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THANAKORN HOPRASERTWONG : INTELLIGENT LED LIGHT
CONTROL SYSTEMS IN GREENHOUSE BASED ON ARTIFICIAL
NEURAL NETWORK. THESIS ADVISOR : ASST. PROF. FLT. LT.

PRAYOTH KUMSAWAT, Ph.D., 256 PP.
MACHINE LEARNING/ARTIFICIAL LIGHT/ NEURAL NETWORK

Nowadays, the Light Emitting Diodes (LEDs) are light energy sources that have
many advantages such as light intensity adjustment, low temperature operation and
energy saving. Therefore, artificial lighting technology derived from LED lamps was
applied in conjunction with agricultural production. To create an innovative artificial
light source, an artificial intelligent technique is used to predict the intensity of LED
light obtained by real-time recording that provides both speed and accuracy to the
intelligent LED light control systems in greenhouse designed. This thesis presents
artificial light intensity detection in horticulture which simulates different light intensity
situations and uses a camera to capture images. Then, we extracted important features
which are used for training the neural networks. Next, the research proposed a system
designed for use in conjunction with the cultivation of Green Oak Lettuce. The results
demonstrate the efficiency of data acquisition and preparation obtained from the

captured images. These processes increase the ability of prediction in the neural

network in both simulation and implementation.
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AAq Y v A ] k4 o ;’j dy d? (Y
masguvesdnlgeglulogiiulegralsssuualeny NatazIuedn
o Y ) Y ~ a_ a o A 2y A

m 311114 uaTaena ldudmnuiasgrueslinuifa@edduae nmsunugadalegai
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an a o [ g’/ . 1 I a
moeluanla 3 §a Tageztiunusrsdsdmsuyadiuluadagwdazunuszlinnuiludase
anu Aedesyunantionlsiulaun 52U RGB uaz HSV (Hue Saturation Value)

3. 3UVA RGB
= I AA A [ = =l %’ a
32UVA RGB 1Huszuudainannmssauiuvoaduad Weaaziingu
Taglimssauiunuy Additive %1 Tastnaaziir 1 1$luaenmuny CRT (Cathode ray tube) 1u
y
M3 1FUsLVVARGB dalimsasamasgiuiuanaesnuesn ldntonldauldua RGBCIE

itag RGBNTSC

v Y
o =2

= < = ..
FEUVFUVY RGB ¥84 CIE (Huszuuaniianniulag CIE (Commission
. . X Y A Y o = a A Y a3 a
International 1 'Eclairage) %991989 A8 UAIN 700 nm TV UNINY 546.1 nm AL TUUIY
435.8 nm
= I A o
FEUVALVY RGB Y04 NTSC 11 uszuuiniauilag NTSC (National
4 o [ <
Television System Committee) W0 148115 UNTAAIN MO0 MUV Y CRT 1T uwas 11
dmsuguaauuy CRT THTanyuzifeny

4. STUUA HSV

RKe

S2UUT HSV (Hue Saturation Value) tHun15Wa15a1d Tae1d Hue

% G o = g)l a a 1 \
Saturation 118 Value 4 Hue AoA1@vo1@nan(uad eauaziintu) lumalfiiazegszni

Lo
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ana

anlk-

v ] v Y
0uaz 255 ‘3‘]?\1{]/1 Hue 4n1tNI10Y 0 %Lmummmamﬁa Hue uﬂuwuﬁm (3]

ee

3

¥ X

A o = = 2 [ I A = Y
uJaEJuuﬂm”lﬂmumﬂﬂmmmmum 256 WznauN U uFLaIDNAT G]f\iﬁﬁﬂ’ii‘lu‘i/]uiﬁ’é)ﬂ

U

[

dﬁl = S A 1 U =S %} a 1 %
Glugﬂmmmm‘lﬁ’ @N‘uﬁ@ LAY = 0 99A ALVUNINT 120 BIF FUUIUNIND 240 DI

o 9 =S Y o dy
Hue 8131391129 1991052 UUT RGB laaail

red, = red — min(red, green,blue) 2.1
green, = green—min(red,green,blue) (2.2)

blue, = blue — min(red, green,blue) (2.3)
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Green Yellow

Colour
. !{ "a(\o'ilh spot
Cyan . Red (07) 'ﬁ}’/ L“
/// .f"il;= hue
Blue\\ /Magenta /\
Y

V=0
tVaxis

g‘ﬂ“ﬁ 2.2 LEAANTE VLA HSV N fivedots.coe.psu.ac.th

(% 1 1 1 Y . 1 4 1w
mﬂaﬂymﬂmﬂaﬁumizuu Hue ‘wmmzﬁmamquawﬁqmﬁ%mmu 0
1Y A 1 1w Y I I = = U B ~{ A A Y ¥ A
LADINEDIAUNTIND 0 L4873 hue ﬂznng‘mma(ﬂm)muﬂu‘lﬂ@mﬁmamuazmmam’dum
1w v o YN 1A 1 A AR Y A oo o o ' '
MNINU 0 LLﬁ’Jﬁ]gT]ﬂWUbJSJﬂWJEN Hue 'Vriaﬁﬂ‘lmmmmmumnumm AIDYNNUTU 30NN
|

1 1 Q o 1 H H 901 [+%)
-1 aupadaladnieiaumny o azih ldaanladluldawdnmas nslduimiinlu

a d’ = =l T W
NITNIITUUNDALAIUAUNINY 0

(240X blue, )+ (120 X green, )

2.4)
blue, + green,

. A A £ ) . A 1w Y aAy Y
Saturation ADANNUIFNDTUDIFABIN Saturation YAUNINU O LLﬁ’Jﬁ‘V]ulﬂi]g
=) = I A Y 1y . S 1w ' 12 = 1
lhliJ Hue ‘%’Q%ZLﬂHﬁ%W’J@QHLMﬂT Saturation ¥AUNIND 255 LLZWN’J”I‘ﬂ%hlililllﬁﬁﬁ‘llTJNﬁM’ﬂQ

3ki]

[

Y
Saturation AMTDAIUIU IAAIL

max(red, green,blue) —min(red , green,blue)
Saturation = (2.5)

max(red, green,blue)

A 1 a & R ' D) \
Value A9AUFAINNUDIAN G]Nﬁ’liJTiﬂ'JﬂUl@IﬂElﬂ’lﬂ')’lﬂl"llm"llf]ﬂﬂ'ﬂllﬁ'J'N

1 a A [ ° Y
"U’ENLLG]’(J%ﬁﬂﬂ‘iZﬂflﬂﬂuﬁ1N1iﬂﬂ1u’Jmhlﬂiﬂﬂ

Value = max(red, green,blue) (2.6)
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a ¢
2.2.5 ﬁtyty]ﬂizﬂyg (Artificial Intelligence)
a < s :
Yoya1s2@ug (Artificial Intelligence - AT) 1l usnaasuyuaniisuo a1
a 4 a o 2 A Y v Aam 9 a 79 YA
INBINAATADUNUADINMAINNAY FUNBITBINVITNTAI1IABNNIADS IFNANURAIA
A qu a o P Y VY o = S o d o A qIYo
o ldensona o taziBou laaeaniues Taeliyalszasdnanniiuie ldiuamnso
o Y Y Y = v 4 ~ Yya R o o 1 Y a
Waunuuyed 18 uaanuinmihlumsisoudveunieaazmsteuiiandidene lina
A % o 1 = g
mslasundasnszuruiriluununnniadivvesgadiinssumalulas Tuaauil
= a % (] 1 A Y @ = 1 o =
malulasdygrdscangaieglusiaGuauveaniswaul tazinisniadnesiuszll
A L 1 ~ A 1 U g’/ .
ANuaINIsa oy B lus9 Strong Al Taen1snazildeuriu’lygyaeiu Machine
o Y A Yan a PR v A v 3 9 =
U UA0EBUIITNMIAAVDINUBINI TuAIUMALALaZNTEUIUMITANUTOYA TUaNDI &1

J ]

a a | v ' '
siiavoulyanilszanggnusesniu 2 diudos ldun
: . . < 1 { I
1. MFiFoUSU9ATO9 (Machine learning) 1ludaungnldnuaiiouiluauos
a IR g a 7 o ~
voutlyglszan] sudumsaeuldszuuneuiomossiimsizsous 16 lnsauesTagns 19

9 a

= A [ a KR Yy 9 o 9 % vy (
doyalumsindursomsaeudanssiuliGeuiinanudilawazdad ulalddredesan

9y =]

A Y A 1 & a Y ¥ ' Y 1
a‘nﬂ@ﬂw ﬂ1iliﬂu3ﬂl@ﬁlﬂi@ﬁﬁ1hﬁﬂQﬂlmdﬂﬂﬂlﬂuﬂﬁliﬂugqﬂ 2 L!,‘]J‘Uﬁl,“riillu il lJlml,ﬂ

=
&2

3]

~ 9

N13i50uuuVRaou (Supervised Learning) 1z 1155 ouduuy lulidaou (Unsupervised

Learning)
~ 9 ) . . 3 o A Ao & 9 Y}
M3 oUTHVVNEADY (Supervised learning) 1 udanasnunsuduaosly
doyaludiud 1S URnHY (training data) uazdIuNFunauuuNoUS U139 (feedback) 910
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Y o oA a 2 A4 v o D) o ) ' <
Tagils1Anms Idwaansnazimatu Weohmenaawiangadoyasiuauun ldunmls o
' Y
2 BAAINNNE NI TUMsiFousIB9an (Deep Learning) MMM
A Y a K . 3w A Y} A &
2. M3BOUFIFAN (Deep Learning) ITUFUIBA0INTIFTOUVDUATOL FINT
a I~ a a o ] ]
FoudiFsandumatdalumsafralyglszang laoldIaseielszamiiounionioau
= 3’, = 4 4 é
dszamifonvaies su@onnuuszuadlszamluguesueauyye (Neural Network) @4
Y
Tasavienizen “Iasavnedsca1nien” (Artificial Neural Networks - ANN)
2.2.6 Jassnwszaniey (Neural Networks)
[ a 4 a I o
Tassesdszamiien AoszuuAUNINDS 1A Tumanaadiarmansna1aod
° o ' ~ ~ P
nmsihauvesszuulszamluanesvesuyvd InssinelssamimonansaBouineg

WauhneunuennmIteuiiuaee TaslasenelszamioutlsznoulddreTnua

Y
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uazmm%mzmwﬂwu@ Taouvessulumsmau 3 YUAIU

v 9

% A " ¥ . A
1. ¥UBUNA (Input Layer) AoBuNTVVoyarinlulnsaielssam Tagsull

Y g’/ [ 2’; o A 1w o [ . F)
ﬁxﬁﬂwuwummuazmmuiwumwmmummugmaﬂymz (Attribute) VoIYAUDYO

g’/d‘wﬂ/

9 9 9
2. ¥U¥OU (Hidden Layer) ﬁ@“ﬁu“ﬂ mJau"ammmﬂﬂfuauwmﬁwumauﬂau

E4 v Y 9
v A

9 Y A o A J A a 9 =K A o ¥ A 9 @
U TﬂﬂiuﬂfuullﬂWiVlN'lu!‘]_ﬁflﬂlﬁﬂﬂuﬁﬂ]uﬂliﬂui G]NGI,HGH‘L!H’GTWIIWﬁ]lﬁ]'lu?u“lfu‘ﬂ“lf@uﬂu

9 1 é
Taunaivila
H 2 a2 o Ay Y g o
3. FUIDIANA (Output Layer) ADFUNARNT N IA0InTFUgoU S1UIUUDI THUA

[

3’, dy ag (] o 9 A Y o
“luﬁlmu 6lJ“LLl’f)E«,]I mmmumagammmsmuuﬂ
Hidden

Input
Output

9

P8 19N U IUUe4 Ins el searniion 141 : guopai.github.io/ml-blog14.html

&an
=
=)
3e

23
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1n3l9 23 uaaslvmudadiedialasevislsearmnennaieluiinig
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1 Y Y v Y
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TnuauazsUIANAnasU 119U 2 Tnua delasenedseanmonludiodativzliduna
1 ] 1 a v 3 o . ) o
3 andnlulngiieg Xm) wazudaazdunaszgnamaien1imiin (Weight) 91n1iuszgniiimn

[ 1 &Y . A 4 = Y o
SR AR UNINTY (Transfer Function) NN UBTIANRA %Qllﬁﬂﬂllﬂﬂ\igﬂ 2.4

Input Layer Hidden Layer Output Layer Prediction

(% 1

= 1 = é 1 a
qT]J‘I/] 2.4 G]’JE]fJ'NIﬂi\?sll'lfﬂjig'ﬁ"l‘ﬂl‘ﬂﬂllWHQWH’JEJLL‘UUWQ'IEJ@H‘V}!G]

1101 : guopai.github.io/ml-blog14.html
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FININFU 1%1uﬂ15aaw1u NV UDIANAUULIENI ﬁm%umﬂau

. . . I s Aw g’z a <
(Activation Function) TagtIulansuniunasiumslssuiananirivannnounataziilu
) 1 v =R I d v a 4 3 ¥ A
drfruanvednasns seausatlulansulunaadamanslanld uazauisaaen
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A @ v d @ 1 @ d o 1 1
A1519% 2.1 areeelensune loeunazanyuenswveslensunie Tounuuag 9

Wandu s
Sigmoid Function 1or -—sigmoid
A o A -
Taelaunsaail
1
1 N
Jf)=——
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A @ ] d o U [ - 1 1 1
A15199 2.1 Meaeeangunie loutazanyauznslveslensunis Toutuua1e o (ao)

Wandu ns

Rectified Linear Unit Function

(ReLU Function) " ReTLU

o o & R(2) =maz(0, 2)
Tastaun1anail | B(z) =maz(0, 2)

0 for x<0
f(x)=max(0,x)={x for x >0}

8 Linear Function

Linear Function

[

- 2
Tasdaunsaatl

linear(x)
=]

f(x)=x -4

-6

-4

Tanh or Hyperbolic Tangent Function
4

Taslianunsaail tanh(x)

l +

4 X —X

e/ : : : :

p € -2 -1 1 2 *
f(X) '/ X —X
e te it

2.2.7 maﬁﬂmsi‘imunﬁi’faga (Classification)
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o ]

Y < A 9 9 o =2 ..
MNITUUNYAVDUD (Dataset) oy 2 g ﬂ@%ﬂﬂ]@yjaﬁ'lﬁﬁﬂﬂ]jplﬂﬁlu (Training Data) (a1

gadoyad1mSUNIINAToY (Testing Data) Tnsfin1511i98as1dIuil 70 Ao 30 W50 80 Av 20

Y
Y

K "o ¥ g . ¥ 0w = ] '
VUBYNUANNINNVICTNVDIYAVDYA mﬂuumqgmagam‘mumivlﬂvluﬂaumﬂﬂiww

U Q

Uszenmidion e 1w Tnsaelseamiiowsiimsison msadszuuvsosmundoyalums
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) A ] ) 7 P ) 0
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1. ’e)aﬂaiﬁmmiﬁﬂuiuumwaimﬂmau (Perceptron Learning Algorithm)

< ! Y v = 2 o A a 1 J
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Schwann cell

Myelin sheath
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gﬂﬁ 2.5 MUV UTAaUTEAINNINFIINGT

N1 : ichi .pro/th/perceptron-kha-xthibay-karna-pi-chi-laca-tawxyang-phaph-66582574588625

De

anadunaaiulvg lldusaddszamladsuiuaulasd ima¥ouds
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{ a ¢ 4 o ¢ 1A o
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sz 100 aarIUVILDNEDU



16

s < ° A A ' P4 A A
mostkUasewdunuudiasaNGeudisvousaalssainasannersy
= 1 dalql % a = 1 o d‘ ]
Aounny Tasnszuaumsas liSudyaudunaizonin x1, x2, ..., xn AUIURATINZ D

¥ o a v 2 1 ] - @
umuﬂﬂlm@uwﬁmamuuﬁﬁmmu WInNBU threshold (I) uazuﬁmwaawﬁ

Z = inwi 2.7
i=1

-1 ZSW0

P(2) = 2.8)
1 z >w0

1 = I 3 @ A <
UANITN wo L“]Ju Threshold ﬂL‘Viﬁfluﬂ‘lJﬂ'lﬁLWll w0 Lelalj'lulﬂcl,u sum uJu bias A%

IS T a @ a A a A2 0 g
fl threshold nJ‘u 0 Lmuuuﬁmﬁwmimmiytyjm@uwmwmmu x0 m@ﬁﬂnﬂu 1 184D

Z = le_wl_ 2.9
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-1 220

Z) = (2.10)
¢( ) 1 z>0



17

A 7
Qﬁjﬂ‘]/l 2.6 LLN‘L!ﬂTWUlﬂE]$!Lﬂ53JGUE]\‘1LWE)§L°]5‘]J@5’E]u

e ichi.pro/th/perceptron-kha-xthibay-karna-pi-chi-laca-tawxyang-phaph-66582574588625

~ < o o = Y o o
910317 2.6 Wummuaainismavveuneswlaseu 43013 1ydynsal

4 1a %’ o 2’, < 4
NAADTIIIEINITD TADUNA X0, x1, ..., xn HAZUIHUNNINUA WO, w1, ..., wn (T UNINADT x

s A a o < & A a o < g
L w LLQZL’E]W]‘V!G] 1 mawammmmmﬂummmz -1 mawamﬂmmmmﬂuau

1 w,
xl wl
X = Tw = (2.11)
X w
n n
zZ = X°WwW (2.12)

2. msnaneeuuuladaan (Logistic Regression) gniinnldieiiuiedn vy

£ 2

a 4 = 1T A A a ds! Y ~ = o (Y (%
Lﬂﬂlﬂﬂﬂ]imﬂuﬂﬂlUWiﬂ"lNWSGN Tomamnavuuinisaiiodla Taglin1smviuanialsad

L4

& A v A ' ' v a g A < o 9 Y
HUINTDNAYAINAIANICTINAADNITINALHANITUUU lla31uﬂq@ﬂﬂSﬂWGLWli]lellTiﬁ]ﬁHW@!

a X Py =
msinameg msaitiu q 1aluiige
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MIUVIFAUDINITAATIEY 32 1F8nHULHI 05T TUAVRIR MU IO LT UOY

I ) @ [ e
(Response) HudaIfm1vua aanunnas liil

anyu0 Y

Y

v Y v
iy a0 wa hnan a0 maia:Gu i i Jiannn a0 wama hidiouay
- Yes/{MNo - Low/ Medium / High - Black/Blue/Red
B R - biviudgadd  hintude / - WA J s f R S nguang
- dfin/ hideme wiude f nfudeodisda - vinaled £ gafia / Fnwn
manl - None / Mild / Severe

- Accept/ Reject

r A h 4

Binary Regression Ordinal Regression Analysis Nominal Regression Analysis
Analysis

gﬂﬁ 2.7 MINUNFHUA Logistic Regression Analysis

s sites.google.com/site/mystatistics01/chapter7/logistic-regression

= Y o I [ A 1 .. . < ]
dauddndsaevanedaziiuuyy Lidetilo ua Logistic Regression n 'l

° T o a I (K I g’/ [ 4 { o
fnuanamlisaszazdeadlunuy luasiios eansadluldnasuuaidetiioaniald Iag

A A o [ A 3 ¥
insesledanazuuyliaeiiiod (Category) N A

g =B +px +Px +..+Px (2.13)

g(x) 92QNi38n 71 Link function 18 X1, X2, ... Xk (3871 Predictors
R < 1 A ~ ' . I o
NIl X1,X2,....Xk Lﬂuml,mm]mum 1343810731 Covariates uagmmﬂumuﬂi
[ A = 1 .
Llﬂﬂulhﬂﬂlu@ﬂliﬁ]%!iﬂﬂﬂ'l Risk factors
1 = [V a 4 ~ o I T A =
L“Ifulﬂfl’)ﬂuﬂ‘ufﬂi’JL‘ﬂ51$°ﬁﬂ'ifl!@'l'Jllﬂ’iﬁ'ﬁ]ﬂﬁuﬂﬂlﬂuﬂ1ﬂﬂlu@ﬂ1uﬂﬂﬂ 6
R . AA o a A . = 2 o 3 = 1 . R

Logistic Regression nA 383130 Predictor (X) NI HIAT NIZTENN Simple logistic

. [ . L . . . L - T
regression (¥ U Simple binary logistic regression L0¢ Simple nominal logistic regression Wuau

Yy Y9 9
1o v o

@ a ] J
wazdlids8ase (Predictor) HA18A7 NYZiTENIN Multiple logistic regression LANIHNINU
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]
A A v

g}.: a 4 3}, Id T A A I S v A
Tupoulumsinszvvesninsandlsaevausuilunineiiionsotlu Category NG9l
3‘, o a o~ A [ A a g a ]
VUADUKAN TUMTAUATIEH M TOUAY A0 (1) UATIZHAIUNIINTINHN 15U Scatter plot
A Lo A ) a s A Sy v
30 Fit line plot tia 1 aun5oNeenIMen (2.) MIAATILHANUAAIAAABUVDS Model 71 10
= ya ) [ AA o I 1 1 A yJas
15192 1995 Least square method dmsunsaindmlsaovauouilu maolios uaz 1935
. . . . . 9 o Ao < oA A Q)
Maximum likelihood estimation d115UnIAUNAWUsAD VAU AT UAIMDIUDINIOI U Category
] 4 4 I~ H a
3. FUNOTALINADTLUNTTU (Support Vector Machine : SVM) wWunmatians
=) 9)::‘:: [ o y [ . . =Y = a
FeUINNANYULMNUAIIAY ANN (Artificial Neural Network) talianymenuaed i
Y A v J o 4 4 = o Y b
Tassadruazmsnadeuiitiosndn TaggnnesannmesuusFuaiuisariiaulansly

ANHAUSYDALIUUNITOADDY (Regression) tazmINuunlsznnm (Classification)

519 2.8 msdwuniszinndeyaiuy Support Vector Machine (SVM)

IE guopai.github.io/ml-blog08.html

= S . . . ¥ o ) 3
g 2.8 1Wuilyn Binary classification A0aMITunvoYyaRdNY WD
y A A %} a = A A o A Y ] v Aa A 2 Y =K = Y dy
9 ApTNAULAzANAY 390 SVM 1 Asmsnuduutiamsdaaulanihuduny daduiles

~ 2 ' ) Yy v A ' v ' ¥ A v
ﬂ@"uui3‘ﬁDNﬂaN"Ummuﬂixmummmw’n T@EmNau"lmmwmm@"ummuﬂizﬂmn

o—

Agaieziiiula1d

Y
svM 14 Hypothesis function LUDIFUATS W oUN Linear regression ANUU



20

hy(x) = w' x4+b (2.14)

A 1 sol @ A 1 o A . = 9 v 3
Tag w ADANNNUN x AOAMAUANYULINANIY AT b AD bias FINHAAWTI 1
o A3 [ Y I o ] = an v Aa
V2N 218 Class y 1uilu 1 druduiluay vneiuilu o aunsamweuismsaaduloai

d' [ 1 Y v dy
doulusanainldaail

0 ;wa +b
(2.15)

<>
Il

Lsw x+b

1 b
Wetionnduutsmidadulanda eduiin) wrhmssvuaduilsziaes
duveuduiiy Tasduilszudazdufodumisi hy (x) whitu -1 uae 1

AoN1A0INMTUII ANUFUVINIAFUMTAAA U M1 Norm Y04 Vector

X

82}’9(") - i‘WJ:HWHI 210
i=l

Yy & a A4 v "y A q gy ] .
1NUBDLINVIIIU ﬂﬂgulﬂlﬂ'lﬂll'lﬂ')'lﬂﬁmﬂ'liaﬂ w Lwaﬁlﬂ]’lﬂﬂlaﬂlmﬁlﬁuuﬂﬂ

v ' v ] 9
inhefgamiezdiull1e edielsimudveuaveaduntiniunfedwnulyl ezl

v
v v

9 q' ] ] zé = 1 a o 9 = a
ﬂs’emﬂqmau“am"lu“lmﬂmmwwwamammwﬂwam“l,umimuuﬂﬂjmga ANUHUIIUNA

L v A ~ 1 o [} 1 o I 1 (i) - o o A
ﬁ\‘]ﬂﬂ)'uﬂTiGlﬂﬁuGl,ﬂWN'Iﬂﬂ'ﬂ 1 9nNAI9E19 LU MY U U t = 1 a5y y — 1
(i) - ) [ AT v g‘/ yﬂ o o o Y [ z:y

ag ¢ = -1 aImsuy y — 0 muui]a:"lm MUY TAIITUNITUNAIY SVM AU
@, 1 (i)
t (wx +b) 21 (2.17)

@ 1 I v A 1 g.}l (% g.}l
SVM algorithm ﬂ\iﬂaTJﬂJuLﬁEN"Uf]“]JL"IJGIﬂﬁﬁﬂﬁuimmﬂlﬁg{luﬁi\HﬂWHM ANUU

9y A A 9 =~ [ 9 A [ a 9 YA v A 9 o
ammiuﬂimw%ﬂmanaummmum@uma"lmﬂmmmu Iﬂﬂﬁijﬂ@'ﬁi}ﬂla@ﬂi%ﬂﬁﬂﬂluﬂ

q U

v
9 (=

Joyadownuimimzauiyatoya Aall

U

Linear: K(a,b) = ab (2.18)



Guassian RBF: K(a,b) = e

a

4. msizouinuudulidadu
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(—|la—a|*)
Va—sl| (2.19)

I a ) [
19 (Decision Tree Learning) Wumadad1vsuy

15 Classification FHiaile 3a0glumalasIMIn Supervised learning 1 dmSuswundoya

)
1 o o o 1 I @
a9 Tagdoyaaziing X uaz Y MBdmisumsadieluea Taear Y(Label class) 91iudaumls

szian Categorical

[ a KR = 9 9 Yo Aa = % o d' 1 A
@aﬂf)‘i“I/liJﬂﬁ!ﬁfJugLL‘U‘U@ulliJ@]ﬂﬁuqlﬁ] MLLNL!W\?ﬂﬁVINWH“VIE‘]JiNLW?J’B'J‘L!

o I 1 @ 1
Tassadedu ldTaeimvuaTnuanielu (Internal Node) 1ilusinmanuazimmig (Feature) ua

A4 (Branch) tnudigvouamsaadula (Decision Rule) teiaz Tviua 11y (Leaf Node)

9 v J Y v A 9y 9 A A '
UNUAWWAAND (Outcomes) Lm%i:fﬂ%mﬁ!ﬂﬂugﬂ‘l]@ﬂﬂﬁ@ﬂﬁuﬁlﬁ]‘llﬂﬂﬂuuh]ﬂiﬂ!ﬁﬂﬂ?”liﬁu{ﬂ

510 (Root Node)

’ Decision Node ‘

A4

\ Decision Node ‘

|

v NSy S

' Decision Node |

.

Leaf Node

v

’ |  Sub-Tree
} Decision Node ’
\ I )
Leaf Node Leaf Node

=3

Leaf Node

U

v

Leaf Node

517 2.9 Tassadvesgiuuudu idadule

nn medium.com/equinox-blog/decision-tree-101-scikit-learn-afed3bf414a2
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Y Y
Tulapiuiudimswannduaeuds (Algorithm) 1Un1580U (Training) Aulsf
v Aa < an A A R &2 & Y
msaadulonnuie FedrmmnuannIsnuguisvilsgailunsauminuuas Tun (Greedy
. A L o . -
search) 9INVUAIAN (Top-Down) ¥931 ID3 mgﬂ‘wmuﬂﬂa John Ross Quinlan 14dl 1986
v
D3 Huaedu ldmsdagulannuuatasdremsanndnvasla (veldm
"o o v < g o A g X ¥ A A
Ndnvazunualsdn) arseztiusinvesdu limsdaduladuil nazowag lises e
Yy Wyl 9 9 A v v o a a .
midu livaduatoniswenTlsunsudrennuduiusuuudewna (Recursion) Taglunis
A " W dd’ g 1 [ = 1 9 . . J d‘
enanvuz ladfigatiugainarvesdnyuzSeniunuaus (Information Gain) nouvz
Y v 9 9 a J & A 9 (=Y £ 9 J ~ 1 =~
Sannuanuzdesterwaiianlduenanu liusgnsvesdoyanou Sonineulngil

Y
(Entropy) Tagtienueu Instlvesdu limsdaaulaludrlusavesdiedia s fie E (S) fail

E(S) = =D _p.()log, p.()) (2.20)

J=1

A A o oA Y o Y o ~
we S ﬂ@@')@fJ'N‘I/]‘]J§$ﬂ'E]‘]_Iﬂ'JEJG])"ﬂSU’E]\W]’J!,L“]Ji@ulmgG]'JLL“]J?G]HJWQ'IEJ NI

A o v = A o A v JdA .
p () avdandiuvesnsaly S Adwlsmunsenadniia
Ky
v d

o @ v a A~ I 1A J [
Tagdwmsudu liinsdagulaninadnsiilunaiieanassng (boolean) a5

g 1 A v A 9 gJ/ a =
"luclﬁvmmuﬂumﬂmmuﬂummuwmmuu %zmauimﬂﬂa

E(S) = =P, log, (pyes ) —p, log, (pno) (2.21)

=\

A a = Y = 1 = = ] 1 Y]
LiJi’)‘IN’1]Wiﬂnli’)uI‘VIS‘ﬂllﬁ’J‘Uzmu’NL@‘L!IVIT]J%%?J?HEJQ?%%’JN 0Ny 1 Tﬂﬂ%zﬂ

v 1

1 s A A ~ = l Y A q o1& a
mlﬂuﬁummnﬂqﬂimuwaawmwamuumm YU Glﬂﬁ/N‘HiJﬂ nIo lhlﬂlGIﬁ’N‘HiJﬂ Uazagu

QU

4 A

X A A 1 o X A 2 @ £ QA = A K
UINVUIUBLTUUAINUANA TN UUINUU m@%mmmmmmmauTmﬂ%nmmnmuwm

a

9 (Y £ o Y v J I 4 I J g}/
doya ivigns uazazaadulylanwaaniozidues lsdeouInsithilu o mniu
= a Y 9 o Y a v (Z Y A
Faonmsteuey Insilnadu i liisansatisudnyazvosdinlsdun
o I o Aad 4 1 ] o 1 I
ala Taoaauils A aziluailsdunandeiiioniniuiadoyad10819 (Example) ooniiluagaa

~ o ° ' A & Y A Y = g A ~ '
VIUIULAATNIIUIUAIVOY A adlullldieliusaznsal (Instance) Glmg@uunm A NG

= [ = = 9 A 1 . g & A ~ 1
MeazANRfsveeU INIveyaveyangnueen (partition) N1UUAINGA (Tana
maniwesmsanasvesou Instndsnindoyagnuisdie A Tunuanuives A Hewlag

U



23

S

v

Gain(S,4) = E(S)— Z

v—value(A)

E(S ) (2.22)
N

tﬂ' A o 1 t:' 9 % 9 o =
e S Aodednnlsznoudegavesdnlsdutazauliauvaty 9 ndl

Y] 1 % { A 1 { I
E aowuInitlvesdiods 4 aedusduninesan value (A) Aorsavodaved A miu'lll

] A o oA ~ e
18 5 fAodvd1an A UA1 v Navua

< ' Y A ' o Y 1 Y 9
HUIMINNUAMINIVOI A BIWINUAAITHAININUUIAIDIN S A28 A 147

1 H [ 4 A 2 o { v A 2
Tundazaaiinialdvedl Entropy 4 Indguduingsiu sl Indnazdadule Iduindiu nu

YR I 1 Aaa = o Y A o a
ﬂjTNEﬂ\iﬂJUﬂ’][ﬂﬂ(ﬂi]3UE]ﬂﬂj’luﬂslla\‘l@jllﬂiﬁif!ﬂu’]m’]wi]1§m1

v
= 1

Y 4 4 I a
5. HsUABNNSITAN (Random Forest : RF) WumauANYNABEANINNNIG

U

= 9 9 Yo A .. B = A % 9 a 1 A '
Foudunudnliaaduly (Decision Tree Learning) Baiinannis Iagldimatianisguiaona

o 9 9 k) o 9 =t o
AUANHUSIRANIT DONNUIVINYAVDYAYIAIY ] YATBYD mﬂuumzmﬂgmamvammﬁmmam
I a gy Yo a 9 a Y < 9 I Y a
Wumadiadu lddaaulavate o du @1nEN 2 a1ty 4 du Wudy) Tasmaiiansw
Y 4 4 o ?;I/ = 1 = ] a g 1
ﬂ'O‘JJ‘V\Iﬂiﬁﬁﬂgﬂu'ﬂﬁu@ﬂi\‘llﬁﬂiuﬂ f.7. 1995 Iﬂﬂ Tin Kam Gﬁﬂ@]@llnﬂﬂuﬂugﬂﬁ@ﬂﬂﬂiﬂﬂ

. A I @ ] "9 A = o 1
Leo Breiman Iﬂﬂﬁ'lllgﬂ‘ﬂ 2.10 %Z!ﬂu@]?'ﬂﬂ’lﬂﬂ’liL!,'le‘lsllﬂﬂaljaWllﬁﬂﬂlﬂﬂﬂﬂuigﬂﬂ'lﬂlllll

Decision Tree 1laig Random Forest

Sir ision Tr Ran

7191 2.10 AredremsmisdeyannfoufieniusznI9uY Decision Tree #ag Random Forest

]
=1

N1 : towardsdatascience.com/from-a-single-decision-tree-to-a-random-forest-b9523be65147
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= < Yo ' S A o o ¥
9110311 2.10 a1t 1A%A19191 Random Forest UM SN 1418 (Tree)

| o Y 9 o 9 a a o ) ] ) 2 o ¥ ax
Wuaau vate q AUl ‘nﬂmhzﬁmmw“lumsmqmqwu SUUIUINUYU AUUITNITUDN

v
A A

=K Aan A Y dy o 1 = a 9 ~ ' . =
Random Forest 93UI5N1TNADIIAAINU UAISUINAUANLINULIUINILTENIT Bagging a3

E4
<) ISP 9

a ] I X ' o [ a
matialumsuisdoyasonilu Tree vateq dudedintivzldrudvyludmsudanesiiy

== & aan % dy
M5AUAUYDY Random Forest B9335A15A91

. 1
;o= _Z () (2.23)
B

A 9

o yadoyadmsumsiudufe x = X5 eee, X HBZAINTADUAUDN

q U
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A ] o = . A o o ¥ oA
ey = Yo oo Y Glfwzmmivluﬂummmi Bagging Y1590 UIUATAUNYNLLN AD

U

=

b4 Y
B uaasvziiiiwuiinene b = 1, ..., B duniudiedwgateyadimiumsinduag
I s o [ ~ 9 o 9 3 9 A
LLT]ULﬂu Xb’ Yb ﬁ\?ﬂ(’]fu’ﬁ'lﬂﬁﬂﬂ15&3811361]@\1@']@1!{11‘!ﬂ'lﬁﬂ'llliv!ﬂﬂiglﬂ‘ﬂa]zﬂm@ja!aﬂi@ﬂ'ﬁ
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Weauumnasgivvesmimamsainnau linmsoanesudazduuu x'

B

> (nGD=7)

b—1

O = (2.24)
B—1

; SILL 4 = ,
6. Maviniou uNIndNga (K - Nearest Neighbor : KNN) 1J 43501511119

amadmsulddanuianydeya (Classification) 1Fanmsufeuiisudoyanaulanudoya

=

A A Y = Y 9 Ao o & ' vy A
mnmmmﬂmslﬂmmﬂuamwslﬂﬂ mﬂGUEnJ”a‘VImmﬁucli]uuagslﬂmmyaﬁlﬂumﬂﬁj[ﬂ Ul

Y o I A o 9 A ] YA gJ/ v o " 99 ¥ 9
i]gEh’iﬂ’l@lf]'llHJuI,W1]@uﬂ1ﬁ@ﬂﬂ@ﬂﬂ@yaﬂﬂﬂﬁlﬂaﬂq@uuaﬂﬂmgﬂ'liﬂ'l\11u&£ﬂﬂUlllulﬂﬁlf’]f"llf]ll”a
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¥ .. ¥ o ' Yy 22 e o
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New example
to classify Class A

*x * — Class B
x K- X “\

A" S Al JAA

|
\ *K3A
\\ - ’A.r ‘

N KT Il

— -
- - =

Y-Axis

::‘A

X-Axis

(2

i‘]J 2.11 G\’JE]Eﬂ\iﬂﬁiﬂlluﬂ%ﬂﬂmﬂ\lﬁ@’Jﬂmﬂuﬂ K-NN

U

‘mﬂ : kongruksiamza.medium.com

a o & ] A o % o Y o 4 Y ]
Glumﬂuﬂml,ﬂu’aﬂwmmw5‘1JmtiﬂTHu@1mmmmmu’mtﬁ@umuwgam K

L o A 1o < ~ A a A ¢ A9y o v o
mmmﬂummu’mmnuaﬂﬂizyﬂﬁ)ﬂimwiﬁlmﬁ]mim (Case) %Glmmmiﬂuwﬂumimmﬂ

1
I A

asal vl 1&un 1-NN, 2-NN, ..., K-NN @9aumsnesune laanandanisnnaiuued K-NN A9

q

n

dist = Z( p.—q, )2 (2.25)

k=1

d‘ . A [ ] 1 d‘ [ 9 =® 9
1o dist ADANITHLHNITUINGA 2 99 WD IANNUAAIBAAIVDIFATDYD
22.8  madszmulszansmnamsulassniglszanimen

[

Mastalszansmunnedrdoanulasavredszaimiey e ldlunis
a 4 1 o A w dy
AATIEHANUUNUEN AT
Y 9 A 4 N o . . A A
1. 15193AANNYNABINTOUNINFADUNITY (Confusion Matrix) ABAII N
Y] L Y d' 9 A o 9 =3 1 [ J A
ueraanaans lunmsian ldninmsindursomssuundoya Taefiouszrianadwsasaag
v & ° o ~ A o R v dA o 9
HAANS IUA1IIU18 A93UN 2. uaauunInguua 2 X 2 Fuilumadwinsuundoya 2

AANE ADARIAVIN (Positive Class) LlazAAFAL (Negative Class)
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PREDICTIVE VALUES

POSITIVE (1) NEGATIVE (0)

POSITIVE (1) TP FN

NEGATIVE (0) FP TN

ACTUAL VALUES

A @ (] a 4 = <
3109 2.12 AegrunTngAouN 19U (Confusion Matrix)

~ oA 9 =y d o Aa A A A A 9
1ngUn 2.12 mnldnammsngialseansamlunsainldoya 2 aare

1 < 2 Yo dy
ansouyeonu 4 ﬂiﬂ!llﬂﬂﬂu

v
A o J

a @ o A a 2 a

True Positive (TP) Ao WAL 18I193UAIATINUHAGNE INATUTI 4

4 A A o J 1 a Y @ v A a ds! 1 a
True Negative (TN) Ain wanvimie lusswdinsanumaanininayn luese

- A A o 1 1A 1 v A a é’ a2

False Positive (FP) fin wafiiiuned 1uvswanadnininaauas

. = A o 1A 1 v A a é’ 1 a
False Negative (FN) A0 #afiii1e919s swanaansnmnaay lias
2. A1ANUYNABY (Accuracy) AvmaNuLud TunsSuundeyaiigndeieg

Tuszavula Faamnsoauia ldaaaunisn 2.26

TP +TN
Accuracy = (2.26)

TP+TN + FP+ FN

[

3. A1ANIIUE (Precision) AoAdanuuiud1vesdoya Tagiv1sauen

s & ) P a
nazaad %’\‘lﬁnﬂﬁﬂﬂTH’JmVlﬂﬂﬁﬁuﬂﬁﬂ 2.27

TP
Precision = — (2.27)

TP+ FP
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o

J J { o J a I @ 1 J a
4. 91331 (Recall) Aoa1i Tumaiuieldinesuudasidrumnilsvenss
9

nanua Faensomuda lanaaunisn 2.28

TP
Recall = — (2.28)

TP+ FN

¢ Y

23 aUnsaninedves
2.3.1 150-1500 mA Buck Regulator LED Driver for 1-50W High power LED
O’Qy 1:94/ I o gﬂ t:'
ginsalauiiiiudanilas DC/DC NWMVUNTZUAAINLALUUY step-down
=1 I~ 4 @ I a @ a . .
imsaeaemuseanlih (UVLO) mssniguugl mitesiunisiila19as (Open circuit)
o o K . J P g
499 LED 11azn1517097UN158A29935 (Short circuit) ¥09 LED uaz lasnosvesgunsaiiadl
I = A A = = = Y A a & o 1
viaan YUszansmngs Badesnn Ye1gnslsnunenuutazaaniig mMslsua e
LED @11150A7UANAI0NITNOREALLUANNNINU0WAd (Pulse Width Modulation - PWM)

WIUNU EN

gﬂﬁ 2.13 150-1500 mA Buck Regulator LED Driver for 1-50W High power LED
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Pin

Description

VIN

Positive terminal for 10V -45V DC Power supply

GND

Power Ground

LED+

Positive of LED terminal

LED-

Negative of LED terminal

EN

PWM terminal. When applied with ground cr suspended, full amount of current

will be output and when connected with +5v or VIN, cutput current will be 0.

gﬂﬁ 2.14 51992108AV9 150-1500 mA Buck Regulator LED Driver for 1-50W High power

LED

2.3.2 Logitech C310 HD Webcam

< L o 1 a 4
Logitech C310 HD Webcam 1 unaoanasdayaian1neiun1enouiuaos

) o 9 T a L] J A 4 <A 2 K 0
ﬁ']ﬁiUGlG]N']uW']uVI'NL'Jaﬂﬂlﬂﬂﬂﬂ MUNFBUIDTHION O NALITOU 9 ﬂluagﬂ‘um’iuﬂﬂ

Uszgndms 1dau

317 2.15 Logitech C310 HD Webcam
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AU aNIAVDI Logitech C310 HD Webcam
1. msaunumiuiale HD (1280 X 720 intwa) aiesuuituzii
2. M3UNNIATe HD: gaga 1280 X 720 Wokra
3. walulag Logitech Fluid CrystalTM
4. pnee: gega 5 auiina (USulgadeveduns)
233 @ureinduasi 18NAI — 200 (MQ — 200 Quantum Sensor)
& s A A o 3 A v 1
MQ - 200 (i uigesiaIoadio Tavaaniaunsannnla laoaor1u

[

a 9 VAo Y o I A 1 o Y
ﬁ'?ﬂ!ﬂ!ﬁﬂaLLﬁZﬂHWﬂ@!Lﬁﬂ\iﬂ'lﬂ’Jﬂllﬂﬂ?k“]fulﬁb'ﬂﬁuﬂ'li@f)ﬂLL‘UUg‘]JIﬂiJ‘I/IiJ ﬁﬂﬂ@uﬂgﬂ'ﬂﬁ
o ?7’ Y S A [ 9 ~ [l a 3’; A
ﬂuu’lhl@]@ﬂ'lﬂlﬁll‘ﬂ %umammﬁmnﬂaau‘ﬂuﬂﬂmmnamuduuazuﬂﬂ LUAZHIVITDDOADDN
o v v & v yyd v v
Tl'lﬂ'ﬁ'liJﬁg'E]'lﬂhl@ ﬂ?icl‘])'il'lu‘VI'JVI,“JJﬁ"liJ'liﬂ')ﬂllﬂ‘V]Qiuﬁ'ﬂ’lWLnﬂﬁ@Mﬂﬁ’NuN L%’t’]uﬂigfl]ﬂ ILae
v 2 Ay A < s o o q o v
W@QLW'I&ﬁENE]H“U'I@WGB ‘VI1EJ‘VIE]'@Lmul%@iﬂﬂﬂu@ﬂﬂﬂi%iuﬂ’]i'Jﬂ PAR/PPFD Gluﬁﬂ’lWLL'Jﬂaﬂll

¥ = 9 ¥ g Aa o
mahswdeganinaunimsilgnilzmss

~

apyget

Mage n 99

3 1 2.16 MQ-200 Quantum Sensor

2.3.4 Nvidia Jetson Nano Developer Kit

a J

Nvidia Jetson Nano Developer Kit Aogandmiuwaudyglszausg (A

v
= %

4 a 4 <
1a¥ Machine Learning Ta® Jetson Nano 1158 U1aioUIAT09ABUNAABDSVUIALANNNNEINS
UszuranaumenanIy GPU ¥84a18 Nvidia 81315954 neural networks 1ava1ee) @andous:
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[y U z:; 1 A A = an a A 9 U 1 d' 1
ﬂ‘llﬂﬂﬂaﬂmW"lgﬂTﬁﬂlﬂ’ﬂuﬂﬁﬂullfJ’l’)EJﬁLGUfJ'J HASYITAIIATIULVIUUUNIATIIUIRNIS AN
o Al a A = 1 o I A
igﬂ‘ﬂﬂluﬂaﬁﬁuﬂ’ﬂﬂﬁﬂlﬂ? G]f\?ﬂ'lﬂ?ﬁﬂWﬁuﬂllWWi;ﬁTMLﬂuUlTJ@]TJJﬂﬁNVI 33
@i,)

b’ n

— Avg(i,)

o)

STD(i,), = (3.61)

a

1 I 1 o 1 o 9o’ a a
ﬁ]”lﬂﬁllﬂ']i‘ﬁ 3.61 L‘].I“Llﬂ']ﬂ']iﬂ”lﬂuﬂil’]ﬁﬁf@’luLﬂW']gﬂWigﬂ‘UalﬂNualu‘]Jiﬂﬂ

QU

v
IdsoIQQJ o

@ 4 A A 1 l = so’ A a 1 an =
YOYTAUINUNT 40 D1AULYANITU (n) TﬂfJ°VILﬂﬂ‘NﬂNEWH\‘]§$ﬁ’JWQﬂWﬁMTNH'ﬂ@QiMﬂ%QNﬂ@ﬂﬁ

9 ! Y 9 I
RuruarRasmnemaitululsglidesdindu uazmsaromda e uunasgiu

U

;
a ¥ a X

1 o A ' o < ~
m‘wwmimuﬂluﬂgguﬂaﬂﬁumu GINﬂ1m'imwuﬂmmgmtﬂuhlﬂmumﬂw 33

(PPFD)n — Avg(PPFD)
STD(PPFD)n = (3.62)

O (PPFD)

H I~ [ ) 1 [
nnaums 3.62 1 Hummimruanesgiumszaua Uty Tagauy
' v o ) o o ¢ A a
nuiuved Iaeundngdunsiziaenad (PPFD) 19 40 1@ uUMamsal (n) Taginaain
J U U [ 9 [] [ d o d Y
HAA19TENINAITEALANMT LA Taen U Ui uved Iaounanydunsizialee
[ 1 d' 1Y 9 1 [ d v Jd Y
(PPFD) NUANRAYTEAUANMI LA Taganunuinduves Iaounansaaunsizvialane
(PPFD) 182115928A18 1D o UUNIATFIUIRNIZUDIAITLALAN M UL EI Taga1U
' v o o R ° 3
nuiuves Ilpeuldanddunsizialouss (PPFD) Faarmsmivuauiasgindluldai

A
13190 3.3
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A 9 v Y a 3 . .
AT NN 3.3 ﬂjﬂﬂ]@ﬂvaﬂﬂﬂﬂﬂﬂi‘]ﬂl‘lﬂﬂﬂ?ﬂmﬂu%‘lﬂ1iﬂ1ﬂ‘l&ﬂu1ﬁ5§1u (Standardization)

G

a v 1 o é’, 4
Tu1f591% RGB 11NNIzUIUMIANAAIAVANHULIRNIZTIA 40 11 N150]

T 1 sDG), | STDG ), | STDG,). | STD(PPFD) | ndathvisne
AN (n)
1 -0.21784 -2.60221 -1.60101 -1.85439 1
2 1.022533 -2.47328 -1.11025 -1.15954 2
3 1.399204 -0.54937 -0.43401 -0.46468 3
4 1.108409 -0.83935 -0.11957 0.186742 4
5 1.105837 -1.90966 -1.12094 -1.37668 1
6 0.760614 0.601274 -0.10741 -0.72525 2
7 0.969106 0.717684 -0.12927 -0.07383 3
8 1.256171 0.943752 -0.51882 0.577598 4
9 0.063713 -0.14858 0.478945 -0.89897 1
10 0.248725 -0.05086 0.670368 -0.24754 2
11 0.554516 0.454488 0.038414 0.403884 3
12 0.995913 0.985381 -0.97375 1.011882 4
13 -0.14021 0.074679 0.452497 -0.46468 1
14 0.274899 0.074679 0.452497 0.186742 2
15 0.48966 0.602176 0.012698 0.79474 3
16 0.782151 1.032552 -0.92396 1.446166 4
17 -0.39747 -0.03608 0.389442 0.013029 1
18 0.093537 0.061435 0.520631 0.621026 2
19 0.379863 0.72662 -0.66014 1.229024 3
20 0.575531 0.881843 -0.84914 1.793593 4
21 -2.41094 0.969047 1.19404 -2.02811 5
22 -2.24847 1.051968 1.671256 -1.59382 6
23 -2.2573 1.047746 1.647083 -1.07268 7
24 -2.30816 0.938369 1.802286 -0.59497 8
25 0.116163 -2.06517 -1.64758 -1.37668 5
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A 9 a A o Y a o . .
137190 3.3 ﬂ;ﬂGllﬂlqllaﬂ‘U‘V]Qﬂ‘]JﬁJ"’IJuWﬂﬂ’JEJWIﬂuﬂﬂﬁﬂﬁ’iuﬂilWliiﬁﬂl (Standardization)

a v [ 2’, 4 1
T39I RGB 11NNz UIUMIANAAIABANHULIANIZNI 40 11HAN130! (410)

T 1 sDG), | STDG ), | STDG,). | STD(PPFD) | ndathvisne
AN (n)
26 -0.76847 -0.98877 1.202105 -0.89897 6
27 -0.99694 -0.86163 1.289097 -0.46468 7
28 -1.25303 -0.88944 1.275161 0.013029 8
29 0.446339 0.42176 -0.53748 -0.72525 5
30 -0.13407 -0.69951 0.979744 -0.24754 6
31 -0.41991 -0.46962 0.896564 0.186742 7
32 -0.72161 -0.86553 1.245486 0.621026 8
33 0.785152 0.838813 -1.09176 -0.07383 5
34 0.165755 0.046011 -0.01624 0.403884 6
35 -0.10179 -0.01642 0.361931 0.79474 7
36 -0.4512 -0.07479 0.056654 1.229024 8
37 0.996312 1.210059 -1.82795 0.577598 5
38 0.4038 0.782817 -1.51651 1.011882 6
39 0.069866 0.58483 -0.87637 1.446166 7
40 -0.23636 0.20422 -0.38257 1.793593 8

1195911 (Standardization) 11u1/59

@ =
mamsal Tagh

~ I 1 9 A A [ 9 a o
1NN1T 1N 3.3 LTJuﬂ']Glgﬂsllf)ﬂ;ljaﬂ‘llTlQﬂ‘llﬁ‘]JGUUWQQ'JEJWIﬂHﬂﬂ']ﬁﬂ']Wuﬂ

! 9

Q

QU

v
o

v
1 RGB NNITUIUNMITANAAAUANHUSIRANIEN 40

1 dy [ Y A L] 1 & 1
mgadoyariaItazgnilsuvmnaasliimaond 1ugia [-3,3] HaA1999a (Max)

YougAToyalAMINY 1.80229 LAzAIMIEA (Min) Yo9gadoyalin wnIny -2.60221
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9 Y o A2 =2 o Y 9 o Y 9 A aa A
ﬂzﬂﬂ]@ﬂsljahl@ ALRUINVU ﬁﬁﬂJﬂQVHGL‘WGlf'N"’IJ'E]ﬂsljaaﬂﬂ']'lll“lﬁ_lclf@uﬂl@ﬂﬂ;ﬂﬂl@gaiuﬁ@ﬂmﬂﬂﬂﬁﬂﬁ@

[ o

° 1 o o 7 o 4 2 & g = A
Srumqudanyuzilanuduwusiuuingsvy suiuldawgda 3.10aens

e

4 9

ANuFuRusvesgatoyaaungnluvIAdIemMATIANIT M UANIATIU (Standardization)

Y

[ 1 [ ]

“luﬂ?gm RGB 910038 UIUMITANAAINUANHUSRNICIINNINIDILUDADATLUAINITAN LA

Q
4 9

au3l 3.11 AensanuduiusvesyadoyaduignilSuvuiadramaiianisdivua

]

11A391U (Standardization) 1UUTQUT RGB 910052 UIUMTANANIAUANHULIANIZIINAIN

U

Y
o A [

1 A ¥ ti'
YoUUDADATUUIUVNTAN

nsvlanuduiiuivesyadeyadviigndiuvinaluisgia
RGB 31AAndasusadaanad
Red =—#—Green Blue PPFD
3
aé )
% A
=
B \ \ \ L
£ 0 / - :
B / - o v
E ' -
=z | /
= / |
2 2
e
3
1. 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ddumigmsal

U

{ o v a { [ a o
19 3.10 nswlanuduiusvosadoyaruignlivvmadremaiiamsimuainasgiu
(Standardization) 141/3NT RGB 91ANTEVIUMIANAMAVANHULIANE

1 A g‘/ d’
INNTNYDYLDADATLLANNITAN
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nsanuduiusvesyadeyadvigndivvinaluligia

RGB 91nA1Hdosudanaadidiu

—4—Red Green Blue PPFD

'
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=

o

IR CR R AR
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$
i
s
"4
¥
\
/ ?

A

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

SAumAmIal

A v o 9 a A @ 9 a o
iﬂ‘ﬂ 3.11 ﬂi1Wﬂ31hﬁmwuﬁﬂlﬂﬂﬂjﬂﬂlﬁuaﬂﬂ1ﬂﬂﬂ‘]Ji‘]J"lJ‘LlW]ﬂ’f]flmﬂuﬂﬂﬁﬂﬂfiuﬂlﬂﬁ‘iﬁ1u

u U Y

(Standardization) 111/3NT RGB 91ANT2UIUMIAAAMABANHULIRMNIZIINA N

9
ya Q/d’

#0810 ADATUNUIUNITA

a a J d (v
3. yadeyalnialgnaianisdinsizriednsznoundn (Principal

Component Analysis) 1413 9Ha RGB 210032 UUMsafanInManyue

v
A A o A

MINZINMNE DD ADATUAWAZ TN

9 P~ @ 1

£
El‘L!ﬁ’]Ll‘L!ﬁf]’ﬁ’)uﬁjﬂ‘ﬁWﬂﬂ@uﬁ1ﬂgﬂﬂl@Naﬂm@ﬂ?ﬂﬂigﬂﬂufﬂiﬁﬂ 1

U

)}

De

(% = 1 ]

Auanvazmniz luligll RGB g laseiielszamiion dauiiazgnisonigadoyaluain

a a L4 J @ v
gnulasiiemaiinns a1z iesn1lszneunan (Principal Component Analysis) TagWannis

de

a v W o s 1 a 7 '
Tumsudasdoyaaromaiiail suavusnsuiludosianunindanuulslsiusm

o 4

~ [ o A 1 a 4 o
(Covariance matrix) ATNANNITN 3.63 AL 3.64 DUAUNTOIVEHIANUNT NS THAUNUS
(Correlation matrix) MNANNITN 3.65 11AT 3.66 LNONIAIGNYULIRNIE (Eigenvalues) 1A

J o . Y A o ] " Y a o
LINDIANHEIRNIS (Elgenvectors)1/]1El‘ﬂ’L‘;fﬂvnﬂTi!L‘l]ﬁQ%@ﬂl@hﬂﬁiﬁhﬂ'ﬂﬁlwﬂﬂmmﬂﬁﬂ%

[

1 Jd o @ ] ] a 4
imiam’mma‘iaﬂymzmwwﬂwgﬂ%y’amﬁﬂﬂgﬂgmﬂwﬂugﬂuummmmﬂwnmmmﬁ

U

113.71,3.72, 3.73, 3.74 uaz 3.75 Muaa 1
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(3.63)

Cov(x,y) = ZN: [(x)" _ Avg(x)][(y)n ~ AVg(y)]

(N — D

n=1

= < @ 1 1 1 .
1NANMIN 3.63 1HuenA0819M5HIAIA1NNY159U594 (Convariance)
2 a 1 o o ~ 9 1 A Y (7 o A
FUNANNHATINTENINAT x TIUIUN n aUAIBANRAY x HAzAUAIBAT y T1UIUN 0
Y = Y Y o g v & Ya o o 1 D
AVAILAUNAY y LATYANI8HITATIUIUNINUAAUAIBH U TasIT89z1A1gadoya
3}, o (% = 9 1 v A A Al = 1 v A A
nanua au 4 aals FalsznenlidremszauduaslulSgiidesauas arszaumaenlu
=Y al = 1 v A %’ a = a =~ g a 1 [ 9
USgligesmues Arszavdintululsgligesdintu uazmszauanuduuaalngniy
(] [ d o 4 g’/ o w 4 1
numiuves Ipouangdunsizialonas (PPFD) 119 40 a1aUan15al (n) 1 lauunulu
ausunuainds x taz y lTumsmansemuaunsi 3.64
Cov(i,,i,) Cov(i, i Cov(i i) Cov(i,,PPFD)
Cov(iy,i;) Cov(iy.iy) Cov(iy,iy) Cov(iy,PPFD)

Cov(iy, i) Cov(iy,iy) Cov(iy,i,) Cov(i,,PPFD)
Cov(PPFD,i;) Cov(PPFD,i,) Cov(PPFD,i,) Cov(PPFD,PPFD)

Covariance matrix = (3.64)

A I ' a 4 1 .

NFAUNITN 3.64 11D UNITHIAUNNTNFA1 WL 5UTIUTIY (Covariance
v H H o 1 Y] ) o .

matrix) 911 1A0InauN139 3.63 Nszgnd lFsaunuyadoyatiuiu 4 dwnls Felsznev 1y

9 1 v A =Y al = 1 v A A =Y aln ==t 1 v A ?,J a
aremszavauadlulSglidesduas mszavaverlullsgidesmiver arszauauninly

al =y %I a [ @ 9 [l v o d Y

Ysglges@inau nazaszauanuInue Tasanuruiuved Idaouldngdunsiziale

o I Y a 4 1 . o
11e9 (PPFD) M1t ldmsnduine 4x4 yazaunisanuulslsiug (Covariance) 914U 16

= 9 v 1

a 4 1
qunig Gluﬁl1ﬂ1/lﬁﬂN’Jﬂ‘c’lﬁﬁﬂiﬂ?ﬂﬂuﬂﬂiﬂ%ﬂ’nuuﬂ‘iﬂiﬁ]ui’)‘h (Covariance matrix) h],@a]jﬁﬁ\l

Q U

e

v A

A15199 3.4 A9l

A 1 a J ' ) o A
A15199 3.4 AMN3nFANUN5159U59W (Covariance matrix) dm5ugadoyaluil5giid RGB

Covariance matrix

ir ig ib PPFD

l'r 348.7756 -47.1794 -274.534 155.6952
ig -47.1794 730.1429 62.66694 269.905

ib -274.534 62.66694 379.862 -110.898
PPFD 155.6952 269.905 -110.898 530.2154
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~ I~ 1 a 4 1 . . Y
10015199 3.4 W uAUNNINFA1UL1515915IU (Covariance matrix) H4

o 1

Ay ¥ " A ' v o . A ' a < v o .
azihian Idmaiil Tumiaanduwus (Correlation) ¥30 ANUNTNFANTUWUT (Correlation

matrix) AUFNNITN 3.65 1AL 3.66 AVAIAY

Cov(x,y)
Corr(x,y) = ———— (3.65)

O (x)O(y)

{ < @ ] 1 v o J :
VINAUNIN 3.65 HUENAILENNMIMIAIANUARTUWRUT (Correlation) &9
a 1 @ o ~ Y 1 A Y o o A
ANINHATINTZHINAIT x TIUIUN n aUAIBAURTY x tazAaAIEAILLlT y TIUIUTN n A
¥ 1 A Y ) & Y & 9a o o 1 v 2
AWAURAY y AT YANIENITAIIIIUIUNINUAADAIIN IS TagrIdeaziA1yadoyaniviua
$uu 4 s salszneu lddremszaudualulSgiidesduns amszaumaionlulingl

1 U v A %I a =Y a = %I a U (% 9 1
ﬂ@ﬂ%t%ﬂ? mszavadIululsgigosaniau l,l,a3ﬂ1§$@°Uﬂ’JHJHI?JLL?(\?I@EJ?]'N&JWHHLHH

u

v Jo ¢ kY o w ¢ v v o
voaIaeundnddunsizyialonad (PPFD) M3 40 a1 UL1ie1N138! (n) alduumuludunls

unuawils x tag y Tumsmanassanudaunisi 3.66

Cov(ir,ir) Cov(ir,ig) Cov(ir,ip) Cov(ir PPFD)
a(ir)a(ir) a(ir)o(ig) a(ir)o(i,) a(ir)o(PPFD)
Cov(ig ) Cov(ig ig) Cov(ig ) Cov(i,PPFD)

- - o(ig)a(ir) o(ig)o(ig) o(ig)o(iy) o(ig)o(PPFD)

Correlation matrix = Cov(iy ir) Cov(iy ig) Cov(iy i,) Cov(i, PPFD) (3.66)

a(ip)a(ir) a(ip)o(ig) a(iy)o(y) o(i,)o(PPFD)
Cov(PPFD, i) Cov(PPFD,ig) Cov(PPFD,jy) Cov(PPFD,PPFD)
LU(PPFD)U(ir) o (PPFD)o (ig) o(PPFD)a (i) U(PPFD)O‘(PPFD)_

A < ' a v o . L=
IINTUNITIN 3.66 Lﬂuﬂ1iﬂ1ﬂ1lhﬂiﬂ°ﬁﬁﬁﬁhwu‘ﬁ (Correlation matrix) ¥4

wildnnaunsi 3.65 Mlszgndlgsuiuyatoyadiuiu 4 dauls Falszneulildaonn

R

% = a ol =S 1 (%) == a1l a A 1 % =S %I =) al =
szauaualuilsglidesanas mssavmverlulsgidesmue mszaumiaululsgidesd

U

901 a 1 [ 9 ] Y] d o JdY
WY azmseauANUTNLas IaeaNuruuUuYe llaeunansdunsizialoes (PPFD)

o

o ¥ A < o o & . ° Y A
']Glﬁulﬂlﬂﬂﬁﬂ“]féllu']ﬂ 4x4 aza UM ITHAUNUT (Correlation) UIU 16 AUNIT Glumﬂmjﬂ

9 o '

a 4 J . . 9 ~ [ dy
WA MT0MANUNI NFANNulsdsIuian (Covariance matrix) 1dmuarsned 3.5 aall

U
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~ ' a 7 v o . . o o 9 A
ATNN 3.5 ANUNINYAUTUNUS (Correlation matrix) mmm;may,aluﬂ?gm RGB

Correlation matrix

i ig I, PPFD
[ 1 -0.09349 -0.75424 0.362056
i -0.09349 1 0.118993 0.433791
I, -0.75424 0.118993 1 -0.24711
PPFD 0.362056 0.433791 -0.24711 1

~ I 1 a o ] v J . . = o VA
10A15199 3.5 W UANNNT NF AN TUNUT (Correlation matrix) §99&H1AIN

9 9
U 1w o 1 Jd o
HlﬁjlﬁQTfl HlﬂﬁTﬂWﬁﬂBﬂ!gLﬂWWZ (Eigenvalues) uazmﬂuu'ﬁwmummaﬁaﬂymzmww

% A o ) a T v . ' 4
(Eigenvectors) ‘%Qé}’lﬁ]S%ZHHﬁUG’J%ﬂ'ﬁﬁWﬂWﬁﬂEﬂ!%!ﬁW"m (Eigenvalues) LHasAINADT

o . o 2
ANYULIANIY (Eigenvectors) fage 11l

Sol"

det(A - A1)

1
-0.09349
-0.75424
| 0.362056

1-4
-0.09349
-0.75424
| 0.362056

-0.09349
1
0.118993
0.433791

-0.09349
1-2
0.118993
0.433791

-0.75424
0.118993
1
-0.24711

-0.75424
0.118993
1-1
-0.24711

0.362056 |

0.433791

-0.24711
1

0.362056 |

0.433791

-0.24711
1-1

(14 ~42%-5.02791% - 2.15266 1 +o.275521)

O O O

(2-1.95272)(1-1.37094)( 2 -0.44512)( 2 -0.231216)

Ans 4, =1.952723, 4, =1.31094, 4, = 0.44512, 4, = 0.231216

an 9 9 <3| as 1w . an
15N T NAUATMITHIAANH UL IR N (Eigenvalues) 91N35N19

v o A ~ 1A I a 4 . o Y I a 4
AINTHUANTDITININAINDIULUUA (Determinant) Iﬂflfﬂﬂuﬂslﬁ A!lﬂutﬂulh‘ﬂiﬂ‘ﬂf

9 1

o v J [ 1 ]
ANTUNUT (Correlation matrix) HAzaUAIIMANHULIRIE (Eigenvalues) ﬁ;ﬁﬁwmmmimﬂ
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o ¢ A o4 o Vo
LL‘VIH?’Q]}”J?J ﬁu L!ﬂ3ﬂﬂlﬁjﬁﬂlﬂﬂaﬂymluﬂﬁﬂcﬁﬁllmuﬁjfJ I UUFTIUITOUIATIANHUSIRNS

(Eigenvalues) Taefivianuasmaw 4 i ldun A = 1952723, A, =1.37094, A = 0.44512

[ 4
uay A, = 0231216m w18y luhehgahaidnyazimme (Eigenvalues) a1t lUwasn

1INV

Sol"

4
Jd . Y as A o v .dy
Sanvazmme (Eigenvectors) 1aaa1u1sn laauisnmsniuaue ane Uil

(A-ADX =0

1 ~0.09349 —0.75424 0.362056 X, ] [0
~0.09349 1 0118993 0433701 X,|_|0
-0.75424 0.118993 1 -0.24711 X, | |0
0.362056 0.433791 -0.24711 1 X 0

v
(1-2) X, —0.09349X, —0.75424X, +0.362056 X, = 0 — (1)
-0.09349X, + (1-/1) X,+0.118993X, +0.433791X, =0 — (2)
-0.75424X, +0.118993X,, + (1-/1) X;-024711X,=0 - (3)
0.362056 X, +0.433791X, —0.24711X, +(1-1) X, =0 > (4)

[ —0.65071 |

—0.05616

Unu il = 1.952723 a9 laums (1)—4); )?1 =
0.620655

—0.43383
L J

[ —0.18563 |

0.772367

Ny /12 = 1370943 adluaums (1) — (@) ; X; =
0.259254

0.549343
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[ —0.05244 ]

—0.6246

LNy /13 = 0.445121 a3 luaums (1) —(4) ; )23 =
0.368421

0.686582

[ —0.73442 |

—0.10086

unu A, = 0231213 agluaums () — @) ; X =
—0.64175

0.19651

an 9 9 J v . o Y
ITMITVNAUNINNDTANHAULIRNIY (Eigenvectors) Tasnvuala A unu
I a o v o A . v "o . Y l
WUUINTNFAHTUNUT (Correlation matrix) HAZALAIIATANHULIRNIL (Eigenvalues) A28
9 [ o a s 9 A a A A a A J o
LAZAUADNANHULUNITNFNUNUAY [ IHUDULAN LANINUINIAUADIINADIANHUSIRNIE
v —_— Y Y
(Eigenvectors) NUNUAI8 X MIAUUUNUASIHULIRIE (Eigenvalues) 1A8NaNUATINIU 4
1 9 1
i ldun A =1.952723, A, =1.37094, A, = 044512102 A, = 0231216 asluaums (1),
Y A Y Jd o 3 an 9y 9 o
(2), 3) uag (4) Tuwwwqmzhlmammmﬂymzm‘ww (Eigenvectors) AMNITNITUNAU LAZN
a ¢S W = £ 2 J A
MIWNINFaaU/asu (Transpose of a matrix) ¥ u lawaunisn 3.67, 3.68, 3.69 uag 3.70

AN
(K)T - [-0.65071 -0.05616  0.620655 -0.43383]  (3.67)
(%)Tz [-0.18563  0.772367 0.250254  0549343]  (3.68)

(%) = [-005244 06246 0368421  0.686562] (3.69)

(24)T (073442 010086 064175 01965  (3.70)
STD(i ),
| stod,),

"= | sTDG,), G.71)
STD(PPFD),
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vnaumsi 3.71 Jumsiagiuuuvesyateyaluiliegluginuuves

a J é Y 1 o 1 v A = a
WINTNFUUIA 41 ‘ﬁfﬂﬂi%ﬂﬁ]iﬂ,ﬂﬂ?ﬂ ﬂ1ﬂ13ﬂ1ﬂuﬂﬂ1ﬁiﬁ1uLﬂWW%ﬂﬁzﬂ‘]JﬂLLﬂﬂeluﬂiﬂllEJE]EJ

U

a

= 3}, o w o 1 o 1 v A A =3 1 S A
TUAINT 40 AAULHANITU (n) ﬂ1ﬂ1iﬂ1‘ﬂuﬂlﬂﬁi;’§1uLﬂ‘V‘H%ﬂ1§$ﬂﬂﬁlﬂ]831uﬂiﬂllﬂﬂﬂﬁl"ljﬂ’3

U

b
a? a 3
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14 151.6733 | 1532622 | 223.831 61 2
15 153.065 | 144.8262 | 234.626 75 3
16 153.5694 | 142.9502 | 238.761 90 4
17 142.5744 | 169.8206 | 206.12 57 1
18 150.0305 | 153.9965 | 223.11 71 2
19 152.3877 | 146.6418 | 229.286 85 3
20 153.7989 | 1457713 | 233.465 98 4
21 101.9598 | 217.4928 | 254.406 10 5
22 98.76084 | 191.3989 | 254.973 20 6
23 99.03312 | 190.0642 | 254.959 32 7
24 96.60589 | 168.079 | 254.987 43 8
25 120.3254 | 163.4895 | 234.785 25 5
26 113.4677 | 1457175 | 250.332 36 6
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M 1sTDG ), | STDG ), | STDG ) | STD(PPFD) | nduhvsne
HANIIM (n)
1 -2.56525 0.837693 -0.03503 -1.85439 1
2 -2.20659 -0.34481 0.459057 -1.15954 2
3 -2.22972 -1.28731 0.723787 -0.46468 3
4 -2.23043 -2.70333 0.976773 0.186742 4
5 1.00147 0.413529 -1.31587 -1.37668 1
6 0.926372 -0.65222 0.210446 -0.72525 2
7 0.940549 -0.51437 0.350475 -0.07383 3
8 0.710805 -0.16761 0.504575 0.577598 4
9 0.891441 0.610322 -1.58847 -0.89897 1
10 1.018032 -0.30118 -0.41648 -0.24754 2
11 0.999029 -0.49874 0.044984 0.403884 3
12 0.847692 -0.92456 0.442046 1.011882 4
13 0.755446 0.624821 -1.96574 -0.46468 1
14 0.946901 -0.30525 -0.79598 0.186742 2
15 0.99408 -0.76251 -0.1252 0.79474 3
16 1.011178 -0.86419 0.131736 1.446166 4
17 0.63846 0.592262 -1.89645 0.013029 1
18 0.891215 -0.26545 -0.84078 0.621026 2
19 0.97112 -0.6641 -0.45703 1.229024 3
20 1.018956 -0.71128 -0.19734 1.793593 4
21 -0.73832 3.176239 1.103884 -2.02811 5
22 -0.84676 1.761869 1.139112 -1.59382 6
23 -0.83753 1.689523 1.138209 -1.07268 7
24 -0.91981 0.497861 1.139965 -0.59497 8
25 -0.11575 0.249097 -0.11531 -1.37668 5
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26 -0.34822 -0.7142 0.850733 -0.89897 6
27 -0.46012 -0.65213 0.978173 -0.46468 7
28 -0.58486 0.94159 1.054319 0.013029 8
29 0.145546 0.771037 -1.16285 -0.72525 5
30 -0.14129 -0.23366 0.477764 -0.24754 6
31 -0.28017 -0.35378 0.771205 0.186742 7
32 -0.39555 -0.29986 0.933095 0.621026 8
33 0.305441 1.311174 -2.14652 -0.07383 5
34 -0.01782 0.029281 0.24129 0.403884 6
35 -0.12924 -0.50254 0.509411 0.79474 7
36 -0.25317 -0.5036 0.745531 1.229024 8
37 0.408628 1.356918 -2.51708 0.577598 5
38 0.066028 0.218415 -0.1346 1.011882 6
39 -0.03686 -0.26227 0.197304 1.446166 7
40 -0.1509 -0.59267 0.586849 1.793593 8
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(3.90)

Cov(x,y) = i [(X)" — Avg(x)][(y)n B Avg(y)]

(N — 1D

n=1

A I o 1 [ 1 .
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ih is iv PPFD
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iv -236.237 -65.1918 259.006 -14.5741
PPFD 282.7271 -221.309 -14.5741 530.2154
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o(i,)0(i,) 0 (i,)0 (i) O (i, )0 (iy) O (i, )O (PPFD)

Cov(ig i) Cov(ig g ) Cov(ig Jiy) Cov(ig ,PPFD)

. . O (i, )0 (i) O(i,)O (i) O (i )0 (iy) O (i, )O (PPFD)

Correlation matrix = o (3.93)

Cov(iy ,i,) Cov(iy,iy) Cov(iy i) Cov(iy ,PPFD)

O (i,)0(i,) 0 (i,)0 (i) O (i,)O(iy) O (i) O (PPFD)

Cov(PPFD,i,) Cov(PPFD, i, ) Cov(PPFD, i, ) Cov(PPFD,PPFD)

O (PPFD)O (i) O (PPFD)O (i, ) O (PPFD)O (i}) O (PPFD) O (PPFD)

wldanaunish 3.92 Mlszgnd l95miuyade

a

4
aluif3giiges Hue MANNFgnivesaluils

A I ' a o v o . L=
IINAUNITIN 3.93 Lﬂuﬂ1ﬁﬂ1ﬂ1lhﬂiﬂcﬁﬁﬂﬁhwu‘ﬁ (Correlation matrix) %4

Y

Y

NNEDE Saturation AANNAIVBIT 11159

yas1uu 4 auls ¥alszneulidrenna

a

Y
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1 J o ] v o 4
808 Value LL@%ﬂ'l§$ﬂ‘]Jﬂ’ﬂllL"’IT?JLLZ‘TQI@]EJ?YM?JWHMLHHEUENIW@@HWQT‘I“B@'QL?‘IS1$W@9{38LLE‘TQ

@®PFD) I 1dunsnduuna 4 X 4 uazagumsanduwus (Correlation) 314U 16 dums Tu

=

9 9 o 1 a2 4 1 . . ) A
‘VHEJ‘VIE‘Iﬂ@3%8?1’1111‘50‘141?1%%‘1/]5ﬂ“]fﬂﬂiluﬂiﬂi’mi’m (Covariance matrix) Tdaumsan 3.10

[

&
IU

~ ' a o v o . . S o 9 A
ATNN 3.9 AUUNINEANAUNUTS (Correlation matrix) ﬁmmﬂgﬂmagaiuﬂ?gua HSV

Correlation matrix
l ; is l ) PPFD
ih 1 -0.02872 -0.49759 0.416222
is -0.02872 1 -0.21956 -0.52095
iv -0.49759 -0.21956 1 -0.03933
PPFD 0.416222 -0.52095 -0.03933 1

A < J a J v o . . = o 1 Ay Yy
INATNN 3.10 WUANUNI NFaAnTUNUS (Correlation matrix) “]Nfl]giﬂﬂﬂflulﬂ

E4 9
1 1w o 1 J v
1Manil ”lﬂmmaﬂymzmwwz (Eigenvalues) uazmﬂuu$qw1ﬂ1mﬂmaiaﬂymzmww

Iy o o

(Eigenvectors) B4739892 1

u

o AN it
ANYULIANIY (Eigenvectors) aage )il

Sol”
2 1 —0.02872 —0.49759  0.416222 | 0 0 0]
—0.02872 I —0.21956  —0.52095 1 0 0
det(A - A1) = - A
—0.49759  —0.21956 1 —0.03933 0 1 0
0416222 —0.52095 —0.03933 1 0 0 1
[ 1-A 0 —0.02872  —049759  0.416222 |
—0.02872 1-A  —021956 —0.52095
| —049759 021956  1-A  —0.03933
0416222  —0.52095 —0.03933  1-/4

a " 1 4
uﬁum%mammaﬂymzmww (Eigenvalues) UAZAUINIADT
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(/14 —aA =525 A" —2.52787/14-0.393217)

(A—172812)( A —147315)( A —0.470345 ) ( 1 —0.32839%)

Ans A =172812, A, =147315, A, = 0470345, A, =0.328396

am 9 Y I ax Y . ax v o
M IVAUITMIMMEan UM (Eigenvalues) 31035N19AINTHUA

~ a 4

A 1A 4 . o Y I a 4 @ o 4
HIDLTININAINDITUUUUA (Determinant) Iﬂﬂﬂﬂ’iuﬂi‘ﬂ AN NI nFa A UNUT

(Correlation matrix) 1Az AUAIAANHULIANIZ (Eigenvalues) NHIVIADINITHIAWNUAIY A

[ 4 a o g’/ 1 o
uazﬂmﬁ’amaﬂaﬂymmmﬂmﬁtmuﬁw I NUUTINTOVIAANHUSIRANE (Eigenvalues) Tag

9 | § —_ =
S nuasiuay 4 a1 ll@s]/uﬂﬂl—l.728l2’ﬂ,2 1.47315’13 0.470345 | .

= o v A o 1 w . 1 g 1 14
14 0.328396 g gighen Gluﬁ’wwqﬂmmaﬂymzmww (Eigenvalues) mai! lmanniaes

¢ . 9 ax A o v 0 dy
anyuzmNIE (Eigenvectors) Tasausa laaudsmsninaue aane llil

Sol

10 A-ADX =0

2z 18
[ —0.02872  —0.49759  0.416222 ] x| [o]
—0.02872 1 ~021956  —0.52095 X | |o
—0.49759  —0.21956 1 —~0.03933 | 1. A x| |o
0416222 —0.52095  —0.03933 1 x, | |0

¥

(1-4) X, —0.02872x, —0.49759X +0.416222X, =0 —> (1)
002872, +(1-4) X, —021956 X, —0.52005X, =0 —> ()
049759, —0.21956 X, +(1-A) X, —0.03933x, =0 —  (3)

0416222, —0.52005X, —0.03933x, +(1-A)x, =0 — (@
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[ —0.59923

0.372176

unu A = 172812 adlwaums () —@) 1 1d X, =
0331131

—0.62671

—0.35568 |

—0.61365

oy
unu A = 1.47315 adluaums ()—@) i laix, =
0.633042

0.310139

—0.41276 |

—0.57328

wnu A, = 0.470345 adluaums (N—@) w1 X, =
—0.64677

—0.28751

[ —0.58655 |

0.395314

unu A, = 0.328396 axluawms () —@) ag1d X, =
—0.26701

0.654511

an 9 Y J v . ° Y
ABNITVNAUNINADTANHUZIANE (Eigenvectors) 1A8A1HUATH A NU
I a 4 v o S . 9 T o . 9 ﬂ/
WUUNT ST HTUNUT (Correlation matrix) {asaUAIYAIANHULIRNE (Eigenvalues) AY
9 @ o a s 9 A a A A a A -
HAZAAUAIBDNANHANNI NFNUNUAIY T IHUDUAN HATINUIINANADIINADTANYULIANIE
] —_— Y Y
(Eigenvectors) NUNUAI8 X MINUUUNUAISIHULIRNE (Eigenvalues) 1a8HNanuAs1LIU 4
A ldun A, =1.952723, A, =1.37094, A, = 0.4as12uaz A, = 0231216 aaluaums (1),
{ Y A o
(), 3) uaz () luihengasz ldnnmesanyuzimnz (Eigenvectors) AMUATMITNAU LA
a v e 4 LA 4
MIIUNINFAaU/A8U (Transpose of a matrix) Fudu laruaunisi 3.94, 3.95, 3.96 uag 3.97

ERIEShIGHT]



97

()Z)Tz [—0.59923 0372176 0.331131 —0.62671:' (3.94)
(§2)T= |:—0.35568 —0.61365  0.633042 0.310139} (3.95)
()?;)Tz —041276  —057328  —0.64677 —0.28751} (3.96)
(5(4)T: ':—0.58655 0.395314  —0.26701 0.654511} (3.97)

STD,),

“ STD(,),
" | sTD(,), (3.98)

| STD(PPFD), |

{ I 1% ] '
Mnaumsn 3.98 Wumsiagluuvvesyadoyalnildedlugdnuvues
a 4 é Y 1 o 1 = = a
wnsnguua 4x1 Falsznev lUare Amsimuamiasgiummzaunadlugiglges Hue
g‘/ o W 4 1 o 1 a Q‘{ a a
N9 40 1A UIHANITAl (n) AIMIINHUANIAIT IR WIZAIANNUTgNTveedlulsgliden

a

v
1Y o W 4 1 o 1 1 =Y
Saturation 19 40 A1AVLHANITY (n) mmsﬂmuﬂumﬁgmmwwmmmmnmm?ﬂuﬂigu
Y
1 o o @ o 1 [ 1
808 Value N9 40 a1AULMANITA (n) HALAITEAUANMA NI TAIAIUHUIMU UV
v o J Y Z’, o w o Y ~ Y v
Taouvlansdaunsiznalenad (PPED) M4 40 a1AULMANITA (n) Gluqumu,mwaawmm
1 a a 4 4 %
ﬂgﬂ"f’l”émuaslﬁ11@9]”38!,‘1/]ﬂ‘uﬂﬂﬁ’uﬂﬁgﬁaﬂﬂﬂizﬂaﬂﬂaﬂ (Principal Component Analysis) 3¢

Aulauaunisi 3.99, 3.100, 3.101 wag 3.102 AR

Y(, ) 2(3(1 )T X (X) (3.99)

A I @ 4 ] a a 4
INTUNITN 3.99nJuwaawmmm%’agaiwnﬁ'aﬂmﬂuﬂmi’;m‘iww

4 (% J = a aa g}z o w
p3Alsznounian (Principal Component Analysis) ﬂlmﬂ1m@ﬁ°luﬂigmaa Hue N3 40 a9

o a a 4 1 a d o ~
MM (n) T@ﬂgﬂﬂﬂ1ﬂwaﬂmgumiﬂmi$wawmmﬂcmamﬂaau (Transpose of a matrix) YD
s o Y] ) ' A R o @ )
NAKMBDIANHULIANIE X, ﬂmgﬂeuauﬁaiwﬂugﬂuummmmmm FINTHAANDTUDIYAUDY D
1 a a 4 4 [ a3

Tnisremalinmsinizriesndsenounan (Principal Component Analysis) Auldamaisia

n3.11

Y(i ) =(§(2 )T ><(Xn ) (3.100)
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4

Mnaumsi 3.100 Humadnivesyatoyaluidromainnis iz
94RYsZNaUNAN (Principal Component Analysis) summmmﬁqm’émmﬁiuﬁgﬁd%
Saturation 113 40 §1dumAM3 el () TaoiRannragaun3ndsznramumi ndaduldou
(Transpose of a matrix) V@4IMeI bz Xo fugateyalmilugduvuveammind
éqﬁmaﬁ’wﬁmawmﬁj’auﬁaiwu'ﬁ’aﬂmﬂﬁﬂmﬁmﬁzﬁmﬁﬂizﬂa‘uwa‘”ﬂ (Principal Component

Analysis) 19 T enuansnad 3.11

Y@ ), =(§3 )TX(XH) (3.101)

A < v ] a a L4
Mnauns 3.101 Huradnivesgadoyalvnidremaianisinsizw
J [ ' o J
94A132NOVNEAN (Principal Component Analysis) ¥84) A1N1IMUUANIATFIVRIIZAIAIIN
1 =Y Al 2’, o w 4 a a J 1
a119v09a Tu1f3lgee Value 119 40 S1AUHMANTA (n) TAGAADINHAYVINNTATIZHITIUN
a 4 (Y : J o = @ ]
Sndaauiagu (Transpose of a matrix) Y9IINADSANHULIANIE X5 nUgAToyalrlu
a ¢ = 1 Y] 4 9 "y a a 4 4 [
JUBuBVRUNNT NG FIAHAdNTUBIYATBYA InUAIHMANANTAATIZHBIAYTENOUNAN

(Principal Component Analysis) 1314 11/a 1015197 3.11

v(pPD), = (X4 ) X(x, ) (3.102)

A I o J 9 " Y A a o
INAUNITIN 3.102 L‘ﬂuNaﬁWﬁﬂ]@ﬂﬂgﬂﬂl@yjaiﬁﬂﬂﬂmﬂﬂuﬂﬂ13’3!ﬂ51$°ﬁ

4 [ 1 @ ]
oenlsenauvan (Principal Component Analysis) YBAMTLAVANNITULE TABA MUY

v o I Y & o w Jd a
vod lilnounansdunsizvialonds (PPFD) 14 40 A1AUVLANTITU (n) Iﬂﬂlﬂﬂﬂ’]ﬂﬂﬁﬂmluﬂ

a 4

J a J o { Jd v = (Y
SAFTEHIUUNT NFTA LAY (Transpose of a matrix) YBININADIANHUSIRNIE X4 NUYA

9 [ a S = 1 o o 9 1Y a a 4
m@yja”lwuclugﬂzmummmmﬂ% ‘ﬂNﬂ”INﬁﬁW‘ﬁﬂl@\ﬂ)"ﬂ‘u@lluﬂclﬁNﬂ'lfll‘ﬂﬂuﬂﬂWi'JLﬂﬁ”l%ﬁ

24A32A0UNAN (Principal Component Analysis) 1114 11/a1ua1319% 3.11



A 9y 1A Y a a J J v . .
M3190N 3.10 yadoyaluungnuilasdirematinnsunigresntlseneundn (Principal
Component Analysis) THUTQUT HSV 91003209UMIanamAanyausinng

) @
N 40 1HANIT

dwumgnsat @ | Y@, | YG), | YG), | Y(PPFD) | nguihwane
1 2999503 | -0.19893 | 1.134433 |  0.631445 1
2 2.072617 | 0.927417 | 1.144953 0.27647 2
3 1.38789 | 1.897094 | 1.323815 0.301556 3
4 0.536822 | 3.128465 | 1.784961 | 0.101014 4
5 -0.01915 | -1.86993 | 0.596445 |  -0.97364 1
6 -0.27364 | -0.02097 | 0.063941 | -1.33208 2
7 -0.59272 | 0.180075 | -0.2988 |  -0.89692 3
8 -0.68322 | 0348588 | -0.68972 |  -0.23987 4
9 -0.26963 | -1.97596 | 0.568004 |  -0.44385 1
10 -0.7049 | -05177 | 0.092995 -0.767 2
1 -1.02248 | 0.104452 | -027166 | -0.53081 3
12 -1.33984 | 0.859507 | -0.3967 | -0.31846 4
13 -0.57983 | -2.04063 | 0.734968 |  0.02463 1
14 -1.06162 | -0.59545 | 0245278 |  -0.34132 2
15 -1.41899 | 0.281559 | -0.12071 |  -0:33092 3
16 -1.79026 | 0.702562 | -0.42295 |  -0.02338 4
17 -0.79829 | -1.78702 | 0.61976 | 0.374546 1
18 -1.30045 | -0.49374 | 0.149555 |  0.003286 2
19 -1.75066 | 0.153966 | -0.0779 0.0943 3
20 -2.06471 | 0.505395 | -0.40088 |  0.347765 4
21 3261107 | -1.61668 | -1.64697 |  0.066508 5
22 2.539189 | -0.55319 | -0.93903 | -0.15417 6
23 2.179829 | -0.35102 | -1.05061 | 0.153152 7
24 148682 | 055877 | -0.47198 |  0.042532 8
25 0.986665 | -0.61165 | 0.375372 |  -0.7039 5
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d' 9 Id' 9 a a 4 o [
13190 3.11 GlgﬂGuau”a1143J‘VIgﬂLnJaQﬂ’;&lmﬂuﬂmi’gmswwmﬂﬂizﬂ@uwaﬂ
(Principal Component Analysis) 1uﬂ'§gﬁ?{ HSV 210032 UUMIanan

Y
o 9 d
AUANBUSIAWILNN 40 1HANI1TU (AD)

aumgmsat @ | YG), | YG), | YG), | Y(PPFD) | nguihvnane
26 0.787951 | 0.821867 | 0.261404 |  -0.89363 6
27 0.648136 | 1.038943 | 0.064723 -0.55324 7
28 1.041851 | 0.301686 | -0.98404 0.442283 8
29 0.269215 | -1.48598 | 0.458523 |  0.055243 5
30 0.311042 | 0.419308 | -0.04556 |  -0.29908 6
31 0.174552 | 0.862864 | -0.23403 |  -0.05922 7
32 0.0452 | 110799 | -0.44688 | 0270795 8
33 -0.35955 | -2.29497 | 0.531793 |  0.863999 5
34 0.15164 | 0.266377 | -0.28161 | 0.221947 6
35 -0.43898 | 0923314 | -0.21653 | 0.261291 7
36 -0.55909 | 1.252205 | -0.44234 | 0.554761 8
37 -0.93532 | -239229 | 0.515349 |  1.346867 5
38 0.637 | 0071105 | -035634 |  0.74584 6
39 -0.91652 | 0.747468 | -0.37783 |  0.811789 7
40 -0.1509 | -0.59267 | 0.586849 |  1.793593 8

d' I~ [ 9 (=1 9 a a 4
10A1519N 3.11 L‘]Jl!ﬂ?“]gﬂsllf)iallﬁalﬂlmﬂﬂLLﬂﬁQﬂ?ﬂLﬂﬂMﬂﬂTﬁ?Lﬂi?g‘H

U

a

94A1U32NOUNAN (Principal Component Analysis) 1ul3 i@ HSV 1InnszUIUMTE A

@ g’/ 4 A 9 1 U dy 9 ] ]
AUANHUZIANIZN 40 1(MgN1Tal Tasnargadoyalvimaitiazgnuilasdoyanglurs
9 =\

[-2.4,3.3] H3A1g9ga (Max) Vo9yadoyalinuniny 3.2611 wagadiga (Min) vo3gatoyaiin

U

9
=

[ Y 4 1 Id [ a
Wiy -2.3923 legadeyamartignuiasvuialdifludeyalv i ldewsanasands

Y

P}
A & =2 o

= 9 Y o Y1 9 o 9 9
iwaazgeammﬂgmagallmfmﬁmﬂwu TIUD 1/1ﬂ,wGmwﬂgaaﬂmmcﬁnmamﬂwmayjaclu

1] v v P4
ﬁawmmw%fﬁmmmﬂmaﬂymzﬁmmauwuﬁﬂumﬂﬂﬁu nazaananoalszansnn

Tunisindunaznaaevveslasavistsz@nsain Fuiluldarwgala 318 dens1

@ o J 1 a a J J [
ﬂ'ﬂll’L‘ﬁJWu‘ﬁ"ll’E)Qﬂg@“lgll’f]ﬁal,ﬂGl,‘ﬁllﬁlﬁﬂ!ﬂﬂuﬂﬂ'ﬁ'}mi'}%ﬁ@ﬁﬂﬂizﬂ’f)‘]Jﬂaﬂ (Principal Component
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Y
Analysis) 1415948 HSV 910032 U7UMIanafnaanyazmnIzaInn 1 mesuoadaaadng

4

~ ~ A [ @ 4 9 [ a a
qAN LLEWGH?JE‘]J‘VI 3.19 ﬂ@ﬂi'lWﬂ'J'liJﬁﬂJWH‘ﬁ"UENGIJW”IJ'E]i;ljabl‘ﬂuﬂﬁlﬁll‘lflﬂuﬂﬂ'liilmi1$1’i

94A1/52NOUNAEN (Principal Component Analysis) 1u1/3glid HSV 11nnszUIUMIsEian

9
v %IQ Y

AUANHULIANIZIINNNEDILOADATUIIUNITAN

s w @ =
pslanuduiusvesyatoyalnalulsaia HSV 910

T ===
MAdoaldRDdATIUAT

Hue Sat Val PPFD

4
8=
= 3
=
iz 2
I
g ! .\
T-.‘»\E- '/.',
s, 0 ,‘:' ‘\/ P ' ‘
> f !<;
= -
2 L Y
2 -

A9
Y

1

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

L%

drdumanisal

A v o 9 'y A a 7 s o
gﬂ‘ﬂ 3.18 ﬂiW‘Iﬂ’ﬂll’tffiJWu‘ﬁ"Uf]Qﬂjﬂﬂ]@ﬂgﬁiﬁﬂﬂ’wmﬂuﬂﬂ1i’3mi1$1’iﬁ)\1ﬂﬂi$ﬂf]’]J‘ﬂaﬂ

(Principal Component Analysis) 1U1/30@ HSV 91nn3z1iumsanannuanyae

Y
[

1 A d'
RNIZANNINYDYLDADATHUAINITAIN
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=

nsvlvoayadaualuiiluilignad BV a1nandoes

G
upasATYIIN

—4—Hue Sat Val PPFD

@

3
TEAUYAIDY AUV

L

=]

=

}
f

A

21 22 23 24 25 26 27 18 29 30 31 32 33 34 35 36 37 38 39 40

[}

dnusanzal

d' [ Y4 9 "9y a a 4 o [
g‘ﬂ‘ﬂ 3.19 ﬂiWJﬂ’NiJﬂ'lJW1!‘ﬁGU’f)Q%ﬂ%@ﬂqﬂaalﬁuﬂ’lﬂmﬂuﬂﬂﬁ?mi1$ﬁ’0\1ﬂﬂ33ﬂ’ﬂ‘ﬂ‘ﬁﬁﬂ

(Principal Component Analysis) 1H1/3Na HSV 91nn3szuiumsanamuanyy

9 v
a (2

1 AAA o Lﬂl
RWITNNINYDYLDADAT UUIUNITAN

34 msnagevdszanimmmsimauveslasaviedszannenlumsiine

Y as
ANNUNIFIDADA
v Y dyd o o 1 = A o o
lusivetinlumsiiwanisnaaeunsianuved Insesuelszammeunyinmswau
[ ] I L a a o [
TagriinsmMsnagovuLIeoNLINFaIU 3.4.1 Msnaasuilszansmnmsimauvedlasave
UszamifienTaeldyadoyavuuluuisedisiie 342 msnfSeuiisunaaonInsaiie
= a 9 a 9J Igll =3 Aas d' A v
Uszamnen Tagdunagadoyadvuazyavoyalrunaluligid RGB uay HSV odugu
=\ 9 1 =4 a L4
anuansalumsieuiuasnaaon lassvielssamneniasizianuainsalums
N191UYI0aN03INY TasnInaasuaiun1s 11505y Visual Studio Code 2019 3.4.3

%

o o a J a Y . .
mmu@wamsmﬁa‘umimsmuwﬁ’aﬂmmﬂ%ﬂauw AU (Confusion Matrix) b8 3.4.4

WuguenanInadouMsaenaiad NBULIRNIEHAAYF M UTLUVATINTUANMTUIES

upadaiew 1 1¥uaseldsdratilsz@nsam
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Y

3.41  msnaaevidszanimumsnanuveslassvisdszanialaalygavena

S 1y
gm'u"lumﬁmmaw

° ) 9y q < ) A . d
mimﬂungm’mg,asuwum°l“15‘vmﬁ’a°uLﬂuﬁgmﬂy‘mmﬂumi (Blnary) Iﬂﬂﬂ

' J Y 1 = Yo a IS 9y ) 9 o
ﬂ1ﬁ”0ﬂﬂ1]’lmlﬂ ouag IGBQGL%QWH’JL! 4 Ua Lﬂuﬂ;mammwm 16 davoya LasnNIMua

u Q

[ 1 [~ [ [ ) o 9 = 1 I
nguhine 4 ngu Tasazuiailusanarudmiuyadoyalunsdndudenisnagomilu

1 ] =~ SO a s 1 [ Y o o =
70 : 30 wazuaaz Insenedszamisuaziannilnes nuand iy 33 ldhmsUsunlaen
J a o 1 ' = A o Y o
Amnnimes luudaz Inseislssamiion imegnisasuduedlunismhiauudiiins
a o a a o ! ° o o <
Anszddszansamlumsihou Famsmvuagadeyavuidrmiumsinduilullam

A1319N 3.12

= 9 ) @ =2 Y v ] = ' ]
13190 3.12 “]gl'ﬂall@yjﬂﬁ'l’ﬂﬁ"ﬂf‘ﬂiP\Jf‘lPjuiﬂﬂﬂiﬂﬁﬂ"lﬂﬂﬂ5811711/]&‘1/]8%@81\1\1']8

ddui gadoyavrudn nawihviang
1 0 0 0 0 1
2 0 0 0 1 1
3 0 0 1 0 1
4 0 0 1 1 1
5 0 1 0 0 2
6 0 1 0 1 2
7 0 1 1 0 2
8 0 1 1 1 2
9 1 0 0 0 3
10 1 0 0 1 3
11 1 0 1 0 3
12 1 0 1 1 3
13 1 1 0 0 4
14 1 1 0 1 4
15 1 1 1 0 4
16 1 1 1 1 4
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mehEanzmmﬁauﬁmdsw”l’i’ 1dun 1. Perceptron Learning Model 2.
Logistic Regression Model 3. Support Vector Machine with Linear Kernel Model 4. Support Vector
Machine with Radial Basis Function Kernel Model 5. Decision Tree Model 6. Random Forest
Model 11a¢ 7. K-Nearest Neighbors Model #41a599181) 58 amiftommanriiagnssinua
wisfimes iensasudueveslasetislssamifionnazinisanainainugnaes

1 a P o g‘/ A 1 a 4 1 1
(Accuracy) Tuugaz s ilwesnmMrua MNUUERENAINISIUNS Iuaaz Iassuiedseain
9

=

=\ A A ) Y v 9/& o a 4 1
WIt’JiJ“V]ﬂ‘VIijﬂlW@uulﬂ%ﬂ‘Uﬂ;’ﬂﬂlmeﬂﬂﬂ!L‘U“]JfJfJﬂLL‘U‘]Jul? «mmimwuﬂwwammaﬂmmaz

U U

Y
=

Tasavielssaniey 32UMIMUUAAIL
S A

J a { a 4 1
1. Perceptron Learning Model NAINITIHARI NINEIVea 2 WIT1HmeT Iaun

eta0 {18 Random_state

A A

1 a a 14 '
2. Logistic Regression Model NAmimes NneIves 2 msdiwes laua C
I8 Random_state
. . . IS a sa A E)
3. Support Vector Machine with Linear Kernel Model ¥A1NWITIUADININYIVDI
a 4 1
2 M31Hwes JAun C ey Random_ state
4. Support Vector Machine with Radial Basis Function Kernel Model Model 1l
1 a A A a 4 1
mwwmmai‘ﬁmm%q 3 WITTUINDT ulﬁ}!,l,ﬂ Gamma, C 116¥ Random_state
i A a A A 9 a 14 Y v
5. Decision Tree Model HATWITIULADINLNYIVDI 2 WITT1UINDT Ulﬂll,ﬂ
Max_depth ilaig Random _state
s a P 9 a 4 9 1
6. Random Forest Model ¥ ATWITTULABDITNINYIVDI 3 WITTULIADT llﬂ!l,ﬂ
N_estimators, Max_depth (16l Random_ state
= a A A a 4 '
7. K-Nearest Neighbors Model Hf1W1310tA03 Atheves 2 wis1dmes 1aun

N_neighbors {1ag P



105
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a 14 1
W15 1UM05v04 1A59U181 52 1MIN8Y Perceptron Learning

Mmfines anngndesvesnduiineilnu ANNGNADIVBINGN] 1M

(%) (%)

etal0 | Random_state
0.1 1 100 100
1 1 90.90 80
10 1 90.90 80
0.1 5 100 80
1 5 100 80
10 5 100 60
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1 10 90.90 60
10 10 90.90 60
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a 4 1 ~
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Function Kernel
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~ ~ J 9 oA =< .. 1 ]
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f . nagou - ngulnal | Aoruuazngalviu
e - Anelu (%)
HANaIn (%) (%)
Perceptron
1 37 24.11 22.92 23.51
learning
Logistic
2 19 58.93 60.42 59.67
regression
SVM with
3 11 77.68 77.08 77.38
Linear kernel
SVM with
4 42 100 12.50 56.25
RBF kernel
Decision
5 27 100 43.75 71.87
Tree
Random
6 21 100 56.25 78.12
Forest
K-Nearest
7 19 79.46 60.42 69.94
Neighbors
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learning
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regression
SVM with
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Linear kernel
SVM with
4 31 100 35.42 67.71
RBF kernel
Decision
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Tree
Random
6 25 99.11 47.92 73.51
Forest
K-Nearest
7 20 75.89 58.33 67.11
Neighbors
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Perceptron
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learning
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2 30 56.25 37.50 46.87
regression
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Linear kernel
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7 26 82.14 45.83 63.98
Neighbors




114

~ ~ J 9 oA =< .. 1 ]
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K-Nearest
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LED light Controller
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PPFD Dataset

Please enter the PPFD measurement value that detection
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Artificial Light Intensity Detection

Classify with Al
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Artificial Light Intensity Detection

Classify with Al
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LED light Controller

Red LED in Percentage
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Artificial Light Intensity Detection

Classify with AT |
Result
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: LED light Controller

Red LED in Percentage
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Artificial Light Intensity Detection

Classify with Al
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Blue Intensity : 750,  for seeding duration
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Artificial Light Intensity Detection

Classify with Al |
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LED light Controller
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{ a a Y %) [ 1 {
M15199 4.9 uaaansiaau Tnvesdnmaveuniu 1oa laolHuawweadalsum lasoun 1

uaraneaoalSuala
r ANGI (FUANNT) VO3 UIBA AINGY
un : S ' I B
fun | Aun | Aun | Aun | Aud | Aud | dud | Aud | dud | dud nag
1 2 3 4 5 6 7 8 9 10 nsulen

*2 | 16/2/2564 | 228 | 3.98 | 19 | 1.07 | 334 | 2.09 [ 1.72 | 094 | 1.6 | 1.85 | 2.077
*4 | 18/2/2564 | 252 | 429 | 2.11 | 147 | 3.96 | 2.28 [ 1.98 | 096 | 1.8 | 1.89 | 2326
*6 | 20/2/2564 | 259 | 461 | 226|237 | 452 | 247 [ 213 | 1.05 | 232|198 |  2.63
*8 | 22/2/2564 | 3 | 5.05 | 2.69 | 294 | 477 | 2.61 | 22 | 123|312 225 | 2.986
*10 | 24/2/2564 | 3.01 | 5.12 | 291 | 3.01 | 489 | 29 | 23 | 1.7 [ 317|220 3.4
*12 | 26/2/2564 | 322 | 6.05 |3.00 | 3.12 | 5.17 | 3 [3.02]233|337|257| 3.494
*14 | 28/2/2564 | 3.93 | 633 | 3.11 | 335 | 537 |3.43 | 372|238 | 3.8 | 349 | 3.891
*16 | 1/3/2564 | 4.12| 655 |3.62| 3.7 | 58 | 3.8 | 3.86 | 2.49 | 3.97 | 402 | 4.193
18 | 3/3/2564 | 412 | 7.02 | 3.63 | 414 | 691 | 5.69 | 3.89 | 3.19 | 498 | 419 | 4.776
20 | 5/3/2564 | 439 | 732 | 431|488 | 696 | 62 | 427 | 33 [5.09|447| 5119
22 | 7/3/2564 | 4.64 | 734 | 449 | 492 | 697 | 6.46 | 47 | 402|578 | 489 | 5.421
24 | 9/32564 | 48 | 776 | 473 | 499 | 7.04 | 6.73 | 478 | 4.03 | 642 | 492 |  5.62
26 | 11/3/2564 | 4.88 | 8.67 | 4.76 | 539 | 7.62 | 6.92 | 5.04 | 471 | 6.44 | 5.08 | 5.951
28 | 13/3/2564 | 5.16 | 9.5 | 496|576 | 8.13 | 723|544 | 473 | 662 |532| 6285
30 | 15/3/2564 | 543 | 9.56 | 518|631 | 926 | 7.3 | 5.83 | 5.08 | 7.56 | 5.33 |  6.684
32 | 17/3/2564 | 554 | 969 | 526 | 7.02 | 939 | 736 ] 637 | 5.11 | 7.64 | 535 |  6.873
34 | 19/3/2564 | 5.55 | 10.11 | 5.84 | 7.02 | 9.85 | 7.42 | 6.48 | 525 | 7.69 | 55 | 7.071
36 | 21/3/2564 | 6.03 | 1027 | 5.97 | 7.52 | 1132 | 894 | 7.7 | 533 [ 8.11 | 557 | 7.676
38 | 23/3/2564 | 6.09 | 10.44 | 6.07 | 7.63 | 1139 | 8.99 | 7.78 | 534 | 82 | 6.12|  7.805
40 | 25/3/2564 | 6.42 | 1057 | 6.16 | 8.84 | 1191 [ 9.25 | 8.18 | 5.58 | 825 | 6.55 |  8.171
42 | 27/3/2564 | 6.48 | 10.74 | 625 | 9.19 | 12.09 | 9.9 | 9.03 | 5.61 | 8.85 | 7.57 |  8.494
44 | 29/3/2564 | 67 | 1126 | 6.4 | 923 | 12.23 | 99 | 925 | 59 | 9.04 | 821 | 8.748
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d‘ a a % = (4 9 a 4 d'
M15197 4.10 uaaansI gy Invesdnmareuniu lon lasldudiarsernadsoun 1

HErInI9INAE
r ANGI (FUANNS) VOIN3UIBA ANGY
IUN ) ) ) ) ) ) ) ) 2
Aun | Audl | duil | dun | dudl | dudl | dud | dud | dud | dud inag
1 2 3 4 5 6 7 8 9 10 nsulen

*2 | 16/2/2564 | 334 | 1.73 | 2.64 | 1.63 | 1.1 | 1.45 | 1.93 [ 338 | 1.14 | 1.83 2.017
*4 | 18/2/2564 | 345 | 193 | 2.88 | 2.16 | 1.12 | 2.19 | 2.58 | 3.42 | 1.23 | 1.96 2.292
*6 | 20/2/2564 | 3.78 | 2.05 | 2.96 | 2.22 | 1.69 | 2.68 | 3.06 | 3.74 | 1.41 | 2.22 2.581
*8 | 22/2/2564 | 4.42 | 2.65 | 3.17 | 3.27 | 1.83 | 2.91 | 3.76 | 4.16 | 1.59 | 2.59 3.035
*10 | 24/2/2564 | 5.16 | 2.75 | 3.18 | 3.4 | 2.31 | 2.96 | 4.01 | 432 | 1.82 | 2.82 3.273
*12 | 26/2/2564 | 5.5 | 278 | 3.22 | 3.45 | 2.44 | 3.55 | 433 | 439 | 2.23 | 3.02 3.491
*14 | 28/2/2564 | 568 | 3 | 3.24 | 3.63 | 2.44 | 3.69 | 5.04 | 446 | 2.95 | 3.14 3.727
*16 | 1/3/2564 | 6.38 | 3.36 | 4.06 | 3.86 | 2.54 | 3.92 | 5.05 | 4.61 | 3.18 | 3.81 4.077
18 | 3/3/2564 | 6.88 | 3.47 | 427 | 433 | 2.63 | 3.93 | 5.63 | 4.67 | 3.57 | 3.94 4332
20 | 5/3/2564 | 6.99 | 3.66 | 4.66 | 4.41 | 3.12 | 4.53 | 5.78 | 4.76 | 3.85 | 4.31 4.607
22 | 7/3/2564 | 73 | 3.69 | 475 | 4.64 | 3.62 | 4.62 | 5.84 | 5.15 | 3.97 | 4.46 4.804
24 | 9/3/2564 | 7.48 | 428 | 483 | 478 | 3.9 | 463 | 6.07 | 6.2 | 4.02 | 4.81 5.1
26 | 11/3/2564 | 8.14 | 437 | 49 | 489 | 43 | 476 | 6.18 | 6.25 | 4.16 | 4.82 5277
28 | 13/3/2564 | 8.84 | 4.48 | 5.02 | 5.04 | 4.7 | 503 | 6.52 | 6.57 | 4.27 | 4.97 5.544
30 | 15/3/2564 | 89 | 4.57 | 531|518 | 489 | 5.1 |7.07 | 7.03 | 45 | 5.05 5.76
32 | 17/3/2564 | 9.02 | 479 | 5.69 | 5.18 | 529 | 5.19 | 7.5 | 7.47 | 4.51 | 5.64 6.028
34 | 19/3/2564 | 9.63 | 495 | 5.74 | 523 | 536 | 5.23 | 7.59 | 7.88 | 4.55 | 5.9 6.206
36 | 21/3/2564 | 9.65 | 5.02 | 5.74 | 531 | 5.43 | 5.89 | 7.85 | 8.36 | 4.76 | 6.01 6.402
38 | 23/3/2564 | 1049 | 5.46 | 6.17 | 5.63 | 554 | 6.45 | 7.9 | 8.44 | 477 | 6.29 6.714
40 | 25/3/2564 | 10.67 | 5.5 | 6.4 | 57 | 559 | 6.53 | 8.37 | 8.51 | 5.46 | 6.76 6.949
42 | 27/3/2564 | 11.6 | 5.89 | 6.46 | 5.78 | 5.68 | 6.73 | 9.01 | 8.83 | 591 | 6.89 7.278
44 | 29/3/2564 | 11.66 | 6.18 | 6.84 | 5.79 | 5.96 | 6.96 | 9.27 | 9.27 | 6.21 | 7.37 7.551
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A o 9 a o o = 2] an (v
AT 1NN 4.11 Llﬁﬂ\‘lwaﬂﬂﬁ‘]ﬂﬂa’ENﬂ‘Uﬂﬁbl‘lf\ﬂui]’Nﬂ‘]JWﬂﬂ1ﬂ‘Vi@3Jﬂﬁui@ﬂiﬂﬂLLﬁQLL@ﬁ@ﬂﬂiU

J 9 A @ 3 A
f’ﬂhlﬂi'ﬂTJQVl I ¥a3INITnULNY

uaraneaoalSumla

w‘lﬁ‘lﬁ!ﬂi’)% y y y P y P y y y y

aun 1 AHN2 | AUN3 | AUNG | AUNS [ AUNG6 | AUN T | AUN 8 | AUN 9 |AUN 10

ANV (IFUAAT) 711 | 11.87] 6.52 | 933 | 12.4 1015/ 9.53 | 6.03 | 9.46 | 8.64
ANUAI (I¥UANAT) 19.5 | 22.7 {205 | 21.6 | 23 | 2032095/ 19.2]21.2] 20.1
Yhminuessn (n3w) 831 | 109 [856 [11.49] 9o [10.58]13.5] 5.6 | 83 |8.92
dhminvesd (n5w) 38.04 | 43.44 | 37 | 45.6 [34.61(46.88[34.11[30.62[32.85[31.18
YSuanaolsiad (SPAD Unit) | 24.6 | 23 [22.9]23.8 |24.4 (263 |27.6| 24 235|256

{ o a o W ~ %) a J
Gﬂi'l\?ﬁ 4.12 LLﬁ@NWaﬂﬂﬁ“I/Iﬂﬁ?)\‘iﬂ‘]Jﬂﬁcl%ﬂui]iﬂﬂUNﬂf‘ﬂ@’ﬁ@llﬂiuiﬂﬂﬂ1ﬂuﬁ\1ﬂ’m’ﬂ1‘ﬂﬁﬂ

A [ < A
TOUN 1 HANITNULNYD

a d
AN INAE
a d
MNNNOT ‘ , , , , , , , ‘ ,
Aunl | dun2 | dun3 | Aund |duns | dui 6 | dun 7 | dun 8 | dun o [dud 10
ANUG (HUALNAT) 117 | 64 | 7.01 | 6.02 [6.05]7.25]9.46(9.33|6.52]| 7.5
AMNUNTY (IFUALAT) 21 205 | 17 | 19.1 |19.2[20.3]21.2(17.54]20.5|18.53
Y
WHUNVDI5IN (ATV) 552 | 6.27 | 7.61 | 9.65 |10.78| 8.9 |7.328.28 [9.14 | 9.15
Y
MInUIAY (5Y) 28.62 | 28.52 | 37.09 | 46.86 [42.65(30.81(29.91|36.45|35.61[43.45
151anao 157ad (SPAD Unit) | 21.1 | 22.1 | 22.0 | 226 [23.2]21.9]19.9]| 205 |21.0 | 20.5

A 9 A o o = (2 ~ o < =
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aA (v U 2 a Jd
uaaueadnilSuala IR0 NN
ANV (IFUAINAT) 9.104 7.72
AMUNANa (muﬁmm) 20.905 19.48
WINUNVDITIN (ATN) 9.516 8.262
MrinUeIdY (NSY) 37.433 35.997
151unao15Wad (SPAD Unit) 2457 21.48
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~ a a Y ~ [ 9 A (o 9 ~
MM 4.14 uaaamssyan Invesinmaneuniu1on lagldudwueadalsun ldsoun 2

uaraneaoalSuala
r ANGI (FUAINT) VO3 UIBA AINGY
IUN ) ) ) ) ) ) ) 2
Aun | Aun | Aud | dui | Audl | dudl | Audl | Aud | dudl | dud nag
1 2 3 4 5 6 7 8 9 10 nsulen

*2 | 1/4/2564 | 3.03 | 2.69 | 271 | 1.27 | 2.72 | 2.81 | 1.64 | 1.47 | 2.06 | 1.91 2.231
*4 | 3/4/2564 | 3.11 | 3.09 | 278 | 1.9 | 2.74 | 3.41 | 1.68 | 1.57 | 2.2 | 2.56 2.504
*6 | 5/4/2564 | 3.3 | 3.15 | 32 [ 223 | 283 | 343 | 1.75 | 1.95 | 2.35 | 2.69 2.671
*8 | 7/4/2564 | 339 | 3.55 | 3.28 | 248 | 322 [ 3.88 | 1.86 | 2.18 | 2.39 | 2.84 2.907
*10 | 9/4/2564 | 3.44 | 388 | 3.82 | 2.89 | 3.42 | 4.1 | 2.3 |2.83|2.88 | 329 3.285
*12 | 11/4/2564 | 3.46 | 42 |3.96 | 4.11 | 3.51 | 425 | 2.33 | 3.21 | 3.46 | 3.36 3.585
*14 | 13/4/2564 | 435 | 4.42 | 3.98 | 481 | 3.88 | 5.5 |3.05|3.86 | 3.77 | 3.45 4.107
*16 | 15/4/2564 | 481 | 5.11 | 443 | 482 | 401 | 553 [ 3.18 | 4.08 | 412 | 3.6 4.369
18 | 17/4/2564 | 488 | 6.05 | 476 | 5.03 | 4.53 | 6.51 | 3.21 | 4.11 | 421 | 3.87 4.716
20 | 19/4/2564 | 492 | 65 | 496|548 | 6.5 |6.57 338|435 43 | 3.89 5.085
22 | 21/4/2564 | 5.02 | 6.67 | 59 | 6.51 | 672 | 6.65 | 3.58 | 4.43 | 4.42 | 3.91 5.381
24 | 23/4/2564 | 536 | 6.75 | 598 | 6.54 | 7.02 | 6.71 | 3.97 | 4.5 | 4.8 | 3.92 5.555
26 | 25/4/2564 | 548 | 6.9 | 623 | 6.71 | 843 | 6.73 | 4.08 | 451 | 5.18 | 4.3 5.855
28 | 27/4/12564 | 6.79 | 6.96 | 6.29 | 6.73 | 8.49 | 6.95 | 422 | 4.84 | 531 | 4.59 6.117
30 | 29/4/2564 | 6.99 | 7.14 | 636 | 691 | 8.9 | 7.02 | 492 | 529 | 7.17 | 4.97 6.567
32 | 1/5/2564 | 7 | 783 | 659 | 7.51 | 9.18 | 7.36 | 5.12 | 5.69 | 7.34 | 5.09 6.871
34 | 3/5/2564 | 7.19 | 8.17 | 6.65 | 7.95 | 9.32 | 7.38 | 5.25 | 5.83 | 7.56 | 5.12 7.042
36 | 5/5/2564 | 7.45| 9.03 | 823 | 8.19 | 9.61 | 7.67 | 5.44 | 5.85 | 7.98 | 5.22 7.467
38 | 7/5/2564 | 7.49 | 9.16 | 837 | 832 | 9.63 | 8.13 | 6.14 | 5.85 | 8.24 | 5.61 7.694
40 | 9/5/2564 | 7.65 | 9.28 | 9.03 | 8.36 | 10.38 | 8.26 | 6.51 | 5.87 | 8.4 | 5.88 7.962
42 | 11/5/2564 | 8.05 | 9.57 | 9.21 | 8.55 | 10.41 | 8.61 | 6.76 | 6.26 | 8.82 | 5.89 8.213
44 | 13/5/2564 | 823 | 10.12 [ 942 | 9.13 | 10.96 | 9.21 | 8.7 | 6.38 | 8.84 | 6.1 8.706
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~ a Aa o = % ] a o A
M50 4.15 ugaanssaay lnvesrnmavonniu 1oa lag lguasnieernadsoun 2

HErInI9INAE
. ANGI (BUAINAT) VOIN3UIBA ANNGY
IUN ) ) ) ) ) ) ) ) 2
Auin | duf | dunl | dudl | Audl | dun | Aud | dud | dufl | dud nag
1 2 3 4 5 6 7 8 9 10 nsulen
*2 | 1/4/2564 | 234 | 2.07 | 1.37 | 1.81 | 2.66 | 3.14 | 1.91 | 1.04 | 1.19 | 2.24 1.977
*4 | 3/4/2564 | 249 | 256 | 151 | 2.4 |2.92 | 3.18 | 1.93 | 1.32 | 1.33 | 2.74 2.238
*6 | 5/4/2564 | 2.55 | 321 | 1.65 | 2.62 | 3.06 | 3.22 | 2.11 | 1.48 | 1.45 | 2.82 2417
*8 | 7/4/2564 | 326 | 3.59 | 1.83 | 2.91 | 3.13 | 3.22 | 2.77 | 1.58 | 1.47 | 3.98 2.774
*10 | 9/4/2564 | 351 | 3.65 | 1.84 | 3.01 | 3.35 | 4.08 | 2.82 | 1.69 | 1.75 | 4.19 2.989
*12 | 11/4/2564 | 4.02 | 449 | 2.16 | 3.03 | 3.4 | 426 | 3.04 | 1.98 | 1.85 | 4.3 3.253
*14 | 13/4/2564 | 447 | 5.07 | 229 | 3.1 | 3.67 | 456 | 3.07 | 2.4 | 2.15 | 4.62 3.54
*16 | 15/4/2564 | 477 | 5.13 | 2.7 | 32 [ 3.92 | 5.14 | 3.09 | 2.48 | 2.42 | 4.64 3.749
18 | 17/4/2564 | 4.8 | 526 | 2.74 | 3.66 | 3.93 | 592 | 3.2 | 2.54 | 2.48 | 4.66 3.919
20 | 19/4/2564 | 531 | 598 | 2.79 | 4.16 | 3.97 | 6.03 | 3.2 | 2.6 | 2.76 | 5.19 4.199
22 | 21/4/2564 | 5.71 | 6.04 | 2.95 | 435 | 3.98 | 6.21 | 3.25 | 2.64 | 3.36 | 5.39 4.388
24 | 23/4/2564 | 575 | 6.13 | 3.82 | 4.65 | 5.03 | 633 | 3.64 | 2.68 | 3.61 - 4.63
26 | 25/4/2564 | 591 | 6.3 | 414 | 465 | 505 | 6.4 | 4.09 | 3.02 | 3.64 | - 4.8
28 | 27/4/2564 | 635 | 6.39 | 439 | 558 | 522 | 6.4 | 553 |3.13|3.96 | - 5.22
30 | 29/4/2564 | 6.6 | 6.65 | 443 | 575 | 5.46 | 6.48 | 5.64 | 3.39 | 403 | - 5.38
32 | 1/5/2564 | 6.88 | 7.13 | 452 | 58 | 556 | 6.51 | 602 |3.53 | 417 | - 5.57
34 | 3/5/2564 | 7.19 | 7.25 | 497 | 589 | 6.15 | 6.7 | 623 | 443 | 426 | - 5.9
36 | 5/5/2564 | 7.41 | 833|535 | 63 | 631 | 686 | 6.56 | 4.54 | 482 | - 6.28
38 | 7/5/2564 | 7.48 | 8.69 | 583 | 6.4 | 6.84 | 6.97 | 6.61 | 469 | 493 | - 6.49
40 | 9/5/2564 | 7.64 | 89 | 6.08 | 6.79 | 6.97 | 7.08 | 6.64 | 497 | 497 | - 6.67
42 | 11/5/2564 | 8.08 | 8.94 | 6.11 | 6.96 | 828 | 7.08 | 6.66 | 5 | 503 | - 6.9
44 | 13/5/2564 | 835 | 9.78 | 631 | 7.22 | 832 | 7.17 | 6.78 | 5.56 | 5.46 | - 7.22
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A 19 9 a o o =~ Y an [
AT NN 4.16 Llﬁﬂ\‘]Naﬂﬂﬁ‘V]ﬂa’ENﬂ‘l.lﬂﬁi‘lﬁ"liﬁ]iﬂﬂ‘ﬂﬂﬂﬂTﬂﬂ@iJﬂﬁuiﬁlﬂmﬂuﬁ\‘]u@ﬂﬂﬂﬂ 1
1 9 ~ o <3 =
m”lmamn 2 HaNNTLNULNYN
naaneadndFumla
a d
WU ) ) ) ) , ‘ , ‘
dun1 | Auii2 | Aufi3 | Auid | Aufis | Aufie | Aui 7 | Aud 8 | Aud 9 |Audi 10
AN (Lcuuﬁmm) 832 |10.12| 945 | 93 |11.12]9.53 | 8.7 [6.55]9.14 | 6.58
ﬂ?']iJﬂ%IN (muamm) 19.43 | 21.36 | 21.5 | 20.36 | 24.1 | 19.3 | 19.7 [18.84(19.79|17.56
Y
WIHUNVDITIN (n3Y) 735 | 749 | 7.84 [11.00 | 8.49 | 9.22 | 7.04 |10.23] 9.01 |12.21
Y
ﬁ']ﬁuﬂélli’)\‘]@?l}u (ﬂﬁll) 27.54131.28 | 33.18 | 39.09 |34.99(40.82(30.32144.24131.94|48.46
ﬂ%lﬂmﬂaﬂiiﬁaﬁ’(SPADUnit) 23.1 | 24.1 | 28.0 | 23.6 |23.2(21.9(24.9]20.5]|21.0]28.5

{ o a o W ~ %) a J
Gﬂi'l\?ﬁ 4.17 LLﬁ@NWaﬂﬂﬁ“I/Iﬂﬁ?)\‘iﬂ‘]Jﬂﬁcl%ﬂui]iﬂﬂUNﬂf‘ﬂ@’ﬁ@llﬂiuiﬂﬂﬂ1ﬂuﬁ\1ﬂ’m’ﬂ1‘ﬂﬁﬂ

A [ < A
TOUN 2 HANITLNULNYD

a d
AN INAE
a d
MNNNDT | , , , , , ‘ ,
Aunt [ dun2 | duin3 | Aundg |[Aduns | dune | dun 7 [ dun 8 |dun 9|dwd 10
ANUG (HUALNAT) 8.6 |10.2] 635 | 7.83 [8.38]7.26|6.93| 5.7 |5.86| -
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Abstract: Detection of LEDs light intensity is an important part of the
automated greenhouse lighting control system. In order to precisely control the
LEDs light intensity, we have applied machine learning techniques to implement
important feature selection for the LEDs light intensity detection. The most
suitable machine learning model can provide the most accurate LEDs light
intensity detection results. In this work, we have compared 3 machine learning
models which are SVM with Gaussian kernel model, decision tree model, and
random forest model. Then, we proposed a feature selection method using the
Sequential Backward Selection algorithm with our data to find the best model.
In this work, we have used digital cameras to capture images to detect LEDs
light intensity in different light intensity conditions. Experimental results show
that the proposed process provides high accuracy in the detection of LEDs light
intensity.

Keywords: Machine learning, regression model, sequential backward selection
algorithm.

1. Introduction

Weather condition plays an important role in determining the pace of plant growth. Extreme
weather has frustrated many vegetable gardeners and farmers. However, the need of healthy
food such as vegetables and fruits has increased dramatically. Thus, various methods were
invented to help with this matter. One way to work around these issues is the development of
LEDs artificial lighting equipment in the greenhouse. The cultivation in greenhouse allows us
to control the environment, resulting in maximum resource efficiency.There are some previous
researches about the effects of LED to plant growth [1], the method to increase production
efficiency with LED [2], and LED improvement to increase efficiency [3]. In order to precisely
control the LEDs light intensity, we have used machine learning (ML) techniques to control
the LEDs artificial light intensity. To the best of our knowledge, most of the practical machine
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learning techniques use supervised learning. However, the supervised learning requires feature
extraction process for real world data and then converts it to a dataset for use during training
and testing. Therefore, we must verify that the feature extraction is effective enough for the
machine learning models.

The procedure of choosing the suitable machine learning model is as follows. First, pictures
of LEDs are obtained by using the digital camera for LEDs light intensity detection. Next,
we extracted the outstanding feature using our method. Then, we got and assigned our dataset
to class label. Our dataset is divided into 2 types which are input dataset and target dataset. We
have chosen 3 models for comparison which are the Support Vector Machine with Gaussian
kernel model [4], Decision tree model [5] and Random forest model [6]. Each model will be
applied to the Sequential Backward Selection (SBS) algorithm [7]. Finally, the model which
gives the best feature selection is the most suitable model for our work. In this paper, we
propose a comparison study of machine learning models for importance feature selection in
LEDs intensity detection. The feature extraction must be effective enough for the machine
learning algorithm.

This paper is organized as follows. In Section 2, the proposed method for feature
importance selection in the LEDs intensity detection, dataset collection and preparation are
given and discussed. In Section 3, the experimental results are shown. Finally, the conclusions
are presented in Section 4.

2. Proposed Methods

This section presents the details of comparative study of machine learning models for
importance feature selection in LEDs intensity detection. The details of the proposed method
can be characterized into 4 steps as: data collection, data preparation, applying learning curves
and feature selections. The block diagram of the proposed method is shown in Figure 1.

First, we collect data and define a data class which consists of input classes and target
classes. The data preparation is applied to use with the machine learning model from Scikit-
learn [8] which is accomplished by standardizing data. Next, we employ the standardized data
as the input to machine learning model and plot the learning curve to analyze and prove the
accuracy and suitability of our data. Then, we use the machine learning model to cooperate
with SBS algorithm. At this process, we can distinguish the differences in the quality of our
data and the machine learning model. Finally, we have a suitable and efficient machine
learning model. Then, we plot the classification accuracy to analyze feature importance. These
results will be applied to the light control system for the greenhouse.

Our experiment was performed on a laptop computer with AMD Ryzen 5 2500U central
processing unit and Radeon Vega mobile graphic processing unit. We have used Python as our
creative platform and Sublime text 3 as a code creator. In data preparation process, we have
stored dataset with a proper format and defined input class and target class for stored dataset.
Figure 1 shows the block diagram of our proposed method.

Formatting Preprocessing
dataand [

Input Data from
I Data from *| Standardization
defining data Standardization to ML algorithm

l

Choose the most
accuracy ML model

ML model with SBS

Observe the
performance of ML

from SBS algorithm | algorithmto b L
method to compare feature st
deconstruct Feature seloction g 8

Figure 1. Block diagram of the proposed method.
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2.1 Data Collection

To train the model for performing various actions, we simulate various events with red and
blue color channels. We snap pictures of LED from simulation using Logitech C310 HD
‘Webcam. Next, we convert the images from RGB to HSV color spaces using image processing
algorithm in MATLAB R2018b [9]. Then, we define a rectangular box to extract HSV sub-
image from the original HSV image. This process is based on RGB color channel intensity.
Then, we calculate the average values of the intensity and store them in a table which will be
later used as a condition with the light measurement using the Photosynthesis Photon Flux
Density (PPFD) [10]. Figure 2 shows data collection process of the proposed method.
Subfigures (1)-(4) show input image from Logitech C310 HD Webcam, converted image from
RGB to HSV image, rectangular box to extract HSV sub-image and HSV sub-image with
intensity extraction in each pixel, respectively. Subfigures (5)-(7) show the red, green, blue
color intensity of each pixel for each sub-image, average values of the color intensity for each
sub-image and average values of the color intensity with PPFD values, respectively.

T — HSV sub- image
RGB image HSV image ectangular box to
. - extract HSV sub- image ' w

,’ w - ®
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(6) Intensity value in pixel

)
Figure 2. Data collection process of the proposed method.

2.2 Data Preparation

Since each machine learning model has different performance characteristics, to choose
the most accurate model, we have to make comparison and decide which one is the most
appropriate. The class labels are encoded as integer values.

‘We have prepared dataset and divided it into 2 types are as follows [11].

1.) Input data from feature extraction, consisting of red, blue, green color channels
(intensity) and PPFD measurement.

2.) Target data from circumstance consisting of red intensity of 25%, 50%, 75%, 100%
blue intensity 25%, 50%, 75%, and 100%.
Next, we perform encoding on this data. Obviously, the input data is an integer, but the target
data is still a string. Hence, we converted it from a string to an integer, which will get 8 labels.
Labels 1-4 are 25% - 100% red intensity and labels 5-8 are 25% - 100% blue intensity. To
simplify and enhance training, we have used standardization technique proposed in [12]. The
equation of feature scaling technique is given in Equation (1).

F-pu
— F
Fsta = a (4)
F
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where F, represents the new data, F is input data, g is the sample mean of a particular
feature, and o is the standard deviation.

2.3 Applying Learning Curves

Learning curves are a diagnostic tool in machine learning. It is created by plotting the
model learning performance over experience. In this Sub-Section, we have used Equation (1)
to prepare the data and applied it to 3 various models. Figure 3(a)-3(c) show the learning
curves using SVM with Gaussian kernel model, Decision tree model, and Random forest
model, respectively. The learning curves and validation curves cultivate the performance of a
learning algorithm.

Furthermore, the vertical axis represents the accuracy of the training and validation sections
in term of probability from 0-1 which is equivalent to accuracy from 0-100%. The horizontal
axis is the number of training examples from 0-400. We have used learning curves to
distinguish whether a learning algorithm has a riddle. From Figure 3, the learning curves of 3
models have the same trend where the blue line (training accuracy) in the Y axis equals
1(100%) as desired accuracy. However, all 3 curves in green line (Validation accuracy) have
different trend. We have analyzed these differences and found that the accuracy at the starting
point of 3 green curves are different. Figure 3(a) is at 0.312 while Figure 3(b) is at 0.481 and
Figure 3(c) is at 0.49 accuracy. All 3 methods are performed using the same number of training
examples at 75. By comparing the results at the beginning of the Validation accuracy curve,
The SVM with Gaussian kernel model in Figure 3(a) seems to be the lowest, followed by the
Decision tree model shown in Figure 3(b). The best model is the Random forest model which
gives the highest accuracy at starting point as shown in Figure 3(c).
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Figure 3. Plot of the learning curves. (a) SVM with Gaussian kernel model, (b) Decision tree
model, and (c) Random forest model.
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2.4 Feature Selection

Feature selection is the process of selecting a subset of relevant features for use in the
machine learning model construction. It is also called variable selection or attribute selection.
In this work, we have used the Sequential Backward Selection as a feature selection algorithm.
By comparison of the number of features per feature, high accuracy can be achieved. First, we
took the information from previous sub-sections for training through the relevant model. Then,
we apply SBS which is effective in selecting the important features. The results of
classification accuracy are shown in Figure 4. In case when the number of features equals 1,
the SVM model has an accuracy of 0.3, while the Decision tree model and the random forest
have an accuracy of 0.88 and 0.95, respectively. From Figure 4, the vertical axis represents
the classification accuracy in term of probability from 0-1 which is equivalent to accuracy
from 0-100%. The horizontal axis is the number of features from 1 to 4 as red, green, blue, and
PPFD measurement. the result shows that the optimal performance is the random forest model.
Next, we identify the highest accuracy of each models. The results show that the SVM,
Decision tree and random forest models have accuracy of 0.975, 1.0 and 1.0, respectively.
Finally, we perform the analysis of the number of features that affects the classification
accuracy. When we compare the number of features that has the highest accuracy among 3
cases, the results are as follows: InFigure 4(a) for SVM, the number of features that has the
highest accuracy equals 2 including the red color channel and the PPFD measurement.
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Figure 4. Plots of the classification accuracy. (a) SVM with Gaussian kernel model,
(b) Decision tree model, and (c) Random forest model.
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In Figure 4(b) for Decision tree, the number equals 3 including Red color channel, Green
color channel and PPFD measurement. Finally, in Figure 4(c) for Random forest, there are
two numbers of features that give the same highest accuracy which are 2 and 3. We choose
numbers of features 2 including Red color channel and PPFD measurement. For a fair
comparison, we have compared the accuracy at the number of features which is equal to 2
among all 3 models. From the results, we are able to choose the appropriate method for feature
importance selection. The main conclusion here is that the Random forest model is the best
model.

3. Experimental results
In our experiment, we apply the Sequential Backward Selection (SBS) algorithm for features
selection to Support Vector Machine with Gaussian kernel model (SVM — Radial Basis
Function), Decision tree model, and Random forest model. The experimental results and
discussion are as follows:

We compare 3 machine learning models to find the optimal model for specifying feature
importance values. The results we obtained show that the Random Forest model is the best
algorithm for selecting features importance in our dataset. Figure 5 shows a plot that ranks the
feature importance in horizontal bar. From Figure 5, 4 features in our comparison consist of
“Red intensity”, “Green intensity”, “Blue intensity”, and “PPFD measurement”. We choose
Random forest model from our comparative study to assess feature importance. We also
considered the classification accuracy by plotting the accuracy vs the number of training
examples as in the Figure 4. From experimental results, we can conclude from assessing
feature importance with the Random Forest model that PPFD measurement, Red intensity are
the most classification extraction features in the LEDs intensity dataset. From Figure 5, the
feature importance values of PPFD measurement and Red intensity are 0.300619 and
0.299217, respectively. They are the most feature significations. If we define the threshold
value of the classification accuracy with a value of 0.5, both features are extremely important
in setting a feature label to classification, prediction, and system enhancement.

Feature importances

ppfd measurement

Figure 5. Plot of the different features in the LEDs intensity datasets.

4. Conclusion

In this work, we evaluated feature signification based on Sequential Backward Selection
algorithm. First, we have compared 3 machine learning models: SVM with Gaussian kernel
model, decision tree model, and random forest model to see which one is the most effective
and suitable model for our dataset. Then, we applied the Sequential Backward Selection
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algorithm to learn appropriate behaviour in both training and testing sections. Finally, we
found that the best model is random forest model. Thus, we applied this model to assess feature
importance and obtained a satisfied and highly reliable response to our LEDs light intensity.
The results of this work can be applied to implement automated greenhouse LEDs lighting
control system.
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Abstract. This paper presents a design and development of the RF measuring
sensor network for low-power RF transceiver detection system. The proposed
system uses an active directional antenna and spectrum analyzer to detect
interfering frequencies and power spectrum of the wireless signals. Furthermore,
we apply microcontroller to control the RF switch in order to select detection
methods whether using a spectrum analyser or service set identifiers using a
WIFI receiver module. The microcontroller module is connected to the GPS and
digital compass modules mounted on the active directional antenna for
determining the position and direction of the antenna. This method is able to
accurately measure the power of signal, triangulate the source of interference,
and identify WIFI access points.

Keywords: Low-power detection system, RF measuring sensor
network, radio frequency interference.

1. Introduction

Nowadays, the trend of using wireless devices in various areas is increasing rapidly and
consequence, there is a great chance of radio frequency interference. This problem can cause
a severe impact on the operation of neighboring communication devices to the point that it
cannot be used. For example, the radio frequency radiation from the mobile base station
interferes with the operation of the BTS train control in Bangkok. This causes the train delay
and affects a lot of passengers. Therefore, having a highly accurate interference detector will
help us to fix the problems quickly and efficiently. In Thailand, the National Broadcasting and
Telecommunication Commission (NBTC) has a duty under the law to manage the frequency
spectrum and to ensure the efficient use of the frequency spectrum in order to prevents severe
frequency interference. The Office of the NBTC is responsible for monitoring and supervising
the frequency usage to support all spectrum management information in Thailand. The
frequency allocation can be divided into 2 types which are the frequency that must be licensed
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and frequency bands that do not need a license. However, the non-licensed frequency band
requires a low transmission power and does not cover any interference that may occur. If a
frequency that does not require a license is requested to be inspected, the Office of NBTC
needs to know the location of the frequency interference source exactly to effectively monitor
the use of the frequency. However, in the event that an interference occurs and the location of
the WIFI access point is unclear or they want to check the distribution of the WIFI usage in
one area, it will take a long time to solve these problems.

This paper presents a design and development of the RF measuring sensor network
(RFMSN) for low- power RF transceivers. This is to enable the Office of NBTC to have an
effective inspection system in the future. In this work, the RF measuring sensor network based
on 3G/4G mobile phone network and Lora WAN technology have been implemented. The
proposed network can monitor the usage of low-power RF transceivers in the inspection areas.
Furthermore, we have developed a smart tracking scheme using GPS module and digital
compass. The software coding of the implementation was accomplished by using C/C++ and
Python.

This paper is organized as follows. In Section 2, the literature review of tracking system
and the RF measuring sensor network are given and discussed. The design and development
of our radio frequency detection system for low-power RF transceivers is described in Section 3.
In Section 4, the experimental results are shown. Finally, the conclusions are presented in Section 5.

2. Literature Review

Inrecent years, GPS and GSM modules are widely used in the field of vehicle tracking because
of its high efficiency and easy realization [1-3]. For instance, [1] presented a vehicle tracking
system with high performance GPS/GPRS. This system also has LPG gas leakage sensor and
temperature sensor. If there is a problem of the LPG gas leak, it will send a warning message
to mobile phone of the vehicle owners using SIM908 module. Thengal et al. proposed an
efficient vehicle tracking system using the GPS and the GSM modules [2]. The information of
vehicle location is displayed in the form of a map on a web server. Hattarge ef al. proposed a
GPS tracking on Lorawan technology combined with an Android application for a smart
transport system [3]. This system can be implemented in a real-life environment. Lora is a type
of communication technology that focuses on the long-range communication and low power.
Zourmand et al. presented a Lora technology and applied it to the Internet of Things (IoT) [4].
Lora is responsible for testable quality and efficiency of the Lora network. Yang proposed a
detection and control of machine operation in various environmental condition using Lora
technology [5]. National instruments presented an introduction to wireless LAN measurement
[6]. For wireless LAN communication, the spectrum measurements can characterize the
performance of the transmitters.

3. Proposed Method

This section presents the design of the RF measuring sensor network (RFMSN) which consists
of the RF measuring sensor node and the RF measuring sensor gateway for installation in
mobile vehicles. The main devices of the RFMSN node system include active directional
antenna, spectrum analyzer, WIFI transceiver, RF switch, GPS module, and digital compass
module. The RFMSN gateway is equipped with a raspberry Pi microprocessor module and a
Lora module. The RFMSN gateway also has a 3G/4G mobile communication module
connected to its interface board, allowing TCP/IP, USB or RS232 serial communication with
the cloud computing. Furthermore, we have used a dedicated LAN connection for connecting
the RFMSN gateway to laptop computer.
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In our proposed system, an active directional antenna and spectrum analyser are applied to
determine the type and frequency of interfering signal, especially for narrow band interference.
Furthermore, GPS and digital compass mounted on that antenna are used to triangulate the
source of the signal interference. Therefore, the designed system is able to precisely detect the
source of interference signal.

The RF measuring sensor network can be used to detect frequency interferences in any
areas that have been requested for inspection. If there is a 3G/4G mobile network in the
inspection area, the system will send all the captured data to the Google Firebase database via
the 3G/4G mobile network, which is considered as the main datalink of the proposed system.
The block diagram of the communication system in this case is shown in Figure 1.

If there is no 3G/4G mobile network in the inspection area, the data transmitted from the
signal detector will be sent outside that area via the supported datalink Lorawan to the RFMSN
gateway that has access to the 3G/4G mobile phone network. Then, the RFMSN gateway will
upload the relevant information to the Google Firebase database. In our proposed system, the
range of Lorawan to achieve wireless communication is up to 3 km with a maximum data rate
of 256 kbps. The block diagram of the communication system in this case is shown in Figure
2. Experimental setup and device connection are presented in Figure 3.

GPS and Digital
Compass module

Figure 3. (a) Experimental setup and device connection, (b) control box and (c¢) RF Switch.
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4. Experimental Results and Discussion

In this section, some experimental results are given to demonstrate the effectiveness of the
proposed wireless signal detection system. The experimental results and discussion are as
follows:

4.1. Testing the signal received from the WIFI transmitter

Firstly, we performed a preliminary study to see how the type of antenna would affect the
performance of the detection system. The test was performed by sending the WIFI signal at
the 2.4 GHz Channel 11 (2.451-2.473 GHz) using the original monopole antenna that came
with the WIFI transmitter WAVLINK AC600 model, and using the Hyper LOG active
directional antenna as a receiving antenna. Then, we change the transmitting antenna to
Vivaldi antenna, and perform testing with the distance between the transmitter and receiver
varying from 5 m to 200 m. In addition, the antenna is sent and received with horizontal
polarization. The signal levels received from spectrum analyzer are shown in Table 1. From
Table 1, changing the transmitting antenna from the monopole antenna to the Vivaldi antenna
yields higher power level about 5 dBm

Table 1. Measuring result of the receiving signal from WIFI transmitter.

Received power (dBm) Effective Radiated Power (dBm)
Distance (m) Monopole Vivaldi Monopole Vivaldi
Antenna Antenna Antenna Antenna
5 35 4.0 125 13.0
25 -3.0 1.0 20.0 24.0
50 -10.0 -3.0 19.0 26.0
100 -23.0 -14.0 12.0 21.0
150 -28.0 -23.0 10.6 15.2
200 -31.0 -26.0 10.1 15:1

By measuring the value of received power, we can calculate the value of effective radiated
power (ERP). To check if the ERP of the WIFI transmitters found meets the requirement by
law, ERP was calculated using the Equation (1), where P, is the power that can be received in
front of the antenna, R is the distance between the WIFI receiver and the WIFI transmitter, G,
is gain of the receiver antenna (The antenna tested has gain 45 dBi) and A is the wavelength.

ERP(dBm) = B-(dBm) —Gr(dBi)+2010g10(4—1fR-) (7)

4.2. Testing the RF switch controller

In our proposed system, the RF switch is installed in the RF measuring sensor network. It
is used as an optional connection of the active directional antenna to the spectrum analyzer or
to the WIFI transceiver. Therefore, the RF switch is controlled by a microcontroller to select
the detection methods, whether to take the signal received from the antenna to analyze the
frequency spectrum and signal strength or to find the SSID of the WIFI transmitter. Figure
3(c) shows the RF switch model EVIHMCS8038LP4C. In this work, an RF signal received
from active directional antenna is applied to the incoming transmission line of the RF switch.
The Signal Vu- PC software provides users ability to analyze RF and vector signals.
Furthermore, we have used WIFI analyzer software to identify nearby WIFI access points. To
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validate the RF switch performance, several tests were conducted with the focus on WIFI
signal strength and frequency spectrum of the wireless signal. The test results of the RF Switch
are as follows:

In case of the RF switch “ON™, the received signal is pass through the spectrum analyzer.
The proposed detection system can measure the magnitude of an input signal versus frequency.
Figure 4 presents the spectral results of the wireless signal detection using spectrum analyzer.
From the Figure 4(a), the spectrum displaying on the Signal Vu-PC program will appear and
the magnitude spectrum of the signal will be higher. On the other hand, in case of the RF
switch “OFF”, the received signal is pass through the WIFI transceiver. The proposed
detection system cloud finds all the SSID of the WIFI access point from that signal. Figure 4
(b) presents the wireless signal detection system using WIFI transceiver. In this case, spectrum
measurement results have not changed since the spectrum analyzer is not used. The results
confirm that the RF switch can actually select the desired path of signal.

-14.17 dBm ‘
2462 GHz

Amplitude (dBm) Amplitude (dBm)

Frequency | Frequency: 2.442 - 2.482 GHz .l:n.q“‘.my
(Hz) (Hz)
(@ (b)
Figure 4. Spectral of the signal in question, (a) RF switch “ON” and (b) RF switch “OFF”.

4.3 Testing GPS and digital compass

GPS and digital compass serve to determine the location of the antenna, the direction of
the antenna and the orientation of the antenna in three axes. In this work, GPS and digital
compass are connected to the microcontroller for reading the relevant information and sending
the data to the Fires base, a cloud computing database. The results of the GPS module
positioning are compared with the portable satellite receiver (Garmin eTrex 10 GPS). In
comparison of the coordinates of the position, there is an average error of 2.5 m which is within
the acceptable range. A cloud computing database is shown in Figure 5.

| @ Firebase |

Latitude: 14.879

Longitude: 10201564

| Latitude: 14.87524

L Longitude: 182 01568

& tracker] = tracker2 = tracker3
@ Datastore @- Data store I @ Datastare
- < Location } = Location : = Location
Azimuth: 211 | Azimuth: 5 L Azimuth: 348

- RF_Switch = RF_Switch - RF_Switch
On_Off: “ON | on_ott: ~on L On_OFf: "oN'
Switch: “RF1 L. switeh: *RF2 Switch: "RF2

i Latitude: 14.87567
Longitude: 162,916

Figure 5. A cloud computing database.

113




207

Figure 6. The location of the WIFI signal source shown on the Google map.

Figure 7. Radio frequency detection system GUIL

4.4 Testing the radio firequency detection system for low-power RF transceivers.

The test scenario began with the installation of a high-power WIFI access point device in
the building. The WIFI access point is assumed as one of the interfering sources. Then, we
have used the proposed system to detect the interfering source. In this work, the active
directional antenna and real-time spectrum analyzer can rapidly identify most interference
sources and signal strength. Furthermore, GPS and digital compass mounted on the antenna
are used to determine the position and direction of the antenna. From the principles of
triangulation, it can calculate the intersection of the antenna direction to determine the location
of the interfering source. Figure 6 presents the location of the WIFI access point device on the
Google map. Radio frequency detection system GUI and display are also presented in Figure
7. With the user-friendly GUI of our software, this mapping allows bearing lines to be marked
on the map to triangulate the source of the signal interference on the Google map. Therefore,
the proposed system can enable interference hunting and easily triangulate the interfering
source.

Conclusion

This article presents a design and development of the RF measuring sensor network for low-
power RF transceivers detection system. In the proposed network, an active directional antenna
and spectrum analyzer were applied to determine the type and frequency of interfering signal.
The microcontroller was connected to GPS and digital compass modules for determining the
position and direction of the active directional antenna. Furthermore, GPS and digital compass
mounted on the active directional antenna were used to triangulate the source of the signal
interference. The data communication between sensor node and gateway is based on
technology used in the 3G/4G mobile phone network and LoRaWAN technology. Therefore,
this method is able to accurately measure the power of wireless signal, triangulate the source
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of interference, and identify user groups. The experimental results show that the designed
system can precisely detect the sources of the interfering signal.
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Abstract. Air pollution caused by fine particulate matter 2.5 (PM 2.5) is
a leading health crisis for people around the world including Thailand. This
paper proposes a low-cost and real- time PM 2.5 monitoring system using
wireless sensor network and the Internet of Things (IoT). The system is designed
to monitor PM 2.5 via Blynk application on smart phone and via LCD monitor
by showing the detection results in the Air Quality Index (AQI) which is easy
to understand. Furthermore, our system is calibrated with the standard
instrument to ensure accuracy and reliability. The results show that our low-cost
system is able to provide a reliable real-time monitoring of the PM 2.5 condition.

Keywords: Air quality index, particulate matter 2.5, wireless sensor network,
smart city

1. Introduction

PM 2.5 (particulate matter less than 2. 5 micrometers in diameter) is a harmful air pollutant
which is one of the major environmental risk to health. The sources of PM 2. 5 are from, for
example, engine combustion of vehicles, open burning, industry and power plants. It can be
related to the cause of lung cancer, ischemic heart disease, stroke, asthma and other problems
in respiratory system. Therefore, it is urgent to look for ways to monitor the PM 2.5 pollution
in order to protect oneself by wearing specific mask or avoiding the area where PM 2.5
concentration exceeds the guideline.

In this paper, a real-time PM 2.5 monitoring system is developed by using particulate
matter sensor (SPS 30 sensor) [1] which is a high quality sensor. It uses laser scattering
technique to radiate suspending particle in the air. Since there have been many studies on the
Internet of Thing (IoT) and the wireless sensor network (WSN) for smart cities [2-5], we have
applied both of them to our system for monitoring and recording the PM 2. 5 information and
also for creating a medium to share it. We use a powerful microcontroller ESP32 with built-in
Wi-fi and Bluetooth to implement the IoT. It will share the information received from the
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WSN by using air card to the LCD display and the Blynk application on smart phone. The
result of PM 2. 5 concentration will be shown in the Air Quality Index (AQI) and color code
which is easy to interpret. Our system can run on solar power and batteries which can operate
24 hours a day.

The paper is structured as follows. In section 2, we describe the methodology of the design
of our PM 2.5 monitoring system. The experimental results of the system from testing and
actual recording are given and explained in section 3. Finally, the conclusion will be discussed
in section 4.

2. The Proposed Methods

In this section, we explain the module of our proposed PM 2.5 monitoring system. Our system
is equipped with a 40W solar panel as a power source and a 12 V battery as a power storage.
There is also a component called solar charger which is connected between solar panel and
battery in order to avoid overcharging which can cause permanent battery damage and loss of
functionality over time. Then, there is a 5V 3A voltage regulator board which will supply
constant 5 V to all other devices including air card and microcontroller ESP32. Air card is a
wireless adapter for transmitting and receiving data in a cellular network to microcontroller
ESP32. The microcontroller ESP32 was applied to control the operation of SPS30 sensor and
control the wireless data transmission. SPS30 is the main sensor which is used to measure the
concentration of PM 2.5. It is a compact, high quality, optical particle sensor. The detection
result will also be shown on the LCD display. The hardware connection of the proposed system
is given in Figure. 1. and Figure 2(a).

n

Solir Charger 10A
B
—i=k
| — i "%
S Battery 12V
Solar cell S0W —

-2 ._Q ‘ SV 3A Voltage Regulator

Air card

=il [icopw |
Figure 1. Diagram for hardware connection of PM 2.5 Monitoring System.

Figure 2(b) shows our PM 2.5 monitoring setup at the station 1. In our experiment, there
will be total of 3 stations. The system can transmit PM 2.5 information to the ThingSpeak
cloud computing. By using the smart phone and Blynk application, anyone can see the PM 2.5
monitoring results of all 3 stations.

3. Experimental Results

In this section, we show the result of PM 2.5 monitoring. Figure 3 gives a result PM 2.5
concentration at Station 1 in pg/m? The results from our system with SPS30 sensor are also
compared with the ones from Air Visual application [6] which has become one of the most
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reliable sources of air quality data. The solid and the dashed lines represent the PM 2.5 dust
concentration by the SPS30 sensor of PM 2.5 monitoring system and Air Visual application,
respectively. From the result, we found that the data obtained by the SPS30 sensor and Air
Visual application is related. The relationship can be written by

y =152 (1)

R’ =084 )
where y is the PM 2.5 dust concentration by Air Visual application and x is the PM 2.5 dust
concentration by SPS30 sensor of PM 2.5 monitoring system. The R? (R-square) is 0.84 or

84%. The values of x can be calibrated by using Equation (1). Figure 4 shows the comparison
between both data after calibration.

5V 3A Voltage | Solar cell SPS30

Regulator

LCD Display | Microeontroller ESP32

Air card

3GHG Solar Charger 10A

(a) (b)
Figure 2. (a) Hardware Connection and (b) System setup of Station 1.
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seses Air Visual == Sensor SPS30

Figure 3. Comparison of PM 2.5 dust concentration from Air Visual and SPS30 sensor.

In Figure 5, the comparison is made in Air Quality Index (AQI). The concentration of PM
2.5 in Figure 1 can be converted to the Air Quality Index by using the following Equation [7]

(Cu~C)

[AQI],,={[MX(C,—C“)J+IM} 3)
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where AQI; is the Air Quality Index. C; is the PM 2.5 concentration from the sensor Ciiine and
Cpnin are the maximum and minimum of PM 2. 5 dust concentration range. I,,,,, and I,;,, ar
the maximum and minimum values of Air Quality Index corresponding to C,,q, and Cmm,
respectively. The PM 2.5 concentration in Air Quality Index from both sources are also found

to be related. The relationship can be described by

y = L44x @

R’ =088 %)
where y is the PM 2. 5 dust concentration by Air Visual application and x is the PM 2. 5 dust
concentration by SPS30 sensor in Air Quality Index. The R? (R-square) is 0.88 or 88%. Figure
6 shows the comparison between both data after the value of x is calibrated.
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Figure 4. Comparison of PM 2.5 dust concentration from Air Visual and SPS30 sensor after
calibration.
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Figure 5. Comparison of Air Quality Index from Air Visual and SPS30 sensor.

In Figure 6, it can be seen that the Air Quality Index from the Air Visual is slightly higher
than the one from the SPS30 sensor. This might be because the two sensors are not exactly
installed at the same place. The location of the Air Visual sensor is closer to the center of the
city where there is more traffic than the one of the SPS30 sensor.
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Figure 6. Comparison of Air Quality Index from Air Visual and SPS30 sensor after
calibration.
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Figure 7. (a) PM 2.5 of station 1, station 2 and station 3 and (b) PM 2. 5 and AQI of station 1,
station 2 and station 3 on Blynk application.

4. Conclusions

We propose a method for PM 2.5 monitoring system by using wireless sensor networks and
the SPS30 sensor which can detect small particles using laser scattering technique. The
microcontroller ESP32 was applied to control the operation of SPS30 sensor and control the
wireless data communication. It also shares the information received from the WSN to the
LCD display and the Blynk application on smart phone. The system can operate 24 hours by
using electrical power from solar cells and battery. Our results have been compared and
calibrated with the ones from Air Visual application to ensure reliability. The results show that
our proposed low-cost system is able to provide a reliable real-time monitoring of the PM 2.5
condition. Thus, it can be used as a prototype of PM 2.5 monitoring product for smart cities.
For suggestion, in order to reduce the error of AQI between Air visual application and our PM
2.5 monitoring system, one might try to move the SPS30 sensor closer to the position where
the sensor of Air visual is installed.
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Abstract

Accurate detection of LED light intensity is important in many applications
especially in the analysis of plant growth in greenhouse horticulture which has
now become essential due to the need to control many parameters such as
temperature, humidity and light intensity to grow specific plant. In this paper,
we propose artificial LED light intensity detection in greenhouse horticulture
by applying the Shallow Neural Network. We simulate various light intensity

scenarios and use camera to capture the pictures. Then, these pictures will be
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used to train the Neural Network. The experimental results show that the

algorithm can detect the LED light intensity accurately.

Keywords: Neural network, Artificial light, Backpropagation neural network,

Light intensity

Introduction

Nowadays, weather and environment are not always favorable for
agriculture. In addition, people have turned their attention to eat more fruits and
vegetables than before. Therefore, various methods have been invented to grow
plants efficiently. One of those is growing vegetables using artificial LED light in
the greenhouse, which has widely been studied and developed, such as in (Olle and
Virsile, 2013; Gomez and Izzo, 2018). However, the intensity of light has direct
effect to the photosynthesis and growth rate of the plant. Thus, it is necessary to
provide the artificial light with suitable intensity in the greenhouse.

In order to apply artificial intelligence technique to detect light intensity, it
is necessary to have a camera to capture images of the light source from the LEDs.
Then, these images will be used to train and test algorithm based on the Shallow
Neural Network. Normally, Shallow Neural Network is the definition of a qualified
Neural Network consisting of one hidden layer and trained only in supervised way
(backpropagation) whereas the Neural Network with many hidden layer is known
as the Deep Neural Network. Thus, depth of the Neural Network describes the

number of hidden layers. The Shallow Neural Network is named to compare with
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the Deep Neural Network (Stephen Judd, 1987). However, if we use the Shallow

Neural Network directly, this might be an overfitting problem. We can solve this

problem by studying the improving Neural Network in (Rosin and Fierens, 1995).
In this paper, we propose algorithm to detect the LED light intensity and

compare the effectiveness of our method with the other work in (Banik et al., 2018).

Materials and Methods

Our proposed method starts from backpropagation algorithm (Rojas, 1996).
First, we simulate various events with red and blue color channels. We snap pictures
of LED from simulation using Logitech C310 HD Webcam. Next, we convert the
images from RGB to HSV color spaces using image processing algorithm
(Gonzalez and Woods, 2002). Then, we define the rectangular box to extract HSV
sub-1image from the original HSV image. This process is based on RGB color
channel intensity. Then, we calculate the average values of the intensity and store
them in a table which will be later used as a condition with the light measurement
using the Photosynthesis Photon Flux Density (PPFD).

In our method, there are four main feature values: Red, blue, green intensity
and PPFD value from the MQ-200 Quantum sensor metering instrument. This
method is classified as small data sets and complexity at low to medium levels
which is appropriate to implement the Shallow Neural Network with this dataset.
In comparison to the Deep Neural Network, the Deep Neural Network may yield

slightly more accurate results but it consumes much more computational resources
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and processing time than the Shallow Neural Network which requires much smaller
number of hidden layers.

Finally, we employ the scaled conjugate gradient algorithm (Moller, 1993)
to train LED color intensity and classify pattern by the Shallow Neural Network
toolbox. Figure 1 shows the block diagram of our proposed method.
Experimental setup

Our algorithm collects sample data to create a new data set using Principle
Component Analysis (PCA). This data set will be later used in the Shallow Neural
Network algorithm. Our design uses 640 data sets, which have already been tested
and found to be the most appropriate amount for training, validating and testing the
Neural Network. We designed a total of 10 events that maintain blue intensities at
0%, 25%,50% , 75% and 100% , maintain red intensities at 0%, 25%, 50%, 75%
and 100% respectively. Then, in each of the above events, we maintain the color
saturation value, which increases the color intensity (red) from events where we
maintain the blue intensity. We will increase the red color by 25% => 50% => 75%
=>100% respectively. In the event of maintaining the red intensity, we will increase
it the same way. Initially, we were interested in 1 event with 4 LEDs (1 LED image
is equal to 4 red LEDs and 4 blue LEDs. For example, the event that keeps the blue
intensity at 25% and then increases the red by 25%, indicates that we will be
interested in 4 red LEDs or the event that, keeps the red intensity to 50% and
increase the blue by 75%, indicates that we are interested in 4 blue LEDs.)

We have designed the events in accordance with the random variable set at

640 random variables. In summary, we collect 4 LED images per event and
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consequently one event contains 16 data set. Finally, there will be a total of 40
events and 640 data set.
RGB Color space to HSV Color space

First, we snap pictures with the blue intensity of 25 % and various red
intensity of 25, 50, 75 and 100 % in RGB as shown in Figure 2. Then, the pictures
on Figure 2 are converted to HSV color space in Figure 3.

The RGB color space is composed of red, green, and blue dimensions.
RGB color space is an image data obtained from the Logitech C310 HD Webcam.
It is converted to the HSV color space, which consists of light frequency
difference (Hue), hue saturation (Saturation) and the brightness of the color
(Value). When the image data is converted to HSV color space, the color
saturation level is applied to the Neural Network based on the Red, Green, and
Blue dimensions. This makes the range of every pixel of the image 0 to 255. To
demonstrate the effectiveness of data preparation, this reduces the computation
time and complexity for data preparation using Principal Component Analysis
(PCA) in further step.

In our method, HSV color space is a better way for extracting important
eigenvalues of the images as compared to the RGB color space. In the simulation
event of the LED intensity detection, it is difficult to distinguish between 2
images in RGB color space. For example, in an event where the blue intensity is
0% and then the red LED intensity is increased by 25% => 50% => 75% =>
100%. It is very difficult to observe a difference in the intensity of red LEDs in

RGB color space. Thus, it is also difficult to find the distinctive features in the
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images. This makes the image extraction less effective. However, after the image
is converted to HSV color space, it is easier to notice the differences between 2
images with different intensities. The images of the same light intensities in both
color spaces are illustrated in Figure 2 and Figure 3.
Data management

This section describes the process of extracting information from images.
First, we consider Figure 3(a) which shows the picture with blue and red intensity
of 25 % in HSV color space. Next, we determine 4 rectangular boxes as in Figure
4(1). Only the pixel values in these boxes will be extracted in the next step. In
Figure 4(2), the picture in Figure 4(1) will be extracted into 4 sub-images (A)-(D).
Then, for each sub- image, we extract the intensity in each pixel where

Ig, Ig, Ip, represent the color intensity of red, green, and blue at pixel#1. We

continue this process to every pixel in each sub-image where n is the number of
total pixels. Finally, we calculate the average values of the color intensity of red,
green, and blue for each sub-image as in Figure 4(4). This process will be repeated
to Figure 3(b), Figure 3(c) , Figure 3(d), and all 40 events that we create.

Once we find all average values from all 40 events from pictures in HSV
domain, we have the data of size 640 x 3 which is defined as raw data. Then, we
apply the Principal Component Analysis (PCA) (Jolliffe, 1986) to the raw data to
reduce redundancy as in (Ouivirach, 2011).

After, we exploit the PCA to transform our raw data to new data set, we
compare the results in 3D axis as in Figure 5(a) and Figure 5(b). We can see that

after using the PCA in Figure 5(b), data is better organized than the raw one in
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Figure 5(a). Well- organized data normally yields good result in analysis and
classification.
Shallow neural network

In this section, we describe our method of pattern classification using the
Shallow Neural Network. As part of MATLAB R2018b, we use MATLAB and
choose backpropagation algorithm (Moller, 1993) to train the new data from using
the PCA. We also use 3 color values from the conversion by PCA and use PPFD
value ( LEDGardener, 2017) , another important data obtained from the light
measuring instrument, MQ-200 quantum sensor with a handheld meter. Figure 6
shows our final network setting which defines all 4 inputs as red, green, blue, and
PPFD intensities. The number of hidden layer for this algorithm is 50 and since
there are 8 target values(categories) associated with each vector input, the number

of neuron output is 8.

Results and Discussion

In our experiment, we use our dataset in three sections, which are the
training section, the testing section, and the validating section. We use 70% of
dataset in the training process, 15% in testing the network and 15% for algorithm
validation. The target is to detect the percentage of red and blue intensity. If the
detection is correct (the algorithm can classify the number of percentage of red and

blue intensity), the output is 1. If not, the output is 0.
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Figure 7 shows and compares the plot of the training, testing and validating
efficiency. Figure 8 shows the confusion matrix, which both output and target class
are in percentage. Table 1 shows the accuracy for each color channel.

In Figure 7, we noticed that the cross-entropy of validating section yields
the best result. It gives cross-entropy of 0.0015 at 9884 epochs. This demonstrates
that data set prepared for the neural network is suitable and the neural network has
moderate to excellent performance. When we observe an important aspect of
training and testing, the results of training and testing Neural Network have positive
trend or the trend has identical direction with the one that shows superb
performance. We consider to implement further hardware development for LED
light intensity detection in greenhouses. Finally, we consider very low cross entropy
validation performance. The validation efficiency is very low because the Neural
Network learning dataset is very difficult or the data set for validating the neural
network is uncomplicated.

In Figure 8, a confusion matrix of size 8x8, with a total of 640 datasets is
demonstrated. We can see that 80 sets of red are 25% intensity, 80 sets of red are
50% intensity, 80 sets of red are 75% intensity, 80 sets of red are 100% intensity,
80 sets of blue are 25% intensity, 80 sets of blue are 50% intensity, 80 sets of blue
are 75% intensity, and 80 sets of blue are 100% intensity. In this confusion matrix,
the outputs class is similar to the detection class. It can be seen that high accuracy
of detection relates to the target class or actual class. However, there is an error at

position 1 (80 sets of red are 25% intensity). The algorithm can detect 76 sets from
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80 sets. The other 4 cannot be detected correctly. The overall performance of the
algorithm has an efficiency of 99.4%.

Table 1 shows the comparison between our work with the previous work in
(Banik et al., 2018). The comparison is made at the environmental light according
to (Banik et al., 2018). Therefore, we have to convert the light measurement unit
from lux to PPFD by the method described in (Waveform lighting, 2020). When
the results in (Banik et al., 2018) is converted to PPFD, it matches one of our design
event. However, there is one situation at low blue color intensity which does not
match to our design. So the comparison cannot be made. From the results, it has
been shown that our method yields higher accuracy than previous work in
Multivariate regression model ( Banik et al., 2018) and Boosting neural network.
(Banik et al., 2018).

From the results of our method, detection in the red and blue components
has accuracy up to 98.75% and 100 %, respectively. This shows that the Shallow

Neural Network is an effective tool.

Conclusion

In this paper, we propose a method to detect LED light intensity using the
Shallow Neural Network. First, we use camera to capture pictures of light source
with different intensity and then convert them from RGB color space to HSV color
space. Then, we rearrange the pixel values of the image into a matrix, find the
average values of three color components and use PCA to transform the data. We

finally use this dataset to train, test and validate the Shallow Neural Network.
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Our result has been shown that the proposed algorithm can detect the LED
light in red and blue components accurately and yields the detection better than the

result in (Banik et al., 2018).
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Table 1. Accuracy of color intensity for each color channel

Environmental light
Name of the method

Color channel

Accuracy (%)

(umol/s/m2)
Red 90.93
13 (Low)
Blue 87.33
Multivariate regression
model (Banik et al., 2018)
Red 89.76
57 (Strong)
Blue 87.20
Red 93.2
13 (Low)
BNN model (Banik et al., Blue 92.27
2018) Red 93.23
57 (Strong)
Blue 91.45
Red 99.99
13 (Low)
Blue -
Our proposed method
Red 99.99
57 (Strong)
Blue 99.99




227

256

257

258

259

260

261
262

263

264

266

267

268

269

270

271

272

273

274

Create a rectangular

LED Image 4"

RGB to HSV

Color space

box to retrieve the
| intensity of every pixel

in the rect

Detection with
Shallow Neural
Network

image

angular box

Covert raw data
" tonew data by
PCA

New data from PCA
(input class) and status

(target class) prepare for
Backpropagation
algorithm

Define the
status of
situation for
prediction

Figure 1. Block diagram for our operating process
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Abstract

Air pollution caused by fine particulate matter 2.5 (PM 2.5) is a leading health
crisis for people around the world including Thailand. This paper proposes a
low- cost and real- time PM 2.5 monitoring system using wireless sensor
network and the Internet of Things (IoT). The system is designed to monitor
PM 2.5 via Blynk application on smart phone and via LCD monitor by showing
the detection results in the Air Quality Index ( AQI) which is easy to

understand. Furthermore, our system is calibrated with the standard




236

23

24

25

26

27

28

29

30

31

32

33

34

36

37

38

39

40

41

42

43

44

45

instrument to ensure accuracy and reliability. The results show that our low-
cost system is able to provide a reliable real-time monitoring of the PM 2.5

condition.

Keywords: air quality index, particulate matter 2.5, wireless sensor network,

smart city

Introduction

PM 2.5 (particulate matter less than 2.5 micrometers in diameter) is a harmful air
pollutant which is one of the major environmental risk to health. The sources of PM
2.5 are from, for example, engine combustion of vehicles, open burning, industry
and power plants. It can be related to the cause of lung cancer, ischemic heart
disease, stroke, asthma and other problems in respiratory system. Therefore, it is
urgent to look for ways to monitor the PM 2.5 pollution in order to protect oneself
by wearing specific mask or avoiding the area where PM 2.5 concentration exceeds
the guideline.

In this paper, a real-time PM 2. 5 monitoring system is developed using
particulate matter sensor or SPS 30 sensor (Livio, 2019) which is a high quality
sensor. It uses laser scattering technique to radiate suspending particle in the air and
uses Sensirion's innovative anti-contamination technology. Thus, a sensor service
life can be last over eight years. This technology enables accurate measurements
from the device's first use, which comes with miniature and ultra-slim. Moreover,

the SPS30 sensor provides users with the estimated mass concertation and the

(8]
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number of particles of PM 1.0, PM 2.5, PM 4.0, and PM 10.0 which the mass
concentration range of the sensor is between 1 to 1000 ug/m”*3. Since there have
been many studies on the Internet of Thing (IoT) and the wireless sensor network
(WSN) for smart cities (Mary et al., 2018; Sikder et al., 2018; Taha et al., 2018;
Qin et al., 2019), we have applied both of them to our system for monitoring and
recording the PM 2.5 information and also for creating a medium to share it. We
use a powerful microcontroller ESP32 with built- in Wi- fi and Bluetooth to
implement the IoT. It will share the information received from the WSN by using
air card to the LCD display and the Blynk application on smart phone. The result
of PM 2.5 concentration will be shown in the Air Quality Index (AQI) and color
code which is easy to interpret. Our system can run on solar power and batteries
which can operate 24 hour a day. The accurate results of the PM 2.5 monitoring
system are referred to and compared from the Air Visual application.

The paper is structured as follows. In section 2, we describe the
methodology of the design of our PM 2.5 monitoring system. The experimental
results of the system from testing and actual recording are given and explained in

section 3. Finally, the conclusion will be discussed in section 4.

The Proposed Methods

In this section, we explain the module of our proposed PM 2.5 monitoring system.
Our system is equipped with a 40 watt solar panel as a power source and a 12 volt
battery as a power storage. There is also a component called solar charger which is

connected between solar panel and battery in order to avoid overcharging which
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can cause permanent battery damage and loss of functionality over time. Then, there
is a 5 volt 3 amp voltage regulator board which will supply constant 5 volt to all
other devices including air card and microcontroller ESP32. Air card is a wireless
adapter for transmitting and receiving data in a cellular network to microcontroller
ESP32. The microcontroller ESP32 was applied to control the operation of SPS30
sensor and control the wireless data transmission. SPS30 sensor is the main sensor
which is used to measure the concentration of PM 2.5. It is a compact, high quality,
optical particle sensor. The detection result will also be shown on the LCD display.
The hardware connection of the proposed system is given in Figures 1 and 2(a). PM
2.5 concentration result from the monitor system is used to compare with two
standard PM 2.5 detection monitors. Firstly, the Xiaomi PM 2.5 Air Quality
Monitor, the standard equipment for PM 2.5 detection in real-time, uses light
scattering techniques to detect particles in the air and can offer accurate
information. Secondly, the Air Visual application which is widely used for detect
PM 2.5, AQI, temperature, weather and also direction and speed of wind in real-
time, supports both 10S and Android. Moreover, the application will show the color
level of air quality in the measured area and provides a graph of air pollution trends
for 24 hours retrospective that is free to use. One of the Air Visual detection system
station is located in Nakhon Ratchasima, this application is able to check the
backward data and forecast the air quality in a specific area of globalization.

In Figure 2(b) shows our PM 2.5 monitoring setup at the station 1. In our

experiment, there will be total of 3 stations. The system can transmit PM 2.5
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information to the ThingSpeak cloud computing. By using the smart phone and

Blynk application, anyone can see the PM 2.5 monitoring results of all 3 stations.

Experimental Setup

In this section, we show the results of PM 2.5 monitoring system and compare them
with the ones using Xiaomi PM 2.5 Air Quality Monitor with Air Visual application
that detecting simultaneously. Figure 3 and Figure 4 give the results of PM 2.5
concentration from SPS30 sensor in 1g/m”. The results from our system with SPS30
sensor are also compared with the ones from Xiaomi PM 2.5 Air Quality Monitor.
The solid and the dashed lines represent the PM 2.5 dust concentration by the SPS30
sensor of PM 2.5 monitoring system and Xiaomi PM 2.5 Air Quality Monitor,
respectively. From the result, we found that the data obtained by the SPS30 sensor
and Xiaomi PM 2.5 Air Quality Monitor is related. The relationship can be written
by

y =185 (1)
R’ =099 2)

where y is the PM 2.5 dust concentration by Air Visual application and x is the PM
2.5 dust concentration by SPS30 sensor of PM 2.5 monitoring system. The R? (R-
square) is 0.99 or 99%. The values of x can be calibrated by using Equation (1).
Figure 5 and Figure 6 show the comparison between both data after calibration.
The results from our system with SPS30 sensor are also compared with the
ones from Air Visual application (Air visual, 2019) which has become one of the

most reliable sources of air quality data show in Figure 7. The solid and the dashed
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lines represent the PM 2.5 dust concentration by the SPS30 sensor of PM 2.5
monitoring system and Air Visual application, respectively. From the result, we
found that the data obtained by the SPS30 sensor and Air Visual application is
related. The relationship can be written by

y = 1.52x (3)
R’ =0.84 )

where y is the PM 2.5 dust concentration by Air Visual application and x is the PM
2.5 dust concentration by SPS30 sensor of PM 2.5 monitoring system. The R? (R-
square) is 0.84 or 84%. The values of x can be calibrated by using Equation (3).
Figure 8 shows the comparison between both data after calibration.

In Figure 9, the comparison is made in Air Quality Index (AQI). The
concentration of PM 2. 5 in Figure 1 can be converted to the Air Quality Index by

using the following equation (Air Quality Index, 2019)

(Cmax vy Cmm )

[401], :{[Mx(q ) +1m} (3)

where AQI; is the Air Quality Index. C; is the PM 2.5 concentration from the
sensor. Cpax and  Cpip are the maximum and minimum of PM 2.5 dust
concentration range in the Table 1. I, 4, and [,,;, are the maximum and minimum
values of Air Quality Index corresponding to C,,,,, and C,,;,,, respectively. The PM
2.5 concentration in Air Quality Index from both sources are also found to be
related. The relationship can be described by

y = 144x (6)
R’ =088 (7)
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where y is the PM 2.5 dust concentration by Air Visual application and x is the PM
2.5 dust concentration by SPS30 sensor in Air Quality Index. The R? (R-square) is
0.88 or 88%. Figure 10 shows the comparison between both data after the value of
X 1s calibrated

In Figure 10, it can be seen that the Air Quality Index from the Air Visual
is slightly higher than the one from the SPS30 sensor. This might be because the
two sensors are not exactly installed at the same place. The location of the Air
Visual sensor is closer to the center of the city where there is more traffic than the

one of the SPS30 sensor.

Conclusions

We propose a method for PM 2.5 monitoring system by using wireless sensor
networks and the SPS30 sensor which can detect small particles using laser
scattering technique. The microcontroller ESP32 was applied to control the
operation of SPS30 sensor and control the wireless data communication. It also
shares the information received from the WSN to the LCD display and the Blynk
application on smart phone shown in Figure 11. The system can operate 24 h by
using electrical power from solar cells and battery. Our results have been compared
and calibrated with the ones from Air Visual application to ensure reliability. The
results show that our proposed low-cost system is able to provide a reliable real-
time monitoring of the PM 2.5 condition. Thus, it can be used as a prototype of PM
2.5 monitoring product for smart cities. For suggestion, in order to reduce the error

of AQI between Air visual application and our PM 2.5 monitoring system, one
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might try to move the SPS30 sensor closer to the position where the sensor of Air

visual is installed.
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187  Table 1. Air Quality Index PM 2.5 (PM 2.5 AQI)

PM25
AQI values Air Pollution Level Healthy Implication
(ug/m"3)
Air quality is considered satisfactory, and
0-50 0-12 Good

air pollution poses little or no risk.
Air quality is acceptable; however, for
some pollutants there may be a moderate

51-100 12.1-354 Moderate health concern fot a very small number of
people who are unusually sensitive to air
pollution.
Members of sensitive groups may

Unhealthy for
101-150 35.5-55.5 experience health effects. The general
Sensitive Groups

public is not likely to be affected.
Everyone may being to experience health

151-200 55.6-150.4 Unhealthy effects; member of sensitive groups may
experience more serious health effects.

o | Y ”Health@rnings of emergency conditions.

201-300 150.5-250.4 Very Unhealthy The entire population is more likely to be

affected.
n/ [ | " Health alert; everyone may experience
300-500 250.5-500 Hazardous

188

189

more serious health effects.




245

190

]
Battery 12V
Solar cell 40W

| * ‘ 5V 3A Voltage Regulator ‘

‘ Microcontroller ESP32

191 SPS30 Sensor

192

LCD Display

193 Figure 1. Diagram for hardware connection of PM 2.5 Monitoring System
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