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Abstract

This thesis presents the design and Implementation of a Face Detection
Surveillance Security System in a Rice Farm Using Supervised Machine Learning
Techniques. Receiving facial images through a CCTV camera to process images
according to the Haar cascade algorithm and classify faces with the K-NN algorithm
allows the face type to be identified between the faces of rice field owners and
intruders to send real-time intrusion notifications via the LINE application. The
proposed system tested an average facial image processing speed of 9.8 milliseconds
per face, the most effective daylight test at 2000 lux brightness, the angle at which the
system can see the face is straight to 45 degrees of inclination, the best processing
distance of 3 meters, and the success rate in text and visual notifications is 86.86%.
The development of this algorithm simplifies the process of facial recognition as
designed and allows the construction of security systems in rice fields to be done at a

low cost to make it practical for rice farmers.
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Outlook Temperature Humidity Wind Play
Sunny Hot Hich Weak No
Sunny Hot High Strong No

Overcast Hot High Weak Yes

Rain Mild Hich Weak Yes
Rain Cool Normal Weak Yes
Rain Cool Normal Strong No

Overcast Cool Normal Strong Yes
Sunny Mild Hish Weak No
Sunny Cool Normal Weak Yes

Rain Mild Normal Weak Yes
Sunny Mild Normal Strong Yes

Overcast Mild High Strong Yes

Overcast Hot Normal Weak Yes
Rain Mild Hich Strong No
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- Skewed distribution mﬁﬂizmaﬁuawauuaLUuLLwluamma \lesndedidn
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- Comb distribution n15n3¥a18UBYAllan¥MENIgwazUzUuiuluyadaya

a )

LRE %Q‘W“ULﬁﬂiﬂ&lﬁ’ﬂﬂﬁ]’lﬂﬂﬂiﬁ‘ﬁlayjaﬁﬂﬂ’iﬂmﬂﬂuﬁm P90 NITANUALATIFS 19T AL ALNTUN
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5UN 2.10 wihnndanses auw 3x3 AN §1mIUN1IATIANIIA

ANUENTININGINTDIFUN 2.10 AMSUAIIUINGNTORANINVIAENTII D¢
aelunm wadwin R Aldanisadiluuanuluaimeadnslng lnenmuadnsiainga

aunsagnudadiviedludnvasresnimluuni lalauAveaninasiiies

2 donuzfe 0 (&

A1) hag 1 (@Ev) Aeaun1si 2.2 wansnisauiannluuisanankasmu R Aauale
PNULININAEINTDL na1Ae 61 R(X, y) darwnnimsewindu T Ainwuald g(x,y) =1

@ 1 A @ a0 [ Y 1 1
e ndudun dunsaldu g(x,y) =0 yanmidude suanneitegravadlusunsusme

(Y]

aelwneu wazlauls Numpy dmSun1snsanign (23] fegun 2.11

Lif |R(x,y)| =T

X, =
g( y) 0  otherwise

Iog T Ao Aunstleardadudwnmauuin g(x,y) fe Ailviaesganin

port numpy as np
~t cv2
matplotlib import pyplot plt
img = cv2.imread( ‘splash.jpg’, @)
mask = np.array([[-1, -1, -1]).
[-1, 8, -1],
[-1: -1, _1]])
img_point = cv2.filter2D(img,-1,mask)
9T = 200
10/ img_binary = img_point>=T
11/ plt.subplot(311),plt.imshow(img, cmap = ‘gray’)
12|plt.title(“Original’), pltxticks([]), plt.yticks([])
13| plt.subplot(312), plt.imshow(img_point, cmap = ‘gray’

=l 3w B w R

o0

(2.2)

)

14|plt.title( ‘Point detection’), pltxticks([]), plt.yticks([])
15/ plt.subplot(313), plt.imshow(img_binary, cmap = ‘gray’)
16/ plt.title( “Binary image’), pltxticks([]), plt.yticks([])

17| plt.show()

JUT 2.11 feghavedlusunsumenwilnmeu warlau1s Numpy d1m5un1snsiaman
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2432 NSATIVNNEUY

N15059a%dY (line detection) Aetfumafiafidrfydnegranisunis
Usganananwdiasia nszuaunsnsIanidunelunin fe msduunnguvesganininie
Sostudunuadu 1wy wuauou wads vieuumues udu Yselovdvesnssuaunisd
gniogatu MInsamingisesduszneudlvgiiudunse uaznisnsramveuing
nsmsIavidu orfevtnIndansesfiiidnunigseanlatnniansiamya sidesan
09AUTZNBUNINEA M LA UTIUANA991N9 TugUR 2.12 wansiegswamininginges
yu1a 3x3 ganm dmfunsiamidudiiiannumun 1 a0 ludnvaznisndivendy
SULUUANS 9

11| 2 | -1 | 1 -1 gy Q! 1] -1 2
2 2 2 -1 2 -1 -1 2 -1 -1 2 -1
-1 -1 -1 -1 -1 2 -1 2 -1 2 -1 -1

(A) kUIUDU (V) -45 89 (@) WU (1) +45 296"

JUN 2.12 Mg amtinInmnsesdInsunTIanLeEy

wnfnsandulseansuominnindinsedduusaz suuuy sgiuldinpmdudseans
ANULUALAUNA M LUILFUNABINITRTIINIREAIINAAENUTEAVEUS DY 9 visilunng
9AUAR 019N INIABLULLLAAUNABINITNTIINT NaAwITlsRedlAvNAY O

2433 M9AT33NVBY

NSEVIUN1TATIAMUBY (Edge detection) HotdumaiiafidAaylunis
Us£0aKANW NMSATIINUaUIAYeYIng Sinquszasdifiovinismaesunnglunmuas
vlvveuianingiuiianndudaiu seillaevanns vovtesing Ae vsnavean Ml
seAumILTaLasiunAs1afy maneaadn AsdlfiseduandunasssninaganmuInm
YUV INgUANANAULINTEUBRTngITTAUwLtaNIN Tunanauiy wnseRuaAIlY
LEIIENINgANINUS I UYeIngliauansiutes veuvedingaslidaiau
nszuunsideluldlunisnsmuey Ao mssansifeud 2 83 Tu
TowuBeiiud Tnenssnuaidumsdssanusmamauulideidossswituniwasvian veq
miinindanses seimndmusliganiniifidafsnatsemiinnindnsonduganimiifids
finnsanluguil 2.13 uazaunsd 2.3 uansdnunizveaunsinaifoud 2 I sensasiam
Yaunmuuuleiua (Sobel)



18

Z Z, Zg -1 -2 -1 -1 0 1
Z, Zg Zg 0 0 0 -2 0 2
Z; Zg Zy 1 2 1 -1 0 1
(n) d@ruvesnInauIn 3x3 (2) ToLuadmsunsam (@) Tuadmsunsiam
VOUAULUILAY X YOUAMULUIMAY Y

5UN 2.13 nihnndansesdmsunmiavveumeisuuulaiua

=

o |z 422+ 2,) (7, +22, +z3)]2 ?
vi=[g;+g; 2= + (2.3)

[(z,+22, +2,)— (2, +22, +2,)]

! v £

lag VI A9 asiReud 2 3R Z A9 A1T2AUAMNLTNLANTIALULUIAIS 9 9

=~ (3

WINNNAINTOIUUIA 3x3 AN NIUNIY g, AD INTLABUAMILLUILAL X WAy g, AB

naFEnLLIunY Y el nsienesiuarasiaanmildumis (x, y) Tuuanninees
vourdeldtu ausarlfannisuisudiove Vi laefl VE=T uazen T Ao Aunsy
Toadirnunty usnimiloninnisnsavvsudaewiinn nfansesuuuislawa Selizuuy
fledfuvauiidon Ao WiV (Prewitt) wazlail9n (Robert) fanmd 2.14 wihnindanses
dmunsamreuLuUIEndindt Tdudnnisdnalesmdulsavsidnvusindroadstu
wuuislaua utinsufuugedliienin nadwsilsannisnsanveunuuiswiin 1
Wil N OIFNMTUNIUAIIUATNNINATT WERTININAINTDIAINTUASITNIVOULUUTDLS
14 udnansiuaminariisveganmindlgs asduwimmian g, uay g, d93Svaals

Diwdedundnnisnsanmauiiteiigelunssuiunstssananmadva wdlutagiuis
il duitenldidasmndesfanatedu wu ealtiaues uasdeditalumansamaey
PLL09Ane 1 WWudu Bismgninluuszandlilusuuuueniaunsvosnds Wosnns
nszvIuMsTlidudeutaynisdnadisnsuansdeguil 2.14

-1 -1 -1 -1 0
0 0 0 0
1 1 1
-1 0 1 0 -1
-1 0 1 1 0
-1 0 1

(n) WIINN () 15,059

JUN 2.14 innFanTasuuIsnE Iy uazlsilse
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2.4.4 wsvlgan

wisdlead Wusdniunsideniineadifidians vieeglurieiisyy annsold
diedumingaelugunmmnnaussdugisanuadng vansenainingiu foeddnaanu
airaduiy fassguuuundn msiimuanusiwuvasiauouazuuuyiuls Tunisimun
nusiuuuiiu finaflegmilossduiissyasgnisaiduiun fnwafidninsefuiissya
gniaABudd annmaasdaiu U7 2.15 uansnniifinusilaefiniarianuaiigandn
160 sedumsaimegnieaiudvn uasfinadiiauainasiind: 160 seduazgnian
Huds Tnedunout dius 1 Aderdestufintiazgnuenssnainiiunds ufy ndwn
uaruIniiaedu q wneenandunuazawn Asdaansaliduiinsuenqaanla

5UN 2.15 n59laanunenInAuEingwednema [20]

2.45 awluuns

mlunnSzuaneyaveInnigazuuuudvim Aslulsasilwavesninasgn
wananreAuUluns Ineteyaluuisasien 1 Un Fausenaulusigen 1 uaz @1 0 lny
N = & N = & Ao o =
AWILUU 1 0190990 MU LAY LazAIlY 0 RU18099ANNLTUAAN ASLEAIFUY
2.16 pluwisgninlulgiunnsuszanananimdusiu

Binary Data

[1 0 0
|

o o o O

1 0
11 0
10 0

UM 2.16 dnwasgnmluun3dvam
(77: 1153 Bapawmga. “Basic image processing MsUszuIaHan I [online]. 115al89N
https://dspace.bru.ac.th/xmlui/bitstream/handle/123456789/8537/
Chapter3.pdf?sequence=3&isAllowed=y. 2566)
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2.4.6 mMwlnnau

awilymeu (Python) [24] iunwnesfimessziugsdeainalaedla il lsady
Toeoisalu wa. 2533 nsoenuuuresnwiluney gadulidiamuilsunsuansasiu
yasdaldlasireriunisldausnuseiiuing (Whitespaces) uanainduniseanuuy
MwbnneunaznsUssgnaldluns@eulusunsudsing s lvgimunlusunsuaninsaidey
Tsunsuiusadeu erwine Svunadn iuawuuulauninsessumadeulusunsumans
sULUY Fesufenandeulusunsumudidudu nadeulusunsudeing vionadeu
TUsunsualendu uaﬂmﬂﬁéﬁL?Jummﬁﬁﬂgﬂa%ma’jﬂLflummiﬂil,m'ﬁmLLUU “Batteries
included” nanfesnsauiulaussuinsgiudiuiuinn wulpsalayaiuududou way
lausidmivadamans Tnglwneu 2.0 Feoonmeunsiile w.a. 2503 umdsufuiniesile
dmsun1sdeulusunsusiuamils egrausiaZiannisenis (list comprehension) Tiveu
1 3.0 sonwweunile w.a. 2509 1usuiildsunisusuusuazuilediuaunin nanfe
yamdaiToudmiulwmey 2 oralivhammuunfidedslivihnuuuiuanveoufiunes
vaalnnau 3 Bumesniiwesvesnininveuaiunsaldnulivunangseuuuusnis

lavs3lulnweu Wulausdvielunmsdeulusunsulunvilmeulegldlauss
Fi4 9) Lﬂumiammsuﬁuaaﬁﬂ’@uuﬂﬂmmﬂé’ﬂu@&iwﬁ lrlusunsuueslideadsnaniu
madauddsiion q Wunsuanmatoyasengutiae wiensiudea q gelavsniiasgiu
wlidaudfiang sauvagadd usnaniudsdfimurainialandiunsiaulasits
PIYIUANLATAINTUATUAN 4 FUFUEARIWN

Towiudilunau [25) fusessanaiiiudwaunniiiietesiuaeuiinnesidunay
nsieudvesedesuazifuifesmnnlunguiimunlysunss Ysglevtinsldom Ao a¥eyn
\n3esllenudnway 2 fAua: 3 (A myUssanaszerluvngiadoudl szuuidilunti ms
IPINN kAU JAUNUSTENINLYILaZADUN AT FIREINITHARINANEIINTBLNUET
lnnau Wlugadmiumsduanmaiiacmans (Numpy) kag Idlugadmivinansinuaz
LHUAMANG 9 (Matplotlib) flagudl 2.17 Lazuandnadwinaguil 2,18

numpy &s np
cv2
matplotlib import pyplot as plt

[

4 img = cv2.imread('see.jpg’',0)

5 plt.imshow(img, cmap = 'gray', interpolation = 'bicubic')

6 plt.xticks([]), plt.yticks([]) # to hide tick values on X and Y axis
7 plt.show()

JUN 2.17 Megalanlomudilnvouwlasdnimim



JUN 2.18 uansnaanswUasdnm

gnfeganshilaasguisuadduled (imshow) ﬁuﬁwé’ﬂﬁ (pcolor) lneasng
waaulaEesiu 9 mLLaau’mwuiﬂlwmﬂumLsa 3%3 PNHUINIARLATN

®
-
allo,
=
ol
o
=D
g}
.

ladmaan Q?iW'iE]ﬂJﬂUﬂWﬂ\?E]lJI‘U') ﬂ\iLLﬂﬂﬁU‘V] 2.19 LLﬁ”LLﬂﬂ\?NﬁﬁWﬁﬂﬁUV] 2.20

import numpy as np

import matplotlib.pyplot as plt

X = np.arange(9).reshape(3,3)
plt.figure(figsize=[7,7])
plt.subplot(211,title="imshow")
plt.imshow(x,cmap="'gray")
plt.subplot(212,title="pcolor')
plt.pcolor(x,cmap="gray"')

plt.show()

W=l e p NP

v a

JUN 2.19 segslanlamudilnneuaiisensdnsladaylasedud

imshow

0.0 0.

10 15 2.0 2.5 3.0

v A

5
Ul 2.20 wadndddsnslasesua

21
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2.5 OB VIFITAELAN

g13nannian [26-28] Ae Sanesfiunmaduingilidugudnuazvesnmaivaiiioly
N153n319919 ﬁ%ammﬂmmﬂé’ﬂEJﬂﬁqﬁuimaé’iyﬁmmpmﬁ’uaﬁmWLé‘masQﬂﬁwuﬂsﬂu
iwsesmsnduluniiuuuizealnsiinieausnvosileauazlaud Fslsgninounsludeunani
[20] 9 nefnndnnIsT L eANNITIvesI M iBIeg 1Rl 19U Ffinlea RGB Tlusay
ANwareInm vilvn1sAuluAaanvaeiinududou n1svinuiuyanuaudiniuden
Augsnian wiuanuduvresn wauung AleanazlaudilddauwlasuuiAnveanisldy
nsimlidnuasiaunandnuasigendt anudnumseniaaian [29] wfinnsanfiufidviey
foganfulusuviaamzluniiinensnsadu aguanuduvesinaluudias diu waz
AumAuANANIETIRaTIIvEE anduagldanuunndsiiiiedamananydiuges
¥933UnW fegraty dwmdulunthvesyed Wudiduanldiluinlunnlunii v
pemazdAdunddnauiy S audnuazeismanaiiludmiunismsadulunthie
yavosAnasnaesgURnfuTsogimtonuazuIanmiy GTWLLWJ@GU@@?%L%?]IEJMméwﬁgnﬁmum
Tngduiusiunthsiamsnnaduiivimhfilounseureuiunvesingumenesaguldinlu
nsdiiiAelunth

2.5.1 nsfuEmEsIRuivesesaELan

¥

o s = d' £ L Y = a IS
ANININIULDIFNTAELAR [30] Tunflannigaesnun1IAN SO UERA UL UAN

[

PANWAIUASI AT lUNISEIRUNATINVBIAANaN18lunSauaAsuRuIN AN NE AR

o

o 98 A ° Y aa a a ¢  ea a
datvilunatnsmasnisamuialundngdsnis@eulusunsuwuulaundn o1558M5an 30
“duiinTagunn” enfisdansiudivSuamiinga X,y HeAUsznaunImgaUsHus
ii(x,y) sunasamvesinaamediin 0..x,0.y, dweaadlugy 2.21 (n)

00 00
® &)
X,y E KW,
e @
b W T 10 b y-1
%=1,y XY B x,y+h xHwy+h
(n) Nunsuamnwandlay ii(x, y) (2) A0YNNTOUALNRBY

Uil 2.21 amUsznaunuUBuitng [26]
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Weofiansu11ne1isdguain i nlegduiudAranudurasiinigg uweay

asrusznavluefisdduiinfagunm i awnsadalalionsivesAlsEnaumMuuLLag
AULIY AIEUNITN 2.4 Uag 2.5

(%, y) =ii(x, y =1 +ii(x =1L y) +i(x, y) —ii(x=1 y-1) (2.9)

ii(~1,y) =ii(x,~1) =0 (2.5)

AItLsaNTaa oSN msluasAsIi Ui nwansiun Tagldiial 0 e
459U maswvesAinaludimasurudale o @amisaAuulanign1saiun1199
915 sgiiednT ity Tudegrsnuanslugy 2.21 (1) HasiuvesArfinwaniely
a 4 A v oA & @ a
AvduRud LS AeRsELN1S] 2.6

X, y) +i(x+w, y+h)=ii(x, y+h) —ii(x+w, y) (2.6)

nmIosueiieafuiBnnsduiintagunwiu Mnvevdndesiiuhiesmuuiy
vounImdspmifiuaiunsalumslddivasuiuiudes 45 asan Taslddufingasunmuuy
Bes BuiinfagunmBeazdesduinluaessey dunsniFuandnsluruazuuasans
X iy, y i) femmsd 2.7 uew 2.8

(x, y)=ti(x-1Ly-D+tii(x=1 y)+ 1 (x,y) +tii(x-2,y -1) (2.7)

(=1 y) =tii(=2,y) =tii(x,-1) =0 (2.8)
i@Uﬁﬁa\‘igmﬁ]’lﬂ%’ﬂ‘LU‘gﬁULLag"\]’lﬂa"N“ﬁ‘IJUu (X amag, y anad) ﬁaammiﬁ 2.9

tii(x, y) =tii(x, y) +til(x -1, y +1) —tii(x— 2, y) (2.9)

dlonsuduiiniagunimBeands nasufinwavesdidsuiudides 45 osen laq Aaunse
AwInlameNI9198015158a519n1s Tugu 2.22 (v) nasimvesAriinwanigludmvheuiuty
M3lan faaunisi 2.10

tii(x+w, y+w)+tii(x—h, y+h) —tii(x, y) -tii(x+w—h, y +w+h) (2.10)



24

XHW,y+w

x+w-h,y+w+h

() NUNAWLNUAE tii (x, y) () FIRY19ENAYUNURNLDYY

5UN 2.22 amUsznauduiindaguninuuuLdes [26]

N3V 2.21 wag U7 2.22 ansawfuiiieasaguandinTeuiiisuanudy
maqgﬂ?ﬂw?{swm 9 NFTUIUNTTTILUNUTZANVRI AT ANEAA AT U LA N WouE
Fsnanfisimssaturesdumdsyiiui egadlsinunszuiunsiBouslumalianuisaiionsan
nnqadnwueMIulyle dmfureuiunnin xxy finwa axdidmasuidululs
x(x+1) y(y+1) x(x+1) y(y+D)’

2 2 2
Anuau TR r Amdon 13sadonvn 20x 20 Aniwalaglddmasusuain 360 psa JUde

sUAMAgy AaumIndinasudl 9 gnaziiy

1%
[ v v =

vilinudnuar Muuidiaudnvauryszan 8x10° Tidenmainsifiuiliaesideadild
agyilFldaaIuuendy nszvaunisiineustazdenainyaandnuusiiantn daem
sUnuuilndlfeswesuauayauiin audnvay 8 Usensusniuanadudseinnildlngile
auarlaud andnuaridests 7 Wululfametuduueewinty Seaadnuuz gnimua
TnelusunsunstineusuiuuiSesdouradawiud audnvazmdrdenaliludumiode
umsranlefle wazerauiuruaneniulunsazuny dumimseanamdululdazgninda
g “vuraniieing” sessriaaandeiloatnasloudldssuufidauunn 24x24 viae
dmiuiniesmsadulumi (Frontal face) Famuneenisidonqudnuazainaadnuasd
Jululeuinnan 180,000 518119 v‘l"lmimaausuumwﬁwmﬁgq 24x24 Lay 2020 %Y
WuMEIsAIEAnTUInLaNTnazIugIn I

2.5.2 N15as293unsauluntingleasanaLan

(%
= =

WasiilduszlevdainuuiAnnuanuuzAd1gg1iAaAn Laed198191n3y

€

a

AuwdvuiuinflegAndufiossyiiuiithinaulaldesaiiussavsnm Safsfuaunsonsadey
nsldnudnunradeeiniann Wolinmeiinglunwlaquasifioszyiuiiany aziing
asUmudivesusagfinwarnusazamvosnw wasnadndazgnldidefmuaiiuilundy
Mntuiddfineiadesinaana itonsaasuauduresdagtmuatiminlngldlng
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XML vasluvthenimaanie “Haar cascade frontal face” lidunana XML Hidelday
msfunmiemzuinalunivesusiaznmlaensivuanseudmasy Jaumuse (x,y) 39
wansierunianazaugsvesnn Tuvasit (x+w,y+h) uansieiumisveslunii
yaramelumsunseulunthgam nssuviumsignimualiunisnislasannisd 2.11
wim (X, y,w,h) I%Lﬁaszuv%nmiwﬁwﬁauh Fauandlpgasviandaiudnuasiaues
Tunthlunmiinseunay [31]

Feature = ie{l, N} wi.RecSum(x, y,w,h) (2.11)

2.5.3 N15ASIIUAIANLNALTISANELAN

?i';wil,uzﬁﬁ%misxquazﬁiﬁLLuﬂmqmmamuwﬂuquﬂﬂfﬂ@ 5 1n8A1591 5299
Tuntiuaznsfiwesluninfidenndesiu sanesiufiviausldnsnsaduaisnuuuides
Foumun1svitauvaslndnin wazldlid XML annlausiSlemudilunwlnneulnesaniy
ath9ds FanesTiuazesidunemdsuasanuiluniuardenseusensevdivasy 3ams
ieliannsoansiuas ssydnuugluniihfddyuesyuslusunmuiaiile wauonsld
uidululdludunn q saudanisasdsilunth nsfiemalunih ansesiaduersual uay
NIANAIUNITIBINDINEAN [32]

2.5.4 N1505293UUINA288ISAEAR

nsarmtunuulunivesyeealpeliinadelunmsmsntusesBuuay vl
B nszuannamsaaiuiRatesiunsilig XML fafulavsilomudiluniwilnmoudio
nyraduRmdnuazYeIUIn fuvsanuniesanugaarldiiiessdiuvesunnuulumih
Tusnigfinmaduanuuusisasliifosmuadnuassessuresin [33-34] fauansgui 2.23
wazmeldmsvhanumsdumdneazisuouluomhldsuiuudegui 2.24 uay 57 2.25

¥ frame - o X |

JUN 2.23 uanawaansnisnsadunseuluni adeen uasdindiganinnaian
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Horizontal

Vertical E.
e

Diagonal

"

JUT 2.24 AudnwnizeIEsanién

N
ITH=m

rese
R Y

S‘U‘VI 2.25 ﬂmammﬁuaqmsmamm 16 ﬂmaﬂwmv

(n) AauaEuUR 1 (¥) AauENUR 2 (R) AUENUR 3 (9) AeusUR 4

9

JUN 2.26 dregslunthnlinudnuwasvesnisnsiaduluni [26]

21n3U7 226 uamsudnvurandureuLIndisanlauiteveslemiuiite
“haar cascad frontalface alt2” %aLﬁwﬁﬁwﬁzumaumimwaauiwﬁwmﬂmamﬁama'ﬂ‘ﬁ
wansfaandnelulunihyaeaszdanaingunsalnsadulumihmudnuaziededuie
AumdnwauziduitessyTonmlumhyaaa
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2.5.5 AUADUTILUNAMENBULVDITITAEAN

nMsduunAaEnuzvessnsamaandunsiwun U RS BIE Ui
yosdnwzaIinaan Ao adeildlunmsfiuussansamlunsnsaduliiianugnies
wazddldinanlunisdiuinanas TnswnaruAnuestunout fo nsadienissaudasuun
FUAMLUULTBeE6Y Tnemedaiazindaduun (Classifier) vane q dsefududiiy &
wandluguit 2.27 Tnefidhduunluddusiug fhasfinnududeuiitesnit e1vasanaind
FuunuuvseulsiimiioanUsuaunsmuintazansefureamstleadasiieliinanns
auRanatnlunisnsraduldwulunids Ssarndesfigndavusziamdulaily
Tunti (Non-face) aggnitslutBusruauunnludidudug Tumanssdu dnmgosiugn
Suuniilenaduninlunth asgndsioludssaunddnlufsdamdudougiudmie
MsfumnudRy Seisuuturesiiduunmnsile Tenafinmdosazdulunthazded
11T NIgULNTILRgUR 2.27

Sub-window

Another
J T IR ,
70N person’s
F F F ACEF face.

Rejected sub-window.

JUN 2.27 UanadunaunIITINmIuNNgLuURRITe

2.6 LA-LDUDU

Y & ok 2 = ¢ o v Ay DA o -
VANNIINUgILYRIA-LDUAY [35] saudsilandunaniaedld loun Heiduanumilou
(Similarity function) kaz#l4ATUN155UAIMBY (Combination function) Waganinyay
gNfIRg9INITANMINKAENTIT UL A lNaNgAUe4 1A [all

2.6.1 UY1ULA-BUDY

w-dudu WunsrvaunisBouidildlunismdinevdwiuiyminisdiuun
Usziandeya ilouiunedszianvesdoyadilidmnoulaeinisiiouiiisudnuaztes
Toyatuyateyadeuiiimmeundr nddnvazadeiudeyalaundign uazazihdmeures
foyafifidnuazadetumniiaatunidusnouresdoyaiidosnimeu Tasanusatmun
Sunuteyanidnvazadetumniian azlddeyaisn Gadufiunuesr i dalag) ld
Hushimuadneuvestoyageunu fauansguil 2.28
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A A A Ao A "
A A A ik A A A A A
A A A A A o®®a
A + A "‘-.'i" l" ~~\ +
'¢’s:" 'l & \‘ " & + “
A 37 ’: A8 3 ' : X -
, D \‘ " A\ I}
+ ~~ ® + ‘\ ,'
A + .'¥ A \~. :h, +
+ + + + + +
(n) k=1 (V) k=2 (A) k=3

JUT 2.28 uunAnileiuvee-1duduy
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Hendunenduinniuedieaisiuresdoyadnngunis lown flendu svevne Feldin
AULANAINYDITOYR 2 /1 AsluAvesilsndulssinniiazula nnuduaiiuaaeada
navme Aveyailauaaieadsiuin Awesileituaziiites wavdel vasilandulle
Wiy 0 szmnefiadudeyadufeniu degrswesiandulunguiniedld wu svegnauy
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d,(xy)=>(x-y) (2.12)
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Fnou Feflariduiiuguiifesldinniian i

(n) n1slgdsednau1n (Majority vote) A ﬁuaﬁ’wmuﬁmaudﬁamaﬁaguiiﬂé’uﬁﬂ

Y

fgn v fandvuediulngudinovesls agldruudumnauliiudeyageuniuiiy
magadu lu JUN 2.28 (A) Wanmuea A Wiy 3 wasnudl Jeyaniaundieadaiy
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aya X Wniige 3 /1 Uszneusiedeyaniilunatauin 2 ¢ wastayaidunaiaau 1 #
sagUlerin deya x Fahandu eanavan sudesdisnn Badedinveddsnisi fe lunsdl

€

A 2

Advawinfiy wluguil 2.28 (@) e Amundl 1A AU 2 uasnuindeya 2 fiidaaw
adeadaiuteya x mnfigausenausedoyanata van 1 f uazteyanataau 1 d fag
v‘fﬂﬁlﬂmmma@ﬁmaummma‘ﬁlé’ fatu 3annsuidamiae lunsdiifudam 2 Aand
sindenuavldan e 1usuaud

() NTAIALHUBLUVEI AT (Weighted vote) Wumslaiminauaiaay
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foyafl faundendstuliosnd ddumnldflsiiuanduiudiiuividunnumiiou awih
Avesilaridu andiuiusiBuesuulvitueananestoyaiiu luvueiimnldilaifussassing
snagliimindu 1 e vesiladfussogving fegratu Tuguit 2.28 (v) aenud Fogafidu
panday axidvidnunnd deyafiluaaiavan dsazvinlildsmeurasgndoya x e
AANE QU

k-Nearest Neighbor
Determine (k, distance)
Classify (X,Y,x) // X is training data, Y is labels of X,x unknown sample
i=1tondo // n all the training data
Compute distance d(Xi,x)
End
Compute set I contazining indices for the k smallest distance d(Xi,x).
Return majority label {Y where i € I}
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Ul 2.29 saifioumes LA-Budy
Nnfinandsdnvaznshauvesa-fuduiiewiu fdnvaznshouasdums
finsanandeyaiiflegnou waziilodeinsszyfeyalmindeanissiuunuszinnindu
Uszianteyauuula e-udu sgfinnsandnvasilndifesianiuteyaiiy uasszyiteya
Tmifidosnsseyussnmiududssavle Seswafiouvosa-Bubu fguil 2.29 Feauis
osuneduduneuie 9 18 5 9u noused
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(4) SUTIAANETNNUNEYBIAUARIYAGS

(5) Mwuananaliiudeyalndlaefiarsanainuszinneaaidivuneves n-1ouou
Judssimlasnniign nsivuaeanalvdeyalviifasidupaiaiu

Y 1 o v < <
2.6.2 f729819N1SANUIULAZNNS MITULA-LDULDU

M3AINLAENITLENUA-BWaY [36-37] 91nN1siuTIUTIYayanenlea (iris)
Tnevhnafudoys 4 andnwaiz (Attribute) Idud maueInduldes (Sepal length) A
AAenauldes (Sepal width) auenandunen (Petal length) waz Aunianaunen (Petal
width) fthoiduesudiung fedwuneenidu 2 aowug loun aewus setosa uavaneiug
versicolor $ruauasiusay 5 aan Tawdeyariodu 10 18013 wieuudl finen le3anen
nils @duil X) Wunondlinsruinduaeiugla winsuavesnuantana 4 uansd
57971 2.4

M131991 2.4 Megreyntayananlesa

!l & AU ﬂ’l’l&lﬂ”j’]\‘l AU ﬂ')"l&lﬂ”)’ﬂﬂ o o
A1AU = L / q, denug
NAULa8N NauLsdy naunan naunan

1 4.8 3.0 1.4 0.3 setosa
2 S 3.8 1.6 0.2 setosa
3 4.6 3.2 1.4 0.2 setosa
4 " 3.7 1.5 0.2 setosa
5 5.0 5} ) 1.4 0.2 setosa
6 7.0 3.2 4.7 1.4 versicolor
7 6.4 3.2 4.5 1.5 versicolor
38 6.9 3.1 4.9 1.5 versicolor
9 5% al 4.0 1.3 versicolor
10 6.5 2.8 4.6 1.5 versicolor
X 5.8 2.9 2.9 0.9 ?

NANT1e7 2.4 maviwsaeituguesdeyaludiiu x (Teyasoun) lavliyn
fogafl nyuaeiugudluddud 1-10 Huyndeyasou fuiu lufunouituesn-dusy
T gT— thieyaseuauiifeansiueg snduasnmanueadendsiugndoya
aou wimmideya x I dnwazadefuteyadilauniian o § daarnmsduanlagly
flarduszogsinsgadifion auanns 2.12 azldAnszezving Gemniidesiganmanefisteya
dnwnigadgadetusniign lnadildinisuans fedduvesdanuadendsainuiniian
79 1 uaranifiutuiloaruadendsosawmud iy wanafensed 2.5
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M19199 2.5 AnuAdteAdsEriteyaviueiuteyaaeuseiliidusseyvinaendiney

a1nu

@,I . . .- AP MEY
LY ANTSYUSUIYAALALY v

RIETVINIENY v ARNY
ARY
1:X | J4.8+58)° +(3.0+29) +(1.4+2.9) +(03-09)°=1.90 | 6
2:X | [(51+58) +(38+29) +(1.6+29) +(02-09)° =187 | 4
3:X | (4.6+58) +(3.2+2.9) +(14+29) +(02-09)° =207 | 8
4:X | (53+58) +(3.7+2.9) +(L5+29) +(0.2-09) =1.83 | 2
5:X | J(65.0+58)2+(3.3+29) +(1.4+2.9) +(0.2-0.9) =1.88 | >
6:X | [(7.0+58)%+(32+29) +(45+29) +(L4-09)' =2.24 | 9
T:X | 641582 +(32+29) +(45+29) +(1.5-09) =184 | 3
8:X | [(6.9+458)*+(3.1+2.9) +(4.9+2.9) +(15-0.9) =237 | 10
9:X | J(65+58) +(2.3+29) +(4.0+2.9) +(1.3-09)" =1.35 1
10:X | J(65+58)2+(2.8+2.9) +(4.6+29) +(15-09) =190 | 7

110e157991 2.5 Lileleidduadnuadieadaiuresdogaud iviinisfiansan
Asunen 1A AuRFeanns 1w Mvuald 1 windu 1 9¥len deyampvauiidnunradeiy
Yoyasnil 9 unfian Fsnuindeyam 9 Taewusilu versicolor (MNAS197 2.6) Feagy
¢4 Fogameunuiifemeiug versicolor

Tunsdififnyunen 1 1nni 1 awvibilddmneuiinandeyaiddnvazadionds
fudeya aeuatuainnit 1 A1 Jsdndudesiiitnissudiney aufildesursluideneu
il 1w e damuadi e Wity 2 aswudn deyadiiifiaanundisadstudoya
aouny X undiga 2 i fe Teya 9 way deyadil 4 muddu uazwuin Teyadil o
aeiugLdu versicolor Turaiydt daya il 4 fanewusily setosa Famnl¥38nn39u
Fnounuunsldidestiann avliaunsalitoasd lunsddld uimnliiBnsasezuuuiuy
dsthwitin Tnedmuliimdndaviaiu 1/gesifeu alddn aewug versicolor fazuuy
Wdea Wiy 1/1.35 = 0.74 wazaneiug setosa dpzhuwdss Wiy 1/1.83 = 0.54

Fawuin anewus versicolor fiaguuuldsnnnnit 3sasuledn deyadeuaiuay
Guaneug versicolor mnfvuslvien 1a Sandu 3 Yeyaiindrendanniigalaun doyam
7 9 ¢l 4 way i 7 Inafaneiugidu versicolor, setosa wa versicolor MUY Sty
mnldEnslHidesthann flay aguldn deyaseunuazdaeiugidu versicolor Tuvned
ynlAsnsasnsiuusuutshmiin agldinanetus versicolor fasuuudss wihiy 1/1.35
(Toyadudi 9) + 1/1.8¢ (Foya ddiufl 7) = 1.28 uazanswug setosa daziuuides i
1/1.83 (Yoyaandiuil 4) = 0.54
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FINUIN aeiug versicolor fmguunidsnnii Feaguladn Teyaaouniuae
\Juaneiiug versicolor mewmgiliiudndn & 3 ngu 4mauan scatter plot Megreiuna
k=3 1ield k-Means wUINgY @unguazm A1 center Tl
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U 2.30 awngy audyntoyanenlesa [38]

upiuladn aungu awd wasd

Nl 1 9arudnant 4.26923077,1.34230769]

Nl 2 9agugnans 7 [1.464,0.244]
Nl 3 gagudnand 71 (5.59583333,2.0375]

2.6.3 lunawa-tdudu

Infildnalundin Tumatn-Sudy [38] sa95Uan1si e NaLUUNS IS
AadLazLUUNSanae Tnedfilaasunstisduasdudnemzueensiiinaadasuys
naansaenilunguiioioniinaiad @uluUNIINenaee agunenasonudusaviilyl
wineu Inefindnnisiddyie nsdiroduiiiduradnsudomuusmy y vasndoya

Y 1 £ a1 I v [% Y a v 4 & v Yaa
M99 ADIUANLUUAILAYARIBNUNITNANBLTILEY (Linear Regressmn) gamalyiznng

f1sansrEgNsEnIs e uera Audiumlsiiafganeglnanganudiuiuen e

N5ey 1Wwiay dsiuana1eiufe lunsaldagdesdiAianaAeduudkadns v vaef1unug

TaAestadudiavlumuumaiade Tneuinan y wssiagimuruadfeiu kaams

meen K AagnanaduAadewagnanisinunenls Fauansinognaiagun 2.31 feguil 2.33

0NV B W N

el el =
wNE ®Ww

14
15

n_neighbors = 5

for i, weights in enumerate(["uniform", "distance"]):
knn = neighbors.KNeighborsRegressor(n_neighbors, weights=weights)

y_ =

knn.fit(X, y).predict(T)

.subplot(2, 1, i + 1)
.scatter(X, y, color="darkorange", label="data")
.plot(T, y_, color="navy"”, label="prediction’
.axis("tight")

.legend()

.title("KNeighborsRegressor (k = %i, weights

plt.tight_layout()
plt.show()

")

"%s')" % (n_neighbors, weights))

5UM 231 Uansiiog 1 auuuiaeInsanne
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KNeighborsRegressor (k = 5, weights = 'uniform’)

1.0 o
e - L o data
0.5 - —— prediction
0.0 -
-0.5 1
-1.0 1
0 1 2 3 4 5
JUN 2.32 nauluUTIaeuA- UL UUNIANNRELUULREY [38]
KNeighborsRegressor (k = 5, weights = 'distance’)
1.0
data
0.5 - —— prediction
0.0 1
_05 ¥
-1.0 A

0 1 2 3 4 5

JUN 2.33 nasuLUUTIRONUA-EUBULUUNMIANABERUUTZEZNY [38]
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L?y{mﬁ?umq AvuaziSun uazladudaydu 1 llsdadudruddnreynuoaonduda
g LLGi?iflLMﬁﬂﬁLﬁuﬁ%uﬁﬂﬁQIUﬂﬂiﬂizLﬁuﬂiga‘w%ﬂ’lwgﬂﬂw\ﬂUﬁﬂW Tnsianzegabdmiu
danedfiuflosnuuvaiitoandinan é’aamamaﬁy’wmﬁ nUsEasAvesynnaatnduLlay
Iiunsweunsiietslivuvuinifoasrsenuimihlunsaseseulunthuasiiielinng
nsrvdeudanesiundulumudmunevesinidy

yateyaguammdugrudeyanmarelumiiesnuuuniiednudamvesnisdin
Tunihiiliifidediin gadeyauszneusenmluntninndt 13,000 sUam Fa59u523970
Aulumihusiazeauldiunisisaansedevesyanalugunm fausiuiu 1,680 au dsuam
defunnsstuasamiululugndeya dodrimieruulumimardfonsianusaneiv
s13nanandaduisnmsnnaduluniiiloawazlaud Jsfegrsgunmluniyanass
wiadu 2 yagussgui 2.34
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Images for Janica Kostelic
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Images for Janica Kostelic
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(n) ﬁﬂgﬂmw Janica Kostelic 1

(¥) gagunIn Janica Kostelic 2
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Images for Nora Bendijo
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Deep Funneled

(@) ga3un1w Nora Bendijo 1

(¥) ggunIn Nora Bendijo 2
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3.1 MTOBNKUUNINTITEUY

3.2 MIMUINTFUIUMNSTINUTDITEUY

3.1 N1923NLLUUNINTINISUY

N1580NLUVTEUUNIRdNTBIgUNTalFITUT 3.1 Tidmanefaunnaluladiile
InuNIEURNTEN FUALNIUIY SNNBIRNUIUNIUIY S TngnsTa Fsveulunuesuy
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Power Supply

Solar Cell

+ [~

i
b )

- Monitor

processing Output

31]17; 3.1 AMNTIUTEUU (System Overview)
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3.1.4 AAIANA

1 A Y a . L d! ng Y a v
AAFIUNITUANINAYEITTUULEDNIHUSN13Y89 Line Notify FeszuuillaUnlv
Uniauvseunideanuisauilussgeaimuniogaussasanisdinisudasoulunaiy
sULUU usdwmsumaiawasalidenlinisdaudafoumesuiuutennunniagenysvees

UnInMdInUSRaunu g e dunenndieduladliiivesseuuiunsudeyanisuds

39

aule

3.2 NTEUIUNITNINUVDITZUY

Tuduiialfinauaimaianisdouivenaioinislinnsguadiniussuuinyag
Uaonfeiiszds aamansguil 3.2 dupUszasandnuesssuuiienszuiunmsmsiiouiues
Lﬂ%mwﬁ@aau Fazuunu 6 daufe Sudymia nsiednuazmunwluni msmsui
YatayagunIm MsduunUszianuamlunin nsuaning wazwnasdnel laeszuunis
vhaaziilumhyarauasiuunussiavluniiyanafesanesiiunisiiouivouaisauuy
fiffaou Wenmiyeeadilulufiufiuidn ndosgemadunmlunihiisudunmdanaini
WIsuidleufugundeteyanmitiunmamsuidiieunhiluszuu udmamunimlunthyg
yngniilallfeglugudeyandanmluniifignimsuiield antuszuvasinmsudadiounm
Tunthiynsnuazdenruddudwonnaindula feduunuiiszuvasysznoudunounis
vl



37

' [ @ ® '
' i | & Output |
nput | Extraction Classification N(l)lu_ﬁléaﬁon

' @1 I E ion Classification & :
: Image = Haar ‘—-( ] :
| form i| Feature H '
| ccTv ! | Extraction K-NN ; |
! = J  |[Classifier]| ; I
: Stored ,—I :
| || Owner ' I
' || Tmage Ras%beny i !
: i i m B 1 ! :
: e ! I
! i || Training 1 !
: i Data # i :
: H Supervised | @) |
i : Machine | - :
i H| XML Learning | Power Supply :
‘ e - [pveBaen |

\ | process i |
- A\ ) PV + Battery )

3Uﬁ 3.2 HUAIAITVINNIUYD9SEUU

3.2.1 nsdudayanin

nssunmdunaamuuiadeulmuaz nwdaainndesisesa (CCTV) gunsal
AINANIANTTAAININATTIANIAINAZLBEA Full HD 1080P kawwuin 2.0 Wingiiniaa \in
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wns uazSudaradunesidnlime (Wi-F) nihfindndenistufinnwtazdanmadsialy
faszuu uanaRaguT 3.3

WiFi

5U# 3.3 anwagnisiuteyanmivsenimndeuln

3.2.2 A1SAANEazAuULlunn
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fufidun unuandu 0 uwiazduiinihiidumussmandnue wwzetslaegmilily
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NasAIdLvesuRd A AN s Ul d s 3.1

x2 y2

104, %, Y1, ,) = D D% Y) (3.1)

X=X Y=Y,

lagAuae i(X,Y) Lmuﬁhmmﬁmﬁﬁm X wag y Tusuamm (X, %, Vi, Y,) WAUHATI
arundunigluiiuiinsoudimaes Ineft (X, %, Y, ¥,) {Dufifnysidvonsoudinden a1n
auns 3.1 anduldhnafililumssunaiunsivedfuruavonsedivasufineanes
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(Intensity) vesusagfinaiadeiuasailidesarsangalaensrwanguainlun
deadaden n1svinduiintasUnmannanaisldniuaunisil 3.2

iixy)= > ixy) (3.2)

X'<X,y'<y

dlo ii(x,y) Ae ﬁwaa%uﬁﬂ%’agﬂmwﬁﬁwLmu'a'gm (x,Y) éfummgﬂﬁ 3.4 uay i(X,y) Ao
ArrNlulaar ingaveInINAURTY LUMSAUNIAITIYATIMIETEN1TAIUIUNIAT
nasmauduvesiiuiidinden D lngldaduiinfagsunmdinau 4 9 nadnsildde
0+1-(2+3) Fauansguil 3.5 Fsazuiiuledn Wenunsevdmdenafivunasinladnuazldinanly
MsfuNAHaTLAITNAT FasnzaniuiSnsfumansaiuluntiyana
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»
|

5UN 3.4 szysumbsanduninFaguanisdumis (x,y)
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wazliusi Weldnsmmanisseninaanudaludiunsitvaiuliusie washluidisutu
Amnsvlsadfuiafiasfnaulainiwieviiuldduuaneiinnlung vieluavieldd
awlunih Tnensussanaravesssuuldiveiiaiaudnunzvessrinmaan i 3 uuu fo
AuaudRvey anvasldu uazAuauURdeNTOUATINANY

3.2.2.1 AuadRvey

N3EUIUNTNIUVANTUNBATIIIULUNTIYAARILATIFVBUYBINTOU
sUuamlauniiinn A aaeen wazdn Wesanutwntuiuiaseuveslunin Jagel
avviouuaslinInIu WiekleuiuAivziludy dane3fiuaveuandnainaninvemtininuag

= v & v ) a = ) = =~ - v q W
maldeulildamduniy dunsiiasandinieuivasdainaginmiyusudalinig
% ' A 5 a v 9 P
LWHNINNIIAN AINGTINTUUNAUAAUI VD UIATDIVBULERIFUN 3.6 (1) (B) (1)

3.2.2.2 Aaaudhduy

Asvhusnysdududnvg wse d-ua-m nsesasdulunthandu
AsIaLgATaUIYNAuULETI lUBaneayn AudazdnwazaynagldiuuimiunuanAdel
azvieunatag iuaailndfigauulumihiienulaauuuusssun@inliAnuasainsuy
Tuwth Tnealuvdnngagnasdidaldseyiuasuluntiduiu susuuiagnldundy
AnANWAIZ YDA UanINazUR 3.6 (A)

3.2.2.3 AauURfouTounTINas

mMsvhnudmiuduniduniesauaylslavinwluhyana 1Hlednanlu
lulasaina aunsndonvaunu ane sesguuilun edituegifuuas Selaevtaluudids
wianihdunuaudiiddgsmilasnmantunssnaduluniiill dldtusuamlund
wavanunsaaumlunthdsenguesyanavhlllishe uldesniitadenansesiishuusiu
Taiamzuasnnnsznuasudlumii deazihlugnisldsanesiniilinisdumlunthatn
Auluvdoonmazasranuldiamgluniuiby sedndasuansdeguil 3.6 )



40

(N) AUVTNINGRY (V) AUVIANAIAE  (A) AUWIRYNAdY (9 AumUnee
AuENURvaY GRIGRGV AR AuaNURvY AuELURvBY

@) Aumlyunuin (@) asulagldnm
mppaaNtArey - lunimSaurnauds

g13AaLAn
5UN 3.6 nszviumshansaizisiumedsnisidveuasaan

93U 3.6 Wun1sesuienisldnaautAng 3 wuu Feegnszuiunshwinyne Ay

vuluninvesdanesfiuersaainn 9 niuileszuulasunmBunnaINngensln Aegun

5§ o

3.7 (n) asdngnsyuiunsanuungunIm Asgun 3.7 (1) uavlanaans daguin 3.7 () Weau

U

[

NITUIUNTAATUIAFUAM SEUUIRAAIaNITAUMANaN vaglunih AsgUn 3.8 (n) uag

HASNENNINRBULANITUARIAIIUN 3.8 (1)

8 ! Original i... - O X {®* Grayimage = — O X |BT Black whit... = (] X

(n) JUamiuiddady () wdasldgunmaim (A) uUaslagunmEue
1080p 640x480 filesa 640x480 filesa
JUN 3.7 nadnsnisanvuiaguain



a1

(n) P15 1TAANDAIA N WAL AUULLUNTN (1) WAANS

UM 3.8 nasnsnishsanwasauuulunt

3.2.3 nsadslumanasniwtunin

nsadeadegunmiiierdulunandsninluniniedrlugnissuunuszian
Tunth uslludrutiaziauenamsuiiegunmaelussuuldfsituminmanamnsuis ves
lausislomudiiieasslunamsudsdelndunnana YML szuuilosduszneudsguil 3.9
uazuansHadwslnanlavaminnsmsuisdaguami 3.9

Yyl < ——— Aal¥.. N
| | MOdel. ] haarcascade frontalface alt2.xml
Owner ! { | . : 1
|mage ; i Train |:“> (.YML) i haarcascadeieye..xml
e \/| \ ™ X} { haarcascade_smile.xml

SECES
CEEL

L ~

-

T s [ 4 I
E AAININDIUIY 200 luni1 L __a
E (Stored Owner Image) i~7 7

. R B Be
T -
5

UM 3.9 TUNBUNITATIYALLARARINN

3.2.3.1 Aaegunw

dmsvasAusznouiiiunsiudoyasunmluntindsuin (guaiwlundy
W1v89) wagnsun ey (gUuamldlalundiinves) deunseugndiatns lnaguninids
vanazgnadsduanileidulemud dondesnaslndaldnin JPG vunn 640x480 finiea
1wy 200 Unm flesmnmsairsedsgunnlumiiidiveadiiefunisdusogiagunimds
uInlavanggunmeiee



a2

3.23.2 mansuilaveyaguninlunth

dufvasdusznaviidumstintudeyasuninlumii aneluszuuifiodel
nseulndyandasunmidivests TnsdededeyasunmiBsuinuaziBsauiiwienliaramih
Tuszuuldiledtulewindidmsiindusunmluniidoaanaian ieaislndindusunm
ntuagldlid face-trainneryml iilglfszuuanansniieuianyalunagunimdivesdis
uwanalwdie YML uanssaguil 3.10

JUN 3.10 uansmaanslilanlindsainnisnsuiia face-trainneryml

3.2.4  A1SILUA UKL

¥

mMsruNMWTUrtUARER IENaT9RsUANET MUN lUMTNSE NI WO MAYHUNT

U a9
i

A a ] o a = = A Y ) ~ | & 2 @
aonuiusnand T MelimedansiSeuveseseuuuiiiaey fgun 3.1 Tuduilaslutuseu
nsvuunAaEnUR Wunsdumaneanuiinesnisiagldnmsdwundilannsunwlumii fe
whelsvananaasimimandluminite WgtuneunsdwuniuntuuuS sedau

Stored-Owner Image
]

Still Image ‘

. " . 4 Owner
Predict 2
P P -NN
® - Intruder

Face detected

JUT 3.11 ansaunisdsuntunt



43

svuunmsuuntunthuuusesdousudunisinuvesssuudendesiaaslaineu
wSunmiluitoanvuielndnnle 640xa80 fintwa Mnifuszuvazuladiidnmdiudin
waranuwelildnmieainaulawesf 1.5 iieseadunisasindudnuazuuasieg luam
Sune Wlueasimaaansuils Folld face-trainneryml Alnnulidrsminiiensiadu
anvaieduI 3 awes Ae lunih aann wazdintuamlumii lagldnissiuddiwunngy
wuusaiies newaidadazimsuunveaaises varefserududifuesnadnuue
(f) Tnefidaduunludisudug Tnezdianududoudidesnit 019ad1aunandisiuuniuy
gouwshifdifieanUsunansiunauazanssiuresnslaas iieannisaauianaisly
nsnsadusuamitlalldlunii Ganmdesiigninuszian Julsildlunth (Non-face) avgn
ﬁﬂﬂﬁjuﬁi’ﬂmuu’miuﬁﬁuéfm Tun1ensesdiu éﬁmw&Jaaﬁ?ugmi”n,t,uﬂ’jwﬁiama (p) Ju
amlunii azgndsialudidnsiuundadnludslanududeugstunudidu femada
Audnuazyassimalan 16 Usziam TumsSeuiveandssuvulifaeunaluinandasunm
flaralirounth MoauantAiduddinmatomnfifisluuiendduazauoonainua 1u
yasrfinwaluudendun fuenUsuinniiseuteaninsaesuielluaunsd 3.3
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Pseudo process for the proposed system
>> Input: image frames from CCTV cameras >> end for
>> Output: classify K-NN image >>  end for classify K-NN do
>> for | € face image do y " s
>> set Convert color to gray 22 distance d. (p,q) = VZ|:1(pi -q)
>> set resize multi scale >> if owner’s face then
>> i=xy,wh € mapping face image do >> name owner on monitor
>>  for recognize by haar cascade training do >> time of process
>>  frontal face xml >> else if unknown’s face then
>> eye xml >> alarm to LINE Application
>> smile xml >> break this i for loop
>> for f€~Haar-cascading extraction do >> else if non-face then
>> for p = 1€ pixel of Threshold do >> reject non-face image
>> Edge feature >> back to input i
>> Line feature >> end if
>> Center Surround >> end for
>> break f = p >> end for
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Format Run Options Window H

cap = cv2.VideoCapture (0)

]

classifier = cv2.CascadeClassifier ("haarcascade frontalface default.xml") o |

e']

X = data[:, 1:].astype(int) =]
y = data[:, 0]

model = KNeighborsClassifier(5)
model.fit (X, y)

! video = a X

'orange'!]
'orange']
'orange']
'orange!]
'orangel]
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Q Notification system: The ‘Q Notification system: The
system found an intruder ata system found intruders at a
rice farm. ! rice farm. ’
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= Notification system: The
Notification system: The system found intruders at a
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( 7i17: Webneel Design Inspiration. “How to Draw a Face - 25 Step by Step Drawings and Video
Tutorials”. [online]. Available https.//www.pinterest.com/pin/607774912194982335/)
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Abstract: This paper presents a novel approach for developing a surveillance security system for the agricultural
sector, rice paddy in Thailand, utilizing supervised machine-leaming face-detection techniques. The proposed system
operates throughreal-time face recognition and notification of the owner via text messages and face images, leveraging
a LINE application. The proposed system employs the theory of Haar-like features to accurately classify the face
between the rice paddy owner and the intruder in real -time. The proposed system has been intensively tested to classify
in both single-face and multiple-face modes. It is capable of working in the brightness range from 25 lux to over 2000
lux and is able to track intruders’ faces within 3 to 20 meters in the rice paddy area. The experiments demonstrate that
the system can accurately display the face of the intruder in real-time, making it an effective surveillance security
system for detecting and notifying the owner of potential threats.

Keywords: Haar-like features, real-time face recognition, real-time face detection, surveillance security system,

supervised machine learning techniques

1 Introduction

The agricultural sector, especially in rice paddy
area in Thailand, faces numerous challenges during
planting season every year, including the theft of rice
crops [1], which results in significant losses for
farmers. The theft of rice ears in the fields has
become a pervasive problem throughout Thailand,
particularly in the central region. Despite the severity
of the issue, many farmers are hesitant to report thefts
to the police due to difficulties with litigation
notification and legal restrictions. Moreover, the risk
of increased planting costs due to leased areas also
discourages farmers from reporting thefts. As a
result, farmers must find their own ways to prevent
rice theft and minimize damage to their crops during
critical phases of the planting cycle. In response to
the challenges faced by farmers, researchers have
developed several technologies that can aid in the
protection of rice crops. These include an intelligent

International Journal of Intelligent Engineering and Systems, Vol x, No.x, 20xx

control system for predicting natural disasters [2], a
fast laser quantity measurement system for predicting
pest loads [3], and a face detection surveillance
security system for recognizing intruders in the rice
farm [4-5]. The use of technology is critical for
enhancing the security of agricultural areas and can
help farmers overcomethe challengesthey face in the
agricultural sectors [6-8].

Figure. 1 The example of damaged rice-paddy areas
from the theft of rice
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The objective of this study is to utilize supervised
machine learning techniques, specifically for a rice-
paddy surveillance system. This study applied the
Haar-like features based and cascade classifiers and
also some modifications to the Viola-Jones algorithm
[9-11], which is popularly and widely used by many
researchers for detecting desired facial elements. A
closed-circuit television system (a CCTV camera)
was installed with these frameworks, and the digested
image signals will be sent to a microprocessor for a
Haar-like based image processing algorithms to
identify individual facial features and distinguish
between owners and intruders of the rice fields. This
simple principle in this study has been applied to the
detections from both single and multiple human faces
and other unidentified objects.

X-Y.Liand Z-X.Lin [12] proposed a new method
of facial recognition using Histogram of Oriented
Gradients (HOG) features and a rapid Principal
Component Analysis (PCA) extraction algorithm to
improve the accuracy of facial recognition under
unconstrained conditions. This method uses the Haar-
like feature classifier to extract the original data from
the HOG feature, which is extracted from the image
data and processed by PCA downscaling. Support
Vector Machined (SVM) is used for face recognition
algorithms, and the effectiveness of the final facial
recognition method is validated through experimental
results of classification recognition on the labelled
faces in the wild (LFW) face database.

O. A.R. Salim et al. [13] proposed a method for
developing a class attendance management system
using face recognition methods to control the door
operation. When a camera captures a face image, it is
sent to a Raspberry Pi, where the facial recognition
program is programmed using the Local Binary
Patterns algorithm (LBPs). If the student’s face image
matches the training dataset, the main door will be
opened by a servo motor, and the class attendance
results of all students will be stored in the database
conneeted to the system’s server.

R. Nandhini et al [14] presented a method for
real-time facial recognition by capturing and storing
the facial features of students in a system database.
Student’s faces were recorded in different postures
including sitting and other gestures. The input images
and video from CCTV cameras are used for accurate
testing. Nandhini’s system has been developed to
improve the efficiency of facial recognition using a
deep-learning algorithm [15-16].

H-Q. Nguyen et al. [17] presented the design and
implementation of a low-cost system validation using
Raspberry Pi as a small computer and motion
detection algorithm to reduce storage space. The
system applied multi-CCTV cameras to detect human
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(5]

motion in a controlled area, and images can be
viewed in real-time on a web browser or mobile
application written in Python.

N. Sabri. et al. [ 18] presented a real-time intruder
surveillance system using a Raspberry Pi board with
real-time image techniques to design a low-cost
surveillance system that can be operated remotely
from any location. The system uses motion sensors,
cameras, an alarm circuit, and a wireless module.
Python software is used to detect intruders, and
research has shown that this technology is reliable for
smooth execution of websites and applications.

P. Nagaraj. et. al [ 19] proposed a real-time facial
identification method to create an alert system for
workplace security using a Haar-cascade facial
recognition technique under simple machine-learning
algorithm. Different classes are created to identify
intruder’s face and security from images and video
using Python programming language. Face detection
techniques are used to mark True or False faces to
enhance security against intruders.

This particular study investigates the application
of a Haar-like features classifier combined with a
machine-learning technique via OpenCV in Python
for detecting and analyzing faces in video data from
CCTV to facilitate the implementation of automated
video surveillance systems in response to the current
theft in rice paddy arca situation. The research is
structured into five distinct sections: encompassing
an introduction, an overview of relevant theoretical
foundations, a proposed methodology. and a
supervised machine learning approach for enhancing
surveillance security systems. Morcover, the study
presents experimental findings, followed by a
comprehensive conclusion and  discussions, and
prospects for future research.

2 Related Theory
2.1 Haar-like feature concepts [20]

The digital image recognition feature employs
the Haar wavelets technique to analyze the visual
similarity and is implemented in a real-time face
detector by utilizing an alternative feature set based
on Haar wavelets instead of conventional image
intensities. Paul Viola and Michael Jones leveraged
the concept of Haar wavelets to develop a feature
named the Haar-like feature [20-21], which detects
human faces using 16 tiny rectangular areas. It sums
up the intensity of the rectangular pixels and
calculates the difference between the sum of the top
and bottom regions and the sum of the left and right
regions to sub-categorize any of the input images. For
instance, when detecting a person’s face, the system
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observes the darker eyes compared to the cheeks and
takes note of the mouth’s smile. The Haar-like
feature, therefore, identifies prominent features on
the face from the associated rectangle of the object.

2.1.1 Front-face detection

This approach leverages the Haar-like feature
concepts based on adjacent rectangles to effectively
identify areas of interest. We investigate the use of
Haar-like features to analyze objects in any images.
To identify the specific areas, the intensity of each
pixel from each part of the image is summarized, and
the results are used to determine the facial area. The
Haar-like feature is then applied to check the color
intensity and determine the weight using the Haar
cascade frontal face XML file. This XML file enables
the capture of only the facial region of an individual
image by defining a rectangular frame, represented
by (x, ), which denotes the width and height of the
image, while (x+w, y+h) represents the position of
the person’s face within the frame. This process is
formalized by Eql.

Feature = Zie{l, N}wi.RecSum(x,y,w, h) (1)

The expression RecSum (x, 3. w, h) denotes the
cumulative intensity value of the pixels within the
detection rectangular frame. The coordinates (x, y, w,
h) are utilized to specify the facial region of interest,
represented by the Haar wavelets, which highlight the
salient features of the face in a comprehensive image
[23].

2.1.2 Eye detection using Haar cascading

This section introduces a method for identifying
and classifying human’s eyes in any portrait image by
detecting faces and corresponding facial parameters.
The proposed algorithm employs cascading eye
detection based on image file operations and utilizes
the XML file from the OpenCV library in Python.
Specifically, the algorithm detects the left and right
eyes on the face and encircles them with a square
frame. This approach enables the recognition and
identification of crucial human facial features in
images or videos, offering potential applications in
various fields, including facial recognition, facial
tracking, emotion detection, and eye-gaze tracking
[24-25].

2.1.3 Mouth detection using Haar cascading

In this section, the focus is on detecting the mouth
on a person’s face using techniques to detect smiles
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and non-smiling expressions. The detection process
involves the use of XML file in conjunction with the
OpenCV library in Python to detect mouth features.
The width and height variables are utilized to outline
the mouth portions on the face, while integral
computation is used to determine the mouth's smile
features [26-27).

2.2 Image processing for facial classification

To detect a face in an image. a computer must
undertake an intensive analysis of the image's sub-
section by utilizing a classifier containing more than
10,000 characters, which is then compared to the
learned face information [28]. If the algorithm
successfully identifies an element that matches the
learned face information, it will report that a person's
face has been found. This process, known as
Cascades., is a computationally challenging approach
that involves breaking the detection process into
stages, with each stage focused on a specific portion
of the desired classifier detection.

The algorithm proceeds step-by-step through the
stages, ensuring that once it detects one stage, it
moves on to the next stage and works through the
ladder until the desired feature, such as a face, is
located. If the data does not exhibit any facial features
during the initial stages of examination, the algorithm
immediately recalculates the information in the next
image to improve the detection rate. By discarding
calculations without checking the entire classifier,
Cascades can employ 30-40 stages, ensuring
computational efficiency. Overall, this approach has
been demonstrated to be highly effective in detecting
faces in images.

2.3 Python programming

Python is one of the high-level programming
languages that offers numerous benefits from other
computational languages. Its design promotes ease of
learning, and its syntax enables the creation of code
with shorter lengths compared to other languages.
Python offers a dynamic data type feature, auto
memory management capability, and abilitics to
support various paradigms, such as Object-Oriented
Programming (OOP), Imperative programming, and
Functional Programming [29].

2.3.1 OpenCYV library in Python

The Open-Source Computer Vision (OpenCV)
library in Python is an image processing library that
offers an array of capabilities including blurring,
thresholding, histogramming. edge detection, motion
detection, and image segmentation. Additionally,
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OpenCV can also process video data. Since OpenCV
is a set of commands, a program needs to be written
to utilize its functionality. Common programming
languages incorporated with OpenCV include C,
C++, C#, and Python. In this study, the OpenCV
library was employed to construct a training dataset
consisting of positive and negative image samples for
the purpose of categorizing and evaluating facial
features using our programming techniques [30].

2.3.2 Haar cascade extraction in Python

In this section, the process of image recognition
and processing in Python is discussed, with a focus
on utilizing OpenCV libraries to read input images or
facial image files. To implement a Haar-like feature
concept, a set of processing functions is necessary,
including (1) converting color images to grayscale,
(2) reducing image file size, and (3) detecting objects
with various sizes. These functions can be utilized to
extract features such as a person’s face, eyes, or
mouth from a Haar-cascade classification XML file,
which typically contains around 16 features [31]. The
Haar cascade extraction process in Python is used to
detect objects in the image. This process is commonly
employed in object recognition work. where features
are separated into three types: Edge. Line, and Center
Surrounded features, shown in Fig. 2.

2.3.3 Haar cascade integral image

The process of detecting faces using the Haar
cascade algorithm involves the use of integral images
and feature selection to minimize unnecessary
calculations on human-face input images [32]. This
approach involves transforming the input image into
a square area, where the value (x,y) in the square is
the sum of the pixels to the right and left of (x,y), as
expressed in Eq. 2.

IGay) = z i(x'y")
S x
x'sy

(2)

Here, I (x, y) represents the value of the total
pixels of the image at position (x, y), and ] (x, y) is the
intensity comparison between black and white pixels.

The Haar cascade integral image is stored as an
array containing the sum of the image values, as
shown in Fig. 3. For instance, the 16 pixels in the
array of Fig. 3 represent a 4x4 pixel image. In this
representation, each pixel represents the brightness of
that pixel, where 0 denotes the darkest and 255
denotes the brightest. To search for an image using
the four-rectangle feature at scale 2x2, the pixel value
is calculated as the sum of all the pixels in the area of
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Figure. 2 Typical sixteen features of a Haar-
cascade classifier

|
Tug,| 8 | 11 1 |s|2]3
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! |
|28 46,62 81 125610
(a) ®

Figure. 3 The integral images: (a) original integral
image method (b) integral image method in this work

interest. As shown in Figs. 3(a) and 3(b), all four such
pixels are calculated as the sum of brightness equal to
15. The traditional calculation of the integral image
method must be performed for every pixel [33].

2.3.4 Haar cascade classifier

The Haar-like feature cascading classifier is a
potent object detection technique that was introduced
in 2001 [9], This methodology utilizes a machine
learning approach that involves training a cascade
function on a large corpus of positive and negative
images to enable object detection across diverse
images. To utilize the Haar-cascade classifier
function, an input image of a person’s face must
undergo training to search for the optimal eriterion
for classifying faces as positive or negative. This
function will then select the least fallible features,
which accurately identify faces as positive (7rue) or
non-faces as negative (False).

Another
person’s

F face.

[ Rejected sub-window. ]

Figure. 4 Haar-cascade classifier’s diagrams
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Consequently, the cascade of classifiers concept
involves grouping aftributes into successive stages to
ensure effective classification [34]. The proposed
classifier process is implemented step-by-step, such
that if the first phase of the detected features in any
input image fails, the first window is immediately
rejected, and the remaining information is qualified
for the next-following stages. However, if the first
window passes, the program proceeds to the second
step, and if the window passes through every stage,
the program outputs the result by marking the square
frame of the detected face image. This approach
process diagram is shown in Fig. 4.

3 The Proposed Methodology

In this study, we introduce a supervised machine
learning technique for surveillance security systems,
as depicted in Fig. 5. Our primary aim is to develop a
face recognition system, which comprises three
stages: extraction, training, and classification. The
proposed system utilizes an algorithm of the Haar-
like feature to recognize and differentiate human
faces from any input images from a CCTV whenever
intruders are detected in the rice paddy area.

The surveillance security system is equipped
with a CCTV camera that is capable of capturing any
human face as an input image and comparing it with
the images stored in the system. It the camera detects
an intruder’s face that does not match any of the
owner’s faces stored in the system, a notification will
be sent to the owner through the LINE application.
However, before the system can perform this task, the
owner’s face must be trained and stored in the system.
The proposed system, shown in Fig. 5, comprises six
key steps: (1) Input, (2) Extraction, (3) Training, (4)
Classification, (5) Output notification, and (6) Power
supply. The system’s primary function commences
with the detection of an intruder’s face and concludes
with the system alerting the owner by sending text
messages and an image of the intruder’s face.

3.1 Input

In order to get an input image via live streaming
from CCTV, such a device must be able to gather
clear digital image files, as depicted in Fig. 6. The
device captures images with a Full HD 1080P
resolution and a size of 2.0 megapixels, resulting in a
2D color image. This intelligent CCTV camera is
capable of detecting intruders during both day and
night. at distances of up to 20 meters, and can receive
Wi-Fi signals up to 100 meters. Its primary function
is to record images and send out digital images to the
next step of the system.
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Figure. 5 The overall concept of a supervised machine
learning for surveillance security system.

Figure. 6 Input image capturing from CCTV

3.2 Feature Extraction

This section presents a face image search system
that facilitates the search for face images of both the
owner and intruder using the Haar-like feature theory
and extraction method. The system employs a border
search technique to detect faces or facial features in
images, as illustrated in Fig. 2. The search algorithm
rapidly selects a portion of the image from the CCTV
feed that changes based on pixel intensity within a
square. The rectangular computations are separated
into black arcas denoting / and white arcas denoting
0. Each region is responsible for detecting specific
features in the image, such as an edge, line, or
structure. The Haar-like feature technique is a process
of sliding a rectangle pixel-by-pixel from the top left
to the bottom right of a face image to detect specific
facial features. This technique is integrated into the
computer vision system to aid in the identification
and location of intruders. To identify the faces of both
the owner and intruder. The proposed technique
involves computing the sum of the intensity of
rectangular regions, as in Eq. 3.

x2 y2
is(xX1,x2,y1,¥2) = Z z ixy) 3
x=xy edy=y1

The variable i(x, y) represents the intensity value
at the point (x, y), while is (x;, x2, 1, y2) represents the
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sum of intensities in the rectangular area defined by
the four corner coordinates (x;, x2, y,, y2) from Eq. 2.

The computation time is dependent on the size of
the pixelated squares of the facial images and their
luminance. An improvement to this research is the
use of integral imaging, as suggested by Viola and
Jones [36]. The integral image technique rapidly
combines the intensity of each pixel by calculating
the image just once, employing a Haar-like feature
simulation. In comparison to the conventional way
mentioned in Fig. 3, this proposed system utilizes the
Haar-cascade-integral-image technique for prompt
detection of facial features of either the owner or
intruder, as formulated in Eq. 4.

e y) = Zx’<x ylsyi(x"y,) )

When 7i(x, y) 1s the value of the integral image at
the point (x, 3) shown in Fig. 7(a), and i(x’, ¥’) is the
intensityvalue in cach pixel of the original image. For
example, finding the pixel value is done by
caleulating the sum of the intensity of rectangular
area D by using the integral image of 4 points.

The computation in Fig. 7(b) yields a value of
4+1-2+3 after the detection of a rectangular frame of
any dimension, which requires time to calculate the
constant intensity sum value. This technique is
appropriate for human face detection systems [37).
The Haar cascade integral image principle involves
partitioning a rectangle into shaded and unshaded
sections to compute the difference between their
intensities. By comparing the threshold with polarity,
the system determines whether the image is positive
(face) or negative (non-face) using processing
techniques such as Haar-like features of all 3 types.

3.2.1 Edge feature

During face detection mode for the owner and
intruder, the system identifies the boundaries of the
frame in the forchead. cycbrows, eyes, and mouth
regions. The forehead, which is a smooth facial
surface, reflects more light compared to the darker
eyebrows. The algorithm detects the lighter shade of
the forchead and the transition to the darker
eyebrows. When comparing the mouth to the chin,
the mouth will exhibit a prominent convex image,
which produces greater intensity than the chin. The
extent of the edge feature technique is illustrated in
Fig. 8(a). 8(b), 8(c) and Fig. 8(d) [38].

3.2.2 Line feature

The feature operates on a black-white or black-
white-black line. In face detection, the system -
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Figure. 7 The integral image method: (a) the value of

the integral image at the point position (x, y) and (b)

the calculation of the integral image area D

examines the upper edge of the nose up to the tip of
the nose. Although the nose is not as flat as the
forehead, it still exhibits reflective spots. It is the
closest point on the face that naturally protrudes,
creating light on the face. The nostrils typically have
a bent shape, causing the light on the face to be
darker. This attribute will be utilized as a line
characteristic, as in Fig. 8(a) and Fig. 8(c) [39].

3.2.3 Center-Surrounded feature

This function is employed to detect diagonal lines
and emphasize certain arcas of human faces. It
performs optimally at a microscale. Depending on the
lighting, one can select the jawline, chin, or facial
wrinkles as distinctive features for face detection.
These - characteristics are generally crucial for
successful face detection. The function is specifically
designed for face images and can also determine age
ranges of individuals. However, several factors can
influence the results, especially the lighting falling on
the face, which may cause delays in the face detection
algorithms or lead to some errors or misdetection.
The examples are illustrated in Fig. 8(c).

Figure. 8 Owner’s face feature extraction with Haar-
cascade function: (a) the forehead’s edge and line
features, (b) the eyes’ edge feature, (c) the nose’ edge
and line feature, (d) the mouth’s edge feature, (e) the
cheekbone’s center-surrounded feature and (f) the
summary of facial extraction features
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3.3 Training

This section describes the training input image
data used in the system, stored image format for face
classification (as depicted in Fig. 6). The training
models were generated using the cascade training
function of the OpenCV library. The system consists
of the following components:

3.3.1 Stored owner’s image as positive faces

For this step, it is necessary to prepare a sample
set consisting of positive face image data (owner’s
face) and negative face image data (other faces that
do not depict the owner’s face). To generate positive
face image data, we use Python to create a sample
function along with a webcam resulting in 200 JPG
images with dimensions of 640x480 pixels. To create
an accurate library of the owner’s face image, it is
necessary to do multiple sample images.

3.3.2 Training data

This module is responsible for fraining the
system with pre-prepared positive and negative
image data to enable it to recognize the owner’s face
images. The proposed system uses the OpenCV
training function via Python to generate an XML file
that contains the trained image model. This file
facilitates the system’s learning process and enables
it to recognize the owner’s face images.

3.4 Classification

This section describes the process of classifying
the owner and intruder’s faces under the supervised
machine learning technique, the fourth step as shown
in Fig. 5. The proposed method involves identifying
specific features using any category derived from
human face inputimages. During the face recognition
process, the Haar-cascade classifier will be executed.
The operation of such a system is illustrated in Fig. 9.

Recursive process in searching fox limaan/cwner/sitrader

Figure. 9 A simple procedures of Haar-cascading
classifier of the proposed system
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3.4.1 Haar-cascading classifier

This Haar-cascading method involves identifying
relevant features from face images. When the face
recognition process is initiated, the processor
employs a cascade classifier. The system operates as
follows: the CCTV camerareceives a color image file
of 640x480 pixels, which is then converted into a
grayscale image. Next, the image size is reduced
using a scale factor to facilitate features detection.
The pre-prepared Haar cascade training model is then
used to detect face, eye, and mouth features on the
face, employing a cascaded sequence of Haar-like
features (f). The classifier on the top is usually less
complex, and a weaker classifier may be employed to
reduce computational load and threshold (#). To
avoid the misclassification of non-face images, sub-
images classified as non-faces are ignored. If a sub-
image is classified with a chance (p) of being a face
image. itis passed on to the next classifier of higher
complexity in the sequence, utilizing the Haar-like
feature 16 technique in supervised machine learning
based on the previously created training data model
[40]. The model properties involve adding all pixel
values to the black block and subtracting them from
the sum of pixel values in the white block. The weak
classifier can be described using Eq. 5.

70 L {1, if pf(x) <p(®)

0, else

%)

The system detects faces in any images using a
training data model with a resolution of 24x24 pixels.
After computing all features, the system determines
whether the value is above or below the threshold set
by the system. If the answer is affirmative, the object
is recognized as the owner’s face, and the system
highlights the face by drawing a rectangular frame on
the monitor. In the case of an intruder’s face, the
system sends a notification to the user via the LINE
application. If the received image is not a face image.
the system loops to receive CCTV images from the
source. The system relies on a single property for this
decision, which aims to achieve good similarity
between the face image and the displayed results. An
example of the system at work is depicted in Fig. 10,
and the process takes less than one second. To
construct a classifier. a weighted sum of the weak
classifiers is used, as described in Eq. 6.

F = pixel(ay fi4 @2 f24..Qs0fa0) (©6)
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Pseudo process for the proposed system

» Input: image frames from CCTV cameras

» Qutput: ow ner’s and inturder’s images

» fori € face image do

» set Convert color to gray

»  set resize multiscale

» i=x,y,w, h € mapping face image do

» for recognize by haar cascade classifier training do
» frontal face xml

» eye xml

» smile xml

» for f ¢ Haar-cascading extraction do
» for p-=1 € pixel of Threshold do
» Edge feature

» Line feature

» Center Surround

> break f - p

» end for

» end for

» if ow ner’s face then

» name OW ner on monitor

» time of process

» else if unknown’s face then

» alarm to LINE Application

» break this i for loop

» else if non-face then

» reject non-face image

» back to input i

» end for
Figure.10 The proposed surveillance security
classification pseudo-process

3.4.2 Raspberry Pi

All supervised machine learning procedures in
this proposed system are driven by a Raspberry Pi-4
processor, 64-bit running at 1.5GHz, and equipped
with 8 GB of RAM. It will mainly serve the following
purposes: (1) generate a training image data set of the
owner’s face consisting of 200 JPG images, around
40 seconds, (2) extraction of the owner’s static face
image requires around 0.90 second, shown in Fig. 11,
(3) testing a video of owner’s face image in around
0.17 second, whereas testing an intruder’s face image
in around 0.54 second. The processing time varies
depending on the surrounding environment and the
angles at which the face images are captured, which
includes images captured at angles of -60°, -45°, -30°,
-15° 0°, 15°, 30°, 45° and 60°.

3.5 Output notification

The proposed surveillance system will generate
alerts only for intruder-face images, while the
owner’s face image will not be displayed to avoid
unnecessary notifications. Whenever the system
detects an intruder’s face image, it will trigger alerts
by text and intruder’s image size of 680x480 pixels
through the LINE application every 10 seconds and
activate a siren signal to alert in the actual rice paddy
area under supervision, see also Fig. 11.
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()
Figure.11 Haar-cascading extraction by Raspberry Pi-4
processor: (a) search for human faces (b) summary of
human face image with sixteen features

3.6 Proposed system power supply

A single and small 12 Vdc, 40 Wp solar cell has
been installed with a 12-volt, 200Ah deep-cycle
battery system, which powers multiple devices for the
proposed surveillance security system in the under-
observation rice paddy area. The constructed battery
system served as the main power supply for the
CCTV camera, the Raspberry Pi-4 processor and
including all the siren devices.

4 The Experimental Results

This section presents the results of experiments
involving the implementation of the proposed face-
detection surveillance security system, utilizing a
supervised machine-learning technique. The system
receives raw image data from a CCTV camera with a
resolution of 1280x720 pixels. If an untrained image
is detected, the system will identify as an intruder and
alert through the LINE Application. On the other
hand, the owner’s set of images will be identified and
displayed only on the owner’s system server. The
experiments conducted in this study are organized
into five distinct sections: (1) an explanation of the
proposed system’s operation, (2) a speed test of the
face-recognition procedures used by the system, (3)
an evaluation of the system’s performance under
different illuminance levels, (4) an assessment of the
system’s accuracy at various distances, and (5) an
analysis of the success rate of alerting and
notifications sent through the LINE Application.

4.1 Proposed System Operational Workflow

4.1.1 Implementation of the proposed system in
the demonstration rice paddy area

The proposed surveillance security system
described in Fig. 5 was established and implemented
in the actual rice farm test base located in Supanburi
province of the central region in the Kingdom of
Thailand. Fig. 12 provides a visual representation of
the actual installation of the system in the rice paddy
area where it was demonstrated.
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Figure. 12 The implementation of the proposed
surveillance security system in the actual rice paddy in
Suphan Buri province, central region, Thailand.

(©)

Figure. 13 The proposed system identification of
human faces from CCTV camera’s input images: (a) a
single person (b) two persons (c) three persons and (d)

five persons in the image frame

4.1.2 How it works in normal operations

This experiment aims to elaborate the proposed
system’s operation under normal conditions, A
CCTV camera continuously captured and streamed
input images of human beings’ faces to the system’s
microprocessor, The proposed system then created a
frame for detecting facial features such as the
person’s face, eyes, mouth, and wrinkles. If the
system identified the input images as human faces, it
would proceed to the next step of a face recognition
procedure to distinguish between the owner and
intruders. Fig. 13 presents the results of this normal
operation, which tested four images with different
input image faces. The results demonstrate that the
Haar-cascade classifier coded on the Raspberry Pi-4
can accurately distinguish human faces, regardless of
the number of faces in the input images.

4.1.3 How it works when recognizing intruders

In the event of intruders being detected, the
proposed system works by first capturing real-time
video data of the intruders through the CCTV camera.
The input image data is then passed through the
surveillance system, which employs face recognition
algorithms to detect and identify any intruder. If the
intruder is identified as an unauthorized person,
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Figure. 14 Examples of SMS and image notification

via LINE applications when intruders have been
found: (a) a single intruder and (b) multiple intruders.

an alerting message is sent to the owner via SMS,
along with an image notification of the intruders. The
owner can then take necessary actions, such as
contacting the relevant authorities or taking steps to
prevent further intrusions.

4.2 Speed test of the proposed system operation

This experiment presents the outcomes of a speed
test of the proposed system performed on face input
images with various faces. It was carried out by
capturing input images from CCTV cameras with a
resolution of 1280x720 pixels. The images were then
transmitted to the Raspberry Pi-4 using an inter-
signal, and the speed of processing for each person's
face was computed. The test involved processing
input images, which would be trained with pre-
prepared data that had been converted to XML files.
This training process enabled the system to
distinguish between different input images and the
processing speed was measured as a numerical value
in milliseconds (ms). The Python command’s clock
counting technique was utilized to process the input
image. Table 1 illustrates the speed of processing the
owner’s face image, whereas Table 2 depicts the
speed of processing the intruder’s face image. The
experimental findings indicate that the owner’s face
image processing takes slightly longer. This is due to
when the face image is entered into the process, as
illustrated in Table 1, it goes through all sixteen
features, increasing the processing time somewhat.
However, as shown in Table 2, when the system
checks for intruders’ input image comparable to the
training data set, the intruder’s face input image is
immediately rejected.
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Table 1. The owner’s images processing speed test result Table 4. Brightness range of operation during intruders’
number of Processing Average face detection process
owners ot time (ms) (ms) Face Envirc 1 Tumi (lux)
eit 1 9 rotation 25- 201- [ 501- | 1001- | >
oﬁer 2 10 98 angle from 200 500 1000 2001 2001
3 10 CCTV Accuracy of the detection (%,
Two 1 20 -60° 0 0 2 18 38
v 2 20 19.9 -45° 25 44 78 81 89
€IS
S 19 -30° 48 77 89 99 98
: % 5 -15° 75 98 99 99 100
Table 2. The intruder’s image rocessm_g speed test result 00 F%) 100 100 100 100
r}umber of Testrimiber Processing Average 150 73 05 08 100 90
intruders time (ms) (ms) 300 12 73 88 Y] 96
1 6 450 27 37 74 83 85
One intruder 2 9 83 60° 0 2 1 23 34
3 10 Avg. (%) 413 | 585 | 699 [ 774 | 821
Two ! - e A
et g T; 173 4.4 System range of operation in distances
Three 1 19 The objective of this experiment is to evaluate the
. 2 23 213 B 2
intruders 3 22 accuracy of the face recognition mechanism under
1 28 varying distances. To achieve this goal, the test
; ;‘E‘c 2 30 20,6 involved three different distance levels (5, 10, and 20
"y s 3 31 meters) from the CCTV camera, and for each level,
Eife 1 35 we varied the face-view angles by rotating the face at
intruders § 2‘4’ 35.% nine different degrees. The test included 100 trials for

4.3 System range of operation in brightness

The objective of this experiment was to assess the
proposed system performance concerning brightness
intervals during the face recognition process between
the owner and intruders. The test protocol involved
capturing real-time video of faces in five distinet
brightness levels and with face-rotating views to
different degrees through nine levels. We performed
100 tests for each level, and the results of the owner’s
face evaluation are presented in Table 3. while Table
4 displays the results of the intruder’s face test. The
primary goal of this assessment was to determine the
accuracy and capability of the system’s operation in
broad brightness ranges by averaging the results to
identify the clearest face at cach angle.

Table 3. Brightness range of operation during the owner’s
face detection process

each scenario, with the results captured in real-time
video data. The owner’s face recognition accuracy is
presented in Table 5, whereas Table 6 provides the
results of the intruder’s face recognition test. The
analysis of the data presented in both Tables provides
compelling evidence that the proposed system is
capable of accurately identifying the owner and
intruder faces at different distances. Particularly, the
results indicate that the system can detect faces more
accurately when they were in a straight position,
facing the left or the right of the CCTV camera at
angles of -30° -15°% 0° 15° and 30° degrees,
respectively, and at distances ranging up to 10 meters.
However, the analysis revealed that the system’s
accuracy was limited when the distance was beyond
20 meters, and the face angles exceeded 60°.

Table 5. Accuracy in detecting owner’s faces.

Face Environmental INuminances (lux)
rotation 25- 201- 501- | 1001- >
angle from 200 500 1000 | 2001 2001

CCTY Accuracy of the detection (%,
-60° 0 0 18 42 56
-45° 34 H2 84 89 98
-30° 56 88 98 98 100
-15° 86 97 100 100 100
0° 94 100 100 100 100
50 87 96 99 100 100
30° 48 87 94 7 100
45° 32 47 85 92 929
60° 0 0 15 40 61
Avg. (%) 48.5 63.0 77.0 84.2 90.4

Accuracy in percentage of the system
Varying face recognition under varying distances
angles from a From a CCTV camera (meters)
CCTV camera 5 10 20
True | False | True | False | True | False
-60° 0 100 0 100 0 100
-45° 82 18 48 52 6 94
-30° 100 0 74 26 14 86
-15° 100 0 98 2 36 64
0° 100 0 100 0 58 42
1s° 100 0 95 5 31 69
30° 100 0 68 32 11 89
45° 76 24 41 59 9 91
60° 0 100 0 100 0 100
Avg (%) 73.10 (T) 58.20 (T) 18.30 (T)
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Table 6. Accuracy in detecting intruder’s faces.

Accuracy in percentage of the system
Varying face recognition under varying distances
angles from a From a CCTV camera (meters)
CCTV camera 5 10 20
True | False | True | False | True | False
-60° 0 100 0 100 0 100
-45° 74 26 32 68 3 97
-30° 96 4 68 32 10 90
-15° 100 0 100 0 31 69
0° 100 0 100 0 46 54
15° 100 0 100 0 28 72
30° 92 8 63 37 8 92
45° 69 31 29 71 2 98
60° 0 100 0 100 0 100
Avg (%) 70.10 (T) 54.67 (T) 14.20 (T)

4.5 Success rate on SMS alerting and image
notification delivery

In accordance with the research objectives, this
study assessed the effectiveness of the alerting
system and its ability to send image notifications
through the LINE Application. Specifically. the
success rate of the alerting and notification delivery
mechanism was evaluated when intruders had been
detected.

To evaluate the performance of the proposed
surveillance system, a seven-day test period was
carried out. During this period, a hundred individuals,
selected randomly, were instructed to walk through
an arca simulating a rice paddy. acting as intruders.
Real-time video footage was captured through a
CCTV system, and the resulting image data had been
put through the proposed surveillance system for
analysis. The test results, which include alert
messages and image notifications of intruders, were
recorded. The findings indicate that the proposed
system achieved a success rate exceeding 85%. A
detailed summary of the results is presented in Table
7 for reference.

Table 7. Success rate on SMS alerting and image
notifications sending out to the owner.

SMS & Images notifications
Day of the delivery when detecting SL::teess
experiment intruders (Times) ¢ %‘;
Sent Not sent
Day 1 9 8 92
Day 2 91 9 90
Day 3 86 14 86
Day 4 83 17 83
Day 5 79 21 79,
Day 6 88 12 88
Day 7 90 10 90
Overall success rate percentage on SMS alerting 86.86
and image notifications delivery s
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5 Conclusion

This research aimed to develop a supervised
machine learning model combining with the Haar-
like feature technique for face detection in a rice
paddy security system. The proposed system was
designed to be cost-effective and suitable for the
unique environment of rice paddies in Thailand. The
system utilizes a CCTV camera to detect intruders’
faces and sends SMS alerts and image notifications
through the owner’s LINE application. The system
demonstrated several capabilities, including accurate
identification of intruders’ faces, fast and reliable
processing speed, and simultaneous detection of
multiple intruders” faces. Additionally, the system
processed face images in varying brightness and
distance ranges. The success rate of the system’s
notification delivery was evaluated through a seven-
day experiment and achieved an average accuracy of
86.86%. Overall, the proposed system demonstrated
promising results for intruder surveillance in rice
paddy ficlds and has the potential for wider
application in other environments.
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Developing the Intelligent Control System
Technology for Thai Rice Farm

P. Siriwan, B. Chanin, €. Chow, H. Pisith

Abstrace—The purposs of this study was to develop an
mtellizent comtrol system for Thai rice fiald Thiz development of
automatic control system iz to help farmers whe grow mice in
Thailand and to analyze the weather 2o that they can have better
and more harvest. The researchers have besn studying at the rice
field at the Supanburi province The rice fizld was 3.2acres. The
problems of prowing rice found as follows 1) Matural disasters
before the karvest of rce I) Flooding in rice feld will destroy rice
in the field 3) There are rice smmgzlers so the rice Seld owmers
need to watch over their fields 24 hour. This research is to develop
the intellizent comtral systems for Thai rice field o that Thai
farmers ca2n check the report through the website Metpie 2nd online
applications cn  their smariphones. The development has been
embedded through the intellizent control system using senzors fo
forecast temperature and umeidity. When the level of moistare has
reached to 100%, the imtellipent coetrol system will send 2
me3zage to alert the weather that it might rain. When the moisture
level has reached to 60% the imtellizent control system will send
tha maeszazes to aler that it might be too arid and that it iz getting
cle:e 10 winter season. When the level moisnare has reached 10
mare than §0%, the intelligeat control system technology will zend
the message to alert that it might petting hot The message that sent
to the smart phone is operated by LINE application and it will kalp
Thai rice farmers to be able will b= growing and harvast rice in a
better way. The intellipent conmol system can al:o be able o
mezzure the devel of water in rce fam when the water gefting
higher than 1foot the svstem will alert the water pump to fake
water out of the rice farm. The imtellzent control system also be
ahbla to detect if there are people around the rce fisld fom 7-10
meters at night time by siren sound so that will hawve been
protecting theft before hamvest. The result of this reseanch from the
last Imontk: from wsiep thiz syztem showed that the system has
been very reliabls with 90%% stzbility which i= a zreat result so this
syster can be wsed for Thai rice farmers and ther do not nesd to
stay up late all night watching their rice farm. All they have to do
iz just chack their farmse through the intellizent control system

Heywords—5mart rice Son, wireles: sensar networks, srabedded
sysizm, conirol automation system.

L INTEODUCTION

Mowadzy, the intellizemt comtrol system techmology has
increazed dramatically in Thailamd even im agricultaral
industry such a3 weather forecast, soil predicament [1],
cultivate control and alsg production control and distribation.
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For weather forecast, the imtelligent control system
technology can predict natural disaster such as floeding the
repart on the condition: of the soil [2], cowtrol the
cultivation. To control the production and The weather report
section. It can be said that the natoral dizsaster is the cause of
the flood in that area. This research was conducted to
develop a chack on ths weather. The rice field iz an zrea of
3.1 zcres. The arezis located in Tambon Mang Boon Mzan
Suphanburi Province The area was originally it. Fanmers in
this area have checked the weather. And check the water
leval with the eyes, which iz a check from the folk wizsdom,
farmer: farmars lack of natural dizaster monttoring. In the
past, farmers m thess aress have encountered the following
problems:

* Floodad rice paddies damaged rice felds.

= Matural Disaster before Rice Harvest.

= There are intruders &t the dawn to destroy crops in the rice
fields.

According to these problams researchers have developed
mtelligent cantrol systems for Thai rice fields [3]. It emphasizes
the development of low-cost systems to snable fmmers, rice
farmerz to stody new  techmologies. Thiz ressarch was
developed by the brain system to conmol the report “Inemet
recording and sutomatic respomss”. This reporting and
mterpreting zervice i= developad to ke zble to check throush
chack at amy time with the Internet. This allows fenmars to lezm
how to use current technology to bemefit or apply to the rice
farrners.

I_THE PURPOSE OF THE RESEARCH

To study and develop the imtellizent coatrol system for
rice paddle field, Thailand. Stody area is 3.2 acre at Mang
Buach sub-district, Doem Bang Mang Buach district,
Suphamburi province.

OI. THE DESIGN OF WORK SYSTEMS

Thiz research ha: designed the working systams by
sequence of operation from 1 to 6 parts as fizore 1 andworks
as follows:

Y

Fiz. 1Ths system desizn work
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Zwvstem dasizn of work by the work 6 parts as fiz 1

A. Zolar System

Part of the solar system can choose to install solar cell
size with 12volt.10 watts. To charge the battery zize 12wolt
Gampers for power supply to equipment of intellizent
conirel system for Thai paddy rice field and to install to rice
field area.

B_Sensor

The sensor of thiz system iz 2 part for receiving the
duty field 3.2 acres. To the side of the computer system
processor received from semsors, which have sensors as
such.

# The weather semsors will detect humidity and
temperature to get the information and sand to the
Al pod zystem az data tansmisszion processor
display font and zraphics on the Intemest [4].

# The ulirazonic sensor is messuring by ulirasonic
wave which iz used to meassure the distance
between the object comes acros: the fromt sensor.
Applisd to measurement of water level in the
paddy fizlds. To get the information and send the
information to the computer system processor
sends the data displey font format, the Internet [3].

»  the movement sensor is @ movement sensor relying
on the principle that the creatures will releass the
infrared rays. This sensor detects the infrared rays
incident om the semsor i And the zigmal imto
digital. The applisd to detect visitors at night.

C. Inggiligent Embrdded Systems (WodsfCTT.

The processing system is the development ModeMICTT
Al flammable serves data from zensors [7], temperamre,
homidity sensor altrasonic to measare the water level in the
paddy fields [B]. And the semsor movement. Then tha
process performance data from varions sansors to send dats
to model and voice applications online (LIWE) and sends the
data to Clond. On the website, can save data from weather
and collact data to Cloud [9].

D. Oniine Applications ([LINE)

Online Applications (LIME) when the reading fom the
sensors i5 processed at the AT system. The display format
homidity and temperamre every 30 mimnes[10].

E. Cloud

Bactors of Cloud or WETPIE stands for Wetwork Platform
for Imtermet of Everything iz available to comnect and
exchange information between devices [11]. you (Platform
25 2 Sarvice) and can record datz from temperatare semsors
and humidity.

F. Display
Zectors of display are divided into sub-sections is:

# Display Format smart phone viz the Application
Line (LIME} zead an glart messzage every 30
minutes

s Digpley which are updstad every 10 minutas to
check on www.netpie o/ freeboard

s« FHecording keeps the temperature and
bumidity variztions by Statiztics 3 months to
check an. www.netpis.io/feed [12].

Bk |

o Alarm zound the fumction display formats zivens
when motion sensors detect when a person went
throngh during the night at a distance of 4-7 maters

The pump is working 2z the page layout rendering
pumping - when it received the ordered from the Embedded
Systems (Mode MCTT.

IV, CIRCUIT DESIGN WORK AMND WORK.

A Eguipmen: and software that choose to use
Functional test to select equipment and software to guit the
paddy fislds with details as shown in tahle 1 and 2.

TABLE |
FCANPMENT LISAGE ANTHTHE OFTIMLIM USE
Equipments Approprizte operational
Modedd L (ESP12-E)

The sysam booml G wnke 2 progam o
oozl the e o e semesor: The boend the chip
windess LAM (Wiki) te diginl port 9 port
T peet ke 1 portd AT

Sensor e sensars mesere temerature, bumidicy, o
DHTI AM U prossme ot fae fom 330 vole agels o
idizitnd S Albso messipes hurnidity noge -
1{F sl o ieperatun: naseunaTent moge -
=3 chegros: Qi

Ulirascetke s (FRC-SRE) ok
mersare Jom <J et o achust de dissroe
ol the varoble sssn Ulse fine Swoll. An
infroed light s cdisurberd easly

Brambers AMPGIIZ smme can dheect

Ulira-sooic sensor

(HC-EROG

Tl sensar devects

EHCTEnt Wy of agwisms within & poge of

CAMBNITLI2} Trmcters i Deoestes ix2 nigght anc in thackntime,
T2 dhigatadl iyl sgial

Svalis rely Blectwmic saiich without o conaet om nke
ooeher fomn [ Al 5o,

Alarma 5 oumed A siren sound pressane 12 valt Display

aulmezically when the sensors devect
U end e, work,

Pung Pamp {mpoplis s in Hesearch for
ansmmple, pamp 2 small D viliape o6
W wis eondueted by the Embeddad
Svstems {NodeMCL!) automatically.

TAHLE D
SOFTWARE LICENSING AND FAIRL USE
Sefowars The preper used
Archaing (1HE Programming languaged + +
programming on Anduino [E by
updnagding the program oo
MideMCL board.
WETFIE { Merwerk Fatfomm Far
Imiemnes of Everything).
2in commaction and exchange
nm herwoay devicss o the Inemes
{loT will display the kmpeaure -
humpidicy . an e air. Water vl
cammerkls @ punsp the mucaaied
vantrod swigch foc opening and chosing
the pamp wsed hoth on the sie and
smastphoue can read ap and manage
e daty collection from (e oo
funetivn as siorage bax,

Ll cr NETHE

E. Power supply
The power supply consists of solar cells 1{watts, connect

to the controller (Solar Charge Controllar) and a battery
charging system 12volt because Al side (WodehICTT). The
senzor nsad in thiz resszrch and pressure 3valts mmst bring
Fegulator reduces the pressure of 12 volt. left Svolt a3 work

figure 2
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Fig.2 DC power supply 5 volts

C. Circuit design work

From the design of system fanctions as the picture that 1The
circuit design work. The system computer side (NodeMCU).
A parts processing as figure 3.

v 100

¥ig- 3 Circuit design wark

The rezearch has decided this circuit works a: figure
3 be parts of 2 main system Embedded (NodeMCU) is
the main processing circuit receives the values from the
sensor through the port, a digital processor with
Embedded. (NodeMCU) signal formats wireless LAN
(wifi) and the dizplay automatically [13].

‘;-‘%‘R\%;

)

Fig 4 Tesung and mstllation of paddy

Inztall and test the installation of = 3.2acre paddy area to study
and test the performance of the work And compare with a meter
to measure water levels, weather conditions and waditional
farmers [14].

53z

D. Dispiqy sector

The display format is platform (NETPIE) a: a platform
to collect data on Cloud which makes it easy to connect
to the device. Together, simple and easy. Without any
complexity in devices connected brain (NodeMCU), and
the sensor side by platform (NETPIE). A Crown for
developers or users of platform (NETPIE) [15]. Can be
displayed on computers and Smart phones.

LneToe

.
|
.

Clowd st ¥

- -

Fig.7shows the moisture storage format.

] TR

- —

Fig.8shows the temperature variation data

Fig 9The notification viz the Line application
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V.RESULT
A. Result Humidig
The moisture semsor readings to Compare measurement
devices (conventional) with antomatic measuremsant system.
Humidity (%)

TARLEN
THE HUMIDITY READIMG-

To. Humidity semsers | Humidity dirplay
T T R
2 i 3%
3 % %
4 268 4%
5 % 2%
B 155 0%
7 17 %

B Result Temperarure
comparison  of tempersnoe  semsor  readout  devices
{conventonal) with autoratic measuTEment SyEEm.
Tamperme{DC}
TABLE [V
THE TEMPERATURE READMG 0N THE AlR

Mo, Temperarores  Temperadure semsor display
1 EITS M
2 B Ly
£] B 37
4 ac a3 L3
5 EL) 3
a ITCE L ¥l
7 e Hu

. Recult Water level meter

Water level metar reading device (origingl) compared
with mezsursment automation. The watsr level, low water
level, madium water level and overflaw watar lavel.

TAHLEY
READING THE WATER LEVEL IN THE PADDY FIELDS.
Ne. Wacer Level Water level semzor display

overflow water kevel
mesdiam water level
e water kel
Joww wter beviel
mediam waler level
mediam water el
Lo wiaser bevel

enerflew water level
medium water bevel
wiviadhilern waker level
Jow water level
medium water kevel
medirm water kel
lovw water level

e

D. Conclusion detect ntruders ar night unatended

TABLE VI
AUTURACY QF THE SYSTEM TO DETECT INTRUDERS.
No.  Fencticnal searus  Precision
Miaing
Mowing
L v g
Mowing
MNat muving
Mesing
Mloving

L b Lk el e
LN

-1

VI COMNCLUSION

Embedded Systems Technology developed for the
compater system the automatic control equipment has
rendered thromgh the website or smart phone. This
technology will help save time m watching rice paddy field
of farmers and help prepare surveillance dizasters that may

i3

occur in the fatre. The farmers nead help i various stages
hetwesn the rice until harvest and advice should be given at
the appropriate time.
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Fast laser Quantity Measurement of Pest Box Imaging Using
End-to-End Real Time in Thai Rice Farm.

Siriwan Polset', Chow Chompoo-inwai®*

Abstract— In this paper, the researcher development a fast
laser quantity measurement of pest box imaging using end-to-
end real time in Thai rice farm. Usage of a small, light, low-
cost, high precision laser raining sensor for detected pests in
rice farm and send number data to ESP32-CAM then it will
take a pest box picture send to user application LINE. The
pr ing can save statistical data from laser raining sensor on
memory card of ESP32-CAM for quantity pests analysis. The
researchers had designed pest measure box two sets and install
in rice farm an area of 3.2 acre. The experiment is quantity
measurement of pest box in the real environment of rice grow
season in Thailand. Measurement were for 3 different period of
time: rice scedlings to tillering stage (30 - 45 days old), rice at
full tillering stage, pregnancy-to-earth rice. The results show a
lot of pest the before harvest season is pregnancy to earth rice.

1. INTRODUCTION

“Rice”, The important economic crops of Thailand and
while had a lot of pest in rice farm. Pests can cause damage at
all growth of rice cultivation. At present, a lots of pest
problems have been found is Nilaparvata Lugens in rice farm
which is important in predicting the epidemic of pest need
accurately technology but today's pest sampling technology is
labor intensive and time for random checks is problem to
damage assessment and have expensive. Therefore, Applying
the high-tech coming to rescue for pest infestation situation
report are accurate and expeditiously [ T]. Measuring presence
of pests in rice farm the onginal designs there are 2 method:
the first-time used sweep net by the people used sweep net
the diagonal in rice farm about 20 time at that point (figure
1.) This method is suitable for eliminating pests in the period
of rice at full tillering stage while expedition not dew on a
rice leaf to avoid the sweep net wet made hard pests’
classifier is against abusive with rain season, counting with
the naked eve from the seedlings from 20 groups (1 group is
rice seedlings to tillering stage 10 plant.) from figure 2, used
hand farmer’s rice check rice cones above the water level 2-
3 time for count detect pests. From figure 2, we can assume
are amounted pest population of grow rice farm in all season.
But famer have to specialize and accurate for find pests in
rice farm but will long time for count pests and use many
people for find pests and save data; had the advantages of
informed heavy pest while surveys.
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Sinwan Polset is with the Department of Electrical Engineering,
Faculty of Engineering, King Mongkut's Institite of Technology
Ladkrabang (KMITL), Bangkok, Thasland 10520 (phone: +668-380-35500;
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Figure 2. Sampling by visual count

A. Background and Motivation

Nowadays, the farmers are having trouble growing rice in
the Suphanburt province of Thailand will be affected by
pests_and brown spot disease [2] which is found the
transmission problem of pests fast. According to the reasons
that, The National Electronies and Computer Technology
Center (NECTEC) developed database system for analysis
the distribution of pests by image processing [3] and create a
rice pest monitoring by partnership with Rice Department
Ministy of Agriculture and Cooperetives of Thailand to
determine the form on study of the relation between the
resident weather and distribution of pests modeling to apply
for information technology surveillance motion.

Bringing this image processing technology to agriculture
education which can help solve image analysis and confirm
that is wseful to device image analysis system has name
Insect Shot application on smartphone [1].

For five year from now has been widely used in pest
image processing research. This technique, which is the
count pests . nce fanm. Nowadays, image processing
technique application that used to agriculture are
increasingly by can image processing of pests and pest’s
classifier. This is method can stimulate plant growth increase
the yield and quality with farmer. The method image
processing will have five method: image acquisition, image
preprocessing, image segmentation, feature extraction,
classification [3]. In 2017, the Zhejiang Sci-Tech University
researcher from Chania [4] have use to image processing
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technique evaluation count pest on nice leaves by handheld
device camera or smart phone. By technique take a picture
will need take a picture spot the stub of the rice plant and use
supervised machine learning for analysis which the method
and steps are as follows: delete background use AdaBoost
technique, bring out features of picture use HOG technique,
the supervised machine leaming by use SVM technique for
pest modeling. Then take pest modeling for counting pests in
cture.

g This study to the development fast laser quantity
measurement of pest box imaging using end-to-end real time
in Thai rice farm for calculate pest and reduce the amount of
pest in rice farm.

I MaiN Bopy AND DEVICE.

A. The Place

This 15 in place for testing at arca rice farm the Nang Buat
Subdistrict, Doem Bang Nang Buat District. Suphanbuni
Province of Thailand about 3.2 aeres are many of the families
career to farmer all year. Which area rich soil suitable for
grow rice and vegetables round year.

Fizure 3 The place about 32 acres

This is study expeniment area study begin grow rice to
peroid 4 months (December to March) by ‘farmer, they had
found a problem of diseases and pests in all season,
particularly when pregnancy-to-earth rice. will  experience
mass pest. For all the reason above, we decided to
development the fast laser quantity measurement of pest box
imaging using end<o-end real time in Thai rice farm. The
device will take a picture send to LINE Application of farmer
which we have developed a new type of device structure with
good quality and low-cost by used solar energy.

The quantity measurement of pest box  imaging
machine, we had designed structure from area 3.2 acres study
and all-natural environments for install system to suit the
application with the weather. The ‘system can quantity
measurement in pest box and send a picture to LINE
Application by automation technelogy. The system. was
specially developed, with focus on energy-saving in figure 4.

of pest box imaging machi

Figure 4. The quantity

B. Solar Energy System

Part of the solar energy system be classified into six types
according to diagram in figure 5.

[ S coll I-Iowpwwm I-I Battary 12V I

 Babell ‘

lW1mm I-L oy

Figure 5. Power supply 12volts.

The mstallation of solar cell sizes of 12 volts and 40 watts
will be part of the solar cell system. Charging of 12 volt and
18 amperes battery sizes for power supply to smart secunty
camera control system installations in the rice farm area.

C. Svstem Diagram

Part ‘of the quantity measarement in pest box system
diagram had power control with part of solar energy system
by start working follow clock sensor, we had setting time at
Spm. to Sam.

o

Figure 6. Diagram system
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A smarter way to work when laser ranging sensor
quantity pest box measurement will see the three distance:
400 milliliters, 1,000 milliliters, 1,600 milliliters, then digital
data send to ESP32-CAM for processing and then take a
picture send to LINE Application of farmer just for three
distance.

D. Device Related Theory

e The ESP32-CAM has a very competitive small-size
camera module that can operate independently as a
minimum system, measuring only 27 x 405 x
4.5mm, with deep sleep current and a minimum of
6mA. ESP32-CAM can be widely used in various
loT applications. It is suitable for home sman
devices, industrial wireless control, wireless
monitoring, QR wireless identification, wireless
positioning  system  signals and other [loT
applications. It s an ideal solution for loT
applications. ESP32-CAM design from ESP32 for
designed to work with OV2640 camera and TF card
is suitable for application with send picture to
server and send picture on LINE Notify and
streaming by camera online,

» Laser Ranging Distance Sensor ( VL53L0X), which
belongs to light emitting laser on vertical $urfaces
940 mpanometer which has-develops into laser
module for laser pulse distance meter module, work
with high frequency to 4kHz. The ranging phase
consists of arange setup then range measurement.
During the ranging operation, several ' VCSEL
infrared pulses are emitted, then reflected back by
the target object, and detected by the receiving
array. The photo detector used inside VLS3L0X s
using advanced ultra-fast SPAD technology (Single
Photon Avalanche Diodes)

E. Sensor Distance Performance Equation

Speed of Light Measurement n optically dense media.
when speed of light is hnked to the  electromagnetic
propertics of the medium in which it propagates; namely to
the clectrical permittivity £ and magnetic permeability pi:

1 i

c= —

Vi
Usually refers to the vacuum:

€ = CoCy & = 8k, eft s lotly  (2)

In which the relationship becomes in particular:
1
v Kofp
When o is the speed of light in vacuum, = is the
vacuum electrical permittivity and i is the vacuum magnetic
permeability.

= (3)
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Figure 7. Laser mnging VLS3LOX block diagram

To connect the sensor directly to a microcontroller, we
need to connect pull-up resistors and capacitor as shown mn
the figure 6. This sensor is available in breakout board form
which allows its direct interfacing with other ESP32-CAM.
The is a terminal for power supply. This module has an
onboard voltage regulator which regulates the voltage to
28V. Apply voltage in a range of 2.6V to 55V at the
termmal. SCL and SDA are pins for communication.

F. LINE Nouify

LINE Notify is designed to use message notify in
particular ean notification messages to group or contention to
people, therefore LINE Notify will has some restrictions for
use but can use with only one person or only one group. The
contract with LINE Notify will uses the HTTPS protocol, we
are going to use something called the Token is password and
will be similar to the door for send message to LINE Notify.
The working process will be as following: send pest box
image to message notifications box the required volume are 3
distance from laser manging semsor by ESP32-CAM is
connected to WIFI Routes and LINE Notify server.

UL EQUIPMENT AND SYSTEM DESIGN

A, Design Pest Measure Box

Design pest measure box for catch pest in rice farm the
intelligent system, we have design on the box open type and
stall  laser ranging  sensor for ‘quantity pest box
measurement of box cover and top will have open 80% to
lure pest drop down box in mice farm.

Figure 7. Design Pest Measure Box.
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B. Design Camera Module

We have designed and developed camera module for take
a picture that, will was designed the similar to square and to
support the ESP32-CAM and wircless antenna 2.4GHz,
enabling remote data transmission.

Figure 8. ESP32.CAM (mside)

Figure 9. ESPI2-CAM (untenor)

C. Pest Measure Box Rice Farm

Pest measure box install in rice farm area, device will
run for everyday at ime Spm. — Sam. By automation system
and pest box can be filled up in max 1,600 milliliters

Figure 10. Pest measure box moe fam

IV. THE EXPERIMENTS RESULT

The results according to the study from experiments fast
laser quantity measurement of pest box imaging using end-to-
end real ime in Thai rice farm, arca of rice farm' really
environment, we have nstalled 2 devices as the layout of the
location between the first device and the second device have
ten meters spacing.

This experiment, we have testing at area rice farm the
Nang Buat Subdistnict, Doem Bang Nang Buat District
Suphanburi Province of Thailand about 3.2 acres by test
duration 4 month or 3 time as follow: Rice seedlings to
tillering stage (30 - 45 days old), Rice at full ullering stage,
Pregnancy-to-carth rice. The first device will show paragraph
with blue color and the second device with orange color.

Pest Measure Box Rice Farm,

2wk

Fagure 11. Rsce stedhngs to tllenng stage (30 - 45 days old)

Pest Measure Box Rice Farm,

T Lnel.

AT SR

Figure 12 Rice at full nllerang stage

Pest Measnre Box Rice Fanm.

Figure 13. Pregnancy-to-carth nce
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V. ComcLusion

From test observation paper fast laser guantity
measurement of pest box imaging wsing end-to-end real ime
in Thai rice farm. By install pest measure box and use violet
light (LEDY) Swatt for create an attractive with pest, install 2
device and ten meters spacing. The time of grow rice have 3
time as follow: Rice seedlings to tillering stage (30 - 45 days
old), Rice at full bllening stage, Pregnancy-to-carth rice, the
application result showed that the time at the third i
Pregnancy-to-earth nee would find pest the most numerous
of grow nce season. This is way, make even famer has

feeling of anxiety and will be the losers.
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1 Introduction

The Raspberry Pi4 Model B (Pi4B) is the first of a new generation of Raspberry Pi computers supporting
more RAM and with siginficantly enhanced CPU, GPU and I/O performance; all within a similar form
factor, power envelope and cost as the previous generation Raspberry Pi 3B+

The Pi4B is avaiable with either 1,2 and 4 Gigabytes of LPDDR4 SDRAM.

) Release 1
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2 Features

2.1 Hardware

22

.

.

.

.

.

.

.

L

L

.

*

>

Quad core 64-bit ARM-Cortex A72 running at 1.5GHz
1, 2 and 4 Gigabyte LPDDR4 RAM options

H.265 (HEVC) hardware decode (up to 4Kp60)

H.264 hardware decode (up to 1080p60)

VideoCore VI 3D Graphics

Supports dual HDMI display output up to 4Kp60

Interfaces

802.11 b/g/nfac Wireless LAN
Bluetooth 5.0 with BLE
1x SD Card
2x micro-HDMI ports supporting dual displays up to 4Kp60 resolution
2x USB2 ports
2x USB3 ports
Ix Gigabit Ethernet port (supports PoE with add-on PoE HAT)
1x Raspberry Pi camera port (2-lane MIPI CST)
1x Raspberry Pi display port (2-lane MIPI DSI)
28x user GPIO supporting various interface options:
— Up to 6x UART
- Up to 6x 12C
Up to 5x SPI
— 1x SDIO interface
— 1x DPI (Parallel RGB Display)
- IxPCM
— Up to 2x PWM channels
Up to 3x GPCLK outputs

6 Release 1
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2.3 Software

o ARMvS Instruction Set
¢ Mature Linux software stack
e Actively developed and maintained
- Recent Linux kernel support
— Many drivers upstreamed
— Stable and well supported userland
— Availability of GPU functions using standard APIs

3 Mechanical Specification

85

CORNER RADIUS = 3.0mm
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Figure 1: Mechanical Dimensions

4 Electrical Specification

Caution! Stresses above those listed in Table 2 may cause permanent damage to the device. This is
a stress rating only; functional operation of the device under these or any other conditions above those
listed in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

§ 1 Release 1
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Symbol Parameter Minimum Maximum Unit

VIN 5V Input Voltage -0.5 6.0 v

Table 2: Absolute Maximum Ratings

Please note that VDD_IO is the GPIO bank voltage which is tied to the on-board 3.3V supply rail.

Symbol Parameter Conditions Minimum Typical Maximum Unit
Vir Input low voltage® VDD_IO =3.3V - - TBD v
Vin Input high voltage® VDD_10 =3.3V TBD - - v
I Input leakage current TA =+85°C - - TBD PA
Cin Input capacitance - - TBD - pF
Vor Qutput low voltage? ~ VDD.I0O =3.3V, [OL =-2mA- - - TBD v
Vou Output high voltage® VDD_I0 =33V, IOH=2mA TBD - - v
Top Output low current® — VDD-I0 = 3.3V, VO =04V TBD - - mA
Ioy Output high current® _VDD_I0 =33V, VO=23V_ _TBD - - mA
Rpy Pullup resistor - TBD - TBD kQ
Rpp Pulldown resistor - TBD - TBD kQ
“ Hysteresis enabled
b Default drive strength (8mA)
¢ Maximum drive strength (16mA)

Table 3: DC Characteristics
Pin Name Symbol  Parameter Minimum  Typical Maximum Unit
Digital outputs  tyise 10-90% rise time® - TBD - ns
Digital outputs £,y 90-10% fall time® - TBD - ns

@ Default drive strength, CL. = 5pE VDD.IO = 3.3V

Table 4: Digital /O Pin AC Characteristics

DIGITAL
OUTPUT

Figure 2: Digital IO Characteristics

Release 1

93



104

g Raspberry Pi 4 Model B Datasheet
Copyright Raspberry Pi (Trading) Ltd. 2019

4.1 Power Requirements

The Pi4B requires a good quality USB-C power supply capable of delivering 5V at 3A. If attached
downstream USB devices consume less than S00mA, a 5V, 2.5A supply may be used.

5 Peripherals

5.1 GPIO Interface

The Pi4B makes 28 BCM2711 GPIOs available via a standard Raspberry Pi 40-pin header. This header
is backwards compatible with all previous Raspberry Pi boards with a 40-way header.

5.1.1 GPIO Pin Assignments

ws sv.
J8

1 2
GPIO2 5| DG
GPIO3 sphot
GPIO4 7 oo 8 GPIO14
GPIO17 80 3 Chots
GPIO27 | B
GPI1022 3 oo 6 GPIO23
h 4 g oo -8 GPIO24 ID _SD and ID_SC PINS:
GPIO9 21 Eg 22 GPIO25 These pins are reserved for EAT ID EEPROM.
GPIO11 23 oo | 24 GPIO8

P
ID_sb 5 #o 58 & _
(C;: 82 g? [m{m} gg GPIO12 A automagic! setup of “th
GPIO13 33 gg 34 1ly, Linuz.drivers
GPIO19 35 oo | 36 GPIO16 ) {
GP1026 37 38 GP1020 DO NOT USE these pins for anything other
39 oo 40 GPI1021 than attaching an I2C ID EEPROM. Leave
oo unconnected if ID EEPROM not required.

.||}

Figure 3: GPIO Connector Pinout

As well as being able to be used as straightforward software controlled input and output (with pro-
grammable pulls), GPIO pins can be switched (multiplexed) into various other modes backed by dedi-
cated peripheral blocks such as I2C, UART and SPIL.

In addition to the standard peripheral options found on legacy Pis, extra I2C, UART and SPI peripherals
have been added to the BCM2711 chip and are available as further mux options on the Pi4. This gives
users much more flexibility when attaching add-on hardware as compared to older models.

9 Release 1

94



105

‘ Raspberry Pi 4 Model B Datasheet
Copyright Raspberry Pi (Trading) Ltd. 2019

5.1.2 GPIO Alternate Functions

Default
GPIO  Pull ALTO ALT1  ALT2 ALT3 ALT4 ALTS
0 High SDAOD SAS PCLK SPI3_.CEON TXD2 SDA6
1 High SCLO SA4 DE SPI3MISO  RXD2 SCL6
2 High SDA1 SA3 LCD_VSYNC SPI3MOSI CTS2 SDA3
3 High SCL1 SA2 LCD_HSYNC SPI3.SCLK RTS2 SCL3
4 High GPCLKO SAl DPI.DO SPI4_ CEON TXD3 SDA3
5 High GPCLK1 SAO0 DPID1 SPI4 MISO RXD3 SCL3
6 High GPCLK?2 SOEN DPLD2 SPI4 MOSI ~ CTS3 SDA4
7 High SPIO_CE1-N "SWEN DPID3 SPI4_SCLK RTS3 SCL4
8 High SPI0_CEON  SDO DPI.D4 - TXD4 SDA4
9 Low SPIOMISO  SD1 DPID5 - RXD4 SCL4
10 Low SPIO-MOSI - SD2 DPID6 - CTS4 SDAS
11 Low SPIO_.SCLK - SD3 DPLD7 - RTS4 SCL5
12 Low PWMO SD4 DPI1.D8 SPI5_CEO-N . TXD5 SDAS
13 Low PWMI1 SD5 DPI.D9 SPIS MISO  RXD5 SCL5
14 Low TXDO SD6 DPLDI10 SPIS.MOSI.  CTSS TXD1
15 Low RXDO SD7 DPID11 SPIS_ SCLK ~ RTSS RXD1
16 Low FLO SD8 DPLDI12 CTSO SPII_CE2IN CTS%
17 Low FL1 SD9 DPLDI3 RTSO SPI1_ CE1'N RTS1
18 Low PCM.CLK.  SDI10 DPID14 SPI6_CEON SPI1_CEO-N  PWMO
19 Low PCM_FS SD11 DPI.DI5 SPI6.MISO  SPI1. MISO PWMI
20 Low PCM.DIN SD12 DPIDI16 SPI6. MOSI = SPII.MOSI  GPCLKO
21 Low PCM_DOUT = SDI3 DPI-D17 SPI6:SCLK  SPII-SCLK . GPCLKI1
22 Low SDO_CLK SD14 DPIDI18 SD1_CLK ARM_TRST SDA6
23 Low SDO.CMD  SD15 DPI.D19 SD1.CMD - ARM RTCK SCL6
24 Low SDO_DATO .~ SD16 DPI_D20 SDI-DATO. ARM_TDO  SPI3.CEIN
25 Low SDO_DAT1 ~ SDI17 DPI D21 SD1.-DAT1 ARM_TCK  SPI4 CEIN
26 Low SDO_DAT2 TEO0 DPI_D22 SD1 DAT2.  ARM_TDI SPIS.CE1 N
27 Low SDO_DAT3 TEI DP1 D23 SD1 DAT3 ARM_TMS  SPI6.CEIN

Table 5: Raspberry Pi 4 GPIO Alternate Functions

Table 5 details the default pin pull state and available alternate GPIO functions. Most of these alternate
peripheral functions are described in detail in the BCM2711 Peripherals Specification document which
can be downloaded from the hardware documentation section of the website.

10 Release 1
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5.1.3 Display Parallel Interface (DPI)

A standard parallel RGB (DPI) interface is available the GPIOs. This up-to-24-bit parallel interface can
support a secondary display.

5.1.4 SD/SDIO Interface

The Pi4B has a dedicated SD card socket which suports 1.8V, DDR50 mode (at a peak bandwidth of 50
Megabytes / sec). In addition, a legacy SDIO interface is available on the GPIO pins.

5.2 Camera and Display Interfaces

The Pi4B has 1x Raspberry Pi 2-lane MIPI CSI Camera and 1x Raspberry Pi 2-lane MIPI DSI Display
connector. These connectors are backwards compatible with legacy Raspberry Pi boards, and support
all of the available Raspberry Pi camera and display peripherals.

53 USB

The Pi4B has 2x USB2 and 2x USB3 type-A sockets. Downstream USB current is limited to approxi-
mately 1.1A in aggregate over the four sockets.

54 HDMI

The Pi4B has 2x micro-HDMI ports, both of which support CEC and HDMT 2.0 with resolutions up to
4Kp60.

5.5 Audio and Composite (TV Out)
The Pi4B supports near-CD-quality analogue audio output and composite TV-output via a 4-ring TRS
AV jack.

The analog audio output can drive 32 Ohm headphones directly.

5.6 Temperature Range and Thermals

The recommended ambient operating temperature range is 0 to 50 degrees Celcius.

To reduce thermal output when idling or under light load, the Pi4B reduces the CPU clock speed and
voltage. During heavier load the speed and voltage (and hence thermal output) are increased. The
internal governor will throttle back both the CPU speed and voltage to make sure the CPU temperature
never exceeds 85 degrees C.

The Pi4B will operate perfectly well without any extra cooling and is designed for sprint performance -
expecting a light use case on average and ramping up the CPU speed when needed (e.g. when loading
a webpage). If a user wishes to load the system continually or operate it at a high termperature at full
performance, further cooling may be needed.

11 Release 1
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6 Availability

Raspberry Pi guarantee availability Pi4B until at least January 2026.

7 Support

For support please see the hardware documentation section of the Raspberry Pi website and post ques-
tions to the Raspberry Pi forum.

12 Release 1
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A.1 faagelaansadeadegunminglddanasiiuanimaian

import cv2

import os

import numpy as np
from PIL import Image

import pickle

BASE DIR = os.path.dirname(os.path.abspath(_ file )
image_dir = os.path.join(BASE DIR, “images")

face cascade =
cv2.CascadeClassifier('cascades/data/haarcascade_frontalface alt2.xml)

recognizer = cv2.face.LBPHFaceRecognizer create()

current_id =0

label ids = {}
y_labels =[]
x_train =[]

for root, dirs, files in os.walk(image dir):
for file in files:
if file.endswith("png") or file.endswith("jpg"):
path = os.path.join(root, file)
label = os.path.basename(root).replace(" ", "-").lower()
#print(label, path)
if not label in label ids:
label ids[label] = current id
current id +=1
id = label ids[label]
#print(label ids)
#y labels.append(label) # some number
#x_train.append(path) # verify this image, turn into a NUMPY
arrray, GRAY
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pil_image = Image.open(path).convert("L") # grayscale

size = (550, 550)

final_image = pil_image.resize(size, Image. ANTIALIAS)
image_array = np.array(final_image, "uint8")

#print(image_array)

faces = face cascade.detectMultiScale(image_array,

scaleFactor=1.5, minNeighbors=5)

for (x,y,w,h) in faces:
roi = image_arrayly:y+h, xx+w]
X_train.append(roi)
y labels.append(id )
#print(y_labels)
#print(x_train)
with open("pickles/face-labels.pickle”, 'wb') as f:
pickle.dump(label ids, )
recognizer.train(x_train, np.array(y labels))

recognizer.save("recognizers/face-trainner.yml")

A.2 Araglannisudasindaasgunmlndu ymL

import os

import numpy as np
import cv2

import time

import datetime

from utils import CFEVideoConf, image resize

import glob

cap = cv2.VideoCapture(0)

frames_per seconds = 20

save_path='saved-media/timelapse.mp4'

config = CFEVideoConf(cap, filepath=save path, res='720p")

out = cv2.VideoWriter(save_path, config.video type, frames_per_seconds, config.dims)
timelapse_img_dir = 'images/timelapse/'

seconds_duration = 20
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seconds_between shots = .25

if not os.path.exists(timelapse_img_dir):

os.mkdir(timelapse_img_dir)

now = datetime.datetime.now()
finish_time = now + datetime.timedelta(seconds=seconds_duration)
i=0
while datetime.datetime.now() < finish_time:
Ensure that the current time is still less
than the preset finish time
ret, frame = cap.read()
filename = f'{timelapse img_dir}/{i}.jpg"
i +=1
cv2.imwrite(filename, frame)
time.sleep(seconds between shots)
if cv2.waitkey(20) & OxFF == ord('q):
break

def images_to video(out, image dir, clear images=True):
image_list = glob.glob(f'{image_dir}/*.jpg")
sorted_images = sorted(image list, key=0s.path.getmtime)
for file in sorted_images:
image_frame = cv2.imread(file)
out.write(image frame)
if clear_images:

Remove stored timelapse images

for file in image_Llist:

os.remove(file)

images_to_video(out, timelapse_img_dir)
# When everything done, release the capture
cap.release()

out.release()
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cv2.destroyAllWindows()

A.3 Adeg19landnlunti (Haar cascade and K-NN)

import cv2
import numpy as np

from sklearn.neighbors import KNeighborsClassifier

data = np.load("faces.npy")

cap = cv2.VideoCapture(0)

classifier = cv2.CascadeClassifier("haarcascade _frontalface default.xml”)

X = data[;, 1:].astype(int)
y = datal;, 0]

model = KNeighborsClassifier(5)
model fit(X, y)
while True:
ret, frame = cap.read()
frame = cv2 flip(frame, 1)
gray = cv2.cvtColor(frame, cv2.COLOR BGRA2GRAY)

faces = classifier.detectMultiScale(gray)
areas = []
for face in faces:

X, Yy, w, h = face

area = w*h

areas.append((area, face))
areas = sorted(areas, reverse = True)
if len(areas) > 0:

face = areas[0][1]

X, Y, w, h = face

face_img = grayly:y+h, x:x+w]

face_img = cv2.resize(face_img, (100, 100))

flat = face_img.flatten()
res = model.predict([flat])
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print(res)
for x, y, w, h in faces:
font = cv2.FONT_HERSHEY SIMPLEX
cv2.rectangle(frame, (x, y), (x + w, y + h), (255, 255, 0), 2)
cv2.putText(frame, res[0], (x, y), font, 1, (255, 255, 255), 2, cv2.LINE_AA)

cv2.imshow("video", frame)
if cv2.waitkey(1) > 30:
break

cap.release()
cv2.destroyAllWindows()
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