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(D) BlJFEROI

IMIAVISION

> M HalconEFRICATG R > ERArHEROI

ERol ¢ gen rectangle1/2
> ﬁ&ﬁﬂé’lﬁ ¢ gen circle
¢ draw_rectangle1/2 ¢ gen_ellipse

L 4

+ draw circle gen_region_line

¢ draw_ellipse > JEIEXLDEIEAOI
¢ draw_line ¢ gen_region_contour_xld
> EETAR ¢ gen _region_polygon xId

¢ draw_region
¢ draw_polygon
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(D) 4FLROI

IMAVISION

read image (Image, 'board/board-01.tif")

get image size (Image,Width,Helght)

draw rectangle2 (Window, Row,Column, Phi, Lengthl, Length2)
gen rectangle2 (ROI,Row,Column, Phi, Lengthl, Length2)

QUL
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) RoMl&IE

IMIAVISION

> B IERREL
¢ erosion * J/PROT
¢ dilation * ¥ KRroI
¢ shape trans TEAR 1
¢ boundary BRERKIOF
¢ move region B XHBF A E

>HE

¢ Intersection A&
¢ Difference %ﬁ

¢ Union2 J{F%
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(D) 4FLROI

IMIAVISION

dev_display (Image)
draw_circle (Window,Rowl, Columnl, )
draw_circle mod(Window,Rowl,Columnl,Radiusl+10,

Row2,Column2, )
gen circle(CircleSmall,Rowl,Columnl, )
gen circle(CirclelLarge,Row2,Column2, )

difference (CirclelLarge,CircleSmall,DoughnutROI)

dev_display (DoughnutROI)
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() HiZOIRER

IMIAVISION

> create _shape model(
Template, ] AR EE
NumLevels, || BG4 85
AngleStart, | E a5 JE
AngleExtent, //ﬁ%f“nzl
AngleStep, | A2
Optimization, [/ fLfb 5%

Metric, || Bt
Contrast, /] X} LS
MinContrast, [/ G/PNATEEE
ModellD /| FEARID

)

» create scaled shape model
» create aniso _shape model
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(D) iEiRs-Numlevels

IMIAVISION

Level 4 ﬁ\

/
Level 3 ‘fogﬁ;;7\\
¢ ! \

Level 2

Level 1 LT AT AT
S T

S AT

A
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(D) ERSE-Num Leve s

IMAVISION
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(D) &S -NumlLevels

IMAVISION

Level 1 Level 7 X&)




(D) RS

IMAVISION

* fI|EROI
* EUAE

inspect shape model (Image,ModelImage,ModelRegion,1l,Contrast)
dev_display (Image)
dev_display (ModelRegion)

i b B R FERIN LR it H KR
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(D) 1R S%L-Contrast

IMIAVISION

> ZHContrast MU EXNT LE, WBIEBHHTRFEEAS
A, %X4\
o MU EM: 128, XTHOREE, BHEEEIZ

* 2PN IEERRF: [100,128], KA H ki o F RS B

o 3IMILEN: [100,128,10], BRI ANSHER, & —MSHE
N AT BUA 2 1 s/ MK A0
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(D) 1R S%L-Contrast

IMAVISION
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() RS EL-Scale 5

IMAVISION A’ N

S5 models found
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(D) {&EHRESE-Optimization

IMIAVISION

> ~HEREE T RSBRR, XFH
o B
o BT
o BT WERR

> S¥Optimization R iX B i

¢ none ARG 2R
¢ point_reduction_low KE)—F5
¢ point_reduction_medium K213
¢ point_reduction_high K214

> J/b RUA] RE- B 7] A
o AL REE LA RS
o AT S WL T OB R

> JE
o NG A P>
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() RS

IMAVISION

> MFFIET, OptimizationHBUEA R KIiz1THf
[ % b

none 14. 53 ms
¢ point reduction low 12. 53 ms
¢ point reduction medium 11. 39 ms
¢ point reduction high 10. 67 ms

A www.daheng-image.com



(D) {&EHRESE-Optimization

IMIAVISION

A7

> BRTBDBR, ZSHW T UEHERKSET N, K
WFEN LSRR EE ST

> BTAMETETEREA
¢ 'pregeneration'

b B TS AN, A A AR i A e

¢ 'no pregeneration'

» FEE I A BN dE, SR WA
>’ﬁﬂ§%/\, Ejﬁﬁ¥?ﬁi%§*ﬁ‘l’ njkl

¢ set system('pregenerate shape models','true'/'false')

> MRBEAERE, AN

¢ set system('pregenerate shape models', 'false')
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(D) 1ERSE- Optlmlzatlon

IMAVISION

FHEPAIE T, OptimizationZE —/NSEEUEAF R BIIZ 17 B X HE

Example Create  Create Find Find
No-Pre  Pre No-Pre Pre

find scaled shape model.dev 155ms  38s 2ms  69ms
first example shape matching.d 72ms 13s 6lms 72ms
ev

multiple models.dev 100ms  7.4s 60ms  60ms
multiple scales.dev 96ms 13s 40ms  44ms
print check.dev 113ms 1.1s 13ms  13ms

> Hi, BWANFRKA, MIEmeERT =, W
RCPURER, ®iw] L5 b5 e
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IMIAVISION

(D) #ERESE-MinContrast

> MinContrastZ 3R 8 &R B F B/ L EE

> ARERBERFHFEUEGERE “F” i, THRREE T4
“ﬁ%” jﬂ%
o
o o
> REZREERFH
* EAAAESFRES
s HHRHIME
o HGIG K BRI A
> ZS¥MinContrast2EEIRERPIRHME, KD “FHE” L4%H.
B HMEAEE T E AR
¢ estimate_noise bk 4}
¢ inspect shape modelrK %4
o kP A W
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(D) R SEAZFFEREN

IMIAVISION

> determine_shape _model params (Template, AR
‘auto’, G TIEEH
0, ALUn I
rad (360), I E
0.9, #i/NE
1.1, TRV ]
‘auto’, R N YIRS
‘use polarity’, M
‘auto’, X BE
‘auto’, /N L
'all"', Which values
ParameterName, Name of values
ParameterValue) Values
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) E?ﬁ%&gﬁ Score

IMAVISION

Too low Optimal Too high

Minimum score: 0.35 Minimum score: 0.6 Minimum score: 0.75
Smallest score: 0.41 Smallest score: 0.74 Smallest score: 0.87
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£%- Maximum Overlap;,

‘W

Edges of the model

()

Bounding box of the model




Overlapping area of
objects

Overlapping areas of
the bounding boxes




[ Eif:b%’kﬁ SubPixel

IMIAVISION

> HirALE KR B AT BUET “sub pixel” SR E

> KRR
¢ ‘none’: AMEH TG =R, S RNIRZENENMEE
¢ ‘interpolation’: G A4S 2k B

¢ ‘least squares’, ‘least squares high’,
‘least squares very high’: /b —IRiEAG EhE

> AFRRASIBAT I R IR

¢ fl#h: ‘none’ and ‘interpolation’ HJ[EJAH[F
& i/ IRV [H] B
> ZSHARMUTER

¢ Position, Angle, Scaling
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() EFHSE-SubPixel

IMIAVISION

0.08
0.06 THEME  EAHE
.04
m 0.0 Interpolation  100% 0.079°
(5]
® 0.02
(@)
O8]
S s /
Hd V) Least
oK 0.02 Squares 131% 0.014°
# Interpolation High
& -0.04 Least
Least Squares High Squares La2% 0.013
.0.06 Very High
' Least Squares Very High
-0.08
0 1 2 3 4 5
SzhnfH B (Degrees)
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), E?jz%’kﬁ Greediness

IMIAVISION

> %S HUE FRASE I
> fEHUN, RS

> [EHE, TR HARE AT AeBR
> FEWHUE: 0.7—o0.9
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create shape model xld ™

TR AR



() fEFRdxfEIEREREY

IMIAVISION

> BEBRREA UEESEER
¢ create shape model x1d
¢ create scaled shape model xld
¢ create aniso shape model x1d
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(D) &ZFROl

IMAVISION

Domain (search ROI)

Model

Default reference point

Locations still inside the domain

Outside the domain
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(D) L4

IMIAVISION

> HALCONFRHE T Pyl b3 75 2%

> set _system(’ border shape models’,’ false’)
* BB AFEroi N
o ST GER AR BRI

> set_system(’ border shape models’,’ true’)

* R AT PAER S FEROISME
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[ 4

IMAVISION

Domain (search ROI)

Clipped area near the border

Locations still inside the domain
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[ 4

IMAVISION

set_system('border _shape models', true’)

| R

Wik e EEROIN
(B K 73HE100%)

Bt
ROI (Maximum Score <100%)
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(D) E&E

IMAVISION

Score=0.4

T
E - m - —

' |
Hn =

5 shape models
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D) ETFAHAIITE

IMAVISION

> HEVEEGEIAWIEAASF
> A2z BFE—ERMERR

BEST BEFORE END: BEST BEFORE END: BEST BEFORE END:
29/1 g o2 29 /11 /02
1/02 / ANA=2E

o_n — .

1; : r,..l |||;|||mm|||--_T i;; S Ill;illlllllllll - = ; B lll;llllllllllll e |

:
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(D) g

IMIAVISION
. 70—
T E S I H 2 € 24
L. 2 |

Model image Model image Training images
= Training
E
é Training components

Model generation i Model generation
e |

Component model

Image Matching

| R |

Position, angle, score of all components
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(D) ETF4AARIITES

IMAVISION

> HETHAMARILERRILERY BEE
> RE—NMHESAEBENROIKBER
> EAAGHSRIEAGZ BB REZ/DMEBEEZR

Component model consists Component model consists
of 5 shape models: of 2 shape models:
= 2

= R g g '\ — - *;aﬁé %} (%\é A,
|||||||||||||||||||l|||||||‘|

. = 3
-, a5
o = [HIIINIIN
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(D) BHHAER

* 4@ & A 44 -F root component
ik #groot component# 4z & # &z £ v a4z &
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IMIAVISION
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> TN EE R

* JIZREREX

» train_model components

* IR H AR B A

» create_component_model

» create trained component_model

* BERAMFERRE

» find_component_model
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) BUEEARR

IMIAVISION

> T ALFIX IS
> AU RR

R

®ecccesccsens —. 0 0

.oo.ooooooooo’ — " e
: pe=——

read image (ModelImage, 'modules/modules model') ERTRTR

I
H_n
=; g = g
}Iu; E m

Bie

gen rectangle?2 (ComponentRegions, 318,109,-1.62,34,19)
gen rectangle2 (Rectangle2, 342,238,-1.63,32,17)
(
(

gen rectangle2 (Rectangle3, 355,505,1.41,25,17)
gen rectangle2 (Rectangled 247,448,0,14,8)
gen rectangleZ2 (Rectangle5,237,537,-1.57,13,10)

ComponentRegions := [ComponentRegions,Rectangle?]
ComponentRegions := [ComponentRegions,Rectangle3]
ComponentRegions := [ComponentRegions,Rectangled]

[ ]

ComponentRegions := [ComponentRegions,Rectangleb

create component model (ModelImage, ComponentRegions, 20,20,rad(25),0,
rad(3e60),15,40,15,10,0.8,104,3,3,3,31,0, "none'
'use polarity', 'true',ComponentModelID, RootRanking)

write_component_model(ComponentModelID,Filename)
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) EHIRIR

IMIAVISION

> AIRAAFRAR

read_component_model(Filename,ComponentModelID)
while (true)
grab image (SearchImage, FGHandle)
find component model (SearchImage, ComponentModelID,RootRanking[0],0,
rad(360),0.5,0,0.5, "'stop search', 'search from best',
'none',0.8, '"interpolation',0,0.8,ModelStart,
ModelEnd, Score, RowComp, ColumnComp, AhgleComp,

ScoreComp, ModelComp)
dev display(SearchImage)
for Match := 0 to |ModelStart|-1 by 1

get found component model (FoundComponents, ComponentModelID,ModelStart,
ModelEnd, RowComp, ColumnComp, AngleComp,
ScoreComp,ModelComp,Match, 'false'
RowCompInst, ColumnCompInst, AngleCompInst,

ScoreCompInst)
dev display (FoundComponents)
endfor
endwhile

clear component model (ComponentModellID)

www.daheng-image.com




(D) )|EHER

IVIAVISION

TrainingImages := []
for 1 := 1 to 4 by 1
read image (TrainingImage, 'pipe wrench training '+1)
TrainingImages := [TrainingImages,Traininglmage]
endfor

train model components (ModellImage,lrtialComponentRegions, Traininglmages,
ModelComponents, 22,60,30,0.65,-1,1,rad(60), 'speed’,
'rigidity',0.2,0.4,ComponentTraininglID)

write training components (ComponentTraininglID,FileNameTraining)

——————
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(D) 1)I|ZtEHR

IMIAVISION

» create component model
T
c AFPACHZERE L4
e create trained component model
- A
#it&#Ktrain model components# #4a £42E % %

read training components (FileNameTraining,ComponentTraininglID)

MZREi R (RS LA EKR)

create trained component model (ComponentTraininglID,-rad(30),rad(60),10,
0.55,4,0, 'none', 'use polarity', 'false’',
ComponentModelID, RootRanking)

write_component_model(ComponentModelID,FileName)
clear training components (ComponentTraininglID)

* bEFHFA—HHoiELK: find component model
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[D)) train model components

IMIAVISION

train model components (
ModelImage,
InitialComponents,
TrainingImages,

ModelComponents,

ContrastLow, ContrastHigh,

MinSize, MinScore,

// TR A

// WA

// INZRE

[/ AR

[/ TRTEARAR R
[/ TRFEARARR

SearchRowTol, SearchColumnTol, // HiEZA4kEH

SearchAngleTol,
TrainingEmphasis,
AmbiguityCriterion,
MaxContourOverlap,
ClusterThreshold,
ComponentTraininglID

)

www.daheng-image.com
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[D) |2 &%& /E':.

IMAVISION

> Z#(SearchRowTol, SearchColumnTol, #1 SearchAngleTol ik
T fErow, columnflangle_EHIZZ4LTEE .

> FEX TR BR A RAIR AT S
> BIME -1, R

Model image Training images and search space for initial component “2”

BEST BUFORE Enp,
S A02
] »
===

e.g., SearchRowTol = 120, SearchColumnTol = 80, SearchAngleTol = 20°
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(D) )| BAERESE

IMAVISION

> ILECEBIE O
o RFRIBIBALLE
o MBI

> TG BC 25 W 45 A R) A ELoR &

BEST BEFORE END:
2% /11 /02

£8T aEFoﬂEE“‘a"
E 29 ,11/02
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N e e Uiy
> Z¥AmbiguityCriterion ALY VUFHIT VAR MR AR UL AT o] &%

IIIIIIIII

¢ 'distance'

PR B A NG HEEILA
AB _Ké P I Ak \

¢ 'orientation'

FeAR 1 eI B e UL A
| K

AB % % -

R




[ )i

IMIAVISION

ZRIRIR S EARMAILED

A7

> S AmbiguityCriterion $RALT DYFh 7R AR HLBEIM ULAL 7] &R

*

*
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(D) )| BHEHR S R

IMIAVISION

> BB EZSEMaxContourOverlap /b iR B ILHES
> B AR X AR LA

Training image
(solved ambiguities)

Model image

——

www.daheng-image.com



IMIAVISION

(L) create_trained _component _model

> create trained component model (
ComponentTraininglD,
AngleStart, AngleExtent,
MinContrastComp, MinScoreComp, NumLevelsComp,
AngleStepComp,
OptimizationComp, MetricComp, PregenerationComp,
ComponentModel ID,
RootRanking

)

www.daheng-image.com



[D) find component model

IMIAVISION

> BEBRHIRBER
> AR A ISR R 132 52 AR

¢ create_ component model or create trained component model
> 5%

¢ ComponentModellID: Handle of the component model
RootComponent: Index of the root component that should be used
AngleStartRoot: Smallest rotation of the root component
AngleExtentRoot: Extent of the rotation of the root component

* & o o

MinScore: Minimum score of the instances of the component model to
be found
NumMatches: Number of instances of the component model to be found

MaxOverlap: Maximum overlap of component model instances
IfRootNotFound: Behavior if the root component is missing
IfComponentNotFound: Behavior if a component is missing

* & o o
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[D) find component model

IMIAVISION

¢ PosePrediction: Pose prediction of components that are not found

¢ MinScoreComp, SubPixelComp, NumLevelsComp, GreedinessComp:
Shape-model-specific (see find shape model)

¢ ModelStart: Start index of each component model instance in the
tuples describing the component matches

¢ ModelEnd: End index of each component model instance in the tuples

describing the component matches

Score: Score of the found instances of the component model

RowComp: Row coordinate of the found component matches
ColumnComp: Column coordinate of the found component matches
AngleComp: Rotation angle of the found component matches
ScoreComp: Score of the found component matches

ModelComp: Index of the found components

* & 6 O o o
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(D) #EHRITHD - ERTREN

IMAVISION

> BREBERIIRAMG, REIFRIACAHF
> AEBIRAMFER

Model image

BEST BEFORE END:
29 /11 /02

5 model components Search image

BEST BEFPRE END:
23 4-L€2

Root component 1 instance not found
Search tree
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D) 1EHRICHES - EARAM

> BT E S HIfRootNotFoundf AR 2H £ R HIE I,
Al S
¢ 'stop search’ (default)
¢ 'select new root’
> i%El  ‘select new root ‘¢ &M, BEEITIE
1. 48 FAR MM

2. FRBNR A AIHF LT, 42 T30 H e g0 AH e 4 A4
3. FAS B ZH A H I 00 T I B — AN AR RO AR 2H A
4. W RZDIR 1




() HEHRICEL - ERTRAEN

IMAVISION

> f#iFRootRanking = [4,1, 3, 0, 2]

Search tree of Step 1: Search root Step 2: Start relative
component 4 component 4 search
BESTBE"'?REEND: | BesT seroRe gy
29 /11 /02

Search tree of Step 3: Search root Step 4: Start relative
component 1 component 1 search
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(D) #EHRITHD - ERFEEAE

IMAVISION

> ERA A AR TR B R A

Model components Search image with one
and search tree component missing

BEST BEFPRE END:

23 L g2

- The relative search for "29" and "/ 02"
could not be started because the pose
of "/ 11" is not known

\ www.daheng-image.com



(L) FRARILAD - FRKrREIE

IMIAVISION

= OO
> BN E S 1 fComponentNotFoundRah & i&E M 2= i+
> =ZAHESE

¢ 'prune branch' (default)

» No adaptation of the search tree 1s performed

» Such components are not searched at all
¢ 'search from upper'

» Such components are searched relative to the pose
of the predecessor of the (missing) predecessor in
the search tree

* 'search_from_best'

» Such components are searched relative to the pose
of the already found component from which the
relative search is fastest

www.daheng-image.com



(D) 1EHRICED - REFEEMEG

IMAVISION

HII96 )45 25

BEST BEFPRE END:

'prune branch' 'search from upper' 'search from best'
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[ )R=riEP Ui

> BR 5 BB+

SR I B K BE{E R 1T IL AL
> FERLE

¢ RS 1%!2[‘%‘? RIZExT{E, 2GR

a(x, y)— DIt v) - f(x+u,y+V)
N wv)er n=|R|

¢ H—{L HARXRB(NCC) , ZNBBHAHE

tu,v)-m, FXx+uy+v)—me(x,y)

|

cxy)=2 Y

N (R s’ Jsi(x,y)




[a)) NCC(Normallzed Cross Correlation Matchmg)@a

IMAVISION

> XTI EM,
FEAR LA BL e X
TTINCCH] PAfR Bk
* VMEERBER
o BB, WEARE
& A
s R F8HE

\l
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[ NCCPTHE/ 2

IMIAVISION

A\

. I‘J%JE F TR E I ILAD
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[D) NCCPTHEENE

IMAVISION

3
N

¢ NCCJL
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> PR R 2 H2RA
> NCCAL /& 5 objects found
* ZUH
* XHENE
* FRBUZTE
> FEARDLECAR A
* BER
* XHFFEXIYIT 48T
* TRFUIMEIETS
* XRZHER
¢ X AR ILL 0 % K bR LA




(D) NCCPLHCHERERES

IMIAVISION

> PIE

iy
A7
\

i

¢ create ncc _model get ncc_model params

.
> ﬁj’ﬁ : get ncc _model origin
.

¢ find ncc model set ncc_model origin

determine ncc model p

> ﬁﬁg arams

* read_ncc_model

* write_ncc model

> WIEER

* clear_ncc_model

¢ clear all ncc models
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(D)) + 7 e & o~

IMAVISION AN
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IVMIAVISION

(D) 4] F & %A £4 Q&

create planar uncalib
_deformable model (
» Template::

r-> NumLevels,

| » AngleStart,

| AngleExtent,

AngleStep,

» ScaleRMin, >
ScaleRMax, *»
ScaleRStep,

» ScaleCMin, »
ScaleCMax, »
ScaleCStep,

» Optimization,




IVMIAVISION

WEESSEE2 TS o

create planar calib d
eformable model (
» Template::
» CamParam,
— » ReferencePose,
» NumLevels,

|
» AngleStart,
AngleExtent,

AngleStep,

» ScaleRMin, >
ScaleRMax, »
ScaleRStep,

» ScaleCMin, »
ScaleCMax, »




&
ot
g
N
HE
®

12 A8 45 £

(D) ++ %
™ XE X

a) R #
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(D) # 7] % 4 4 45

IVMIAVISION

find planar uncalib def
ormable model (

» Image::
\ & — » ModellID,
. " > AngleStart,
£ 1) A4 UL T AngleExtent,
. | AngleStep,

» ScaleRMin, »
ScaleRMax, >
ScaleRStep,

» ScaleCMin, *»
ScaleCMax, »
ScaleCStep,

» MinScore,

B ATsassmma AL d= ~n A o~



(D) # 7] # # # 4

IVMIAVISION

find planar calib def

ormable model (

» Image::

» ModellD,

» AngleStart,

AngleExtent,

AngleStep,

— » ScaleRMin, >
ScaleRMax, »
ScaleRStep,

» ScaleCMin, *
ScaleCMax, *»
ScaleCStep,

» MinScore, i%
» N1 armNMad+r-rhae '




)

IMIAVISION
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