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A Fast Way for Alignment Marker Detection and Position Calibration
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ABSTRACT

The core of the machine vision that is frequently used at the pre/post-production stages is a marker alignment technology. In this
paper, a method to detect the angle and position of a product at high speed by use of a unique pattern present in the marker stamped on
the product, and calibrate them is proposed. In the proposed method, to determine the angle and position of a marker, the candidates of
the marker are extracted by using a variation of the integral histogram, and then clustering is applied to reduce the candidates. The
experimental results revealed about 5s 719ms improvement in processing time and better precision in detecting the rotation angle of a
product.

Keywords : Alignment Marker, Template Matching, Integral Histogram, Candidate Clustering, Projection Integral Histogram

Alignment Marker 1< <14 9l 9% =4 W

+ =1 At = Ahal ians =t S P
e 2 AT e e o s ETT Y e o

MO
0%t

M) HAE AF B W WUSA A8 A NG T Shdelrk RS A Eo Aol s Marker) S
WAE] EAE FUAH AR o] §oto] AAE] Awst AT WHow WEIL BANE PHS AL ¥ =RolA] AT}
J

He el 283 (Template Matching)e] £%=5 7|43 A& 3| ~E 1% (Integral Histogram)2] ¥ % 43l FRES FEE1, FHH
s A8t FHES F4de YHE A4 T viAY Ztme} 9XE s WS Abetgrh AdAT, FY2HYS HE5] A 1
th FY2HAS A8 F F5s T19ms MAE S & F AN, AdE dHAAE S Aes BYS 1T 4 Aok

FIE  HaIHE O3, HES A, 72 S|AEDY, 32 Z2AHY, Z2HMH M2 S|AEIY

1. M 2 = AU Aol A dE FLF el
o 5 oAdrt

Aol gl whet AAA 2" GA] LAEE S0l A, HAHA Ve AFAN HA/FE VIEeR F A

AR 25 HA] 7]zl wAlu] A (Machine Vision)7]<, =2 78 dvh 2 A "AZ AL 3N ARES)

e mRA7E, 4198 PC 71%, PLC(Programmable B AR 92 nAsE Jleola, ¥ HAI AAE

Logic Controller)”]%& ZL8]al A (Sensor)7|& 522 EHF& o EZL A J)E[1]o)th F 1€ 3E A Ese o

Atk 2T WAHA 7= A A 2Ee A vE ZRl(Align)s BASHE 7lseldt & i, o 7e2 A

AEel ZARlE maE o] &3tAY AAE EAEtE 4

TSR BRI 2 Avs 98 405 1aa e e

o §; ?} g;ﬂégfgg TJ)L g@gogc “?ﬂ¢ ootk Aeg ANE BAY Sill-::% =9 ojo] H AR

EED e ru B e g T';Yl"i‘i*il RS

el et e e fas age Aa 4 qasea @

FH —-—/\]§]t§;uLoﬂﬂ],EH‘6L7 74%5{;“&“013 1o o ekl ZlEdl A TR3 292 Ao % AsEe} @

Manuscript Received : June 5, 2015 T ot Asro AL dum AAZ o AIE ZtEo) 9

Second Revison” Noverber 5, 205 A8 st foln, Aesusl A% A Lust 9

® éotrcregstsgr;dli\ﬁgeﬂiroﬁé?éfoeong Man(bmkim@kumoh.ac.kr) ‘]% 1%3}%‘3] iﬁ_ﬂlﬁ: 7\]71_}01 ‘:} O] 311' u—]v]‘j::}gi =



36 FEMESS=2A/AZEL0 H HOIH S M5E M1=(2016. 1)

o “ ENE]

Rt AES B EE §UAH AEE nEow
A4, Marker E FU2% A¥e] 24wt 944F 4
s Pwal wEE due s Pue Astad.
7% dekel AEdE 15 AE A5, 61l £4)
sha, 7154 9B wgEEe detel nhast A3 44
29 o WA Wed vag olgacl s ¥ =R
SIM A LT R ol g3kt Wl

¥ ool PAS e 2 2ol B Rl

g3 %9 doslo Axd T2 4B, 39

= el mA o

e iz

r
M *

S e AU, PATOR 5YINE B
o ABARS A E@ B =RdA: /E PHE

B A )
Jgrﬂé
m&E

o
=
N
iuj
[
T
&
o
Rl
it
3
Q
@
o)
1221
k=5
=
:
=B
L
i)

+USB XE ¥ B4l I/F E5
EZ YEHA v E A}
olm %] Z1gu](Image Grabber) BE % ou|x] Z A
’J(Image Processing) =& : oJu|#] to]HE 4 2
AAEY deEkls BAS] A9 duEEs A st
E REolx, B EEAME onx ZEZAY EEA

ARE S dare]FE At

Image Display

module
Live
2y
Grab Image
I
UESS  Grabber
Image module
Processing
module

Comm
unicati
on I/F
modul P

F 9w, olel BARE Aety] AE PPe 43 2w
G922 AgHE Aol olgd Wetow ¥ wRelA:
Bt Alers 429 FPGAS Ader] ol 2 =
Foll A Ak WE AT A HHom PCAA A
oFe el H5e AEHAn
|
o calcul Ie \ﬁ le and
¥ : I::di‘:at%\'
Fig. 2. Alignment System
3. Ztol opA QU4 = AX(EHY)Et s WH
w =wellA Agteks W2 Fig. 33 2ol F e A
Qage Fa@eh 13 WA PColA HANA EE
EELE ECEEIE ERIE LI CECIE R
Aol 54¢ A5 AAeln, F Azl PAvg 7
vte FA FPGACA n7le] 545 ol 8dto] Ao
72w 2 9N E HASH: Aotk £ mRdAe fa
@ 9d 2w, R EEddon ol w
Input Image Process Result(Display)

In PC

Default Image Select
Process

Default Coordinate,
Basic Sampling Position

Angle and Coordinate Angle and

Coordinate

Calculation Process

Fig. 3. Software Structure of Alignment System



w

=51
AN 53]
o M
=t:l=|
rm
nx
0x
o
T

m A AREH L Fig. 49} o] AAE] 9129}
Ztwzh BAgE oA E f¥Ysta, AR EFE HH
A= MAstH FPGAOA A3 n 7o) SAE7} A
AEth 94714, ne A= o8 AREHEH, £ =i
olME -5% HE 5E7A 01T E & 101709 54 ¥
5% Asha, sAdel gl ouAel 548 78 543
~EIF) o7 Aot}

Process

i

Coordinate(x, y),

)
| :
I
e size(width, hei ht)I Image ((a;i;t(l:);artaurrr; Feature !
: I
i Rotation Sampling Vector(n):
\, 1'
Repeat n

Fig. 4. Default Image Selection Process

EF olmA] AR AL “oln|X] 9 Z(Image Open)”
A, “A1EH (Sampling)” WA, “o]W] x| 3] (Image Rotation)”
GA a8 “EAF3(Get Feature(histogram) Sampling)”
SAZ FEH 7 A N5e vsy 2

. 0] ] A QE GA ¢ AEY] XS Arxrt 2AYE

1010 E TAIZ ARSI #F oW A E ¢

3
m1m
WO

OE;A
Lo
é

D User7h olvAol A B2 917 EE o)
EREEREEECEICEIES Tt e
ouA WA eRA AFTek

87 Wi ¢ olWAE o W shsks W

(o o fu oo U N omx m
TR
©

(&l (2 ok
Y
it
M
1}%
q
8
g
1S
=)
- T
wn
5
1]
%
o
>
oo
=
O
d

7,
T AE 2gE 1E e Zhxe} YA E AAe
e 1 B (A} AE WY FAL ‘oA
217](Image read)” @A, “FH G XMel(Select Candidate
Area)” @7, “$x F2]2~F Y (Candidate Clustering)” T,
“Zv 2 R E 9 (Measuring Angle and Coordinate)” T
2 FEEL, 7 gAY Vs g 2

Alignment Marker 1125 Q141 31 Q|| HH 2 37

Histogram Vectors,
Default Coordinate

Angle and Coordinate
Calculation Process

Angle and
Coordinate

Default Histogram Vector,
Default Coordinate

Histogram Vectors

Measuring
Angle and
Coordinate

Angle and
Coordinate

Image Selgct Candidate
Candidate 3
Read Clustering
Area

Fig. 5. Process of Marker Detection and Position Calibration

« oluz] ¢}y ©@A 1 omA] W HEEA oH|AE
whol 9 = kA o]t}

s ZHodo HE oA B g AE 7R 5L o]g
st FHO A& HEsts GARE B =FodAE 7
oz ezl (Template Matching)[3] <]
£502 )3k 2 Re ~E 19 (Integral Histogram)[4]
e Aesign. sHANE HEIAEITAUYHTS
AgstE A A4 E deto] ErbEsit) o & Al
37] Yaf B =R M e Z &AM (Projection) 75 2
O 2B H S AMESte] mile] $RE dgeit

AES|A~ETH[4] FHI} B =FoA Aetet whHel 7

S VR FERE AT dE By A4S
Fig. 63} 7o) dul |A2E1% WHES ARgela, 2 =50
A Aokgt Wb ol 49 Fig. 73 o] TRAXM F|AELH
S A3t

el o] A o e[ o

tla 1 (T

”””””” a b

ol e[l B B = A - a2 + b

353 ma s el - . v L

Fig. 6. Integral Histogram Method
P1p2 p3 pé pS p6 p7 D2 B3 4 5 P6 BT Pt
Re[=[=TeTola] A B[kl ool 4]
ool ]w]  CEEEOEE

e e R EPTTr -

P2 p3 p4 p5 pé p7 p8

30|10 |40 (90 |30 2030 ,/"/

wTe=lelwlal=] B B = A - a o+ b
SEESOCEN 2

et teeaa

|11 || 1T R R

Fig. 7. Proposed Method



3B FEMEGR=2A/AZEL0 & HI0IH S MoT M1=(2016. 1)

i S 2ETY AP oA FAR £8 ATl
L ogHo AA S2EIFS FAUG A4 ouAd
A%, d Ged el 26390 HAETY WEE A
FoQed, 2 e gre @Y A - Dol BaAge 2
= e £ ouat. 2, Fig 69 AdlA tlaeele

A71E 5x70lg} & uf, o] o digk JAgk 102 570, 20
2 970, 30L& 470, 40& 470, 80 670, 902 7ol 7] wjE-d
ni}‘ﬂﬂ 2 5, 21202 9, 3132 4, 41392 4, 813

2 6, 91YE 7ol YA 02 256399 HEHE o

= iF ATk [l A A A S| AR o2 g 3]~
EOHE AA ojwA dis] tidgaS 1544 o]t
AT Ao MBS dEEky] 9 Welth o] el
7]% ofelyol= 1A olsd FH9L old 499 19<&
Aot Yer] g9 st Az 190 F7t8 )
o7l wel, o] & sl ol g9 A=Y ¥
8 TFig. 6] AOlW A elE 199 Ea9 ¥ Fig. 69

3} SES
ag Wi el F7bE 199 s|l2ED
£ gaFd Az 49
HE 78 &+

A
o
A wel HazEs et 4

ol & sAsty] fls Unk A 2

EOWS AMEQ Z2A4 AEIRS 3 b 4
992 1 ke gle s HAGE Hite Wow
ol i3t 3| 2EaWY} dojl g S AEIWS At
b, Ak Sl AETolME 2563k 9] Ak W
b AAAHAR, Z2AA S| AET W AE & HEe
d zZ7)9 WEZ AAEY B =Rdde 33 4 saE
a3 REE ALgEh o®, Fig. 6AdA tAd e =

71& 5x7olg} & uj & d|xE¥ WE= (290, 210, 280,
390, 450)ela @ S|2~Es wlE= (240, 270, 290, 100,
230, 250, 240) ot} Z2AM s|l2Eade e HA
oul Aol thsh LS 194K ol BAA FE A5
A7re [419} A3l gtk o] wHel A

i)

d S2Ead] WY F = o
Aol whAE xle] gho = AHE Tﬂlﬂ deo] Az o
2 3d A2 99 Fig. 79 BY ¢ 2EIRAS IS
4 9tk F, (270, 290, 100, 230, 250, 240, 310)& ¥& %+
Ark. A | 2EH WEE o] Jojo] 22AM § 3|~
B dEdA AAE d dEE w giile] FrtE 4

d ¥ Fig. 79 bE dalFH M2 99 Fig. 79 B

9)
_o,] 3]/\Ej_aﬂ Hﬂ]ﬂ% _'[Lﬁl- _/’: o]\:} Zy u_iz-ﬂ}\:] sg o]/\

Ea= wWEZ (290, 210, 280, 390, 450) - (20, 20, 20, 90,
90) + (30, 30, 80, 80, 90) = (300, 220, 340, 380, 450)& ¢
& & 9tk

of ¥AlA mrle] FuE Aeas BAe 149 Fu

£ AR S A AEY] 4xe 94 (Fig. 8 A4
wao HE e x57 yF FHR) fJE0l E7HsE mill
o] M FAETE =& FRE AMESAL, me 478004 AE
o A rh
« TR F2aHY DA o] dANA A mY
FHE BT ST 4§ Fig. 89 A4 upxel o]
FAPETE =2 FRE0] st Ao e F4]
wAske] ou] gl Aite]l F7kE & 9, ol 94
A& AstAl7le Aol 2 4 Utk ol& A
371 g HHoR TRy S e GAA 5
FHE AR E o]&sto] FY2HYS JYGi=d],
B =RoMe Ax"He] EAS 18] Leader-
Follower 2]~ H[7]S S48 WHS ALt
Fig. 84 -3 O]lel% Hebde] FAE A vpAd

Fig. 8. Selection Result of Candidate Areas (red box: candidate)

w w=rellA AR e aH e Fig 99 2ol 7 ¥R
59 xF A yF AYE A F QAgEG o 2
o ZY2EHE I L, YAF By AW AR gE F
HAHZ sjAgste BHS ARSS

shte] Fe A A9 kA FRE s kA
F7b EAR B =EoAE ke HEE FolA dEH
HE A7) 98] FAEE AGEh o2, Wk ol 2
B F e #HAuE FAE, A A S #E7)
(10, 10) FARE7F 99%0] 32, F WA 9] Fx7}b (11, 11) KA

E7F 5% A9, A HA FHRO FAIETE ¥ F7] wiel
ZH2HY dE FEE (10, 10)0] k.

clusternum = 1
first candidate cluster = clusternum
loop from second candidate cluster(i'th candidate index) to the last candidate
{
loop from jth candidate index(j=0) to I'th candidate index
{
if (i'th candidate cluster |= 0) continue;
caleulate x-axis distance from i'th to j'th
calculate y-axis distance from i'th to jth

if (y-axis distance > y-axis threshold &8& x-axis distance > x-axis threshold)
{
i'th candidate cluster = j'th candidate cluster
if ('th candidate similarity > j'th candidate similarity) {delete J'th candidate}
else {delete i'th candidate}
1
!

if (i'th candidate cluster == 0) i'th candidate cluster = clusternum-++;

Fig. 9. Candidate Clustering



101 Feature Vector

< e 8 gl A AFHeE g5 Hde] 4
o} AR E Hse AR 31 ZEEA WA
=8 101700 EAME S} ‘SR ZeAEg A
A G5 FEES o|&dte] AiEe A7t 9
A5 AF3) F, Fig. 103 2ol SFWE 7L 1017)9]
i, ‘TR FEaEY gAA F53 FH F7) ¢
¢ A5 F (101xc)7He] FA=(sim)E Equation (1)
& o] &3t Axbgt

Equation ()94 histo! = 53 MEl 9] |22 F nil
A Fe oMElaL, histo = ‘TR FUAEHY BATA g

5% FH cf Sl2EaH T oA gS on

o]

) len ]
sim =Y, |histo’, — histo | (D
n=20
where: i =5 ME Qe

2l
len=3|2=Eaf o], c=FH g~

(101x )7he FAFE(sim)E AXF & Equation ()2 A
goto] AAEY A% S5 s

[r, p] = maxarg (sim %,...,sz’m i,sim %, 2)

.9 ] P P R .
S ST oy ey STM | ey STM L0y ST G, ey ST ZC)

where: r=3|AZ} =, p= A,

9 33742 Intel 5 240GHz, 8G Ramdl| A 4
otelal, F 7HA #HN Aes Brbekle 1 A

WAL AP S Eeln, T WAL oEolth Agol A
WAEe oA E F BHES ov A Agadh

L%, 319 BE olmAE A ALgH A

T;]— b
E oNAE o]BNF T IWABse] 379 Akl v}
‘?‘]

=
o T
L
[
%
u2
i
TN
jsht)
ofN
>
ofo
_0|L
2

e

St 01 @92 101 3 dste] A oA E
131, % 3535(0]m A 357 x 101H 3] :)74 <]
[e]

= o\ ot

2

>

>

oo

ol

ol
T

oy
o
=
)

ooz o O

[
o
AR
2
n2
= b
)
o
1o
jab)
olN
o
~
>
oo
of
ol
2
i

R\
1o
>
\r
=
%,

e
2,
oL

Ne T 7k Q40 7]estEd,
B ol 93t FASH A Aoz, UE e
EOfe] 31& Alleltt. WA, A WA 83
2" A48 d A o
I}i= Table 13 Zo] F1H
ABFARE AT AR

ol
o
T

fr
& o
>y
oy
o &

ro 1o [k
> ol
>

_O‘L
32
=
i1k
et
NN

=
A A

e =
o
4 o
>
~

Atk A AN A ALEE S
Y7F A AFo] g Bz AgHtE A& 1
st 20709 FRE AREstE 3lo] dstAN A2 Agto]
S ZA¥ Aol Agtdtts EAdol WA gt Table
1elA A Ak A Ao F A Algke]
20709 $HE o R F~HYS 443 A, Hi A
YA 1s 49msZ S 2~HY HE A B} <F 55 754ms
MAENIL, A8 &L Fe2EHY o]z 2079 FHE A3
Aol Fdairh =, 20709 $FHE o] &3 EYAHYS
R o] Y ~HY AH§ AR oy &Y HYHKE
o

& 2 oy

O

i)

vk
Rl A F 2

2070 FRE tdor FHAHYS 488 2 Bt A
ZAIZEE 1s M9ms= e 2HY A8 d Hih o 5s 754ms
M= A, e & SHUAHT ofd 207]9) FrE AP

ox
off
l

f
ro,
il



40 FEMEISS=2A/AZER0 R HOIH &% MoE M1=(2016. 1)

Astst Bt Z, 20709 FRE oG] Fejry
A gahe

Ao A F

Table 1. Performance According to the Number of Candidates
before Clustering (NofCs: Number of Candidates,
NofESs: Number of Error Samples)
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