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ABSTRACT

The automated torn document reconstruction can be applied in a different
ways such as in the work of scientists, archaeologists or lawyers. The documents may
be torn due to poor preservation or intended destruction. If the number of the
snippets is large, it would be difficult for a human to reconstruct the puzzles since it
requires excessive cost and time consuming. The automated torn document
alignment is based on technical analysis of shape (not for painting or illustration) and
its inner content (for a painting or illustration) of each snippets. Using only shape
analysis, parts cannot be placed in the correct position. This may result in an
increment of the error rate. Thus, a combination of shape and content analysis
techniques is needed for effective reconstruction of a large number of snippets.
Snippet alignment is a process to arrange pieces of the torn document in the same
direction according to the direction of the alphabet line. It is the prerequisite to
assure for the effective reconstruction. The higher the performance of the snippet
alignment, the greater the opportunity for successful reconstruction. Therefore, this
paper presents torn document reconstruction using Histogram of Accumulated Major
Axis Length of fitted Ellipse (HOARE) and Hough Transform is proposed. The proposed
technique analyzes the contents inside the snippet such as the direction of the
character alignment based on the histogram of the accumulated major axis length of
the fitted ellipses. The direction result is then used to revert the snippet to its
original position. The proposed technique can achieve approximately 5.07 percent
greater in relative orientation error and 24.11 percent increment in reverting
precision. Moreover, Hough transform based local descriptor is extracted as shape
feature. These parameters are helpful for accurate reconstruction. With the
proposed snippet alignment and Hough transform based reconstruction, this can

demonstrate the significant performance improvement of the proposed algorithm.
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Aavann Wesmnmauiudiuiiisusamiloutunazyuraminiy sgshliliannsausnld
Miudniunisegiumislaviomnanionasduativlv Fadndudedii5msusznaundy
fidunm iouftyuiauyniuadiuilyuhaniousy (dufindsuu [9], Uimuienans
fgnitu [100) fefunisRinnsunveuuasdonniglududiuastisudtigminsszney
enansiidnunzfuuouiagiivuaiiulildadnsgndonnniu
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suduniaidfyueinisusznouienansiignindnlui® Jaanunsntanyszgndliluaui
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s JadpanismsudlugnludfiieshunaumnisseiRmansuas Tansssu

[7) '
2.1 N15VNTUdIUTNRIRTS

uanmﬂﬂﬁﬁmsmgﬂi’wmauanuamﬁamma’tuﬁuﬁ'gulﬂuﬁﬁwLﬂuluﬂ'ls%’m%'am
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mmﬁm%’aﬁmwmmiuﬂiﬂiﬁf’uawm?TuehugﬂﬁmﬂmmaLﬁumsam’; i RANNSITEIfINEn
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AINEIUNUNANT AT Ranafeafy (Histogram of Accumulated Major Axis Length of
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Mamaiazagluszuuieaiuing) mnduldiisrinsuanesu (Hough Transform) Fail
wmwﬁﬁzg“lunﬁigﬂ'ﬁwﬂaﬂ%uﬁw (Shape) Tne3snsnsrantdunsefidlunan 5l
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2.2 N15USLNOUTUEIU

TumvetiagnafeninsiuvasnsusgnaviudgiuinudUsAuaneeiwagn1susenay
Pudrunsemuignanualusuide [13,18,19,20] Muviadedriauazdnuasvesdudiy

2.2.1 A15UsEnauTudrunudUsAuISneesvae H. FREEMAN uag L. GARDER
[13]
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(Chain-encoding technique) sufiliudulfaesvaurestiudrulon it vaasunaiszgn
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WevimsSeuliigumeBuanmangausaly
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(n) ()

JUN 2.2 unuiwwaulAnge (Chain encoding scheme)

Tusideues H. FREEMAN wag L. GARDER Iéiiausduneunisusznauiudiuin
yoiuaniiegui 2.3 TauiFuusnagRonsanudasisuan (chainlet) dsUsznaudeniue
\wu (chain length) A2 MEIvBsRALNUNINIAGS (distance vector) 9MnqniFufufsgaUay
sufivhifuunu x vasnnmes fufisenihusuaniasiaununnaes uazssssnieiisnandy
ananAaununnnesiuruan 1ntusliquanvusinanundsduuyiinisiangy wéa
vhnsdugiuduiisienuduluidasdigiu Tnefiansananarueniudesdiuresey
Judau yuvosusastudiniiiuvsenutuainuiol winuddoves H. FREEMAN uae L.
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Womnnglutudnbildgniuinsgisniumsuszney uarlussiidugnideuvestudiy
fnandofudodsuauldifuaiudu (Uil 24(n), 2.400), 2.4(n)) mﬂﬁﬁlm%mfu
Usenaudistuaiusnnninanudundiaglianansoussnauld (guﬁ 2.4(3), 2.4(1), 2.4(a))
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COMPARISON OF CHAIN SEGMENTS
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COUNTER — CLOCKWISE CLOSURE TESTS

{

CLOCKWISE CLOSURE TESTS

INTERSECTION TEST

ASSEMBLY OF CLUSTER
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ENTRY IN ASSEMBLY TABLE

JUNCTION CLOSED?
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PICTORIAL QUTPUT

END
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ERROR CORRECTION
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- 2.2.2 nsUsgnaududruinudusAutdnueduee Feng-Hui Yao wag Gui-Feng
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EXTRACTION BOUNDARY CURVES OF THE JIGSAW PIECES

DETECTION THE DOMINANT POINTS OF EACH PIECE
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CLASSIFICATION AND RECOGNITION JIGSAW PIECES
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MATCHING BOUNDARY SHAPE |

MERGING BETWEEN THE CURRENT PIECE AND ALL CANDIDATES

END
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2.2.3 n1sUsenauudrunudusaundneediaznisusenaududuiing nﬁwmé’f’m
75904 Daniel J. Ho wag Peter J. Olver [19]

Funsunsusgnautudiuyiauninseiuasiuduigndnuiadae’s Daniel J. Ho
uay Peter J. Olver LLamﬁwUﬁ 2 Lfl‘ummh“nauﬁudquﬁammmmvnamﬂLLUU%ua'au
flaiduguuuumedalilagldfitodifnvesdnunsdudi Luaammﬁmsﬂimawawu“%’ﬂ
iinannsiweuiudiuinssydufingaguseiiifsusdndifssiuudiuanniian
mnﬂ#uasﬁﬂmsafm%uﬁ';u%mﬁﬂmLﬁ'a%ﬁﬂﬁﬂLﬂuafuawm‘?}luehuﬁgumﬁﬂmmmmuihﬂuﬂu
Fudaudug eduganuidfuldsewirmeuvesiudiuaesiu Tnsmsneweuiaoadures
uaziuguasveuseiu uasuRinealuiuifidauuanaiy (3uil 2.8) fufididiuans
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feuiluveudu 1 Alisgluveudy 2 lususiuiidunuansdaiuilureudu 2 Alioglu
VOUTY 1 IINUUNATINVRINIAINUN (Weuazuad) azgninuliadunieudeuiuns
VMHATINYBIVDUTY 1 AUTUDUY MNHaTINATEUYRITU 1 AuTulaqen uansindvauiufen
YOUNUITSS gavhneBudiuazgniiivimenuasgnidndniu

START

EXTRACTION BOUNDARY CURVES OF THE JIGSAW PIECES

!

COMPUTATION OF EUCLIDEAN SIGNATURES

,

EQUIVALENCE OF CURVES

'

FITTING PUZZLE PIECES TOGETHER

!

PIECE LOCKING

END

FU# 2.7 m3vssneududiunudUimningeluariudmngninuinaieisuss Daniel J.
Ho wag Peter J. Olver

Green area = 218

Red area = 270

JUT 2.8 AWUARINATINYBINAR1IYBINTTIURYBY

N15UsENBUTUAIUAI8TTUB Daniel J. Ho uaz Peter J. Olver a@nusauntgmi
FudruniiluuulivnAnieiivainvateguuuula widudriuniumaassiudududiui
ansunlusunsuneuiuees Feiniistldldiuanetudiunigiudiuiinisdouriuiu
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= 2

afinase Yoyanmasudnufeaduinisaveuiile Aegasunazyngavinevesfinwareuned

q
3/

< =l a < = a 1ot k7] & P { 2/
LUUQ‘WL@ gINUNID LUUﬂ@WBE&ﬂﬂﬂ’lﬂﬂu UBNINUTEY gyira1nlvlun1susenauABuTITUIY

294 n'mJixnau%udqunismwﬁgﬂanmﬂﬂﬁ’fw%%maq Ms.Poonam D.Kesarkar,
Ms.Mridula RC. Prasad wag Prof.S.L.Tade [20]

Funaunisusenouiuduyiauinseiuasiudiuigndnundaeds Ms.Poonam
D.Kesarkar, Ms.Mridula RC. Prasad uag Prof.S.L.Tade uansiagufl 2.9 uITedviinig
Usgnautudiuionansinin dvisnsussnauiinanmsinsaniemegreutasiudiu Ty
Suusniudunggniniem meluiudauean mndurevazgninseiviyuuagaue
Frudsgnouusiagyurasiudin windudilififudiuiiasihunuieuiisy nssuaunis
Usgnavazdugn uiiriuduiiiudiudmiuiiouiiouiudiugiuasgnitangsiiningiu
nioldlnsn1sfansunyuuasaIme Uy sEna UYL YesiudIL mndudrufiinun

P

Wiguifeutiudngfu udgiussgnusznounataluiudrumieiu udgniluniyuuas

o
a 1

ArmEnuUsEna LRz studlnl wimngtudutulidhgiu Suduiuduazgn
hinfinsannsideiu

N15U5ENBUTUAIUDNEITNTEATYATINUIAE18T5909 Ms.Poonam D.Kesarkar,
Ms.Mridula RC. Prasad wag Prof.S.L.Tade anunsoufdamiudiuiidsiuvyldunivied
varnvansguuuld udduduiiinnneassiuduiudiuiivevvessesdniidnuasidy
LUATS
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START

READ N IMAGES

'

FOREGROUND EXTRACTION
|
i
FEATURE EXTRACTION
(EDGE LENGTH AND ANGLE)

i

IF NO IMAGE
TO COMPARE

REPLACE WITH
ORIGINAL IMAGE

A

COMPARE IMAGE FEATURE

Y

YES

COMBINE BOTH IMAGES

NO

READ NEXT IMAGE TO COMPARE

JUT 2.9 MaUsenevBudiunseauiigndnuinniedsues Ms.Poonam D.Kesarkar,

Ms.Mridula RC. Prasad wag Prof.S.L. Tade
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vl a o4 Y [y a v
m’mgwug'm’luLimmnﬂ’ma&nwﬂuwa

3.1 MsuwuasnmEilluv1aan (Image Binarization)

v
° L v

nmMsuwvasnwdiilunmansdudeswvasnmdiluinsaina (Gray scale) neuuda
Jawvasnmnsainalduniweniaidnd asulasamnsanalunmeneidnudies
sunAussalead (Threshold) Faflfdwmsuimuarnuainweusasings (Pixel) wie
wam lunmideudandunmandudafineadindnmsanudsmiodun weldldnw
gmivanzay 1w susselsasgnivundu 128 udewmamainduineausnyesgy
18 150 adwdlevnisuandunmensudifineausniissdendudvn Wudu 9n
fegnadreiuarléiisyuud RGB Aessuuiilidwesiuns (R) B8e7 (G) wavdiGu (B) Adle
Amilwdenaisq Arsauiu Insudazdesiisdous 0 fie 255 flaguit 3.1 aminsainalaily
mwmaﬁmﬁaamné’aﬁisﬁ’waqmmadwﬁumnvhqﬁ'uaséwmmsﬁu Fasuuseduasiuiu
Susudnsefiniea lngvhluszuuiunmareazimualiideyafinieagnunudie 8 Tnse
finwa FeduRusiuasuausaulugas 0 81 255 namAsnmnsawnaiiunmitiidnd R G B
wirfumuaviiawesnululnudun-mi-i fagud 3.2 uinmesiBinary Image) 1y
amdiileiiesaesssufie 0 vie 1 winfy

B, blue

G, green

JU# 3.1 s3UUd RGB
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diunvedNanan wizsendaanset

5UN 3.2 szuvdinsana

issaleasifunisuvasnmmdadnlussuuinsanadesuil 3.3 delanegsewing o-
255 Tiidunmardidagudl 3.4 Tnefidouludr framuduiawosganmlafididiniinie
whiuAsseleaiifiunlfagliganimiuiiandu o uiedudm uazganinladifidngsnin
Aissulsarliganmiuiandu 1 viofun wirlsadifunmsheauduuasuesiinealy
fAies 2 aniughnunuagen damegsluannis 3.1 lngatunsouaninaudunusuuy
nswilifaguit 3.5

255 ;if grayscale > 127

Grayscale = {O : else

UM 3.3 nnlussuudinsana

A binary

0 " grayscal
127 255

3UM 3.5 nsmlinsaing

141257
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3.2 MIAUIUTUIALAZAANISYBNINNDSNSIUAsULUAY (Magnitude and

Orientation of Gradient Vectors)

M3 avunkasirmssnmesiiunsldinadefildfogianainsanasiiu
SIFT v84 Lowe agi§n15 SIFT gau1a1n Scale Invariant Feature Transform tuisnnsm
SnuazAuuuussiuilifufumauasusuauazuueanin 99091uide 121,221 3303
SIFT Usgnaunie 4 ’zfumauﬁwﬁm A 1) n1sasevigiianlufiivuinszesnia 2) n1simvun
Aunisgaaule 3) nsivuafianiswesgeaula 4) nsainesieiuiednunsauYeInIn 7y

U 3.6

Scale-space

Image || Preprocess |—»

Scale
(next

active)

Keypoint localization

A
Scale
(first

active)

Difference of

Gaussian Gaussian (DOG)

'

Orientation assignment

Keypoint descriptor

‘?Ié' &
|
7Y *7{4
ﬁ*‘é

v

e

=
v

¥.

¥

‘:l
.‘)iﬁ'

2/
ot

E'Uﬁ 3.6 YUNBUNNTUIANWULLAUTDININGIY SIFT
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1) YupauvesnisAunigaaulavesnin annsolleulamenl L(x, y, o) @4laain
nsreuligtunw I(x, y) medinsesuumdifouvaeseiu lagaiunsonla
* .
NAUNTTN 3.2 Uagaun1sn 3.3

L(x,y,0) = (G(x,y,0) *I(x,y) (3.2)

o= (X2 +¥%)/20%) (3.3)

Glx,ypo) =

2mo?

dle G(x,y) Wudnsewvuindeu s1easidennisivunai o asuelu (23]
%@Haﬂ’mﬁﬁ’mﬂ’ﬁﬂimLLé,’]'ﬂ5ﬁ@§1ﬁﬂﬁ’lﬂﬂ’lmmm}"m’ua\1LLB\Fu‘ﬁm{!aﬂ?Wi%ﬂdﬂd%ﬂ‘ﬂ@d‘ﬁ}amvaﬁ
agiinifu e85 Difference-of-Gaussian (DoG) fazuit 3.7 Taein DoG @mnsamidann
wiutayanw L(x, y, 0y) finseshemmnsounddeu o, luaunis 3.4 TREA T GHElY
L(x, y, 0z)finsosdeadanseanidideu o, luaunis 3.5 uazan DOG filduansdeaunisi
3.6

da9toyn
w ol
TEAUN 2

L RLRHT
- |
JEAUA 1

DOG

daganmimdideu

d U ] 1 1
UM 3.7 M1 DoG ‘ZJ?NLLNUJ']’IW‘LULLMGS?J'N%JIEJJJ“E?

YU

L(x,y,00) = (G(x,,01) * I (x,¥) (3.4)
L(x,y,0,) = (G(x,y,0,) * I(x,y) (3.5)

DOG = L(x,y,0,) — L(x,y,01) (3.6)
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2) tunausialAsmsmAmgegauazinaniiodongaanls adeyaninazgnifisusn
MugnTeut1e 8 3auay 9 Yalutuiiogfiniu wandagud 3.8 yeifarsanaziy
alutud k ynaulafidenvzdugugavianimgaluusuiiasawiniy

« LT
=
"
s o
e
T
k-1 /@/Gg&‘//
(=)
T i

U7 3.8 msivrsagevenwiadenifugaauls

dioldgeaulauds aghnmsmawin mx, y) wazfienis 6(x, y) veeqanindfiru
N13NTBIvUALNaUN A Ian YaILlAUYDININASENNTS 3.7 Uag 3.8

m(x,y) = /(Lx)% + (Ly)? (3.7)
@(x,y) = arctan((Ly)/(Lx)) (3.8)

18 Lx wag Ly AoAngtfeudluhuifinasiiiuauniudisu
wasntudnwaginuvasnmazgnaslagliiuinaulafigrauladugagudnans
2/ ] -='I’ a =1 c‘f a (] = o [ a a a
wiuvsiunauladuiuiigesvuin 4 x 4 f3Uf 3.9 nsAuiuuvisauivsedalnunsy
Y9sfifmInnIidsudnINuInvetnsfisud luknasiufde sty fAn19999ga9sgnuUs
aonilu 8 ngufiAnns wiodalnunsududsaunisn 3.9

h?’a'm) (k) = Zx,yer(l,m) m(xl y)(l i |8k (xJ Y) - Ckl/Ak) (39)

o 0,(x,y) \HuauBnvengy k
¢ FB NiFMvRIAUENaIvRINgN k
Ay A9 PrviENIvBINgY k
(x,y) Ao gavasnmluiuiides
dedumasunnituiidosudniuvismmidivesfiamunsisudinidsseiuesld
VNmesENYMEAUTBINMTINI91nTEN1T SIFT (SIFT vector) 1uan 128 Foya (128 As
SwouBalnunsuvesiiudl axa fufias 8 fiel = axax8) Faunnsd 3.10
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u=[h h he ] (3.10)

T T TAm) T T (4,4)

s 5 o 1 a U d‘ b4 1 ﬂl‘ 1 o d
vasInUuIMsLUasrd Ny uilabisglugurasanunsgrunilaniiedagun

3.9
16x16 window 128 dimensional vector
1 i Wi | %,_
1 1%:’ :71(_“: Y W
@
® Keypoint e

s

= 1 Py ad
JUN 3.9 dnwauzisiurasnIwilaannis SIFT

3.3 MInvauNNInewaAtALAUL [24]

Canny Edge Detection A® 5aﬂa§'§umimLﬁwaummmuLmui’igﬂﬁ’naua’lu
UNAI1L389 “A Computational Approach to Edge Detection” Tae John Canny Tud
1986 ¥euly 3 Usenis Ao 1) Msnsnduidurounmlagasiaduiduveulifionaintios
fign nande Wuveuldlunimmadns veuvesingiddnydedlivameayliviauodiud
ilaiduvouiuiade 2) massysiumis ssesvinsenhafineadureuinyeduldiuiiniea
Wuveuwiaseiomnliionfign 3) nseanisnavausanuunatefuns (Multiple
Responses) Aiansnsasanuaneiumisvesvauvesingimdatiosiign (One Response)

FBrsmseduduveunmuuuuauiannsouidldidu 4 duneundn Ao n1susuam
WFeusieiansesinidifiou (Gaussian Filter) itordagasuniuidosiy arniudruuie
(Magnitude) wag#iAna (Direction) vedAN1sIlAULYaIALITLLAS (Gradient) QN
tundiun dunsudeuiielilfiduveunimiiaudauiniudwihnisidadivuinanis
LUﬁauLLanmmL‘ﬁ’uLLaqﬁlﬂﬁﬁhqqqmawwﬁaaﬂ (Nonmaxima Suppression) uagdunay
gnvefen1sviBuiu3ds (Hysteresis) Aon1sdnnsaslivdoudfiniaiduyeuiiuriass Tne
uaztumeuiissasBundall
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3.3.1 msUsunwiviSeuateninsaandideu

TUABULINYBINITNTIVIULEUTDUNWLUULAUT Ao N1TUFInTaamd@suningas
993UN2U (Noise) 98NIINNINATAY (Original Image) niininsansasndideu (G, (x,v))
o ar € s 14 a
agihnsaeuligtuilandunn (f(x,y)) Mmensaunis 3.11

gx,y) = (x,y) * f(x,y) (3.11)

Tag

G

it 2] (3.12)

o= ﬁexp [_ 202
o g(x,y) fio muwnadwdnsnsesnefnseumdidou
G, D nin1nfINsouNdLTdau
o fD MAUANTEAUNIINTEY (Spread of the Gaussian)
aiulainisreulagdusswinamiundinndinsosundidey awnsnainei
Auflunisidieuasiifienisiignies dwiuminindinsesiiteuldinasdeniidouadn
wagdnninmmasiuiosmnaTamuusanisnsaaTugasumuaatesanmnidenuinan
fansesiifivunelng

3.3.2 NMSAUIUAITUIALASTANISVIATINTSIURULUAIANML TN LES

NIAUINAIYUIARAEARNYBIAINTTWAB UL N Lasanusavilalagin
NNATNSTINIUNTNTBIVUINIATEUN 3.3.1 uvireuligduiumunandanses nie

9 =

Wlumayiussusunis

3.3.3 nsnndaAtvuranisideundasanudunasilailyngegaianizi

(Nonmaxima Suppression)

o o U aJ v o [ R | ni o
nsmdnAwInnsdguLaaudnuanlilddgegaianignanunsailalag
N33R (Suppression) AvduqailildAggaenenidluasaasanisilisunlaniy
o = =& i ol . v ot ¢ @ 1 & A
\nuasvasiniwaidurgegnanizi (Local Maxima) 17 #9gaussasdvdnvesduneuil e
Uiuduraunniliauda (Blurred Edge) iiluiduveunwitsimuaudn (Sharp Edge) lng
TuksnzNIsaianenIsilasuLlasanudunawesinanaulainduiusfuienns
= 7 | o o a = | - o
wWasuwlasruduiasmgagaanizi ndulssumisuasuianisiudsuluasmnud
wasveeinaauladuiinwamauliu sAvuIansiUdsunlasanuidulasesfiniga
| v a | q I a Y W | | a v ‘Y A
Wewdudidnnnnilinernduld msgiieiddandrndumaggaiamsinds undnilen
dasnilvumunvasinaiauladie 0
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3.3.4 nsvinBuiie8e (Hysteresis) liladnnsasliindauannigaduus unuiase

desnnnwadnsalindinmsmidaauuanisuisunvamuduuadilily
Agaamanzi Sanslsznaudefineatesdyyiasuniu (Noise) wiouinaiuinfluuse
(Rough Surface) dalailyiduveuilusiasesusinged viliiAndgyniduans (Streaking)
\esonnmgnrumsiAssaleas (Thresholding) Weidenveuing Tneliym Streaking
aunsoufldfonsisndeidedaddunouie fuuardautsium 2 d Ao Assalead
WU (Low Threshold) LLazLﬁwTaaﬁLLﬂaqq (High Threshold) nussuiteurunnnng
Wabuwasanuduuasesusasinwasurdaudaisans drfinwaladarvuinnis
Wasuulasauduuasnnniusselsaduisgeazgnimualiidufinea dusouiiuriads
iesnangaamiisienafougedsssduuinadifudurouiivinss Qnufurndu 1) ud
fdfesninssvleasutsmazgnimunliifufinwadyyinsuniu @ausuandu 0) Fen

gane3dunisnmuna1lnuULuug (Double Thresholding) iediATgiuasIuunfiniaa

\dureuwviasseenaninandudayyiusuniu

3.4 N3UTENlanazUT1azlaTes199999Rglun 1w (Morphological Image
Processing) [25]

n1sUsgnanazuisnaglasaivvosnmidunisszsinanalasmsudsuudas
Snungguinmielassadievastngluniw Taweisduiugiulaevialy ldun nsvene
23FUs2noU (Dilation) Aan1sveeinglunwlnsddadumifurielng (Uniform) s
nfauasAUsEnau (Erosion) Aan1sdetnglunin uagnisildsuasduseneuliuias
(Thinning) ghumsivasuasdusznoufulasinsegn (Skeleton) Wunsmilaswairevdnues
fng uenainlewaisduiiugruildndrrludredunds falleweisdudugdn Woun nns
Usznraran miugusnauazlassadivesinglunimuuuida (Opening) wagni1susvanana
amiugssiaginsadmesaglunmmuuuln (Closing) iufu sagnaneannt

3.4.1 walladnwazdd (Hit and Miss)

IamaLi%’uﬁugmﬁm%’umiﬂisﬁwﬁugﬂ'i"mw?alﬂwa%ﬁwmmwla.i'i'mm@uﬂﬁsja
vionsveneam suufaedesiinininenmadanishanuasfiaunld Tasasdinumantase
5U14 (Structuring element) Gsvinutididumnin (Template) MUuluw3duwm (0 fu 1)
Faflvarednwas 19y Disk, Circle, Diamond, Square, Line, Pair tJudu Taeiloin
Structuring element luasgamumisiinwaiisauls uasasdosinsdredatufinwaseu
Hraiiferdesmudnuansvoannin Tnensussuifisuesrhiunniagiiaulalunimdaudiy
awauiieineniw ddeyadumisineaiiaulevesinglunmidnwazimieuiuunin
fanan e mmitldestusgsufineadifugudnaniveaunindsasgnimualiiduinu
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Y = YW a ] Y] %) ¢ ay v oA Y
ADIN1T (1 K50 0) LLG]OT’UauﬂﬁiutﬂﬁﬁﬂlmLﬂﬂJBUﬂUﬂBHﬁﬂTW’(JE]i&aLBWWWWWI@%SMF’WG\?QﬂU
LTgHY,

3.4.2 n1sv818e9aUsEnau (Dilation)

) ¥

nsverwasrUsznevlufidaziatsandmsudeyanmiduuuuluunilaenasld
waanisyidnuaslia auildnanliluiade 3.4.1 mveresdusznevautsavilalng
fvuamunan @wenansaaddldann * uaz 1 Tneflyaiduduiisimualaena) uagdm
LwamﬁaLmui‘uw%’agaﬂwwmmé’]ﬁ’umaamﬂ%mw vngalumuwanaseiumurtsioyany
fififinwaiifuihdu 1 dussrmsgieummanidriudeyanmisiothegui 3.10

LR
YaYANIN ANWULLYLWAG
kok ok k% & ] ok k] %
N T T I |
* ok ok ko ox ] ] k] ] *
1 *
% & @« % 3] F I QLT L @
® ok ® ¥ 7 T 11 1% L
= & 28 3 I 1B 1 14
LA A SN i L T A

(Y]

1y & &
ﬂ@ﬂ&ﬁ LOALTNVDININLUUAIY

******I**l*

d o =i s o 1 E % d:\ I o
RIBVNTTYLUYUNUNULNER . ATLAUNTDLANTWNNNLALNINY 1 Tuuaausn

s

= = Qs ¥ w a Aa 1 [ I = =i
RS LHDYLUBUNULNULNAAUIAUNARANUAUNINY 1 2. Aunusniranassluwn?
L3N

A o 5 t 2 e dy
wazidlovihmsgilleuwnanmaglanmaavinesail
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*

*

*

*
— = = =
— = = = =
e L S e T
e e e e e
— = = = e
T e T ™ =
— e e e e e
— e e

*
*
*
*

JUN 3.10 feogransreneenusenay

3.4.3 n1snsaussAUsEnau (Erosion)

n13nseuBIAUsEnoududnYNLDINITAUTDYANINUSINTEUTDIATN NITNTBY
osfUsznoun mdidnuazadefunmsusieesiuseneuTnemsadianumantuiudaim
wanluaunuaudoyanin wmumanszidouluudagdumuavunin ntuaziing
wWiguiguiudeyanin srdeyanimiianmilounumuwaniagyinnisimuaitoyaninly
FuvisfingafuRiEueu (Origin) vaamumanlifienwinty 1 fuwandlugud 3.11

fBEN
Toyann GAIEPNRIGE)
1 *
¥ * 1 1T 11111
* 2 ¥ x 11111 %1 b
L O T S A A
s @ ® R L 1L T 101 4

nanlaazdiiios 3 sundavinuuniawdauiuinuinan
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JU 3.11 fpgransnieussAUsenay

ay v P [ a o Y o R
Nanlanuguin 3.11 deyanimiiinumsileweistuiumumanudimuinddeyaves

a ° ' Y oA - a =& a0 i P o '
ATWEWEE 3 AR UANTUUNMNLDUAULNULNER QQNWWLLWUQWQﬂLLWUﬁ?U 1 LWBEINE LU
1 1

1

frfimswasumumandu 1 1 nadildfidnwuedigui 3.12 fo

koo ok k% ] % k] H %
kok ok % 1 1 1 1 1 * %
ook ok % 1 ] 1 ] % * %
moe x % 31 11111 #

1l
=

sUN 3.12 fognisnseussiusznaudilaannmiwan vy

av v o 1 | [ 1 | ' v i
HaflAnNgUN 3.12 auiiuinzilumsteruinresnmusianuisagevunalddesndn
1 *

1

a do w

v 1 o v ow I o O = 5
s muwWan Falawaduiureousuuinnin dsiulunsidenmuimwandudeididey

aganialuniseanazvenunIn

3.4.4 nsUszanananwiugUsnaslaseadswasnmuuuila (Opening)

fvunlk OPEN(I, T) Wun1svih Opening vasnn I Tngldmanwan T Sefidnuae
flaauns 3.13 sioludl

OPEN(I,T) = D(E(D)) (3.13)



if

mnammmxiﬁ’dﬂm‘s‘d‘szmamamwﬁ‘ugﬂﬁ'wLtazimqa%'lwadmwLLUUL%ﬁ@miﬂw
Tayanw I iun1sviaeneniw (Erosion) wdmusanistenin (Dilation) Iasldinumnan
YALREIuAe T

FDE9
ASuEy SNYLNLLINGR ANNAENS

00 0 0 0 0 00 0O 0 0 00 0 O0TO0
00 00 0 01 4 0O 0 0 0 0 0 1 4
0O 00 0 1 2 4 5 00 0 01 2 4 4
0011255 4 L 00001 2 4 4
000001 23 1 000001 23
0000 0 01 3 00000 0 1 3
000 0 0 1 2 3 000001 2 3
00001 2 2 3 Ooo0 o0 001 2 3

JUT 3.13 Hadnsanmsuszsnaranmiugusskaslnssaiasnwuuuln

3.4.5 MsUszanananniuguInauaclaseaiteaninuuula (Closing)

Amuali CLOSE (I, T) Wunsnszvhuuumsuszanananmiugusiauasingeadng
vaanmuuuUavasnin I laeld Template T Felldnwuzdsaunisi 3.14

CLOSE(I,T) = E(D(D)) (3.14)

MnaunsIgladinisvinleweisdu CLOSE Aanisundayanin I iiunisvinnisde
n i (Dilation) udmusien1sve1enw (Erosion) laeldinuwanyadeariufe T

LN

ANWULNULWAR

AnAualu ANWNAANS
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000 O0O0O0O0O O 0 00O0O0O0OTO0OTO O
0000 O0O0 1 4 000 0O0O0T1 4
00001 2 435 000012 45
001 1 25 5 4 001125 5 4
g 0006 0 1L 2 3 099 00 1 2 3
GO DO O e L 3 0 0 0 601 2 3
0 0 09 Q9 1-2 3 000 0O0T1 2 3
g9 by 1l 2 2 3 g g9 ¢ L 2 2 3

JUN 3.14 nadgnsanmsussinananmiugusisuaslaswaiawemnimuuuln

3.4.6 n1swasunsdusznaulfureas (Thinning)

FBnsvhesduszneuliuasanunsorildlasendung 2 defe P1 way P2 dall 2
Funou Aoduusnagld ng P1 Tasnistmumanuwe 3x3 aunulumudeyanimuazrinig
#sanfinwavsiauvaunmiansoauldniall dravldbinuismaliuadelidesay
| ndamniaunuiiianinudrdeihnisavdoyanmdsiilénemaly fuitasdldng P2 uas
sdunsilounisléngded P1 Wevhnisauteyanmidlilumnemeuda aanduvie
Gia"LUL‘%"EJEJf]ﬂﬂﬂizﬁabiﬁnmiaauiaaﬂamwaaﬂlm”ﬁﬂ
dnwnizveadoyaihinnfinnsanasdvunaminiy 3x3 fagud 3.15 lnefifnwatiaqdy
ARNNIYANTINANIUSE P

Ps P1 P2

P Po P3

Ps Ps P4

JUN 3.15 sURUUImIwanmianfiansun

8 '
Amuald N(p,) = p, Wuduiuvesfineasou py e py = 0,1 uag i

i=1
=1,2...8 T(po) u,éimﬁam3L1J§EJuLLﬂawaa%’a;3a%m 0 W 1 WeRarsundayaly
P1,D2, D3, -, Pgy P71 AINENU dW5UNG P1 wag P2 aziinssneiie
P1:(2 = N(po) = 6)&&(T(po) = 1)&&(p1, 3, ps = 0)&&(p3, ps, p7 = 0)

P2: (2 < N(po) < 6)&&(T(po) = 1)&&(p1, 3, p7 = 0)&&(py, ps, p7 = 0)
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dmsudoulousnues PL uay P2 Aefinwansnas (py) aunsaaulsfraiemves
p, 84 pydAsindy 1 (Juda) Falunnndn 1 dundusdaslduinndt 6 s d1uu
Roulad 2 fwuald T(p,) = 1 ﬂﬁnﬁaﬁ’mﬁmimé"wLuJawaqsiTaagJa%m 0 Iy 1 ve9
YYD Py, D2) D3y - Doy D1 Weandudeainy werludouladl 3 was 4 e (py.py.ps = 0)
uae (ps.ps.py = 0) anunsaldlddmsudouladi p; = 0 wde pg = 0 w¥e &1 p, = 0 uaz
Py =0 mwfl’aadﬂqﬁ@ﬂdnﬁmaml}iﬁqgﬂﬁ 3,16 Faazifuinile ps = 0 wsdudnuuses
gauiueN e ps = 0 wduvousuai wazidle p1=0 Wagp;, =0 %L“fjm;mwé’ha
dwsuly P2 thusaunsaaufines p, Wifreile p, = 0 w30 p, = 0 n%e (psuaz ps =
0) fauanslugud 3.17 Faagiiuduile p, = 0 awduvevuu p, = 0 azduvoudiudie
wazidle (p3 = 0 ua ps = 0) adusyudrsrn

/ b1
Z // 2] P7 /

A

/ /A Ps
(n) (v) (m)
gﬂﬁ 3.16 WWaRAINFRE1e (1) p3 = 0 (W) ps = 0 (A) p; = 0 Wag p, = 0
P1 /
v
/A Py P3

94 / Ps

(n) () (m)

UM 3.17 msiwannuiiege (n) p; = 0 (1) p, = 0 (A) p; = 0 Uag ps = 0

3.5 N13%1 Labeling and Measuring Objects

N3¥iaLUads (Labeling) An3snisAunmifinialuingifafunsodunguifivai
lngT8nsAunineavesingiifndulunim 2 37 Jeuld?s 8-connectivity Aauanslugua
3.18 Belin1sunauenisusnlng Rosenfeld uag Pfaltz. Tul 1966 [26] i3undn Two-scans

labeling Msviuiianansauwtsesnidu 3 Tunoudiadl
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1. First image scan: \un1slwiinnin (mask) matmuLgé”sﬁwmsﬁumﬁﬂmamwﬁ
fung (Foreground) 9Mntiuaeimune Label uuudansm (Provisional label)
IWdufnwanmiduing uagvitn1sdufinanves Provisional Label asly
Equivalences Table

2. Equivalences Resolution: 1Tun151 Provisional Label lu Equivalences Table
uhnsdnnau wazidenmitdesiigavesusasnquiitewnanldidufuuengy

3. Second image scan: ¥iimsaunuluseufiaes itorrdaunueusazngulumss

Equivalences Table 11¥i1n17 Label asfinwenay

p(xwl,y—l) p(x.y—l) p(x+1,y—1)

Pix-1, Pix,y) Plx+1,3)

p(x~«1,y+1} p(x,y+1) p(x+1,y+1)

gﬂﬁ 3.18 8-connectivity

Tul 2005 Wu wagamy [27] ldlaueiSnsdulinisdndula (Decision Tree) luns
Auminianiniulutunou First image scan Favinlkandurunsivesnisnsiaasuiiniga
amluseuusnues Two-scans labeling asauanslugun 3.19

U 3.19 sulddndulanldnsraaoum 8-connectivity
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mﬂgﬂﬁ 3.19 fimsvinuey 4 Ussuaneail
1. No action: Antwa “x” \Uu Background ldfimsivunartifufinea “x”
2. New label: finiwa “x” 10U Foreground wavfinwadradeadu Background v
mMuuAF Provisional Label Arludlvifiuiiniea “x”
3. Assign action: Ainwa “x” 1u Foreground wasRnwadiafssynitgardu
Foreground #ifi Provisional Label gy
4. Merge action: iniwa “x” \Ju Foreground wasinwadufsnnnnin 1 fina

v Foreground wagdl Provisional Label #ilugniu

3.6 NFATUIUNATINAMIULIIMAUNANIITNAAANINUABNY (Histogram of
accumulated Major Axis Length of ellipses; HoARE)

NIANUIINATINAYINEIUNUNENIITTRm AR By AemsAulnfiennauenss
fidausounguitdnwsnelududiuiifionsan Tnersdannsonldnnmsmyaqudnag
Centroid fio 3aAUInaYDIIATD Region iangudidnuslng darsdussnausie uny
MaNYe9T (Major Axis) Ao IaUate@eeqn (Ending Point) ﬁmaﬁqﬂiu Region Lagknuiag
189243 (Minor Axis) e gauaTsansgafivnfigauagiainfuunumdnvenddfgui 3.20

YU
LY

IngggruazLNUANYEINTEINTaAUINIIINENNTA 3.15 Uag 3.16 AR

Major Axis Length = /(x, — x1)2 + (y; — ¥1)2 (3.15)
Major Axis Angel = tan™? @E%) (3.16)
2741

= [ &
LLﬁ%‘S%H8LLﬂ‘lﬁDﬁﬂﬂﬂiﬂiaqﬂ’ﬁﬂ‘lﬂlﬂi}’mﬂh a1y 3.17

Minor Axis Length = /(x; — x1)? + (2 — ¥1)? (3,17

Major Axis

Minor Axis

SUN 3.20 WNUWANUAZUNUTDIVENILS

Y
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3.7 N15uUaLSUIRALUULGLEY (Geometrical Linear Transformation) [28]

m‘sLLanmwmﬁjmLLUUL%qLﬁuLﬂummumsﬁugﬂuiumwwmawamwmu
Ainoafitneatesdunisaina (Scaling) n1swmdsudianin (Translation) N15MyUAIN
(Rotation) agn1s2aun1w (Shear) n1suUasuiamnazyinlussuunnmLuy Cartesian Hu
& ]

Aagamila (0,0) egiiyuatadrevesnin uddmivnmaineagaiuie (1,1) egiyuvinuu
YOI

3.7.1 n15uun1w (Rotation)

MInuAMmsaUIMilnanunsavilalnen Al
A1TUINTNYUVBILA (x,y) 0UAindalud (v, v) Areyu 8 JUN 3.21 T
anunsounugn (x,y) waegn (w, v) luiidalnanslanaunisi 3.18 uas 3.19

X = rcosd y = rsind (3.18)
u = rcos(0 + o) y = rsindg (6 + ¢) (3.19)
2\
)
o 7 (%)
o .

JUN 3.21 mavu (x, y) sauaanidialufine (u, v) deyu 8

= a a s A o .
lngfiunuguvesnisnyuluiianiwmiuduuiiniliafisuiusuaueu (Horizontal
Axis) @NNT1TNITAYUAIN (3.20) wnun1svguamsauganilnlussuuiina Cartesian n1s
wyunmseuanla g aunsavlilagnisideugauyuluigadndaudaFevinnisuyguain
v a L a a Qs ' -
aaneideuganyunaulumiuieagnsnsugunnlugua 3.22
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(A) NIIRYUNTIN 90 B3

(n) nwAuaty (V) NITUYUAIN 45 DA

5UM 3.22 Magensvauamn

u = xcosf@ — ysinf (3.20)

v = xsinf + ycoso (3.21)

3.7.2 M5.ARaUE8AIW (Translation)

nsiadaudEnIw £(x, y) Weudugadia Cartesian Tuidunw g(u, v) Wneites
ﬁ'umiﬁwmmﬁﬂLmﬂmamﬁwquﬁwé (Relative Offset Address) VBINTNTIIEDI YIAIUITH
WARIAIMUAUNUSSENINF UM UINLAA U8 lFRaaun1sh 3.22 wag 3.23 Lazuandfiogna

nsghenmluzuin 3.23

%+ t; {(5.29)

(3.23)

v=y+t,

1ngh t, Wag ¢, WINTEBYYRINTSAGUE UM LML

£
o ok By

T Huey, "‘l'\—{zj

ka:.“

; ]

B vaxe 3yl

T oliuey, Tw'xr

Tl cutel alter

sy fieck 03
dhq#d\:. or

s pose of -r'\'huti"‘q__’
it‘-m;ﬂ niache \’J.'i'ﬁ_

Quals”
_./ﬂﬂ

(N) NDULARBUENENTN

e ——

qper il ot
OW‘X -{:m'd- 1y

alogk | ow or i f
o jose of 'M-:E".-._,
it uy el efn}/

Coangh %

W

(2) NEUARDULIHATN

L

31117'i 3.23 08 NMTEILAMN t, = 20, ¢, =20
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3.8 gWnsuawasy [29]

sunsuavesuduiimslunsnsemidunseusazduiivlsogiunm Tnsnmaesu
fgthunnadeuiiontdunseiedisinsualosusndudeadunmiiumeianism
YOULINOU ﬁm%’pLnnﬁmLﬁaﬁumaaﬁwswawg%uﬁa mm%mm (x,9) ﬁagﬂumw lng
nsasIRasugafnaneguudunsslag feaunsofidunseiulddmalidifouay
dunsausazidursiiaunisidunsasssidaunisi 3.24

y=mx+b (3.24)

e m Ao ANNTUvBAFUNTY uay b AegasnTidunswidiuuny y
yalagfisguuidunsafeiiuaeiial m uag b wihiu lneaunisi 3.25 awnsoudas
M v oo
aunslndlaidu

b=y—-mx (5,251

wingalae fiA1 m uas b wiviu uansingelaqiuoguuidunsufioatu it (m, b)
wgniiumnuivesyaludesensisdifivadiu suiuluusasdoses (m, b) afiusiuauaiiey
VUldUATUAEINUAD ﬁ!mﬁﬁ A1 m way b Wiy Gaosd (m, b) S3undn sl (Hough
Space) fuiusnawy Aonsawansensdildifusuaugaiioguuusanduasidunin

Mnaunsdunszdanaldidinaidediinlunsdindunssing 90 s Faazvin
Wdiaududueduddadalianmnsoiuldouldass fuduisfesiismaivarlngd
ansauAtamnsaid ﬁamsﬁwmmﬁﬁ’ﬂL%a*ﬁjﬁmamﬂugﬂﬁ 3.24

i

p

A .

JUN 3.24 A1 p uae 0 voudunssluiiniedn

(%

o T ¥
AUNTSN 3.26 WARIANNITAAALTITIA I

p = xcos@ + ysinf (3.26)



35

lng p fim AweveLduTaInINnNgs (x,y) Tumandudunse
6 Ao yusgrinuduTanNaIngn (x, y) Wasandudunseiuunuy x

daadmiuidngtalfe (p, 0) Fninldaruisaiiudoyals 360 aern lngay
NITUUABEANLYAVDININYIAT (Binary Image) DHIUAITVIVBUNLAD FlVLaRNani
" d A a = o & 9/ o P < |
Andu 1 AeiinwaresveudaziiussAusenauvesduladuniidunin lne (x,y) Aogaus
agfinalunmifiarsan Tunuddedld 0 Wuyusevdng -90 s 90 eer wiadutaeg as 1
93 wagnuaal p 1y 8 Weaunualuaunish 3.25 uda luudazensdvesdvaany
Usgnaumeduauiinaluusag (p, 8) Sefinafioguuidunsafisadiuazegludums

a @ P Y =1 o I o ' ol al o o )
(p, 0) weniu Wnihaaanuanadunmagiiuiidunidandaudgaiunuaiue
anann fagun 3.25 (p)

(n) () (m)

U 3.25 mavhdrmsuanesy
(n) Awdady
(¥) MwyauYBININ (N)
(A) ndaafilaannisydunsuanesuves
2w ()

3.9 N1SASITIAUY

9

U (angle) inanudu 2 W neniungn wila uagmibelunistaguenadviae

H
'

Wuesm@adeuludydnual ' © " wlslumheisifoy yuilvansvunauasidedonunntaty
1 16uA savuim 90° (e /2 isifieu v3ai3andn yuan (right angle) yuidnninyuain
(Wouni1 90°) 138n1 yuunau (acute angle) :,.qmﬁ"lmyjm'wa.gm*mLLmﬁﬂﬂ’imammm
(58714 90° ffu 180°) 13un31 yutiu (obtuse angle) yuTuurAwTUABILNRIN (180°)
3un97 yumss (straight angle) wazuilngninyumsausdosningurananiung (senins
180° MU 360°) 158N71 YUNAY (reflex angle)
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2/ i
1 L

dmfunmsimseiyuieUsenaudiaundudiuinged drulvadudiuiiogluye
WertuagiyuldadrluaeluiudiunazyulAeanuinieusndudiunduunawiriunug 39
yiliduduiiyuivinduvanedu yuldadrzwedfuyulAeendsgui 3.26 uidmsududn

o = - | ) ' & 3 Y =
ﬂiSWWWUUHQJQSM’UUTWWLLW ALZMNINP IﬂEJLLG]aSQJ‘M‘Ua\‘i‘Euﬁauﬁquiﬂwﬂlﬂﬁlﬁﬂﬂuﬂﬂiw 327

5UN 3.26 dnwnizyilAudiuarlAeanvasinyel

U

A;-Ay

4 l1F4 (3.27)

cosf =

deoduusznauyuinnmesuandiamadu 4; uay 4, unaunisilamisonle
WEyUAINA 0 Bernfia 180 asmwitudsldarunsaldaunisilunisninuvestudule
esanyuveaguauiiauinssning 0 ageniu 360 o dwluiadasldaunisi 3.28

angle = atan2(det, dot) (3.28)

o det Aa AwWasiuuud (determinant) Uaadunsavianady
dot A HaRMYA (dot product)

laean det was dot @1snsanlaannaunis 3.29 way 3.30 AuaIsu

det = veca(x) * vech(x) + veca(y) * vecb(y) (3.29)
dot = veca(x) * vecb(y) — veca(y) * vecb(x) (3.30)

-ﬂ! =l 1 L3 a’ ﬂl!
W9 veca Ao AINMOSLAUATILAUNTY
vech v AMINMDSIEUNTIAUNADY
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unilaznanfanaianisinFesduduenarsiigndnualfeglussurudenss uay
msUssynAldnnuanassnsuanasuiiouseneuiudiumenans dunsumsdnidestiudiu
Wioglussuruassdifunismuwafianiseivesiudiu TnosuiddulngasUszanae
1nyageanuosBalnunsuvesiirmianisiuasunlasiseAuanuidunas agnslsfidgngean
vosdalvunsuitldiuoadslilyfmnsnetndniluiaiwestudiu Salauideiiaunde
Tnsnrsusznauufinnsnsimdnvsademaieluiudnandalnunsunasiuves
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youreuauiinsnsilnsltinaiagunsuaneilumsdzusrmosiudiulnenisnsaam
dunseiiiilunm Seiliansamuuamdnuesdureurestuduitathdeyaiduveuildn
vilfeglugunuugsudureadunsifegaiduiunasgnuaedmivusagiuresey 2ntu
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fuvesdudiuazgifiuanusmuasnpiedvedulssnougdanunsmiluussgndlddu
JoyalutumeumsUszneufudiudely
4.1 MnsIvesUITEiuED
msdnSetuduenarsiignanunlioglussuuiierfuduludunounisivils
mssedeutudiugonituiudusuaifuldetralussaninmbsiu Tnetunoumsinides
%uﬁ'qumﬂmﬂﬁag"’luizmuLﬁmﬁ’u‘Lumu?ﬁT&JiLamﬁagUﬁ 4.1

L%mwﬂﬁwmw%ud’;uLaﬂaﬁﬁgﬂﬁﬂmﬁmuu 299 NATNADUNTNYIIAT 21N LN

E7

vouvestudiueanviviioamsillenivisteyantelufudiuelsznoudieg ddnus 1du
A191UAEFUAN UavinIvniAnTsISEeiivasishusienisfinsaulsidanseuilian,
melududiy Feazapsiinisnsediindoussindonsoundumidnusvingy ndwiniuda
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Fudrwdmivihunlilumsdnedudiuenarsigninualieglussuruinss Welddudou



38

-=ll q‘i‘; o LY e ﬂ.'j E 2 1 ny [}
FRans A vUTR T UdI LT AanssasgnirumumanveduveuieTWldzUsswastiua
%'wmmuu m'mm'sLLavLsumwa‘uLLm'axﬁwwm%uﬂ":uﬁlﬁﬂ3QﬂLﬁulilﬂu‘ﬁ'a:daﬁw%'uﬁﬂlﬂ%’
TumsUsenevvestudIy

7 Ysunmdunalidunmeris

Y

PIVOUVDITUAIUNTEAE

|

YInssaausauliomnelutiudiu

A 4

= Ql L7 s
LEBARNIZI9NRDUTOUMIBNWS

A

v 4.2 ATIATIERANNS
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e e uw AMUINNATINAUINILAUNS NI NI RAM RNy
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1 4.5 MsUszneududu miuszneviudulaeldnudnuazdinsuanesu

UNNSVINU

Ui 4.1 msdalesdudenansigndnuialieglussuufientu

4.2 ASIATITRNANISIS89RY09R89NET [29]

luhdetilummianinisidewedudiudiinmsdnGedudiuenansiigndn
naieinlveglussuruninss Tnefiiade 4.2.1 msiwsiednisuyu dnannfiaisnig

=

Answinamuindiusiaemaila Spline Interpolation #usiidos fnAiirmenindeses

De

Fudunlpfinnuianarnledudiuiveuiigninludnvarveadunss suideiieuiiausis

D

nanusaunledediiadlaluiide 4.2.2 n153asevirn1siseeivesinsnysaleisnis

- — —— " — o
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ATUIUNATIIANINEMIUAUNRAN NI ARAFNILREITUY (HOARE) 981U1SaMIAANISNISIEE9UDS

Fudrulaegradiusransamlaslidningustuazaiiavealemaielududiu (Ussnause

De

Moy lfuAITasgUaIn)

4.2.1 MINATIHNITHYLY

wAtdanmsUssanuiMssuresiudIuenaIsignianuia lafeg1sunandanainy
SIFT w8¢ Lowe [15] Ingrundssgnaldlunisainsuianisidasundas m(x, y) uasiid
nansasunlas 0 (x, y) sasfiudiugesmaunisneluil

m(x,y) = (Lix+1,9) - Lix—1,y) )2+ (LGx,y+ D - L,y — 1))? (4.1)

L(x,y+1) - L(x,y—1)
Lx+1,y) - L(x—1,y)

B{x,¥) = tan~*( ) (4.2)

dle L(x,y) L‘flumw5uwmﬁ%ﬁwm’l°ﬂuﬂﬁﬁwmmﬁﬁaiwLLﬂimaaLLmﬁﬂnﬁ
Nefvestiuan TnsuraTussduiusiufimmmenisiisunlas 6(x,y) St iamng
waaﬂﬁm?ﬁmuﬂawaqLw}'axﬁmﬁuaﬂzgmﬁ‘uasauaﬂuﬁum&ﬁuﬁﬂmqﬁﬁmﬁus’ﬁu LaEa
dmtindreruianisudsuwas m(x, y)vesinwatiug IngegalunsmBalnunsunansl

]
@/

winfirnisideshnanvesiudiuenatsigndnuiaiimdsfionsun
esannmeivesruian sidsunlas (m(x, y)) fignazvieunveuasyinli
annsnszyldinveuludevimsedund egrslshedldamnsninldlunisusvents

'
=

- = L ﬁu A v v 7 u‘; I o
witnsiesiluiunaulalignievauely dalurfieniswesniseundas (6 (x, y)) asgn
o [l § = P 2 =1 va'-:\ = s a
AUIMUUYIN [/2 /2] nawesnsdsuiuasngnasviouasinuasanlinduienduluda
= s EJ o 1 s 7] € a Ei.ﬂldw
Inunsuvesuurfirnisreiaietlgnsusuljmadnsvosgnganuasdalnunsuinau
N15UsENNNAIRANISISBsRmanYaIBudlIuldanuisadanizA1durnsdalnun su
a e = a ca w al W -l 2 o v
gegnanfiansauwini Wesnenaiawmenisaiiiduveuiianvuzdnuiniludunss agvili
ynasgavodalnunsunarsiufidvesuinanduvevislldfiamianisiseaimdniuiaseves
% & ) v oo oo o Yo da a4 o v oA o A a v a
Jannulududiuiy Asduiountgmildunieggaiiaifisudiuioutuniodutdiafes
maaﬁu%g}ﬂﬂwmﬁmmnmuﬁmiﬁmm%awwqﬂqqﬁwﬁmaa%ﬁimﬂimammﬁﬂms
W o v d W Cay o § ¥ a v € i
1N e biulumuinguseasdil BalvunsuasgninliiSeuseimdi@ou (Gaussian; o =
3) S lanunsafdnsumisgegaluiufigesvundndldlamundeiiliinggandnase
. e _ T _ n P
nduhnsATIInIIudsgegaluituiges (the local maxima: [(x;)) 3ngalnunsuiign
s unan Aunisnnsanuazgnszyadludalnunsuduadunougninliizey ieas
(-] - L7 dl o A
ilufinsunmnggavanidudmounwaunisi 4.3
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p = max( 1(x;) — median[l(x;_;)(xi15)]) (4.3)

| = o 1 . a aa
We 1(x;) Wushumids it yesdalnunsufineisan
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INPUT:

ellipse property = {MajorAxis, MinorAxis, Orientation}
MajorAxis is length of ellipse’s Major axis.
MinorAxis is length of ellipse’s Minor axis.

Orientation is orientation of ellipse (-90 to 90 degree).

1. FOR (Orientation of all ellipse)

2 IF (MajorAxis > 1.5*MinorAxis)

5 IF (MinorAxis> 3) && (MinorAxis< 15)
4, KEEP ellipse property ;

5 ENDIF

6 ENDIF

7. ENDFOR
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|(dp, — dn, )| + |(dn, — dp,)| <= DIS (4.13)
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fuus THETA) Tasleiuesinuusznavyunilamtuilaosefowindunousy (adves
fuilegriousu) uazlesindundan (edwosinuiiogudsm) fuanduaunisil 4.14

180 — [6,, | + (64, || + [180 = |8, | + |6, || <= THETA (4.14)
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INPUT:

Geometric shape property = {ansle, d,, dy, 0, O}
angle is the angle of corner

d, is length of boundary (Previous)

d, is length of boundary (Next)

6, is theta of boundary (Previous)

8, is theta of boundary (Next)

FOR (angle of comer)
IF |180 — (a, + a,)| <= ANG || 1360 — (a, + a,)| <= ANG

IF |dp, — dn, | + |dn, — dp,| <= DIS
IF ]180 — [6p| + |61, || + 180 = |6y, | + |65,

£ owm o =

<= THETA

5. KEEP Geometric shape property;

END
END
END
END
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JUN 4.15 nsiensanyuiidgrivestugdi



56

[360 — (144.84 + 187.12)|

= i a < =
JU¥ 4.16 AunTuduinsiansanluReulunis

< v = i Y i
NFUN 4.16 13 2 (FUee) wazyu 4 (3U121) dinassvesnasineuinyuiu 360 L
a ! P J o ¥ " :g P = = = o o ' P a
A1 ANG Aiiwun Fsdeddyuilegluteuleiivie fsanunsahlufasandeluibeuled
Y <
a03 3uN 4.17

|dp, — d,,| = 1108.61 - 105.30]

|dn, — dp,| = 18172 - 83.1]
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15 1
65, | + 162, | = 1-95.33] + |-94.36]
q
|65, + |60, | = 1110.24] + ]120.49]
: 2
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Plane alignment algorithm for torn document
reconstruction
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Department of Computer Engineering,
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Abstract— Snippet alignment s a process to arrange picees of
the torn document to the original positions according to the
direction of the alphabet line. It is 2 prerequisite to assure the
effective reconstruction. The higher of the performuance of the
snippel alignment, the greater the opportunity for successful
reconstruction. Therefore, this paper presents a plane alignment
algorithm for torn document reconstruction. The proposed
technique analyzes the contents inside the snippet such as the
direction of the character aligmment based on the histogram of
the nccumulated radius of the fitted ¢llipses, The direetion result
is then used to revert the snippet fo its original position. Hough
transform hased local descriptor is extracted as shape feature.
These parameters are helpful for accurate reconstruction.  The
proposed technique can achieve approximalely 5.07 deerense in
relative orientation error thus increase 24.11 percent in reverting
precision, This can demonstrate the significant performance
improvement of the proposed algorithm,

Keywords—torn document

. INTRODUCTION

Reconstruction of tom document is related 1o a technique
for solving the 2D pictorial card board puzzles in the antique
puzzle game [1]. However, the snippet shape of the tomn
document is essentially different from that of the puzzle since
its shape is imegelar and the content may contain text lines with
different directions. Even though torn document can be
processed similar to 2D puzzles, it is possible that the paper is
tomn in different layers causing overlapping parts of pieces [2].
With different torn layers, the boundary of the snippet may
contain the outer edge called the border edge and the content
edge called the internal edge as shown in Fig. /. The border
edges and the infernal edges of the three connecting fragments
are marked with different types of lines (dotted/dash lines) and
colors,

Only the internal edges are needed to be considered since it
can be used to properly align the snippet with ifs neighbors. In
contrast, considering the border edges may resull in additional
errors in assembling process. Techniques for reconstructing the
snippets can be categorized into two groups as pictorial or
apictorfal methods  [3]. Mostly apictorial  reconstruction
depends on only o single feature such as the shape of fragments

978-1-4799-7961-5/1 5/$31.00 €2015 IEEE

Assoc, Prof. Dr. Orachat Chitsobhuk
Department of Computer Engineering,
Faculty of Engincering, King Mongkut's Institute of
Technology Ladkrabang.

Ladkrabang Bangkok 10520 Thailand.
orachate{@yahoo.com

while both shape and printed information are taken into
account for the pictorial reconstmuetion.

Fig. 1. Snippet from torn document with the border edge and the internal
eclge.

For apictorial recanstruction, an automatic reassembling of
the large jigsaw puzzles was proposed by Wulfson et al. [4].
which considered the curves of the jigsaw edges and analyzed
them using geometry relation. The curvature of the boundary as
symbolic representation of 2D shape is the derivative of the
tangent angle to the curve, which is parametrized as a function
of the are length, However, the algorithm can be applied only
on limited shapes of fragment formats such as f(riangle,
rectangle, ete. To alleviate this problem, Goldberg ct al. [5]
proposed  puzzle reconstruction  using  the  geomelric
information such os convex and concave curve. Even though
this technique can support reconstruction of various shapes, it
still cannot distinguish the picces with the same shapes (such as
squares [6] or shredded [7]) and sizes by considering only the
shape information.

Plain alignment is sn altermative process to revert the
snippet back to its original angle before reconstruction for
faster and more accurate. It helps to distinguish snippets with
similar shapes but different orienfation. To align the snippel,
there is a need to determine not only its shape but also its
content. Analyzing only continuous shade of background color
may be adequate for jigsaw arrangement. However, for torn
document recanstruction, the direction of characters s
important. In [2], the mmin orientation of the snippet is
estimated based on the orentation histogram of gradient
magnitude. The primary direction can be incorrectly detected
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in the case of long straight boundary which dominates the
direction of the characters.

Therefore, the plane alignment for tom document
reconstruction based on Histogram of Accunmlated Radius of
fitted Ellipse (HoARE) is proposed. The deceived information
such as snippet boundary, pictures, and table lines is climinated
prior to estimating the preliminary orientation of the ellipses
fitted on text linc segments. Once the main orientation
parameter of each snippetl has been achieved, it is reverted to
its original position. This process ensures that all the snippets
arc ready to be assembled. It can grestly accelerale the
reconstruction thus deliver higher accuracy. Then, Hough
transform based local descriptor is extracted as shape feature
and used later in reconstruction process. This paper is
organized os follows: The proposed algorithm is detailed in
section 11 while section Il presents the experimental results.
Finally, summarize and conclusion is presented in Section 1V,

Il PROPOSED ALGORITHM

This paper proposes a plane alignment technique for torn
document reconstruction, which analyzes and assembles the
snippets based on their inner edges and content. Both features
help to distinguish the snippets with similar shape thus
positioning in different directions. The proposed plane
alignment process consists of snippet reverting process and
local descriptor extraction based on Hough transform as
illustrated in Fig. 2.
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reconmstction

Hough Trunsform based line
segment descriptor

In reverting process, the snippets are transformed back to
their original position. The transform parameter in term of
orientation is gencrally estimaled from the maximum strength

of gradient [2] of an orientation histogram with spline
interpolation. The estimation is performed both on boundary
and the characters. If the snippet contains boundary with a long
straight ling, it can dominate the main orientation of the
characiers.

The fitted ellipse provides good geometric primitives of an
object and can be used to represent text line segment.
Evaluating dominant orientation can be done using the
Histogram of Number of oriented Ellipses (HoNE) fitted on
text line segments. Nevertheless, the limitation is in the casc of
the snippet containing a mixture of typed and handwriting
document or o few text information, which results in more than
one main orientation as illustrated in Fig. 3.
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Fig. 3. A Comparison of Ellipse Histograny (n) Input from niixiure of Thai
typed and handwrilten letters and a few text content with table, (b) Histogram
of Number of fitted Ellipses (HoNE} and (c) Histogram of Accumulated
Radius of fitted Ellipse (HoARE)

With noisy information, the dominant orientation can better
be represented by analyzing the histogram of accumulated
radius of the fitted ellipses as HoARE. With a few fitted
ellipse, the dominant dircetion can stitl be identified according
the direction of the group with the longest total radius. The
snippel is then reverted to the original position according to the
estimaled dominant orientation. In second process, the local
shape descriptor of each snippet is determined using Hough
transform. which will be used later in the reconsiruction
process. Hough transform is performed fo extract primary line
segments of the snippet boundary. Even though Hough
transform is robust to noise; it requires high computation
complexity. Suitable Hough parameters are crucial and should
be evaluated in order to achieve the efficient representation.
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A, Snippet reverting process

First, binary image conversion is performed on each snippet
using Otsu thresholding technique [8]. In order to obtain the
content inside the snippet, the boundary edges are eliminated
using vertical and horizontal boundary edge scanning as shown
in Fig. 4, Removing the boundary edges help to accurately
approximate the quadrant of snippet orientation, The remaining
content edges are then fitted by the ellipses. The length of
cllipse radius with the same direction is then summarized and
kept in the HOARE as presented in (1),

s=max l b rﬂx;‘)] (M
~902,;<90( j=N

where 1(x) is the radius of the j* fitted ellipses having
direction within ¥, ¥ is the  orientation bin of the HoARE
and s is the peak of the HoARE.

()

Fig. 4. Snippst boundary elimination: (1) Binary image, {b) boundary edges
and (¢) content edges.

The peak of the HoARE is considered as the primary
orientation of the snippet, which is used to revert the snippet
back to the original position. However, the primary orientation
may be devialed due to the mixture content of text line
segments, pictures, and tables, which sometimes align in
different directions as seen in Fig. 3. In the proposed technique,
the direction of text line segment is the main concentration.
The fitted ellipse with the axial ratio of major and minor axis
greater than 1.5 and the minor axis length between four and ten
are considerution as text line segment. Otherwise, it is
categorized as pictures or tables and then discarded from the
consideration. Eliminating the ellipses of pictures and tables
can help to substantinlly allevinte the problem.

() (b)

Fig. 5. Ellipse filting on detected objects: (a) migingl images, (b) The fitted
ellipses of detecled objects, () Ellipse fitted on only text line segments.

B. Local descriptor extraction based on Hough

Ifransform [9]

Hough Transform (HT) is widely used to represent shupe of
a detected object in terms of lines, curves, or circles. It callects
edge pixels comresponding lo the similar parameters of the
predetermined  shape and summarizes them into the two
dimensional histogram. Summation or integration operation in
HT has been proven to be robust to noise thus provides reliable
results under noisy conditions. Due to its high computational
complexity, typically only the lincar curve has been chosen
instead of high order curve.

A linear curve can be represented in the form of polar
coordinates as follows (2):

p=xsin@+ ycosd (2)

where x,y is the coordinate of the image on x,y plane, g is the
distance perpendicular from the origin of the x,)r image's plane
to the straight line and # is the angle from the x axis to the
perpendicular line

Using the polar coordinate allows HT to collect lines of all
directions, Edge pixels are quantized to the accumulated T
array according (o their straight line parameters (p and 8). In
addition to 7 and &, another important parameter is a threshold.
The appropriate threshold should capture the main straight line
representing the perimeter of the snippet.

I,  EXPERIMENTAL RESULTS

This paper presents a plane alignment and Hough transform
bused feature extraction for tor doeument reconstruction. In
order to illustrate the performance of the proposed algorithm, a
sel of 45 picces ol the snippels have been prepared with various
parameters such as the size ranging from 3 cnt® to 378 ¢ at a
resolution of 600 dpi, the type of message (Print/ Handwriting),
the format of the paper (blank, lined, receipt) and the angle of
rotation, The snippet categories consist of letters and pictures
from magazine (8 picces). English typed and handwritten
letters (7 picces), Thai handwritten letters and table (14 pieces).
Thai typed and table (13 picces). a dataset from [2] including
English typed and handwritten letters (1 picces), English typed
letters (1 picee), and very low content (1 piece).

Ao Performance analysis of the snippet reverting process.

This section focuses on evaluation of the reverting results
using the proposed technique compared to that of [2]. For
performance comparison, precision and relative orientation
error (RoE) are chosen to measure the effectivencss of the
reverting technique. The relative orientation error adopted in
[2] is as followed:

er =l nmd(a‘..‘}O)— mod{am.F)O]" 3)

e =min(e.90-¢]) ()

where o, is the groundtruth angle, o is the resulted angle and
e is the final relative ovientation error, However, considering

only the angle within a single quadrant [0 n/2] still cannot
determine whether a piece is upside down or not.
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TABLEL MEASUREMENT RESULTS OF PRECISION AND ROE FOR BACH
SNIPPET CATEGORY
# RoE RoE Precislon | Precision
Dataset
(pes) 12) propose 2t _propose
letters  and
pictures from | 8 1239 2.06 29.17 91.67
ne
English
typed  and = o8 ’
-~ 7 10.54 0.53 42,86 80.95
letters
Thai
haidvitietr [ 4 2.93 0.09 50,05 05.24
letters  and
lable
Thai  typed &
) 3 3 5

and table 13 5.39 0.05 79.49 100
English
typed and
handwritlen ! 0.04 0 100 100
letters [2]
English
typed letters | 1 049 i] 100 100
121
Vo' low [ 6.43 0 66.67 100
content 2]
AVERAGE 45 5.40 0.39 71.30 9541

Table 1 shows the measurement results of RoE and
reverting precision for each snippet category, From the
experimental resulls, large emor occurs in the category of
letters and pictures from magazine since there is an irregular
picce containing text line with various directions inside the
picture. Text in picture can unintentionally dominant the
direction of the actual document text. It can be seen that the
performance measurement of the proposed technique in RoE is
decreased approximately 5.07 while the reverting precision is
increased 24.11 percent compared te that of [2].

B. Analysis of Hough transform based feature extraction.

Once the snippets are reverted, their features are then
extracted and used later for reconstruction. In this paper, the
linear hough transform of the snippet boundary is extracted.
Due to its high computational complexity, Hough parameters
(Ap. AB, 1h) should be investigated in order to optimize
between the quality of the descriptor and the processing time.
The greater quantized precision of the parameter, the better
detail of the line boundary scgment. The excessive precision
may result in the over-delected line segments due to noisy
edges thus causing inefficient execution time, In the
experiments, the quantized step sizes of the parameters are
chosen as Ap = 8 and Af = 0.1, The examples of the detected
line segments with the variation of Ap and A are presented in
Fig. 6 and Fig. 7, respectively.

Choosing the value of the threshold is crucial since it
affects the performance of the geometric representation of the
snippets, If the selected threshold is too low, the detected line
segments will not cover all edges of the piece. Inversely, the
high threshold can lead to over-detected line segments and time
consuming. In this paper, the suifuble threshold is
approximately between 40 and 35, Fig. 8 shows the line
segments resulted from sample thresholds.

(b}

Fig 6. The detected line segments with the variation of Ap (a) Binary image,
(b) Ap =2, (¢) Ap =20 and (d} Ap =8,

(a) (b) i)

Fig. 7. The detected line segments with the variation of Af: (a) Binary image,

(b) A= 0.7 axl {c) A =0.1.

() {b) (&)

Fig 8. The line segments resulted from sample thresholds: (a) Binary image,
(b) th =20 and i) th =45,

IV. ConCLUSION

This article presents a plane alignment algorithm for torn
document reconstruction with the analysis of the orientation of
text line segments inside each snippet. The accumulated radius
of the fitted cllipses of text line segments in term of HoARE is
proposed to distinguish the snippets with ambiguous properties
such as similar shape but different orientation espeeinlly in the
case of a mixture of typed and handwriting document, pictures,
lables, and a few text information. The experimental results
illustrate that, the average errors in term of RoE is decreased by
5.07 while the reverting precision is increased approximately
24.11 percent compared 1o the reference, This can demonstrate
the significant performance improvement of the proposed
algorithm. Estimating geometric shape representation in term
of Hough transform descriptor is analyzed and used later in the
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reconstruction process. Performing plane alignment prior to
reconstruction can help to accelerate the reconstruction with
higher success.

0]

I2]
I3]
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