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ABSTRACT

Pupillary measurement is an examination to observe the dilation and
contraction of the pupil under different lishting conditions and to detect abnormalities
of the pupil. Abnormal pupils can be determined for various diseases, for example,
small pupils are a symptom of diseases such as intracranial tumors, blood clots in the
brain, and drowsiness. Consequently, the inspection of drowsiness can help reduce
road accidents caused by insufficient resting drivers. On the other hand, large pupils
are also a symptom of various diseases such as acute angle-closure glaucoma and
Meningitis, etc. This thesis presents an inspection of pupil size using image processing
and related methods for processing images from a conventional low-cost webcam by
using the PyCharm Community Edition 2020.2.3 program written in Python to make the
image processing system more efficient. In this study, there were 40 steps of
experiment. Both left and right pupils were measured by dividing the light intensity
into 4 levels: 100, 200, 300 and 400 lux, and repeating 5 cycles for every light intensity.
There were 3 participants in the experiment, aged 14, 28 and 34 years, respectively.
From experiment, it can be observed that the repeatability error obtained from the
procedure for measuring pupil size was 0.81 % in a 34-years-old participant, 0.69 % in
a 28-years-old participant, and 0.76 % in a 14-years-old participant. From experimental
analysis, the size of pupils was also observed to decrease by less than 1 mm with
increasing light intensity and smaller with increasing age. Therefore, this application can
be used for a variety of purposes, such as detecting abnormal pupil size for early
treatment or detecting drowsiness from contracting pupils to help prevent falling

asleep while driving.
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wazndnnamantinszgndldsmiusiansadmuedandunses nuuussuldeds

bANNT AN

2.2 vunRBEvLduNIuAugnaNsYassIunI [13]
INN1IANYIVO JAMES E. BIRREN, ROLAND C. CASPERSON, wag JACK BOTWINICK
leAnwvuiavesgtinum sgnuinvagvesihumasiivuinanaslunuyasety visluiiaing

aa 1 Y & [ dy
warlunile anusawuebmiuna

M157 2.1 wansAefevunvesginun luudagy ey

139818 UINAY yunRApgunily. | suiaedssinuanly
flains @adins) fiiln (@adung)
20-29 32 511 7.42
30-39 20 4.64 6.72
40-49 25 4.09 591
50-59 32 ' 1/ 5.89
60-69 42 3.48 4.78
70-79 36 352 5.10
80-89 34 3.42 a.87

2.3 hasdunsse [14]

$addums1a (Infrared : IR) wiossdmaniou 1Jurdunsimdnludiifianuenady
faust 0.76-1000 um Feeglutrsvesasiiasnuesliifuudannsniuifeauiouiiiniu
1o Tne$eddursisainuantfmanienmduifofuaduladinuesiiuldnnusznns wu
NSYN A3AENBY N1IYATU VisenNTdesiTUfiINaNe

o

S9ddunssnaunsanustsanueadulady 3 4ede
1. S9EBUNTUIAYAAUEY (Short-wavelength infrared: SWIR) dinaugAauUTENe
1.2-2 mm anansalinnuseuluyisgumail 4,000-2175 °F (2,204-1,190 °C) liausousie

wiheiunlags mnudeunnunzgrzarndiluiletanlddnuazsinga


https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99%E0%B9%81%E0%B8%A1%E0%B9%88%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B9%87%E0%B8%81%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2

2. $98BursnInTpduUIuNas (Mid-wavelength infrared : MWIR) flaanuenindu
Ussana 2-4 mm annsalianuieulugisgungil 2,175-857 °F (1,190-458 °C) Wiy
oustembhefuiilainiwuuranaudu

3, $98 5 unT1LIAY219AE We17 (Long-wavelength infrared : LWIR) SA711819m3Y
Uszanay 4-6 mm anansalvinuseuluyisgaumgil 875-400 °F (458-204 °C) Tinnusausie

& Ay ' 1 4 1 A
NULNUN AN NILUUT IR AUEULAE LUUTAAUUILNAT

4
2.4 aMnnsgana (Gray Scale)
¢ A A a ! < v A Aaa °
ANLNFYALNANRIDLILNBABYINNUIIN ATNIEAVULAUVIIILNT A ATWNUFVII-LN-AN Iﬂ%ﬁ\]%

fsgsumnuiuvasdnaua 0-255 (8 Bit) fanslugui 2.1

255

UM 2.1 Uansiieg1eszAuan

AN Gray scale ﬁ]zﬁmﬂ'ﬁ'izﬁumméauudm94?15?5@@gjswdwﬁﬁunLLaa?wTwasmﬁiaLﬁaq
Tnodi Arudazfinigagosnmazvanedsnnuidunasusagiuysvosi nigai oglugy
SEAUANI

A Gray scale 1Aina1nn1swlain nd (RGB) undunn Gray scale lngldgnsnig
AdinmansTaaunIsi (2.1)

P = 0.2992+0.587x+0.114c (2.1)

e P FRANTEAUELNY 4 IANNE NTIRDINTITNT
& A A v
z ADAIELAY 0 YA NABINITIN
A A a v
x  ARANELTET U 90 NIRBIN1IM

¢ ApAAUIRY Q90 NIFBINITIN
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lngdunaunisauimzmfiazinealuies 9 auasuyniiniea daanslugui 2.2

5UN 2.2 Uaneiae R uATIINE ¥13-11-A0 Y890 Gray scale

ABn1sudatnin RGB Wunn Gray scale lutdunauusnainazegluszuuu3giduuy

RGB AU ULAAZANG YDINMNALTUTEAIUAIVDILLATILEAIDS AI1UBY R AN999 G LazA1va9 B
szUvazyng Wasuldiduninsgaudvrnima wWevilvaiuisaiasizininlad1edu

= = 15 v ) v 1 = = 1
wszilauUasnmiduseaunIn Gray scale uaI3gy LAY IANINTDININILMF DL ESAN

2
= L I

AATNYRSE TR 0 Be 255 01 Gray scale AIBE1MILAIINNITNARBILANIGIFUN 2.3

200- 255 L=

0-10

S W W0-120

5UN 2.3 $7982900 Gray scale IINNTIAVUINVBIFUUA VBT

2.5 MsnsasdayanIn [15]
Wunszurunsihamwlueuainsesdygrunmdsildninkaansoonui §eavdl
AANBAZANIINAINENAY dansesfildazidudinsesdygyasunmunddeu (Gaussian

filter) lnufansasdeyqaazyiNIsandyQIMUTUNIULAZIIUAZLDEANTNEY

o

MNTosdyaasUNIU Gaussian filter IWuMmnsasdmsuandygInsuNIULazaUAIN

A

aa o

ANTRYBIgUNIN ANy TuNIuNA@euiiviakuy 1 16 (U 2 18
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FINTOIALYYIUTUNIU Gaussian huU 1 35 feanunis (2.2)

x2

1 X
G(x) = \/ﬁezaz (2.2)

WD x = ANFLUTIULAY X

o= AAIUDYIUY

FINTOIAEQIUTUNIU Gaussian kUU 2 HF Aeaunis (2.3)

_(x%+y?)

1
e 202 (2.3)

2ma2

G(x,y) =

W18 X = AIRLUTIULAU X
y = anuyslusnu y

o = AMaIUTyNUY

5UN 2.4 f398190 M Gaussian filter IINNTIAVUIAVBITUUAIVOINIY

2.6 m3vlvan (Threshold)
Threshold tduismsusnnmludefiaula (Object) sanvaniiunds (Background) fae

n1sagunuanURvaInInaINANEv 1IN (Gray scale) ldun1menas (Binary Image)

'
[ =

Taefuduinaiisauladugdunfdawindu 1 wazdruiduiiundadudsdaniigu 0

Y] ‘s' A A v a ‘:4' a ::1' | & P v
ARFUNTN 2.4 LW@V]Li'W]?NLL'EJﬂUiL'JmFLUﬂ']WV]LﬁqﬁUIQ@@ﬂf\nﬂ‘UiL'JmV]Lﬁ’]lﬂiauhl"i]uu LW@I‘V]

nsUszIaNan mELUsEAS AN T Wi Usendanalaiiindu danugneeaunndu an

ANuTugauvadlUswnUad Wusu
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1-if(x,y) >T

glxy) = {0 —if(x,y) <T 2.4)

A I v o | A
W8 g0xy) tUUYBYANTIN Q) AU Xy

T @9An Threshold

5UN 2.5 67881907 Threshold 3NMTIATUIAYRITIUANYDIITY

Y

Y 14
2.7 wWuAlase (Contours)

Contours fa tdulAsndadousaiuy munNdanTandduivianu In15nduen
Tasslunanesuuuy W idudnlasdagsaunuil miawizanavesiui vienduiui

Ya3Us Iy 9 LJudu laefi ng (Object) fidosnisAunIdatdudun waziunas

<

(Background) +Judan Faduilassiasidoyaniivselovdd msunsineigusiavisents

Y
[

AFIVVULUINUNIAN 9] UDINTIN

5U# 2.6 uanan13va1uvee Contours
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2.8 Awdeulun1sladauing (Bounding Box) [16]

naesdmdsudmiuladeuseuuiiinuiy o nieusnafignimun uLifesduiiteus

©

(%
= =

U 1 d’ tﬂl d’Q ¥ U a o lﬁl dl a ¥ U ¢ a o
U ﬂa’eNﬁL‘ViaEJ%WI‘U@@’EJ&J'JG]QQSU@ﬂ‘WﬂWU@QHN a4 HN‘U@QE‘U&LW&HM‘U@&@N’JMQ YINNAUIY

9

HrelunsAnalavatgegn 1y aaudnans U ANNEIILNL x kAU y IATARVBIVTLIN

wionglunmiiauls [Wusu

[

5UN 2.7 uanin13va1uves Bounding Box v8dginumgivy

2.9 NM133AUINTVBIFHIUAN

~ Thresholdi: 55

Area: 800

sUN 2.8 uansinegelun1sinvuinginunveside

91n3UN 2.8 2wLiudnu1un19N Bounding Box n33adundideunseuld a1niu
TUsUNINALTNIATUIATDITUIUAT UAIUAAIHARDNINTUTULUULAY X LagINY y 151873150
U5uru1ave9 Bounding Box tanuan Threshold tiiaidun1snsindauuinesgiiumii

gnaedle



uni 3

N159DNLUUIEUU azussulana

mssnfiunuideluiitenisiavunvesgitunluanmuasiiuandneiy livin
wasglasdrsdemuuni 2 Aldnanluudunldlunmeses lunsussanananinge
danasiulaviiniseanuuuszuunieUszyne b naaaiunay OKER 088 wazluswnsy
PyCharm Community Edition 2020.2.3 a18a1%1 Python mﬂﬂ?uﬁﬁmswmammimmi’m

VUIAVBIFHUIUA

A
3.1 Junaunisiaanaunsaluazlusinsy
A <
3.1.1 ASLEBNLIVLAY
naeaiuuAl OKER 088 Afiszuudunsnsaiatmsalalale uasdunsnisnvinli
aunsauendlnvesunIiusitumeenlaeg Tl vilinsadugiun i ldiguasd
Usgdnsamunnau awwanslugy 3.1 asdiuindilnssuudunsisnus awilindeaivuay

ldgninsadenmussgiunilndnau

n) laiddunsse Q) LBUNTUSA

JUN 3.1 uansnisiUSeuliigunsanegiuavesidenuulsiiidunsusaiuiidunsise
n) hifidunsnn

) ABUNT L5
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3.1.2 nsi@enlelusunsy PyCharm waz Python language

A1 Python v uniwnfifinnswaunszuu OpencV it 8314 un1591 image
processing L N1IATIVIVVBUAIN N1TRMTIATUE n1sulasdvesnin Lﬁaﬁﬂwizqﬂm’lﬂu
n3mTRTuLLUANg 9 Wy seuuandilun sruunsaduing seuuamadud Wudu Savis
faludszgndldiuiilonmiedeulm vionsnmaduiuuiFualmildse

1Usunsu PyCharm 10U IDE (Integrated Development Environment) g lunnsvin
Feunw Python WBulusunsuiildldie aunsaldauldvaeniviuenuion Python

I@8nene wu C#, Java uay C++ Uudu wazdalalildlans vilimunegdudsudunisiin

Weuluswnsy

3.2 YALA39INTUIAYRLIIIUM lUANWILETIUANA1eiY

LHUTE AN VUL ULV IN IR gunsailiuszaulun1Ingain

Wuseey 4 wumning

Laptop @5

NS IATIEN
Uszalana

P GIRGHT uasnLilaas
HASWETILS (viaeal 11 Yns)

naaaaluAl OKER 088

JUN 3.2 YrrUnsalngiainvuInvesgitum
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g‘dﬁ 3.3 [a3asinAnudunas (Digital Light Meter)

YoLAseinvAEuHIuAUdnasvesgimlugn kanwan Aty Asanslusui 3.2
Usznausienaotduuey OKER 088 lnenansiunausuilannnsalnidnssuuuasdunsse
16 wasBunssnvzyaeviliguiun keneenandiunt Wdneulumetiuaukiugly

« o v (% el' A o ! v aa I}
NsnAaed wnseeinauiukas Awanddusun 3.3 e mudunasiiinanon1svuin
AILAZNARIVDIH LN JUNSAIUSUAUMLITBINaDIULAN WiiaInidauas way Laptop

iialdlunsimaeiuszulanaua e toyanaaws e

, = : o e

3.3 Block diagram Guaemsm'smmmmgmumﬂuamwLmemnmanu
lun1shnuazisainnsindnuauzvesiamaass it nsuiuwsug i

svozuaylinuewmsuiiuindesivnen andudesiwlulinsenuiunismiauanuidunas

A o =~ £% 13 o [y a i 1Y 1

fmue WendeuiuwanyinsiunniSeusesazdetayaninlulszuranimeulusunsy

PyCharm uu laptop ka2uaneteyadun19ae LCD WloUsyuianalds 9@ uszuunazuans

HATNEYRITUIAYRITIUMBBNIN Aauanslugun 3.4
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SEUUINENINAILNADIIULAY

ANWIUENNBANYBIFUIUM (OKER 088)

Image processing

YUINVDIFHIUA . | | - Python (Programming Language)

- Pycharm (The Python IDE)

JU# 3.4 Block diagram o4iATRIInvLIAYRI U lUAN NRATUANAN 9T

LY a R
3.4 9aNINULLASNISUIUNIT

AszvIuNsitunsunisyinulasd alsunisvneund s iunagziin1sTunm
aamnntunazdsoyan nlulinszuiuns Image processing 415 UUATINADTUIUAIY
WiATemLgnseUAmALNdouTe LieVIN13IATEIAYeIFUIUT LHBNTEUIUNTT Image
processing ¥NN13n519aRUSEUSeeR 9z UgN Iz UIUNISUAAIHATNS Awansluguil 3.5 uay
wananadnsoenalulugelevewinie askandlusui 3.6 ludiuveanszuiunis Image
processing ABN1SLWBUAIAID AN TN Tun1suszuranan wlaeladlusunsy PyCharm
Community Edition 2020.2.3 Tasaissinauazisuilandaaiunaulaviinisduninialds
TYaNIAIUVDINTLUIUATT Image processing kil BNTEUIUNIT Image processing LATU
v a o ° &g A4 % . I a
Joyaninagisuvinsivuaunnaulasnie Eye detection lvilusunsuaulaudusnmsey q
A19m1 AN URUAININ RGB LJuAIN Gray scale A8 Grayscale Method #aunae¥i1n1s
WaenMAIe38 Gaussian blur Juneuseuinmazgnidsudunimunidiiienssuiunis
Binary Method iiavinsuensgnineduauazsitunieananiulidaiay a1nduiins
° & dw s o A o & dd o a ¢ v '
A UNmeflanduy Contours area Werfimuanunnaziluiiasisidayanin fesn

Y

32111305337 U3 WA lunme Y Blob detection method Ll @v1N13ANTRUA NG 8
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USINTBUTBITUIUA FONIYINITATLINNIVUIAYDITHUIUAINILAIINEIIATUVDINTOU
Awdsu 1@59uAIINTUANINA DB NUITILUTIBUUTINTIEN LazszuuastuiinAdnlud®

\WasuvesnsoudmdsNiivwnminiy Asnuiinuandugui 3.7

N
Start
J
( )
Camera
i J
4 '
Image processing
N W,
Result
End

5UN 3.5 LHUQNY0INTEUIUNNTATIAABUIAYLUIATDIFHUAT



Threshold1: 55

Area: 800

€an
[l
=D

3.6 NMIUARINAENTAINNITUTLUIAHATUIAVBIFUIUAVDIE IR

Start

Eye detection

Grayscale

Gaussian blur

Binary Method

Blob detection

Measure pupil size

J

Result

End

]
[y

5UN 3.7 ununiidaneifiuvesnsuszananann

Y
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3.5 Wandumng & vaslusunsy

Tunt1m19015¥M919v89lUIUATH PyCharm aga1unsawysn1svinanuuaz iendudu

Ve 4 diu fsgui 3.8 - 3.10 anudey

Threshold1: 55

Area: 800

B8 Parsicters - ]
n—Thres_ho‘ldh‘ss- 1 & 7 ' e UNSY 11
Area: 800 [}

UM 3.9 flanduuazn1sviernludiuy Threshold (1) uag Area (2)
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5UT 3.10 Aeiduuagmsviailudu uansa (3) wag wuiagiiue (4)

o a PN

ludauves Threshold (1) uay Area (2) fia uauilsndudmsudunadoyanisdeinis
Tunsinvuinvessaium aunsaesuneldnd
d2u Threshold (1) Aediuflisuansdisdinisnaassnesen Threshold lasiian Threshold
9gfl 0 - 255

¥

A7 Area (2) ARAIUNLSLAAIFIAIAISNAGDIVDY Area Lo Max area ADURULYAYDINUN

'
o

gegalun1siinIsnaaes Min area fAavauiunvesiuimanlunisininismaaes

9
g1 UAAIKA (3) ABEIUMILARIAINYEYININTNAADY
g wIngHIue (4) AREIUNSWARINAANS IUNTIATWIAEURUALE N1 UBIFUTLAT

1
S Y

MUSAIUNAADY

3

3.6

ex2

N v av v vy a o av aa v a v
‘VlL‘U']i'lll'lsﬂ81@5‘Uﬂ']i@ﬁ‘U']EJ'JG]Qﬂﬁga\'if’ﬁ,uqqu’)'ﬂﬁ N1 NMaBN LLﬁﬂ@ﬂMﬂﬁUUﬂ@ﬂ%

ey

53y nuiegaiieldlunuide lnefifsnuide 3 au
1. wwAyng 91g 34 Y
2. inAvde 8y 28 U

3. WAvge 07 14 U



uni 4

NANTIINAADY LaraAUIIuNanITNAaDY

luuniindnfmanisinvuiavesgiiumluanmuasiwanseiu AUszendldaundas
VIuuAn OKER 088 $aufiulusunsa PyCharm Community Edition 2020.2.3 laeilideulafe
=

ANTNVDILAT 100, 200, 300 uay 400 and %ﬂumsmaawzmﬁwmimamﬁmmsfm

3 Ay wazdtunaulun snaaeiavan 40 Yunau laeileny 14, 28 uay 34 U

1 a [ 1 a a
4.1 NMSUAMUIWALLAUUAUIYUAALUNS
{aanaArvuInvesgIuanvinlaluneussnazimiaduines 433833609
a ! @ a a o = v = .:4' ] !
Waguniailulladuny Inevinsinguannnsiunmvies 1 uim Ui 4.1 aeiiudn
A S v oya a P = a a o § val
mhefinaiinladen 330 Winka lnefusagy 1 UVINUYUINUIATZU 20 UARLUAT 9yl

ANYINAY 330 NNLwa 90 1 Daduns JANYINY 16.5 NNkwa 91NUUUASUAIYUIANLE

a Ao = Y 1 a a v P & o | A v 1 a
NNLYRNAUATEY 1 mvﬂmﬂwmwaammmgﬂw 4.2 mnuummwlﬂmLLanmaWﬂma

U nduntheladunsigui 4.3 uaygui 4.4

Y

JUN 4.1 uamavmheineaiinlaainviesy



JUN 4.2 wansnsideunibefineaiinldanwsegyilumheliaduns

x = 74.00Pixel
y = 74.00Pixel
ey .
. >

JUN 4.4 uansnsideunibefineaiinldangiiunvesfideilumheliaduns

23
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4.2 Nami‘wﬂammimfafaﬁ'ﬂ‘umm}mgaj'mm'ﬂuamwLLaﬂﬁﬁi'Nﬁ'u
4.2.1 MeaaeinvuInvesgiundrnluanImias 100, 200, 300 uag 400 and

WTeg A 5 A lngnaastey 34 U inave

M5 4.1 nMsneaesinvuavesginumt1anuanInias 100 and g 5 AT

lnenaassey 34 Y

FIUIUNTNARB (AT9) VUINVDIFUIUA (31.) AIARIALARBUIINAIILAILTE

Tunrsgraiy (%)

1 4.00 0.30
2 4.00 0.30
3 4.06 1.20
4 4,00 0.30
4 4.00 0.30
Ay 4.012 0.48%

4.2.1.1 Minaaesinvuinvedgiuamdiunluaninuas 100 §nd 2ugh 5 A3

Inerinaaedeny 34 U lunmsneassiaianslugui 4.5-4.9 mugd1sy

5UN 4.5 Meaesinvunavesgituninseniuaninuas 100 and luasad 1

VaINAatey 34 U



5UN 4.6 Miveaesinvuavesgiundisnluanimias 100 dnd luasan 2

vannaetey 34 Y

JUT 4.7 nsnaaeainvuiavesgitumdiawluaningas 100 dnd luassn 3

vadnaaetey 34 U

X =4.00mm

5UT 4.8 nsnaaesinvuavesgiumdsnluaninuas 100 dnd lupssil 4

YoINAaeta1Y 34 Y

25



JUT 4.9 nsnaaeinvuiavesgiumdswnluaninuas 100 dnd luassn 5

VoINARBIDNY 34 Y

M1599 4.2 Msnaaesinvunvesgitum19luannieas 200 ang g 5 AT

lpennasseny 34 U

26

T ) YUIAVBIFHIUAT (H31.) ANARIAAEDUIINAILALITE
Tunseauia (%)

1 3.82 1.59
2 3.82 1.59
3 3.76 0

q 3.70 1.59
5 3.70 1.59

wie - 3.76 1.272%

4.2.1.2 mimami’mmmﬁuaﬂgmumﬁwmﬂuaﬂTWLLm 200 a9 WL 5 A9

lnuRnnasey 34 U lunisnaaesiauanslugui 4.10-4.14 auddu

X =3.82mm
y =3.82mm

5UN 4.10 n1snaaesinvuinvesgiiumtsrluanInkeas 200 and Tuassi 1

VBINAataY 34 U



JUT 4.11 msveaesinvuinveasgium e nluaninias 200 and luasadn 2

YDIENARBID1E 34 T

JUT 4.12 Msnaaesinvuinvesgitumianluaninuead 200 and luasan 3

VOINARBI8Y 34 T

JUT 4.13 Msveaesinvuinvesgiumdsituanmias 200 §nd Tuasadn 4

VBINAaRtNY 34 U

27
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JUT 4.14 msveaesinvuinvesgiumdrsntuanmuas 200 §nd luasan 5

VoINARBIDNY 34 Y

AN519% 4.3 miwﬂaaﬁmmWuaagajfmmsﬁwmﬂuamwLLaq 300 ang UL 5 A5

lnernaaedaty 34 Y

FUIUNIINAADI (ASIN) YUIAVDIFAUIUAT (3031.) ANAANALAADUIINAIUANNITD

Tunrsgnawiy (%)

1 3,58 0.34

2 3,52 1.35

3 3,58 0.34

q 3,58 0.34

8 3,58 0.34
Ay 3.568 0.542%

4.2.1.3 mneaasinvuinvegitumdanluaninuas 300 §nd g 5 a3 lney

vaaesend 34 U lunisnaaesdnanslugun 4.15-4.19 muaay

JUT 4.15 msneaesinvuinvesgumdrarnluanmias 300 and luasadn 1

VDINARBIBY 34 T



JUT 4.16 Msneaesinvuinvesgium e nluanimias 300 and luasadn 2

YDIENARBID1E 34 T

JUT 4.17 Msnaaesinvuinvesgium e luaninuead 300 and luasan 3

VOINARBI8Y 34 T

U 4.18 Msveaesinvuinvessumdstuanmias 300 dnd luasan 4

VBINAaRtNY 34 U

29
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JUN 4.19 Msneaesinvuinvesgumdrsntuanmuas 300 dnd luasan 5

YDIENARBID1E 34 T

ANS599 4.4 miwﬂaaﬁmmmaagmum%’wamﬂuamwLLm 400 ang UL 5 A5

lnernaaedaty 34 Y

FUIUNIINAADI (ASIN) YUIAVDIFAUIUAT (3031.) ANAANALAADUIINAIUANNITD

Tunrsgnawiy (%)

1 3.27 0.37
2 3.27 0.37
3 3.27 0.37
4 3.27 0.37
5 3.21 1.47
Ay 3.258 0.59%

4.2.1.4 mneaasinvuInvesgitumdualuaninuas 400 §nd e 5 a3 lney

vaaeend 34 U lunisnaaesdnanslugun 4.20-4.24 muaay

JUT 4.20 Msneaesinvuinvasghumdrarnluanmuas 400 dnd luasadn 1

VDINARBIBY 34 T



JUT 4.21 nMsveaesinvuinvesgium e nluaninuas 400 and luasadn 2

VouNARedRIY 34 Y

JUN 4.22 Msnnaesinvuinvesgiiumdnaluaninie 400 6nd lupssi 3

VOINARBI8Y 34 T

JUT 4.23 nMsveaesinvuinvesgiumdsrtuanmias 400 and luasen 4

VBINAaRtNY 34 U

31
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JUT 4.24 msveaesinvuinvessiumdrntuanmuas 400 dnd luasan 5

YDIENARBID1E 34 T

4.2.2 mimam"'s’msummsumgzimm%wﬁwsﬂuamwuaq 100, 200, 300 wag 400 andg

WTeg1aE 5 A lneRnnastey 34 U imave

.:4' ) ' Yy YA Y g
»1919N 4.5 ﬂ'ﬁ‘ﬂﬂa'E]\?'JQGUU']WUENEN']UW']‘U'N“U']EJI‘Uﬁﬂ'WWLLﬁQ 100 an&% UL 5 A

lngnnassey 34 U

PUIUNTNNGDY (ASIN) GLJUWGISLJBQEQJIW‘UW] (3131.) ANAAIALAADUIINAIIUAILIT

TunnsgnawAy (%)

1 3.94 0.91
2 3.94 0.91
3 a 0.60
a 4 0.60
5 4 0.60

\aae 3.976 0.724%
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4.2.2.1 mineaetinvnvesgiumteigluanimuas 100 and ugn 5 A%

Inenaaedeny 34 U lummeassisiansluguin 4.25-4.29 audsy

UM 4.25 nMsveaesinvuinvasgihumdisdgluaninueas 100 and luassi 1

VDIENARDI01E 34 T

UM 4.26 msveassinvuinvessiumdngigluaninuas 100 dnd luassi 2

VINNARBIBY 34 T

UM 4.27 Msveaasinvuinvasgiumdsdgluanineas 100 and luassn 3

VDINARDIRY 34 U
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UM 4.28 Msveaesinvuinvesgiumdsdgluaninuas 100 dnd lupssi 4

YDIENARBID1E 34 T

UM 4.29 Msnaasinvuinvessiumddgluaninue 100 and luassn 5

VOINARBI8Y 34 T

M1599 4.6 MInaaesinvuavesgituntsggluaninuas 200 §nd 5 A

lnginnaeseny 34 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.88 031
2 3.88 0.31
3 3.88 031
a 3.88 0.31
5 3.82 1.24

\nae 3.868 0.496%




4.2.2.2 MineaerinvuInvesgitundeieluaninieas 200 and g 5 AT lags

naaeeny 34 U lunisnaaesdauanslugun 4.30-4.34 muaau

3U# 4.30 nsveaesinvunvasgiumdsdgluaninueas 200 and luassi 1

VDIENARDI01E 34 T

UM 4.31 msveaesinvuinvesssihumdnggluaninuas 200 dnd luassi 2

VINNARBIBY 34 T

‘=3..mm
y=

3UN 4.32 Msveaesinvuinvesgaiumdsdgluanines 200 and luassn 3

VDINARDIRY 34 U

35
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UM 4.33 nMsveaesinvuinvesgaiumdsdgluaninuas 200 dnd lupssi 4

YDIENARBID1E 34 T

UM 4.34 Mmsneaesinvuinvessimddigluaninue 200 and luassn 5

VOINARBI8Y 34 T

M159 4.7 MInaaesinvuavesgituntiegigluaninuas 300 §nd 2 5 A

lnginnaeseny 34 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.52 0.68
2 3.58 1.02
3 3.58 1.02
4 3.52 0.68
5 3.52 0.68

\aae 3504 0.816%
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4.2.2.3 MineaerinvuInvesgitunddeluaninieas 300 and g 5 AT lag

naaeseny 34 U lunisnaaesdananslugun 4.35-4.39 muaau

UM 4.35 nMsveaesinvuinvasgihumdisdgluaninueas 300 and luassi 1

VDIENARDI01E 34 T

U 4.36 Msvaaesinvuinvesgiumddrgluaninuas 300 dnd luassi 2

VDINARDIBY 34 U

3UN 4.37 Msveaasinvuinvesgaiumdsdgluanines 300 and luassn 3

VDINARDIRY 34 U



38

x=3.52mm |

UM 4.38 nMsneaesinvuinvesgiiumdsdgluaninuas 300 dnd lupssi 4

YDIENARBID1E 34 T

UM 4.39 Msnaaesinvuinvessiumdndigluaninue 300 and luassn 5

VOINARBI8Y 34 T

M157991 4.8 Msnaaeinvuavesgituntisgisluaninuas 400 §nd g 5 A

lnginnaeseny 34 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.39 0.71
2 3.27 2.85
3 3.39 0.71
a 3.39 0.71
5 3.39 0.71

\aae 3.366 1.138%
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4.2.2.3 mimmaaﬁmmmmgmumS?J"ms?’hsf[,uamwLLEN 400 a9 WL 5 A9

lnenaaedeny 34 U lummeassisiansluguin 4.40-4.44 anudeiy

UM 4.40 nMsveaesinvuinvasgihumdisdgluaninieas 400 and luassn 1

VDIENARDI01E 34 T

3UT 4.41 msveaesinvuinvesgumddrgluaninuas 400 dnd luassi 2

VDINARDIBY 34 U

UM 4.42 Msveaasinvuinvesgaiumdsdeluaninueas 400 and luassn 3

VDINARDIRY 34 U
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JUN 4.43 nmsneaesinvuinvesgiumddrgluaninuas 400 dnd luassi 4

YDIENARBID1E 34 T

JUN 4.44 msnaaesinvuinvesinumtdsluaninuas 400 dnd Tupssn 5

YDINNAFDIBY 34 T

4.2.3 N15nRaRIIRYUINYBITIILANTY I AN LAY 100, 200, 300 wag 400 dnd

uTegeae 5 A1 lnggnnaeteny 28 U e

a Y 1 ¥ v 6 ?:’ :.’/
$135191 4.9 ﬂ’]i‘]/l@]ﬁ@ﬂﬁ]@lsﬂuqWUEN'EQJ']UGHGU’N‘U’NIUZ’{QWWLLﬁ\‘I 100 an% U1 5 AT

lngrnaaedeny 28 Y

FUIUNTNAADI (ATIN) YUIAVBIFAUIUAT (331.) ANAAIALAADUIINAIUANITA

Tunnsgrady (%)

1 4.48 0.27
2 4.48 0.27
3 4.48 0.27
4 4.42 1.07
5 4.48 0.27

\nae 4.468 0.43%




41

4.2.3.1 ﬂ'151/1maaﬁmsuu']mmgmum%’wmﬂuamwLLEN 100 80 UL 5 AT

Inenaaedeny 28 U lummeassdsiansluguil 4.45-4.49 anudeiy

JUN 4.45 Msveaesinvuinvesgiumdstuanmias 100 §nd luasedn 1

VDIENARDID1E 28 T

5UT 4.46 msveaesinvuinvesgiumdauniuanimual 100 and luasai 2

YDINARDIBY 28 T

x=4.48mm

JUN 4.47 nMsveaesinvuinvesgium e ntuaninias 100 and luasadn 3

YDIENARDIDE 28 T
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JUN 4.48 Msveaesinvuinvesgiumdrantuanmuas 100 §nd luasan 4

YDIENARBIDIE 28 T

JUT 4.49 Mmsnaaesinvuinvessiumdaluanimuas 100 dnd lupsan 5

VDINARBI81Y 28 T

M157991 4.10 N1INAGBIINVUIAYBITHIUMTNVINUAN TS 200 G0 2T 5 AT

lnegnnasseny 28 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.82 0.31
2 3.82 0.31
3 3.88 1.25
a 3.82 0.31
5 3.82 0.31

\nae 3.832 0.498%
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4.2.3.2 MIeaprinvuInvesgitunduIluanInuas 200 §nd g 5 a3 lney

naaeeny 28 U lunisnaaesdauanslugun 4.50-4.54 muaau

x =3.82mm

JUN 4.50 nMsvnaesinvunvesgiumtsrluanmias 200 §nd Tuased 1

VDIENARDID1E 28 T

5UT1 4.51 msveaesinvuinvesgiumdavniuanimuas 200 and luasadn 2

YDINARDIBY 28 T

5UT 4.52 nMsneaesinvuinvesginumdsntuaninias 200 and luasadn 3

YoINARBIDTY 28 U
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JUN 4.53 maneaesinvuavesgitundiarniuaninuas 200 dnd luassi 4

YDIENARBIDIE 28 T

x=3.82mm

5UT 4.54 Msnaaesinvuinvessium i tuanimuas 200 dnd lupsan 5

VDINARBI81Y 28 T

M1599 4.11 N1INARBIINYUIATBITHIUMTNYITUAATWIES 300 G0 2T 5 AT

lnegnnasseny 28 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.52 1.01
2 3.52 1.01
3 3.58 0.67
a 3.52 1.01
5 3.64 2.36

\nae 3,556 1.212%
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4.2.33 ﬂ'131/1maaﬁ@summaagmumsﬁ’wmﬂuamwLLaa 300 a9 WL 5 A9 IGI‘EJE:\IJ

naaeseny 28 U lunisnaaesdnanslugun 4.55-4.59 muaau

JUN 4.55 nMsveaesinvuinvesgiumdstuanmias 300 §nd luasedn 1

VDIENARDID1E 28 T

5UT1 4.56 msnaaesinvuinvesgiumavnluanimual 300 and luasadn 2

YDINARDIBY 28 T

5UN 4.57 nMsveaaesinvuinvesginumdetuaninias 300 and luasadn 3

YoINARBIDTY 28 U



46

JUN 4.58 mineaeasinvuavesgiiundiarniuaninuas 300 dnd luassi 4

YDIENARBIDIE 28 T

JUT 4.59 Msnaaesinvuinvessium i tuanimuas 300 dnd lupsan 5

VDINARBI81Y 28 T

M1599 4.12 N1INARBIINVUIATBITHIUMTNYITNUAN TS 400 Gnd Ut 5 AT

lngnaaatey 28 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.15 0.38
2 3.09 1.53
3 3.15 0.38
a 3.15 0.38
5 3.15 0.38

\aae 3.138 0.61%
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4.2.3.4 Maaesinvuavesgiumdsuluaninuas 400 dnd Jug1 5 A

Inenaaedeny 28 U lummeassdsiansluguil 4.60-4.64 audsiy

-.g; 3.15mm

’y =3.15mm

JUN 4.60 mineaesirvuavesgiumtsrluan nuas 400 dnd luassi 1

VoINARBI8TY 28 U

5UN 4.61 nsveaesinvuinvesginum i luaninies 400 and lupssi 2

YDINARDIBY 28 T

5UN 4.62 nMsvaaesinvuinvesginum s ntuaninias 400 and luasadn 3

YoINARBIDTY 28 U
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5UN 4.63 n1svaaesinvuinvesgiiumtarluanineas 400 and Tuassit 4

VIR 28 U

UM 4.64 MinaaesinvuInvassiuntsluanmias 400 dnd lupsen 5

VDINNAFDI8Y 28 T

4.2.4 mineaeinvuinvesgiuaddglugninies 100, 200, 300 uag 400 dnd

WTeg 9y 5 A3 lngnnaesey 28 U inands

M1599 4.13 nMsneaeeinvuinvesgitumtadieluaninuas 100 dnd Jugh 5 A3

lngrnaaeieny 28 U

IUIUNTNARBI (ATN) YUIAYDIFHIUAT (3.) AARNALARBUIINAIINAINNTA

TunnsgraAy (%)

1 4.3 0.56
2 4.36 0.83
3 4.3 0.56
4 4.3 0.56
5 4.36 0.83

\ade 4324 0.668%
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4.2.4.1 meaerinvuinvesgitunddgluaninieas 100 and g 5 AT

Inenaaedeny 28 U lummeassdsiansluguil 4.65-4.69 audsiy

3UN 4.65 Msvaaesinvuinvasgihmmddgluaninuas 100 and luasan 1

YDIENARDID1E 28 U

3UN 4.66 Msvaapyinvuinvessiihumddgluaninuas 100 dnd lupssi 2

VBINARDIBY 28 T

UM 4.67 Msvaaesinvuinvasgiumdsdgluanineas 100 and luassn 3

YDIENARDIDE 28 T
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UM 4.68 nMsvaaesinvuinvesgiumdsdgluaninuas 100 dnd lupssi 4

YDIENARBIDIE 28 T

UM 4.69 Msnaaasinvuinvessiumddgluaninue 100 and luassn 5

VDINARBI81Y 28 T

A15°991 4.14 n1IvAaesInvuInvasgitumtdgluan nas 200 dnd 1T 5 A

lnegnnasseny 28 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

) a 0.29
2 q 0.29
3 4.06 1.20
4 3.94 1.79
5 4.06 1.20

\nae 4.012 0.950%
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4.2.4.2 mMnaaeinruavesgiundieigluaninieas 200 and g 5 A%

lnenaaedeny 28 U lummeassdsiansluguil 4.70-4.74 anudeiy

UM 4.70 nMsveaesinvuinvasgihumdrsdglugninieas 200 and luassi 1

VoINARBI8TY 28 U

UM 4.71 nsveaesinvuinvesginumdndsluaninuag 200 and luasen 2

YDINARDIBY 28 T

xsmmm

A" IA %\ %

UM 4.72 msveaasinvuinvasgiumdsdgluanines 200 and luassn 3

YoINARBIDTY 28 U
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x =3.94mm

UM 4.73 msneaesinvuinvesgaiumdsdgluaninuas 200 dnd lupssi 4

YDIENARBIDIE 28 T

UM 4.74 Mmsneaesinvuinvessiumdndgluaninue 200 and luassn 5

VDINARBI81Y 28 T

M1599 4.15 n1InmaesInvuInvesgitumddgluan nuas 300 dnd 1uT 5 A

lnegnnasseny 28 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.70 0.32
2 3.76 1.29
3 3.70 0.32
a 3.70 0.32
5 3.70 0.32

\2ae 3712 0.514%
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4.2.4.5 nMnaaesinruavesgiundieigluaninieas 300 and g 5 A%

Inenaaedeny 28 U lummeaessdsiansluguil 4.75-4.79 audsiy

x =3.70mm
y =3.70mm

UM 4.75 nMsveaesinvuinvasgihumdisdgluaninueas 300 and luassn 1

VDIENARDID1E 28 T

5UT1 4.76 msveaesinvuinvesgiumddgluaninuas 300 dnd luassi 2

YDINARDIBY 28 T

UM 4.77 Msveaasinvuinvasgaiumdsdgluanines 300 and luassn 3

YoINARBIDTY 28 U
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UM 4.78 nMsveaesinvuinvesgaiumdsdgluaninuas 300 dnd lupssi 4

YDIENARBIDIE 28 T

UM 4.79 Mmsnaaesinvuinvessimdndgluaninue 300 and luassn 5

VDINARBI81Y 28 T

M15991 4.16 N1InAaesInvUIAvasgitum g gluan nuas 400 dnd 1uT 5 AT

lngnaaatey 28 U

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 3.58 0
2 3.58 0
3 3.64 1.68
q 3.52 1.68
5 3.58 0

\aae 358 0.67%
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4.2.4.6 MeaerinvuInvesgiunddgluaninieas 400 and g 5 AT

Inenaaedeny 28 U lummeaesdsiansluguil 4.80-4.84 audsiy

UM 4.80 nsvaaesinvuinvasgihumdsdgluaninieas 400 and luassn 1

VDIENARDID1E 28 T

U7 4.81 msveaesinvuinvesgiumddrgluaninuas 400 dnd luassi 2

YDINARDIBY 28 T

3U# 4.82 Msveaasinvuinvesgaiumdsdgluaninues 400 and luassn 3

YoINARBIDTY 28 U
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UM 4.83 nMsveaaesinvuinvesgiiumdsdrgluaninuas 400 dnd lupssi 4

YDIENARBIDIE 28 T

UM 4.84 Msveaasinvuinvasghunddgluanintas 400 and lupssn 5

YINNAFDIBY 28 T

4.2.5 MIeaeeInvUInYDdFUMIgIsr I luEnILES 100, 200, 300 kay 400 dnd

ugeg ey 5 A1 lnegnaneseny 14 U inang

ANSN9N 4.17 mimaaﬁmmﬂmaqgajﬂumﬁﬁﬁqmﬂuamwLLaa 100 804 U1 5 AT

lnenaassete 14 Y

FUIUNTNAADI (ATIN) YUIAVBIFAUIUAT (331.) ANAAIALAADUIINAIUANITA

TunsgnAway (%)

1 5.52 0.04
2 552 0.04
3 5.58 1.12
q 5.52 0.04
5 5.45 0.04

nd8 5518 0.256%
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4.25.1 mimmaaﬁmmmmgnjmmst’mmﬂuamwLLEN 100 80 UL 5 AT

lnenaaedeny 14 Y lummeassdsiansluguil 4.85-4.89 audsiy

JUN 4.85 nMsveaesinvuinvesgiumisrtuanimias 100 and luased 1

YouMAaDI0NY 14 Y

5UT 4.86 msvaaesinvuinvesgiumdavniuaninieas 100 and luasai 2

YINARDIeY 14 Y

5UT 4.87 nsvaaesinvuinvesgium e iuaninieas 100 and luasadn 3

YOUEMNARDIDNY 14 Y
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x =5.52mm
y=5.52mm

U 4.88 nsvaaesinvuinvesgium e nluanimias 100 and luasan 4

YouMARedDly 14 Y

x=8.45mm
y.=5.45mm

JUT 4.89 Msnaaesinvuinvessiumiaaluanimuead 100 and lupsan 5

VINARIeY 14 T

M157991 4.18 N1INARBIINVUIATBITHIUMTNVINUAATWIET 200 G0 2T 5 AT

lnegnnasseny 14 Y

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 4.97 1.19
2 5.09 1.19
3 5.03 0

a 5.09 1.19
5 4.97 1.19

Ay 5.03 0.952%
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4252 ﬂ1iwmaaﬁ@summmaagﬂmmﬁwmﬂuamwLLEN 200 809 UL 5 A9

lnenaaedeny 14 Y lummeassdsiansluguil 4.90-4.94 audsiy

JUT 4.90 nMsvaesinvuinvesgiumisrtuaninias 200 §nd Tuasadn 1

YouMAaDI0NY 14 Y

5UT 4.91 msveaesinvuinvesgiumdavniuaninieas 200 and luasain 2

YINARDIeY 14 Y

JUN 4.92 mineaesinvuavesgiundenluaninwgs 200 and lupssi 3

YouMNAReIDNy 14 Y
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JUN 4.93 maneaesinvuiavesgitundarnluaninuas 200 and luassi 4

YouMARedDly 14 Y

JUT 4.94 Msnaaesinvuinvesgiumiaaluanimuead 200 dnd lupsan 5

VINARIeY 14 T

M15991 4.19 N1INARBIINVUIATBITHIUMTNYITNUAATWIES 300 G0 1T 5 AT

lnegnnasseny 14 Y

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 4.85 3.32
2 4.67 0.51
3 4.67 0.51
4 4.73 0.77
5 4.55 3.07

Ay 4.694 1.636%
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4253 ﬂ'1i‘mmaaﬁ@summaagmum%’wmﬂuamwLLaa 300 a9 WL 5 A9

lnenaaedeny 14 Y lummeassdsiansluguil 4.95-4.99 audsiy

x=4.85mm v

JUN 4.95 Msneaesinvuinvesgiumisrtuaninias 300 §nd luasedn 1

YouMAaDI0NY 14 Y

5UT 4.96 msneaesinvuinvesgiumdarniuaninieas 300 and luasain 2

YINARDIeY 14 Y

JUN 4.97 mineaesinvunavesgimundenluaninugs 300 and lupssi 3

YouMNAReIDNy 14 Y
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JUN 4.98 mineaeasinvuiavesgiundarnluaninuas 300 and luassi 4

Younaaedely 14 Y

JUN 4.99 M3nAaeeinvuInvesgi e tuanInee 300 and Tuassi 5

VINARIeY 14 T

157991 4.20 N1INAGBIINVUIAYBITHIUMTNVINUAN WAL 400 SN 1T 5 AT

lnegnnasseny 14 Y

TUIUNMINARBY (ATT) VUINVDIFUIUA (L) AINRIALARBUIINAIILAINNTE

Tunnsgna Ay (%)

1 4.3 0.56
2 4.36 0.83
3 4.36 0.83
a4 4.24 1.94
5 4.36 0.83

Ay 4.012 0.998%
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4.2.5.4 Mnaaesinvuinvesgiumdsuluaninuas 400 §nd g1 5 A

lngnaaedeny 14 Y lummeassisiansluguil 4.100-4.104 m1xE1ay

JUN 4.100 Msnaaesinvuinvasgiumdutuaninias 400 §nd Tuaai 1

YOIAARIRTY 14 Y

3U# 4.101 n1svnaesindunnvesgiuatsuluaninuas 400 dnd luassi 2

YonAatey 14 Y

3U# 4.102 nsnaaesinruinvesgitumdisunluaninuas 400 dnd Tupssil 3

YoINAABIDNY 14 Y
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3U# 4.103 Msvaaesinvuinvasgiumdsuluanimieas 400 énd Tuasadn 4

YouNAReiDy 14 Y

5UM 4.104 N15NARDIIATNAYBITNIAITIUINTUAN LA 400 dnd Tuasan 5

VoINARRIY 14 T

4.2.6 Mmveaasinvuinvasgiundrdglugninues 100, 200, 300 kaz 400 dnd

uhagsar 5 As Tnedvncateny 14 T e

AN5199 4.21 mimmaaﬁﬂﬁumWuaqgahum%ﬁa%wiuamwLLm 100 a0 1L 5 AT

lnenaastene 14 Y

IUIUNTNARBI (ATN) YUIAVBIFAUIUAT (331.) AIAAALATOUIINAIILAINNTD

Tunnsgrady (%)

1 5.39 2.04
2 5.21 1.36
3 5.27 0.23
a 5.27 0.23
5 5.27 0.23

Ay 5.282 0.818%




4.2.6.1 ﬂ1imaaﬁmmmaagmumﬂﬁw%ﬁEf[,uamWLLm 100 80 UL 5 AT

lngnaaedeny 14 Y lummeassdsuansluguil 4.105-4.109 m1ua1ay

x=5.39mm

U 4.105 mineaetinvinvasgaiumdiedeluaninieas 100 and luassi 1

YOIAARIRTY 14 Y

U 4.106 nsvnaevintuinvesgiuadtgluaninueas 100 and luasan 2

YonAatey 14 Y

x =5.27mm

U 4.107 mneaesinvunavesgiundieieluaninuas 100 and luasan 3

YoINAABIDNY 14 Y

65
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x=5.27mm

UM 4.108 Mmneaeinvuinvesgitundideluaninieas 100 and luassi 4

YouNAReiDy 14 Y

JUT 4.109 Mvnaesinvuinvesgitumdndeluaninieas 100 and luassi 5

VoInnatey 14 U

A15991 4.22 n1InAaesInvUInvasgitumtdgluan nas 200 dnd 1uT 5 A

lnegnnasseny 14 Y

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 5.03 0
2 4.97 1.19
3 5.03 0
il 5.03 0
5 5.09 1.19

Ay 5.03 0.476%
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4.2.6.2 ﬂ'151/1@aaai’mmmmgmum%’wﬁ'}efi,uamwLLaa 200 809 UL 5 A9

lnenaaedeny 14 Y lummeassdsiansluguil 4.110-4.114 m1xaay

JUT 4.110 mneastinvinnvasgaiumdiedeluaninuies 200 and luassi 1

YOIAARIRTY 14 Y

JUT 4.111 msveaevinsuinvesgiuadidgluaninueas 200 and luasan 2

YonAatey 14 Y

x=5.03mm
y=5.03mm

JUN 4.112 mneaesinvunavesgiundiedgluaninias 200 and luasadn 3

YoINAABIDNY 14 Y
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x=5.03mm

JUT 4.113 mveaevinvuinvesgitundidegluaninieas 200 and luassi 4

YouNAReiDy 14 Y

JUT 4.114 mveaesinvuinvesgaitumdndeluaninieas 200 and luassi 5

VoInnatey 14 U

M15°991 4.23 n1InAaesInvUIAvasgitumtdgluan nas 300 dnd 1T 5 A3

lnegnnasseny 14 Y

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 4.42 1.12
2 4.48 0.22
3 4.48 0.22
4 4.55 1.79
5 4.42 1.12

Ay 4.47 0.894%
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4.2.6.3 ﬂ'1i‘vmaaai’mmmmgmum%’wﬁ'}efi,uamwLLaa 300 a9 WL 5 A9

lngnaaedeny 14 Y lummeassdsiansluguil 4.115-4.119 mua1ay

JUT 4.115 mneaetinvinnvasgaiumdiedeluaninuies 300 and luassi 1

YOIAARIRTY 14 Y

UM 4.116 nsveaevinsuinvesgiuaddgluaninuas 300 and luasan 2

YonAatey 14 Y

JUN 4.117 mneaesinvuavesgiiundieigluaninuas 300 and luasan 3

YoINAABIDNY 14 Y
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x=4.55mm

JUT 4.118 mveaerinvuinvesgitundideluaninieas 300 and luassi 4

YouNAReiDy 14 Y

x=4.42mm
y=4.42mm

JUT 4.119 mveaesinvuinvesgaitumdndeluaninies 300 and luassi 5

VoInnatey 14 U

A15991 4.24 n1InAaesInvUIAvasTtumtggluan was 400 dnd U 5 A

lnegnnasseny 14 Y

WIUNINAGRY (ATT) VUINVBITHIUAY (UL, AIRAALATOUIINAINAINNTE

Tunnsgna Ay (%)

1 4.00 0.30
2 4.00 0.30
3 3.94 1.20
4 4.00 0.30
5 4.00 0.30

nay  3.988 0.48%
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4.2.6.4 Mnaaesinravesgiundeigluaninieas 400 and g 5 AT

lngnaaedeny 14 Y lummeassdsiansluguil 4.120-4.124 m1xaay

U 4.120 mineastinvinnvasgaiumdiedeluaninuies 400 and luassi 1

YOIAARIRTY 14 Y

UM 4.121 n5veaesinruavesgiuadiedisluaninwes 400 and luasei 2

YonAatey 14 Y
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2. Foyan 191 PYTHON Tun1sidgulusinsu PyCharm Community Edition 2020.2.3

import cv2

import numpy as np

img_counter = 0
font = cv2.FONT HERSHEY SIMPLEX
cap = cv2.VideoCapture(0)

eye cascade = cv2.CascadeClassifier('haarcascae eyexml)

def empty(a):

pass
cv2.namedWindow("Parameters")
cv2.resizeWindow("Parameters",640,200)
cv2.createTrackbar("Threshold1","Parameters",60,255,empty)
cv2.createTrackbar("Area","Parameters",460,5000,empty)

while(True):
ret, frame = cap.read()
gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
eyes = eye cascade.detectMultiScale(gray, 1.1, 7)

for (ex, ey, ew, eh) in eyes:
roi_gray = grayley:ey + eh, exex + ew]
roi_color = frameley:ey + eh, ex:ex + ew]
threshold1 = cv2.getTrackbarPos("Threshold1", "Parameters")
blur = cv2.GaussianBlur(roi_gray, (7, 7), 10)
retl, threshold = cv2.threshold(blur, threshold1, 255,
cv2.THRESH_BINARY INV)
contours, hierarchy = cv2.findContours(threshold, cv2.RETR TREE,
cv2.CHAIN_APPROX_SIMPLE)
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cv2.imshow('th',threshold)

try:
for cnt in contours:
area = cv2.contourArea(cnt)
areaMin = cv2.getTrackbarPos("Area", "Parameters")
if area > areaMin:
(x, ¥, w, h) = cv2.boundingRect(cnt)

cv2.rectangle(roi_color, (x, y), (x + w, y + h), (255, 0, 0), 2)

# Pixel to MM.
X = X

y=Y

X2 =X+ W

y2 =8 +gh

distance x = ((x = x2) ** 2 + (y - y) ** 2) ** 0.5
distance_y = ((x2 - x2) ** 2 + (y - y2) ** 2) ** 0.5

Pixel to MM = 16.5
result x = distance x/ Pixel to MM

result y = distance y / Pixel to MM

cv2.putText(frame, "x = {0:.2f}".format(result x) + 'mm”",
(10, 30), font, 0.65, (0, 0, 255), 2, cv2.LINE_AA)
cv2.putText(frame, "y = {0:.2f}".format(result_y) + "mm”,

(10, 60), font, 0.65, (0, 0, 255), 2, cv2.LINE_AA)

key = cv2.waitKey(30)



if result x == result y:
img_name =\
"opencv_frame_{}.png".format(img_counter)
cv2.imwrite(img_name, frame)
print("{} written!".format(img_counter))

img_counter += 1

elif key == ord('q):
cv2.destroyAllWindows()
except Exception as e:

pass

cv2.imshow('frame_bgr', frame)

if cv2.waitKey(1) & OxFF == ord('q):
break

cap.release()

cv2.destroyAllWindows()
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Abstract: This paper presents the image processing system for quality inspection of rice grains after sorting process
by using an ordinary webcam to ensure that rice grains should meet the quality standards and impurity such as grits, dirt
and stones should not be found [1]. Morcover, statistical information of rice grains from image processing could be
taken into analysis to cnhance the cfficiency of the sorting process. Image data analysis of rice grains can be divided
into 2 main arrangement conditions, non-overlapping and overlapping. In this study, the experiments to inspect rice
grains were applied for 24 samples and 18 experimental designs including the complete and incomplete structures, the
overlapping and non-overlapping arrangements, and the combination of rice grains from complete and incomplete
structures in equal and unequal ratios. From experiments, it was found that the inspection of rice grain quality by using
image processing technique and image data recorded by an ordinary webcam was reliable and efficient. The inspection
errors under non-overlapping arrangement condition of complete and incomplete structures of rice grains were not
observed. The inspection errors of rice grains combined from complete and incomplete structures in equal and unequal
ratios were about 0.8% and 1.11%, respectively. However, under overlapping arrangement condition, it was observed
that the inspection errors of image processing would be high by up to 53.82% on average.

Keywords: Image processing, Inspection, Rice grains, Surin jasmine rice, Webcam

1. INTRODUCTION approaches for developing the algorithm regarding to
the main objectives of this study would be OTSU
method, Grayscale method, Bounding Box method,
Blob Detection method and algebra principles. The
methodology of system design could be performed
suitably when applying these methods and principles

Inspection of rice grain structures is one of the
methods for determining the physical quality of rice
grains which can indicate the standardized rice grains
after sorting process. In this study, the standards applied
were referred to the standards of Thai rice according to

| 1 together.

agricultural standards from the National Bureau of

Agricu.ltural Commodity anq Food Stand.ards,'Miflistry 2.1 Grayscale and OTSU Method

of Agriculture and Cooperatives. The main objective of Grayscale is an image that is white, gray, and black
this study is to apply an ordinary webcam to examine with the color intensity ranging from 0 to 255 (8 Bit).
the rice grain quality and then further develop to an The contrast of grayscale image can range from black
appropriate algorithm. At present, there are many (the weakest intensity) to white (the strongest intensity).
proposed methods of image processing such as Finite Grayscale images can be generated by converting RGB
Impulse Response System (FIR), Identification and color to grayscale. From Eq. (1), P is the gray value at
Recognition of Object in Color Stereo Image using a the pixel, z is the red value at the point, x is the green
Hierachial SOM [2] which presented the background value at the point, and c is the blue value at the point for
subtraction method to take the depth and the edge data more convenience of analysis. It is because the color
after watershed processing and segment the interested intensity of each pixel in the image would be reduced
objects for background subtraction, Stereo Vision-based ranging from 0 to 255 when converting the image to
approaches for Pedestrian Detection [3], Grain quality grayscale [6]. OTSU is an image conversion method for
detection by using image processing for public [4], and assessing the variance between the groups where £ is the
Non-destructive Quality Analysis of Indian Basmati group number, starting from £ = 1 to k = 255 [7]. To

convert an image from grayscale to monochrome (black
and white) as shown in the Fig. 1, it can be calculated
by using Eq. (2).

Oryza Sativa SSP Indica (Rice) using Image Processing
[5]. From literature review, Geometric Matching
Method, Geometric Shape Features, and Python were

then properly adopted in programming and design of the P=0.299z+ 0.587x + 0.114¢ %))

algorithm developed. Also, Microsoft Visual C# 2017 3

was applied in digital image processing. o'; (k ) = max o'; (k) 2)
1<k<L

2. IMAGE PROCESSING METHODS

From review of image processing theories and
principles, it was found that the necessary and suitable

2 *
where 73 (k ) is the maximum group variance.

978-89-93215-19-9/20/$31.00 ®ICROS 1134
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Fig. 1 Sample of an image converting from grayscale to
monochrome obtained from rice grain inspection.

2.2 Bounding Box and Blob Detection Method
Bounding Box is a method to create a rectangular
boundary enclosing the image area or the defined areas
in order to estimate the center of area, the lengths of
major and minor axes, or the coordinates of image [8] as
shown in Fig. 2. For analysis of color pixel in grayscale
mode, Blob Detection method can be applied [9]. The
obtained data consist of the object dimension, width,
length, and the object coordinates, etc. The process of
Blob analysis process [10] is to find the blob, the
position of pixel group, by using Flood Fill method in
order to improve the missing image data as the images
from binary image processing could not be clearly
distinguished between the objects and the background.

Fig. 2 Image processed by Bounding Box.

1135

3. PROCESSING OPERATION

This study proposes the system design for inspecting
the quality of rice grains after sorting process based on
image processing methods. An ordinary webcam was
applied and the algorithm was developed using
Microsoft Visual C#. There were about 24 samples and
18 designs of experiments by using Surin jasmine rice
as a case study.

3.1 Inspection System

The testing process started by placing the sample of
rice grains on the rice plate. The plate color should be
opposite to the rice grain color such as using the black
plate for white rice grains. After webcam capturing
images, the image data were sent for processing via
Microsoft Visual C#. The system could display the
number of complete and incomplete structure grains on
the computer sereen after processing as shown in Fig. 3.
The inspection module designed for quality asscssing
and sorting rice grains consists of a webcam, a stand and
a rice grain plate (size 10 x 10 cm and thickness 1 cm)
as shown in Fig. 4. The webcam was mounted firmly at
a distance of 10 cm from the rice grain plate.

. WA Computer for analysis

Image processing
=y

!
lr—
.
)

Percentage of incomplete structure of rice grain.
==L 1 i =

|

[}

1
| |
| i
| |
i |
\ i

Fig. 3 Inspection module for quality assessing and
sorting rice grains.

Webcam

Acrylic plate
Rice grain

/

L

lm‘ / \‘“4 Cﬁ

Fig. 4 Webcam position and rice grain plate.
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3.2 Classification Algorithms

Initially, the webcam was used to capture images of a
sample of rice grains on the plate. The image data were
then delivered for matching or image processing to
check the similarity of rice grain images and the data
set, as demonstrated by the flowchart in Fig. 5, and the
image data were then converted to gray images by
Grayscale method. Objects in the image were detected
by Blob Detection method and then cach interested
object was enclosed by a rectangle to estimate the center
position, and the lengths of horizontal and vertical axes
as well as to calculate the object area by using Bounding
Box method. The results of image data analysis were
determined by color marking. A green rectangle was
marked around a complete structure grain while a red
rectangle was marked around an incomplete structure
grain. The images were then converted from grayscale
to monochrome by using the binary method to
distinguish between rice grains and the background.
Moreover, the number of rice grains categorized by
complete and incomplete structures was counted in
percentage by comparing to the total number of grains,
as illustrated by the flowchart in Fig. 6.

Matching

End

Fig. 5 Flowchart of rice grain inspection process.

?

Grayscale Bounding box
Binary Counting
Blob detection Result

. {
® Fnd

Fig. 6 Flowchart of image processing algorithm.

3.3 Function for Analysis System

Figure 7 presents the functions of program designed
and developed in this study. The program consists of A:
Function for selecting a webcam in case of more than
one webcam available, B: Function for starting to
capturc images, C: Function for sclecting display, D:
Function for general settings, E: Function for selecting
color of rice grains, F: Numerical display part, G:
Setting boundary, size, and color level of the sample
rice grains, and H: Result display part. The image on the
left is Grayscale (original image) and the image on the
right is the converted monochrome image (result
image).

Fig. 7 Program functions.

4. IMAGE PROCESSING FOR
INSPECTION OF RICE GRAINS

Inspection of the rice grain quality was referred to the
standard of Thai rice by divided the arrangement of rice
grains into 2  conditions, non-overlapping and
overlapping. Each inspection of grain arrangement
patterns was also divided into the inspection of the
complete structure grains, the inspection of the
incomplete structure grains, and the inspection of the
rice grains combined from complete and incomplete
structures in the equivalent ratio. The total number of
rice grains for each testing case was 50.

4.1 Image Processing of Non-overlapping
Arrangement of Complete Structure Rice Grains

About 50 rice grains with complete structure were
taken into image processing by testing 5 times in
different forms of non-overlapping arrangement to
assess the accuracy and reliability of the system.

Fig. 8 Sample of image processing of non-overlapping
arrangement of complete structure rice grains.
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Comparison of the original image (Grayscale) and the
result image (monochrome) is as illustrated in Fig. 8.
The average error of the image processing tests in this
case was about 0% as shown in Table 1.

Table 1 Results of image processing of non-overlapping
arrangement of complete structure rice grains.

Complete  Incomplete
Nl-flilst:er structure structure Fzgo)r

(grains) (grains) °
1 50 0 0
2 50 0 0
3 50 0 0
4 50 0 0
S 50 0 0

4.2 Image Processing of Overlapping Arrangement
of Complete Structure Rice Grains

Image processing tests of overlapping arrangement
were performed 5 times by using 50 rice grains with
complete structure and different forms of overlapping
arrangement as shown in Fig. 9. The average error of
this case was up to 43.2% as shown in Table 2.

Result image

Original image

Fig. 9 Sample of image processing of overlapping
arrangement of complete structure rice grains.

Table 2 Results of image processing of overlapping
arrangement of complete structure rice grains.

Tesk Complete  Incomplete Error
Numbel struc.ture stmc.ture (%)
(grains) (grains)
1 25 0 50
2 23 0 46
3 23 0 44
4 A 0 34
5 21 0 42

4.3 Image Processing of Non-overlapping
Arrangement of Incomplete Structure Rice
Grains

Image processing tests of non-overlapping
arrangement were performed 5 times by using 50 rice
grains with incomplete structure and different forms of
non-overlapping arrangement as shown in Fig. 10. The
average error of this case was about 0% as shown in

Table 3.

o ™0
’ (higin.d[ image

Fig. 10 Sample of image processing of non-overlapping
arrangement of incomplete structure rice grains.

Table 3 Results of image processing of non-overlapping
arrangement of incomplete structure rice grains.

Complete  Incomplete 8
Nl—xrisbt structure structure [zg(;r

oS (grains) (grains) =

1 50 0 0

2 50 0 0

3 50 0 0

4 50 0 0

§ 50 0 0

4.4 Image Processing of Overlapping Arrangement
of Incomplete Structure Rice Grains
Image processing tests of overlapping arrangement
were performed 5 times by using 50 rice grains with
incomplete structure and different forms of overlapping
arrangement as shown in Fig. 11. The average error of
this case was up to 61.6% as shown in Table 4.

& Result image

#®riginal image

Fig. 11 Sample of image processing of overlapping
arrangement of incomplete structure rice
grains.

Table 4 Results of image processing of overlapping
arrangement of incomplete structure rice grains.

Complete  Incomplete

Test Error

structure structure

Number : ) (%)
(grains) (grains)

1 10 22 56

2 12 17 66

3 12 18 64

4 12 20 60

5 8 19 62
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4.5 Image Processing of Non-overlapping
Arrangement of Rice Grains Combined from
Complete and Incomplete Structures

Image processing tests of non-overlapping
arrangement were performed 5 times by using 50 rice
grains combined from complete and incomplete
structures in the ratio of 1:1 and different forms of
non-overlapping arrangement as shown in Fig. 12. The
average error of this case was only 0.8% as shown in

Table 5.

e
-
\ ' Remult im

-

rigwal image

Fig. 12 Sample of image processing of non-overlapping
arrangement of rice grains combined from
complete and incomplete structures in the ratio
of 1:1.

Table 5 Results of image processing of non-overlapping
arrangement of rice grains combined from
complete and incomplete structures in the ratio

of 1:1.
Test Complete  Incomplete Elor
R struc.lure struc'ture (%)
(grains) (grains)
1 25 25 0
2 24 26 2
8 25 25 0
4 25 25 0
5 24 26 2

4.6 Image Processing of Overlapping Arrangement
of Rice Grains Combined from Complete and
Incomplete Structures

Original image

Result image

Fig. 13 Sample of Image processing of overlapping
arrangement of rice grains combined from
complete and incomplete structures in the
ratio of 1:1.

Image processing tests of overlapping arrangement
were performed 5 times by using 50 rice grains
combined from complete and incomplete structures in
the ratio of 1:1 and different forms of overlapping
arrangement as shown in Fig. 13. The average error of
this case was up to 47.6% as shown in Table 6.

Table 6 Results of Image processing of overlapping
arrangement of rice grains combined from
complete and incomplete structures in the ratio

of 1:1.
Test Complete  Incomplete Eitoi
structure structure
Number ; : (%)
(grains) (grains)
1 1} 10 54
2 13 12 50
3 12 12 52
4 14 13 46
S 16 16 36

5. RESULT OF ANALYSIS

From experimental results of image processing, it can
be concluded that the inspection of rice grains under
non-overlapping arrangement condition would indicate
low errors by approximately 0.47% on average while
the inspection of rice grains under overlapping
arrangement condition would exhibit very high errors
by up to 53.82% on average from 18 experimental
designs as presented in Table 7 and Fig. 14.

Table 7 Average Errors of 18 experimental designs.

Complete  Incomplete  Tests in (};T;'S ml
Conditions  structure structure  ratio 1:1 ra:i;n
(%) ) %) j 2
w24 o 0 08 LIl
overlapping
Overlapping  49.6 62.8 47.6 §5.29
Error (%)
100 ————— — - -
90 - - - - - - =
g Li ' = \\ — Overlapping
2 - 628 vV 7
60
49.6 Z S,
50 47.6 §5.29
40 - - = —

1044y —

20 A O A 4 Non-overlapping
107 g o 0.8 L1t
0 = = -u

Incomplete structure Tests in different ratios
Complete structure Tests in ratio 1:1

Fig. 14 Graph of the average errors of 18 experimental
designs.
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6. CONCLUSION

In this study, the application of an ordinary webcam
for inspecting the standard-based quality of rice grains
was carried out under 2 main arrangement conditions:
non-overlapping and overlapping. From experiments, it
can be observed that the system can perform precisely
and reliably under non-overlapping arrangement
condition with the average error of approximately
0.47%. From the tests under all conditions of 18
experimental designs, it can be observed that the errors
from the overlapping arrangement tests were very high
by up to 53.82% on average. The experimental errors
would be caused by many factors such as the limited
number of testing samples, inappropriate brightness of
the light in the experimental room, the position of
equipment that may cause light and shadow, and the
distance between webcam and rice grains. However, this
system can be technically improved to enhance the
system performance and to overcome these obstacles by
increasing the number of webcams mounted along the
length of rice grain belt conveyor, installing the
vibration system at the conveyor to avoid overlapping
arrangement and to change the image feature of rice
grains during inspection, and also adding inspection
algorithms specifically for overlapping arrangement by
adopting the relevant image processing thcorics for
further development.
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