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ABSTRACT

In recent years, the automatic counting machine visions have a large number of
applications which are used in the industrial area. It’s scope has been increased for the automatic
analysis of object counting specially matching object counting. This thesis presents a coincide
object counting using image filtering. The relationship of intraframe parameters were exploited to
count the object.

In the experiment, 200 images were used as input images which were the matching
objects. Firstly, the color images were directly converted to gray scale image and then binary
images. Those images were passed through the image filters, which consisted of Motion, Average
and Laplacian image filters, to reduce noise. The canny technique, which is an edge detection
technique, was used to indicate the position of objects and also filled the hole in the close loop
images. Finally, the intraframe analysis technique was used to count the object in the condition of
different shapes of matching objects, various number of matching objects in the same and different focus.

In the condition of a matching objects, it was found that each image filter provided a
different efficiency. The Motion, Average and Laplacian image filter technique revealed the
efficiency of count object as 100%, 98.5% and 86.0% respectively. It means that the best image
filter was the Motion technique. However, those three image filters did not provide the accurate
counting when applied in the condition of the different positions of coincide objects. This was
because the objects were located in different focus. Thus, to improve the counting accuracy, the
intraframe analysis technique was applied with the Motion image technique. This technique was
tested with 800 images of matching objects. It was found that the counting accuracy was 99.1%.

Therefore, those technique can be applied to the machine vision system.

Keywords: counting object, image filter, edge detection
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2.3 MNSTAUTIM (Grayscale Image)
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U 210 szAUANNAINVOIMNNTIINI G [3]
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ﬂgﬁ\ilﬂﬁ'lﬂ’ﬂ HARZYANTNYNUNUNAIYAUAY FIAUAVIHATUNATTSHIN 0-255 150

Hanldaaus 0, 1,2, 3, 4 9 255 WuInudm

2.4 awluus (Binary Image)
A QA & S ~ ) v v LA '

aw'luuianaennda lunaasingassianuauveaas ldaoauumniuae a1
v A = Y Y Y Y =~ o AR A
fuila Tagorn@suunuldatemy 0 1ag 1 A28ANUUUUO LA UNIITDITZAUNIN TUUTTD 9]
9Y o w A o 9 < 1 1 I~ ~ 9 = v & o
Fainanvziun lfuaaaninnig 1 uaed1alsnarumsianuduveauiieaasaszaunin
1¥nsdszuranaiildedaddszans o msdszurananinlouisildlsuinlunis

d'Sl < ] o o

Uszwranaendrs msdszurananimlugaamnssudosnsnuEage iy msiusiuau

2 A Ao o A A & = 9y A @ A o Y
%umu‘ﬂaguuﬁwwmﬂmmma@u‘mﬂumu ﬂ']illﬂ')'llllellllLWﬂﬁﬁ@ﬂﬁgﬂﬂluﬂWWM]’UuWiﬂWiﬁ

=

ffﬂiJTﬁi‘l‘ﬂ%ZLaﬂﬂﬁﬁ]13‘@11111(9?}?‘]’ﬂllL"lgl}ll33ﬁﬂ‘l"iﬁ\‘]LLWUﬂWWﬂJ@Q?’NﬁLiWﬁHi% Iﬂﬁlli1%2ﬂl@ﬁﬁlﬂ
a A 9 [ dy W |& Y A @ dy [ a A
NAFANUANWANTZAVUNNNFANINUAZANVTNDNTLAVLNUNUKAS TagNnyaniaam
9 Y g = 1A ,i’ [ a oA a = ] 1
L‘Uiﬁ$ﬂ‘ﬂ1ﬁ]$gﬂ!§EJﬂ’NWﬂL“]fﬁWH“HﬁQiH“V]Nﬂ{]U@] 1umsw%15mwmw”luumimz"lmu“lmmaz
a [ 1 U a d' = v A d‘d ) d‘ 9 ] 1
Wﬂwmwﬂﬂu"lﬂumi1%zﬁu%ﬂqm’e)qwm«m‘nagmﬂumamiﬂmwwmmmweumu U Ny

a A a [~ v o @ A
GU'QNWﬂL“]fa‘Vlljﬂﬂﬂulﬂu@]?@ﬂyi@]qzﬂﬂ 2.11

d’ o ~ A 1 a ~ I v o
Eﬂ‘ﬂ 2.11 aﬂHm$ﬂ1wllﬂu'|3‘ﬂllﬁﬂ\‘]ﬂ@ﬂellﬂ\iwﬂl“ﬁaﬂWWﬂﬂigﬂ@ULﬂuﬁﬁﬂﬂHﬁ [1]
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mumsadramnluuisanseninla laeldimasian1svinimsslaa (Thresholding
. a 1 A I = A A o ) = 1 a
Technique) Iagwarsarnnnsa ladluguavsedaznseri laemsSoumeusenneninega
A 9 [ U d’ U é d’d 1 [ 9 = d'
YDINNITUAUNUAIAINAINIINGTINI “AUNTH 190 (Threshold Value) Voyamwlanyazi
9 '
ANNUTZHIINIAY  (Object) LAZNUNAY (Background) Iasmiuesinaavesninlas Nlia
] LY ] ~ I~ o { 2
mnnrsemnuaunssleavzgnilaswilu o @ad) lumsafnmlouislasldimaia
A Y ¥ o A v A Ao o A A A Y A '
m3xlaaie 17 lanaans Mz auuazanda asndgynganonunsyleaiiosnnduaonai
msylaan lumuzay @unsylaanianisanu lvseundull) amwmnldorsszianulal
1 a { A . a 3 @ I o { 1
nsoaunnu TS enun lduaasuniu (Noise) nauuswdlunarilinmnld luaean
1 tﬂ' (% g}J 9 td'd ax ) 1 tﬂ‘ o [} 1
mAasasiudymvesmsadumnluuizaeismsmvuanunsy leafimang gudmsuua
A o o k4 AR Aas o 1 ax 1 as
AzMNNLINNMINTas 199 luuTTFINITMIAIIUMIAUNTY TganaleIT laguaazls
MzAURUdnE A MIMNUNLana1 oy lwunsmaunsslaa laefvuaaiaraniin (Pre-
Assigned Threshold Value) NM511A1UNT¥ 18291010819 (Mid-Range Threshold Value) aiaag
axt A Y o dy
et ldaall
1 o 1 ' Y o U o
MImAuNI¥laalasmimuuamanNvitlunsmruanunsslaa lagnsmmua
shé o dy dy " v 4 9 ch’,; A 1 A &
99 nA lFFIn st muativziuegnulszaumssivesd ldauiiug Tasmsidonainsiaivile
2 A [ [ T A A dy I oA (] 1 1 lo [ @
FaisennAunIslaa laaminaenutazilumfegszninaiigauasAgagavedszaunIy
9 ] a = 19 9 [ A 9)3}/ 1 d' = '
IULEIVOINTN 1TU MNBUNNTTEAVAMMTULAT 256 FzaLzn laawa 0-255 pdona
m3slaaldudransaadannluuis 1
[ 1 I 4' 1 1 Aas
MIMIAUNTY 19a91nA1NA 1 UNITHUNTY 1FaNUaNA1991NITHIAUNT S 1aadBusn
o v A L4 I o 1 [ A [ I )
dmsuIslezidumsdumannsylea lagsa Tuia lag lises1dd 1dudimualasnis
' dy Y a A [ A 1 ~ 1 A o Y
maunsslaaii l5snans luis09nsriAIna1ausen1nas (Mean) AUNITYlaanaiulald
INAININANNOYTTNINAITZAVANVITUGIGA (Maximum Level) 1A2IZAUANINANAITA
4 o o ! <3 { H
(Minimum Level) ¥9301Widorimasunaaunsslaa laudrnausoaiianm luuii 1d Tasiin

aunsyslaan lauly

2.5 MINT99MN (Image Filtering)
2.5.1 MINTDINTNLUY Motion
) A o . % I o w 1
mmm’%miﬂauhgw (Convolution) é]?\‘ll‘].h!ﬂﬁﬂi%%?ﬂﬂi%ﬁ’ﬂ\imNLWﬁ@]

o a 4 (Y !
(Template) NUNIN (Image) INWLNAAN ?d‘li’) WNINEUUIAM x N ﬂlﬂd%ﬂﬁ’)tﬁﬂlﬁﬁ]%jsﬁmlillﬂﬁWW
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4 o Yo A Y o . = ] Y A
naansvoImsnou 1gru laasaunishn 2.5 Tagld@ansoany Motion Favz e IndiResns

d' a 9 a
nasu I uFUd UV INNLEa

. n-1 m-1
LOGY) =T *1E=) DT y)(X=i,Y - ) (2.5)
i=0 j=
Tas  1(X,Y) unu awHaansaInmMsaou IgFuiunm

T(X,y) UnU unaa

< 1 1% @
VINAUMITVLAUNTEAVANWANIE B A (x, y) TN HATHT IR0 INMITHT
HATINVOINARUIZ I TumumaanumszAUANUE ML AN N TuT NURMuINaany
Y
' v A o 1 < ' Aa
g MINAUMITAITAMHUIATUMN (X —i,Y — j) vaasldmunimsndnmumaaniany

9 H
UDULASUNUAN NITNTDINTNLUUY Motion Llﬁﬂﬂﬂ\‘lg‘ﬂ‘ﬂ 2.12

W11N1TN3 0901 Motion
4 s
sUN 212 MINTBININLLY Motion

2.5.2 MINTONNNLUY Average
@ [ = I 9 o
aanseenunae unszuiumsdseuiananimlaens l9aInse (filter mask)
o ! Lé a o o 1 d‘ A 1 9 ]
mmsnnalaliuunn Fawuifavesmsiidinsesnunds Asmsunuainnuyluuaay
1 { o 1 4 { []
0NN AIAUDDEANNTUVDIPANINTOUIJAFUINAI TINTIMIANNTUVDIRAgUINaI1NoY
Tudingeanmruaale HaInMIMaInTeeauRasazin 1 ldnmin liausa (blurred) ¥i50a0

A95UNIU (noise reduction) NINTOININLLY Average UAAIAIUN 2.13
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HIUNTNT O Average
a
Eﬂ‘ﬂ 213 MTNTONNINUDY Average

2.5.3 MINTDININLUD Laplacian
v Y Y { X g 1% a,
mi’mmm%mzW@m”muﬁu;ﬂ;mmmlm S. Nayar C?\1L‘]Jl!ﬂ"lﬁT]ﬂl,!f]J']_l SML 'J%
v 9
ADMIINATINYDINITUIAY Modified Laplacian adaumsn 2.6 Iasmsudastivogiin ms

Convolution NWAY Mask TULUILAY X AZUUMAY Y
by = 2 peaoy Bl G 1) (2:6)
Laplacian a3 A, Aien15t11)ad Modified Laplacian 111 ladaaums 2.7
Anl =[L*LJ+|1 %L, | @.7)

4 3 o . 1 o
ﬁllﬂ”lﬁﬁ 2.7 Wunsm Convolution JZHINNINNY Mask GLHLLU'JLLﬂu X uag

Y
v A

U ~ 9 =
UUAINU Y aIU Mask Ngezlinail

L =[-12-1] uaz L, =L

! o [ 1 . . I
ndwvdsinesalan 1(x, y) 1 ldnmasiumsnilas Modified Laplacian 13y
1 dy Y v Y o 1 = < ) 1 g‘z v R A
¢x,y MUY THUMNANUTAVDIN N a”mumuﬂﬂmm”mﬂuam:}"mnmmuu“lﬁ’mﬂmm

ANYA NINTBININUVY Laplacian uanIAagili 2.14
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NAININITDILVY Laplacian

sUf 214 M3N3092 MUV Laplacian

2.6 MIIVBUNIN (Edge detection)

@

nanmslszurananmaensdszuianaduuudynis 2 0@ 5y nInia

1 A A = [ 2K o Aad A ] [} a o K 9
(ﬂ?Wﬂ1ﬂ)ﬁi@ﬂ1WLﬂai’)ullﬂ’)(’iﬂi@) HAZYNTINOITYUID 2 mau@m“lu"lﬁvmw ITYUNNYYA
) [ v v < 1A % 1% [
Gll’t’NﬂTW?H‘I’T5TJfﬂi’Jﬂﬁ]ﬂ!ﬂﬂﬂlugﬂlmﬂﬂl@\iﬂTWﬂL“Ba N1TLYINING 2 ’J@]Qﬂ’t’)ﬂ‘ﬂ”lﬂﬂuﬁdiﬂllﬂﬂﬂ@ﬂ
L o v ] v o A g v A
NNWUNAN (Background) @rm%m”ﬁﬂumm@mmqmgiumwuu NIIAUNIVDUNTINADNITNN
Y A a 1 A A v A A (3 =
Lﬁui@‘]JﬂTW‘V]Lﬂﬂi]1ﬂﬂ’JﬁJﬁ’JNEU’ENﬂ"IWT]L‘]JaEJHU],ﬂT]uT] Tﬂﬂ@mﬂmmwsaamwﬂwsgﬂaau
Y I = 1 A A 1 d" v Aas
UYUIA ﬂ15?]‘Ll‘ﬂ1611E]UﬂTWHJ‘L!ﬂ15@Qﬁ"J‘LHJi3ﬂf]‘]JGUE]\‘]ﬂTW‘VIiJi]ﬂLﬂu@EJﬂiﬂﬂWUWEN UIDTNITLYD
9y o A Y Y v Jdou o & . Y
laaeednuazie miﬂumﬂla‘umwiﬂa“lﬂfauwu‘ﬁamuwm (Gradient Method) UagMIAUNI

9 v Jdo o . 1 as A = [ cij
vounn laeldouniusouauaed (Laplacian Method) laeluunazisiisisazideanane 11/

q

Threshold
Edge

(V)

A (@)
\J

s 215 n5ludnan1sMIvoDAI87T Gradient method (V) 118% Laplacian method  (R)

Taoz1l (n) HAAIDIANLANA1NVBITZAUANWANVOIT [1]
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o Jdo W

2.6.1 MmaumvaunnIaglFounusoudunila (Gradient Method)

Q

[ v
o (2 [ =

Y
a o J
BHvgrvenTasnsnigadiganazyagagalugveseyiusouaunilaves
oy ] U { 1 { o { I~
nw Tasganifluvevvzegludiuiuiiion threshold (5U7 2.15 ¥) J9o1vvh1 1viduveun lan
9
ANHAUZHU HI086193DMIMIVOVYBINGNT 191 Roberts, Prewitt, Sobel ifag Canny

]
U [ [ =

9 4 < J ~ 4 (B A
ﬂ'ﬁﬁ']“l]@ﬂﬂ’]WIﬂﬂslG]f@HWUﬁ uﬂﬂﬂqu!ﬂUﬂ']illﬂa\uﬂﬁlﬂﬂu@]!l,uuvlllﬁ@lu@q

a @ A I [ A @ g’; =2 9 9
VUNWEBIAUQY Lu@Qiﬂﬂﬂﬁ‘l’ﬂ"ll’E]‘UﬂTWL‘]Jl.!ﬂﬁ‘l]‘i%iJ’JﬁWﬁLl‘U‘Uthﬁleu’EN s uInegly

[

o 2 T 4 - - 3’; 2 v . 9
fJ‘LgW‘L!‘.ﬁEJfJElLL“U‘Uhlllﬂ’e)Lﬁ@ﬂ@l1mflﬁ‘ﬂN‘Vlﬁﬁﬂ1ﬂﬂmmu X UagUNU y %Qﬁﬁﬂiﬂm‘ﬁuﬂulﬁj Qﬁ
V,9(xy)=9(xy)-g(x-Ly) 2.8)

V,9(xy)=9(xy)-g(xy-1) (2.9)

v
(2

J a 4 [ @ I {
IﬂEJEUH']ﬂEU?J\‘1LﬂﬁLaGUWQTNWWWTQﬁWQQTﬂﬂULLﬂu X Uasln y 5'Jllﬂu]1ﬁlﬂ1¢lﬁllﬂ'ﬁ“ﬁ 2.10

Ve(x.y)=V.exy)+V,e&(x.y) 2.10)

9 = 14 a oA = ~ 1 % =&
msrveuninlagldinsmeudlunelgiaeliansuziuanarenuly g
= <3| Y an o X
ansadeuiluaums lanuisasi
Roberts
Vel y)=|V,elx.y)+V,e(x,y) 2.11)

Prewitt

|Vg(x,y)| :(‘Ziﬂg(x,y)—z,jjﬂg(x+2,y)‘+‘Zi+2g(x,y)—Zi+2g(x,y+2)‘) (2.12)
Sobel
g(x,y)+2g(x, y+1)+g(x,y+2)-
(g(x+2, y)+ 2g(x+2,y+1)+ g(x+2,y+2)

g(x,y)+2g(x +1,y)+g(x +2,y)-
(g(x,y+2)+2g(x+1,y+2)+g(x +2,y+2)

Ve(x,y) = 2.13)

' Y
Mnaumsi 2.11 89 2.13 aunsoleuTugzives Mask Coefficient laaats
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Robert

-1 0
sz(o J (2.14)
Prewitt
1 0 -1 -1 -1 -1
w, =1 0 -1 w,={0 0 O (2.15)
1 0 -1 1 1 -1
Sobel
I 0 -1 -1 2 -1
w,=(2 0 -2 w,=| 0 0 0 (2.16)
I 0 -1 I 2 -l

111 Mask Coefficient W U9IUAaZITUIMIVBUNINIZAD911 Mask Coefficient

Y
ax o

YBIITUU UM IADU 1IgFunuMNaIIsaLaa luaumsin 2.17

he (x,y) =D wi (i.j)g(x+i-1Ly+j-1) (2.17)

Tag hy (x,y)Aefinavesnin o dunis x, y Akunsaeu1agrundidae
. A N = a o A =V Y o A 4 o A
Mask Coefficient N ka (1,]) ADAVIYNAIN 1, ] YBI Mask Coefficient AIN k IIDAUUUNITADU
1299 U321 190 N Mask Coefficient 118211 hk(x,y) A5y k nadaihmsnfTeume
o v 1 13 o 1 a
fuANTYs lea 81NN % leauaaddniluueunin #9619M5 IV VN INAIBITUBY Sobel

uazldaunsyTaanen 12 g1 2.16
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NMWNNFAVDININ

0 1 0 4 3 3 2 4 3 2

0 0 1 2 3 3 4 4 4 3

(M) MNAURITY

M l§nnmsihaen Tagau M3y leadlea 12
a6 afw0o|1a|12]14]14 ojolofof1]1f1]o
6 |8 [w0f20[16]12]6]0 oJofofl1]1f1]ofo
41w |a|w|z2]|4|2]4 olof1lolofofo]o
2|z 2|2]4]6]|s ol1fl1loloflofolo

v J a
(v) WﬁaW‘ﬁﬁ]1ﬂﬂ1§ﬂ'l"1]f]'1_lﬂ']1/‘lﬁl')ﬂ'3%ﬂ1§"ll?)\‘] Sobel

s 216 @rwdumamveunn 1]

v Jdo  w

2.62 minumveun 1w Iagldeyiusouauaes (Laplacian Method)

@

@ @ {1 3 !
vy Tagldeuiusoudy 2 Tasldganian y il 0 (Zerocrossing) (3U7 2.15

v a, ¥ 9 o 1 < ) 1 A, 1 k4 1
a) #9935 Uz ldarlumsd N1 Gradient method A1961935MIMIVDLUDINGNT 15U
Laplacian of Gaussian ti6i¢ Marrs-Hildreth

ng [P=} a =Y ]
MImIveUMN Ias iy llinsnasannanavesveumnuaazau lunme

o a

I =1 <. 1 3’; Qddy 9 1w =\
mummmmmgﬂumaumw (nIReUN) MUY T@ﬂ’;‘ﬁu“lmm@’Jmmumimﬂmwﬂu

4 v Jda S 1 4
(Laplacian) 1n3iReudved Vog(x,y) lannmsdssinaeyiudiduduvesfansuderiios

Vzg(x,y) = 4g(x,y)—(g(x+1,y)+g(x—1,y)+g(x,y+1)+g(x,y—l)) (2.18)
naumsi 2.18 ausaienlugues Mask Coefficient l@Asaun1sf 2.19
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0O -1 0)(-1 -1 -1
-1 4 -1||-1 8 -1 (2.19)
0 -1 0)\-1 -1 -1

-

s 217 Auadunewhliwivennm

5N 218 waawsn ldoinmsmvennm

v H Y
Tumsmiveunin areldsunsy Matlab  endan 15 1uNTHIVOUNIHLA 6 7T
Y ] v
Al Roberts, Sobel, Canny, Laplacian of Gaussian, zero cross L0 Prewitt nﬁﬁﬁqwiumim
= A Al o 1 ~ 9 . A @ d = d
VOUNINAB® Canny (HOIDINITAINANINNIT IS Gaussian filter 130 AINTOUMEToU FuTly

[

Jd v ! o o 1 @
Wansuidrunlumsnsosdynann NoUMSHIYE A INTONIUANIZALAINAZIDEA

D.

v
vosveuNAeImsuarausnandyyrasuniulaonale i lvausadaiuaouns

j‘ Y . (Z 1 A g’; as E%
Uszuranan 1WA (pre-processing) ADINNINARIUMTHIVOUNT 6 35 Iaals 11lsunsu
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I Y A @ ' 1 Y an Y
Matlab luaaueaaslugdin 219 91n31Ud2961992MUIIMINIVOUNIN AI8TT Canny 3214

2 < Yt A A 1 a9y A A o asd
iwazmﬂﬂmﬂumﬂsn"l,ﬂmnqmmﬂ%’"lﬁ'iuﬂimwmmummwmﬁuueamamﬂmm‘ﬁauq

NNAIDE1 Sobel Prewitt Roberts Log Z,e1o-cross Canny

g 2.19  fedrumsivennmlagld Edge detector nuuag « [1]
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2.6.1 MIMUVBUAIBID Canny

9 9 H
FTUAOUMIHIveL TAeITUBI Canny Usznounie 4 Tuaou aegii 2.20

Smoothing with Gaussian filter

L

Gradient Calculation

Nonmaxima Suppression

5

Thresholding

v v
JUN 220 VuAOUVBINMINIVEL Canny

) g’/ A Y (% = .
MIMUYBINTHIVOU Canny UUFUAUDINMTUSUNNWINIT8V (Smoothing)
] Y
A8AINTOUNUTOU (Gaussian  filter) 1HDAIDATQYYIUTUNIU HAIINUY AIUIUAIUUIA
. a N - A Y v Jdou o = Y] = 9
(magnitude) HAZNANIN (orientation) Y94 gradient Iagl¥msrioyiusouaunie Tudauvaly
. . o / : A o quyy P g ) 9
nonmaxima suppression 111 gradient magnitude tWov1 1% IAvouiv19as naz luvuaouganeld
. . A a A d 1 A 1 v & =
double thresholding algorithm MaszyNAsaMuvo LAz IBFONADYOL TaslutaTuaD U
Y
s1wazeanne 111l
2.6.1.1 Ms5t5uamInizon (Smoothing)
Y 9
Tuduaeunsnyeinisiveu lasdanosiullazdemisadan i
' ) \ = o Y v <
sunIueannou 1aelY Gaussian filter Faa1159811IU 1A91AM5 19050 (mask) VHIALAN
. 2 ~ v ~ o q Y o v 'y Y
YUIAUDY Gaussian mask 1 nTvuianHeegiinasiitaadyaasuniulaun uagindewn

A ~ ° Y [ A 1 = ng ) (% o A F)
iy laziinarldvevdes Miluaiusivazideaiiumell dmsunssmuiraninildan

] ) 3 o ~
519 Gaussian filter 111A981A5N 2.20

S[i, j1 = Gli, j, O1* I[i,j] (2.20)
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o Y
mrua i
.. & a9
1, j1  Wumwnaosmsmven
I
Gli,j, 0] 11U Gaussian smoothing filter

I o
o ilu spread of the Gaussian (AIUAUTEAVUDINIT smoothing)

2.6.1.2 MUIUMVUIALAZNANN (Gradient Calculation)
9
Tuauusnibh smoothing image S[i, j] ¥1& 14 X, y partial derivatives P[i,

il uaz Q[i, j] MUAIAY AITUMIN 2.21 uag 2.22

P[i,j] ~(S[i,j+1]-8[i,j] +S[i+1, j+1]- S[i+1,jD) /2 (2.21)

Qli,jl = (SIi,j] - S[i+1,j1 +S[i, j+1] - S[i+1,j+11) /2 (2.22)

9
o Y] o 1t 2 . . L Y
HONUUUIAT X , y partial derivatives mmmmmaqmmmgm
9 Y < . A
AIMIUNIT uﬂmg Uuuuan rectangular Tahiilu polar (rectangular-to-polar conversion) {WO¥

VUALASNANINVOY gradient AUANNTN 2.23

M, i1 = \ P, iT* + QI i1

01, j1 = arctan(Qli, 1, P[i, j1) (2.23)

MInaunsvduIzansamiaye 0 eonunIdilieunuaiduslu
&
WINHUY arctan (x, y)

o q Yy I = 4 .
2.6.1.3 m3mlildaveuuieas (Nonmaxima Suppression)

v &

o w { < =
dm5umsnwenlae Canny method 3aNdoduduvoIdiudeuily

A Y A

Y A I a = v . 9y 2 Y axo 1 dy o 9
i].ﬂ1/]GI,‘Wﬂ'l’g\‘]qﬂLﬂW’lgﬂLLaglﬂuﬂﬁﬂW\Hﬂﬂjﬂﬂ gradient 9178 G]Nﬂ’JEI'J‘ﬁﬂ\‘]ﬂa'l'Juﬂ'lﬂh’ihl@eUf]Uﬂﬂ'N

=

~ a AY Y o o . . E ] o Y
i 1 Wnaa 71w 1A1a9n1591 Nonmaxima Suppression 92 Tauilugudlunnyasniiuga
I . . = o 1 A 4
1111 local maxima points Fevzdanennay’ld
a A g .
2.6.14 3zuwmmamﬂumau (Thresholding)
Y

! . g Y Ay v v A
HHNNNITHIUNIT smoothing Glusllu@]@ullﬁﬂllajﬂ@nll mW‘ﬂhlﬂmﬁ]ENiJ

9 ~ 9 1 ~ Y a T A o A o @ I
LﬁuﬂmU‘ﬂ'lafl%mauvnm%wﬂim;]ag@umm%mﬁtytymmmum’aaﬂymzmmmqﬁlummﬂu
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A a da A A a o ¥ A o = P ° 1
WuW'Jﬂlla:]ﬂa']flﬂialli'lﬂagﬁ!@ﬂﬂﬂ']ﬂ(luu’lﬂ @QUULW@a@ﬂiyﬂqﬂ\jﬂa’ljﬂqqﬂ NIINTIHUAAN

threshold Y1 2 A1 7D high threshold (T1) 1ag low threshold (T2) IagWniaiA1uINAI T1

v 3 I a { g 1 ' v 3 U VA ' 1 1
wgniiuilu 1 (Juinmanduvew) uadniosndn T2 sggniiwmiu 1 aaumnegsznanem

¥ [ 1 y X T A { ' ) {
threshold N304 M3dFuiua1 o wie 1 UnAIUegnUNNaNogioud1e WINNUNNNEaNoy

u

9 a A d [ = 1 9 ] 1 A o 1 Y 1 I
UV NVOINNIa N UV (M >T1) YAWINNI T2 LAY %ﬂiumwmcvamﬂmﬂmmnﬂu 1

A g a = 9 [} Y]
Lgazﬂmﬂuﬁm%ﬂ‘ﬁuﬂumweuaumm%uﬂu

2.7 NNV
9 v

=Y =1 1 dy o 70 ¥ = v o @ A
VINNHHHIIHNANNATINIY ﬂzuﬂﬂﬂizqﬂm“I,vaJm'iﬂﬂmmsuummumqmn

[ o o/

Y 1
L EN‘%}@‘L! U E‘T”I‘Vii‘]N1‘L!’J"BJEWI"Ix‘]ﬁﬁl!ﬂﬁﬂi%il?ﬁﬂﬁﬂﬂ/‘lﬁlﬁ@
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Enhancement Machine Vision for Object Counter

N. Itsadatikom and J. Srinonchat
Signal Processing Research Laboratory, Department of Electronics and Telecommucation Engineering, Rajamangala
University of Technology Thanyaburi
Email: {thailand_don, jakkree_s}@hotmail.com

Abstract—Machine vision is recently used for automatic
counting objects system which exploits the image processing
to achieve the target. This article presents an intraframe
analysis technique for object counter. It uses to solve the
counting objects system which objects are located in
different focus. It uses only one image can count it all. The
canny technique is used to detect and recognize the object.
Then the intraframe relation is used to calculate and count
the small components in each object. The results show that
it provides counting accuracy at least 98%.

Index Terms—intraframe, counting objects, machine vision

1. INTRODUCTION

In recent years, Machine vision [1]-[10] for automatic
counting has a large number of applications which uses in
the industrial area. It has been an increased scope for the
automatic analysis of object counting. It uses the
additional numbers of cameras and other sensors,
enhanced infrastructure, and consequent accessibility of
data. In addition, the advancement of analytical
techniques for processing the video (and other) data,
together with increased computing power, has enabled
new applications. However, this article is exploited the
intraframe relation in image processing part to achieve
the object counting.

There are many researches that develop in the machine
vision for object counting. In [11] introduces a review of
computer vision techniques for the analysis of urban
traffic. It focuses on recent approaches for monocular
road-side cameras in urban environments used by human
operators fto provide automated solutions to the
aforementioned monitoring problems. In [12] introduces
the people counting and human detection in a challenging
situation. It aims to develop an effective method for
estimating the number of people in a complicated outdoor
scene. The application of methods based on segmenting
the foreground has been extended to detection of people
who are moving only slightly. In [13] introduces a robust
crowd counting using detection flow. Crowd counting
which aims at obtaining the number of people within a
scene is an important computer vision task. It uses the
detection flow which is defined as a set of object
detection responses along the temporal video sequence. It
is robust to temporal object occlusions and noises. Also it
is more competent to give specific descriptions of the
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crowd. In [14] presents an image-based system for
measuring objects on oblique plane and its applications in
2-D localization. It presents an image-based framework
for measuring target objects on an oblique plane by using
a single charge-coupled device camera and two laser
projectors mounted in parallel beside the camera.
Experimental results have demonstrated the effectiveness
of the proposed approach in distance measurement, as
well as localization of objects on an oblique plane. In [15]
presents a classification and counting of composite
objects in traffic scenes using global and local image
analysis. It proposed a multimodal multiscale appearance-
based blob classification approach. It addresses the
problem of classifying and counting composite objects
such as bicyclists among simpler objects such as
pedestrians. It is also compared our approach with a blob
morphology and velocity classifier. The results indicate
the importance of appearance based methods and the
significance of both global and local image analysis. In
[16] presents a counting vehicles from semantic regions.
Automatically counting vehicles in complex traffic
scenes from videos is challenging. It proposes a new
approach of counting vehicles through exploiting
contextual regularities from scene structures. It is based
on tracking and clustering feature points and can be
summarized in threefold. First, an algorithm is proposed
to automatically learn the models of scene structures. A
traffic scene is segmented into local semantic regions by
exploiting the temporal co-occurrence of local motions.
Local semantic regions are connected into global
complete paths using the proposed fast marching
algorithm. Second, an algorithm is proposed to cluster
trajectories of feature points into objects and to estimate
average vehicle sizes at different locations from initial
clustering results. Third, trajectories of features points are
often fragmented due to occlusions. Experimental results
on a complex traffic scene show the effectiveness of our
approach. In [17] presents a counting vehicles from
semantic regions. It proposes an algorithm to estimate the
average vehicle sizes at different locations along each
path that helps to cluster feature points into objects in
turn. The Hungarian algorithm is used to associate
fragmented trajectories considering the contextual
information added by the models of semantic regions,
sources, and sinks. Experimental results show that it has
some limitations and can be improved in several aspects.
This article investigates the intraframe analysis
technique to count the objects for machine vision system.
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Those objects are located in difference distance from
reference point.

II. PREPROCESSING

A.  Grayscale

Image processing [18]-[22] can be divided into four
categories: Binary, Grayscale, Color and Indexed. In
grayscale, each pixel is a shade of gray, normally from 0
(black) to 255 (white). This range means that each pixel
can be represented by 8 bits. This is a very natural range
for image file handing.

B. Convolution

In image processing, many operators are based on
applying some function to the pixels within a local
window. That is, when finding the value of an output
pixel, a window is centered at that location, and only the
pixels falling within this window are used when
calculating the value of that output pixel. If the fis the
image that does want to filter, g the corresponding output
image, and let / be the convolution kernel (the “flipped”
weight matrix):

&x, y)=Xi=—wwxj=—wwh(i, ))ix—i, y=j) (€]
where the size of the kernel is (2w+1)%(2w+1).

The convolution [23]-[29] operator is linear, that is, it
provides the same result if it performs the convolution on

two separate images and sum their results as if it was to
sum the two images before we apply the convolution.

C. Edge Detection

Edge contains some of the most useful information in
an image. It may use edge to measure the size of objects
in an image, to isolate particular objects from their back
ground. Many edge-finding operators are based on
differentiation [30]-[36]: to apply continuous derivative
to a discrete image, first recall the definition of the
derivative:

ds : Ce+h)—f(x)
& = lim RO ®

Since in an image, the smallest possible value of h is 1,
being the difference between the index values of two
adjacent pixels, a discrete version of the

flx+1) = f(x) A3)
Other expressions for the derivative are
limp_o f(r}-:(r-fli‘ limpo f(x-thz—;(x--'lJ (4)

With discrete counterparts
£ = Fx 1), LEIEE) ®)

D. Canny

Canny [37]-[40] showed that the best filter to use for
beginning his algorithm was a Gaussian (for smoothing,
followed by the derivative of the Gaussian, which

(-5)e= ©
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These filters have the effect of the both smoothing
noise and finding possible candidate pixels for edges. The
canny provides the three criteria for edge detection:

1) Low error rate of detection. It should find all
edges and nothing but edges.

2) Localization of edges. The distance between actual
edges in the image and edges found by this
algorithm should be minimized.

3) Single response. The algorithm should not return
multiple edge pixels when only a single exists.

E.  Intraframe Analysis

In the condition of the different focus point of objects,
it always makes the counting object error in machine
vision system. Fig. 1 shows two objects which located in
difference position of focusing.

Figure 1. The intraframe correlation

There are two objects (Fig. 1); A and B, which locates
in difference focus. Each object contains of 10 coins
equally. But this image shows that the size of each coin
(w; and w;) and height of each object (h, and h;) is not
equal. w, is always less than wy. At this point, how the
machine vision can count the coin inside each object in
the same time. This article presents the intraframe
analysis technique to solve above problem.

Firstly, the height (c) of each coin in object A can be
find as (7).

c=1 @)
The amount (n) of object A can be find as (8)

n=2 @)
Therefore,

=2 ©)
And

ny =22 (10)

If the point R in the object A is the reference point, the

j distance is the distance of the object B in the condition

of comparing with the level of R in object A. At the top

of object B (t) occurs from the tan of @ angle to the
reference point (R).

I=tan® - x (11)

Therefore the high of object B relates to the @.
Moreover, the ration of the width and the height of both

objects (':—: and ‘:—:) are related in each other.
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Refer to Fig. I, it can notice that the length of object B

(1) to the reference point (R) can be found as Equation 12.

l=hy+j (12)
where [ is the length of object B (1) to the reference point

(R)
J is the distance from the base of object B (d) and
the level of to the reference point (k)

joow (13)

III. EXPERIMENT AND RESULTS

There are 10 coins in each object which locates in the
difference focus to use as input image as show in Fig. 2.

Figure 2. The different location of objects

L Colour image %7 Grayscale lmn:l

=
LMuliun Filter Binary image
Edge Detection ) Imraframe
(Canny) Analysis

Figure 3. The diagram of process

NIy
=

e B

(a) Original image (b) Grayscale image

(d) Filter

(c) Binary image
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(e) Canny edge detection (f) Fulfill Image

(g) Distance object (h) Close object

Figure 4. The process results

The difference number of coins and focus are used as
the input as well. The process of this technique is shown
in Fig. 3.

The primary results of this technique are shown in Fig.
4.

Secondary experiments with 100 images.

Condition A: Each object locates close in each other and
have the same amount of coin.

Condition B: Each object locates in difference distance
each other and has the same amount of
coin.

Condition C: Each object locates in difference distance
each other and has the difference amount
of coin.

Condition D: Each object locates in difference distance
each other and has the same amount of

coin.
TABLE L. Two OBJECTS LOCATE IN DIFFERENT POSITION
Distance of object Width of High of High of
B from reference the object the object | each coin
point (R) (ws) (hy) ()
(em.) (em.) (cm.) (em.)
1 5.25 4.85 0.485
2 5.05 4.55 0.455
3 4.70 4.25 0.425
4 445 4.10 0.410
5 425 3.90 0.390
6 4.05 3.70 0.370
7 3.85 3.50 0.350
8 3.70 3.30 0.330
9 355 3.25 0.325
10 340 3.05 0.305

TABLE II.  THE ACCURACY COUNTING OBJECT

Condition. Condition of Numbgr of Counting
focus correct image | Accuracy (%)
A same 100 100
A difference 99 99
B same 100 100
B difference 99 99
(o] same 100 100
Cc difference 98 98
D same 100 100
D difference 98 98
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From Table I and Table II, the results show that the
intraframe technique provides counting accuracy at 100%
in the condition of same focus position. However, it
provides the minimum counting accuracy at 98% in the
condition of difference focus.

IV. SUMMARY

This article presents the intraframe analysis technique
for object counter in machine vision. The grayscale and
binary technique are used in the pre-process. The motion
filter is used to reduce the back ground noise from the
image. The canny edge detection technique is used to
search and bound the object. Finally the intraframe
analysis technique is used to calculate and count the
components in each object which each object is located in
different position and focus. It used the relation position
and @ angle to count the components

The system shows that it can be perform at least 98%
of counting accuracy in the condition of the objects that
located in different position and focus. This technique
will be applied to the machine vision system for counting
object such the paper production industrial.

ACKNOWLEDGMENT

The author would like to thanks Rajamangala
University of Technology Thanyaburi for the technical
support and the National Research Council of Thailand
(NRCT) for the financial support in this project (NRPM:
2557A16502018 project code: 99805).

REFERENCES

G. F. Blackwell, “Machine vision in the tire industry,” in Proc.
IEEE Conference Electrical Engineering Problems in the Rubber
and Plastics Industries, 1989, pp. 67-79.

S. Tsugawa, “Vision-Based vehicles in Japan machine vision
systems and driving control systems,” JEEE Transactions on
Industrial Electronics, vol. 41, no. 4, pp. 398-405, 1994.

M. . Callaghan, T. M. McGinnity, and L. McDaid, “Third order
loose pled hybrid intelligent system for machine vision
applications,” in Proc. IEEE International Conference on Systems,
Man and Cybernetics, 2004, vol. 4, pp. 3680-3685.

P. L Corke, “The machine vision toolbox: a MATLAB toolbox for
vision and vision-based control,” /EEE Robotics and Automation
Magazine, vol. 12, no. 4, pp. 16-25, 2005,

H. Sako, “Recognition strategies in machinevision applications,”
in Proc. Intern ! Confe Machine Vision and Image
Processing, 2007, pp. 3-8.

J. Nilsson, M. Ericsson, and F. Danielsson, “virtual machine
vision in computer aided robotics,” in Proc. IEEE Conference on
emerging Technologies & Factory Automation, 2009, pp. 1-8.

J. F. Shi, C. J. Hua, and G. H. Li, “A simplifying method of vision
attention simulating human vision in machine vision system,” in
Proe. International Conference on Machine Learning and
Cybernetics, 2010, vol. 6, pp. 3097-3100.

S. Ma, H. Wang, Z. Hao, L. Bai, and H. Yu, “Application research
of machine vision technique in intelligent empty bottle inspection
system,” in Proc. 8th World Congress on Intelligent Control and
Automation, 2010, pp. 4462-4466.

M. Mamat and S.A. Samad, “Classification of beverages using
electronic nose and machine vision systems,” in Proc. Associafi
Annual  Summit and Conference Asia-Pacific Signal and
Information Processing, 2012, pp. 1-6.

M. Weyrich, Y. Wang, and M. Scharf, “Quality assessment of row
crop plants by using a machine vision system,” in Proc. 39th
Annual Conference of the IEEE Industrial Electronics Society,
2013, pp. 2466-2471.

(1

(2]

[3]

(4

(51

(6]

(7

[8]

9]

[10]

©2015 International Journal of Electronics and Electrical Engineering 491

136

[11] N. Buch, S. A, Velastin, and J. A. Orwell, “Review of computer
vision techniques for the analysis of urban traffic,” IEEE
Transactions on Intelligent Transportation Systems, vol. 12, no. 3,
pp. 920-939, 2011.

[12] Y. L. Hou and G. K. H Pang, “People counting and human
detection in a challenging situation,” IEEE Transactions on
Systems, Man and Cybernetics, vol. 41, no. 1, pp. 24-33, 2011.

[13] J. Xing, H. Ai, L. Liu, and S. Lao, “Robust crowd counting using

detection flow,” in Proc. [8th IEEE International Conference on

Image Processing, 2011, pp. 2061-2064.

M. C. Ly, C. C. Hay, and Y. Y. Lu, “Image-Based system for

measuring objects on an oblique plane and its applications in 2-D

localization,” JEEE Journal of Sensors, vol. 12, no. 6, pp. 2249-

2261, 2012.

G. Somasundaram, R. Sivalingam, V. Morellas, and V.

Papanikolopoulos, “Classification and counting of composite

objects in traffic scenes using global and local image analysis,”

IEEE Transactions on Intelligent Transportation Systems, vol. 14,

no. 1, pp. 69-81, 2013.

R. Zhao and X. Wang, “Counting vehicles from semantic regions,”

IEEE Transactions on Intelligent Transportation Systems, vol. 14,

no. 2, pp. 1016-1022, 2013.

K. Sandeep and N. Nag a, “Statistical analysis of image

processing techniques for object counting,” in Proc. International

Conference on Advances in Computing, Communications and

Informatics, 2014, pp. 2464-2469.

S. L. Eddins and M. T. Orchard, “Using MATLAB and C in an

image processing lab course,” in Proc. IEEE International

Conference Image Processing, 1994, vol. 1, pp. 515-519.

Z. Ping and L. Y. kui, “Grain counting method based on image

processing,” in Proc. Imernational Conference on information

Engineering and Computer Science, 2009, pp. 1-3.

H. Cao and Y. Shen, “Application of MATLAB image processing

technology in sewage monitoring system,” in Proc. 9th

International Conference on Electronic Measurement &

Instruments, 2009, pp. 3-993 - 3-995.

W. Xu, Z Liang, and D. Wang, “Image processing based on

seamless integration technology between LabVIEW and

MATLAB,” in Proc. International Conference on Information

Networking and Automation, 2010, vol. 1, pp. 219-223.

P. R. V. Chowdary, M. N. Babu, T. V. Subbareddy, and V.

El “Image p ing algorithms for gesture recognition

using MATLAB,"” in Proc. International Conference on Advanced

Communication Control and Computing Technologies, 2014, pp.

1511-1514.

R. Reeves and K. Kubik, “Compressed domain image matching

using symmetric convolution,” in Proc. IEEE Region 10 Annual

Conference. Speech and Image Technologies for Computing and

Telecommunications, 1997, vol. 2. pp. 543- 546,

§. J. Sangwine, “Colour image edge detector based on quaternion

convolution,” Electronics Letters, vol. 34, no. 10, pp. 969-971,

1998.

J. M. Palomares, J. Gonzalez, E. Ros, and A. Prieto, “General

logarithmic image processing convolution,” [EEE Transactions on

Image Processing, vol. 15, no. 11, pp. 3602-3608, 2006,

S. H. Chan, “Constructing a sparse convolution matrix for shift

varying image restoration problems,” in Proc. 17th IEEE

International Conference on Image Processing, 2010, pp. 3601-

3604.

Y. O. Zhang and X. J. Wu, “An image fusion method based on

region segmentation and Cauchy convolution,” in Proc. 2lst

International Conference on Pattern Recognition, 2012, pp. 392-

395,

L. Busheng and H. J. fang, “Design and implementation of image

effects based on convolution algorithm,” in Proc. Fifth

International Conference on Computational and Information

Sciences, 2013, pp. 144-147.

L. Guangcan, C. Shiyu, and Y. M. Blind, “Image deblurring using

spectral properties of convolution operators,” [EEE Transactions

on Image Processing, vol. 23, no. 12, pp. 5047-5056, 2014.

L. Chunhua, K. He, and J. Zhou, “Edge detection of image on the

local feature,” in Proc. Second International Symposium on

Intelligent Information Technology Application, 2008, vol. 2, pp.

320-330.

L. Yanyu and L. Deliang, “A novel algorithm of image edge

detection based on the order morphology,” in Proc. International

[14]

[13]

[16]

(17

[18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

(26]

27

(28]

[29]

[30]

[31]



[32]

[33]

[34]

[33]

[36]

B7

[38]

International Journal of Electronics and Electrical Engineering Vol. 3, No. 6, December 2015

Science-Tech

Forum on Ci lications, 2009,
pp. 458-461

L. Jiang, W. Zhou, and Y. Wang, “Study on improved algorithm
for image edge detection,” in Proc. The 2nd International
Conference on Computer and Automation Engineering, 2010, vol.
4, pp. 476-479.

W. Zhong, C. Qin, C. Liu, H. Li, and H. Wang, “The edge
detection of rice image based on mathematical morphology and
wavelet packet,” in  Proc. International Conference on
Measurement, Information and Control, 2012, pp. 801-804,

R. Zhang, T. Zhao, and H. Wang, “Research on image matting
technology based on image edge detection,” in Proc. IEEE
International ~ Conference on Industrial ~Engineering and
Engineering Management, 2012, pp. 1199-1203.

H. K. Bashier, L. S. Hoe, and P. Y. Han, “Graphical password:
Pass-Images edge detection,” in Proc. IEEE 9th International
Colloguium on Signal Processing and its Applications, 2013, pp.
111-116.

P. M. L. Nguyen, J. H. Cho, and S. B. Cho, “An architecture for
real-time hardware co-simulation of edge detection in image
processing using Prewitt edge operator,” in Proc. International
Conference on Electronics, Information and Communications,
2014, pp 1-4.

X. He, J. Li, D. Wei, W. Jia, and Q. Wu, “Canny edge detection
on a virtual hexagonal image structure,” in Proc. Joint
Conferences on Pervasive Computing, 2009, pp. 167-172.

X. Geng, K. Chen, and X. Hu, “An improved Canny edge
detection algorithm for color image,” in Proc. Il0th IEEE
International Conference on Industrial Informatics, 2012, pp. 113-
117

I
2y and App

©2015 International Journal of Electronics and Electrical Engineering 492

137

[39] H. Shi and R. Ward, “Canny edge based image expansion,” in
Proc. IEEE International Symposium on Circuits and Systems,
2002, vol. 1, pp. 1-785 - 1-788.

[40] C. X. Deng, G. B. Wang, and X. R. Yang, “Image edge detection
algorithm based on improved Canny operator,” in Proc.
International Conference on Wavelet Analysis and Pattern
Recognition, 2013, pp. 168-172.

Noppadon Itsadatikom reccived the B.Eng.
degree in electrical engineering from the
Rajamangala  University of Technology
Thanyaburi, in 2003. Now he is studying the
M.Eng degree in electrical engineering from
the Rajamangala University of Technology
Thanyaburi. He joints the Signal Processing
Research Laboratory to do his research in
‘ machine vision. Also his current research
interests include Digital Signal Processing,
Speech and Image Processing.

Jakkree Srinonchat received the B.Eng.
degree in electrical engineering from the
Rajamangala University of Technology
Thanyaburi, in 1995. He received the Ph.D.
degree in electrical engineering from
University of Northumbria at Newcastle, UK
in 2005. Now he works as a lecturer at
Rajamangala  University of Technology
Thanyaburi. His current research interests
include Digital Signal Processing, Speech and

A
Image Processing.



¥o - wiNana

U A Y a
u iAoy Uina

=h.
ete.

3]

sz ¥amsann

J o
ﬂigﬁllﬂ"ﬁmﬂ1§‘ﬂ]ﬂ1u

d Y] d
1We5INIANN

a ¢
alNa

sz IAgvay

WBUNAAY DUYIBAN
20 1UH18 2522
66 ¥ATNNWUHANNDL 3 18N 2-1 HYNTEHIUG IYAASWIY
9 PINIANTAUNNUNIUAT 10250
a 4 a Aad a 4

YTanas angIennTsnendas a1913aIN3IuBIaNNIo NN
taz InsAuUIAL
aoniuma TuTagsyuanasyls
NS

a o a o @ =<
USHN uda @szme lneg) 100 W.e. 2545 D9 2553
NS

Aa o < a 4 ) d o w = o
U3En g lwda dureswdn lannd 1 w.a. 2553 Detlagiiu
08-8227-2498

thailand don@hotmail.com



	01_cov
	02_tit
	03_apv
	04_abs
	05_bib
	06_tbc
	07_ch1
	07_ch2
	07_ch3
	07_ch4
	07_ch5
	08_bib
	09_app
	09_app1
	09_app2
	10_bio

