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NATTAPOL PHATTANAJINDAKU : CLASSIFICATION OF CACTUS DISEASE BASED ON
INFRARED WAVELENGTH IMAGE PROCESSING. ADVISOR : DR.CHATCHAI WANNABOON,
59 PP.

Thailand is a leading country in agriculture due to Thailand is a knowledge and
expertise in farming , as well as its ability to develop high-quality crops for both
consumption or cultivation for beauty. In 2562, Thailand exported ornamental plants
worth up to 132.7 million dollars, being the 11th largest exporter in the world. Improving
or developing cultivation methods to increase quality and reduce cultivation costs is
crucial in competing with other countries. Therefore, some farmers have used the
technology to enhance the efficiency of their farming. However, the technology that
farmers have used is mainly to use machinery, chemicals or automatic control to
increase productivity, control disease and reduce costs without analyzing data to find
suitability for growth or abnormal conditions in plants. Normally, Plant growth depends
on the photosynthesis process to generate food and energy that necessary for plant
growth. Therefore, if plants have decreased photosynthesis, it indicates that the plant is
facing issues in its growth.

As mention previously, the researcher has seen the problem and has started to
study and research related to the detection of abnormalities in plants by using cactus
as an example in the research. Due to that the cactus is now a popular plant and the
research have made the cactus farm to the most useful of the research because the
cactus has an unlisted disease it isn’t visible to the naked eye such as root rot disease.
By study and research on Normalized difference vegetation index will be used to detect
abnormalities of cactus caused by soft-root disease. The study and development an
equipment for detecting soft- root disease is expected to increase the efficiency of

growth and reduce the cost of excessive use of chemicals.

Graduate School Student’s Signature...........coeovvvivecicssienenens
Field of Engineering of Technology Advisor’s Signature........occocevcencicnicnicin,
Academic Year 2022
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2.3.4 A5V YDUAIN
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1ng B unusmedyanuyal ADB uaslifionufiaunisn 2.6 way 2.7

A@B:{AéLﬁAie} (2.6)
ADB

{A@LmAgm 2.7)

1ng
A AD NWAULUY
B A9 93pUsznaulATIass

Z A 1nvayagnnm

NAUNITN 2.6 waz 2.7 wiiuliinisvenereunmilunadziow veseirUsEney
lA59asne uazidauesnUsznaulassasluiiazgn wazlloniun1sidoussAusznaulaseasig
HIuRalalvivinnsBuwesiendurain niulasiaiewinduiueadnmseli dbividuiuee
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JUN 2.7 uwuudnaesgnuiAnd RGB

2.3.5 Wuudaadd RGB

WUUD1a898 RGB Y390 n@tu 95 UuanAeaINANELNT INS1$UONINTY

=

NiFeavesnnududuaIfliesrUsenoutesaUnmsuves 3 widsugd laun @und (Red : R)

A7 (Green : G) wasdiRu Blue : B) Tausiazduuareguusznunminudasyronulaed

fugnuuuiiiadediu ndesddusnniilunssunmuuuddsia Jedldsuwuumsdnassd RGB

XS]

v a |

Wugduuumssunm desananeanuysdanunsonesiunaduynilafngs dwalinissu

AnlaglEuuudnans RGB AAudIAguInAuNITIATIZ RN
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2.4 M3a¥193U319 (Contour)

WueNiuTEnINgn 1INARANEANNAIL° Aulua & Anudy waregliniu iy
fo & w % oA D= ' N Ny |
Uindudureulansretonveuduniizandn AU (Contour) M3alduULARIIUI

nnsaavniduUs sl lilulivssleninolunuinudug wu msssweey
799 (Blob) Msasaviinau v3ulnsEan1siAReuNnNing

LUIARMI ALY Agfewimsnseaeuduveunew innsiduveududyn
, & o a9 Y Y& Ao
druiuvd i lildduveulidude

wineuvimdugUTazARimMduveuney wu 14 Canny  visemeUiey

s¥Avdnau (Threshold) Tu Opency Tlg#lsAtu Threshold()

2.5 N1SEWBATICHALLLES
msdapszvimeaiuluiissUjisendomddidimhnawnuilasuanuauen
WIS UUTNAINDUINNES 19 E 191U Avtundalaevluaunisnisduasieiamanaadus

ausn 2.8
6COZ + 12H20 + nght - C6H1206 + 602 + 6Hzo (28)

Tnevhluudnsdansyidouaasuieont@u 2 du luudasduduuadiang
sudusgranniieldlunsduasizimeuss [8]

2.5.1 Uiisouaniulunszuiunsileudamdsnuuaningd’a NADPH wag ATP
Anil Thylakoid membrane

2.5.2 minssmivoulapentes Wun1snsenedninsdaiu (Calvin Cycle) lnunis
1 NADPH uaz ATP fildunannnssurunistiu wasunsusulaeenles Wdutdnans

aun15U199unnaaly

2.6 59A0Y

v
Y] 1 A v =

2 Ao v 2 a A v )
5\'1?]'3@@! ﬂ@ﬁqﬁﬂﬂﬂquﬁLUﬂqi@j@ﬂaULLaQ aV]VLllﬁﬂﬂﬂﬂauu‘Uﬂ'ﬂgﬁg‘WQUﬂaU@@ﬂN’]

Y Y

'
LY 1 a

Vs ulifiddu egafiildiiu seadngnimifgandulasinunssuInnsduaseiaewa
[91 laun
2.6.1 Chlorophyll 18usspdngiigandudlutiaaueindudiniu 9amnuen

AaUALANlTlUNTZUIUNTEUATIZRAILEN LavasTiulasdEideanadusenun Chlorophyll
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Thuflesddsznovves wuniiden (Mg) warlulnsiau (V) Hussiuszneudfay Chlorophyll
Tusiviangviialdun vie a, b, ¢, d uag f

a) Chlorophyll a  (CosHr0sNaMg)  ansnsamuldlnevidlludsdidiadinns
dapszinasgandunadutasmuemeaudinlifivgn 430nm wazdndunsiiigail 662nm

b) Chlorophyll b (CssHzOsNaMg)  sinaznulunvluiden @mﬂﬁmmqﬁﬁ'q@
Tut29 453nm way 642nm

) Chlorophyll ¢ (Cs5H3,05NsMg, Cs5H,605NsMg)

Chlorophyll c1 geanduuasafigaluzag 444, 577, 626nm Tasewlngsin

wuluasdidingamon awmsne

va

d) Chlorophyll d  (CsqHzgOgNaMg) @Jmﬂﬁuumlqu@imi’mmmEmﬁﬁlu
710nm wululeelunueiise SuduuuafiSeniauannsadunszideua
e) Chlorophyll f (Cs5H7q0OgNgMg) W Chlorophyll @Jmﬂﬁul,l,aﬂmmmmm
paudunsse WeluldlunszuiunsdunseiieuamemuaiiSe iduassiiewames
wupfise wululvenlusuaiiSedaduuaiBenfinnuauisaiunsdunseinadls
262 Carotenoid uuadu Carotene fiavviouninuenaduuaslugavddy uas
xanthophyll agvieurnueneduadlutdndes AdTiamnulafiannsadunszisouadls
22l Carotenoid Wuansiueyyadasy Fsiivihfivietosiusuaneiifinanuasusniniioan
nIAANGULELY
2.6.3 Phycobilin wusidu Phycocyanin asvounuemaauLastutsdingy e
Phycoerythrin axviaumuegnnauaslugiaduag
puildnanluluirsudursnsulfiseingaunsogandunasifianueiady
Tugaspuemadufiwanseiuld wandlddaensm Absorption Spectrum ﬁqgﬂﬁ 2.8 19A0g
$1149°) TAdeTusznanduies Chlorophyll a, Chlorophyll b, Wag Carotenoid %aLﬁuiaﬂifmq
Afydndudedlilunssuaunmsdunseimneuas uaviilossningraney sliaumiaiusamiy
Mgl Chloroplast 929t WA T30 dunmeinnuemrduuadlugawneg Iiunnaneiy wan

A11N3IN Action Spectrum ﬁﬂgﬂﬁl 2.8 way 2.9



3 & carotenoid
L
S
2
©
S chlorophylla ——
)
=
é chlorophyll b
<
1
400 500 600 700
Wavelength of light (nm)
gﬂﬁ 2.8 Absorption Spectrum [10]
R
w
@ /
5 "
(=
7
e
o
L
(=%
S
[
©
(14
| 1 1 1 1 1 1

400 500 600 700

Wavelength of light (nm)

JUN 2.9 Action Spectrum WaAISRIINTHAATIEIAMBULAIVDIHNY AIUAINEIIAFULE

13



14

fiviugninoglulssuom Eukaryote wazeeiunuud uasiiedoaiiiideruogie
aWzUsznm Eukaryote Winiuid sedrndmiunssuaunmsdaasevideuasoglu Chloroplast @9
Hueesunuudifideruaestu WeneluiudeunusiudluiFends Thylakoid Membrane
WoisenI1 Lamella s?falﬂuﬁagjmamﬂi’mqsi'm udutusiunusudusednestegisenda
Granum usiaviSuayasiiouiugie Stroma Lamella melu Thylakoid Membrane aziiveq
Zonin Lumen waznelu Chloroplast fivesmaniiendn Stroma vssqieulesillunsyuiy
ANSEWATIZINIBLES Ribosome, RNA, DNA vasiiaianl)
2.6.4 Yadefidmanunszuiumsdaunseidneuamesiiv dedeiifinasensdunsiz
MoLasvaIe laun
1) prmeTInAusas Wunduuaslutisdhtdy uarduaadugisnueandy
wavildulanusadaunsziaouadlds dtmuennauuasiuidifevisedans
wwstlimuaunsalumsdaazidevosiiviutosasdungldainnsim Action Spectrum 7
Tonamdsluludnesiu
2) Aaduveanas mnudunasidmalfiAnnszuiunisdanszidieuas
wiriusasmsmelasenin Lisht Compensation Point  viliaamanansalunissssansuaula
oonlad avdidu 0 drugaduuss (Light Saturation Point) AegafiifiuAudiLaudInsINg
Fupszignonaaiilifintumy nelungu C3 thuaedl Light Compensation Point uag Light
Saturation Point snifiweiin C4 withmuduuastunniulUavdsalisnsmnisdunsz

muuasanaslungiaeviln viliineuyadassiaedwaliluvesivlvg diunyieglunsuly

a

uasuAlisadnosfiansnsadansesisouasldifui 3 Light Saturation Point fininfiwiie]
Tuiuitldauda

3) Ysunau CO, Nzl CO, Compensation Point Way CO, Saturation Point
Willounu Wiies C4 azil CO, Compensation Point waz CO, Saturation Point ﬁﬂﬂdﬂﬂ%ﬂdm C3 Ui
USunas CO, toaiiuluznuindnsnsduaseissuandugud fvazliassemnsudazly
pwnslunszuumamelasgiumadluidosy Tufefivasliaunsadseglfidommmduuas
Wio CO, Alarmilstioaiuly

8) U3aneu O, Wwdasefiawiia C3 wintuiewmniodosiu Photorespiration
Taeiile 0, Bannfuminlamsduasesiiasianaayinii

5) Vananiluiu Jadeiidmaiensdaliavennludsgnaunulngusadiy
wsvaasaday (Guard Cell) efithesals@adnandanelused wadeswswilimnludasen

widleteealuBaeenannadil wadasiigtasdmaliinluiiuleas assuiumsiiaggn
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muRulaswawag K+ Tussuduasagnseduly K+ unsiingwadvibinngluwadiuiiang
Wuduiiady dawaliiiainseutaadesaludatnunneluwadvilidnluiuiaesn wae
deflufaiuuaniisme wadaudasunssuunMsdaasIzissLas lawna uavansetysndsnu
A 9 va o 1y ¢ Y a Y v oaw ] 1
gesanu e lilundenuy uagemsuniy meluwadtuianududuntdesasdwaliuinly

A

fudaas madelavesunludswalifnnauwanivdeunda uilursentuiuiividesgyde
Arudumelu Mesophyll — Befinnudiuduinsgeann delaiifivnaiwidofiviluduties
uiuly sosluu Abscisic Acid azmuaudsruliiniule witasiiuasnay

6) gauvigdl finasensmsvihauveseulssisingg fonmgiigs viesauinly
oulmiagliianunsavinanldedsiiusyavsam uenanienmansoudiuasnoysinm CO, uaz
msfin Photorespiration fgaungiifisgatufitlungy C3 wwdansgidouadlitonas udii
Asz0a Cd way CAM  Ssamnsndaasevisnouaseldld ilesanillassasng uaznisnusie
anIndesuAnEay

7) oguesly egnsimsuiuAdlulsfiTlogunaudiazisasmsdansgiise
wasamasilaifisuiuluifienytiosndt egnannilesannsdesssansnmuaaeadsieg

8) 53 Wlofivanm Mg way N daduduszneundnmilasaiuaiives
Chlorophyll #unalgannaunisediinanlulugiuwes Chlorophyll d@salviiizun Chlorophyll
wvililumiesdin s1mduq Aldntelumsdaunsgrisnenas 1w Mn + Cl 92eluns Palisade

Mesophyll, Cu + Fe taglumsanenendiannsou (e-)

2.7 dnanagdautaw (F-test Statistic)

nMsvadouaLLAgUAIfuALaAsnsdinduiaegs 2 nau Mdudaszainiulaely
anavAgau %ﬁﬁqmﬂumiﬁﬂmmmaﬁa t WUU Pooled Variance waz Separated Variance
fuineaevarioadenldligniosiedniuaziemaaeuinisgannsiifnuiianuuysusu
wirwel feonmeaeuiildatfvaaeuien

& . D
UBNANUNITNAFBUAIANULUTUTIVUDIUTEIINT 2 NGULNDRIIAULYTUTIU

Y

o v A

anauns ol [WudsdAgaldlunisussneunsanaulanimeaevisldaiAnnaeutenidy

LN

2.7.1 n15uanLaden (F-distribution)

NsLINLAIwUULEN (F-distribution) FsiuvumdiAgylunisnageunuminiu

YDIANULLUTUTIUVDIUTZUINT
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2

[ 1 1w 1 ' = & a (Y
, WuAImULUTUTINAINNEUAIE NEDINGY AU uDdETEnONU

v qv 2
il S uag S
WaEIUARIBENMNAY Ny Waw n, IUAWU AN 1w saasngdulaunlnen1sduanUsyung
= a a1 Y 2 2 °o v
FeiNTUINUAUUUNR uazliAANuwlsUsTIvRIUssnnIWindy O uay O, AmMUa1RU
S, /0

O, XS

(2.9)

N NP N
NN PN
=N IN N
NN PN

S,/0 O, XS

fn1suaniasuuuten F93l degree of freedom Winiu dfy = n,; - 1 wag df, =

n,-1

ASHANLAILUULDH FNBUEVDLEULAITINISHLANLIILUUUNINUIN LazA1UDY F

£
= U

ziduviniaue WufAe 0 < F < 00 anwuzveddulAsazluiu Degree of Freedom 2 ARe

df, way df, é’]’qgﬂﬁ 2.10

P - df, = 6,df, =24

df, = 6,df, =10

JUT 2.10 N1SHINUAUULDN

v & Ao v A v '
ﬂ']UIWWUV]IﬂQ?J@Qﬂ"ﬁLL‘UﬂLL"UQLL‘UUL@WV’]I@"U"IﬂW']TNLE]W LHBRABNATTNITIUAN

F 99001974 92A0asIuaAfe df, wag df,
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2.7.2 ananadauLan

TunsnaaouanuAgnuietuanadevesUszanslagld T-test  Asdayd
Jefosfiansandmil fe anuwlsusiuvesseannsuindunield weanulueniudves
AIANLUTUTIU (Homogeneity of Variance) waglun1svaaauin mmlususiureslsesnns
wunnisunieliiduasdeddnmageunnunlsusiutesnauiiogadeadanaaouien

Yonnacdesfuvesatinnaouien feil

1. nguiegnlsnlaensduiiudaszaindu

2. Usznslin1suantasikuuung

3. Yeyaegluunsdunsnia visednsd

2.1.3 m‘awmaaqamag']ulﬁmﬁ’ummLLmﬂshwaqmmLLUsﬂsaueuaaiJﬁzsmm
defesnsnsuiANuLUTUTLIeUsEIns 2 naudiannuuandiuvdelsl
szvnsnnaeulngldadRnaaouLondstiduneusal
1. psradeutennaniouresainnnaauen
2. MNUAALLAFIUNEDH
d1USUNIITNAADUEDINFANI

Hy: O.= O,

=N e N

2
* O,

ANNSUNITNAABDILUUNFANIAE

Hl:G

2 2
HO . Gl = 02

2 2 2 2 1 1 =
H,: G, > O, vi3e O, < O, agilaaganils
3. Avun o

4. AMUIUMAEDR F 3NgN3

_|_|
Il
2D
o
=h
I

n1‘1LLagdf2=n2'l

Tumsadfsnfoudna F lngldmmnususuannnguinesi i
innfuiiay Faazihlsiveulsingnogmeniiae
5. ANUATBULLATINGA LaanIAn F 3096 ( Foan.da)
6. dyunan1svagoy
F 2 Feiical 38UNEE Ho

F < Foiteal 329015V H,
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2.8 snAnA@aUN (T-test Statistic)
Humsmaaevanuigiurlaniefifideldnguienmwundn  mmaaeulfide

fpIMIIUAIANLLUTUTIUYEYINS MEolunsdlilinsuAinuuUsUTIuvesUsEYng

wsgluniddeagliillonmansiuAinnaudsuniuvesdssring §idee1rarldrnnuidsusiu

VBINQUAIBENUNY

2.8.1 nMvegauil (T-test ) lvaaaunsalagg Al

1. mMIvadevaNNAgIuAIiuALRAsYe I vINNANLFEY
2. MavaaesaNNAgILfeiUARAs Y IUsEIINTARINGY
2.1 nsdinquénegradudaszainiu
2.2 n3dinquinedsaonauliiludaszainiu
3. MINAResALMAT UL AU AEI sTAvBanduius

<A LY

2.8.2 Usgmng 2 nguiiludaseiu

Uszanns 2 nguiludaseiu Aeuszens 2 nquiiliiedosiu nsvagdeuy

Y

auuRguiiaiavaaeuTuegiunnuulsUTINYeteyalulsEYINT 2 nqu dall

2

! 2 2 1 !
nsaliingu ©,0, winswit 6= ©

2 1 2 2
. = 0 aglszuiuAl O,,0,

e NN

¥ s

v ' . a 9] 2 i
A8AMNLUIUTIUIIU (Pooled Variance) g ULNUAIEHIAN Y Sp Tnen

o

, (0, =Ds; +(0, —Ds,

S = (2.10)
n, +r12 —2

p

AU FIEDRVNAFBUAD

(2.11)

WUANAREYBITRLAINGIRENT 1

Lmum"lLaﬁamaqsﬁ’a;ﬂamﬂﬁ’;aéwﬁ 2
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L - W, winAnasnsvasaeasluauufgiu vsean LW,

S WUAIUTELUNINATEINT Y
ny WUTIUIUTIBENGUN 1
n, wudwIuimeg1angun 2

TnefioarmuwianNuudass@e ny + n,- 2
tol

U gj I a =
Agil ANINGM AD i?,nl =2t g m 2 by, g, 72
Ao 2 2 ' 2 2 2 2 v 2 2 v & o
nsillinsu O, 0, wins1wino, # G, 3¢ G,,0, MY S,,S, fatius?
GARVIERIGE)
= (2.12)
= — i = 1% Y oA
e x, WILARREYDIUBYAIINIDEIN 1
X, WUANLRAEUDITRYARINGIRET 2
W - Wy wnuAwasisveddnasluainfigiu vsen Lo
2 ! U 1 1 d’
S, WUANANNKUTUTILYRIRIBE NG 1
2 U U 1 1 lﬂl
S, WUANANURUTUTILYRIIRENGNT 2
n, WUTIWIUFIRYNNGUN 1
n, WU UIUAIRENGUTN 2
lnefiadruvisrudasehe V e
52 52 ’
14+
n n
1 2
= — 5 > 5 (2.13)
(s;/n)" (s, /n,)
+
n, —1 n,—1

r rn
Pt ANINAR AD £—V, tov, tay
2
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2.9 msUsziliuuuuinassannsuimiaaang (Evaluation Model by Classification)

Bl dunnsgulunsusediu wieinuszavsnmaesiuudiass  (Model)

o
v ad v LY

tuivainvareismeiu Bnsndeiduiugiu fenisuimuinyvenadng lneisazses

a v o sd & 1 _a o caq v ° Y o = = Y] ax
m%a%a%mwaawwmumm& LLawaaWﬁmMmﬂLL‘U‘U‘&]’lamLmemL‘lJ’iEJ‘ULV]EJUﬂu I@Eﬂujﬁ

'
[

Uszduil fiindAgyNvzRomauneusgiaeAvane A
NaUINa39 (True Positive, TP)
nauInUasy (True Negative, TN)
NAaUa39 (False Positive, FP)
nNaauUasu (False Negative, FN)
AINYNABY (Accuracy)
AALTiEs (Precision) 3o AvihunerauIn (Positive Predictive Value)
Al (Sensitivity) ¥399nTIWaAUTY (True Positive Value)
AN (Specificity) 1308nT1HaaUATY (True Negative Rate)

[

I U g Yo a a o ! o o o aa &
Wudanlgusuanuse@nsnmuaaluudnass NIUATEIAYNNANNTIIANUY

2.9.1 aAnugnaAad (Accuracy)

T viuiainlumatiuwhwelsgnieaualy lnsthanvinungligneeamae

¥ 7 Pt o a [N o a ! &
s muanllueaitue wildgyegnaunsiunivssnninnnii 2 Aanat
T3stazlianunsatameuwiuguuwiazaandls wavdyatoyaliuiandiutunszdmali

NAANSVBNSURANAALA FaaunIsh 2.14

(TP + TN)
Accuracy = (2.14)

(TP 4+ TN+ FP + FN)

2.9.2 Anuiied (Precision)

washuyuidlueavinglausiugualyiludfauls dsaunisn 2.15

TP
Precision = —— (2.15)

(TP +FP)
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2.9.3 Ayl (Sensitivity) %38 (Recall)

wadluyunnlunavinelagnaeauelnu Awun1sin 2.16

TP
Sensitivity = —— (2.16)

(TP 4+ FN)

2.9.4 ANUIUNE (Specificity)

WARSDIAUUBLNNISNAEDUINEAU NNA2DEHAUIN INLSUE FIaUNITN

2.17

TN
Specificity = ————— (2.17)
(TN + FP)

2.10 UszdRnudunnvasuandsd

Fimsduliuguindunssnaveunadatiuislugasmegailalsdn uazthsiues
gawediies Judugaiifivnoniinisianinniian lugeadetuaadaddrduwanieiu Tu
uaznonuileusulsivily Tagasdsanmnsaiuldmnuaaddluana T3aiAs (Pereskia) Feviiad
annsoiuldlulssmelng THun nvatusngaids uaznvaiunnm Adansdnvarauils
nansNeY

Huszeznawaneduiianmundenvedlanlifinaudsundas iaumams uag
gituan Teedulviajazegmsiians Sunnvesmiusingg dmalvirluanmnseineusmiain
frneTunnle Flsituiisuuiuds waznaan L dumzanseiviugaeeg ﬁLﬂ%igLauimagﬂu
Uinaniudsdinisuiuanmuosaedidannossdinegluanmnadeniluudatoluly

ueaddldannslassaidlfaansafvasauiilinelug wuldte 80% - 90% v
Tidduesunedatueiudiu warduas mnveaandadLnaeglndUdamanu livdadn

Y]

aslvunntdn Wenagandutn maulsde wazmsiaunfdAgAensanvualuliianas way

Y

wWaguguJunmunudaumn 9elun1snsinnuiouninuainiing iieannisagdenann

ANSAYUN

wapsiadulngdauiidneglunivewsnild wuinnluiuiiuounsiansneusnfiung

(% '
=) =

Uszaniiulnegluntrioutu Juaadanguilinazlidinuwuy Asainwaadanaulaly

i
=1

NzLanse Reiivo IiaululnuNSuLase induINTu WonANUGILNITAUNULAAGATILSEY

wulausnaie inzefeedivsmildlvgludfvau vugel vsewinssiaeavsia
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2.11 8uluala@en Ja11u3vde1e (Gymnocalycium Mihanovichii)

Uoyan1INeNAIEns

=

oIMueEns . Gymnocalycium mihanovichii

YoaLiny L -

I9dU : Chin Cactus
297 . CACTACEAE
ANBAYNINGNEAANS

=
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2.13 576Wa33n1e (Raspberry pi)
[ = a 3 2 A1 v &a 2 A a a
Junsssnauiaweiauinan nennuiieasiiugewensedsnmlunsussinans
nladanansavilavindumeuiiumesdiuyananily udinazgnidenanldlususiu IOT (Internet
of Thing) WuAlUMsEIITEUesINeTUlEMSeni1 GPIO (General Purpose Input/Output)
yinaaEsalvilideulusunsuiioniugu wazsuaangunsalmeventuliidiudesde

gunsalfena 1 AIUAY Rely Switch Mseudeyasieg 3nluees wazddisagndnsae

AIUEIN0VBY Raspberry pi

{lesa1n Raspberry pi tufiauanansniieunsnfinneidmyana Fotud i
AoumBsEUYARAYINLE Raspberry pi Adnusavinle Loy

- Tlunsiaudumesiin

- Tlunnsiiudeya

- I wnSuuszananatoya

AUUIENAUYDITIALUDTTNIE

1. 40 Pin General-Purpose Input/Output Header
2. PoE HAT Header

3. Gigabit Ethernet

4. USB 3.0

5. USB 2.0

6. 4-Pole Stereo Audio

7. 2-Lane MIPI CSI Camera Port



8. Micro HDMI Ports

9. USB-C Power Port 5V/3A

10. 2-Lane MIPI DSI Display Port

11. Micro SD Card Slot

12. 2.4/5GHz Wireless Bluetooth 5.0

12

11

10

JUT 2.11 dudsenauyessaassne

25



3.1 UNUn

UNA 3

A5N15AHUIU

TulassuiinisAnwini1snsradulsavaanszuaunysiaglenisussulananIn

\iesaniuugunsallvifianumnizadlunsinseilsnrain sz uasnys Feenunsoandunou

Tumsieseilsaas wazdsnunsasogenludnAgRamMngsuNsNLRs nanfieuseiiananTm

LATNITIATIENHAINNAIAIUANATLNINTT Y LUBMIUNTLILNENDNGIDNIT LATIUABUNIS

ANLHUIIUINY
3.2 BWAUNTSANTLUIUIRY

M13199 3.1 uuU TR

2564

o

o
UBIUY

2564

2565

2565

1 314

11

12

10

11

1. Anwndeynn wazmalulad

2. Anwvgud warauddey

3. 9OALUUTEUUNTVINGIUY

4. gaulpseansinendinus

5. WAIUNSZUUAITHINU

6. NAFDUNITVINUVDI

EUU

7. WAsizinanle

8. asUnauazyinay

Anefinug

9. gaullasiuingiinus

10. UNLAUDNAITUNN

T




3.3 YunaunsU UR

Anwveyatym

wazvea Ll adnasinanly

A 4

= oas

= o a
Anwmgui] wezadTeiiieves

A 4

BRNLLUUNITVINGBN

Y

YIN100NLUUTEUY

A 4

YAFDUNISYNIUVBITLUU

AATIIHANTNNEDY

dUNaNISINaeY

JUR 3.1 urunanssruduneunsaiiuidy

27



28

3.4 Apszilyniduladevesnuide

3.4.1 Anwteyauaziym

= ¥ a o [~ 1 Ao w = [ a
nsAnwtea kagewdde Wudiusenaundidgynazmtadelunisiasey
WAULHYDINTEUDLNYS LU 15A NTEUIUNISAIATIEIAIVDINY YN 1UD U387 dInans
NTHWATIEILAIVDINTEUDLNYS

v

3.4.2 AAT1ENMUINTI8TMN8UB4

[y v o

Mnmsdenileids gaminlaiuddadedfayiidmasenssuiumsdunsen
% A o 2 v a ¢ i a I3 @ ¢ v b
meua eiiluldlunsiiuteys wariesevinasialy lnemsieswinsdunseineuaiy
w1171 AYIANNANNYNTIUINARAILIN B TN IUIINTHIATIEAMELawNTToURY

wgslunistesiulsanlinanse1nis nzvinilunseuasneys Lagvinnisasuua

3.4.3 W@EUBTBNUNSENUINN

nTeyanliinnsAnwan giaindelidmdssendivaunsel Weaswseuy

]

nldiveldlunistesiulse vidanlugdninddedslavinssiusiudeyananyiuaueiite

Y

AUD1TINUTNW

3.5 DONUUY UASWAIUITZUY

Tudhuazifunisesnuuuszuy fleddu Aldlunissudeya uazthdeyauiased
Tngllshimseenuuumssuteyaiilsinainndes vasmnlisuteyanmearenudidazideya
waniuiilfudiengiludunoudely Tnsnslilunavesnisuszaananmlunisnsiuun
vnszusansiustilunladon uarlinsindduianudsiienssalunsmiuiiennis
HAUNG WWIWN9aN15VRaeRziIfunseUaungsius Buluan la@eusninas sauwawinnsanen I

waalusEuUIUNAUNTEUR MY SHLGELlUAAWNeBNUN

3.6 AATzvdoya
AN1TANYINUINSTIEARYTANUA RN TTUANTAUIUBNTIANURAAUNR LY

nMsdaasesseLaeaiiv liinaudunnzuai vielsedilivanennis Wudu Tnennsi

Asatimussisnssaanndosianansaaen it aduudmanindiilugas NR - ddnaunis

NDVI tiVenauany sadlunsdaasginieiaauasie



29

MOYSWI'ZAD

NAREDERMLELULLUNBLIEEBBTIMLUNNT Z'C WNE

Swil doyD

uesw sl doyd

3

129Y8UIPUNOG ZAD

:SJNOJU0D Ul JuUd 10}

9ZISaI'ZAD (ALLSYH)I01001/0°ZAD
A 4 ﬂ
wonoq/ (9
Pioysai4yend - (YeoyypdAise) = 1Apu
h A
L~ ]
2Je\IP"ZAD (o8ewinnds zao

SINO}UODHPUY’ ZAD

f Y wﬂ MH*

ainyde>eiawed
ani|

»

L

ﬁ yess u

NNISPRRELEMLY /¢




30

3.7.1 cv2.5plitQ)

(%
v

Alenendvasnmesndudadvesadunasd 1WussuUa RGB AdzLanAda

Y [ Y1 a Y
ausneonunulirdasAuys

3.7.2 cv2.cvtColor()

Wldlunisuanwandlupeuiianestu lnemilussquasiussuud RGBT
q’ v o o = v a8 a < [ D2
Uil opency AraRUAIRUYRIELAIUFUIRY naneilu BGR wazdianansautadivieglussuy

douladn

3.7.3 cv2.resize()

IAlddwmsuge isevensvunn wlnduluauvuinfdesnis

SUN 3.3 M3anAuAude

3.7.4 cv2.threshold(
Tildivauus visednnsesadmvasgunm tngiarsanananuaingdunm naly
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3.7.5 cv2.dilate()
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3.7.6 cv2.findContours()
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3.7.7 cv2.boundingRect
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4.1 52UUInA1 NDVI
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Sunlight

Raspberry Pi 4 with
NolR camera

Visible light
(380 - 780 nm)

NIR
(< 800 nm)
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4.2.3 n15nadauLuuLaw (F-Test)

nsneaeukuuLenl (F-Test) WunisvnaeuilSeuiisuanuudsusnvesdaya
2 9 NFNanTzns nadeuiisniu Wy 3avedeu dvedeu visewn3addle Wudu nsnageu
wuuenldlunmsveaeuANUiEweisnaeU KMadeu visedus Yusdiuteuluraimsvagey

nSMNAERR F muuali Alpha : 0.05

AN 4.1 NISNAZEDULON

F-test Two-Sample for Variances
Unhealthy Plant Moderatly Healthy Plant
Mean 0.294 0.400777778
Variance 0.000937778 0.00204995
Observations 10 90
df 9 89
F 0.457463718
P(F<=f) one-tail 0.100891942
F Critical one-tail 0.293084468

a

B : O, WuANUWUTUTILAWR A LAY SveINgufmagslandaUN
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Hy : O; = G,

2
1
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1

H; : O, # O,

N5U191NAT F = 0.4575 wSeusiieunuan F Critical One-Tail = 0.2931 wu31A1 F

WA F Critical One-Tail feiiudeasudn A1ANUMUTUTINYBITBYLA 2 YAuANANILE ]

Y

ydAeedin Ujias H,

Y

9INAIMINWUTUTINTES 2 Ao naiuedsliteddgy Tiiden T-Test Two-Sample

Assuming Unequal Variances
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4.2.4 NSNAABULUUN (T-test)

nmanegeukuudunisnageulielUSuiisuaadevesdaya wWu AlLade
Aldanmsindiegniua 91989 MieALaRevasaya 2 4n NlAnnIsinman1smiy
msvegeuLuunildlunmmeaseuauwiy  Yedinadeurisevesyanageu Tuiilagnariany

NsAFRUARGEYRIlaYaNlARNNITVAZEU 2 YA

A9 4.2 AISNAFBUTN

T-test : Two-Sample Assuming Unequal Variances
Unhealthy Plant Moderatly Healthy Plant
Mean 0.294 0.400777778
Variance 0.000937778 0.00204995
Observations 10 90
df 14
t Stat -9.890435671
P(T<=t) one-tail 5.35268E-08
t Critical one-tail 1.761310136
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MR ¢ L, unuALadessianussienssuveinguiiegeuandanung

L, WNUARRAEATTAUAI NI NTIUYDINGUAIDE ARG TILYL

AUUAPIULTIEDR
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¥
[ S ST a

#9156 t Stat = 9.89 Fannndn T Critical Two-Tail = 2.51 FetiuFeUfiasanmi

'
1 a

Ho wagasunAnatenviaussiunssavenguitegaiandaiiundfidiesinniiriaie

o w LY

AYEAUA NN TUVRING LA 1LARFATIULIN  uand1eiueglitedAymeatAnseRy
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4.2.5 MyinUszaninmyadainaienisulmanam (Model Evaluation)

HaN13INNTInUsEANEAMlueaNnanlgINNguAIeguLdN 50 Ay
NMFAATILIMUTEENTAIMAIENITMNANNYNAB (Accuracy) A1ALULILEN (Precision) uag

ArAula (Recall) @1115036A518AUSEANTAINVDILULARAIM1S197 4.3 way 4.4

mi”lﬂﬁ 4.3 Confusion Matrix

Prediction
TaitTulsa Wulsa
Actual Talulsa 26 7
Julsa 2 15

AN5197 4.4 NaNISIATIEIUSEENSAILLAA

Accuracy 82%

Precision 93%

Recall 79%

F1 Measure 85%
ROC Curve

0.8

0.6

0.4

True Positive Rate

0.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False Positive Rate

U7 4.7 n3l ROC Curve
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import sys

import time

import numpy as np

import cv2

import picamera

import picamera.array
font=cv2.FONT _HERSHEY SIMPLEX
def label(image, text):

Labels the given image with the given text
return cv2.putText(image, text, (0, 50), cv2.FONT HERSHEY SIMPLEX, 2, 255)
def contrast_stretch(im):

Performs a simple contrast stretch of the given image, from 5-100%.
in_minNDVI = np.percentile(im, 0)
in_maxNDVI = np.percentile(im,100)
in_minfastie = -1
in_maxfastie = 1
out min = 0.0
out max = 255.0
outfastie = im - in_minfastie
outfastie *= ((out_min - out_max) / (in_minfastie - in_maxfastie))
outfastie += in_minfastie
outNDVI = im - in_minNDVI
outNDVI *= ((out_min - out_max) / (in_minNDVI - in_maxNDVI)
OUtNDVI += in_minNDVI
return outfastie,outNDVI
def fastieColorMap(ndvi) :
fastie = np.zeros((256, 1, 3), dtype=np.uint8)
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fastiel;, 0, 2] = [255, 250, 246, 242, 238, 233, 229, 225, 221, 216, 212, 208, 204,
200, 195, 191, 187, 183, 178, 174, 170, 166, 161, 157, 153, 149, 145, 140, 136, 132,
128, 123, 119, 115, 111, 106, 102, 98, 94, 90, 85, 81, 77, 73, 68, 64, 60, 56, 52, 56,
60, 64, 68, 73, 77, 81, 85, 90, 94, 98, 102, 106, 111, 115, 119, 123, 128, 132, 136,
140, 145, 149, 153, 157, 161, 166, 170, 174, 178, 183, 187, 191, 195, 200, 204, 208,
212, 216, 221, 225, 229, 233, 238, 242, 246, 250, 255, 250, 245, 240, 235, 230, 225,
220, 215, 210, 205, 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 151, 146, 141,
136, 131, 126, 121, 116, 111, 106, 101, 96, 91, 86, 81, 76, 71, 66, 61, 56, 66, 77, 87,
98, 108, 119, 129, 140, 131, 122, 113, 105, 96, 87, 78, 70, 61, 52, 43, 35, 26, 17, 8, O,
7, 15, 23, 31, 39, 47, 55, 63, 71, 79, 87, 95, 103, 111, 119, 127, 135, 143, 151, 159,
167, 175, 183, 191, 199, 207, 215, 223, 231, 239, 247, 255, 255, 255, 255, 255, 255,
255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255,
255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255,
255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255,
255, 255, 255, 255, 255, 255, 255]

fastiel;, 0, 1] = [255, 250, 246, 242, 238, 233, 229, 225, 221, 216, 212, 208, 204,
200, 195, 191, 187, 183, 178, 174, 170, 166, 161, 157, 153, 149, 145, 140, 136, 132,
128, 123, 119, 115, 111, 106, 102, 98, 94, 90, 85, 81, 77, 73, 68, 64, 60, 56, 52, 56,
60, 64, 68, 73, 77, 81, 85, 90, 94, 98, 102, 106, 111, 115, 119, 123, 128, 132, 136,
140, 145, 149, 153, 157, 161, 166, 170, 174, 178, 183, 187, 191, 195, 200, 204, 208,
212, 216, 221, 225, 229, 233, 238, 242, 246, 250, 255, 250, 245, 240, 235, 230, 225,
220, 215, 210, 205, 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 151, 146, 141,
136, 131, 126, 121, 116, 111, 106, 101, 96, 91, 86, 81, 76, 71, 66, 61, 56, 66, 77, 87,
98, 108, 119, 129, 140, 147, 154, 161, 168, 175, 183, 190, 197, 204, 211, 219, 226,
233, 240, 247, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255,
255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255, 255,
255, 255, 249, 244, 239, 233, 228, 223, 217, 212, 207, 201, 196, 191, 185, 180, 175,
170, 164, 159, 154, 148, 143, 138, 132, 127, 122, 116, 111, 106, 100, 95, 90, 85, 79,
74, 69, 63, 58, 53, 47, 42, 31, 31, 26, 21, 15, 10, 5,0, 0, 0,0, 0, 0, 0, 0, 0, 0, O, O, O,
0, 0, 0]




49

fastie[;, 0, 0] = [255, 250, 246, 242, 238, 233, 229, 225, 221, 216, 212, 208, 204,
200, 195, 191, 187, 183, 178, 174, 170, 166, 161, 157, 153, 149, 145, 140, 136, 132,
128, 123, 119, 115, 111, 106, 102, 98, 94, 90, 85, 81, 77, 73, 68, 64, 60, 56, 52, 56,
60, 64, 68, 73, 77, 81, 85, 90, 94, 98, 102, 106, 111, 115, 119, 123, 128, 132, 136,
140, 145, 149, 153, 157, 161, 166, 170, 174, 178, 183, 187, 191, 195, 200, 204, 208,
212, 216, 221, 225, 229, 233, 238, 242, 246, 250, 255, 250, 245, 240, 235, 230, 225,
220, 215, 210, 205, 200, 195, 190, 185, 180, 175, 170, 165, 160, 155, 151, 146, 141,
136, 131, 126, 121, 116, 111, 106, 101, 96, 91, 86, 81, 76, 71, 66, 61, 56, 80, 105,
130, 155, 180, 205, 230, 255, 239, 223, 207, 191, 175, 159, 143, 127, 111, 95, 79, 63,
ar, 31, 15,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,Q0,Q0,Q0,°Q¢,°-¢,0,0,0,°O0,.o0,
00000000000000000000°0,000°~0000,-0,00~0,-o0,-~0,-0,
0,0000000000000,0,0,0,0,15 31,47, 63, 79, 95, 111, 127, 143,
159, 175, 191, 207, 223, 239]

color = cv2.LUT(ndvi, fastie)

return color;
def disp_multiple(im1=None, im2=None, im3=None, im4=None):

height, width = im1.shape

combined = np.zeros((2 * height, 2 * width, 3), dtype=np.uint8)

combined[O0 : height, O:width, :] = cv2.cvtColor(im1, cv2.COLOR GRAY2RGB)

combined[height:, 0:width , :] = cv2.cvtColor(im2, cv2.COLOR _GRAY2RGB)

combined[0:height, width:, :] = cv2.cvtColor(im3, cv2.COLOR GRAY2RGB)
combined[height:, width:, :] = im4

return combined
def run():

with picamera.PiCamera() as camera:

# Set the camera resolution
x = 400

camera.resolution = (544 x)
camera.awb _mode = "off"
camera.awb_gains = (2.6, 0.5)

camera.iso = 0




camera.hflip = True
camera.Vflip = True
if len(sys.argv) == 2:
camera.rotation = sys.argv[1]
# Need to sleep to give the camera time to get set up properly
time.sleep(1)
with picamera.array.PiRGBArray(camera) as stream:
# Loop constantly
while True:
# Grab data from the camera, in colour format
# NOTE: This comes in BGR rather than RGB, which is important
# for later!
camera.capture(stream, format='bgr', use_video port=True)
image = stream.array
imagel=image
img=image
# Get the individual colour components of the image
b, g, r = cv2.splitlimage)
# Calculate the NDVI
bottom = (r.astype(float) + b.astype(float))
bottom[bottom == 0] = 0.01 # Make sure we don't divide by zero!
ndvi = (r.astype(float) - b) / bottom
ndviforCrop = ndvi
NDVIFASTIE,ndvi = contrast_stretch(ndvi)
ndvi = ndvi.astype(np.uint8)
NDVIFASTIE = NDVIFASTIE.astype(np.uint8)
ndviforfastie = cv2.cvtColor(NDVIFASTIE, cv2.COLOR_GRAY2RGB)
ndvifastie = fastieColorMap(ndviforfastie)
ret,thresh
=cv2.threshold(cv2.resize(r,(272,200),cv2.INTER _NEAREST),200,255,0)




51

dilated=cv2.dilate(thresh,cv2.getStructuringElement(cv2.MORPH_ELLIPSE,(5,5)),iterati

ons=2)

contours,hierarchy=cv2.findContours(cv2.resize(dilated,(544,400),cv2.INTER_NEAREST)
,0,cv2.CHAIN_APPROX_SIMPLE)
for cnt in contours:
x,y,w,h = cv2.boundingRect(cnt)
yl=y+(h)*0.2
y2=y+(h)*0.8
x1=x+(w)*0.2
x2=x+(w)*0.8
CROP_img = ndviforCrop[int(y1):int(y2),int(x1):int(x2)]
Mean Crop img = 0
Mean_Crop _img = CROP_img.mean()
cv2.rectangle(ndvifastie,(x,y),(x+w,y+h),(255,0,0),2)
cv2.putText(ndvifastie,"{0:.2f}".format(Mean_Crop_img),(x-10,y-10),
cv2.FONT HERSHEY SIMPLEX,1,(0,0,255),2)
# Do the labelling
label(r, 'RED")
label(ndvi, 'NDVI)
label(b, 'BLUE')
label(ndvifastie, 'NDVIFASTIE')
# Combine ready for display
combined = disp_multiple( r, ndvi, b, ndvifastie)
colorbar= cv2.imread ("/home/pi/Desktop/NDVI
CACTUS/NDVicolorbar.jpg",1)
colorbar=cv2.resize (colorbar,None,
fx=.4,fy=.4,interpolation=cv2.INTER_CUBIC)
rows,cols,channels = colorbar.shape

roi = colorbar[0:rows, 0:cols ]




52

# Now create a mask of logo and create its inverse mask also
img2gray = cv2.cvtColor(colorbar,cv2.COLOR BGR2GRAY)
ret, mask = cv2.threshold(img2gray, 10, 255, cv2. THRESH BINARY)
mask_inv = cv2.bitwise_not(mask)

# Now black-out the area of logo in ROI
imgl bg = cv2.bitwise_and(roi,roi,mask = mask_inv)
# Take only region of logo from logo image.
img2_fg = cv2.bitwise_and(colorbar,colorbar,mask = mask)
# Put logo in ROl and modify the main image
dst = cv2.add(imgl bg,img2 fg)
combined[747:(747+rows), 564:(564+cols)] = dst
# Display
cv2.imshow('image’, combined)
stream.truncate(0)
# If we press ESC then break out of the loop
C = cv2.waitKey(7) % 0x100
if c == 2T:
break
# Important cleanup herel

cv2.destroyAllWindows()

if _name_ ==' main_ "

run()
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Abstract—Cactus is one of the important cash crops of Thai-
land. Due to relatively casy Lo maintain, it hax widely gained a lot
of popularity in the field of ornamental plants. Cactus plants with
soft rot is the crucial disease, since it does not indicate or effect to
the appearance of the plant. This paper preseals an application
to analyze the cactus disease using infrarcd wavelength image
processing. Normalized DifTerence Vegetation Index (NDVI) and
OpenCV algorithm are ulilized to determine the health of caclus

The overall is on a Raspberry Pi
with No InfraRed (NolR) camera. The results show a capability
of sofl-rot detection in a group of cacti with a single image. This
application offers a cost-effective plant health monitoring system
for better production.

Index Terms—TPlant disease detection, NDVL., image processing.

Raspberry Pi.

1. INTRODUCTION

Cactus has become a popular omamental plant during the
last decade, due to its easy to grow without a lot of maintain.
Botanical oddities of their species result in difference of the
flower shapes, aesthetics of their stems, and spines which may
return to a highly benefit to the agriculturist. The market of
cactus and succulent plants will nse 168 % per year until
2027, revealed by the Global Succulent & Cactus Plants Mar-
ket Report 2021 [1). For this reason, several agricultunists have
mostly attempted to achieve @ mass production. Controlling
the soil moisture is one of the challenges because wo much
moisture will accelerate bacterial discases, such as soft-rot.
The cactus with soft-rot is a critical issue, which not only halt
the growth plant but also difficult to detect. Unlike general
leafy plants, such a discase does not indicate or effect to the
appearance of the cactus. Fig. | shows the different health
condition of two cactus. It can be seen that both cacti nearly
have a similarity in color, shape of spincs and stems, however,
one of them has the soft-rot disease. Root observation is the
only solution in order to detect the disease, which is relatively
impractical in the mass production.

Recently, utilization of electronic and Internet-of-Things
(loTs) devices has become a new method in order to obtain
more accurate results of plant health condition, compared 1o
the manual observation by humans. Several rescarch aims
10 using of machine vision to observe Chlorophyll content
per leaf area which can be considered as an indicator for
plant health and subsequently plant stress [2)-[4). Certain

Chatchai Wannaboon
Intelligent Electronics Systems Research Laboratory
Faculty of Engineering, Thai-Nichi Institute of Technology
Bangkok, Thailand
chatchai @ tni.ac.th

Fig. 1. Two different health condition of cactus.

rescarch has been focused on detection of green coloration
under controlled environments [5]). However, green reflectance
is much weaker than infrared (IR) wavelength reflectance
and can be extremely varied by ambiemt conditions, thus
may not provide accurate information on the plant condition.
IR based thermal imaging has been widely gained a great
attention. This technique can evaluate the plants’ water content
by using mapping temperature distnibution and measuring the
IR absorption by water [6]. However, the results are mainly
affected by environmental, ¢.g., temperature and humidity. In
addition, using IR thermal imaging cameras are costly. The
normalized difference vegetation index (NDVI) has become
a major indicator for the health status of plants, in recent
decade. It has been used by the National Aeronautics and
Space Administration (NASA) Earth Observatory to monitor
global vegetation health [7). In general, the technique is based
on measuring the difference between the plant’s red reflectance
and near-infrared (NIR) reflectance due to the pigment ab-
sorption by chlorophyll and the scattering by cellular (spongy
mesophyll) structure, respectively. It is given by
NIR — Red

NIR + Red

where NIR is the reflection in the near-infrared spectrum

NDVI = (I
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Fig. 2. Proposed system.

Visible light
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and Red is the reflection in the red range of the spectrum.
Various research has been reported that NDVI can be used to
determine plants’ water consumption (8], plant stress [9) as
well as plant health status [10]. However, stable environment,
i.e., light ambieat, temperature, and humidity is the major issue
for achieving a high quality of measurement.

This paper thercfore presents an application for classifi-
cation of cactus discase. The well-known species of cactus,
i.c., Gymnocalycium Mihanovichii is used as a major sample.
The cactus health condition is determined by NDVI indicator
with an image processing technique. The overall system is
demonstrated on a Raspberry Pi 4 Model B with No InfraRed
(NolR) camera. Ambient environment is controlled by a low-
cost designed of studio box. The results show a capability of
soft-rot detection in a group of cacti with a single image. This
proposed system is a potential altemative of a cost-effective
plant health monitoring system for improving quality of cactus
in the mass production.

1I. THE PROPOSED INFRARED WAVELENGTH IMAGE
PROCESSING

A. Image Processing

Fig. 2 depicts the overall of the proposed system. Initially,
the image of cactus is captured by NolR camera. The image
dataset is fed and stored in the Raspberry Pi 4 Model B as a
main computational device. In this process, the image is pre-
processed by eliminate the noise and contamination, ¢.g., dust,
spores, and other foreign materials, in order to improve the
quality of the image. Then, the color of cach pixel is separated
and saved in terms of set of arrays. The OpenCV algorithm
is used to provide an image segmentation and recognition.
Otherwise, the image is resized according to ratio, so that the
image does not display skewed or distorted, as can be written
by

100

image shape|1|

dim = (100, integer (image.shape(0] x r)) (3)

where r and dim are the size ratio and area dimension
of the image, respectively. This process allows cropping for

i N\

Captured Image

L. v

A 4

Pre-Processing

4

Area Generation

I

Segmentation

NDWI Extraction

Display

L. »

Fig. 3. Block diagram of the imaging process.

o 2 /
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Fig. 4. The implemented prototype of the proposed system.
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dimension specified by the programmer. Likewise, multiple
filter algorithms are employed, e.g.. erosion and dilation, in
order 1o increase a sharpness of image and reduce the noise
formed by environmental. After the area of cactus is defined,
the parameter of the cropped image is computed, i.e.. color,
texture, and shape. In this case, the NDV1 is calculated in order
to measure of the state of plant health based on how the plant
reflects light at cenain frequencies, follows by (1). The result
of calculated NDVI is real-time displayed on the screen. Fig.
3 illustrates the block diagram of imaging process, operated
on the Raspberry Pi.

B. Image Processing

According to (1), the density of vegetation (NDVI) on cach
point of the image is equal to the difference between the
tensities of reflected light in the red and infrared range
divided by the sum of these intensities. The index of NDVI is
defined from —1.0 to 1.0, basically green color is emphasized.
The negative values are mainly caused by clouds, water and
snow, and values that closed to zero are primarily formed by
rocks and bare soil. Small number of values{less than 0.1)
represented to empty arcas of rocks, sand or dust. Moderate
values (from 0.2 to 0.3) represents shrubs and meadows. while
large values (from 0.6 to 0.8) indicates temperate and tropical
forests.

In this case, the color index file retains the NDVI score
calculated for cach individual pixel and divides the scores
into 256 catcgories termed “color index values™. Using this
increment system, a score of — 1.0 will be categorized to color
index value 0, a score of 0.0 to color index value 127, and a
score of 1.0 to color index value 255. For example, a pixel
with a score of —1.00 will be categorized o color index value
0 and colored white, whereas a pixel with a score of 1.00 will
be categorized to color index value 255 and colored dark

IIl. EXPERIMENTAL RESULTS

The proposed system is implemented through a fundamental
IoT device, i.e., Raspbemry Pi 4 Model B, NoIR camera and a
studio box. Fig. 4 shows the prototype of the proposed system.
It is apparent that, the light ambient, temperature and humidity
can be controlled satisfactory. Multiple cactus can be examined
within 3 minutes per round. In this expeniment, 95 cacti were
tested, and 10 of them has deliberately infected by fungal
and bacterial at the root. As mention sbove, attempting to
distinguish the disease by human eyes is barely impractical.
Fig. 5 illustrates the demonstration of the proposed system.
First, the red and blue color of the captured image are extracted
as shown in Fig. 5(a) and (b). The noise and unwanted object
are climinated by the pre-processing as shown in Fig. $(c).
Fig. 5(d) depicts the complete segmentation process and NDVI
extraction of the tested cacti. In this experiment, the cactus in
the middle is the soft-rot infected. It can be clearly seen that.
The cactus in the middle has 0.22 of NDVI score, while the
other surrounded have over 0.33 of NDVI score. This score
critena indicates that the cactus in the middle (NDVI = 0.22)
has a low performance of the Chlorophyll photosynthesis,

(b)

(<)

(d)

Fig. 5. Imaging results displayed on the screen, (a) extraction
of red and (b) blue color, (¢) after pre-processing image and
(d) a complete regeognition and NDVI calculation image.
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therefore, has a feasibility to be discased. Furthermore, the
proposed system can detect 9 of 10 infected samples from
total 95 cacti which can be achieved 90% of classification
performance.

IV. CONCLUSIONS

This paper has presented an application for classification of
cactus discase. The well-known species of cactus, i.e., Gym-
nocalycium Mihanovichii is used as a major sample. Image
processing with near-infrared camera is utilized to recognize
a multiple plant in a single image. The NDVI indicator is the
major criteria to determine the cactus health condition. Overall
system is implemented on a Raspberry Pi 4 Model B which
is simple and low-cost. Ambicnt environment is controlled
by a low-cost designed of studio box. The results indicate a
capability of soft-rot detection in a group of cacti with a single
image. Detection performance could be cahanced by applying
machine leamning algorithm in the image processing. This
proposed system offers a cost-cilective plant health monitoring

system for improving quality of cactus production in the mass
scale.

ACKNOWLEDGEMENTS
The authors are grateful to Thai-Nichi Institute of Technol-
ogy and Intelligent Electronics System (IES) Laboratory for
research fund supports.
REFERENCES

[1] “Global Sucoulent & Cactus Plants Market Previse Scemario Covering
Teemds, Opportunities and Growth Forecast durisg 2021 10 20277,

www marketandresearch 175526
(ﬂSchungl.m-l LY. Yooa, swumm
monitoaing of plase stress”, Comp and & In,

vol. 154, pp, 93.98, 2018,
[3] A Blum, “Plant Breeding for Swess Environmeats™, CRC Press, Boca
Raton, 2018
(4] N S Beusel, ). B. Callabam, N. J. Sng, D. J. Taylor, A. Paul, and R
1. Fedl, "Unlization of single- image normalzed difference vegetation
index (51 NDVI) for carty plast stress detection”, Applications in Plant
Sciences, vol. 10, 2018,
K. Specht, R. Sichent, | Hanmann, U, B. Fresinger, M. Sawicka, A
Werner, 8. Thomaier, D. Henckel, H. Walk, and A Dierch, “Urbaa
agricelture of the futere: as overview of sustaunability aspects of food
pmh‘.dﬂ in and on bulldings”, Agric Hum Valuer, vol. 31, pp. 33.51,

s

O] D- "‘ Id, “Remotely d froe
“ scrub affected H ﬁrhnmg ‘waer table”, Mrnnl af Hydmlogy,
vol. 358, pp. 294-303, 200

(7] J. W. Rouse, “Moniloring the vernal advascement and retrogradalion

{green wave effect) of natural vegetason™, Type | Progress Report NASA.
DC, 1973

(8] €. Aguilars, ). €. Zinnerthe, M. José Polo, and D. R. Young, “NDV1
a8 an indicator foc changes in water mvmilability 1o woody vegetation”™
Ecological indicators. wol 23, pp. 290-200, 2012

99 ¥ Kim, D. M Glenn, ] Park. H. K. Nzug. »sd B L Lohman,
“Hypenspectzal image mmalysis for waler stress detection of apple Irees™,
Compuiers and Electronics in Agricwliure, vol. 77, pp. 155-160, 2011,

[10] S. Phadikar, and ). Goswam, “Vegetation indioes-based segmeniation for
sutoesslic classification of brown spot and blast diseases of nice”, IEEE
Intermatiomal Conference on Recent Advances in Information Technology
{RAIT), Jul, 016

W7

58

19.20 May 2022, Bangiok, Thailand



	001 ปกสารนิพนธ์ภาษาไทย
	002 ปกสารนิพนธ์ภาษาอังกฤษ
	003 ใบหน้าอนุมัติสารนิพนธ์
	004 บทคัดย่อสารนิพนธ์ภาษาไทย
	005 บทคัดย่อสารนิพนธ์ภาษาอังกฤษ
	006 กิตติกรรมประกาศ
	007 สารบัญ
	008 สารบัญตาราง
	009 สารบัญรูป
	010 บทที่  1
	010 บทที่  2
	010 บทที่  3
	010 บทที่  4
	010 บทที่  5
	011 บรรณานุกรม
	012 ภาคผนวก

