S FF 7] 2%
(SVM) it AFifel - TR EHIRFS RE L B 2 22
HEM o FEHEYRE (Temp) ~ & (Hum) ~ —
FALIRIRE(CO,) ~ B HIRE(PM, ) ~ AT &,
JE(VIS) ~ ZLSMHEAIR) ~ FRIMHE(UV) ~ 2 ERECH]
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KI5 EEMN 2 BEBR(Solar Power Voltage, SPV) Fy
SVMIE R g A - WA #stE—X
BRI ES BB AV E - R 1 - MR FGRE AL
JEBE R ZIRREE #6 R W A1 © Phclass 0K
PrRE R EERRE HIEFE B > W llclass 1R (K
BB B BT R R R B - ERRE RN
BT F520224F-8 H2H11:56:20414:20:40 ~
8H3H10:02:00%15:08:40 ~ 8 H8H10:15:40

%10:26:20 ~ 8 H9H11:35:40%13:19:00 ~ 8 5
12H10:38:20%511:32:00 ~ 8 H22H10:25:20%
14:15:40 ~ 8 H23H 12:24:00% 15:37:00 &8 25
H09:43:00% 11:34:40 o IR Y 24032 E
B EURE AR F520F) > M DA 4 S IR R
B R—EE R - IEERMUEIIME - J5
e R 7 P R R (K P REAR i A B e M (L 28
MR AT R TMERE RN < B ERR SR
IR Es RN i A BB R RS > R
WY E R B S B B i/ D BBk - i 1% -
AT E2 128 E R R MR] - 55
Arduino Unofg I 251y TIE &R F5V > 1E
i 157 $8 N F5 KPS HE SP Vil H B BRI A SV
B RELAGENRERESER S EHR » Al
BUE Ry R H M (class=1) s ;L2 SPVEU{EKR?
FJSV o RIEE By IEF B (class=0) « DASEEE
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#1 ROER

iy A\ it
id date Temp Hum CO, PM,; VIS IR uv TPC SPV  class
SUE SRR
1 2022/8/2 2334 57.00 360.78 3334.11 269.78 295.11 0.00 199.42 591 1
11:55
2 2022/8/2  27.14  71.22 414.78 3253.89 267.00 285.00 0.00 184.96 0.86 1
14:00
3 2022/8/2  27.63  64.50 300.00 3341.50 264.25 276.50 0.00 178.50 1.05 1
14:15
4 2022/8/3  26.12  67.50 613.33 3397.33 1225.67 8803.83 4.67 199.27 8.56 1
10:00
5 2022/8/3  32.84 53.38 350.00 3273.75 746.88 4372.50 2.13 164.68 8.72 1
10:10

20 2022/8/25 22.70  62.00 200.00 3568.00 268.00 286.50 0.00 218.40 0.00 1

10:15
IEFEAER

1 2022/8/2  25.03 68.00 509.92 3047.92 265.50 291.17 0.00 172.55 6.15 0
12:00

2 2022/8/2 2598 67.85 533.08 3050.00 266.69 288.85 0.00 172.63 6.06 0
12:05

3 2022/8/2 2637 68.08 521.25 3032.08 267.17 289.83 0.00 17395 597 0
12:10

4 2022/8/2  26.51 68.67 491.25 3033.75 267.00 288.58 0.00 173.37 5.89 0
12:15

5 2022/8/2  26.78 68.00 459.42 3038.58 266.83 286.75 0.00 172.43 5.74 0
12:20

192 2022/8/25 22.60 55.83
11:30

400.00 609.75 264.83 272.83 0.00 194.13 3.20 0

Al > LR 192 A By I S35 -

3.2 BN RVAIBUR TE

I R~ TR(LEERIE - PM, - 4D - 7T
S - BN  RIRREI LR 245
B FER 5 25 M B ] - > —

A5t 2 44 H B % (Dashboard) B (i &
G H A4 E (Raspberry POfEINT - & #ENode-
RED ~ CSSEiJavaScript T. 5 Fa2 44 H 71 i
EERFFEEE > AE6 - AWFoEhHEE 2 RIEF EUH]
&l Dashboard ] Al #2 45 BLACH & T S AHIE
s (FAERR - AWRRZE S RLEH
i oy B e 2 BUEHEE - R TIRSE L
B plLAsk ~ = - AL EE =R OER
SRCHIZSEE E A2 - 5522 > IAFIHOR

FALIRESE 5508 ppm ~ PM, 5580 pug/m’ ~ 4141
48 751,261 nm ~ T ESE 462 nm ~ S AFEEE L
#3203 mW -

3.3 EESHEARE

AT FHPython 3.10. 1 TH¥ 2552 E 15
7 @G E R > (FHEFQEEETENumpy
1.20.0 ~ &RlgiEH Pandas 1.4.3 % 5 AT
Scikit-learn 1.1.25 5540 o B E—5 /44 F Y
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25.7 :
pm2.5 £9hR
b 4

1000000
500 "

80 - 1261

AIBEERAERE : 1.74 v

11:47:29 114734 11.47.39 11:47:44 11:47.49

—F1bhk

2000

RAFEBINE : 203 mw

250
240

220

200

180
170
11:47.29

&6 EHF RCHIE

R2 BEBH OISR

TEMH S Jes) =HE 4Lt
s 0~18 (J%) 18~26 (/&) 26~38 (J&)
S bhx 0~850 (ppm) 850~2,500 (ppm) 2,500~15,000 (ppm)
PM, 0~35 (ng/m’) 35~150 (pug/m’) 150~500 (ug/m’)
AN 0~5 (nm) 5~8 (nm) 8~11 (nm)
AR IR-A IR-B IR-C
700 (nm)~1,400 (nm) | 1,400 (nm)~3,000,000 (nm) | 3,000,000 (nm)~1,000,000 (nm)

*a] BYECE£)360 nm~400 nm / 760 nm~830 nm -

S N S A 22 SRR BE 2 =B 5
41G-mean - F1EAIBA -

3.3.1 FlIFRERIERL

B AE &/IMEIE#{E(Min-Max Normaliza-
tion)fE—FE4R 4 H 4 (Linear Transformation) °
Ry T3 0 BB [E Y 8 B RS s B AN 3 k2
REMERE - R ORFE I Aa7 R 2 RETAYAH ¥ pE R
RFFAEBOREHA R0, 11 2 HAVEE - DIZEE]
AL > 41/,53(5) © Al-Shalabi (2006)i/12%
BT R AR ER MEEFRLRAYER - (K

IAORIFIH A R BT -

X; ;= min;

Xiji~= max; — min €[0,1] ®)

x, FRAEEHAES » max Bx FHIR A > min By
x, P ME » X, HIR R AR -

3.3.2 BBKRBHERTE

AW 75 S VMR B 73 FIl £% F & 14 % ek 8
(Linear Kernel) ~ ZTE % K ¥ (Polynomial
Kernel) DL S £ (A1 564 el (Radial basis function
(RBF) Kernel) = fE AR 2 #% o # (Kernel
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function) » EH i Linear KernelfV#i 4y » HAZE
P SETMAR B Ca E Ky 1 » X #igamma”
{485 5% 7€ Fyauto » Polynomial-3 fydegree=3 ~
Polynomial-4 fydegree=4 ; Radial basis function
Kernelf(J&h 7y » HERSHELE & PR THEE -
SMOTEZ 845 2 4140 2 {EH#N_neighbors 555 -

3.3.3 ARG IER

— TS & DA (Accuracy ) {F Ry e A
FAFIRAVIEIR - (HEERER A FEERE
W o AT 02 S Mttt /D B 1 I o AR A
T EEHTHAMESE(Han et al., 2005) « APy
BRHEE RN —HRIEEE LEEEN S
—{EHH] - FERETER T > $HE T ERTE R
— B BB R Y B R 3 E R % BOE
Al(Majority Class)&i 8 & &/ iy LM R E K
VEE (Minority Class) o Z5 8T LAAN 5
BHEFN SRR s - R DB RIREEAR
BERBEI DM SR EE A2 -
15 R S TROIGS SR A 70 5 B0 1) - A Ze gt
B (EH B Rt BN PR E R AR
G-mean (Geometric Mean) ~ F1EAIBA (Index of
Balanced Accuracy)fft e FAEFERE « K 7=
{EFERE - FRAPI51 LA REFH (Confusion Matrix)
N3 Hep TR E R (Actual Class)
FIAFAARI T A (Predicted Class) o ELpTP
(True Positive)([XCFREFGME » K IEWER G K5t
#H : FN (False Negative)(XF g Rla 1t
8 H : FP (False Positive)(CREIHME - Fysfian
aHl FsPo PR H TN (True Negative) (AR E[2
M RIEWESO M2 tEEE - B P E R
SRR - R TR B AL A B S A Y oy
BUEHERIEH E o fEHRecal l5Fl AT A ER

1S Hh 1 T A I 5 TR EL (5] BA S pecificity
ST A P A SO R G Hh o s B R 2
EL o o ZAT - T ok St J 38 1 I & R R
FEH AR B Ry EE 2 - DARecallBdSpecificity Fy &
B > BN TE H PAG-mean1F 1 5FE HE 1
GRE RGN P E R R MR RE - ST
KA o SRR » G-mean I FEIEAHIRHUS 5%
98 > S5—J51H » LRS- 80 DR
fli Ny &R 2 R -
Hl > Garcia et al. (2009) $2H—({# - EREMETS
@ (Index of Balanced Accuracy, IBA)DLEE{HEEE
RS NPT E R JEMERE -

* Accuracy * [T A #2708 s IERE (I #G 2t

220 JNAF6)

B TP+TN
ACC= TP+FN+ TN+ FP ©)

« Precision : [yffTA#CHIE R IERYEEE T
R Rtz bha > aAz(T7)
TP
TP+FP M
* Recall © ByFrAISMEERE T > SUEHEHET & F5
Pz EER > A1AF(8)

Prec=

TP
TP+FN ®

* Specificity : ATARMEERT - SR
Rzt BeaR - a0a39) -

Rec=

SPeC= TN FP ©)

+ G-mean : JyPrecisionEiRecallfyIFE S A1 -3E
o DS Z ARt o a0aX(10)
G-mean=+J(Rec x Spec) (10)
« F1 : REGGHEFEEMRZRVIZE » 2011 ¢

#3  JRAFEM(Confusion Matrix)

Predicted class
Positive Negative
Positive TP (True Positive) FN (False Negative)
Actual class - " 3
Negative FP (False Positive) TN (True Negative)
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2 xRec x Prec
Fl= Rec+Prec an

o SEH#DRE FEfE1Z(Index of Balanced Accuracy,
IBA) : Garcia et al. (2009)F74E L & AR Bl
BRI B EREME B9 A TR > IR aF S
I ERG T EREERA PSR 2 - 4
~F(12) ©

IBA=[1+(Rec—Spec)] x Rec x Spec (12)

3.4 ERSHOEKBR
AR E B o RO R
(Imbalanced Ratio, IR) : 192/20=9.6 » ¥f[54A
BB S BB HU 8 0% IV B A ME Ryl SR & -
FEREY R HIENE R} - 727 48 E B oK BRad Linear
SVM - Polynomial SVMEARBF SVM%;: =f&f%
b % (Kernel function) SVMEAL L SHHEH U -

Linear SVM

® vB @ ROos @ SMOTE
(a) Linear SVM

Polynomial-4 SVM

® ™vB @ Ros @ SMoTE

(c) Polynomial-4 SVM

EEAh - AE PO E A P Bk o R RS fR AR L
KT LAE A A Pt EofH 8 IMB (Imbalance
Dataset){F & B B2 hil4H - i Eba (i FHPE 8
PR T ARIROSLL e SMOTE 574 - A&7 »
& E T 5 H#E R~ Linear SVM ~ Polynomial-3
SVM - Polynomial-4 SVMFIRBF SVMHA#FE(H
TERE 2 4551 » S HUA M Accuracy TR 1% 2
MEREA AN - HIRKA /AR E &R 7
VAR E.6 » BN Pl mEREE -
WHERIFTHE - (F A P &R Rk E
B o S5 AR TR 4SS ORER 7 By 25 ORI -
It > IMB ~ ROSEESMOTEZEAccuracy 8 H _FHY
B AEE - 55—J7HE » HSMOTEE LA
i B i 1% B A I SR B RPSUR EE B 2t Ry
121 NELEFSMOTE AR SVMIERY ¥
G-mean ~ F1EAIBATH H G HUSBETHHRITERE -
Az ELFA (5 i Polynomial SVM#ET T 5382 7345

Polynomial-3 SVM

® VB @ Ros @ SMOTE

(b) Polynomial-3 SVM

RBF SVM

® vB @ RM @ SMoOTE

(d) RBF SVM

&7 SVMIHEER
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4. fGemEA R IR REEE

AB FE s i — {E ORI 25 Bt R 8 > B
K5 e £ JBE 3T BR i B 1 B I 249 B B Bl A 22 i
EHIES Z VI 24 » Z BB BMQT T 177
JE B ECHI 25 P SR 2 SR (2B G R
(Raspberry Pi) » {7/ /ASQLite &= - 51
% i#BNode-REDH V- & 2 3 EW M &5 BV &k
HUB S EAREERCAER - £ EEHH
AL > B BB RHE Rt S TRy
PN QRER) NP eE e 2 te bl
HREREINGE - DB R i A (RS PR B R
T EERE S REEAYT TR AR SR
iE 7 A TR THYSMOTEAR I - i i &
AR - B G R D BIRR A i [FUAE B0E
B3 - M PASVM o H s BUA R E A 5T
Pl EENSE NI D ey S E
Ef o B {ERARHASMOTEHE AL FESVM
RAR IR B AR HIR R FE B - I
3% AR AR il Ry K5 BT A R FET R [ 7Y > AR
RARFFREBL B H G ] RE S AL IR LB e IR G
AEIERE > N FRRZEREE - 1£
S AU Ryt PR RHE A A il > RS DA
BIE/EAERTR - £FEHSERIR > UHREIR
PHRETE R ERUEREIR - 1% - ERERERE
#ESMOTEHEITE R FTEZEE - i (5 F Polynomial
SVMHETT 73382 Sy AV RE AT » AEARZRHIIISE
o B = ERTE TR RERIER R R
R H SRR I AR R 2 AR IR
PHRE B A BRIPRENES » DURRERS B AT
TS AT 2 22 n ROHIES > 2 T 2 i 2 B Y
20505/ EmRFRA H AR ¢ fEARH > FMTTHETR
Bl 5% A4 H 2 B Y Herokus b8 (] ik 25 (2017)
(58 J7> LAt B {6 ) 2 78 B A % B M 2 e O e 1
e

wm#

Jel T (8] 17 2% A S8 e R X B L R R 2R
K%l ZE & & (National Science and Technology
Council, NSTC) DL fz T2 it 5252 (Industrial
Technology Research Institute, ITRI)EEAEARFZE
THRESZ 1% - AT E e g B E B b A X
R R iz B & &8 & 4R 5EMOST 110-2222-E-
227-001-MY2%#8) -

Sk

BEEJIAE 2022a - K ERBERE R
& o https://www.taipower.com.tw/tc/page.
aspx?mid=216#b01 -

BEE AT - 2022b - FHARE R &M
Mt o https://www.taipower.com.tw/tc/page.
aspx?mid=204 -

TR IR IREE - 2022a - {TBER R (g
B E RS BEINAET © htps://www.epa.
gov.tw/Page/81825C40725F211C/6alad12a-
4903-4b78-b246-8709¢7f00c2b °

TR R R (A& E > 20220 - E k2275
HIPIBR48  https://airtw.epa.gov.tw/cht/

Encyclopedia/AirSensor/AirSensor _4.aspx °
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Using SMOTE Technology to Improve Abnormal Detection
of Solar Power Supply — A Case of Micro Air Quality
Monitoring System

Yu Wang'  Liang-Sian Lin®  Zhi-Yu Chen'  Chen-Wei Liu’

ABSTRACT

The massive emission of carbon dioxide (CO,) is a leading cause of global warming and ecological
destruction. The main source of electricity in Taiwan is thermal power generation. However, the air
pollutants and CO, emitted from thermal power generation that causes harm to human health and the
environment. Consequently, Taiwan has implemented energy transformation including reduction of coal-
burning power plants, embracing natural gas, and developing green energy. Due to the popularization of the
Internet of Things (IoT), the industrial demand for electricity is also increased. Some studies have suggested
using solar energy as a primary source of energy for the [oT system. However, due to uncertain climate
change, the [oT based solar energy system frequently occurs abnormal events such as low voltage and
voltage interruption. Under this circumstance, in this study, we developed a micro air quality monitoring
system based on solar energy supply. In the suggested system, the message queuing telemetry transport
(MQTT) protocol is used to transform sensing data into SQLite database on Raspberry Pi. In addition, we
use SMOTE to improve classification ability of the support vector machine (SVM) model for imbalanced
distribution of normal abnormal events. Finally, we also develop a user interface (UI) using Node-RED tool
to display real-time sensor data.

Keywords: solar energy supply; greenhouse effect; abnormal event; real-time sensing data.
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