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BB
®m Global, fast, automatic, binary,
character, dual, hysteresis

M5
m Difference checking, dynamic
threshold

XK
B Local, multi channel, expand

HFh

m Watersheds, pouring,
maximums, plateaus




thresholdBF—REIE&% O AIEER

threshold BF
B REEAY
B RRN
B (R EENEE
B NREFPRSERZEFEKREZE | lthresholdE 7T ER
B XJF—LREERISERI , RTLARERIESRLE
B threshold EFREN:
R ={(%Y) € R Grin <Y Y) < Gy |
B IRINFRE , BEREBSIAS M —XHTE
B NREIESEMAREEXAR MR LIRECSEBREEG S AIHE— N E
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TRRAZRAEMURER T | BERENSI S A 2EERINES
" RRMIMIERZEEEHEERNREE

B HHESSEHENMNRIE  — 2K, 5 1EER

B EYIAHIERZERI&RIME

B SIMRRMIAETRENREE

= XEFEXNTHRMSERELERIR/IME

I BEXERIMENERHE

> ERESE : il DEE
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BaieBEEDEIHE
m EELE
B SHHIUIESZRIREE (RAE)
B 7fthresholdP{FERSHAEE—EEBRIBEIFEARE

gray histo (Image, Image, AbsoluteHisto, RelativeHisto)
PeakGray := sort index (AbsoluteHisto) [255]
threshold (Image, Region, 0/, PeakGray-25)
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B EHRERIE
B {EMAthresholdiEIMiKIEZ EINGR/IME

bin threshold (Image, Region)
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93E): Dynamic Threshold —a EIEl{% () AISER

XTF—ENAXN , BE— N EREERATEERY , thil , BN
B REBANSEEGRIEERRARIE
B EGRAEERIHISN
B YIMEREESEEINEREINE RSB R
B EXMERT , S EERERX S ANE RS ZH
B [E SEREBIERYIRRE
B 5% BERRE A LAY EiIRiRER REEE (FLUl, mean_image HY,

binomial filter)
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dynamic thresholdfJEN :  FRWABESE G

= {(x,y) € R1g(X, ) —s(x¥) >t}
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= {(x,y) eR|g(x, y)—s(x)y) < -t}
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FERAImMask R JHRE 7 e Zl SRR
HNEARY

LIRS TP
B mean_imageRYEIRRYT > HIEEW)
IERR
B SUEEMNBEIGauss filter
B UNRIEREBRT AKX, BBABBIREITHY
PIME=IEE—IR
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B FEREHES A
B B EG IR BRI E R IRE
B (ERRERBIBRI A TFRIELERE #HEF2%D+1

B RHATEGREZEFEMINERE | LHEERKE
HIEIRERRR

mean image (Image, ImageMean, 21, 21)
dyn threshold (Image, ImageMean,
Region, 15, 'dark')
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B HALCONERHET—1EHKEF: var_threshold
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B FARERRENEFHEESEI , FiLARIES 2
B REMELCdyn thresholdis e & xHIHITHI(E]
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fEALLLE , FRBIRAIREEFALS

B ELBKAEEE 27K

B ER A EAENEE— LB

B S¥Basins 37 XEREM, BT
Watershedsf & 7 —L57KIE

B Watersheds SEIBEIRIREIENXIE, FifBasins B2—RIIXE, , MR8 NA1E
RZRIZ I

B EZHERT  EoElRIEFEEGEIFEYER




=% Watershed 37KIe——2EIEIHS D ANSEE

WNRIILLEERLER/) | watersheds threshold BILAFE(SHESBRIZ ST
B PIRERIRFERIRMET | LD EIXiE
B RTINS | XESIRESINENRIEE

B XEFLtilwatersheds, Y ruint2 flfloat B
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B DRI LAERERRIS IR EE
B ANREBHN XA RIS L B LS ERYE (B
2N, BRAEATRILABR IS
max(W — B,,W —8B,) < Threshold




Watershed: 75=fjl 2 EIElS O AIEEE

tlf,?lzfii watersheds & watersheds_threshold
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#75:fEdistance transformation3Eit&HIF Nl
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gray range rect (Image, ImageResult, 7, 7)

threshold (ImageResult, Regien, 128, 255) ) ) SN
connection (Region, ConnectedRegions) _63* A ¥ |
select shape (ConnectedRegions, SelectedRegions, j

‘area', 'and', 1000, 99999)
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B (FENETTER
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m ZHETF
B Erosion, dilation, opening, closing
B SRETF
B top-hat, bottom-hatphit-or-miss, boundary
m RBRETF

B Fitting,pruning, thickening, thinning, skeleton
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B complement: IFEENMHINXIFHAIHNE
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n BREINERAE DB HRAIXE
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EX R ={x|x-teR}={y|y=x+txeR}
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B move region: BEEERTHEXIE
Fi%

B EEERXIEAE
B ARERANSLR ([BiSdifference 5 F)

R R(2,1)
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RgS:Rgg
Z(R)|=|Z(R)|
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Input image Segmented region

Segmented region Connected components
after applying dilation (correct decomposition)
(circle, diameter 5)
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Connected components
(undesirable decomposition)

Intersection between
connected components
and segmented region
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Connected Components

after applying dilation
(circle, diameter 15)
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Xign FRANTREK RS

A LUBIg LA NE R R ARSI A
m PEBAS. &R = R\ (R®S)
m SMNERIAFR: oR = (R%S)\R

B TR

m S, = S¥lESNRIFLL
m S, = AT
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4 neighborhood 8 neighborhood
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B ET LS BIEENBTR | BRETEEEEER | RIEERERS |
B hit-or-miss THRAJLAXSS =2
B REABAMKE, S=(S,S°) aERIARE, "W S'NS" =T
B hit-or-miss ZHRENIT:
R S=(R S'W(R S"

= S{ZRAS’ R/

=(R.'SHYA(R S")
Duality: R@S :ﬁ@sf with S.=(8",S”)and S’ =(S°,S")
B OXFESRANER | RS PAMRNTRE ST, TERTE EEANARITE
=X S° (HUEE’JH‘E) BRI IR X S°,
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Bixtal

Structuring element Erosion

Strugturing.elements Hit-or-miss transformation
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Opening '
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Input image Segmentation
CIosing Detected defect
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1. Closing with vertical rectangle 2. Closing with diagonal rectangle
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— M XBHAIBFRART KNP 0%, SR EAIXERS—AXEE—(& LRDFEE

EERE—FRY
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EABER Iskeletonfy
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Simulated conducting paths with defects Distance t3¢#t

SkeletonFfidistance Z&4Y, &I ERPE
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ICEEERJ LA
B EF%5(union, intersection, difference, complement)
m dilation, erosion, opening, closingBYENX.
m dilation, erosion, opening, closing, skeletonBYsx%ER

B 7E5ZEleterosion, dilatation Flconnectedvcomponents AJ3Z X (&EF



[0 AlEER

IRENEHER

N

FEREEY



}SEI=EY D AlEEE

FHIEER 7 XIAY "R

B XIFAHIE(FAREHLE) TR LAHE | XEAHERARS ¢HEXRAY" REESAY
B REERSER T SEEGNKEE  BREXNEGRE DS HRAIXE

B HENMAE

B SEIER—EXELE , SRR X

B X3, EERIOCR
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XiFIFE: AreafllMoments —4S1IE3REY O AIEEE

EERAYXISAFE: area a=|Rj= >1
(x.y)<R
MomentsiENX (p =0, g=0): m, .= > X"y*
(X, y)eR
my,, = al3—mE(p+q=1 il
0.0 /& (P+gq=1) np’q:g(z):;(pyq
X,y)e

(n1,01 nO,l) =X AIFIOEID
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() AliEE 8

—fI3—1ERE (. ny,) TR T K ERER(ELD)
B T iOREREE 7 XIEEY e m”
B 755 SHESTHRERERIRE X
fRRRISEL
n EO=Rig)
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r, = \5\/ﬂrr Loy + Wkl — o)+ Ap2
B EHRIRKE
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mE N,
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XiFi54E: Moments ——i434FE2EY O AIEEE

WEKISEk Anisometry T,/
H~Feccentricity ] elliptic_axis
R RIASHE
PREHFAERYB) R
m RE 1, # 1 EARHEEST
B RIEGEZZERIMAR , BRBER S
B REEAIN X1 BB RYF LR ML BN BB R AV

‘

B SR REERELSER
B ERRIBOEIRETIE | ERRIERREESS AR (orientation_region)
" R EERE



X1iH4FE: Smallest Rectangle —4F1iEHEHY D AlEEE

ST F YR/ NEFZ smallest_rectanglel :
(rul ! c:ul)

k(nr’clr)

Y : Ny = M TG = MaX T Gy, Gy, 34

ES S RNE/IVEI(SMBIRIERTTSIE) . smallest_rectangle2:




XIAFIIE: HEI5IE—A45EREY D AlSEIE

smallest circle:
) Cm )

convexity: XigEfR S8 miRaILLfl

q 1

contlength: XIFAHRAHKE ]@ﬁ

compactness: | AREHKE., a EXiEAIEFA
|2

k:

Ara
B k>1, k4£1I2REFKE
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B [RTYEFFEI  KREAANEERER
B ZHF IR IEEb lroundness, circularity, B# eompactness i EATFI%EH

3E}i/
’ Input region

®  HALCONfRMHE T AR T JEBl/ TRAERR AT —
Equivalent

‘ rectangle

Symmetric
J difference

1R | AR E M AERIXKIE (ECUIIES iY) rectangulari ty BIF#AR(E 7
10%
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Raw segmentation Selected rectangles
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Raw segmentation
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HALCON#ZH 7 — M EF AT LARSRBE — X RIS AR N

B XEEUBRNESIEEEEIEMY | BB SEWEE (RIEMX/y M)
B XNFHIREUESLA TR A TEI8E , EranZRmail >y AL OAY |, REE

B XNEFOLUS SR SR R AR EER

ABGINZFR: ARk B9 -



Select shape 1SEHEEY YN EE]

select shape (

; ; 2 )



SEF=EY Y NEE

X1E4FIE

IRIETHIE



FRE(E4SIE—A451EH=EY D AlISEE

BRI AT | XA EE

_ 1
g=— ng,y

a (x,y)eR
X pY e/ IR EE:

. = min , — X
gmn (X,y)<R gx,y gmax (X,y)<R gx,y

o- B3 ERIDEL
g, =min {g 1d, Za}:max{g xo
o = 0.5: REERIPE

FBi% : FREBIRIE
REENSEIINERE:

1 _
Szzﬁ Z(gx,y_g)21 S:\/S/Z

= (x,¥)eR
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XigrEAg X - (R RN AR BB 1Z RN
Myq = Z gx,yxpyq

(X,y)eR
a= mo,o E%ﬂ%ﬂl

J—tE p+q=1

1
_ Py,4
Npq _g ng,yx y
X, y)eR

(n1,o , no,1) BIZX IR EEE
= p+0=250E
1
/’lp,q —\ Z gx,y (X _ nl,O) P (y o no,l)q

(x,y)eR
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INRREERIZXIFRMERE  BBAREERIIXEEESERNGER
e, 0,, = xr(%y)=1 R (X y)eR
S5XigENER
B XEEE— TR
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X xEAYe [ /, \ EFRIE
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Xiik- vs. FRE{EMoments —4S1IF2EY O AIEER

XEHFE (L , EZSE ) BEIEL T XA

= NFNNXEMEEEAZES

B NTERENER (SREAET , SIEREERL )N, TEER (8%, KETERES
HYFY ) RIS R KKIBIN TR,

B TR XA T EEERELBN | FRAK XIS R RRE S 2B RAY.

= REEFEEZERENNXEEEERL.

» FHRCENEXREERNITEIMEAT S8R

O(a) < O(+/a)
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B EE—PREFHmR
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B REEGGIEE RIS |, LLFBEN SN S/INIE
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e HRAERT
B AR ENR R TRFRIERRS
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LIS FS: estimate_noise ——43IFEEN D ANSEE

MERIBER P IHEIR AR ERE
AT LALATS PO# 75 5 FRize BN —
B ‘foerstner' :REJKEUGTFHNISIXIE , FRAitEHIXIFHKEBIRERE
B ‘immerkaer' : MEGREER—MIIARIRBI. BERLMIEREEPITELE
IXEURTESAIIEE
B ‘least_squares’ #] ‘mean’ HREF—LITHEGRTHIGRENTZABS
nd
B ‘least squares' WWTEPMSIGREMS , —PREEFEENT 3x30E
= noise = gray values — fitted plane
B ‘mean’ ! [IEFEALUER  BIIESSER XIS N HISHERKES
= noise .= gray values — mean image

RMS<L ., 'foerstner REMERERS , AM 'immerkaer’ ZEITHIEERHIR
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Added gaussian noise [sigmal] Added gaussian noise [sigmal]
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Added gaussian noise [sigma]
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Added gaussian noise [sigmal
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