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ABSTRACT

Problems encountered in solar power plant is shadow of birds, bird feces,
leaves, and other objects on the solar panel. If it is not cleaned or eliminated the
shade area will influence accumulated heat on the solar panel which may results in
damages, accidents as well as that it also reduce the efficiency in generating electricity.
This thesis proposes the identification of birds with inanimate objects (Leaf or bird
droppings) to handle the problem effectively and finding location of foreign objects
on the solar panels by using Triangle theory. The solar panels are square in shape, the
same size and are lined up in square shape. The distance between each solar panel is
in accordance with engineering design. The system error is 23.14%. A reference point
for mathematical principle is used when the object location on the panels is found.
After which a robot or cleaning equipment is used for cleaning it correctly and
accurately. This object classification can be applied to other safety tasks, setting off an
alarm when movement is detected after a specific time like in monitoring babies or

the elderly.

Keyword : solar panel, image processing, position detection, triangle theory, bird
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Toyanmuuuidneaiunmiignanudasnainamuuuseitiadieglusudiaviae

aa . . <@ 1 Y & & Aal a =3 A a I Aa .
7513 Digitization Inenweundenazgnuudlilununfivieudns Nsenitfinea (Pixel)

14 (xy) lumsssusdunisvesiinga anunsaeduiglameiming (MxN) uazliaasineg feg

Y
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Tumsndilugedfidn (xy) a9 Wudiulsznovvesnin lnesyuardreazilugannianin

wazguuuieldugadiuiafings Fadunisuszanananinuasnsmiinvesnauiiunes q9
wAASIUAINA 10

] \

Pixel (x,y)

AN 10 NTUNUANAIEVBYALUUATADR

ANDINNE AT (x, y) 4 AAY Laneiie AAINTNLEY wuslaviateseau
AIBEYN VNS 2 586U AB 0 U 1 91NANT 11 9a6199 Aikanspe Winkea v3e Picture
Element 1dufaua3ng w3 Luminance a3 wnilunimanas awia 8 Jn azdien L

WINAU 28 KSLYINAU 256 ADAILATEAU 0 3UDY 255 UNNATIAIAIINEI19B1ANUNEDITLAU

ANUAZLDBATBININ (Image resolution)

Band! Band2 Band3

@ @nnso @8 1395
89 90 67 56 45 56 63 12 119397 54
105107 S6 98 34 99 1298 13 %

|
\ﬂﬂﬂ/
l

if
I Matrin (43

AA 11 N1SUARIANRATINLYA

PU: TR @198 kazAy (2551)
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%

NAINA 11 B9yl wEARIAIRNLYALULUNI NTUINTU LSUAUAIYRNA
fix,y) = f(0,0) Awesiinwanlaazidunsuaudiuseninsavesuaidnay Tawn dune 1367

1%

WATEUNNEY

6. AN
Ql' a ca A g ¥ a
Al lun1sUsTLRaNaTR IR IWMesTUTEUUB15IT A8UTENDUAIEANLTLLES
a o3 a A A Aa = a Y a
o Jlen wardidu amilsdeniniidedn1nies (nmadeulmazysenaumieninis
= 1 = . 1 Aa %4 Y
WA AN Fra1e3ULUY W bmp %38 jpg lae bmp iluilisunszlidesnensia
A @ jpg Wunmigndudaiieliuwinvesnimidnaininnmduatu deunisldauds

rosnangtoyanimeeanneutluldiulussuuysyuiana

7. 2INIFIUYDH
wnsguvesdnldeglulagiuiivatessuumeniu wilnemliudmnuinsgiuasd
a o oA oy N aa = Y a o o a Y
LWIRAREITY Ap NMswnugedmelnfiegnieluay 3 IR lngaeiin1se1ededmiugednu
Tuals Faudazunuasiidasedonumogiagy Tussuuensdtasiiunud Ao wnuduna il
wazduniu Tusyuu HLS azdiunwduend (Hue) m21ua3n4 (Lighness) wagauusgnsved

(Saturation) HanINA 12

Valve

Green ] B \
'

Cyan

AT 12 NMTUAANIATIIUYRE

PU: TR @198 kazAy (2551)
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8. s¥UUd RGB

52UUA1530 WUTEUUATLANANNNITTILTUTDILAIELAY We7 Laztnku Ineunfiay

fal Al

1#luaoninuuy CRT waziilasanszuvdensatidussuvdvaanas 3svilinnildeanuniiy

=

fiauanasaavdgaisny lunadvse Color Space Usenaume 3 widndn laun dune &
IS a8 a Y o ' = =] v oav ! a0 =2

Wed wagduau anhudazdumdennsimluseauiiin Color Space lngusazdilan 0 fia 1
(0 wanatiarnAuilaLay 1 uanatiamAnadng) wlanmnsHaNdEnawTaNITUINULE

\Wineneriu (Additive primary color) (Unu Wugane, 2556) fenni 13
7
Fhuiu | 00,0

Fhlyuou

Fuaanaui

| — @7zAUM

ey
e m e g ——e 1
(0,1,0)

(1,0.0) e
AN 13 FNEUN WAV DNTZUIUNISUINLUAVDITLUUED5AU
1u1: Unu Wugune (2556)

9. msudasnmFlAiunin v12-A1 (Thresholding)

I a Yl % =l o

Wunszuiunsulasnndliinisuaning 2 52U As Y1Iukagen lngazwuas
v P a . h P o v Y]
Tayaniniluninluun3 (Binary image) dnszuiunisulasnmniianudunaleseau
(Multilevel image) Tadunwifinuidaniios 2 seau wie 1 9a (bit) Ao 0 way 1 lag 0
WVUAIERANLNINEVT hag 1 WNUAI8IANTN NG

Thresholding technique fian1sfiansangafinigaluniningalanisezilugaud

a

wsegalamsaziluganiianiingu 1 @an) laeviniswseuiisuaiveawnasiiniga (fixy))

'
aaa

AuAIAINILSENI1 Threshold (Threshold value) inafialilonldunlunsalndiaaau
LANGINITENINTAY (Object) wazumnas (Background) ArfinwgaluninifiA1daenine
Threshold aggnimuadu 1 (Rad) uardirvesiingalae lunmiiAnannnimsawiiuen

Threshold aggnrimualniu 0 (3n17)
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Tunsyiamluunslaenisvin Thresholding Wildnmeuazautn desdenaiignaes
WaTMLNEAY MNUINUSatesauiLll NnilaazrinauALte s1eazdeavinmely 19

Hpvseainunulunsennadidssuniu (Noise) vinbibannludeiau

10. alnunsu (Histogram)

wnsiaildlunisuennisnszatevesassiumlunmiianin Tnenisihnng (RGB)
ﬁﬁagjmﬁ'lmiLL‘Umﬁiwaa%mWLﬁuizéﬁ’uwn Wethuvnsinsest dsnsinsiziann sa
Tnunsy Hezldnasenundunsmuisitvenanuaindundazdieweanin Wy amd 14 (n)
auidunn RGB Und andl 14 () WHudalnunsy wazand 14 (a) Wunsmidalnunsy 39
Hudnwazvesnwdifineunsna (Contrast) ¢ wagiivafingaduauunysingeed
Tnunans (Midtone) Wity slvnwlaifiddy dethnmdifineunsias Tudlalulusunsuly
Tndon tneldgunsal Level 3o Curve lun1sBavensdalnunsulinsounguinunini

Highlights &y Shadows waﬁlé’mwaﬁﬂaummumﬁﬁuﬁﬁﬁﬁu (APPDISQUS, 2013: Online)

‘,I__....,.ml\ﬂl\\““'“‘ ||“| |||ﬂ||mumnmllllllllnnnn........

|
[
100 | 255 |

(A)

AN 14 (N) AW RGB UNA wag (1) Mnalnwnsy wag (A) nsndalnwnsy

fan: APPDISQUS (2013: Online)
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11. Mmamaudnasvasdming
d’lj d‘ 4 [ Y &) a & v & a o Y o [ a Y &
nsmiungdesiliing udvnuasiundududan udrimuaingduilmduy

Bi, j) %30 f(i, ) = 1 dauansluaunisd 5 Wunisdugauaiave

A= S B )] aunsi 5
g A #io Yuinfiufivasnn

B(,j) fe Tngdu

M AB I1UIUVDIIATNNFVIVBININTUALLNAY X

N Mg IUIUVBINTINYFV VeI IWITUALLAY v

v a | = . I3 1 I
AYUANTULNU Y NULAT a8 i=0 ABLLATUUER Lae i=N -1 LUULLO’J&’NQ@ hay sJu

[y

= v 6 . I [ 6 Y N [ YRS (%
futlnnunny X wnuaedui lau j=0 Lﬂu@aﬁﬂu"lﬁﬁlfjﬂ g j=M - 1 L‘Uu@@allu‘ﬂ']']éj@] PNATN
15

. Background &#1 = 0
Foreground 19199711 = 1
Tagu by

B(i,j) or f(i,)) = 1

[

= o [ @ = [ a o
AN 15 LLﬁﬂQﬂ'ﬁﬂ’]‘VI‘NWJGlQL‘UUﬁ‘U'TJLLaz‘WU‘VIaQL‘U‘Llﬂﬂ?

<

PU: TR @198 kazAy (2551)

Auviagudnanauia (Center of gravity) lumsAudnatsvesinguuendeisnism

o

AAUINANVBININALUAN X LATLAN y ATWNUIVBIFUNTIUARLTUADAIUNUIYDITN

o, R

AudNana (Centroid) WiguuwNUIADIYDITUY AifARIN UandlARIN N 16 aun1sh 6

ey 7

ZN1M1|J]

X = AUNTN 6
A
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y = qunsn 7
A
e x D AAUINANVDININAUUAY X
y AD AAUINANVDININANUULNY
iBl,j]  AD FIUINYDIRATNGFUIIVRININTUAILUAY X

[y

jBlijl A 31IU0RATNQAY VRN INTUANLAY

A AD YUIANUNVDININ

ANAUTNAN

Y(row)

AN 16 memimqm@uéﬂmq
17: UM @188 waraue (2551)

12. Homogeneous Coordinate

n1381983lmeaiuniiniuutvsddnvasidu 2 dunds fe x uaz y Fasenan
Cartesian Coordinate Yaidevasmsliinesiumuuuiife deiimsuvasnmmaney sgradh
Fofiu agvilinadndussaminduasnmegluzuvaamsuinuazmanniurenuying fady
Lﬁaﬁa}ﬂﬁwaé’wﬁﬁummiLLiJaqm'W@&ﬂugﬂﬁuaamiqmﬁmENLm%ﬂsz?f’fwm Favlinesonis

AU JIMuuAlAlAoDAUALUU Homogeneous FeagildnwalgAinIng 17
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Cartesian coordinate Homosgeneous coordinate
y Yy
&
X
X
P(X,y)_|: } P(x,y, 1) =|y
L Yy ]
1
» X » X

AN 17 N13%11399 Coordinate WUy Cartesian coordinate

ey Homogeneous Coordinate
N deen @aIn wazay (2551)
o o g K ,
nsindulanUasuiiinduuuingsuuwuu Model Exclusive OR, OR
N139AUanUauilinTuuuIngAuLUUAIAUFURUTTENINN Exclusive OR
way OR WunsauamlusundadeaiuseninanndunuuiunmiuSeuifisusen wansna
Wuinwanuansieaiy nsavamdumaiianldiuegraunsnarsdmsun1snsianinig

q‘ |
WAgULUAITERINIFDIN N

Frame A Frame B Frame C Frame A Frame C Frame D

C=A®B D=A+C
(n) (¥)

=] ' a A a X . v 1 A48 o
AN 18 AMULANANVBINNIAVILNATVUUUNIN (1) Exclusive OR ANTAAAIUNYGINUVDINN

wae (1) OR NSUNVBUNNUNTDUNU
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Al 18 (n) fmuslsr Frame A Wunmdiunuy Frame B iunmiliouidiou weld
ANuduTUSYeS Exclusive OR S8W119@090 W Ad9azyinnisaun naudimiloutuesn
wananaLdu Frame C fiinfiniwadiuanaisiusenineaosnin ani 18 () 1unisly
AuduRLSyes OR Tagn1siin wduLuy (Frame A) FouiunmussdsudanUasuiingrany

(Frame C) waawsAa Frame D 1Hunnlymidsfininusdiefuninduwuy
NsMAUEIngUUNUN BB asuae

n1smdwndeinguusvawaeule g aunsaldanuduiussenitayuniglusy
A a A vy A v ° ' o Y o v a A
amdguanguamasula Wedesnisnsudunisvesinglag iviinisasaguamaey
@ & o 1% [ ] o O = = a < N
AsaUinguug vhnsandunssninguuluduisdvesguavasy asiadugUauviey
T 4 3U daansluaini 19 ntuldngueteiuaglaledanngufuniinilnialunisuen

RN TR g lha

A B

a o v Y ‘zl' o a o
AN 19 ﬂ']iai'NLaumi\ﬁ"\ﬂﬂ'ﬂmqm@ijﬁ]WU‘lﬂENH@J?J@QEUE%LV@?J@J

nQuuNANIInTa

a A

nuuniinilnsa (Pythagorean theorem) (ARfiLAY @151UNTULEAT, 2560) JU
annmdsnyuainla g MdsaedueinnueNYewnuRTIiiLmNaIn AEinAuRATINYRITAY
ADIUBIALE VAR LTIED ddunseiuuanem ¢ mihe uasiuUsznaUL
21087 a way b e fuandunmil 20 wagaunsi 8

a4+ b?=¢c? aunnsn 8
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b ¢

A a B

= a
WA 20 UBENYLRIN
Iu: IR @n51NTUES (2560: sruveaulan)

flerdusilnadidnniuannsalifmuaguneluvesglamimass Wensuanuen
yesfuansinulag aunsamanugduiwasldduanduaunisi 9-11 annguosla
(Law of sine) W3onglat] (Sine rule) seyliindnandiuvesamenvesinu a Nauluiuy
0L (unseta) Agwinfusasduvesmevesi b faudoiugn B dauandluaunisi

12 uAEAMUNLIVBIYULARINININT 21

a” = b’ + c” - 2bc cos (Q) aunsi 9
b? = a + ¢ - 2ac cos (B) aunsit 10
¢® = a*+ b’ - 2ab cos (}) Ui 11
a b C .
gunisn 12

sina sinB  siny

“ Jij
A c B

%4

Al 21 JUanumdeuifiinu a, b, c wazliyu o, B, Y anudidu

1 TG @15 unTes (2560: svuveaula)
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AnsankUUls lNLas AN YL LNAYAR KEIR NG

nseenuuulssbiihndsunasefing 1 szuu feudndudesiuwiumdiuau
gunsnineg fazdasslulsslninlvined furuinvesszuuiidosnis Wy Suiuunsead
Wa1e17ing, dunosines saudeansnildlulselwiide adulunundnicinssy unaad
wasofingldlussuuiorfudndudediunsgudeondu idesanunausaz fuazilnssaiis

Aelumalndwsnaneiy ynduselussuumeiiuazdsadesanisuantnin

Factory Rooftop
: TE T
(n)
— 634 1. Tempered glass
3 670 2.EVA
I f 3 Cells
O 4.EVA
o 5. Back sheet
3 _
=]
b=

(@) (m)

o
Y

AT 22 (1) ANFTIUSEUUNLTAALEAIDINREINRAAGIUUNAIAT, (V) TATIASTIRNS

1%
Y

WAL (A) LNILYAAWEIDINASNANAIUUNEIAT

Fian: Kunyanat et al. (2018)
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A o, v = s A ¢ o <
AN 22 (N) L‘ngﬂLL‘U‘UﬂqiaaﬂLL‘U‘Uﬂqi"ﬂﬂLiU\TLLNQLaﬁaaLLaQ@']‘VW]EJ‘U‘UVia\TﬂW VLNRU
£ a s

AN aaLateindegdussilsuiasaduiSsadumseEnasy AU

LATAN AT YOIMNLYAGLEI1TInY Tszaer1eszninsunaznnduszeziniuynuee

(%
N o

uanNifailszerviniaTsninuaAanguiniufie 91N md 22 (1) uansfsruinues
uLEAduATeTIng wavdinuszneuluusastuteuns Usenaudie 1) Suuuaafenszania
fnthiitestuiauiiu n3In Juazess man fazdwarowaddulu 2) $u EVA (Ethylene
Vinyl Acetate) Film (w138nwal wazesiie, 2556) Tanvauziluilduuisy Sanudangugs
vt fdunuudsuasdosiuauduldliidiead 3) fuwaduasoniing Wudud
Usgnaudeieaduaseniinduatsn iwad defuuuuaynsy 4) 4u EVA fuans wag 5) uiu
seesunda mihiitesfudiuusznoudieg vesunaaduaseindnasnongnisldau

a v LY

NUNTURBANINLINA NI VUL TTINY 19U mm%w‘%amnﬂ?isuuﬂawaaqmmu FOUNU
Lﬁu%’jus] audnsu Usznausiutulunseunusfislvuinnine 670 fadiuns o171 1,476
fladluns U1 35 dadwns waznnd 22 () Wunmeedsslifindsnunaeinduuuing
VUNSIATITIN5TRIT B auRem UL UUTIAINSATUA Ti5288iese NI IaULRSLARELHITLYIN Y

LAEIEEENNTEN IR NAIYINTUAIY
N3UsEAUAIAMURANAIAYDITZUY

NM15UTZIEUUTEENSAINNTTNUTDITEUUTDINaN1TAaeslui TR Agldnns
WU UATNAANSNLIIATINUAINAANSVDITLUU A8INITUIANRALAINURANAINSDEAY

(% L3

AUy (Mean Absolute Percent Error; MAPE) Aauanalugunis 13

100 ||a, —Y a_— 4
MAPE = x| 2114 4% n. aun1sN 13

n al an

A a "y A Y a
dlo  a A ATYaATIULYIAS
y flg ATNASNYIVDITTUY

n A IuteyaNIMUATIVAZOU
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nsmAnaigAURanaInTevavduysal (MAPE) viaszuuiiiinainnisdsdeyaden
wangszuuuiusduszuuien Wisualounisguiuvesdeyaissuu (@simd dude,

2560) @snsaruInlgInENnNISh 14
XY = (A x B) + (MAPE A + MAPE B) aunsi 14

Weo X, Y AB NSYINeIUU8dsyuU

A, B AD YUIATBITEUY

Tuudded MruAvuInYRILazszUUTAIYINAY dinalinisuseidulseansnn
NNIYNAUTINVBITLUY MEIEN1sMIAREEANRRNAIn S azdNysalnesz Uy Aanisiam

MAPE 2890A8g 52 UUN15IUNY
UIYMNYIVD9

nnsAinenuidelueia awnsanenysziiulagazl 3 Ussiau fe
1. wansenvvesunvzelymintinenisuanlwinvssunawadiasoniing
2. Msdwuninglaglinadnuazrasrdianizasias ing

3. ANSHAILUSLNTUABDNITATIIIUNINLALNISUBNAIWALY famalUTl

a a a =< [ v ! % IS =i
1585301 nAuYURT (2011) AnwiAnuduiusseninadademeinninuaznigning
dawasionisidenaninvedlusiaaniuuisrisludinianssunsasoysen wudtuniisiu
MarglusuanIulngnsanign1smgeud nien19euAanNaINyauniisiu lngyaves

v
o aaa o =

unfisruiien pH sewing 6-7 dgudidunsageus dleviuiAzenduanuiulueinia agyinli
Tunaaauiamsidouanin uazamnsadanisianenag I¢ viliiAnaudensedia
suuswolusaany wazduduunasmss@nliungaun3d

Al-Ammri et al. (2013) AnwinansenusayUszansninunaaaaiaseinglnauuly
ilBanunLAA Wudnyaun viseluliifissasuuiiuinunawaduasenfing dalﬁtﬁmmm%’auﬁqq
Al Wushulsiiviliwnademessozen aﬂﬁ\‘i‘lﬁﬂﬂ;ﬂaUHLwﬁﬂﬁﬁzﬁmLﬂULﬁaﬂuﬂu azlving
ﬁLaa%ﬁa?jmiw}u Togazilsaclunnuazinaelasds e N asaauLaIeingas190135

Ghazi Sanaz, Ali Sayigh and Kenneth Ip (2014) AN INaNIENUTBIININDINFRE

UTLANT AN ARLEIDNNR I WUURAGIUUNAIAT NENIZNITRNIUDTI NN9RETUDINLREY
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1 =

Tivossemeadangy n1sdnwilanandawssiuniglianans lnefunerdeegluiiemwisily

[

wisll HansenuinanuamadAoyavesnINun FalanslunIng 23 oy UNLHUYAR

Y

a ¢ =t

wasefindszegnilamnldlasunisiiaiiuazenn asingenvilvsewiulyuuwksead

Yy
=) Y @ =

wate¥ind annisdseennisuaanduliituazanergnisldnuvesssuy v lndauis

= ¥

ANNATINT ToyadunnzvisetoyalsednSnmveunagaduaianiindainvieslininis n

Y

TfiganeNazhanafaussansaniaunsandntaainnisiaanuluaniizass

r....

o
Y

N 23 LLmLﬁzjaéLLmmﬁméﬁammuwé’ﬂmﬁﬂlﬁ%’uwaﬂiwumﬂr;'gul,l,azgauﬂ

fiun: Ghazi Sanaz, Ali Sayigh and Kenneth Ip. (2014)

Minh Quan Duong et al. (2017) AnwINanTENUTBIL1UIRUTEANTAINAITNE

T vesunsgaduaseiing lnsiauonistvunaiuieniabaloniiieannanssnuvodavs

wazLfinUsEAnEnmnnsiauvesszuunaalni THunasaduaseriindmdsnisuangsan

(Pr) 310 W, Usgnoumeiwaduasa1inddnuau 72 wad vn1smeaatnfeuugaddnui 1,
a

6, 12 WAy 36 twad AAUAIAINISNARTALESWINAU 1.39%, 8.33%, 16.67% Waz 50 %

o

=3

<

o a L4 o Y @ = Y a v d
AUAIAU N1TIATIZINANISTIaelannTdunsIN 1V wag P-V uansliliudsdenuazdoids
YDINITANUAATUIEWIFLALDALUUAINS SINNIANNEINITAVINTITULIENdlalan
IVENIRNG

Akito Takeki et al. (2016) Anwin1snsraduninunlunisuisiuansuinluvglag

a A 1 a Id a & [ 1 1 o
WANALATBVI8UTEAIMNEYN (CNNS) LUUNAUAAUNUNRAY AITLUSEIUAIN (FCNS) 11971U
ARELATBINTIATU ANUTANTINGLALNITUBIUAEBSVBININ TINUATUUINININGHe) 16l

=

ﬂ’]WdlI TEUNTNEN LaZNITLUSEIUA AN BIUY (Nﬂ'W\W] 24 WU’JWEJ?]’JWEJLL@JUEJ’]?NQQ 0.872
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Background
subtraction
= |

Output

SuperParsing

AT 24 ATNTINVBINTNAGDS
fia1n: Akito Takeki et al. (2016)
Luming Zhang et al. (2015) ﬁﬂmmsmwé’umwLﬁal,l,ﬂwmwyjashmm%m 1

anfedayansmanuduiusvesinguiazaila lnen1snsaduun atuuazaenld wudday

LU 60.19% 50.83% WAy 87.54% AUAINU

10 % 10 grids 20 x 20 grids 100 superpixcls 400 superpixels wraphlets

el 9 &
4 R 7 R 5
A £ [ ¥

A [y

AN 25 MsUSeuisunsInduRusSAwRas 9 laeldinaAsneiu

9

Fi: Luming Zhang et al. (2015)
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Rosniza Roslan et al. (2017) Ainwin1sdnuwununlagldnugiud (Color-based) Nl
) a a A g ' Y | a av & aa
ANANBUENINTIIN AXRTEIU 9 8 MTuAanzvesaeiudunusiazyiln UITeilaues
1% ¥ a < a 6 o [ v d[ aa 2 % 1% ¥ d'd 1 v
whdgymaudiannselinddmsugldanudasnsdesanansaldauldmuadayanioguar
wazdrgsonsldau Mmaaeddnmunaingiudeyaiilegudd iivevA1du1nsgu 9 & lag
v | A | ~ v = A a8 a
mdayamAnady dudgauuiinigiu uaraulveddune @387 wagdu1§u (RGB) 30
amun Marmveaey 100 2w Tuusazyiinun nedevdeswlinfeungniiusuasunyLay N3
Fuununlaglitunauidnisil anunsadnuunundellininugnaes 98.33% dmsudeyans
NAFDU
Umar Ozgunalp and Naim Dahnoun (2016) AnwkagWau1Isn15aTarlauauy
NG v Aa ° a ) . .
‘UuLLNuVﬂMuQmmWWWu Imamwmmuwgmaﬂmﬂwu (Inverse perspective mapping; IPM)
IPM 2zaunmnlidifeiteseaniiainauuiaras1auueInInaInNgugs n1sAnwdazAiuin
FAlALNTURUITOUA N NTWINNITUTUU TSRS dyey10udes LaensTuanmiuLxug
939 MsmEwrdaauagldisn1s Hough transform (Msuduvaunmduidunse) antu
yInsUSUNIMRULUUNIS I UANYRIRuATauls TngdSnisfianunsansiaduninindudeuls

117NN 96% TITUNDUNTUSUNNWEAIAININA 26

()

MW 26 NMFvIwURLNIBINNEY (N) Anasendeudn (1) Teyaidean (A) N1

YDUNN Wag (1) vaun NI staunulagldaaasaIuwsy

fis11: Umar Ozgunalp and Naim Dahnoun. (2016)
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M. Ramasubramanian et al. (2015) ﬁm?ﬂLLasﬁwuﬁgmsmmmLLasammm’ijqﬂ
aula Wonsiaaeuingludflewazdumininguuduedidls lnensuusduiuniaulaain

21nldRle I1NAANITINELMLaLaYiITnTsaendundsunAidusiundandn T9n1sinniu

2 ¥

TrgeeITARUNIN UaIIN1ITUNLAUTTLANINGAINY LYY AU BIUNINUL UN LUREY

v A

auldlon wazingiadaundus n1sianuingagyilagldistunisilasuwlandaiuivay
. o g . . IO
VIANVBININTENINNTATIIABUIALE TINVWNUT YUIFUI 98 3 siidegninluldlu
winndindunaneegng wu THvueudihszidaenisuesnnanifle N15MII988UNITITIA5
PnnwIalennmAaeuln st sinneitasiuisudisunsidmaianieg Tutuneu

ANSNTIFIUNIN

'
[

Steve Gu and Carlo Tomasi (2011) ANINTLUIUAITAANIUNINAIINAINNT TN DU
AEARINULAEBIAENITAAAINLTINUT 118991 U n1989N15AAAINATNTUAD ALLEY

yutasazwanaiulUn Ut AMmndesnsianiueagnsunIumeiundsnideuly

A4 o oA

A v v .:4' Y v I3 a Y
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ﬁm: Lawrence A. Klein et al. (2004)
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A9 1 AUNIIBITALNBNTUVBINING DL

§ . nausivasdalnunsy
9 sNeazYUn - - -

213 (R) 3 (@) U (B) AR
1 UNNILIU 0.3432 0.3118 0.2811 0.9361
2 N3¥59N 0.3633 0.3595 0.3034 1.0262
3 UNWSIU 1.1704 1.1581 1.2911 3.6195
a i 2.0651 1.9551 1.8216 5.8418
5 aq 7.4045 6.9482 6.1995 20.5522

INANTNA 1 WEAIANTANLNTUBITIVVDININUNNTEIU NTTBN UNAIIU Wil LAY
a9 nundniunazrlinddisvesmduns @ty @der WuaAanigivesdnitug) uaze
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A15UININD LN US YU UAUATNAULUULN DU AT AUIVDIUNTI1UUULHNILTAE
waee19ind fIdeldsunuuamd@anlusunsy MATLAB Tneild1duays1eastdentunounts

Y
YMNUVBITEUU Aall

1. MIAMUAAISNAUYRITIUY
WewinAeuiameinaly dnsvihnuludiudug vesssuuliinisegnasniian
neunsUszananan ndndudedinisduaidoya n1sUauazarsrdswesszuunaunt

NanuUAeannau WislnszuulszinananwlildvavlumdazyinaulsegraduUssansnmw

Imaﬁgﬂuwﬁ’lﬁq
close all > mi%ﬁw%’qﬁawﬁwaaﬂﬁwm
clear all b NsEedsiaunteeniaun
clc > msé’w%gaﬁﬁﬁL%WLLazmaé’Wﬁ‘

INNNUIFNILAAING AT

P1D AN

N199119UVBITEUVUTLUIANANINIINAITEIN MWL US s Uiy S Tudarvue
AN UNNAULUUVDITZUUNDUY AMNFULUUALTE1mSUsEuuUssinananInd 1

3 a o‘d‘ o o Ql' a o o
ﬂ’]‘WLLBNLsﬂaﬁLLﬁ\‘iEJ’WW]EJV]VLlIiJ’JWQLL‘UaﬂUa@@JUULLNQ LEAIANAINN 38 LLﬁSME‘ULLUUﬂ’]ﬁQ
BW4 = imread('picture 44.jpg);

e BWA  Wunimduuu
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2. mydndrdayanin

mdanfmunnmELLUUYBssEUUUSEInARaNW mMstidndeyanmiieliiunm
Wisuifteufunmduuuulunsmeumisemunfinuuuusasaduasenfingiy amihidi
doadunmitdennyunazszeviaieafudunmdunuy §iduidenldsuuuumdalnnges
nouldsnlulf@ vinlvamnsadenunasfinnvesnmIouifieuldisuagagaan Tagiudn
TOYANINUINENS jpg winldnulndnimszuvanunsadeningideululndinasane 163

FULUUAES

[img path] = uigetfile(* jpg, IMPORT jpg);  » nisundnludnmuiuna jpg 310

Tanw
if img ~= 0 » fnsundnlnanin
BW1 = imread(strcat(path,img)); b wansn ey
if(~isdeployed) » mnlunulnanin
cd(fileparts(which(mfilename))); » szuuilalnadoululvdinesaneg

end

We  BWI  WunimiSeusunividnluszuuannnassnauldenluia

3. N15USUTUIANIN

diniddeganmua) seelin1suTuruann Fenmiviinisusuvinatuideusu
YUINNINTNAUBUUAZATNALIT U WU UL R U LA LA AT NAT VU ALVINAY @1U15aUeN
o 1 Y Q) o 1 a [ S ) A 1% 14 . 14
sunddlmduiumiaagiiu lngrunnnigidenimvunse s1unine 450 pixels A1UE17
300 pixels AN 39 (1) WWUNNAULULVWIALAN Lag (1) AWAULUURYINSUSUIUIR
ALY AT 40 () Wun wUSeuisuruaiy way (¥) MwuSeufsunyinnisusuauin

A3 TnedlsuiuuAds

BW2 = imresize(BW1,[450 300]);
BWS5 = imresize(BW4,[450 300]);

We  BW2  WunimiSeueuivinnisusurunnndn

BW5  tun1nduluunyinn1sususuiawad
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AN 40 (N) MWUTBUMIBU kA () NMWUSEUEUNEILNISUSUILIR

4. mswdasnnszavud Wunwseaum

msuvasnmaliidunmszium dauanslunind 41 wazaiwd 42 lnedisuuuy
Fds
BW3 = rgb2gray(BW2);
BW6 = rgb2gray(BW5);

We  BW3  WunmSeuieunusuruiauainianduninsgsuin

BW6  iWunimduluunusuruiandwlasduninsesum
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A 42 (1) MWUSEUIEU kag (1) AMUSEURBUNHIUNSWUASTEAURIN

5. msauduigIuveInIn
MHIINNTFUIUNMIUUAIN N NszuIunsdiaundunssuiunmsavdiufigniuveanm
pania sz uuUsEIaNaNIIALANANTILAATUTENINAINAULUUAUATMIUT UL

d' ' ~ o o
LLERINANTNNLLANEIN IWU@JEULLUUﬂWﬁ\T

BW7 = imsubtract(BW3 , BW6) ;

%
o w

A I3 | d ! Y Y] - =
LB BW7 LWUN1FAUEIUNFINUTEIINATNAULUUNUNTWLUTIULNEU

LRI UUUITENIANANINEINITOMIEIUTIULANAINTEWINATNAULUULAZ AN

WU UWAD d7UVDINTIA1ILARAINEG LA AINUATAAINLINUDINTNRN kAR IHaL T uA N
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AULUU 13871 Master Image diaunduninuSeuiiou 3ondn Input Image wazaaedu
AMNIRIUNTZUIUNTAUAIUNDIAUTDININ LARUNBIEIUNUANF1LVINIUL 158A77 Output

Image ANl 43 uazilsuuuuds

figure(1);

subplot(1, 3, 1); imshow(BW5);colormap(gray(256)); title('Master Image ); axis
square;

subplot(1, 3, 2); imagesc(BW2); colormap(gray(256)); title('Input Image'); axis
square;

subplot(1, 3, 3); imagesc(BWT); colormap(gray(256)); title('output Image'); axis

square;

Master Image Input Image output Image
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ANA 43 HNANLAAINAYINTEUUUTLUIANAN N

6. NNITURIVIUVBININ
SEUUUTENIANATILUNVOUNNLAZ I ULIRN B UBN AMgluy ﬁ?ﬁmmmi’mqﬁmwwu

ndulinhdauananannesly weldnnlunseuiunsanly Inedsuwuuds

[BB,thr] = edge(BW7,'canny',0.5); » N1TAIVBUNN
[B,L,N,A] =bwboundaries(BB); > NTUINUWIUYBUVDITING
figure; imshow(BW2); hold on; P NSLARININA AN TINs gl
A < [ aa
We B Juingniveulwnnieuan aely
< o ¢ ° W Aa
L duuniuazroautvesinumisingiivauun
I~ o [ ~
N Wudnuingiinsiany
I @ v a [ [ '3
A Junsinuteyawmsnlunisdniiuiend
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7. ASAVBUUNWIIVUUAN
TPUUUTEIIANANTNIINTLAAININTHIUN TEUIUNI T I IUILYOUYDIN NN
nszuaumsvhauneunii fuuludui Safusduuumdsssuisveuiildannismueui
funn g auanansafivevuniisuldasuaiudauiingany fauandunind 44 szuu
Uszanananmagisufiveunimuniistuiiazsn uazfeunduluufoRmdsivouning dnase
uAsUMATILILLNAUTINg TneszuuanBuivounmainuuasa wagaindnglia 3

FULUUAES

for k=1:length(B),
if(~sum(Ack,:)))
boundary = B{k};
plot(boundary(:,2),...
boundary(:,1),r', LineWidth',2);
end

end

Figure 2 - u] X Figure 2 - u] X Figure 2 - [u] X
File Edit View Inset Tools Deskiop Window Help ~ File Edit View Inset Tools Deskiop Window Help ~ File Edit View Insett Tools Deskiop Window Help

DESES | KMAAUBDEL- S| 08D DSES | RMAARUBDEL- B |08 =D DSHS | MAAUDLEL- B 0E8E =D

] a
AN 44 N1SAVIUNINVDITEUUUTEUIANANIN
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Wesmnungaauateindiigunsadusunediauuudivaguruin lun1smeuia
Y0IUNTATIVVUUNAITAARAIIng lnesruuUsERIaNan iy ududesimungng1eds
Iifuanneudaagaiusamdmunilsuniisiuiisuiugndnsdausiazyala analaain
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% v

Tuuny y AtfesgnazegsuuulazAngaazogsuawesgUamansiiui §iaeldimun
d i 4 yuvesdimasafiufuazunuisiazadefudsiiiafunudnuasunu x way
unu y I yadeuuvessUAmasniiui unue Lo, yswiuuvessudinasuiiugi wnu
728 LOR, gm%namwmgﬂ?ﬁmﬁwﬁuﬁw WNUAIE HiL, gmmmwaagﬂﬁlmﬁlwﬁuﬁw WU

A28 HIR WARIAININA 45

min Lol LoR
max A
Hil. HiR
X,

min max

AN 45 LARIFILMLIYRINA19Y ANAFINIIYNYRlUTINTY

LP8sEUUUSTLIANANNLARIATYY 4 YUUBIFWBeNNURN IFURUUAET

CXmin = min(C(;,1));  %find X value min
CXmax = max(C(;,1));  %find X value max
CYmin = min(C(;,2)); %find Y value mim
CYmax = max(C(;,2));  %find Y value max
LoL = [CXmin CYmin];

LoR = [CXmax CYmin];

HiL = [CXmin CYmax];

HiR = [CXmax CYmax];

do CxXmin WugaAianveanu x

CXmax Lﬂuf\;mmqqqmaumu X

'
1o

CYmin {WugarImIgaveunu y

q

CYmax Lﬂuammaaamaumu y

L] v o9
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for k=1:N,
[r, c] = find(L == k);

rbar = mean(r); > AaduafinsInululLILAY X
cbar = mean(c); > ARfegannsIInUluLILY y
Point(;,1) = rbar; % find point xy center

Point(;,2) = cbar;

We  Point(;,1) Juaadelukuiwnu x
Point(;,2) Juanadeluwuuwnu y
A33gladnIsnsvduniavesinglaganuduiussuauvaesluguamasy 1oiu

JEUVUTEUIANANIN LgnaIa1nseuuUssaiananIntagn XeYe Y8auniisIUULLNGLYaE
WEIDINNEWAT NTTUIUNTTAUIABNITIIAIULIITEEEAINATAUNAIIUDUFUVDUNAINI
4 9N WALANUARILUTENUAIMULIINULABEAIY AILEASIUAINA 47

LoL LoR
eel i gal

ech ©  ddh
Hil HiR

AN 47 ANNYTAFUAIRINIINTANAUILAY X kAU y

[ [ L4

Wefvungauasdydnvalunuaiug 1 ukiazauway 39dsuiuumdsdelull

WBVINANNYILARL LAY

eel = Point(;,1) - LoL(;,1); % distance between center Point to left edge
ddl = LoR(;,1) - Point(;,1); % distance between center Point to right edge
hl = Point(;,2) - CYmin; % distance between center Point to low edge
eeh = Point(;,1) - HiL(;,1); % distance between center Point to left edge
ddh = HiR(;,1) - Point(;,1); % distance between center Point to right edge

hh = CYmax - Point(;,2) ; % distance between center Point to high edge
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W eel Wuszesiaszminedmglunuiunu x fsudneuureaduveu
ddl Wuszezviasewinaunuwedurey Sainglukuiunu x
h o Wuszessinesgminedagluinuny y faged y fldtdeean
eeh  Wuszagrinasenireinglunwiuny x Seyudneaisvaaduvey
ddh  Wuszegvineseninauenanwendurey eingluluinnu x

hh  ussezrineningail y fianunnga Seinglunuiunu y

N139AMNEIBFUNEREIYULasyUN18TUYIENWRENLNRINNAT19TY Wiauan
FIIUIUN ATV UULHLAAREIDIMNE wUsauwdeuandy 2 du laknanumasusuuu

wavauwRENAUE" Akanstunini 48 (n) yuatgluvesanumdsuiuuududugm dyp

Bup Yup waz () yumeluvesanumasusmuaiaduiuyy odown Pdown 48z Ydown

Lol eel ddl  LoR LoL LoR
ﬂ”’i \__l C{,w H
bbl Ehl aal Ehl
,'V;”
/X, 7,
bbh
i hh
: " -~
HiL HiR HiL eeh ddh  HiR

(n) (¥)

MW 48 MsvyuneluauvdeNaRIn (1) AIUUY kag (V) ATUEN

sUBuuAdlgd wiummuniaunisuuulragaduaseindlagssuuyuseanana

A TEN1TAIUIUAIINEINAUNZLEILUAIANNITN 8 lalA a? +b? = c? LlpABINITI
1% [% 2 2 1 i ¥ a [% 1
ANNE1INU ¢ ke C=va" +b° waznismayunielugUanuvaes Tdaunsi 12 lown

a b ¢
sine sing siny

o4 w o . 4 a
LBADINITHINN O gl a=sin 1(—)
) c

C

iy 3 agld  f=sin 1(Ej

My Y wld =180 —(a + )
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'
v o v L4

AUSUFIUNATUATUUY TPUAAINNENIAY C WNUAIBAIAIFUaNwal bbl, aal ¥89

>
v o [y L3

ANULVATUAUUUTIUBATVIT ANNYINY a, b knuAgAIdiduansal eel, hl muasu i

4

sUwuuAdsasialull

bbl = sqgrt(eelr2 + hlA2); > mma’mé’umLLsmagmamm?iam
PUUULE

alpha_low = asind(hl/bbl); > YOIEUA U IUUY

aal = sqrt(ddn2 + hln2); > m’mmué’umLLsmgmamm?ism
AIUVUVN

beta low = asind(hl/aal); > B %aaamm%méﬁuuu

gramma_low = 180 - (alpha_low + beta_low)

> 11l Y YRNENUMIAEUA LY

= ¥ 174

go Dbl Dupnuerudunguesmainingiaudsuureidureu
Alpha_low  Juyu o %aagﬂammﬁlaué’mw
aal Wupnueridungiesmainingiamenuuvesdurey
beta low  Wuyy B vesguanmdsusuuy

< A v
gramma_low tUuyu Y U93gUasasnIuu

AUNAIUAIUAI AINRUAAINYIIAIU C WNUAIBAIFIFEyanwal bbh, aah Vo3

'
[ LY

AUMRIUATUANTIBLAZUI AINENIATY a, b unumedidydneal eeh, hh aua1du I

sULuuAdstalUll

bbh = sqrt(eeh”2 + hh/2); > mmanl,éfummemamm?ﬁm
AuEeEe

alpha_upper = asind(hh/bbh); > u YOIANUVRBUF LA

aah = sqrt(ddhA2 + hhA2); > mmanl,éfummemamm?ﬁm
AUENYI

beta_upper = asind(hh/aah); > 31 B vesammasuiuuy

gramma_upper = 180 - (alpha_upper + beta upper)

> i Y VoA UMBYNAUUY
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e bbh Juanuendunzuesuainingiaudisansveuduvey
alpha_upper 1uyy O vesgUanumaeNiuEns

aah Dupnuendunzuesuainingiaunaiwesduvey

beta_upper  1uyu P vesguanumndsusiuas

gramma_upper

Duy y vesguanumdeusinuany

10. NSUAAIAIAILNUIVDIUNNTIY
sUuvufdailelsiszuuyseaananinuansnadildainnsyiaussuuluniisiag
uanwa (Command Window) ldgunuuddsieluil
caption = sprintf(Alpha top = %.1f Beta top = %.1f gramma top = %.1f\n
alpha down = %.1f beta down = %.1f gramma down = %.1f \n ', alpha_low,
beta low, gramma_low, alpha upper, beta upper,gramma_upper);

fprintf(caption, 'FontSize', 10);

@Weo  Alpha top Dugy o gUanumdeusinuuy
Beta top Duy B guanumasusiuuy
gramma top Duya y sUanumdenduuy
alpha down Dugy o ganumdeusiua
beta down Duya B guanumdsusnuans

[ a 1% 1
gramma down Wua Y sUaumagunIuan

ANUBALNTY 6 yu Tuansuuvtiauana duilu 1 gadoya uuAvesfLmlg

YARTIVVULNLDAALEIDNNAE 31U 1 AU HININA 49
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plot(cbar,rbar,' Marker',A''MarkerEdgeColor', 'k ,...
'MarkerFaceColor','k', MarkerSize',10)
plot(cbar,rbar, Marker', " 'MarkerEdgeColor','w')
end

end
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2 N3¥IeNn 0.19-0.53 0.19-0.46 0.19-0.45 0.59-1.37
3 UANTIU 0.58-1.37 0.61-1.38 0.56-1.50 1.84-4.25
4 whin 1.49-4.47 1.43-4.48 1.41-4.78 4.33-13.73
5 &9 3.31-10.56 3.04-10.06 2.68-9.65 9.03-30.27
o ARl = nawivesdalnunsuadsann Rreftming 619 Rlref(ma
AGly = nouaiveaBalnunsundenn Gl 89 Glretrm
ABl. = nawiwesdalnunsuadsann BJreftming 619 BJreftma
Rlefming = DALNLNTUDS LQ?EJG?’]E}@
Rlefmaxy = DALMLNTUDS LQ?HQQ&!@

G-Jref(min)

'
[
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Glrefmao = BAWMLNTYT \RB8AIAR
Blietmn = 8abnunsud ladennan
Blefimao = 8@nuNIud Lafegean

N13UNUNNTIVIINFRTDUAIEN1TMIAIAINYNABIVDITANUNTY 915 T wazd
YIANTLARTTLAVINUA 30 AN oA UNRTIU UNTLADU k7 B9 LAZNTLION LALLARININ

NAEDU TUAPNULIN 4 INUUMANLRAVDILAREFalNLATY watnATalnwnsunlauLden

'
' o

Agean wazsnan aglanadanandlunisned 4 Faandlidiuidanuwaneiuegsdnan

ANTUDITALNLATUDIS VDIUANTIU TA198521I19 0.58-1.37 ©11991AAIVD 4

Y
FalnuNsueIs VRAUNTRADU NTLIBN LU WATAY NUAIBYTENING 0.19-0.57, 0.19-0.53,

Y

a1 1

1.49-4.47 uag 3.31-10.56 AUEGU A1v0IBalNUATUT YBIUNTiT1UTA18gTENINg
0.61-1.38 1%11991NAYDITALNUNTUT VOIUNTUADU NTETAN WHI UAzdY NilAeYTEning

0.17-0.52, 0.19-0.46, 1.43-4.48 way 3.04-10.06 MUAIAU LATAIUBITALNWNSUTVD

=
=)

NNTIUEARETENIN 0.56-1.50 ¥11991NA1YRBAlNLNTUTYDIUNYTADY NTETBN WL AL

3 Mflenogjsening 0.16-0.45, 0.19-0.45, 1.41-4.78 uag 2.68-9.65 AMAIRY

£2)))

§ a

31INN1TIATIERNGUFIBE 1 msaT LN uniis1ududndylindulaetrataiauy
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wuavesdninidnegeusssndaivuindniudidaiauinive laun unudadu nsysen
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2. NIVAFBUNITIAAIANNARIVRBEINUNTY 8135 3 wazd Yasunisy
N1SNAAUNTINAIANGNABIYRIEAlNUNTY 015 3 ward uniis1u viamua 70 A
TavinnsneaaunuIsiaus Tngtiadalnwnsuuusauiauiua N UNALAG L) faan b

[ 1

A3197 4 An3iRAAgnFesYessz UL TdannmsideyauUssunananiaiade
galnunsy %qﬁwﬁaqagiumauLwﬁLﬁummsﬁﬁga 3 Falnunsy wislilaunfisnuads d1an
salvunsy 019 3 wasl Yesudowniiuveuaiduinaeiseliuansinnmmeaoulsly
UNASIUNS oL TUAIANNRANAIATBITEUY NMSVTNUVBITEUULEAIIALTININE@Usa s U LA
63 AW FauRINNNSANNS 13 SEansafurInAALRnNa1aldYing 10.00% wazuand

ANADYNINAFDUNINUA LY AARUIN 9
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Frame B unmiidndnuiiienageu Juninizgeguuuns annsiSeuiieuiunim
AULUY Frame A azamiadudanlantasulafoun 5 M1 LAAIHATBIAIULANAINTENI AN

AuULUUkaz NS sUisuly Frame C wagnIunssuiunIsaun maungiiuaanty
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AaanlunIng 64 1NoNIAILNUITDIUNVULHILEad LAY 1Ind lnadisuiunTouLYad
WEIDITRIUUY WAAINATDIALNUIAILEAITUATTIN 4 UTENOUAIIAILNUIUNUULAIN

VINFBY TEEENIAINTBULKATAT LA TIndLazunelua Ry

A 64 Mslanannsnguanundey Wossumutuningany



A9 6 ANLVUIVBIUNTIRSIANY

68

YA 4 Fuvisiinagou yuneluanumae
AR

NAFIUN x,y) Alpha Beta Gamma
1 1B (274.18, 263.02) 81.40 33.60 64.90
2 2B (978.58, 542.97) 43.00 79.00 58.10
3 2A (47212, 312.82) 16.90 32.50 130.60
4 1A (1255.40, 192.00) 16.80 12.20 151.00
5 1B (192.16, 187.62) 83.40 30.70 65.90
6 1A (151.89, 141.61) 61.40 5.60 113.00
1A (369.31, 492.63) 69.20 20.30 90.60
7 1C (188.54, 533.21) 87.10 52.60 40.30
1C (1137.90, 202.30) 69.40 58.40 52.20
8 1A (177.25, 196.43) 65.40 7.80 106.80
1C (616.85, 410.79) 79.80 55.30 44.90
9 1C (616.85, 410.79) 79.80 55.30 44.90
2A (338.94, 231.91) 13.50 22.50 143.90
10 1A (360.83, 192.39) 46.40 8.20 125.40
2A (339.10, 164.52) 9.70 16.40 153.90
11 2B (386.05, 197.33) 40.90 58.00 81.10
2A (636.72, 214.91) 10.90 27.80 141.30
12 1C (527.38, 226.31) 80.30 51.20 48.50
1C (1174.50, 518.40) 72.20 63.40 44.40
13 2C (386.10, 509.58) 61.80 73.80 44.40
2B (416.16, 253.02) 42.20 60.30 77.50
14 1A (357.82, 185.27) 45.60 7.90 126.60
1A (960.16, 327.84) 33.90 17.60 128.50
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YA 4 Fuvisiinagou yuneluanumaen
L WH9
NAHIUN x,y) Alpha Beta Gamma
15 2A (543.47, 227.39) 12.00 26.60 141.40
2A (1255.30, 386.50) 15.10 76.40 88.50
2B (1295.80, 325.70) 34.20 85.70 60.10
16 1B (1000.80, 236.50) 60.40 41.40 78.20
2C (354.37, 155.75) 56.90 69.70 53.40
2A (1282.10, 319.20) 12.50 75.90 91.60
17 1C (997.77, 190.22) 71.60 56.30 52.10
2A (666.49, 137.25) 6.90 19.30 153.80
2A (1275.90, 133.80) 5.30 58.10 116.60
18 1B (184.55, 234.40) 84.00 32.00 64.00
1A (323.54, 130.49) 38.50 5.50 136.00
2A (1195.20, 277.40) 11.20 65.90 102.90
19 1B (318.39, 190.19) 79.20 31.90 68.90
2C (280.15, 358.08) 61.10 70.80 48.10
2C (1075.40, 112.60) 47.20 82.70 50.10
20 1A (1279.20, 515.30) 38.40 30.50 111.00
2A (320.00, 183.19) 10.90 17.90 151.30
2A (655.66, 158.23) 8.00 21.70 150.30
21 1A (440.20, 193.87) 40.90 8.50 130.60
1B (1103.50, 227.60) 57.70 42.60 79.70
2A (655.66, 158.23) 8.00 21.70 150.30
22 1B (347.64, 175.91) 78.00 31.80 70.20
1B (502.10, 328.62) 75.50 37.90 66.60
2A (655.66, 158.23) 8.00 21.70 150.30
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YA 4 Fuvisiinagou yuneluanumaen
L WH9
NAHIUN x,y) Alpha Beta Gamma
23 2C (365.18, 489.07) 61.80 73.30 44.90
2B (663.00, 167.80) 36.20 64.50 79.30
2B (905.05, 273.77) 36.70 73.80 69.60
24 2C (365.18, 489.07) 61.80 73.30 44.90
2B (1066.70, 226.50) 33.60 77.90 68.50
2B (1299.90, 525.30) 39.20 86.60 54.30
25 1B (545.18, 208.17) 72.30 34.80 72.90
1A (1109.30, 158.70) 15.70 9.40 154.90
2A (785.57, 326.70) 15.30 44.50 120.10
2A (1149.00, 189.90) 7.90 52.10 120.00
26 1A (262.40, 503.92) 75.20 19.90 84.90
1B (1101.50, 164.30) 55.80 40.50 83.80
2A (483.49, 349.95) 18.60 35.80 125.60
2B (1130.00, 509.30) 40.50 82.30 57.20
27 1A (366.11, 331.44) 60.70 13.90 105.40
1C (1305.00, 496.30) 70.10 64.80 45.10
2A (1093.50, 154.40) 6.50 41.30 132.20
2A (1238.40, 449.80) 17.60 77.20 85.20
28 1C (343.33, 515.36) 84.60 53.90 41.50
1A (642.00, 484.23) 56.10 22.00 101.90
2B (484.33, 466.30) 47.30 66.70 66.10
2B (1117.00, 185.60) 31.80 79.00 69.20
29 1A (642.00, 484.23) 56.10 22.00 101.90
1A (1309.40, 184.40) 15.50 12.10 152.40
2A (316.13, 498.69) 27.60 41.20 111.20
2A (788.05, 155.86) 7.50 25.20 147.30




A9 6 (50)

71

YA 4 Fuvisiinagou yuneluanumaen
L WH9
NAHIUN x,y) Alpha Beta Gamma
30 1C (158.61, 178.75) 87.00 46.40 46.70
1C (362.00, 370.87) 83.80 51.90 44.30
1C (514.33, 249.22) 80.60 51.40 47.90
2A (563.45, 189.51) 10.00 23.10 147.00
31 1A (728.76, 71.28) 10.90 3.50 165.60
1A (1086.10, 173.50) 17.50 10.10 152.40
2B (182.32, 526.08) 53.20 61.70 65.10
2B (984.00, 210.78) 33.90 75.10 71.00
32 1B (248.33, 234.33) 82.00 32.60 65.50
1C (1217.20, 202.60) 68.10 59.50 52.40
2A (243.45, 524.48) 29.80 40.80 109.40
2A (972.39, 523.02) 22.10 65.60 92.30
33 1A (326.56, 229.16) 54.10 9.60 116.30
1B (628.60, 509.70) 74.70 44.10 61.20
1A (1174.50, 239.50) 21.90 14.50 143.60
2C (1248.80, 193.70) 47.00 86.40 46.70
34 1A (358.03, 504.35) 70.20 20.60 89.20
1B (509.18, 240.29) 73.90 35.40 70.70
1C (1309.40, 189.30) 66.40 60.60 53.00
2B (690.31, 568.42) 47.00 72.80 60.20
35 1A (443.43, 245.38) 76.00 34.80 69.20
2A (373.80, 207.55) 11.90 21.00 147.10
2A (765.65, 159.42) 7.70 25.00 147.30
2A (1317.20, 504.60) 19.10 83.00 78.00
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YA 4 Fuvisiinagou yuneluanumaen
L WH9
NAHIUN x,y) Alpha Beta Gamma
36 1C (935.33, 230.78) 73.10 56.20 50.70
2A (414.30, 189.66) 10.70 20.00 149.30
2C (592.62, 110.26) 52.90 73.40 53.70
2B (1137.90, 204.70) 32.20 79.90 67.90
37 1A (167.56, 531.04) 80.90 20.30 78.80
1A (335.86, 192.83) 48.50 8.10 123.40
1B (546.75, 249.06) 73.00 36.10 70.90
1A (1180.20, 175.80) 16.40 10.80 152.90
38 1A (387.60, 227.07) 80.90 20.30 78.80
1A (167.55, 531.75) 49.10 9.70 121.20
1B (1025.40, 566.60) 67.00 50.70 62.30
1B (1268.00, 259.20) 54.90 46.20 78.90
2A (332.50, 159.19) 9.40 15.80 154.80
39 1A (1294.60, 243.30) 20.30 15.70 144.00
2A (360.94, 146.30) 8.50 15.00 156.50
2A (870.64, 185.19) 8.50 32.70 138.80
2A (1150.50, 240.70) 9.90 58.60 111.50
2C (1280.60, 514.80) 52.00 87.50 40.50
40 1A (333.23, 491.49) 71.00 20.00 89.00
1A (644.16, 257.52) 38.20 12.20 129.60
2A (484.20, 182.73) 10.00 20.60 149.40
2B (1152.40, 365.20) 36.60 81.90 61.50
2B (1247.60, 222.20) 31.70 83.70 64.60
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ANNUUNINITIAT LY LU IVDIUNLAALAINUNTOULNILIAALAIDINAE LN D

WU euiuANSEeEinanlnaNNTEUUUSELIARANIN UNSEEENI9AaTALARRUTLARTU tngld

AuduiusvesgUanumasy 90 ¢ =va’ +b” liuadwandumsned 7 l9fedameaeu

U 40 A8 LNBWIUNTIUIL 120 ALYLG LEAASHNANISNAABUSEUUUSELIANANIN Fall

ANSI9N 7 MSUSEURgUS T EEMI9INNTBUBKNIERA LA ARG TENINNTLUUUTEUIANANIN

fuATingss
4 4 Awmisinagau ALAUIINDT sTETINIAAALATOY
LN TARY Al ~ A o
(UaaLung) (WaawUng) (Waawng)
1 1B (274.18, 263.02) (282.95, 259.91) 9.30
2 2B (978.58, 542.97) (977.71, 537.16) 5.88
3 2A (472.12, 312.82) (473.22, 306.12) 6.79
a4 1A (1255.40, 192.00) (1248.12, 190.60) 7.41
5 1B (192.15, 187.61) (191.54, 196.38) 8.78
6 1A (151.89, 141.61) (159.01, 147.50) 9.23
1A (369.31, 492.63) (371.82, 501.83) 9.53
7 1C (188.54, 533.21) (192.81, 525.60) 8.72
1C (1137.90, 202.30) (1136.72, 202.16) 1.19
8 1A (177.25, 196.43) (180.27, 205.93) 9.97
1C (616.85, 410.79) (608.43, 414.31) 9.13
9 1C (616.85, 410.79) (607.16, 414.31) 10.31
2A (338.94, 231.91) (336.75, 232.59 2.30
10 1A (360.83, 192.39) (360.55, 195.26) 2.88
2A (339.10, 164.52) (336.75, 173.28) 9.07
11 2B (386.05, 197.33) (381.82, 199.05) a.57
2A (636.72, 214.91) (638.43, 213.71) 2.09
12 1C (527.38, 226.31) (529.56, 225.26) 242

1C (1174.50, 518.40) (1169.52, 514.05) 6.61
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] P
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AWNUIINAGHDU

(Hagauns)

AAUINDI

(HaaLuns)

STYTNIAAINLARDU

(HaaLuns)

13 2C
2B
14 1A
1A
15 2A
2A
2B
16 1B
2C
2A
17 1C
2A
2A
18 1B
1A
2A
19 1B
2C
2C
20 1A
2A
2A
21 1A
1B
2A

(386.10, 509.58)
(416.16, 253.02)
(357.82, 185.27)
(960.16, 327.84)
(543.47, 227.39)
(1255.30, 386.50)
(1295.80, 325.70)
(1000.80, 236.50)
(354.37, 155.75))
(1282.10, 319.20

(997.77, 190.22)
(666.49, 137.25)
(1275.90, 133.80)
(184.55, 234.40)
(323.54, 130.49)
(1195.20, 277.40)
(318.39, 190.19)
(280.15, 358.08)
(1075.40, 112.60)
(1279.20, 515.30)
(320.00, 183.19

(655.66, 158.23)
(440.20, 193.87)
(1103.50, 227.60)
(655.66, 158.23)

(379.28, 514.05)
(409.28, 246.81)
(359.28, 190.38)
(965.18, 326.55)
(536.56, 231.03)
(1248.12, 379.43)
(1295.73, 323.45)
(991.51, 236.81)
(348.02, 161.72)
(1274.39, 320.22)
(990.24, 188.83)
(658.50, 142.17)
(1269.39, 140.17)
(180.27, 236.81)
(326.75, 134.40)
(1191.79, 281.90)
(313.95, 190.60)
(272.15, 357.88)
(1082.58, 115.52)
(1271.92, 519.83)
(326.75, 190.60)
(652.23, 167.50)
(439.42, 203.71)
(1094.65, 231.03)
(653.50, 163.28)

8.15
9.26
5.31
5.18
7.81
10.07
2.25
9.29
8.72
7.78
7.65
9.39
9.11
4.91
5.06
5.65
4.46
8.01
7.75
8.57
10.03
9.88
9.87
9.49
5.49
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= =
LN ITOR

AWNUIINAEDU

(Hagauns)

AAUINDI

(HaaLuns)

STYTNIAAINLARDU

(HaaLuns)

22 1B
1B
2A

23 2C
2B
2B

24 2C
2B
2B

25 1B
1A
2A
2A

26 1A
1B
2A
2B

27 1A
1C
2A
2A

28 1C
1A
2B
2B

(347.64, 175.91)
(502.10, 328.62)
(655.66, 158.23)
(365.18, 489.07)
(663.00, 167.80)
(905.05, 273.77)
(365.18, 489.07)
(1066.70, 226.50)
(1299.90, 525.30)
(545.18, 208.17)
(1109.30, 158.70)
(785.57, 326.70)
(1149.00, 189.90)
(262.40, 503.92)
(1101.50, 164.30)
(483.49, 349.95)
(1130.00, 509.30)
(366.11, 331.44)
(1305.00, 496.30)
(1093.50, 154.40)
(1238.40, 449.80)
(343.33, 515.36)
(642.00, 484.23)
(484.33, 466.30)
(1117.00, 185.60)

(349.28, 179.05)
(507.02, 323.45)
(653.23, 163.28)
357.02, 485.17)
(654.96, 163.17)
(897.57, 271.47)
(356.75, 490.95)
(1063.31, 229.48)
(1292.39, 523.05)
(548.29, 198.83)
(1101.65, 158.62)
(779.17, 320.78)
(1146.72, 197.48)
(259.15, 509.83)
(1096.65, 170.05)
(477.22, 353.88)
(1122.92, 514.05)
(360.55, 335.00)
(1296.19, 492.40)
(1087.65, 158.50)
(1245.85, 452.07)
(350.55, 512.50)
(643.50, 494.05)
(481.95, 456.29)
(1106.65, 184.83)

3.55
7.14
5.60
9.05
9.28
7.83
8.64
451
7.84
9.84
7.65
8.72
7.92
6.74
7.52
7.40
8.53
6.61
9.64
7.14
7.79
7.76
9.94
10.29
10.38
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4 Aunisiinagau Fumisinete  szezmenanLARou
LN ITOR
° (Hadiuns) (Hagiuns) (Hagdiuns)
29 1A (642.00, 484.23) (642.23, 485.17) 0.97
1A (1309.40, 184.40) (1299.46, 186.38) 10.14
2A (316.13, 498.69) (314.21, 490.95) 7.98
2A (788.05, 155.86) (786.17, 157.50) 2.50
30 1C (158.61, 178.75) (156.47, 184.83) 6.44
1C (362.00, 370.87) (359.28, 375.43) 531
1C (514.33, 249.22) (517.02, 255.69) 7.01
2A (563.45, 189.51) (563.36, 192.16) 2.65
31 1A (728.76, 71.28) (732.37, 76.64) 6.46
1A (1086.10, 173.50) (1081.65, 180.60) 8.38
2B (182.32, 526.08) (174.74, 525.60) 7.60
2B (984.00, 210.78) (975.18, 207.93) 9.27
32 1B (248.33, 234.33) (246.61, 225.26) 9.23
1C (1217.20, 202.60) (1209.32, 208.38) 9.77
2A (243.45, 524.48) (235.34, 525.60) 8.18
2A (972.39, 523.02) (964.18, 525.60) 8.61
33 1A (326.56, 229.16) (325.48, 235.69) 6.62
1B (628.60, 509.70) (619.69, 514.05) 9.91
1A (1174.50, 239.50) (1170.52, 242.59) 5.04
2C (1248.80, 193.70) (1244.32, 200.26) 7.94
34 1A (358.03, 504.35) (360.55, 509.83) 6.03
1B (509.18, 240.29) (499.76, 242.59) 9.70
1C (1309.40, 189.30) (1301.46, 184.83) 9.11
2B (690.31, 568.42) (684.76, 566.03) 6.03
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4 Aunisiinagau Munisinase  stezmeemaeday
LN ITOR
° (Hadiuns) (Hagiuns) (Hagiuns)
35 1A (443.43, 245.38) (439.42, 254.14) 9.63
2A (373.80, 207.55) (370.55, 209.48) 3.78
2A (765.65, 159.42) (763.63, 167.50) 8.33
1A (1180.20, 175.80) (1172.52, 182.60) 10.26
36 1C (935.33, 230.78) (933.91, 225.48) 5.48
2A (414.30, 189.66) (405.62, 190.60) 8.73
2C (592.62, 110.26) (583.36, 109.74) 9.27
2B (1137.90, 204.70) (1134.18, 209.48) 6.06
37 1A (167.56, 531.04) (170.27, 530.26) 2.83
1A (335.86, 192.83) (338.02, 202.26) 9.67
1B (546.75, 249.06) (540.82, 248.36) 597
1A (1180.20, 175.80) (1172.52, 182.60) 10.26
38 1A (387.60, 227.07) (384.08, 236.81) 10.36
1A (167.55, 531.75) (171.54, 532.93) a.17
1B (1025.40, 566.60) (1022.78, 566.03) 2.68
1B (1268.00, 259.20) (1260.66, 258.36) 7.39
2A (332.50, 159.19) (339.28, 154.83) 8.06
39 1A (1294.60, 243.30) (1294.46, 251.47) 8.17
2A (360.94, 146.30) (359.28, 143.28) 3.45
2A (870.64, 185.19) (869.57, 176.28) 8.98
2A (1150.50, 240.70) (1146.72, 248.47) 8.64

2C (1280.60, 514.80) (1280.66, 519.83) 5.03
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A9 7 (59)

4 y Auvisiinagay AUNUITNDIY sTEzNIAMALAREY

N AR R R R

(UagLung) (UaaLung) (Uagung)

40 1A (333.23, 491.49) (336.55, 501.05) 10.12

1A (644.16, 257.52) (647.93, 267.22) 10.40

2A (484.20, 182.73) (487.97, 186.31) 5.20

2B (1152.40, 365.20) (1154.62, 372.26) 7.40

2B (1247.60, 222.20) (1254.95, 215.57) 9.90

SYUZNIAAALATDLGIEN 10.40

Y 1 [

YARIBEMNAZOU 11U 40 YAFIDES FOMIUNTIUIY 120 FIWIAUS UUSTUULAS
WAAWAIDINIAYG T1UIU 6 LAY WAAZLHITNIUIANING 670 HAALUAT 817 1,476 JadLUnT Lay
WU 35 NaANAT TASPIVUNING 3x2 A9 7 wudﬁzwmmsmzqLLmﬁmm
wuunliognagneiesan 6 use Aidmualy venszeginuniinmanufisuiunseulsvad
wasenfingle wanilethsrezriannszsuulssaananmiSeuiisusuaiivalaansium
VUUNeaSe lumarauaaiawedeu Auesszezvedilddnaiamdeuliitiy 10.40 fadwns
SloAnA1AuRANAIATDITEUUAINELNIST 13 NUTITEUVUTTUIARANINTUYALHILTAR
LaseTingd fAAaRananwiniy 1.14%

PnuasanawansliiiiuissuuUTsnanan e sainulafianzase lneneu
Sun1siuvesssuusesdinisusuiisussuulmduasudunou Feazaiunsaldaule
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wAavuuNg [Wudguianeniinllausandniaesauaaiunsadenisdanisiutym
wialegnavangauls Msiansasiinfundsnidauassuunmianulymnieds Seaei
ety ladwmansenudeuszansninnisnanliinveinalal 3109138 Us Minh

[y

Quan Duong wazaasz (Minh Quan Duong et al. 2017) l§Anwwafiiatuiuuiewalalen
Tulugauasorfindanusngnisainisusn §idedslihuuaennmideiundusumsly
msmidsmsnaniiggdeiilesannstanvesun Tastammsdasmesunuumadln fio
Gkt 100% ndnAewadiulsiaunsondaliillivusfiiounds

Lawaduasofingfldinuluauidde Wuwnwdnedandnifior Uszneusioisad
WaAIIINgINUIU 36 LUad (WWIAWAA 156 mm X 156 mm) ABTUIUAY 4 @039 LAazansa
deoynsuIBlEaduasening 9 1wad fuwansluninil 65 A1dsn1sudn (W) 140 W
(Voo = 224V, I = 846 A, V,, = 17.8V, |, = 7.88 A)
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INNNTA 66 TNTIAAMNUNBLUWYAAN 17 Vesan3eil 2 vuavesunfivagas

Judwou 1 wed uwallosanwadd 17 ladesynsuduwad 10-18 Wiaiinwndaiwadle
¢ = a g 1 ] vy Y o w a =
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A0138UINTFIU AULTULAT 1,000 W/m? @aungil 25 °C AM 1.5 @1315ami1&an1snEn

Yauzlaudalaannaunisn 15

Py, = Py X Ploss @un1sa 15
dl o o a o
We Py, = Masnswanvaglaudae

P = ANSINITHANVD LAY

Pose = MAINISHARTNACULEY

33y

P, = 140 x (1/4) W

= 35 W

[
LYY 3

Ae wHBgaduaIainddauisandalninvasniunduaneg uuwnaeadlaan

aun1sil 16
Py = P~ Py aunsii 16
S0 Py = dslidiiinGeld
Py = 140 - 35 W

= 105 W
v s a  eal a v ¥ 13 a 6o
nlATIESTNURITadLa e g Tlluauide Ussnaumesaduasenfindiiuiy 36
AR FRTUIUAY 4 ARTY WABYARN3Y FAORUNTUMEIYAdRAIINNE 9 lwag IINNMHI0E1N 1
unvuradvesunagadiasoindiudiuau 1 1wad urdivadonsanensyualuisans An
Jumdsnswdaluinigyds 0.25% wse 35 W niniian1staailuvueiuanandntniila

AUAIEY 140 W nndlwadiasanindazaelnle 105 w
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3. NMINAFIUMIANUIINQUULAALYAR LA 18ATNgulauaey

N1INAFRUNIATLNULINQUULHILTATRAIDINAEA8TaNg v a1uwmaey (Triangle

v I

theory) Wauandunisunmeyunsluamasy lngnsiiguimuwnideinginsianuiy

q

[%
4

NTOULNILTAAUAIDIMADUUY wazyiIn1SUSToULRBURAATIUNNIIUNNTIANUAETZUY
Uszananan s uiun19InszezunisIuaINNToULKASAALAI9IAI93Y  dAuAaln
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INToATUNINUA AINalINgIUNUTNITATIVNUNUULHALAA AR TN TRAR U
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1. S2UUUTZUIANANTININDRIALAUIUANTIU

close all
clear all
clc
BW4 = imread('picture 44.jpg’);
[img path] = uigetfile(* jpg’, IMPORT jpg);
if img ~=0
BW1 = imread(strcat(path,img));
if(~isdeployed)
cd(fileparts(which(mfilename)));

end
BW2 = imresize(BW1,[450 300]);
BW5 = imresize(BW4,[450 300]);
BW3 = rgb2gray(BW2);
BW6 = rgb2gray(BW5);
BW7 = imsubtract(BW3 , BW6) ;%~(imsubtract(BW3 , BW6) )
BW8 = imadd(BWS5 , BW2) ;
figure(1);

subplot(1, 3, 1); imshow(BW5);colormap(gray(256)); title('Master Image '); axis square;
subplot(1, 3, 2); imagesc(BW2); colormap(gray(256)); title('Input Image’); axis square;
subplot(1, 3, 3); imagesc(BW7); colormap(gray(256)); title('output Image'); axis square;
[BB,thr] = edge(BW7,'canny',0.5); %BB = imfill(BB1, 4,'holes’);
[B,L,N,A] =bwboundaries(BB);
figure; imshow(BW2); hold on;
for k=1:length(B),
if(~sum(Ak,:))
boundary = B{k};
plot(boundary(:,2),...
boundary(:,1),r', LineWidth',2);

end



end
CXmin = min(C(;,1));% min(C(;,1));  %find X value min
CXmax = max(C(,1));%max(C(:,1));  %find X value max
CYmin = min(C(;,2));%min(C(:,2));  %find Y value mim
CYmax = max(C(;,2));%max(C(;,2));  %find Y value max
LoL = [CXmin CYmin];
LoR = [CXmax CYmin];
UpL = [CXmin CYmax];
UpR = [CXmax CYmax];
for k=1:N,
[r, cl = find(L == k);
rbar = mean(r);
cbar = mean(c);
Point(;,1) = rbar;
Point(;,2) = cbar;

eel = Point(;,1) - LoL(;1); % center Point to left edge
ddl = LoR(;,1) - Point(;,1); % center Point to right edge
hl = Point(;,2) - CYmin; % center Point to low edge
eeh = Point(;,1) - HiL(;,1); % center Point to left edge
ddh = HiR(;,1) - Point(;,1); % center Point to right edge
hh = CYmax - Point(;,2) ; % center Point to high edge

Qp****xxxxxxfind alpha value low section
bbl = sqgrt(eelr2 + hlr2);

alpha_low = asind(hl/bbl);

aal = sgrt(ddl”2 + hlnr2);

beta_low = asind(hl/aal);

gramma_low = 180 - (alpha_low + beta_low);

% find value upper section
bbh = sqrt(eeh/2 + hhA2);
alpha_upper = asind(hh/bbh);
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aah = sgrt(ddh”2 + hhA2);
beta upper = asind(hh/aah);
gramma_upper = 180 - (alpha_upper + beta upper),

%
caption = sprintf('Alpha top = %.1f Beta top = %.1f gramma top = %.1f\n alpha down
= %.1f beta down = %.1f gramma down = %.1f \n ', alpha_low, beta low,
gramma_low, alpha_upper, beta_upper,gramma_upper);

fprintf(caption, 'FontSize', 10);

plot(cbar,rbar, Marker','A','MarkerEdgeColor', k...

'MarkerFaceColor','k', MarkerSize',10)

plot(cbar,rbar,' Marker', ' 'MarkerEdgeColor','w')

end

end

2. nsidanadedalnensy a15(R) dalnwnsy (G) waz Falnwnsy U(B) tNakun

UNNSIVINEAI VLAY

tic;
clg
clear all;
close all;
limg path] = uigetfile(* jpg, IMPORT jpg');
if img ~=0
BW1 = imread(strcat(path,img));
if(~isdeployed)
cd(fileparts(which(mfilename)));
end
| = imresize(BW1,[450 300]),
BW3 = rgb2gray(l);
red=I(:,:;,1);

green=I(;,:,2);



blue=I(:,;,3);

figure(1); imagesc(l); colormap(gray(256)); title(Input Image’); axis square;
figure(2);

[pixCouR grayR] = imhist(red,256);

R_sum_in = sum(pixCouR(2:256)); %averange all pic.

X = 2;

while x < 256

end

Rxx(X) = pixCouR(X)* x ;

X=X+1;

R sum_in_all = sum(Rxx(:));
R mean_in =R sum_in _all /R sum _in;
R count = 0;

X = 2;

while x < 256

if

else

end

end

pixCouR(x)>50

R count = R count + 1,

X=X+1;

[pixCouG grayG] = imhist(green,256);

G_sum_in = sum(pixCouG(2:256));
X =2;

while x < 256

end

Gxx(x) = pixCouG(x)* x ;%count more value 50

X=X+1;

G_sum_in_all = sum(Gxx());
G mean_in = G_sum_in_all / G_sum_in;

G_count = 0;
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X = 2;
while x < 256
if  pixCouG(x)>50
G_count = G_count + 1;
else
end
X=X+1;
end
[pixCouB grayB] = imhist(blue,256);
B sum_in = sum(pixCouB(2:256));
X = 2;
while x < 256
Bxx(x) = pixCouB(x)* x ;
X=X+1;
end
B_sum_in_all = sum(Bxx(:));
B _mean_in =B sum in all / B sum in;
B count = 0;
X =2;
while x < 256
if  pixCouB(x)>50
B count = B _count + 1;
else
end
X=X+1;
end
caption = sprintf(R_mean_in = %.1f G mean in = %.1f B mean in = %.1f\n |,
R_mean_in, G_mean_in, B_mean_in);
fprintf(caption, 'FontSize', 10);
hold on
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plot(grayR, pixCouR, 1)
plot(grayG, pixCougG, '¢’;
plot(grayB, pixCouB, 'b');
axis([0 255 0 150])
set(gca, xtick',0:50:255)
set(gca, ytick',0:50:150)
figure(3);

plot(grayR, pixCouR, 1)
axis([0 255 0 150])
set(gca, xtick',0:50:255)
set(gca,'ytick',0:50:150)
figure(d);

%bar(grayG, pixCouG, 'green’, 'g’);
plot(grayG, pixCougG, '¢);
axis([0 255 0 150])
set(gca, xtick',0:50:255)
set(gca,'ytick',0:50:150)
figure(5);

%bar(grayB, pixCouB, 'blue’, 'b');
plot(grayB, pixCouB, 'b);
axis([0 255 0 150])
set(gca, xtick',0:50:255)
set(gca, ytick',0:50:150)

end

3. SPUUUTEUIANANININDMIALALIUNNTIUIINYAUKUYATUEIR NI

close all
clear all
clc

BW4 = imread('pv.jpg);



101

limg path] = uigetfile(* jpg, IMPORT jpg');
if img ~= 0

BW1 = imread(strcat(path,img));
if(~isdeployed)

cd(fileparts(which(mfilename)));
end
BW2 = imresize(BW1,[450 300]);
BWS5 = imresize(BW4,[450 300]);
BW3 = rgb2gray(BW2);
BW6 = rgb2gray(BW5);
BW7 = imsubtract(BW3 , BW6) ;%~(imsubtract(BW3 , BW6) )
BW8 = imadd(BW5 , BW2) ;
figure(1);
subplot(2, 3, 1); imshow(BW5);colormap(gray(256)); title('Master Image '); axis square;
subplot(2, 3, 2); imagesc(BW2); colormap(gray(256)); title(Input Image'); axis square;
subplot(2, 3, 3); imagesc(BW7); colormap(gray(256)); title('output Image’); axis square;
subplot(2, 3, 4); imshow(BW5);colormap(gray(256)); title('Master Image '); axis square;
subplot(2, 3, 5); imagesc(BW7); colormap(gray(256)); title('Input Image'); axis square;
subplot(2, 3, 6); imagesc(BW8); colormap(gray(256)); title('output Image'); axis square;
[BB,thr] = edge(BW7,'canny',0.5);
%BB = imfill(BB1, 4,'holes));
[B,L,N,A] =bwboundaries(BB);
figure; imshow(BW2); hold on;
for k=1:length(B),

if(~sum(Ak,:)))

boundary = B{k};
plot(boundary(:,2),...
boundary(:,1),r,'LineWidth',2);
end

end
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CXmin = 28;% min(C(;,1));  %find X value min
CXmax = 280;%max(C(;,1));  %find X value max
CYmin = 38;%min(C(;,2));  %find Y value mim
CYmax = 372;%max(C(:;,2));  %find Y value max

Lol = [38 28];

LoR = [38 278];

UpL = [368 30];

UpR = [368 278];

Rp = 670/114 ;

Cp = 1476/124 ;

cc = LoR(;,2) - LoL(;,2); %Distane low point axis X
hh = UpR(;,1) - LoL(;,1); %axis Y
for k=1:N,

[r, cl = find(L == k);
rbar = mean(r);
cbar = mean(c);
Point(;,1) = rbar; % find point xy center
Point(;,2) = cbar;
Tp(k,1) = rbar;
Tp(k,2) = cbar,

eel = Point(;,2) - LoL(;,2); % axis X distance between center Point to left edge
ddl = LoR(;,2) - Point(;,2); % axis X distance between center Point to right edge
hl = Point(;,1) - LoL(;,1); % axis Y distance between center Point to low edge
hu = UpL(;,1) - Point(;,1); % axis Y distance between center Point to low edge
% find position

if (eel > (cc/2)) && (hl > (hh*(2/3))))
numZ2a(k,2) = (Point(;,2)-158)*Cp
num2a(k,1) = (368-Point(;,1))*Rp

elseif ((eel > (cc/2)) && (hl > (hh*(1/3)))
numz2b(k,2) = (Point(:,2)-158)*Cp
num2b(k,1) = (260-Point(;,1))*Rp



elseif ((eel > (cc/2)) && (hl < (hh*(1/3))))
numz2c(k,2) = (Point(;,2)-158)*(1476/123)
num2c(k,1) = (149-Point(;,1))*Rp

elseif (eel < (cc/2)) && (hl > (hh*(2/3))) %compare left edge more length axis
numila(k,2) = (Point(;,2)-28)*Cp
numla(k,1) = (368-Point(;,1))*Rp

elseif (eel < (cc/2)) && (hl > (hh*(1/3)))
num1b(k,2) = (Point(;,2)-28)*Cp
num1b(k,1) = (260-Point(;,1))*Rp

elseif (eel < (cc/2)) && (hl < (hh*(1/3)))
num1c(k,2) = (Point(:,2)-28)*Cp
numlc(k,1) = (149-Point(;,1))*Rp

end

Qp**¥xxxxxxxx**find alpha value low section
bbl = sqgrt(eelr2 + hlr2);

alpha_low = asind(hl/bbl);

aal = sqrt(ddlA2 + hlA2);

beta_low = asind(hl/aal);

gramma_low = 180 - (alpha_low + beta_low);

% find value upper section
bbu = sgrt(eelr2 + hur2);

alpha_upper = asind(hu/bbu);

aau = sqrt(ddlA2 + hun2);

beta_upper = asind(hu/aau);

gramma_upper = 180 - (alpha_upper + beta upper),

%
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caption = sprintf('Alpha top = %.1f Beta top = %.1f gramma top = %.1f\n alpha down

= %.1f beta down = %.1f gramma down = %.1f \n ', alpha_low, beta low,
gramma_low, alpha_upper, beta_upper,gramma_upper);

fprintf(caption, 'FontSize', 10);

plot(cbar,rbar,' Marker','\',MarkerEdgeColor', k...



'MarkerFaceColor',k','MarkerSize',10)
plot(cbar,rbar, Marker', " 'MarkerEdgeColor','w')
end

end

4. szuuUszananatilanisiuununiuingdudlenisduiiniga
tic; % Start timer.
clc; % Clear command window.
clear all;

close all;

disp('Running test.m..."); % Message sent to command window.

workspace; % Show panel with all the variables.
limg path] = uigetfile(*.jpg', IMPORT jpg);
if img ~=0

originallmagel = imread(strcat(path,img));
if(~isdeployed)

cd(fileparts(which(mfilename)));

end

i1 = im2double(originallmage1);

i2 = 2*(i1.A1.75);

originallmage = imadjust(i2,[0 11,[0 1],1./2);
figure(1);

subplot(, 3, 1);

imshow(originallmage);

set(gcf, 'Position’, get(0, 'ScreenSize"));

drawnow;

caption = sprintf(‘Original "bird" image showing.’);
title(caption);

axis square;

binarylmagel = im2bw(originallmage,0.80);

binarylmage = ~binarylmagel;
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hold on;
subplot(1, 3, 2); imagesc(binarylmage); colormap(gray(256)); title('Binary Image,
obtained by thresholding’); axis square;
[labeledimage dd] = bwlabel(binarylmage, 8); % Label each blob so we can make
measurements of it
fundStats = regionprops(labeledimage, 'Area);
idx = find([fundStats.Area] > 1000);
BW2 = ismember(labeledimage,idx);
blobMeasurements = regionprops(BW2, ‘all’);% originallmage,
numberOfBlobs = size(blobMeasurements, 1);
subplot(1, 3, 3); imagesc(originalimage);
title('Outlines, from bwboundaries()'); axis square;
hold on;
boundaries = bwboundaries(BW2);
numberOfBoundaries = size(boundaries);
for k = 1 : numberOfBoundaries
thisBoundary = boundaries{k};
plot(thisBoundary(:,2), thisBoundary(:,1), ', 'LineWidth', 2);
end
fontSize = 14;
labelShiftX = -7;
blobECD = zeros(1, numberOfBlobs);
% Print header line in the command window.
fprintf(1,'Number # Mean Intensity Area Perimeter Centroid Diameter\n');
for k = 1 : numberOfBlobs
thisBlobsPixels = blobMeasurements(k).PixelldxList;
meanGL = mean(originalimage(thisBlobsPixels));
blobArea = blobMeasurements(k).Area;
blobPerimeter = blobMeasurements(k).Perimeter;
blobCentroid = blobMeasurements(k).Centroid,;
blobECD(k) = sqrt(4 * blobArea / pi);
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fprintf(1,'#%2d %17.1f %11.1f %8.1f %8.1f %8.1f % 8.1A\n', k, meanGL, blobArea,
blobPerimeter, blobCentroid, blobECD(k));

text(blobCentroid(1) + labelShiftX, blobCentroid(2), num2str(k), 'FontSize', fontSize,
'FontWeight', 'Bold");
end
elapsedTime = toc;
hold off;

end
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1. WANISVNAGDURIAIAUIUNNIIVINNTZUUUIZNIANANIN

A1TMTIINUNVULKLIRALAIDIMRGNARRIUUNaIAaeTtN1sUTELIaNan I 1

<

megralunismegeuriavn 100 fege wuatu 4 ngudeya

L (Y o

1. fI9g1aUAULLALTALEIR AR 1 i 113U 25 daeg1e sauduun 25 duns
2. FBENUNUULHATARLEDRY 2 §7 31uU 25 Feege sanduun 50 sl
3. fBYNUAVULKITARLAIRINNY 3 #3 31U 25 Freege Tasduun 75 funis
4. FI9ENUNUULHITAR ARG 4 §7 113U 25 faga sasduun 100 Fuwmis

NANISNAZFDU LanInIme Ul

ANTINUINT 1 DU IUNUULHITAAREIDNANE 1 A7

YANASTDULASHAYD YANAFUUASHNEA
. oI W Nan1sNA§aUY
AAUN VDIAWKUY

No. 1 No. 2
Top Top
Alpha = 83.6 Alpha = 85.2
Beta = 34.1 Beta = 23.2
Gamma = 62.3 Gamma = 71.6
Down Down
Alpha = 85.2 Alpha = 89.8
Beta = 53.7 Beta = 61.7
Gamma = 41.1 Gamma = 28.5
No. 3 No. 4
Top Top
Alpha = 84.8 Alpha = 14.5
Beta = 53.1 Beta = 33.5
Gamma = 42.1 Gamma = 132.0
Down Down
Alpha = 86.3 Alpha = 48.0
Beta = 48.8 Beta = 70.0
Gamma = 44.9 Gamma = 62.0
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ANS19NUINA 1 (FD)

YANAFDULASHAVDY YANAHIULATHA
. . NAN1INAEDU . , WAN1INAgDY
ALLAUS VBIALLAUS
No. 5 No. 6
Top Top

Alpha = 33.7 Alpha = 82.8
Beta = 56.8 Beta = 46.1
Gamma = 89.5 Gamma = 51.1
Down Down
Alpha = 30.6 Alpha = 79.3
Beta = 53.0 Beta = 41.4
Gamma = 96.4 Gamma = 59.3
No. 7 No. 8
Top Top
Alpha = 58.5 Alpha = 27.7
Beta = 66.6 Beta = 56.5
Gamma = 54.9 Gamma = 95.8
Down Down
Alpha = 66.5 Alpha = 43.3
Beta = 71.7 Beta = 69.4
Gamma = 41.8 Gamma = 67.3
No. 9 No. 10
Top Top
Alpha = 65.7 Alpha = 18.1
Beta = 65.0 Beta = 48.1
Gamma = 49.3 Gamma = 113.8
Down Down
Alpha = 68.0 Alpha = 51.7
Beta = 65.6 Beta = 76.5
Gamma = 46.4 Gamma = 51.8
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ANS19NUINA 1 (FD)

YANAFDULASHAVDY YANAHIUKATHA
. WNan1sNAgaU . Nan1sNAgaU
ALY UVDINLNAUY

No. 11 No. 12
Top Top
Alpha = 68.9 Alpha = 55.1
Beta = 66.6 Beta = 76.3
Gamma = 44.5 Gamma = 48.6
Down Down
Alpha = 66.5 Alpha = 58.6
Beta = 61.8 Beta = 77.2
Gamma = 51.7 Gamma = 42.2
No. 13 No. 14
Top Top
Alpha = 15.6 Alpha = 20.6
Beta = 43.0 Beta = 47.2

Gamma = 121.4 Gamma = 112.2
Down Down

Alpha = 52.6 Alpha = 47.5
Beta = 76.8 Beta = 71.8
Gamma = 50.6 Gamma = 60.7
No. 15 No. 16
Top Top
Alpha = 38.0 Alpha = 74.7
Beta = 75.1 Beta = 20.7
Gamma = 66.9 Gamma = 84.6
Down Down
Alpha = 45.0 Alpha = 85.0
Beta = 78.0 Beta = 58.0
Gamma = 57.0 Gamma = 37.0
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ANS19NUINA 1 (FD)

YANAFDULASHAVDY YANAHIUKATHA
. WNan1sNAgaU . Nan1sNAgaU
[ [ VDINTLLRUS
No. 17
No. 18
Top
Top
Alpha = 30.6
Alpha = 24.1
Beta = 69.6
Beta = 45.4
Gamma = 79.8
Gamma = 110.5
Down
Down
Alpha = 49.4
Alpha = 38.9
Beta = 78.9
Beta = 60.8
Gamma = 51.7
Gamma = 80.3
No. 19
No. 20
Top
Top
Alpha = 84.9
Alpha = 23.3
Beta = 49.8
Beta = 51.7
Gamma = 45.3
Gamma = 105.0
Down
Down
Alpha = 87.3
Alpha = 46.5
Beta = 51.6
Beta = 71.6
Gamma = 41.1
Gamma = 61.9
No. 21 No. 22
Top Top
Alpha = 20.9 Alpha = 81.8
Beta = 40.7 Beta = 40.2
Gamma = 118.4 Gamma = 58.0
Down Down
Alpha = 40.8 Alpha = 81.8
Beta = 62.2 Beta = 47.6
Gamma = 77.0 Gamma = 50.6
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ANS19NUINA 1 (FD)

YANAFDULASHAVDY YANAHIUKATHA
. WNan1sNAgaU . Nan1sNAgaU
ALY UVDINLNAUY

No. 23 No. 24
Top Top
Alpha = 38.1 Alpha = 22.9
Beta = 40.1 Beta = 76.0

Gamma = 101.8 Gamma = 81.1
Down Down

Alpha = 75.2 Alpha = 64.7
Beta = 75.0 Beta = 87.0
Gamma = 29.8 Gamma = 28.3
No. 25
Top
Alpha = 41.4
Beta = 84.7
Gamma = 53.9
Down
Alpha = 50.0
Beta = 58.9

Gamma = 44.1




113

ANSINUINTT 2 FDEINUNUULKIIRRLAIDIANY 2 67

YANASTDULASHAYD

NaNIINA&aay

AU

No. 1

No. 2

No. 3

No. 4

YANATIULALHE
. NANINAGHRY
YDIAUUS

1) Top: Alpha = 14.2, Beta = 29.7, Gamma = 136.1
Down: Alpha = 45.0, Beta = 65.6, Gamma = 69.4

2) Top: Alpha = 19.8, Beta = 39.5, Gamma = 120.7
Down: Alpha = 42.0, Beta = 63.5, Gamma = 74.5

1) Top: Alpha = 14.7, Beta = 36.3, Gamma = 129.0
Down: Alpha = 49.9, Beta = 29.7, Gamma = 57.2

2) Top: Alpha = 14.2, Beta = 29.7, Gamma = 136.1
Down: Alpha = 45.0, Beta = 65.6, Gamma = 69.4

1) Top: Alpha = 14.2, Beta = 29.7, Gamma = 136.1
Down: Alpha = 45.0, Beta = 65.6, Gamma = 69.4

2) Top: Alpha = 33.3, Beta = 56.3, Gamma = 90.4
Down: Alpha = 30.9, Beta = 53.2, Gamma = 95.8

1) Top: Alpha = 14.2, Beta = 29.7, Gamma = 136.1
Down: Alpha = 45.0, Beta = 65.6, Gamma = 69.4

2) Top: Alpha = 79.4, Beta = 31.3, Gamma = 69.3
Down: Alpha = 83.6, Beta = 53.4, Gamma = 43.0
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ANS1NUINA 2 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 14.2, Beta = 29.7, Gamma = 136.1
Down: Alpha = 45.0, Beta = 65.6, Gamma = 69.4

No. 5

2) Top: Alpha = 35.3, Beta = 59.8, Gamma = 84.9

Down: Alpha = 31.3, Beta = 55.3, Gamma = 93.4

1) Top: Alpha = 23.4, Beta = 44.7, Gamma = 111.9

Down: Alpha = 39.6, Beta = 61.6, Gamma = 78.8
No. 6
2) Top: Alpha = 33.8, Beta = 56.9, Gamma = 89.3

Down: Alpha = 30.4, Beta = 52.7, Gamma = 96.9

1) Top: Alpha = 72.2, Beta = 20.0, Gamma = 87.8
Down: Alpha = 84.5, Beta = 57.8, Gamma = 37.7

No. 7

2) Top: Alpha = 33.8, Beta = 56.9, Gamma = 89.3

Down: Alpha = 30.4, Beta = 52.7, Gamma = 96.9

1) Top: Alpha = 89.9, Beta = 48.1, Gamma = 42.0
Down: Alpha = 87.7, Beta = 47.3, Gamma = 45.0
2) Top: Alpha = 33.8, Beta = 56.9, Gamma = 89.3

No. 8

Down: Alpha = 30.4, Beta = 52.7, Gamma = 96.9
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ANS1NUINA 2 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 38.0, Beta = 62.5, Gamma = 79.5
Down: Alpha = 67.9, Beta = 80.1, Gamma = 32.0

No. 9
2) Top: Alpha = 33.8, Beta = 56.9, Gamma = 89.3
Down: Alpha = 30.4, Beta = 52.7, Gamma = 96.9
1) Top: Alpha = 15.8, Beta = 33.8, Gamma = 130.4
No. 10 Down: Alpha = 45.3, Beta = 66.8, Gamma = 67.9
1) Top: Alpha = 15.3, Beta = 34.3, Gamma = 130.4
No. 11
Down: Alpha = 47.0, Beta = 69.0, Gamma = 64.0
1) Top: Alpha = 31.6, Beta = 54.6, Gamma = 93.8
Down: Alpha = 32.7, Beta = 55.1, Gamma = 92.2
No. 12

2) Top: Alpha = 33.8, Beta = 56.9, Gamma = 89.3
Down: Alpha = 30.4, Beta = 52.7, Gamma = 96.9
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ANS1NUINA 2 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 89.4, Beta = 23.0, Gamma = 67.6
Down: Alpha = 88.8, Beta = 68.8, Gamma = 30.4

No. 13

2) Top: Alpha = 66.1, Beta = 36.8, Gamma = 77.2

Down: Alpha = 82.8, Beta = 65.5, Gamma = 31.7

1) Top: Alpha = 33.6, Beta = 59.3, Gamma = 87.1
Down: Alpha = 34.6, Beta = 59.6, Gamma = 85.8

No. 14

2) Top: Alpha = 33.8, Beta = 56.9, Gamma = 89.3

Down: Alpha = 30.4, Beta = 52.7, Gamma = 96.9

1) Top: Alpha = 21.5, Beta = 44.5, Gamma = 114.0

Down: Alpha = 43.7, Beta = 66.7, Gamma = 69.6
No. 15
2) Top: Alpha = 31.9, Beta = 64.5, Gamma = 83.6

Down: Alpha = 43.7, Beta = 72.2, Gamma = 64.0

1) Top: Alpha = 21.4, Beta = 44.9, Gamma = 113.7
Down: Alpha = 44.3, Beta = 67.5, Gamma = 68.2

No. 16
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ANS1NUINA 2 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 16.2, Beta = 37.2, Gamma = 126.6

Down: Alpha = 47.7, Beta = 70.4, Gamma = 61.9
No. 17
2) Top: Alpha = 54.1, Beta = 51.7, Gamma = 74.2

Down: Alpha = 74.2, Beta = 71.4, Gamma = 34.4

1) Top: Alpha = 78.1, Beta = 27.8, Gamma = 74.1
Down: Alpha = 88.1, Beta = 62.6, Gamma = 29.3

No. 18

2) Top: Alpha = 36.4, Beta = 80.1, Gamma = 63.5

Down: Alpha = 61.5, Beta = 85.8, Gamma = 32.7

1) Top: Alpha = 80.3, Beta = 27.6, Gamma = 72.1
Down: Alpha = 88.6, Beta = 62.0, Gamma = 29.4

No. 19

2) Top: Alpha = 82.9, Beta = 35.5, Gamma = 61.6

Down: Alpha = 88.5, Beta = 59.4, Gamma = 32.1

1) Top: Alpha = 47.0, Beta = 38.8, Gamma = 94.2
Down: Alpha = 77.5, Beta = 71.9, Gamma = 30.6
2) Top: Alpha = 82.9, Beta = 35.5, Gamma = 61.6

No. 20

Down: Alpha = 88.5, Beta = 59.4, Gamma = 32.1
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ANS1NUINA 2 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 82.9, Beta = 35.5, Gamma = 61.6
Down: Alpha = 88.5, Beta = 59.4, Gamma = 32.1

No. 21

2) Top: Alpha = 86.2, Beta = 47.6, Gamma = 46.2

Down: Alpha = 83.3, Beta = 43.5, Gamma = 53.2

1) Top: Alpha = 33.5, Beta = 59.0, Gamma = 87.5
Down: Alpha = 34.3, Beta = 59.1, Gamma = 86.6

No. 22

2) Top: Alpha = 87.2, Beta = 47.2, Gamma = 45.6

Down: Alpha = 84.8, Beta = 45.3, Gamma = 49.9

1) Top: Alpha = 15.7, Beta = 35.6, Gamma = 128.7

Down: Alpha = 47.5, Beta = 69.8, Gamma = 62.7
No. 23
2) Top: Alpha = 62.9, Beta = 71.2, Gamma = 45.9

Down: Alpha = 61.6, Beta = 68.9, Gamma = 49.5

1) Top: Alpha = 23.3, Beta = 47.9, Gamma = 108.8
Down: Alpha = 43.2, Beta = 66.9, Gamma = 69.9
2) Top: Alpha = 62.9, Beta = 71.2, Gamma = 45.9

No. 24

Down: Alpha = 61.6, Beta = 68.9, Gamma = 49.5
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ANS1NUINA 2 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 41.1, Beta = 38.8, Gamma = 100.1
Down: Alpha = 76.2, Beta = 73.8, Gamma = 30.0
2) Top: Alpha = 58.2, Beta = 38.6, Gamma = 83.2

No. 25

Down: Alpha = 80.2, Beta = 68.2, Gamma = 31.6
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ANSINUINTT 3 FDYIIUNUULHITARLEIDNANE 3 67

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 14.1, Beta = 30.8, Gamma = 135.1
Down: Alpha = 46.5, Beta = 67.8, Gamma = 65.7
2) Top: Alpha = 35.9, Beta = 64.6, Gamma = 79.5
to-1 Down: Alpha = 36.7, Beta = 64.7, Gamma = 78.6
3) Top: Alpha = 33.4, Beta = 57.3, Gamma = 89.3

Down: Alpha = 32.2, Beta = 55.5, Gamma = 92.3

1) Top: Alpha = 35.7, Beta = 71.6, Gamma = 72.7
Down: Alpha = 44.8, Beta = 76.0, Gamma = 59.02
2) Top: Alpha = 33.4, Beta = 62.5, Gamma = 84.1
Nl Down: Alpha = 39.1, Beta = 66.5, Gamma = 74.4
3) Top: Alpha = 33.9, Beta = 57.8, Gamma = 88.3

Down: Alpha = 31.7, Beta = 55.0, Gamma = 93.3

1) Top: Alpha = 33.4, Beta = 62.5, Gamma = 84.1
Down: Alpha = 39.1, Beta = 66.5, Gamma = 74.4
2) Top: Alpha = 87.3, Beta = 47.8, Gamma = 44.9
No- 3 Down: Alpha = 84.7, Beta = 44.6, Gamma = 50.7
3) Top: Alpha = 33.9, Beta = 57.8, Gamma = 88.3

Down: Alpha = 31.7, Beta = 55.0, Gamma = 93.3

1) Top: Alpha = 14.6, Beta = 31.8, Gamma = 133.6
Down: Alpha = 46.2, Beta = 67.5, Gamma = 66.3
2) Top: Alpha = 33.4, Beta = 62.5, Gamma = 84.1
No-4 Down: Alpha = 39.1, Beta = 66.5, Gamma = 74.4
3) Top: Alpha = 33.9, Beta = 57.8, Gamma = 88.3

Down: Alpha = 31.7, Beta = 55.0, Gamma = 93.3
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ANS1NUINA 3 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 66.1, Beta = 37.5, Gamma = 76.4
Down: Alpha = 82.6, Beta = 65.5, Gamma = 31.9
2) Top: Alpha = 33.4, Beta = 62.5, Gamma = 84.1
No-> Down: Alpha = 39.1, Beta = 66.5, Gamma = 74.4
3) Top: Alpha = 33.9, Beta = 57.8, Gamma = 88.3

Down: Alpha = 31.7, Beta = 55.0, Gamma = 93.3

1) Top: Alpha = 13.7, Beta = 29.8, Gamma = 136.5
Down: Alpha = 46.5, Beta = 67.6, Gamma = 65.9
2) Top: Alpha = 18.2, Beta = 45.7, Gamma = 116.1
- Down: Alpha = 50.3, Beta = 74.7, Gamma = 55.0
3) Top: Alpha = 33.9, Beta = 57.8, Gamma = 88.3

Down: Alpha = 31.7, Beta = 55.0, Gamma = 93.3

1) Top: Alpha = 13.7, Beta = 29.8, Gamma = 136.5
Down: Alpha = 46.5, Beta = 67.6, Gamma = 65.9
2) Top: Alpha = 87.9, Beta = 47.5, Gamma = 44.6
No-7 Down: Alpha = 85.6, Beta = 45.8, Gamma = 48.6
3) Top: Alpha = 33.9, Beta = 57.8, Gamma = 88.3

Down: Alpha = 31.7, Beta = 55.0, Gamma = 93.3

1) Top: Alpha = 80.4, Beta = 22.2, Gamma = 77.4
Down: Alpha = 86.3, Beta = 58.7, Gamma = 35.0

2) Top: Alpha = 13.7, Beta = 29.8, Gamma = 136.5
Down: Alpha = 46.5, Beta = 67.6, Gamma = 65.9

No. 8

3) Top: Alpha = 86.3, Beta = 30.0, Gamma = 63.7
Down: Alpha = 89.8, Beta = 59.7, Gamma = 30.5
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ANS1NUINA 3 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 22.9, Beta = 45.9, Gamma = 111.2
Down: Alpha = 42.1, Beta = 65.1, Gamma = 72.8
2) Top: Alpha = 24.9, Beta = 46.7, Gamma = 108.4
o Down: Alpha = 38.6, Beta = 60.7, Gamma = 80.7
3) Top: Alpha = 88.4, Beta = 49.7, Gamma = 41.9

Down: Alpha = 89.5, Beta = 47.8, Gamma = 42.7

1) Top: Alpha = 89.7, Beta = 22.3, Gamma = 68.0
Down: Alpha = 88.8, Beta = 61.0, Gamma = 30.2
2) Top: Alpha = 23.3, Beta = 48.0, Gamma = 108.7
Nols Down: Alpha = 43.4, Beta = 67.2, Gamma = 69.4
3) Top: Alpha = 24.8, Beta = 47.2, Gamma = 108.0

Down: Alpha = 39.5, Beta = 62.0, Gamma = 78.5

1) Top: Alpha = 23.3, Beta = 49.0, Gamma = 107.7

Down: Alpha = 44.2, Beta = 68.4, Gamma = 67.4
No. 11
2) Top: Alpha = 24.8, Beta = 47.2, Gamma = 108.0

Down: Alpha = 39.5, Beta = 62.0, Gamma = 78.5

1) Top: Alpha = 15.3, Beta = 34.3, Gamma = 130.4

Down: Alpha = 47.0, Beta = 69.0, Gamma = 64.0
No. 12
2) Top: Alpha = 27.5, Beta = 51.2, Gamma = 101.3

Down: Alpha = 37.9, Beta = 61.1, Gamma = 81.0
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ANS1NUINA 3 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 16.0, Beta = 35.0, Gamma = 129.0
No. 13
Down: Alpha = 46.1, Beta = 68.0, Gamma = 65.9

1) Top: Alpha = 18.1, Beta = 45.2, Gamma = 116.7
Down: Alpha = 50.1, Beta = 74.4, Gamma = 55.5
2) Top: Alpha = 81.1, Beta = 37.2, Gamma = 61.7
No. 14
Down: Alpha = 87.6, Beta = 59.7, Gamma = 32.7
3) Top: Alpha = 86.5, Beta = 39.2, Gamma = 54.3

Down: Alpha = 86.0, Beta = 52.0, Gamma = 42.0

1) Top: Alpha = 18.8, Beta = 47.1, Gamma = 114.1
Down: Alpha = 50.2, Beta = 74.8, Gamma = 55.0

No. 15

2) Top: Alpha = 85.9, Beta = 49.7, Gamma = 44.4

Down: Alpha = 88.2, Beta = 50.5, Gamma = 41.3

1) Top: Alpha = 73.5, Beta = 24.7, Gamma = 81.8
Down: Alpha = 87.5, Beta = 64.0, Gamma = 28.5

2) Top: Alpha = 87.7, Beta = 31.7, Gamma = 60.6
Down: Alpha = 89.4, Beta = 58.6, Gamma = 32.0

No. 16

2) Top: Alpha = 23.0, Beta = 47.7, Gamma = 109.3
Down: Alpha = 43.7, Beta = 67.5, Gamma = 68.8
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ANS1NUINA 3 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 73.5, Beta = 24.7, Gamma = 81.8
Down: Alpha = 87.5, Beta = 64.0, Gamma = 28.5
2) Top: Alpha = 14.0, Beta = 30.5, Gamma = 135.5
o 47 Down: Alpha = 46.5, Beta = 67.7, Gamma = 65.8
3) Top: Alpha = 23.0, Beta = 47.7, Gamma = 109.3

Down: Alpha = 43.7, Beta = 67.5, Gamma = 68.8

1) Top: Alpha = 73.5, Beta = 24.7, Gamma = 81.8
Down: Alpha = 87.5, Beta = 64.0, Gamma = 28.5
2) Top: Alpha = 23.0, Beta = 47.7, Gamma = 109.3
Nol Down: Alpha = 43.7, Beta = 67.5, Gamma = 68.8
3) Top: Alpha = 26.6, Beta = 49.9, Gamma = 103.5

Down: Alpha = 38.5, Beta = 61.5, Gamma = 80.0

1) Top: Alpha = 59.2, Beta = 30.5, Gamma = 90.3
Down: Alpha = 83.0, Beta = 67.3, Gamma = 29.7
2) Top: Alpha = 85.3, Beta = 26.8, Gamma = 67.9
No- 19 Down: Alpha = 87.1, Beta = 58.2, Gamma = 34.7
3) Top: Alpha = 23.8, Beta = 47.8, Gamma = 108.4

Down: Alpha = 42.2, Beta = 65.6, Gamma = 72.2

1) Top: Alpha = 59.2, Beta = 30.5, Gamma = 90.3
Down: Alpha = 83.0, Beta = 67.3, Gamma = 29.7
2) Top: Alpha = 85.3, Beta = 26.8, Gamma = 67.9
No. 20
Down: Alpha = 87.1, Beta = 58.2, Gamma = 34.7
3) Top: Alpha = 87.9, Beta = 46.5, Gamma = 45.6

Down: Alpha = 85.8, Beta = 46.9, Gamma = 47.3
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ANS1NUINA 3 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 15.9, Beta = 35.3, Gamma = 128.8
Down: Alpha = 46.7, Beta = 68.8, Gamma = 64.5
2) Top: Alpha = 83.0, Beta = 48.3, Gamma = 48.7
o 21 Down: Alpha = 86.2, Beta = 54.2, Gamma = 39.6
3) Top: Alpha = 87.9, Beta = 46.5, Gamma = 45.6

Down: Alpha = 85.8, Beta = 46.9, Gamma = 47.3

1) Top: Alpha = 21.1, Beta = 43.4, Gamma = 115.5
Down: Alpha = 43.4, Beta = 66.2, Gamma = 70.4
2) Top: Alpha = 85.9, Beta = 42.2, Gamma = 51.9
No. 22
Down: Alpha = 89.2, Beta = 55.3, Gamma = 35.5
3) Top: Alpha = 88.0, Beta = 47.3, Gamma = 44.7

Down: Alpha = 85.7, Beta = 46.1, Gamma = 48.2

1) Top: Alpha = 85.4, Beta = 26.1, Gamma = 68.5
Down: Alpha = 87.2, Beta = 58.5, Gamma = 34.3
2) Top: Alpha = 86.0, Beta = 44.4, Gamma = 49.6
No. 23
Down: Alpha = 89.0, Beta = 54.0, Gamma = 37.0
3) Top: Alpha = 34.4, Beta = 60.9, Gamma = 84.7

Down: Alpha = 34.9, Beta = 60.7, Gamma = 84.4

1) Top: Alpha = 15.2, Beta = 34.1, Gamma = 130.7
Down: Alpha = 47.1, Beta = 69.1, Gamma = 63.8

2) Top: Alpha = 30.2, Beta = 78.8, Gamma = 71.0
Down: Alpha = 55.0, Beta = 85.2, Gamma = 39.8

No. 24

3) Top: Alpha = 27.8, Beta = 52.7, Gamma = 99.5
Down: Alpha = 39.1, Beta = 63.1, Gamma = 77.8
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ANS1NUINA 3 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIANU

1) Top: Alpha = 18.2, Beta = 53.0, Gamma = 108.8
Down: Alpha = 54.0, Beta = 79.5, Gamma = 46.5
2) Top: Alpha = 15.2, Beta = 34.1, Gamma = 130.7
No. 25
Down: Alpha = 47.1, Beta = 69.1, Gamma = 63.8
3) Top: Alpha = 27.8, Beta = 52.7, Gamma = 99.5

Down: Alpha = 39.1, Beta = 63.1, Gamma = 77.8
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ANSINUINT 4 FDEIUNUULKITARLAIDIANY 4 67

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 83.5, Beta = 21.7, Gamma = 74.8
Down: Alpha = 87.1, Beta = 59.6, Gamma = 33.3
2) Top: Alpha = 66.2, Beta = 31.8, Gamma = 82.0
Down: Alpha = 84.2, Beta = 65.5, Gamma = 30.3
No- 1 3) Top: Alpha = 81.4, Beta = 25.7, Gamma = 72.9
Down: Alpha = 85.9, Beta = 57.4, Gamma = 36.7
4) Top: Alpha = 23.3, Beta = 48.0, Gamma = 108.7

Down: Alpha = 43.4, Beta = 67.2, Gamma = 69.4

1) Top: Alpha = 82.6, Beta = 26.9, Gamma = 70.5
Down: Alpha = 89.3, Beta = 61.6, Gamma = 29.1
2) Top: Alpha = 76.2, Beta = 38.8, Gamma = 65.0
Down: Alpha = 85.4, Beta = 61.5, Gamma = 33.1
Nl 3) Top: Alpha = 22.8, Beta = 45.6, Gamma = 111.6
Down: Alpha = 41.9, Beta = 64.8, Gamma = 73.3
4) Top: Alpha = 89.8, Beta = 41.3, Gamma = 48.9

Down: Alpha = 88.3, Beta = 53.2, Gamma = 38.5

1) Top: Alpha = 15.4, Beta = 34.0, Gamma = 130.6
Down: Alpha = 46.5, Beta = 68.3, Gamma = 65.2
2) Top: Alpha = 22.0, Beta = 54.0, Gamma = 104.0
Down: Alpha = 49.9, Beta = 75.7, Gamma = 54.4
No- 3 3) Top: Alpha = 26.2, Beta = 52.3, Gamma = 101.5
Down: Alpha = 41.9, Beta = 66.5, Gamma = 71.6
4) Top: Alpha = 88.0, Beta = 48.6, Gamma = 43.4

Down: Alpha = 85.4, Beta = 44.5, Gamma = 50.1

1) Top: Alpha = 16.5, Beta = 35.5, Gamma = 128.0
No. 4
Down: Alpha = 45.5, Beta = 67.3, Gamma = 67.2
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ANS1NUINA 4 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 89.2, Beta = 24.3, Gamma = 66.5
Down: Alpha = 88.9, Beta = 60.5, Gamma = 30.6
2) Top: Alpha = 17.0, Beta = 39.2, Gamma = 123.8
Down: Alpha = 47.7, Beta = 70.7, Gamma = 61.6
No-> 3) Top: Alpha = 75.2, Beta = 37.4, Gamma = 67.5
Down: Alpha = 85.4, Beta = 62.1, Gamma = 32.5
4) Top: Alpha = 21.2, Beta = 43.1, Gamma = 115.7

Down: Alpha = 42.9, Beta = 65.5, Gamma = 71.6

1) Top: Alpha = 18.0, Beta = 42.0, Gamma = 120.0
Down: Alpha = 48.2, Beta = 71.7, Gamma = 60.1
2) Top: Alpha = 22.8, Beta = 44.3, Gamma = 112.9
Down: Alpha = 40.4, Beta = 62.5, Gamma = 77.1
- 3) Top: Alpha = 82.4, Beta = 47.4, Gamma = 50.2
Down: Alpha = 86.1, Beta = 55.2, Gamma = 38.7
4) Top: Alpha = 86.2, Beta = 46.6, Gamma = 47.2

Down: Alpha = 83.7, Beta = 44.8, Gamma = 51.5

1) Top: Alpha = 15.3, Beta = 34.3, Gamma = 130.4
Down: Alpha = 47.0, Beta = 69.0, Gamma = 64.0
No. 7 2) Top: Alpha = 33.8, Beta = 58.5, Gamma = 87.7

Down: Alpha = 33.0, Beta = 57.1, Gamma = 89.9

1) Top: Alpha = 17.1, Beta = 40.4, Gamma = 122.5
Down: Alpha = 48.6, Beta = 71.9, Gamma = 59.5

2) Top: Alpha = 25.7, Beta = 61.2, Gamma = 93.1
Down: Alpha = 49.7, Beta = 77.0, Gamma = 53.3

3) Top: Alpha = 21.6, Beta = 42.5, Gamma = 115.9

No. 8

Down: Alpha = 41.2, Beta = 63.1, Gamma = 75.7
4) Top: Alpha = 28.3, Beta = 53.4, Gamma = 98.3
Down: Alpha = 38.8, Beta = 62.9, Gamma = 78.3
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ANS1NUINA 4 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 16.4, Beta = 44.2, Gamma = 119.4
Down: Alpha = 52.0, Beta = 76.3, Gamma = 51.7
2) Top: Alpha = 15.9, Beta = 36.1, Gamma = 128.0
Down: Alpha = 47.5, Beta = 69.9, Gamma = 62.6
No-9 3) Top: Alpha = 21.8, Beta = 45.8, Gamma = 112.4
Down: Alpha = 44.2, Beta = 67.7, Gamma = 68.1
4) Top: Alpha = 34.5, Beta = 60.5, Gamma = 85.0

Down: Alpha = 34.1, Beta = 59.5, Gamma = 86.4

1) Top: Alpha = 17.2, Beta = 39.0, Gamma = 123.8
Down: Alpha = 47.3, Beta = 70.1, Gamma = 62.6
2) Top: Alpha = 22.1, Beta = 44.1, Gamma = 113.8
No. 10 Down: Alpha = 41.9, Beta = 64.4, Gamma = 73.7
3) Top: Alpha = 31.9, Beta = 56.0, Gamma = 92.1

Down: Alpha = 34.1, Beta = 57.6, Gamma = 88.3

1) Top: Alpha = 21.8, Beta = 45.8, Gamma = 1124
Down: Alpha = 44.2, Beta = 67.7, Gamma = 68.1
2) Top: Alpha = 28.7, Beta = 54.6, Gamma = 96.7
Down: Alpha = 39.4, Beta = 64.1, Gamma = 76.5
No- 1 3) Top: Alpha = 35.2, Beta = 68.5, Gamma = 76.3
Down: Alpha = 42.5, Beta = 72.7, Gamma = 64.8
4) Top: Alpha = 87.0, Beta = 46.5, Gamma = 46.5

Down: Alpha = 89.5, Beta = 51.9, Gamma = 38.6

1) Top: Alpha = 16.2, Beta = 37.4, Gamma = 126.4
Down: Alpha = 47.9, Beta = 70.6, Gamma = 61.5

2) Top: Alpha = 29.5, Beta = 55.0, Gamma = 95.5
Down: Alpha = 38.2, Beta = 62.6, Gamma = 79.2

3) Top: Alpha = 35.8, Beta = 63.6, Gamma = 80.6

No. 12

Down: Alpha = 35.5, Beta = 62.7, Gamma = 81.8
4) Top: Alpha = 89.1, Beta = 49.5, Gamma = 41.4
Down: Alpha = 88.7, Beta = 47.2, Gamma = 44.1
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ANS1NUINA 4 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 16.9, Beta = 37.0, Gamma = 126.1
No. 13
Down: Alpha = 46.1, Beta = 68.2, Gamma = 65.7

1) Top: Alpha = 20.4, Beta = 55.0, Gamma = 104.6
Down: Alpha = 52.4, Beta = 78.3, Gamma = 49.3
2) Top: Alpha = 28.6, Beta = 70.0, Gamma = 81.4
Down: Alpha = 51.6, Beta = 80.7, Gamma = 47.7
No. 14
3) Top: Alpha = 29.5, Beta = 55.0, Gamma = 95.5
Down: Alpha = 38.2, Beta = 62.6, Gamma = 79.2
4) Top: Alpha = 35.8, Beta = 63.6, Gamma = 80.6

Down: Alpha = 35.5, Beta = 62.7, Gamma = 81.8

1) Top: Alpha = 35.0, Beta = 53.2, Gamma = 91.8
Down: Alpha = 70.6, Beta = 78.9, Gamma = 30.5
2) Top: Alpha = 29.5, Beta = 55.0, Gamma = 95.5
Down: Alpha = 38.2, Beta = 62.6, Gamma = 79.2
No- 15 3) Top: Alpha = 41.9, Beta = 84.7, Gamma = 53.4
Down: Alpha = 49.5, Beta = 85.8, Gamma = 44.7
4) Top: Alpha = 35.8, Beta = 63.6, Gamma = 80.6

Down: Alpha = 35.5, Beta = 62.7, Gamma = 81.8

1) Top: Alpha = 50.3, Beta = 30.3, Gamma = 99.4
Down: Alpha = 81.1, Beta = 69.6, Gamma = 29.3
2) Top: Alpha = 35.0, Beta = 53.2, Gamma = 91.8
Down: Alpha = 70.6, Beta = 78.9, Gamma = 30.5
No. 16
3) Top: Alpha = 29.5, Beta = 55.0, Gamma = 95.5
Down: Alpha = 38.2, Beta = 62.6, Gamma = 79.2
4) Top: Alpha = 35.8, Beta = 63.6, Gamma = 80.6

Down: Alpha = 35.5, Beta = 62.7, Gamma = 81.8
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ANS1NUINA 4 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 52.2, Beta = 29.6, Gamma = 98.2
Down: Alpha = 81.7, Beta = 69.0, Gamma = 29.3
2) Top: Alpha = 35.0, Beta = 53.2, Gamma = 91.8
Down: Alpha = 70.6, Beta = 78.9, Gamma = 30.5
No- 17 3) Top: Alpha = 17.3, Beta = 39.2, Gamma = 123.5
Down: Alpha = 47.2, Beta = 70.0, Gamma = 62.8
4) Top: Alpha = 89.6, Beta = 33.0, Gamma = 57.4

Down: Alpha = 88.6, Beta = 57.5, Gamma = 33.9

1) Top: Alpha = 89.0, Beta = 46.8, Gamma = 44.2
No. 18
Down: Alpha = 86.9, Beta = 47.8, Gamma = 45.3

1) Top: Alpha = 77.3, Beta = 25.6, Gamma = 77.1
Down: Alpha = 88.2, Beta = 63.0, Gamma = 28.8
2) Top: Alpha = 86.5, Beta = 41.9, Gamma = 51.6
Down: Alpha = 85.5, Beta = 49.9, Gamma = 44.6
No- 19 3) Top: Alpha = 75.1, Beta = 58.5, Gamma = 46.4
Down: Alpha = 76.3, Beta = 56.9, Gamma = 46.8
4) Top: Alpha = 89.6, Beta = 49.0, Gamma = 41.4

Down: Alpha = 87.3, Beta = 46.1, Gamma = 46.7

1) Top: Alpha = 88.3, Beta = 23.3, Gamma = 68.4
Down: Alpha = 89.1, Beta = 61.0, Gamma = 29.9
2) Top: Alpha = 15.9, Beta = 36.1, Gamma = 128.0
Down: Alpha = 47.5, Beta = 69.9, Gamma = 62.6
No. 20
3) Top: Alpha = 74.6, Beta = 37.3, Gamma = 68.1
Down: Alpha = 85.2, Beta = 62.4, Gamma = 32.4
4) Top: Alpha = 21.8, Beta = 45.8, Gamma = 112.4

Down: Alpha = 44.2, Beta = 67.7, Gamma = 68.1




132

ANS1NUINA 4 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIAUUS

1) Top: Alpha = 56.1, Beta = 30.5, Gamma = 93.4
Down: Alpha = 82.3, Beta = 68.1, Gamma = 29.6
2) Top: Alpha = 15.4, Beta = 33.8, Gamma = 130.8
Down: Alpha = 46.5, Beta = 68.2, Gamma = 65.3
No. 21 3) Top: Alpha = 88.9, Beta = 27.2, Gamma = 63.9
Down: Alpha = 88.9, Beta = 59.7, Gamma = 31.4
4) Top: Alpha = 21.8, Beta = 45.8, Gamma = 112.4

Down: Alpha = 44.2, Beta = 67.7, Gamma = 68.1

1) Top: Alpha = 15.4, Beta = 33.8, Gamma = 130.8
Down: Alpha = 46.5, Beta = 68.2, Gamma = 65.3
2) Top: Alpha = 21.8, Beta = 45.8, Gamma = 112.4
Down: Alpha = 44.2 Beta = 67.7, Gamma = 68.1
No. 22
3) Top: Alpha = 87.0, Beta = 46.5, Gamma = 46.5
Down: Alpha = 89.5, Beta = 51.9, Gamma = 38.6
4) Top: Alpha = 85.1, Beta = 46.0, Gamma = 48.9

Down: Alpha = 82.5, Beta = 44.2, Gamma = 53.3

1) Top: Alpha = 17.2, Beta = 39.0, Gamma = 123.8

Down: Alpha = 47.3, Beta = 70.1, Gamma = 62.6
No. 23
2) Top: Alpha = 24.0, Beta = 45.7, Gamma = 110.3

Down: Alpha = 39.5, Beta = 61.6, Gamma = 78.9

1) Top: Alpha = 83.2, Beta = 24.4, Gamma = 72.4
Down: Alpha = 89.7, Beta = 61.9, Gamma = 28.4
2) Top: Alpha = 47.7, Beta = 33.4, Gamma = 98.9
Down: Alpha = 79.5, Beta = 70.8, Gamma = 29.7
No. 24
3) Top: Alpha = 87.5, Beta = 46.5, Gamma = 46.0
Down: Alpha = 85.3, Beta = 46.4, Gamma = 48.3
4) Top: Alpha = 34.0, Beta = 59.2, Gamma = 86.8

Down: Alpha = 33.6, Beta = 58.3, Gamma = 88.1
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ANS19NUINA 4 (FD)

YANAHDULAZHAYDY YANAHBULATHE
. NANIVAGRY . NANINAGHRY
AU YDIANU

1) Top: Alpha = 17.6, Beta = 50.6, Gamma = 111.8
Down: Alpha = 53.6, Beta = 78.8, Gamma = 47.6
2) Top: Alpha = 22.1, Beta = 54.3, Gamma = 103.6
Down: Alpha = 50.0, Beta = 75.8, Gamma = 54.2
3) Top: Alpha = 29.5, Beta = 55.0, Gamma = 95.5
Down: Alpha = 38.2, Beta = 62.6, Gamma = 79.2
4) Top: Alpha = 35.8, Beta = 63.6, Gamma = 80.6
Down: Alpha = 35.5, Beta = 62.7, Gamma = 81.8

No. 25




134

2. WANINAFDUTEUUUTEUIANANINAUYALNILYAALEIRI NG
N1SNAABUTZUUUIZINANAN NN AWML UNUUKIAIENg v aumdey lagly
nsauvBLHaaaLaIfindlugadedeinginsianumesiies ldegmaaau 91w 40

A79819 NBMIUNTIUIU 120 ALY HANISNAZDULARNIAIL

ANTIUINT 5 FILAUIVDIUNTINTIINUUULKILTRALEID1TNG

NANIINAGaU

Master Image Input Image output Image

i
]

3 TN S ‘.
= | o

200 AIFIAINUUAN

4 3m . .
x | 40 UIU 1 A1
: : 100 200 300 100 200 300
1 GEESEEEs UL
‘ R —— o ¥ Master Image Input Image

output Image

e EEEE== | PN

1B

100 200 100 200 300
Input Image output Image

= o

[ 200
s 300 MTIYINUUN

j 0

Master Image
0Ll QUDERE TN -

........ L5 [ L%
s 100 200 300 100 200 300 VTUIU 1 (12
7 ~  cS==m=sses|ssssssas
Input Image output Image UULLNS
SESsciss|sssEssss __T, 2B
=
L
100 200 100 200 300
Input Image output Image
100 |8
200 |
300 g
100 (45 AFIINUUN
100 200 300
o b
IUIU 1 A1
3 Input Image output Image
-------------- ' UULHY
........ 100
................ ZDD
} 300 2A
| 400

100 200 100 200 300




ANS1NUINA 5 (FD)

135

#l NANISNAEDU
Input Image output Image
MITINUVUN
0 3w 100 200 300 UIU 1 A
q
A Master Image Input Image output Image YUY
100
200 1A
300
400
100 200 300 100 200 300
Input Image output Image
MITINUVUN
100 200 300 i{])’]u’]u ]_ éf’l
5
Master Image Input Image output Image UULLN\?
1B
% i o ’
[ "!'F-\ e
100 200 300 100 200 300
Input Image output Image
B 100
200 MTIYINUUN
300 R o
400 IUIU 2 A1
100 200 300
6 VULLAN
Master Image Input Image output Image
- . 1A ey
1A
100 200 300 100 200 300
Input Image output Image
100
200
s AITAANUUN
400 ° o
100 200 300 1UIU 2 A1
7 Input Image output Image UULLNT
1C oy
1C

100 200 300 100 200 300




136

ANS1NUINA 5 (FD)

NANIINAGFaU

Master Image Input Image output Image

=<

100
200 MNIIYINUUN
300
o U
i 400 IUIU 2 A1
100 200 300 100 200 300
8 VUL
Master Image Input Image output Image
— 1A wag
100 100 &
200 200 i -
— 1C
300 00 1 gk '@
400 s [ rgEre
100 200 300 100 200 300
Master Image Input Image output Image
2 e g x : 5
oS MTIYINUUN
o U
s ] IUIU 2 A1
100 200 300 100 200 300
9 VUL
Input Image output Image
= L2
- i 1C wae
200 200
300 300 1 2A
400 400
100 200 300 100 200 300
output Image
MTIYINUUN
o L
1 IUIU 2 A1
100 200 300 100 200 300
10 VULLAN
Master Image Input Image output Image
o — ’- 1A uag
100
200
300 1 ] 2A
a0 [ TE
100 200 300 100 200 300
Input Image output Image
FTIINUVUN
‘L i o b
100 200 100 200 300 MUY 2 e
11 UUBNN

Input Image output Image

g — 2B uay
200 , ]ﬁ
300 @'@ 2A

400 &g
100 200 300 100 200 300

400




ANS1NUINA 5 (FD)

=<

12

13

14

15

NANIINAGFaU

Master Image Input Image

..... 100
400
1EID 200 300

Input Image

100
200

400

100 200 300
Input Image

5 1 SE ]
100 200 300
Input Image

100 200
Input Image

S
100 200

Input Image

..... o | 100
~~~~~~ i 200
=l 300
400

100 200
Input Image

100 200 300

Master Image Input Image

100
200
300
400

100
200
300
dDD

100 200

300 !

100
200

300
400

output Image

100 200 300

output Image

100 200 300
output Image

100
200
300
400

100 200 300

output Image

100 200 300
output Image

100 200 300

output Image

100 200 300
output Image

100 200 300

output Image

=
El_
100 QDU 300

ATIINUUN
U 2§10
UULHS
1C uag
1C

ATIINUUN
TIUIU 2 61
UULHS
2C way
2B

ATIINUUN
TIUIU 2 610
UULHS
1A uag
1A

ATIINUUN
U 3 6
VLKA
2A, 2A ey
2B




ANS1NUINA 5 (FD)

=<

16

17

18

19

NANIINAGFaU

Input Image

Input Image

Master Image

oL

100 200 300
Input Image

b § ]
100 200 300

Master Image
P, B 8

Input Image

100 200
Input Image

300

£
100 200

Input Image

100 200
Input Image

300

e i
¥ 1
= 100 200 300

Input Image

100 200 300

output Image

100
200
300
400

100 200 300

output Image

100 200 300
output Image

100
200
300
400

100 200 300

output Image

100 200 300
output Image

100
200
300
400

100 200 300

output Image

100 200 300
output Image

100
200
300
400

100 200 300

output Image

e
100 200 300

ATIINUUN
U 3 6
UULHS
1B, 2C way
2A

ATIINUUN
U 3 610
UULHS
1C, 2A uag
2A

ATIINUUN
U 3 6
UULHS
1B, 1A way
2A

ATIINUUN
U 3 6
UULHS
1B, 2C ay
2C




ANS1NUINA 5 (FD)

#l NANISNAEDU
Master Image Input Image output Image
100
200 MNIIYINUUN
300 o
v 400 7UIU 3 A7
100 200 300 100 200 300
20 VUL
Master Image Input Image output Image
. 1A, 2A ag
2A
100 200 300 100 200 300
Input Image output Image
100
200 MTIYINUUN
300 o o
400 [ 400 7UIU 3 A7
100 200 300 100 200 300
21 VUL
Master Image Input Image output Image
‘ & AT T N i . ]_A, 1B wag
L ﬁ
100 200 100 200 300
Input Image output Image
100
200 AIFIAINUUAN
300 R o
400 7UIU 3 A7
100 200 300
22 VULLAN
Input Image output Image
‘ 1B, 1B uag
100
200 2A
300
400
100 200 300 100 200 300
Input Image output Image
100
200
-~ AFIINUVUN
. § 400 ° 1Y
100 200 30 100 200 300 UIU 3 A1
23 Input Image output Image UULLNQ

Master Image

oG, §

100 200 300

i il

R e

100 200 300

2C, 2B uay
2B




140

ANS1NUINA 5 (FD)

=<

NaN1INA&au
Master Image Input Image output Image
. 5 5 . . -
- 100
= 200 MNIIYINUUN
300 o
400 IUIU 3 A1
100 200 300 100 200 300
24 VUL
Master Image Input Image output Image
; E 2C, 2B way
i 28
“ﬁﬁ m,‘
"l.-—‘l,’?ﬂ,u-—
100 200 300 100 200 300
Input Image output Image
100
200 MIIYINUUN
300 o
100 IUIU 4 72
100 200 300 100 200 300
25 VUL
Master Image Input Image output Image
: : = 1B, 1A, 2A U@y
ey 2A
3 |idiin:
=
100 200 300 100 200 300
Input Image output Image
100
200 AIFIAINUUAN
300 R o
400 UIU 4 A7
100 200 300
26 VULLAN
Master Image Input Image output Image
- : 1A, 1B, 2A uay
2B
100 200 300 100 200 300
Input Image output Image
100
200
o AFIINUUN
400 ° o
100 200 300 MUY 4 e
27 UUBNN

Master Image Input Image output Image

e — : . 1A, 1C, 2A uay

100 200 300 100 200 300




ANS1NUINA 5 (FD)

141

#l NANISNAEDU
Input Image output Image
4 1m0
i3 T 200 MTIYINUUN
S oo . .
i { 400 PUIU 4 A7
100 200 300 100 200 300
28 VUL
Master Image Input Image output Image
; . 1C, 1A, 2B uay
2B
100 200 100 200 300
Input Image output Image
MTIYINUUN
MU 4
100 200 100 200 300
29 VUL
Input Image output Image
mame| 1A 1A 2Auay
2A
'9'.-—»@'?.“.- 4
100 200 100 200 300
Input Image output Image
MTIYINUUN
] WU 4§
100 200 300 100 200 300
30 VULLAN
kad Master Image Input Image output Image
] 1T i
xﬁl@ I
P ‘L =rggre =
100 200 300 100 200 300
Master Image Input Image output Image
) if Saih. B % 12 3
FTIINUVUN
1DEI 2 100 200 300 PUIU 4 20!
31 UUBNN

Input Image

100 200

output Image

100 200 300

1A, 1A, 2B uay
2B




142

ANS1NUINA 5 (FD)

#l NANISNAEDU
Master Image Input Image output Image
¥ Y
......... 100
........ 200 MIFIAINUUAN
""" 300 . o
........ | 400 PUIU 4 A7
....... 100 200 300 100 200 300
32 UUELRN
| Master Image Input Image output Image
E=== |S3SSEEESR » 1B, 1C, 2A uag
................ il iE
""" ESS SSMNNNESd < B S 2
.' ‘ ; - ) 100 200 300 100 200 300
1 4 Input Image output Image
- =, i 100
e " i 200 AIFIAINUUAN
....... I BB ems 200
i ‘ o 400 PUIU 4 A7
E: t 100 200 100 200 300
33 ~ gSssssss YUK
h i S = ‘ Master Image Input Image output Image
~~~~~~~~~~~~~~~~ T = — 1A, 1B, 1A uae
=y 2C
100 200 300
| b | 3 € output Image
. 5 “ : B 100
- ; & B " e 000 AIFIAINUUAN
oo 3 B E .
. = ! 400 PI1UIU 4 A7
e — 100 200 100 200 300
34 Sznsssss|SssEssss VU
o N [— 3 Input Image output Image
Ss=c=c|SesesoEs g 1A, 1B, 1C uag
""""""""" ! 'E 2B
% m«
‘"}-——;»("‘?'\ T
100 200 300 100 200 300
Input Image output Image
100
200
300 MITIAINUUN
’ 400 ° %
g a=— 100 200 100 200 300 UIU 4 A1
35 | EEeSSsSS VUK

Input Image output Image

1B, 2A, 2A uay
2A

100 200 100 200 300




ANS1NUINA 5 (FD)

143

=<

36

37

38

39

NANIINAGFaU

Input Image output Image

100 200 300 100 200 300

Input Image output Image

o) B
400 ~TRET
100 200 300 100 200 300

Input Image output Image

100 200 300 100 200 300

Input Image output Image

300} B
P

100 200 300 100 200 300

Master Image output Image

100 200 300 100 200 300

Input Image output Image

100 200 300
output Image

100 200 300
Input Image

100 200 300 100 200 300

Master Image
T s Y

- 100} &

o 20| i
300, i
s [T

Input Image output Image

100 200 300

100 200 300

ATITNUUN
U 4§17
VUL
1C, 2A, 2C g
2B

ATIINUUN
U 4§
UULHS
1A, 1A, 1B Lay
1A

ATIINUUN
U 5 A7
VUL
1A, 1A 1B, 1B
uag 2A

ATIANUUN
U 5§
VUL
1A, 2A, 1A, 1A

ey 2C




ANS1NUINA 5 (FD)

144

=<

40

NANIINAGFaU

Input Image output Image

Master Image
T

400 (e L EE ]
100 200 300 100 200 300

Input Image output Image

100 §
200/ ff
300 |
400 [FEE
100 200 300 100 200 300

MTIAWUUN
1UU 5
VUL
1A, 1A, 2A, 2B

ey 2B




AMARNUIN A

¢ a da a o
LRI AALEIANA SN TT UV



146

71

9y WAAIAIATINEUIN

a v

bl

TYUALLDYALNLYAALEAIDI VAL

13

a

T ang AERION-JAEd § FORIA-URLND

09 SE
%9

PUNSEXDLIXIET

Hao1

FI00YS

20082

Yo1

A AT

348 + 01 G- Woi

2T
Tl

3.5Z 7 AUJAD0OT 'S TNV 215 1€ 218p [82(U453] ||V
Dafacootaa /infa00soa | afenon wayshs winuwixepy
A/HEE'O- ECTN TR UETRITELEE NS TIET (TTEY
TWHTSO0r 35| J0 JUaPIE0 asneladiwa )
A%S8'0 Wig JO UaIYe03 amesaduwia]
(Mml%e-0 3IULII|O1 JIMOY
BT | HLI'ST | GLTST | %99'%T | %OUHT | HGIET | RPTET (%) Auaiya ajnpoly
VEP'S | VLZ8 | V6I'S | VOI'B | VBB'Z | WB9L | VEVL | () Wwann pawy
AOGL | ALST | AVST | AGLT | ABLT | ASLT | ASLT [y 386308 parey
V106 | VS6'8 | VeSS | VLB | Vor8 | VIZ8 | Y96L {351) 3uaun3 N3 Loys
AT'SZ | NO'EZ | ABZZ | A9ZZ | APZZ | ATt | AT T2 {300 a@eyon un2p uado
“MOST | MSST | MOST | MSHFT | MOPT | MSET | AOET {dw) 21538 Jamod Buiney
WOST-3| WSST-4 | WOST-4 | INSPT-3 | WNOPT-4 | WSET-3 | WOET-4 uoaesynads

GSSZ085CSIL "€SSTE¥BISIL |1 102°1008LSIL
‘20021008 SYSHO '#002°1001OS] '8002: 1006 OSI

‘08419031 'S$1219031 ‘PIEPUEIS BONPOD PUB IS8 +
uoauuoclsiul 0}

Joud pajeNIowW pUB PeZUSIORIBYD ‘PaIse) AJIENPIAPUI BIE S|80) «

188k G2 Ul %08 Yia Buipue pue Jeak ;01

ul 916 Jeak sy ey ul 926 ‘Aueuem semod Jesul sieak GZ .

‘diysusunpom pue sjeusiew uo Ajueuem sieak (L «

aouess|0) Ind:no Jamod g,e~( pasjuesent yum Aipgenas Jouadng «

Ayiqenay pue Ajjenp

awey wnuwnje pue ubisap ajoy abeuiesp anbiun «
aouewuopad by yaam Juajaox] «

sse|B pauaybno) uosi-wo| Aymissiwsuen ybiH «

abewep |eoiuey29W pUE BINISIOW WO} Pajeas

S| 9|NPOL SBINSU JBBJ S,8|NPOoW Uo 19ays JawAjod yibuans
ybiy pue apoip ssedAq uym xoq Logoun| JUBISISa) JBIEAA «
eduewoued

|
}
|
il
'
!
[
E

— e e e

(WW9SLXININGS L) Ssauas s|19D 9¢

SRR EEEM °"oN Ad oS aulisis:-ouo

4

a

P = ¢
1 9UALLRYALLNILTARLLAIDINING

ANAUINK



AMANUIN 3

(Y] [ a 1 d' a o
AMnandviaane e Ngluauide



148

lutupoun1sduununisuandniviindu azdn1suendanainiieganade

Falnunsy 971530 NTILUNUNRTIVINNANIDULTITNITUTLAUNNUNAIIU UNFANITRA &7

=

U TAWN k) B9 LAENTEIRN AILARIIUAITINUING 6

ATIHUING 6 dndutindus) dmsullSeuisuiiaduAUANTIU

amdnivinnieg Nldluauie

(US¥W fanse &

o o

(U3 Snwlyawda

E o
" PAFINNITU 31NA, (P&A petshop, 2559)
1NA, 2558) 2559)

N

-

s 1 8

(U3 103n Aoulsa

(US¥ 103 Aoulnsa

(Manfred Antranias

Zimmer, 2557)

(Usewdlng) S, (Wszineilne) 91in,

2559) 2559)

(Anirut

(Phuong Nguyen Duy, (Phuong Nguyen Duy,
no date a) nolde e Rassameesritrakool,
no date)

(Pichayanon Pairojana, & i !
(Antipest, 2561)
no date)

) | ! (A

(Usznng 519728, (Usznns 5151218, (Usznng 5715718,
2555) 2555) 2555) 2555)

(Usznns 5191278,
2555)

(Uszn1ns 57191278,




149

ANS1NUINA 6 (FD)

amdnivinnieg Aldluauile

(Usgnns 5191218, (Usznnsg 5191218,
2555) 2555)
%

(Uszans 15178, (Uszans 5151278,
2555) 2555)

s
iowwi«-u

tlpsDD 2561)

b (Ufim aansal,

(ﬁmmﬁ iy, 2560)  (USEY Unudin iFuined FORETAY
V. 2561 o
(Dog Vs Cat. 288 PNA, 2552)
(Nina Golgowski, 2016) l (WEn pannsad,
(The International (Ortrun Wagner, 2017) (Porntippa, 2558) w4
Maew Boran

Association, 2561)

' (GOAL90, 2561)

(WA sansal,
uyy)

w

(Ufim aansal,
wu.)

e 520
(Alena Tucimova,
w44

(Inesgeeulai, 2553) (Katherine, 2560)

(Rflde ﬁ’]i’]uﬂimﬂi (WIKIPEDIA, 2007)
2561)

s ea o (fxxu, 2560)
(o BVifium, 2560)

(augwa 5199ums, 2558) (Greg Montani, 2559)

(Mona Jensen, 2561)




150

ANS1NUINA 6 (FD)

amdnivinnieg Aldluauile

(3dman_eu, 2559) (Greg Montani, 2559)

(Mona Jensen, 2561)

B

(Puffychan, 2551) (UwUd NEYAUAI (UWU3 NMeyauav

(Ywus Megauan

warAy, 2558) agAME, 2558)

LagAMg, 2558)

\"\‘ =

(Ywus Meyauanan : < ik
(YBUS NMQyauanan (YBus Meyauanan
uwagAuy, 2558) d ° :
) ) 7 azAg, 2558) uagAg, 2558)
(Ywus Meauan (Ywue Mayauan

uayAy, 2558) uaAy, 2558)

(Ywus Meyauea

y ) (UBUs MeYIUAU
(Ywus NMyauan (Ywus nMgyauan HASAY,

warAME, 2558)
warANE, 2558) uarAy, 2558)

wagAMY, 2558)




AMANUIN

NNINYLWINAIUNINAYINTT



152

1. HEWHIHANUNIIYINIG (309 “NITATIIMUNUUNAIALHATaaLEaR Tndlagly
n1sUszanananIn” Tuanudssgaivinisieietienaanuunalssmalng asan 13 sendng

Fu 31 wunay - 2 Sguiew e 2560 o 15ausu Adunsa Wedlvy Jaindedlml

E-NETTED)

MsUs:BUIBINMS

inSothawaomunrvus:nalnaason 13
13™ CONFERENCE ON ENERGY NETWORK OF THAILAND

* Sustainable Energy Development for Community and Innovation ™

31 W.A. - 2 J.4. 2560 ru Isonsu aiduiwsa 18avlku

il
| -

_

MAEJO
GZECO

damsusgulng : nendewadonunainu umdnendenufd soudu umdnendeinaluladsisuonastyus
©® www.e-nettorg O Enett13mju@gmail.com © 053 875590 © fax: 053 875599



ENERGYA e
THAILAND B

- a , g
milszguirmaieiotiendsmiinsnalneaion 13

31 wuna - 2 diquisu 2560 w Taausu Fduwad Fodlml

AANSINSE NI UAT
599ANENT19158 AT.90UAN
T9IMANTIN15E AT.0NTA

& a

s0Pnans275d As.aRAnd
594FNEN310158 734378
393ANANT19130 AT.000E
FOIMENTIN5E AT.00ENS
FBIPNENTINTIE AT.ENSU
394ENT19758 301500
599PNANT1A15E AT.AUR

509FNER519158 A5.d0ns

39IM1ENT19158 AT.NgYalrL

F99ERT10158 ATy
FOIANENTIATSE AT
FOIMEARTIA15E AN

-

QuANERs1158 m.ﬁgau

WeANARS19158 A9 UsEEU

8ANARSI9158 P95 Yy

EEGRG R RERET] n3.9¥

NuAERS19158 NIAANT

EELRG R AERER] AI.QENIUN

NEANERS19158 B9 ARIUE

UAERTIAE AT NANS

Q8ANARS19158 73,3578

o

’]EﬁT’HWiT{I"ﬁEﬁ A3 YNEY

MeATaRsIR15d AT

EANANSID1TE AN

UATENIIA1E AT.OUNT

uAERs 19158 A3 Avdnes

eDg &g ¢Tg g g elg eTg elp eg eDe eDg elp eI eTe e eIg

UANARSIE AI.AUTY

18ANERT1ANTE A5 UNeins

fime12ad
wIdnR
Wimledu
AN
N

AAsUTuNl

wisdinwuln

E
LDEUFATDR

QUNAANTEY

URT

uwrInenaesBoalvl

wineauindu
wiminedemaluladnazasumndisuy’
uvminendumaluladnsyaoanndisuyi
winendumaluladnszveunasuy’
uvinendumaluladnsyaoundisuys
u AN duudld

I IduaaIUATUNS
UINENAEYUATIVE T
anntumaluladunuiu
winendemalulagumuns

-

wwinegdemaluladsvusnadyys

3

wineasmalladsrusAaaIuun

AnyUszRvgna uninendousans

neAwE Tl
493

s sa @ £
anndiToafna
WA
dunes

v
LMooy
qulEn
i
e
R4
Tsouduns
Uasnans
Qhﬂqﬂ
U287
wWage

=
Feaya

4y

Vi

udlassnl

HMTINeNGULIAIT
unnedendedl
WIIMENEUNYRIAIERS
uTInendeinga

aTInendeyingn

uTInendeinga
wivenauwalulainsrasundiouy3
uwinendusmaluladnszaounasuys
wvminendumaluladnsyaoaunaisuyi

o

winedemaluladsvuanadny’
uminendumaluladnusmaiyyi
winenduwaluladuniuag
unTinenauwmalulagsvusradany
wrinendemaluladaun’
UAINUIAEULIADS

LA INGIALULIFIT

UNINUIREULIADS

153



ENERGYA e
THAILAND B

- a , g
milszguirmaieiotiendsmiinsnalneaion 13

31 wuna - 2 diquisu 2560 w Taausu Fduwad Fodlml

AANSINSE NI UAT
599ANENT19158 AT.90UAN
T9IMANTIN15E AT.0NTA

& a

s0Pnans275d As.aRAnd
594FNEN310158 734378
393ANANT19130 AT.000E
FOIMENTIN5E AT.00ENS
FBIPNENTINTIE AT.ENSU
394ENT19758 301500
599PNANT1A15E AT.AUR

509FNER519158 A5.d0ns

39IM1ENT19158 AT.NgYalrL

F99ERT10158 ATy
FOIANENTIATSE AT
FOIMEARTIA15E AN

-

QuANERs1158 m.ﬁgau

WeANARS19158 A9 UsEEU

8ANARSI9158 P95 Yy

EEGRG R RERET] n3.9¥

NuAERS19158 NIAANT

EELRG R AERER] AI.QENIUN

NEANERS19158 B9 ARIUE

UAERTIAE AT NANS

Q8ANARS19158 73,3578

o

’]EﬁT’HWiT{I"ﬁEﬁ A3 YNEY

MeATaRsIR15d AT

EANANSID1TE AN

UATENIIA1E AT.OUNT

uAERs 19158 A3 Avdnes

eDg &g ¢Tg g g elg eTg elp eg eDe eDg elp eI eTe e eIg

UANARSIE AI.AUTY

18ANERT1ANTE A5 UNeins

fime12ad
wIdnR
Wimledu
AN
N

AAsUTuNl

wisdinwuln

E
LDEUFATDR

QUNAANTEY

URT

uwrInenaesBoalvl

wineauindu
wiminedemaluladnazasumndisuy’
uvminendumaluladnsyaoanndisuyi
winendumaluladnszveunasuy’
uvinendumaluladnsyaoundisuys
u AN duudld

I IduaaIUATUNS
UINENAEYUATIVE T
anntumaluladunuiu
winendemalulagumuns

-

wwinegdemaluladsvusnadyys

3

wineasmalladsrusAaaIuun

AnyUszRvgna uninendousans

neAwE Tl
493

s sa @ £
anndiToafna
WA
dunes

v
LMooy
qulEn
i
e
R4
Tsouduns
Uasnans
Qhﬂqﬂ
U287
wWage

=
Feaya

4y

Vi

udlassnl

HMTINeNGULIAIT
unnedendedl
WIIMENEUNYRIAIERS
uTInendeinga

aTInendeyingn

uTInendeinga
wivenauwalulainsrasundiouy3
uwinendusmaluladnszaounasuys
wvminendumaluladnsyaoaunaisuyi

o

winedemaluladsvuanadny’
uminendumaluladnusmaiyyi
winenduwaluladuniuag
unTinenauwmalulagsvusradany
wrinendemaluladaun’
UAINUIAEULIADS

LA INGIALULIFIT

UNINUIREULIADS

154



- a o . 24
milszguirmaieiotiendsmiinsnalneaion 13

31 wuna - 2 diquisu 2560 w Taausu Fduwad Fodlml

AeANERs 19158 03RS

' ¢

eATans19158 A3.TAT00

']EJﬁ"\'ﬂW‘i'V{ITSE‘J‘ ﬂ‘i.ff{u‘ﬂi

uAans15t Aguum

']Elﬁ"\'ﬂlﬂ'i'ﬁl"l‘ii‘]' AIATAY

%8fnans19138 AS.Sumn

IEANERT15E AT Y1

%8FnansI11e A3.073d

uAERs 19158 A3 RTUNS

T8ATAR 19138 A5.ANAT

e ANERT19156 M9.5LUF

©UA1AR519138 AT.aUAYE

eANEnS19158 A9.5998

TeANans1INd AT.YEn

GeAnans1158 #9.ANTIUS

I0ans19198 A5.UEAY

IEAERTINSE A9.5IM

0ANARS1158 A5.ARG

IWANEANS10158 ATATIUNS

2eAAnS19158 alENs

remansInsd g

AEANERS 1158 FINg

¢ eIy 23Ty oFTe £X0e X eIk ey o3te o0y el Xy ee g eXg eXp eDe Xy oDy g Dy eIp oD

eATaRs19158 WU

e

9. UL5A
A%
A3 UG
0.infing
3N
RTINS
A3.257530
f3.59NTI0
f5.893n9

as.U%0y

W

Funsny
Samuahidng
Geawa

4
1sehvg

) -
FIATENTTNI

Bundioey
eAuaulnl
Teus
1WARTENY
welyng
5197159
mﬁamﬁ'mqa
winatad
BaUssys

UAIINUIROULIATS
UTINEIRUULTATT
UHTINEALULIATS
UATINEIAUULIATT
LUHTINEALULIATS
UINEIAEULTAIT
Wi deysna
UMTINETFEYTW
uinendausly
unTinenauuala
winendsusly
unTnenauually
uinendsusly
unTInenauuala
i inendously
UANEEETA N IUE

WA wAYEUN

ansUszansd uminenduaiuaiunsilsm

AAatnsuns
iy
tiasny
sHedan
ugnil
divzlsay
Yadlanna
lwened
anging
13A8
UGERtE
g ls
iifgyAal
23IONYNA

AINTEIUS

URTINEIAINMIATSATY
uwMenagven1iAlng
winendoualy
URNINEIALVINTEU
UAMINEIALVINH

w1 Inenduusiv-igeoalul
wnineduasanumsuns
UWINEIALSIVLIABA LU
wnInenauLla
uinendeusly
wAInenaulla
uinendsusly
unTinenasualy
inedsusly

unTinenasuala

155



ENERBY ik mﬂJ1z'qﬁmmsm?amawa"aﬂul.\ﬁqdizmﬂiwuﬂ%ﬁ 13
0 NETWORK @F <
THAILAND NE 31 wuna - 2 diquisu 2560 w Taausu Fduwad Fodlml
A3.0n51u NOUAN rINeae Ul
o v R
A5 TR a5aavod uvAnendeully
3.algAfiT AUNYL U TINESeulld
p.alsa Tadu uAnedeulld
f3.9M1n3al YULA1IS L Inede Ty
Dr.Rameshprabu Ramaraj uIneaeuslly
3. Using Tnzgaiu uinedeudld wnsa
a3 fiinad Tty uInendeTadn
CERLLIY JuaITIn NI uAsEITIA
73.031A3 nynas uminendumaluladnvumnadaiu
9] o £ Py a Y @ =
A3 TunAnG 52T i IneaeT AWy
AsAnTNaY 138 UINETFENELEN
A7.9N0A AMASANTY  UWINEFEULSADT
ERTEI| il UMTINNGUWSATS
= . o s T
P3.55201R wsfiyad winendemaluladgaun’

n3.algAud
Dr.Wanlop
ns.Ananval
CERYEHG
f15.005

Ag.2UuN

WITATYNY AnTIneIdusTImans quiiidn

Chutipong
d1aoe
Junsa
WALIA

undu

Dr.Juan Manuel José Dominguez

PIAINBNAYINYASAERS
URINBIALVINTEU
UATINIALVINH
URINEIRLVINEEU
winendumaluladsvusmaanuun

uwinendusmaluladnssounaisuy’

156



o NETWORK ®F

~THAILAND

31 WA — 2 Squieu 2560 o Teawau munss dadlwl

Fad

- !h mavszgAnnaesetiendnuinlsamdlnenisi 13

NSATIIUNVUVRIALRIRAUEIR ARd lngldn1sUszutanann
Detection of Birds on Solar Rooftop Using Image Processing
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"Swendmdseumauny vnivedualld 63 wj 8 Fuamemns swnedunsy Swidusbni 50290
“Ivendosimmn arivgiduuasiuy 103 auuteiens sua viah Sunauipsuasiuy uasum 48000
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2 ouuseenil drvaludles Swnadles Sminguasiveril 34000
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unAnga

MRUNE LN UULATNE U E N WA 2558-2579 nsynsaandsan (AEDP2015) Aiaidlunnsld
WeINARNY 20% lnediaaunmuazitmunenseanliiinnnasnuvaumd R ILEIR 7RG 31% wanana
28% wisenbowalguarndiuaiagisas 15% dwaliffusznoumslumagaanssiwasgsiafianueaulanu
Fundenuuasindfauufafiuumdenuazuuituiu Tnetagiudmanssanliisentdssmd 2,464.57 Mw
anmvane 6,000 MW unfistuiiuuniinuldlaeiily Sadulgmdmivmasedudefindiaadaumaen T
Wundadoannisinizvesun yaunfistuuueas tﬁmmw%’auauauﬁq:1Lﬁu“l.ﬂuuﬁuﬂql.tml.-uaa'u.ﬁaa1%a' an
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Abstract

Ministry of Energy (AEDP2015) Alternative Energy Development Plan 2015-2022 Targeted 20% for
renewable energy. The status targets for electricity from renewable energy were solar energy 31%, Biomass
energy 28%, Large hydropower and wind power 15%. As a result, entrepreneurs in industry and business are
interested in investing in both solar rooftop and mounted solar. Currently, the country has a total capacity of
2,464.57 MW, from the target of 6,000 MW . Pigeon bird was generally found. It was a problem for solar
panels installed on the roof. Bird shadow cover and droppings on the panel were heat build-up on the
surface of solar panels and reduce solar panel efficiency in electricity. This research proposes the detection
of birds on solar rooftop using image processing. Using image processing techniques for image overlays, find
out the differences to detect birds by usine hough ellipse. Then measure the distance of the object relative
to the solar frame mounted on the roof. The effect of the position is to control the device against possible
damage due to the bird. In 20 sets of tests to find 95 birds found that the system can accurately position
birds 100% and correctly classified detection of birds 76%
Keywords: Solar panel, Rooftop, Image procession, Detection, Hough ellipse
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Abstract

The public secter has a policy on renewable energy using for the public which makes the private sector is
interested in it so much. In 2017, there was the investment on solar energy for 2,692.26 MW (Department of
Alternative Energy Development and Efficiency, 2017) or 26 percent of the whole renewable energy. Generally, they
are 2 types of installation in the solar energy plant: on the ground and on the roof. Efficiency in electricity generating of
solar module depends on sunlight intensity directly goes straight to the solar module. That is, the more it gets sunlight
the mare It can generate electricity. However, an important problem effecting the power of electricity generating is
temperature of the solar module and shade. Leaves and birds on the solar module cause shade on it, making electricity
generating performance cannot be as expected. In the case of leaves and birds are on the solar module for a long time,
there it will have permanent heat ignition which destroys or damages the solar medule results in decreased efficiency in
electricity generating (S. Abhishek and J. Prashant, 2016). Solving the shade problem is in different metheds. To drive
away birds from the solar module can be done in many ways, depending on each area but bird dung and leaves must
be removed. This study presents clossification of birds from inorganism by using image processing with the ratio
between the difference and the average of pixels compared to the eriginal image. Since birds are organism so it can
move continually making change in the ratio of pixel more than 0.41. This is different from that of leaves which the ratio
less than 0.02. When foreign matters are found on the solar cell module and it can be detected birds or leaves then an
appropriate way to manage the foreign matters will be used.

Keyword: birds, leaves, sclar module, image processing, pixel

unsn

nasgiulounesdnsmsTindsmmaumdanaiintaenmaulvamulugaamnsamdsmmaumading
sn i inddumdanmaumailaisinaenmlinnuauladuiuiviueg b 2560 fnnsaamuiu
WANMUAIDTARET 2,692.26 Nedasl (NINTBHUINANIUNALNULALERINENAINY, 2560) 438 26% IINNAIT
oo failuadinfendugsiaAndendsemuaserfinduinaney delssiiandsmumsanfinginly wouuy
prmisiiAngs azmiel 2 uuu Aewuufedeuniduasuudadauumdon unnsesslaimasauaaning
winm 1 MW Fastiuiiszana 12 5 daduiuitumsfadaunsraduamifisduasiosmounuazuy fasamuning
vesiludAndeivint dedntgm tulsigguaszuueslisnunsamsnsouuasudilemetnaiud

Alsz@vanmnisaniiinvesusamaduasefiediuiuiuasdisussnmsefiadiennssmiualaonas
snuas S LRI Zinainanan T innui Tymddnildmasiaidnisnanini fe gomgluasus
uaznaaiTsuss TaessRnBamnsrinan e gaduasefindasanas 0.5% nne geumgRnasfifinie 1 °C
(K. Sopion et dl., 1996) WiwnarnnisuanMivasunslrerssialiinnisgandeiidantsnan s wdmdam.
uasafing

liAsasuasmauaauuuns unfinmzusunanansdudfnmands i useyaun faguuume famandne

fa F o . - PR . - y
taymaneniinfifisduadbulsinasmurseniing avdsmaidaaiuuuss viniinosudn i liduluans

687

169



B Gpouare

Txndnedufl 17-18 wqunnea 2561

“ ® nadarpdningg usrnsUsznaaiansasindfiafnussdusfuasinnmi
~

o guiilszmmnmARdmes Tsausdduneg Buelul

Whsnsfirnaniaells amd 5 () AanmitnguunfsuinisBuomeuwmarsduasenfing vinbiAaiigms
sousfussindnanliitn nwil 5 @) Winmyaunususs Sanntulivdayavesmnegunmaiunamming T
Fumavhanuszanaezilugnafingadeuiidendn Hotspot Manmdl 5 () @aiugaieuuuuniashusaduuun
uwazviaeTasssdaunaliidemne vinliszAngnmnisnaniiessszuuanas (S. Abhishek and J. Prashont, 2016)
donauflifmiifedasinnisuwdeuunsteivindi uenainuszansnmnianan i ianasersfingifimguee
Toilinanzgasouiiaznaeiunisznshiinte s dsuunaaiiiyim dedanearaneesansdeunni

dasq Fafinnsidivasuns Winnos@ameimmindauueniuunsesedguasunli

it 5 () AANITVBURNITRAUAIDAIndaaInguunfisnu (BIRD BARRIER AMERICA, INC., no date) (1) §@
NRTUUNIRI TR A LRI AR AR ARLLMEeA (Clean solar solution (AUS), 2016) uaz (A) NWENEATTH

SauqnnqAfilyaunLmMuA (Clean solar solution (AUS), 2016)

'vmnﬁ'na’ﬁqmﬁwﬁuﬁﬁ?ﬁwiﬁudwﬂmmmﬁqﬁvaJuﬁ'uwmﬂmmeumww:wﬁﬁﬁ'Lﬁmﬁ’uTiaTwﬁqwﬁww
usvenfing Aaiunmateemaieilifntymiiminanamn fAdoiaueunanitunsuitigruntihusaznad
Feazfinaufiiiomibisdendiu mnwiafinenuning a: 80w BeanainussfioedBnissiney Suiuusias
Audidiuanans wnlivhdnlavdatidestaun mnduyaundelulidaivdbitian aslisunsatisRuatuiy
mslaRTBARTH axfiavihnismBuniedeanvinii dedamnnfuazneunisasT#isnisdsunsdionn uinnein
arwazasiiasilazezaaresmainanaazatafiuandneiy Sutusnmiunsanmuanden s tuggsowideny
wahaswazeian 1-2 dewn dantuggruszeznaumainrraazeaesinduiissniiuesnandissing
Auazaasliunedau nadnsunsiifasnyaunietulifteduiumgnacitbisguseuvinanuazanslasung
ilassnndsiiintiudunisiinuny 100% srdwaideseunsuazasIINSHARTIN

nmeinueddeluein m'mLﬁamﬂﬁtﬁmﬁuuwwumiummﬁwﬁmnﬂrumL\nﬂqﬂﬁ'wiﬂvfuﬂ'

Mohammad Reza Maghami et al. (2016). sin1anunnmsgaydsindsnisnantniniissannaosanysnun
wieRAuaTing Tunnavaaeszidnenisrasasanuaniduansanuaniiiaendudmnudntissiunay
anUsnifinsandudmausnn dsmsslusnniasiuduiiomie unsddudntiosasdemasonaudn ey
Wiusaiiliineesazuusiiag Sunsdmestussuundntminasiminfiusuuasiumssasun Begtuanasundli ui
mndumnusiussyinBiussiiliitiesssuuandiasnng SunsfneiTussuundn i limunsausuusiuees

" - as s, ¥
szuuliegtuaniosundld a¥rsanaudemelifuszuuuazaaUszangnmnisndalnin tuamddedeinisiinn

688

170



B Gpouare

Txndnedufl 17-18 wqunnea 2561

“ ® nadarpdningg usrnsUsznaaiansasindfiafnussdusfuasinnmi
~

o guiilszmmnmARdmes Tsausdduneg Buelul

micro-inverter THiffuusiaz string vasmsRindouns uitBnmafiidsisnafigouacdiost micro-inverter Smmausndeay
ﬂeauaqm:nuuﬁm‘fv{v’hﬁmm BrvialssavanmeediBnsisasiiebiduiae

N. G. Dhere et al. (2015). ¥imsAnumanazvuanniinmussadussnfindhuannozadefinnuntstim
a1 12 B wudn idIesszuurar awdssmiuasenindazanaaiilafunisiommavetiounsdam Wit
Hannmenadsduiesnilumunagy uatiusseing o uniunsdaiatuisseningindides Wl
wantulifisneuune nssiarradliuraraduasefinduuy thin fim suesbifiunewialnlan (bypass diodes) Tuusiaz
BAR Yiﬁ?ﬁtﬁﬂﬂ'}’mlﬁ.ﬂdﬁﬁmﬂﬁﬁ:ﬂ'] Lﬁ'aﬂﬁiymmﬁ«ﬁmﬁuuuum ﬂiymLqﬁﬁaﬁﬂwaﬁaﬂﬁiﬂmawmmﬁwﬁﬂwﬁq
s iradhunadementunnns uazdwmasedimansuaensy wikilfsdudueamu ssimundugaieu

UMk Fauanatunmdl 6 vintiRansgoyRendssmlngsaslszinn 45%

& . o cd o . < B o
it 6 (n) wnaraduAvefingiignietiiunsdantunaunansii uas (1) IrseuunumaTARuAIRfindyda thin film
(N. G. Dhere et al., 2015)

S . oS SN S

mAduibihaensdumnuniufifanlaenisuszinananmdngdinsiudfiniearesing weesn

: 4 R . y " ) g )

wniiudeii#andeiinsndaninedwdaieviniifanswdsuanBnafnes deiaanuuansnamnnndtulsi
" 5 4 . s ; &

AnswAsuaninaRneatissniflafeutunamiay Wisuifieusium 2 ssuieanugnissiunisnseam

Faquuanuasunussuazanmnsadnuendndundetull i lugnsmagsiiunsiuingiulfednammnzan

gunsaiuardsns / FEaniiun1sise
swATefifunasunnundainditintuas it dululivdoyaunseitnialazanananim

unsnnaaliundaesiitdndousunsaaionsds ua:tuliess adas 3 aunn Tiud sunnlng) suanans ey

sumn i 3 Tneliindas Sony Cyber—shot 41 HX200V AansaziBem 18.2-megapixel CMOS Exmor R sensor

3
Tunsifutinyann

LNBRIEK JE BN

P ) o = v
AN 7 Bl’lQH’NuﬂQ']ﬂ’rNlﬂﬁﬂu@idllﬂ:TUTNﬁﬂﬁdﬂ: 3 1um

689

171



§ (GaoUae

Txndnedufl 17-18 wqunnea 2561

0 uﬁ) nadarpdningg usrnsUsznaaiansasindfiafnussdusfuasinnmi
~

o guiilszmmnmARdmes Tsausdduneg Buelul

fupeunaiiuioyanmie fendesinenuniieyhererfamnsnduamenaessnnliimmun tuns
nonesandasinsanuniduszes 135 FuAnns g 45 Eufisns Aaunlitugiumsge 25 Wuimes sl 4
Wevinnsuidsumnaun Faslisraminsuazdaugerasyngunsaifvindsiunmgauan Walinmd Hiunmsge
e Wenaseunmluszuussinananmazinbinmilunaseiumseunaundiansads wiadenmuniiaz
wn Teunustasnavinnisyauuniiaz 10 a9 daust 0-360 aern iilpssanunifiudeidin sxfanisindewlm
yimnasineg slinmunbusiazsiifsnaunnsinsiusdatundain fanmil 5 hmilsinetwmasey uieya
G 37 drdiaya dantulivinisdsnmdnmiiuazdnumdstudasenntulifdamauninsssumaaragu
AnuszuunaTiuuuss Svihnsdfuisganmiiuasdesdduli Sman 4 ndavilinasng sanfsiham

foyaviomuadingnaruannmsuszinasaniienmneesRinisalusiaznm

il 8 szezvinauazmadesEssmniugunsaitunisifunmieya

IEAEBERNERIER IR IN.

it 9 daethenamiuundassluaansingg

wenaniliadeliinnmsAnumgAnssnasuniisneds Wadimuatasoafimsnzantunasfuninieya
Trgsuniddeunfisuiinsadeuln savderdulin Tﬁiﬂgﬂmnﬁﬁmm Asian animals Daily wa¥ PE Daily HD
wuhmnfisuiinisadenleds 1 asuAunil dahmafunindeyasnieaeiile uasinmieyadngszuy
UszrnananmndmauRnisaiteliRsuiieuiunanisnaaesiili

HAN153AY
annavaRBUsTULLszIaaNaniiasusnun (ReiiEAn) Mululi ReGiREan) HWundiasamilonsds 3
wa wnwsiazzaitisyanmtuniamessy 37 awdieya Tl 3 mna wisztuidayanmlunismasey 4 am

foya soaiedn 123 nmiiays nanaaseLINEILRnTATBTRgIIBtausAsaLARIR a1

690

172



lr?: J naUszgATInTg warnaUsznaauiansssiufafnussdunmfuamiun®

seminadiudl 17-18 wqunAm 2561
4 guilszgmTAREH TS Tusufdume ol

A19497 1 HANTIARBUSIUANERIAG AT

Auauiinis (Rnwa)

fratvnsay
AN Adipe ATUAN Anafy Aausing / Anale

unng) 209418.0 107764.0 101654.0 158591.0 0.64
WANAT 86985.0 55798.0 31187.0 71391.5 0.44
UMD 36143.0 21127.0 15016.0 28635.0 052
Tuliitnn) 305652.0 304008.0 8615 304830.0 0.01
Wliinana 63898.0 62605.0 650.3 63251.5 0.02
Tuldidn 41024.0 40206.0 402.0 40615.0 0.02

AnnnsAnundiayaiflaees Asian animals Daily iunmitayald 21 nmdeya Tuasn 20 3wl waziieya
Adlavaa PE Daily HD Wunmiayali 9 nmdeya Tuan 7 3Rt saiadn 30 nmdeya nanimAsaLmT L

ANBRIDINNTIINARIFIATIH 2

A5 199 2 HANTTVAADUAIWANANHAUNGSS

AMIBRNTA (ANTAR)

shathevamay . - P ] ]
Fnann Antiay dudAe AuRAe  dousne / Aaly
unea3 1 83904.0 55188.0 28716.0 69546.0 0.41
U 2 11823.0 1081.0 10742.0 6452.0 1.66

31MAN597 1 URE 2 KANITARBLUARIASINANERIBINN SR ElanaSe TuT wasunedeanidle
wuiminnduded#inesfldnsdonasminAndausnafuAnaisvassmnuiinaaninndn 041 dawBauieudiu
ATl dFAewudnfandnanaauienndt 002 Fefladruandnaiunnn Fsasnsatidrdasnsaudifiudovanany
wansassnisdaiiEaniuabingali

Fnaufniadsiiin FrunfiniandaHiigin
000
350000
a0 _ 300000 #———m -——=n
. z
H B 250000
- p— &
H g 200000
€ oo & 150000
£ m ._.,.-""»““"‘* € 100000
S0 - £ T
i " 50000
N 0
© 0m om m m m w wm w
1 2 3 ] 5
- N 2
. rmtnamemey (nd)
TS S R P—— Y —— Tl —e—Tuliinans —a— Tuliifin
(m (1)

Wit 10 eI IILRAnERYBTRgFesng (n) RTEAR uar (2) AR

691

173



UATE

]

azwhatidl 17-18 woumnes 2561

0 u@ naUszgATInTg warnaUsznaauiansssiufafnussdunmfuamiun®
[ ,I

M quﬁﬂi:'qumm-mﬁﬁlémwiﬂ Tsaussddumaa Bt

annmit 6 Wunsmuansundinsaradeifinuas iEaAsufusmaasaivansmeaeulasuan v
s anfnaiiiuld uszun x dussadeadedidunm nmil 6 (n) unamisuafnaaiidinde un
dranafs 3 aunm Taemnuundnansitas 10 meem daust 0-360 a9en L‘%'uﬁumwﬁmdaﬂ 0 a9f uniumtiesadinnann
BN FINNISANAUATY 360 B droufinisaresdoyaesin & auduidseFuiaun fedadndung
wdeulndduleasn amd 6 (@) dunsmdnauinesdebiidisfaluli 3 sue Adnoufineafidtndiaes

o w a »
ﬂuu.mw:umimgﬂﬂu

Aansninan1sive

manageumd AT diiFiaua BiiEn Tnsnnawdsuifteutunmdeuniin smnnnamaaauun
FrRBITMIL 3 1A WATUNG399NARTe 2 AR wodi@aiEmiuiintandeuin Bidiesdunnaiedie-van nns
waguit v g monuaafnigs Bivihiibuasiasicsinnasniaedenin Sanitetsgjdiuauineaiasildidn
g Sunfawadnedidousinsdmfneaiasions wifsanndtulidaduduinn nmemameutuli
1 3 s wudrsninisainindAseiunnuddiasnrameduld TaeiladefvinBidnouinmasaanm
Aslitiaumnsreiudndadnmdiogadisruuszaaanmummidaundennsmudng o futioganiwiingg
watguuas silinansfudmanAngawnndnainamiswininies sdaindrfneafiudenllansns
Fnnmnansrasseid dasnsTuAeassnssauings mnadndiRsnnuansigaiisganmd
shidnuszinanmdugetayanwessdsiliin wnsndassdauistiasnnauioudugd wansdgaiayanini

vindinszinanadiugaiioyanmepsda liEae

AqUNANsITY

IMATEM IR SRRt malsrinanan ] srnsasuundediarudaintain s Taals
oA uAn s Tresaasdia AstiEinsciniamdouliiiisasdasswinidasinetudiaievasdm
AnrafiAnsntia 0.41 Tl doudabiaBialifnnsndeuinsitigndniidissnnidefioutuiiiia Aed
Aiatinendt 0.02 warssmaTIuLniRgdana s mIndueEniadanaiy 2 R liodauiuliFediomnem
wudenseuTulivumadumeiod fowinswBuesn mnasranuunRsunzussans §asaad lanse i
Aealafa Wi Anigmatnsilswimdamumefindindainisuaniiih

wananil Seansndseyndlindnnnatifuewimansdeesieuitansnsestusountseifise il
14 AIATITTUNIGN geBTE diinairdeulvonudanaianizassudasdndns Rauarsdygrnifieuwds

MFAmmadinsilafiundunanfitionua

1BNATENEY

nsuﬁmmwﬁwmwmuwuuﬂ:ﬂq%ﬂﬁwﬁqmu (WW.). 2560. ARUNTSHINAYIRIEalsEnATTe iHaunnsIAN -
wqﬁ%muu 2560 (Energy Situation January - November 2017). [ﬁ:UUﬂﬂuTﬂﬁ]. Lm’ﬁl‘dﬁu‘?
http:/fwww.dede.go.thlewt_news.php?nid=46734 (12 NNATANE 2561).

Asian animals Daily. 2017. Awesome Quick Bird Trap Using Net Bird Trap And Plastic Bottle - How Te Make
Net Bird Trap Work 100%. [szuvaaula). LLwdqﬁ'uq https:/fwww.youtube.com/watch ?v=ve73u—
LWbOc&t=228s (10 March 2018).

692

174



azwhatidl 17-18 woumnes 2561

0 1]@ ] maapdnng uaznaUsznamuiansauiufafnunssdumfuamun

M wﬁﬂizqummmﬁﬁnaumiﬂ Tsaussddumaa Bt

BIRD BARRIER AMERICA, INC. no date. Birds on or Under Solar Panels. [szuunaulai]. wAitaA
https://birdbarrier.com/birds-under-solar-panels (2 March 2018)

Clean solar solution (AUS). 2016. What Is The Effect Of Bird Droppings On Solar Panels?. [7:uu’aﬂﬁfﬂﬂ].
LLm?ﬂ'qﬁm http:f/icleansolar.solutions/effect-of -bird-droppings-on-solar-panels (2 March 2018)

K. Sopian, KS. Yigit, HT. Liu, S. Kakac and TN. Veziroglu. 1996. Performance Analysis of Photovoltaic Thermal Air
Heaters.
1 Energy Convers. 37(11): 1657-1670.

M. Reza Maghami, H. Hizam, C. Gomes, M. Amran Radzi, M. Ismael Rezadad, and S. Hajighorbani. 2016. Power loss
due to solling on solar panel: A review. Renewable and Sustainable Energy Reviews. 59: 1307-1316.

N. G. Dhere, E. Schreller, and A. Kaul. 2015. Effect of Shading on CIGS Thin Film Photovoltaic Modules. Pp. 1-3. in IEEE
42nd Photovoltaic Specialist Conf. (PVSC). December 2015. New Orleans, LA, USA.

PE Daily HD. 2017. Awesome Quick Bird Trap Using Box Paper - How To Make Bird Trap Using Cardboard
(Works 100%). [‘::uuaﬂu‘fﬂﬂ]. I.L‘Wﬂ'dﬁlu’l https:/www.youtube.com/watch?v=7SBFKanLiCO&t=1s (10 March
2018).

S. Abhishek and J. Prashant. 2016. Case Study of Soiling of Photovoltaic Panels on Roof Top Structures.

International Journal of Industrial Electronics and Electrical Engineering. 4(10): 81-83.

693

175



176

3. LHELWIHAIIUNIIIYINIT L5099 “Bird location detection in an enclosed
environment of PV power plant” in Electrical Engineering/Electronics, Computer,

Telecommunications and Information Technology (ECTI-CON 2018). Chiang Rai,

Thailand.

QIEEE [ECT] &5 5o BT Sexos W @

THAILAND SECTION




Gy

== Association

Organizing Committee

Honorary Chairs
Monai Krairiksh, KMITL
Prabhas Chongsatitwattana, CU

International Advisory Committee
Prayoot Akkaraekthalin, KMUTNB
Somsak Choomchuay, KMITL
Yasumasa Fujisaki, SICE, Japan
Chul Joo Hwnag, ICROS, Korea
Yoshihiro Matsui, TNCT, Japan
David Banjerdpongchai, CU
Pornchai Supnithi, KMITL
Thongchai Yooyativong, MFU

General Chair

Kosin Chamnongthai, KMUTT
Sinchai Kamolphiwong, PSU
Teeravisit Laohapensaeng, MFU
Nitipong Somchaiwong, RMUTL

Technical Program Chairs

Eryk Dutkiewicz, UTS, AU
Roungsan Chaisricharoen, MFU
Norasage Pattanadech, KMITL
Pipat Prommee, KMITL

Ekkarat Boonchieng, CMU
Chaiporn Jaikaco, KU

Benjamas Panomruttanarug, KMUTT
Suramate Chalermwisutkul, TGGS
Pornchai Phukpattaranont, PSU
Chanon Warisarn, KMITL

Wiwat Tippachon, RMUTL
Yuttana Kumsuwan, CMU

Special Session Chairs
Sathaporn Promwong, KMITL
Tomoaki Sato, Hirosaki U, Japan
Nopporn Patcharaprakiti, RMUTL
Rawid Banchuin, SU

v ECTI-CON 2018

Tutorial Chair
Keattisak Sripimanwat

Publication Chairs

Narong Mettripun, RMUTL
Wichet Thipprasert, RMUTL
Wirot Ponglangka, RMUTL
Apirath Limmanee, BUU

Publicity Chair

Soohee Han, POSTECH, Korea
Kou Yamada, Gunma U., Japan
Punnarumol Temdee, MFU

Registration Chair
Panuwat Janpugdee, CU
Pakorn Sereepulwong, RMUTL

Finance Chairs

Kanjana Pattanaworapan, BU
Pairin Kaewkuay, ECTI
Nattapol Aunsri, MFU

Local Arrangement Chairs
Preecha Ponchai, RMUTL
Sithichai Jeenawong, RMUTL

Information System Chair
Chayapol Kamyod, MFU

Secretariat
Nurak Chaisri, RMUTL

177



2018 15th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications and Information Technology

Bird location detection in an enclosed environment
of PV power plant

Kunyanat Thongtep
School of Renewable Energy
Maejo University
Chiang Mai, Thailand
kunyanat.kn@gmail.com

Werapon Chiracharit
Faculty of Engineering
King Mongkut’s University of
Technology Thonburi
Bangkok, Thailand
werapon.chi@kmutt.ac.th

Abstract—The installation of PV power plants (Photovoltaic)
can be classified into 2 forums: 1) PV power plant on the ground
(solar farm) and PV power. plant on rooftop (solar rooftop).
According to a report of Thailand Solar PV Policy Update
01/2017, PV power plants sending electricity to the commercial
system (COD; Commercial Operation data) with a total of 2,761
MW (Solar farm 2,631 MW and Solar rooftop 130 MW) [1]. One
problem encountered is shadow of birds, bind feces, leaves, and
other objects on the solar panel. If it is not cleaned or eliminated
the shade area will have an effect on accumulated heat on the
solar panel which may results in damages and an accident and it
also reduce the efficiency in electricity generating [2]. In fact, it
needs a big area to install a big PV power plant for the accuracy
of location finding of foreign objects on the solar panel by using
Triangle theory method. The solar panels are square in shape
with the same size and it is lined up in square shape. The distance
between each solar panel is in accordance with engineering
design. 40 samples are tested for the reliability of object finding
and the object locations accuracy is 1.04 em. from the middle
point of the object found.

Keywords— Solar PV, image processing, positi ion,
triangle theory, bird

1. INTRODUCTION

Presently, leaders of each country throughout the world are
interested in the problem about energy and the reduction of gas
releasing. However, there is seeking for energy which can
replace fossil fuel and natural gas such as wind energy solar
energy, and biomass energy. Appropriateness of the selection
of renewable energy depends on environmental condition and
energy potential of each country for solar, installed capacity
globally has seen immense growth, reaching approximately 227
GW. by the end of 2015, equivalent to producing 1% of the
clectricity used globally [3].

Naturally, electricity generating power and efficiency of the
solar panel will decrease every year due to nature of the solar
panel. Besides, there are other factors effecting decreased
efficiency in electricity generating particularly shadow on
the
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solar panel. However, this problem can be prevented or solved
when it is detected. Damages caused by shadows of cloud, bird,
bird feces, laves, other objects on the solar panel and
accumulated dust are a serious problem. In the case of solar
rooftop, distance between cach solar panel and the roof is
suitable for bird nest building. Bird feces on the solar panel
must be cleaned to eliminate because it has uric acid [4]. If it is
accumulated for a long time it will be the hot spot and damages
the solar panel (Figure 1) [2].

Fig. 1. Solar rooftop burning in California [5]

It needs an area covering around 12 rai to build a | MW PV
Solar plant. Big size of the installation area makes the system
care-taker cannot find or detect location of the shade, because
each solar panel has the same size and shape. According to the
past research, finding location of an object on the earth at
present can be done by using GPS system (Global Position
System), radar system, infrared system, camera system, etc. To
find. accurate position of an object needs an appropriate
method although the object is on the ground, in the air or water.

Mohan Kumar et al. 2014 [6] studied AUV location
detection in an enclosed environment in the experiments
perform on underwater robot localization, this was not the case.
The sonar localization equipment use perform flawlessly in
open water as it was designed to do, but poorly in an indoor
pool. It is believed that the sonar had too much power causing
too many reflections in the enclosed space. The main difference
in these runs is that the bare sonar head would show a
maximum depth of about 5 m. compared to the actual depth of
6 m. while the foam and bubble wrapped sonar heads reported
the maximum depth as about 4 m. A difference in the reported
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position was expected as they are interfering with the travel
time of the sonar pulse.

J. Jose Gonzalez E. et al. 2017 [7] studied location detection
for navigation using IMUs with a map through coarse-grained
machine learning. In this paper, they show that IMUs are
sufficient by themselves if they augment them with known
structural or geographical information about the physical area
being explored by the user. By using the map of the region
being explored and the fact that humans typically walk in a
structured manner,

that by relying on gyroscope and accelerometer data alone,
they can correctly identify the path-segment where the user is
walking/running on a known map, as well as the position
within the path with an accuracy of 4.3 meters on the average
using 0.44 Joules. This is a factor of 27X cheaper in energy
lower than the “gold standard™ that one could consider based
on GPS support which, surprisingly, has an associated error of
8.7 meters on the average.

Kyoung Nam Ha, Kyung Chang Lee and Suk Lee. 2006 [8]
studied development of PIR sensor based indoor location
detection system for smart home, the research effort is focused
on two approaches: terminal-based and non-terminal-based
method. The terminal-based method employs a type of device
that should be arrived by the resident while the non-terminal-
based method requires no such device. This paper presents a
novel non-terminal-based approach using an array of
pyroelectric infrared sensors (PIR sensors) that can detect
residents. The feasibility of the system is evaluated
experimentally on a test bed. When the resident moves in a
straight line, as shown in Figure 2(a), the location error is
relatively large without using the compensation method, as
shown in Figure 2(b). However, after applying the
compensation method, we verified that the recognition results
for the areas in the small circles are enhanced by about 3000.

(a) The resident’s actual movement path (b) Before compensating for the
outer sensors and (c) After compensating for the outer sensors

Fig. 2. Experimental results based on compensating for the outer sensors'
center points

This paper presents the detection of foreign objects causing
shadow on the solar panel by using Exclusive OR, AND
method and the original Image. Triangle theory method is used
for detecting location on the solar panel in which the solar
panel frame which the foreign object is found is the reference
point. The solar panels are lined up in matrix and it has certain
width, length, and distance between solar panel. When foreign
objects have already been eliminated will an appropriate
method, the efficiency in electricity generating will increase
and people in the structure or the plant will be safe.
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II. RELATED THEORIES

A. Finding foreign matters happening on the prototype object
Model Exclusive OR, AND

Frame A Frame B Frame © FrameA  FrameC Frame D

‘
‘

o e
:

C=A® B D=AsC

Fig. 3. The difference between the pixels in frame of the two images

A new image is obtained as a result of the difference
between the pixels in the same location of the two images being
subtracted. Image subtraction is widely used for change
detection. For detecting the missing components in product
assembly by using equation X=A®B and Y=AeX

B. Finding object location on the square by using triangle

theory

Finding an object location on any rectangular can be done
by using a relationship between angles in the triangle and the
square. When we want to know an object location, draw a
straight line from the object to the angles of the square then
there is the occurrence of 4 triangles as shown in Figure 4.
Then, use the law of sine and cosine in the indication of the
object location.

a b ¢
sina  sinf  siny

[}

a® =b* +¢* = 2be cosle)  (2)

/
pas|

Fig. 4. Triangle in square [9]

bt =a’+c —2ac cos(f)  (3)

c?=a’+b* =2ab cos(y) (4

A B

Law of sine and cosine [9] indicates that the length of a
sin(a) which correspond with sin(a) is equivalent to the ratio of
the length of sin(b) which correspond with sin(f}) as show in the
equation 1

Law of cosine is the connection of a relationship between
one side of a triangle which its length is unknow to the rest
sides and oppossite corner. Suppose that we know the length of
a and b sides and the size of opposite cornery as well as the
length of ¢ side as shown in the equation 2-4

1. EXPERIMENTAL METHOD

A. Hardware and software structure

The experiment on pigeon position indication comprised 2
parts: hardware and software as show in Figure 5 and 6,
respectively.
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Fig. 5. Hardware structure of the system of bird position indication on solar
cell rooflop

The I e system cc of Sony Cyber-shot
HX200V of 18.2-megapixel CMOS Exmor R-sensor It
received and send the image to Lenovo ideapad 310 computer
with the central assessment unit (intel core i5). The software
system had a functional structure as shown in Figure 6. The
preprocessing image data were brought in from the camera and
compared weather there was abnormal thing on the solar cell
screen or not; if not the image from camera would be further
processed. However, if there was abnormal thing its image
would be made to be gray and black image for finding image
edge. After that, the obtained image was studied in terms of
physical appearance, pixel groups and compared with the
correctness criterion. A number of pixels which was counted in
the fixed interval was considered to be the bird. However, if a
number of pixels was the same as before, it was considered as

an object.
Preprocessing image

/ Image input
Compared with the
correctness of data

noml %@ Showing the location
normal inege

Fig. 6. Software structure of the bird location identifying system on the solar
cell rooftop

Prior to the position or location identifying, it must have
system comparison. The comparison was divided into two
forms: 1) Calibration of the camera — the distance between the
camera and the solar panel for finding the actual focus length
and 2) the ration of the pigeon size. The distance from the solar
panel to the camera was fixed to be constant. Before using it
every time in each area, it must have the calibration system as
the start value. This was because the distance between the
camera was the same as before.

B. PV power plant design and properties of the solar panel

One-system power plant design needs to have the
computation for finding an amount of the solar panels,
inverters, and electrical wires in d will an engineering
principle. The solar panel of the same kind needs to use the
same solar specification. This is because the solar panel of each
specification has different electrical internal structure which
will have a negative effect on electricity generating.

Figure 7(a) is a design form of the solar panels lining up on
the rooftop. It can be seen that it lines up in a square grid shape.
Figure 7(b) shows size of the solar panel and its components
are tempered glass, EVA, cells, EVA and back sheet which
overlays in the frame of 670 mm. in width, 1,476 mm. inlength,

., Telec

ions and Information Technology

and 35 mm. in thickness, Figure 7(c) show solar rooftop lining
up in accordance with the design determined by an engineer.

Regarding the examining of the correctness of the system in
this study, 6 solar panels of monocrystalline type of 140 W
(670 mm. in width, 1,476 mm. in length, and 33 mm. in width
are lined up of 3x2 matrix form. The rows from bottom to top
are named as A, B and C. and from left to right are 1 and 2.
This aims to be convenient in the indication of an object
whether it is located on which solar panel as shown in Figure 8.

Factory Rooftop

2B

Fig. 7. (a) Overall layout solar rooftop, (b) solar panel structure [10]
and (c) solar on rooftop

Fig. 8. The solar panel used for the experiment

IV. RESULTS OF THE EXPERIMENT

The images obtained from the camera are in data
preprocessing and then checked if there whether there is a bird
on the solar panel or not. According to figure 9. Frame A is the
original images frame B is the image having a bird and it is
compared with frame A to detect a foreign object. It is found
that there are 4 birds as determined in frame C.

Frame C

Frame A Frame B

Fig. 9. Find a bird by model exclusive OR

Figure 10 presents bird images which are detected and
placed it on the original images frame A and the bird image
occur on the solar panel in frame D.
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Frame C Frame D

Fig. 10. Find a bird by model exclusive AND

After obtaining data from frame D, the principle of triangle
theory is used to detect the bird location by comparing with the
solar panel frame as shown in Figure 11.

Fig. 11. Find a bird location by Triangle theory

The Triangle theory is used on cxamining the image
processing system for finding the bird location on the solar
panel. The solar panel frame which and object is found is used
as the reference point. The samples are examined for 40 times
to find the bird for 120 location. Results of the examining are
shown in Table 1.

Table 1 Results of the image processing experiment

No.  Location estimation  Location actual  Error em,
1 1A (12.30,15.84) 1A (11.35,16.26) 1.04
2 2A (31.98,15.23) 2A(31.47,15.29) 0.52
3 1B (22.14.54.21) 1B (21.41,54.32) 0.74
4 2B (96.35,15.29) 2B (97.17,15.84) 0.99

For the reliability of the system, it is found that the value
obtain from the image processing system has the error value for
not more than 1.04 cm. For location detection, locations depend
on near or far distance of the detection. If an object wanted to
the detected is far, the error value is high (Table 2)

Table 2 Comparison of location error

Location error
in meters

No. Location estimation method

Location detection for navigation using

1 IMUs with a map through coarse- 43
grained machine leaming
Development of PIR sensor based

2 indoor location detection system for 03
smart home

3 AUV location detection in an enclosed 0.1
environment .

4 Our method 0.0104

According to Table 2, For No.1, location estimation is done
by using IMUs with a map through coarse-grained machine
learning and the location error is found at 4.3 m. when
compared with the GPS. For No. 2, 3, and it is the detection of
an object location within the distance of 3 m. and it is a small
area. Meanwhile, No.2 Uses sensor installation for detecting
the location. Overlapping sensor operation is used to separate
the area for gaining more details and a location error is found at
30 cm. in the experimental area of 4%4 m. For No.3, sonar
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wave is used for detecting the object location in water and the
error value is only not more than 10 c¢cm. In this presented
article, the detection of an object location is done by measuring
the structure of an installed object to examine the solar panel of
670 mm. in width and 1,476 mm. in length and the error value
is not more than 1.04 cm.

V. CONCLUSIONS

The method of process image processing used for detecting
a foreign object on the solar panel in this article can be applied
to the detection of any object on the structure having a curtain
size and there is a reference point for mathematical principle
using. In other words, it aims to find the distance of an object
location from the reference point when the object location is
found. a robot or an equipment used for cleaning can approach
it correctly and accurately. This is because the object distance
and the reference distance is near each other rather than the
GPS system, radar system, infrared system, camera system, etc.
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