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Overview:

Introduction
Demonstrations
+ Creating a Blob Matcher (BM)
* Matching a blob
+ Evaluating a BM with a Class Image Set (CIS)
+ Using a BM with a blob group (*)
Exercises
Demonstrations

+ FindPatterns: Finding all patterns in an image

+ FindBlob: Finding one blob in an image
Comparing with alternative methods
Using in scripts (*)
Class Lexicon (*)
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Introduction classification

Classification:
the assignment of an object characterized by a set of features
to one of a number of predefined classes.

Example: Optical Character Recognition
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Introduction classification

* Learning mode
+ Learn set: set of objects with known classes

object class
—— ] Classifier f——— «g”

learn parameters
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Introduction classification

* Production mode

unknown
object class and confidence
——— 1 Classifier j———
“6” and 0.95
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Introduction blob matching

There are several methods for implementing a classifier:
+ Blob matching
* Neural networks
« Correlation
+ etc
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Introduction blob matching

Idea:

+ Training:
+ add one example pattern for each class

+ Matching:
For all patterns do
* Resize blob to same size as pattern
* For n rotations do
* Rotate resized blob

+ Calculate difference by mapping
center of gravities

Best match is pattern with the smallest difference

27-aug-18 Blob matching 7

Introduction blob matching

Calculate differences after normalizing for size and alignment on
center of gravity
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Introduction blob matching

Calculating the differences:
« Contour matching: using the contour pixels only (fast)

+ Filling matching: the interior of the object is sampled to find more
accurate match (slower)
example: nr of rotations = 8, fillSampleSize = 3

27-aug-18 Blob matching 9

Introduction blob matching

Filling matching has 2 parameters:

 fillSampleSize
the number of samples on each rotation ray

+ perimeterFillRatio
the ratio of the contribution between the error calculated by
the contour match and the filling matching
total error = contour error + perimeterFillRatio * filling error

Examples:
+ perimeterFillRatio = 0: only contour matching

« perimeterFillRatio = 1: both contour and filling matching with
equal weights

« perimeterFillRatio = 100: “only” filling matching

27-aug-18 Blob matching 10
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Introduction blob matching

The Blob Matcher is a tool which finds the best match for a blob
from a list of blobs. For good operation it is required that the
blobs can be segmented reliable

The implementation of the Blob Matcher in Vision Lab uses a
combination of 3 techniques:

+ Contour matching, mandatory
Parameter: number of rotations
Only the contour pixels are used to find the scaling and
rotation

+ Filling matching, optional
Parameters: perimeterFillRatio and fillSampleSize
The interior of the object is sampled to find more accurate
scaling and rotation

» Random check, optional, normally NOT used, default value = 0
Parameter: randomSampleSize
Maximum number of pixels which are selected to check the matching

27-aug-18 Blob matching 1

Demonstration creating a blob matcher

Select “Create Blob Matcher” from File menu
« Image type: Int16lmage
Nr of rotatiuons: 60
Perimeter fill ratio: 1
Fill sample size: 20
Random sample size: 0
Click create button
Open image gray09.jl, image with the templates
ThresholdilsoData image
Use ROI to crop ‘0’ in separate image
2nd select image with 0°
Type in 'zero” in field right to Add pattern button
Click Add pattern button
Add the other nine numbers

(use BM_09.pm for complete matcher without adding all digits manual)
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Create blob matcher
48 Blob Matcher [= G ==
Create
File Name |D:isionLabwin\delphiSinumbersDd pm
Image type Irt16lmage =
Nr of rotatiors &0
Permirfilratc [T
Fill zample size 20
Rondomsamplesie [g
Create | |
[~ stay ontop Close
27-aug-18 Blob matching 13
Add first pattern
@ Visionlab V338  15-6-2009  (c) Van de Loosdrecht Machine Vision BV wwwvellmunl _— i [P
File Operator Camera Sever Options Window Usel Use2 Used Used Uses Usef Help
8 2091240 (Intl6Image Binary) Lopsiiis =3 Eo8

Create Paltems | Evaluste | Match |

0 1 Patemiatle e

name id

5 6

i

i 2nd gray09,j1%41 (.. =0 %]

0

C.Ad patteit

= . Height “width
emove pattern
5 B F Eiact | [patimage

[~ stayontop Close
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After adding the 10t pattern
48 Blob Matcher =& ==

Creste Pattems | Evaluate | Match |

Patter table Image
name [ie [
2er0 0
one 1
b 2
thiee 3
four 4
five 5
si B

7
g
9

Add pattemn

Height “width
Remawe pattem ’44— ’34— Extant W
[~ stayentop _ COmse |
27-aug-18 Blob matching 15

Demonstration matching a blob

« Extract the image for number 6 with the extract button
« Select image as 2nd selected
+ Go to the Match tab

+  Set begin angle to -0.5 and end angle to 0.5.
begin and end angle limit the search range for the rotation

«  Click the Match button and analyse the results

« Reduce the size of the image with ZoomXY 0.75 0.75 NearestPixellnterpolation
« RotateFull result image 0.2 0 NearestPixellnterpolation

«  Click the Match button and analyse the results

27-aug-18 Blob matching 16
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Match the six

= = - =
4@ Visionlab V338  15-6-2009 {c) Van de Loosdrecht Machine Vision BV

www.vdlmv.nl

File Operator Camera Server Options Window Userl User2 User

Userd UserS Users Help

@ 2nd patima...[= || = |53 | || #® Blob Matcher

6 Creste | Patiems | Evaluate  Maich |

Match results

Begnange [0s

Erdange o5

Corfidencs [T

[error [scale

Serve

name id [angle [
ze0 0 0.251144 1.13573 010472
nine 9 0.273686 1 010472
four 4 028529 1.09197 0523599
five 5 0.307226 1.00363 010472
eight [ 0.324639 1.12528 010472
thiee 3 0.345657 0.396131 020944
two 2 0363138 0.975774 020344
seven 7 038722 0.830251 010472
ane 1 0.403589 1.0084 010472

use second selected

[ stayontop Close

342 us 10601000.251144 113573 0.10472 9 0.279686

27-aug-18 Blob matching 17
Match the scaled and rotated six
#® Visionlab V338 1576—20D§7 -(()Vanze Lnnsdre(tha‘chmeVlsiunFX wwwvdlmy.nl — __'_ A li‘@

File Operator Camera Server Options Window Userl Use2 Use3

Userd UserS Usefi Help

@ Blob Matcher
Create | Paltems | Evaluate  Match |

Match results

Begnange [§5

patimageZl (ntl... = [01] %/

Endange [55

Confidence [g 733556

[emar [soale

name i [ange |
3 0.0814268 0745353 020844
B 210 i 0271143 0888522 0314153
ui® 2nd patimage?2 (.. =|01| %] five: 5 0286855 07881 0
6 nine E] 0232756 0745353 0314153
four 4 0293274 0813301 -0.418073
—— | | |ent 8 030321 0638733 010472
three 3 0342476 0.742459 0
we 2 037489 072729 0
seven 7 0397635 051883 020344
one 1 0405725 0751615 0314159
use second selected
[~ stayon top Close
390 us 106.0.0814266 0.745353 0.20944 0.0.27114 0.84
27-aug-18 Blob matching 18
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Interpreting the result of the match

In the table the patterns are sorted on error value

The scale value is the zoom factor for the pattern to match the
size of the test image

The angle value is the rotation angle in radians

The error indicates the “distance” between the test image and
the pattern after rotation and scaling

The confidence indicates the “distance” between the best
match and the second best match

Notes:

The blob matcher will always try to find the best possible
match, even if an unknown pattern is tested

The quality of the match can be analyzed using the error value
of the best match and the confidence value

27-aug-18 Blob matching 19

Class Image Set (CIS)

A CIS is a collection of images with their associated classes.
The image type and size are defined when the CIS is created.
If both height and width are set to 0 (zero), size checking is
suppressed.

Cls:
« Class table with the name and id of each class

* For each class an image table,
each image in an image table has its unique image index
number

A CIS is created in a similar way as the pattern table of a blob
matcher. But there can be more then one image for each class.

For more information about CIS look in the chapter about neural networks
27-aug-18 Blob matching 20
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Demonstration class image set

« Open CIS number09.cis
« Browse through class table
« Browse through image table

27-aug-18 Blob matching 21
Class Image Set number09.cis
8 number09.cis (Class image set of Intl6Image) =% ECR| ==
File name ‘D “wisionLab\winidelphiStnumber0d. cis
Info [ number test with 3
Image height [G magevidh [5
Class table Image table
name [d Jrrimages| = (<]
2e10 0 9
ane 1 9
two H 5 | |
three 3 El
five 5 5
N : s Imageindex [5 B
seven ’ 3 Addimage | Remove image
ainkb a =]
Exlract image
_Addolms | | Min M pisel value
Remave class| B !
[~ stayontop Close
27-aug-18 Blob matching 22
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Demonstration evaluating a blob matcher

+ Go to the Evaluate tab

« Select the CIS number09.cis by double clicking the Evaluation set (CIS) field or typing in the
correct file name

+  Set begin angle to -0.5 and end angle to 0.5

+  Set low confidence to 0.6

+  Set Eval details to HighDetails

«  Click the Evaluate button and analyze the results

« Note: the corresponding image of a line the result table can be inspected with double clicking

on that line.
27-aug-18 Blob matching 23
@ Visionlsb V338 15-6-2009 (c) Van de Loosdrecht Machine Vision BV www.ydimvanl v - =lE )
Fle Operstor Camera Seer Options Window Userd Use? Userd Userd User5 Users Help
#® patimage (.= || = |[£3 | || #® Blob Matcher = ==
Create | Palters Evaluste | paich |
Maxoror  [0760227 Meanener  [g 0737207
Mieios o Hrlow corf [
8 patimage%al (ntl... [0 X] || 2o [resu e e ey e [seak [ o e
o o 2 e EE 742755 4TI DwES DB
o St ] OSEET  01ERT 1R1M7 noms DaE0EE 0312068
R page (o || [t Thiee 5 NSSIESE  noETR 17T 1072 naEzez 03T
fve five 0 04RO 02802 147088 o 0N 0372
6 e five 5 NS 014431 1B n4lBETS 0AESLA  n3sTES
fiva five 3 0gsE niorsE 58S nasTs nass namen
A e e [ five 5 oSS DoMODER 129186 010472 0 032e
fve five 7 DEIZIE DAM2E 17 o 03ERE 03009
I
« 13
Evaluation set (CIS) [D-Wision abtWintdelphifhnumber3 ois
Begin angls [0 End angle [55 Lowcaniience [75
Eval details HighD tais - i Euctinage | [ramaze | ||
[~ stayontop Close

27-aug-18
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Example using blob matcher with a blob group (*)

The Blob Matcher can also be used for images that contain a
group of blobs

In the next example the eyes of dice will be matched

Use script BM_dice.jls to generate test images, dice.pm and evaluation dice.cis

27-aug-18 Blob matching 25

Example using blob matcher with a blob group (*)

@ Visionlab V338  15-6-2009 (0 Van de Loosdrecht Machine Vision BV www.vdlmv.nl [E=EE)
Eile Operator Camera Server Options Window Userl User2 User3 Userd Userd Use  Help
@ dl (ntl6lm..[ = | = (52 ] | | J& d2 antélm.. [ |[ =@ |22
L
[ ]
[
o d3 (ntl6im..| = || = [[52] || 4@ g (nt16im... [ = || & [ ] =
L4 e o
L ]
g o o
i 45 (ntl6im...[ = || = [ 52 ] | | = d6 (nti6lm...[=| & |
* @ ® [ ]
L] ® @
[ ] ® L ] L J
- sene. (&[5 -
0us
27-aug-18 Blob matching 26
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Example using blob matcher with a blob group (*)

48 Blob Matcher

Pattern table

=) e

Create Patterns IEvaluale] Match |

Image

name

i [}
Use 2nd selected I
Add pattemn
Height Width
Remove pattern B0 B0 Entract patimage
[~ stay on top %
27-aug-18 Blob matching 27
. . *
Example using blob matcher with a blob group (*)
#® dice.cis (Classimage set of Intl6Image) =2 ECREx=|
File name ‘D “WisionLabhT estidice.cis
Info [dice test
Imageheight 55 magewidh [55
Class table Image table
name [ Jrrimages| B
one 0 12 ‘ .
twio 1 12
three 2 12 . J
four 3 12 . *
i 5 12
= Image index [T B
Add image | Remave image
Exlract image
Add class | M
in Max pixel value
Fiemave olass B !
[~ stay ontop Close
27-aug-18 Blob matching 28
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Example using blob matcher with a blob group (*)

48 Blob Matcher =& ==
Creste | Patisms  Evaluate | Match |
Mascerror 0136502 Mean emor [0104354
Nrenars g Nrlow conf[25
expected result ‘ image index |conf|den:e enor | scale |angle ane two -
[ 2 045848 0110635 1.12571 010472 0887347 011053
two tuio 3 0.433815 0105455 0887613 303687 0836526 0.10545¢
two two 4 0.430176 0107363 0852529 1.38496 0338023 010786
two two & 0431022 0103357 0858234 0.418873 0335784 0103367
two two 7 0.492407 0111083 0932293 -0.20944 0838625 0117108
o tuio El 0.492053 010687 1.214 010472 0887281 010687
o tero 1 0.490143 0110491 1.20686 -2.19911 0887619 011049
thres thiee 7 0.413401 0104461 112412 261799 0.781526 014752
four four 1 0365006 0157243 1.10577 15708 0527931 0.29453¢
four four 2 0353861 0158643 1.05262 -2.40855 052573 0.29567;
four four 4 0390462 0139654 11814 230283 0822586 0.29055¢
faur four 5 0443454 010335 114118 -2.40855 0816914 0.29591¢
four four 3 0346543 0151413 118112 135136 0816137 0.29605 -
4 4
Evaluation set [C15)[D:AYisionLabAT ssthdics. cis
Beqin angle ‘.3 1415 Endangle [31415 Low confidence [ 5
Eval details HighDetails = e | Ewractimage | [evaimege
[ stay on top _ Oees |
27-aug-18 Blob matching 29
N N . *
Exercise using blob matcher with a blob group (*)
Experiment with the parameters of blob matcher in order to get
less low confidences
27-aug-18 Blob matching 30
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Exercise 1 blob matcher

+ Experiment with the parameters:
* number of rotations
+ perimeterFillRatio and fillSampleSize
+ (set randomSampleSize = 0)

+ Change parameters and use CIS to evaluate,
look at changes in:

« Accuracy (like nr errors and nr low confidences)
+ Speed of execution

27-aug-18 Blob matching 31

Exercise 2 blob matcher

@ VisionlabV3.38  15-6-2009 () Van de Loosdrecht Machine Vision BV www.vdlmv.nl . [l ] |
File Operstor Camera Server Options Window Userl User? User3 Userd UserS User6 Help

i#® B circle0 jI%7 (ntl... = |0 %] [ 8 BM circlel ji0 (ntl.. —|0|X| | 98 BM circle2ji%11 int.. —|01] %[

@ BM_circle3 %13 (nt.. -0 %] || W@BM circled ji%15 @int.. — 0] %]

27-aug-18 Blob matching 32
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Exercise 2 blob matcher

» Create a blob matcher with the 5 patterns in the image
BM_circles0 .. BM_circles4

+ Test blob matcher with different parameters on test images
with different scaling and rotation

+ Can you find a setting with parameter perimeterFillRatio = 0?
Explain why

See for answer script BM_circles.jls

27-aug-18 Blob matching 33

Demonstration finding all patterns in an image

» NOTE: this operator works with a labeled image

+ Openimage BM_test.jl

« ThresholdisoData image DarkObject

+ Label image EightConnected

+ Open blob matcher test08.pm
NrOfRatations=80, FillRatio=1, SamplesSize=20, RandomSize =0

+ Show patterns (no ‘9’ because of rotation symmetry with ‘6)

+ Select Find tab

+ Second select labeled image using F5

«  Find patterns with MaxError = 0.15, MinConf = 0.4, Angle <-3.14 .. 3.14>

« Click on entry in the label table to show position of the label in the image

« Click on entry in the pattern table to show all blobs classified as specified pattern in the
image.

« Note: this operator can NOT be used for blob groups

27-aug-18 Blob matching 34
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Computer Vision: Blob matching

Image BM_test.jl after labelling

#® VisionlabV339  21-8-2009  (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl = [ ) [ |
File Operator Camera Server Options Window Userl Use2 User3 Userd UserS Useri  Help
8 Znd BM test jI%4 (Intl6lmage L... — 01| %[
01234546738
012 3 456 7 8
01 2 3 4 5 6 7 8
2 ) 3 4 5 5 7 - |
2 I 2 3 4 5 o 8
¢ 1< 948
— Nt & e
. serve. [ = (52
0 us
27-aug-18 Blob matching 35
Blob Matcher parameters
8 test03.pm (Blob Matcher) = ==
Create | Patiers | Evaluate | Match | Find |
File Name Cu ’
Image type Int1Elmage
Mr of rotations: an
Peimiter filiaic [T
Fill sample size: Eil
Random samplesizs [0
Change |
[~ stay on top %
27-aug-18 Blob matching 36
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Blob Matcher patterns

M testlB.pm  (Blob Matcher) [ E ==
Create Pattems 1 Evaluate | Match | Find |
Pattem table Image:
name ‘Id |
2810 1}

Use 2nd selected

Add pattemn
Height width
Remove pattern 54 24 Extract patimage
[~ stayontop Close
27-aug-18 Blob matching 37

The result of the search

48 testB.pm (Blob Matcher) ===
Create | Patterns | Evaluate | Match Find 1

Masemor  [g70  Minconidence ;g

Begin anals 314 End angle 314 Rt | B

Label tabet

label i [rame [id == [scale [angle [ -
<ot found: 1 o 0 o

1 2810 o o 1 o

2 [ 2 1} 1 1}

3 thiee 3 1} 1 1}

4 st E o 1 o

5 sight 8 0 1 0

B one 1 1} 1 1}

7 four 4 o 1 o -

Pattern tabet

name id label rus -
1101928414658

1}
one 1 61529435163
two 2 211335258
three: 3 3122231404759
four 4 7162332455355
five: 5 8173337 4860 il

use second selected to select labelled image

[~ stay on top %
27-aug-18 Blob matching 38
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27-Aug-18

Click on label number 3 in label table
#® VisionlabV339  21-8-2009  (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl = | B o)
File Operator Camera Server Options Window Userl Use2 User3 Userd UserS Useri  Help
% 2nd BM_testjI%4 (Intl6Image L. —[C1] %] | 8 BM_testjI%4BM_FL (inti6Image... - [C1] %[ I
01234546738 3
012 3 456 7 8
01 2 3 4 5 6 7 8
43 I ) 3 4 5 5 7 - | 3
2 3 2 3 < 5 o 8
¢ 1< ¥ 59 8
= Nt 1 N o 48 testd8.pm  (Blob Matcher) i
Create | Patters | Evaluate | Maich Find |
Maweror [o70 Mnconfdence [py
Beginangle |14 End angle 314 il
Label tabel
label nr ]name |id ]erlor Wscale ]
[ <not found> ] 0 [
1 zero 0 0 1
2 (0] 2 1) 1
) 3 M - i 1 52
4| n »
2262 us
27-aug-18 Blob matching 39
Click on pattern 3 in pattern table
#® VisionlabV339  21-8-2009  (c) Van de Loosdrecht Machine Vision BV www.vdimv.nl = | B o)
File Operator Camera Server Options Window Userl Use2 User3 Userd UserS Useri  Help
8 2nd BM_testjI%4 (ntl6lmage L. = [1] %] | 8 BM_testjl54BM_FL (Inti6Image... - (0] x| || 48 BM_testji%ABM_FP (Intl6lmage... - || %[ —
01234546738 3 3
012 3 456 7 8 3
01 2 3 4 5 6 7 8 3
a I 2 3 4 5 5 7 - | F 3
2 3 2 3 5 o 8 < 4
¢ T ¢ € S! 9 8
- oo~ @ testd8.pm (Blob Matcher) w [
Create | Pattems | Evaluate | Maich Find |
Maweror [o70 Mnconfdence [py
Beginangle |14 End angle 314 il
Label tabel
label nr ]name |id ]erlor Wscale ]
1} <not found> -1 1}
1 zero 0 0 1
2 (0] 2 1) 1
) 3 M - i 1 52
4| n »
2262 us
27-aug-18 Blob matching 40
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Computer Vision: Blob matching

Interpreting the result of the search for all patterns

In the label table for each label the pattern found is
enumerated together with the match error, the scale factor and
rotation angle

If a blob in the image can not be classified with error < max
error and confidence > min conf, its entry in the label table will

be <not found>
For convenience of using the operator PM_FindPatterns in scripts the first entry
in the label table is for label 0 (= back ground), so label nr is index in array

In the pattern table for each pattern the corresponding label

numbers are enumerated
In scripts the label nrs field can be used with ThresholdMulti to select the
corresponding blobs

27-aug-18 Blob matching 41

Demonstration speed of FindAllPatterns

Open image hu_test_eval.jl
(1500x1500 pixels with 107 digits 0..8, random rotated and random scaled)

ThresholdlsoData image DarkObject or
ThresholdFast image 0 134 0 255 (faster)

Label image EightConnected

Open blob matcher test08.pm

Set: NrOfRatations=40, FillRatio=0, RandomSize =0

Select Find tab

Second select labeled image using F5

Find patterns with MaxError = 0.15, MinConf = 0.3, Angle <-3.14 .. 3.14>

27-aug-18 Blob matching 42
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Computer Vision: Blob matching

Test image, 1500x1500 pixels with 107 digits 0..8, random rotated and random scaled
48 2nd hu_test_evaljl%4 (Intl6Image Labelled) o ] 3
@ 0 > - E
o~ & E 5
7 a 3 o
I} 6
< v % T o»
AL 2
1 £
s s
©
= @ . B
[7p] N 2
<
n
A - 6 5
3
~ Yl
ERPT @
Eal - [
2 o
1 G
P T o @,
) ~ v e
27-aug-18 43
Blob Matcher parameters
= test08.pm (Blob Matcher) | = o ||
Create | Pattems | Evaluate | Maich| Find |
File Mame y Cursue ™, Edimages
Image typs Int1flmage
Ni of rotations o
Perirmiter fill ratio ,n—
Fill sample size e
Randam sample size ,n—
‘ Change
[~ stayontop Close
27-aug-18 44
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Computer Vision: Blob matching

Finding 107 random rotated and scaled numbers in 3.6 ms (Core 17 3.5 Ghz)

& VisionlabV3.44 17-8-2014 (c) Van de Loosdrecht Machine Vision BY  www.vdlmvaal - O
File Operator Camera Server Options Window OpenCL Userl User2 User3 Userd Help
- testd8.pm (Blob Matcher) =N E=E )
Create | patterns | Evauate | watch Find |
Max error ywi Min confidence ’“7
Begnangle [3.14 End angle 314 M e 107
Label tabel
labelnr  |name [ia [error [scale |angle [~
<not found= -1 0 0 0
1 zero 0 0.0232726 0.848131 2.82743
¥ two 2z 0.0370945 0.668447 -1.88496
3 six (] 0.0224777 0.500735 1.5708
e four B 0.0360038 0.502857 -2.51327
5 zero 0 0.0197154 0.497451 -1.41372
6 seven 7 0.0385045 0.495547 -2.04204
T five 5 0.123054 0.826106 -0.785398 v
Pattern tabel
name id label nrs. ~
0 183 57588369265 1645100 20
one. 1 5589376467 439671748053
two 2 822308561111399102757778
three - ! 339166 14 689572 101 103 50 79 107
four 4 84406876863449817462127
five & 3273562910383997 1042252 b
use second selected to select labelled image
I~ stay on top __ Cose |
wse. @ @ =]
3.570 us
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FindBlob
FindBlob (srcimage patimage destimage connected maxError
beginAngle endAngle nrOfRotations perimeterFillRatio
fillSampleSize randomSampleSize)
The FindBlob operator finds a blob in a image
All images are binary images
The result of the search is an image with the blobs found.
Menu: Operator | Pattern Matchtng
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FindBlob (*)

The implementation of the FindBlob in Vision Lab uses a
combination of 3 techniques:

+ Contour matching, compulsory
Parameter: number of rotations
Only the contour pixels are used to find the scaling and
rotation

+ “Filling” matching, optional
Parameters: perimeterFillRatio and fillSampleSize
The interior of the object is sampled to find more accurate
scaling and rotation

+ Random check, optional
Parameter: randomSampleSize
Maximum number of pixels which are selected to check the
matching
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FindBlob parameters (*)

srcimage: name of the binary image to search in
patimage: name of the binary image with the pattern to search
destimage: name of the binary image with the result of the search

connected: the connectivity for the images, FourConnected or
Eightconnected

beginAngle and endAngle: limit the search range for the rotation
nrOfRotations: the number of rotations in the search space

perimeterFillRatio: error ratio between contour match and interior
match

fillSampleSize: number of pixels sampled on ray in interior of blob

randomSampleSize: maximum number of pixels which are
selected to check the matching
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Demonstration finding one blob in an image

+ Open image BM_test.jl
« ThresholdlsoData image DarkObject
« Use ROI to select a random number
« Second select roi image using F5

« Select image

« FindBlob on image, see parameters in slide
« See result of search

« Note: this operator can NOT be used for blob groups

FindBlob can be used to find one single pattern in a labeled
image without the need to create a complete Blob Matcher
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Image BM_test.jl and pattern to search for
4@ VisionlabV3.39  22-8-2009  (d) Van de Loosdrecht Machine Vision BV www.vdimv.nl = | B i)
File Operator Camera Server Options Window Userl User2 User3 Userd Userd Usei  Help
8 BIM_test,jI93 (Int16Image Binary) =10 x| M 2nd BM_test,jI%d (.. = |01] X =
01 2 3 4 5 6 7 8
0o 1 2 3 4 5 6 7 8
O 1 2 & 4 5 & 7 3
o 4 2 3 9 5 9 7 8
O = N W H U G N
19 us
27-aug-18 Blob matching 50

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl

27-Aug-18

25



Computer Vision: Blob matching

FindBlob parameters
i@ Visionlab V3.39  22-8-2009 (c) Van de Loosdrecht Machine Vision BV www.vdlmv.nl |ﬂr
M File Of User2  User3 Userd  User5 Userb  Help
- @ Find Blob [E=SYEN0) 2 =
TR =lof x| W Tnd BM testji%ed (. 1O[ % |
i Bh_test %4 - 4
0 pattem Br_test jlzd D 7 8 i
dest BM_test %5
connected i -
0 maxErmor 2 7 8
beginénale R
0 || erange s |B 7 8
rl) Riotations |
0 il tio F— 7 2 3
filSize .
sampleSize lni
0 cancel | 5 7 &
C = N W A DN @ i
19 us
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Result of FindBlob
4@ Visionlab V3.39  22-8-2009 (c) Van de Loosdrecht Machine Vision BV www.vdlmv.nl = | Bl i
Eile Operator Camera Server Options Window Userl User2 User3 Userd Userd Userf Help
48 BM _tect.jI%3 (Intl 6lmage Binary) 8 BM test,jI%5 (Intl6lmage Binary) [
01 2 3 4 4
0o 1 2 3 4 4
0 1 2 3 4 4
0 1 2 3 9 4
Q = N W A
< E— . 3
21,566 us 7
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Comparing with alternative methods

Alternatives for Blob Matching are:
* Neural networks

+ Image classification

+ Feature vector classification
+ Correlation

Related presentations:
« Classification with neural networks part | and part Il

with examples how to use neural networks for classifying objects
+ Fourier Transforms

using correlation to match objects
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Comparing with alternative methods

Blob matching

Advantage:

+ Rotation and scale invariant

+ Fast

« Easy training, only one template needed, few parameters
Disadvantage:

+ Works only well on correctly segmented binary images

+ Can not handle occlusion
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Comparing with alternative methods

Neural network (image classifying)

Advantage:

+ Can work with grayscale and color images,
can use grayscale or color info to discriminate

« Can use multiple patterns for one class in training to handle
some degree of variation

Disadvantage:
+ Complex setting of the learning parameters
« Can not handle scaling or rotation
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Comparing with alternative methods

Neural network (feature vector)

Advantage:

+ Can work with grayscale and color images,
can use grayscale or color info to discriminate

+ Can use multiple patterns for one class in training to handle
some degree of variation

+ Can be scaling and/or rotation invariant if features are
invariant

Disadvantage:
« Complex setting of the learning parameters
+ Choosing the right features can be difficult
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Comparing with alternative methods

Correlation (FFT)

Advantage:

+ Simple to use

Disadvantage:

+ Slow

« Can not handle scaling or rotation

+ Can only compare with one template at a time
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Using blob matching in scripts (*)

+ Overview script commands

+ Details on script commands

+ Example script BM_example.jls

+ Example script BM_findpattern.jls
+ Class Lexicon
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Overview script commands (1) (*)

- PM_AddPattern <imageName> <pmName>

- PM_AlIMatches <imageName> <pmName> <beginAngle>
<endAngle> <&$array>

- PM_BestMatch <imageName> <pmName> <beginAngle>
<endAngle>

- PM_ChangeBlobMatcher <cbmName> <nrOfRotations>
<perimeterFillRatio> <fillSampleSize> <randomSampleSize>

- PM_CreateBlobMatcher <bomName> <imagetype> <nrOfRotations>
<perimeterFillRatio> <fillSampleSize> <randomSampleSize>

- PM_Delete <pmName>

- PM_EvaluateCIS <pmName> <cisName> <beginAngle> <endAngle>
<minConfidence> <detailsStr>

- PM_FindPatterns <imageName> <pmName> <maxError>
<minConfindence> <beginAngle> <endAngle> <&$labelTab>
<&$patTab>
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Overview script commands (2) (*)

- PM_GetimageType <pmName>

- PM_GetParams <pmName>

- PM_GetPatternsNameTab <pmName>

- PM_PatternName <pmName> <id>

- PM_Patternld <pmName> <name>

- PM_PatternNamelmage <pmName> <namelmage> <patternName>
- PM_Patternldimage <pmName> <namelmage> <id>
- PM_Rename <pmNameOld> <pmNameNew>

- PM_ReadFromFile <pmName> <fileName>

- PM_RemovePattern <pmName> <name>

- PM_WriteToFile <pmName> <fileName>
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Details script commands (*)

PM_AddPattern <imageName> <pmName>
Add image as pattern to pattern matcher

PM_AlIMatches <imageName> <pmName> <beginAngle> <endAngle>
<&$array>

Match image with all patterns and give result in an array with tuples
(<patternld> <error> <scale> <angle>) sorted on lowest error

PM_BestMatch <imageName> <pmName> <beginAngle> <endAngle>
Find the best match for image with all patterns and give result in an array
Function result is <patternld> <confidence> <error> <scale> <angle>

PM_ChangeBlobMatcher <omName> <nrOfRotations> <perimeterFillRatio>
<fillSampleSize> <randomSampleSize>

Change the parameters of the blob matcher
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Details script commands (*)

PM_CreateBlobMatcher <cbomName> <imagetype> <nrOfRotations>
<perimeterFillRatio> <fillSampleSize> <randomSampleSize>

Create a blob matcher

PM_Delete <pmName>
Delete pattern matcher from memory

PM_EvaluateCIS <pmName> <cisName> <beginAngle> <endAngle>
<minConfidence> <detailsStr>

Evaluate blob matcher with a Class Image Set
Function result is string with the evaluation report
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Details script commands (*)

PM_GetimageType <pmName>
Get image type of pattern matcher

PM_GetParams <pmName>
Get the parameters of the pattern matcher
Function result is a string with the parameters

PM_GetPatternsNameTab <pmName>

Function result is a string with <nr of patterns> [<patternName>
<patternid>]
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Details script commands (*)

PM_FindPatterns <imageName> <pmName> <maxError> <minConfindence>
<beginAngle> <endAngle> <&$labelTab> <&$patTab>

Find patterns in blobs of labeled image

Function result is number of patterns found

Parameters:

imageName: name of labeled image

pmName: name of the pattern matcher

maxError: maximum error of best found pattern for blob

minConfindence: minimum confidence of best found pattern for blob

beginAngle and endAngle: limit the search range for the rotation

&$labelTab: an array with tupples (<patternld> <error> <scale> <angle>).
Index is labelNr. A table with the search results for each label, including
the BackGround (= 0). If for blob with label search was not successfull,
patternid = -1 will be used

&$patternTab: an array with tupples (<labelnris .. <labelnrN>), index is
patternld. A table with label numbers of the blobs for which the pattern
was found

27-aug-18 Blob matching 64

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl

27-Aug-18

32



Computer Vision: Blob matching

Details script commands (*)

PM_NumberOfPatterns <pmName>
Function result is a string with <nr of patterns>

PM_PatternName <pmName> <id>
Function result is a string with the pattern name for the specified pattern id

PM_Patternld <pmName> <name>
Function result is a string with the pattern id for the specified pattern name

PM_PatternNamelmage <pmName> <namelmage> <patternName>
Make a copy of the specified pattern image

PM_Patternldimage <pmName> <namelmage> <id>
Make a copy of the specified pattern image
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Details script commands (*)

PM_Rename <pmNameOld> <pmNameNew>
Rename pattern matcher

PM_ReadFromFile <pmName> <fileName>
Read pattern matcher from file

PM_RemovePattern <xpmName> <name>
Remove pattern with specified name from pattern matcher

PM_WriteToFile <xpmNames> <fileName>
Write pattern matcher to file
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Example script BM_example.jls (*)

+ creating a blobmacher using an image (BM_09.jl) with all
patterns

0123456 789

+ matching a test image (BM_example_test4.jl)

+ resultin $res:
<patternld> <confidence> <error> <scale> <angle>
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script BM_example.jls (1) (*)

$path = Ipwd .

Save old file path server
$oldpath = pwd P
cwd $path File path server = file path client

PM_CreateBlobMatcher pm Int16lmage 601200 Create Blob Matcher

$names = "zero one two three four five six seven eight nine"

VarToArray &$names &$nameTab Create array with the names of the
patterns

Iread allPats BM_09.jl

Thresholdlsodata allPats DarkObject Read image with patterns

$nrNums = LabelBlobs allPats EightConnected

$maxBlob = BlobAnalysisArray allPats &$tab SortDown TopLeft UseX Height TopLeft

Width Use BlobAnalysis to find the positions
of the patterns
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script BM_example.jls (2) (*)

for $i = 0 to $maxBlob do
VarToArray &$tab[$i] &$elm
$label = $elm[0]
$h = $elm[1]
$tl = $elm[2]
$w = $elm[3]
$x = getnthfromvector 1 $ti
$y = getnthfromvector 2 $ti
ROI allPats roi $x $y $h $w Cut out the pattern
Threshold roi $label $label
PM_AddPattern roi pm $nameTab[$i]

For all pattern do
Find top left, width and height

Add pattern to Blob Matcher

endfor
PM_WriteToFile pm BM_09.pm Write Blob Matcher to file
Iread test BM_example_test4.ji Test Blob Matcher with test image
$res = PM_BestMatch test pm -0.5 0.5
PM_Delete pm
cwd $oldpath Set file path server to original path
27-aug-18 Blob matching 69
Example script BM_findpattern.jls (*)
Example how to use the FindAllPatterns operator on a labeled
image
+ Open BlobMatcher
+ Open image, threshold and label
+ FindAllPatterns
« Extract the fours and fives
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script BM_findpatterns.jls (*)

$path = Ipwd Save old file path server

$oldpath = pwd File path server = file path client
cwd $path

PM_ReadFromFile pm test08.pm Read BlobMatcher from file

IRead test BM_test.jl .

Thresholdlsodata test DarkObject Read test image, threshold and label

LabelBlobs test EightConnected
PM_FindPatterns test pm 0.10 0.4 -3.14 3.14 &$labelTab &$patTab
Copy test fours

$patld = PM_Patternld pm four Ask for patternld for pattern ‘four’
ThresholdMulti fours $patTab[$patid] In $patTab[$patid] are all labels for
Display fours found objects (= ‘four)

Copy test fives

$patld = PM_Patternld pm five
ThresholdMulti fives $patTab[$patid]
Display fives

PM_Delete pm

cwd $oldpath Set file path server to original path
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Class Lexicon (*)

Menu: Operator | Pattern Lexicon

A class lexicon can be to improve the reliability of classifying items that
consist of more then one objects.

Example: identifying street names on street name signposts in a city.
First a classifier like a pattern matcher is trained for the character font.
Then the lexicon is filled with all street names in the city.

Atfter the pattern matcher has identified the best match for each individual
character found in the signpost, the lexicon is consulted for the best
match for the street name.

In this way errors in individual matches of characters can be
compensated.

27-aug-18 Blob matching 72

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl 36



Computer Vision: Blob matching 27-Aug-18

Class lexicon commands (*)

CLX_AddWord <cIlxName> <$word>

Add word to class lexicon

clxName: name of the class lexicon

word: variable with string containing all classNames of word seperated bij spaces

CLX_Clear <cIxName>
Remove all words from class lexicon
clxName: name of the class lexicon

CLX_CreateClassLexicon <cIxName> <$classTab>

Create class lexicon from classTab, this information can be retrived with
PM_GetPatternsNameTab, CIS_GetClassTab or CFS_GetClassTab, format of
classTab: <nrClasses> [<className> <classld>]

clxName: name of the class lexicon
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Class lexicon commands (*)

CLX_Delete <clxName>
Delete class lexicon with name clxName
cixName: name of the class lexicon

CLX_FindBestWord <clxName> <&$wordMatchTab> <&$bestWord> <optimize>
Find best matched word in class lexicon
cIxName: name of the class lexicon

wordMatchTab: array with for each letter the pattern match result for all classes,
format [<classld> <value>]

bestWord: string with best matched word in class lexicon, classNames are seperated
by spaces

optimize: possible values = OptimizeForMinimum and OptimizeForMaximum,
indicates whether FindBestWord operator searches for best minimal or maximal
values

CLX_GetWords <cIxName> <&$wordTab>
Get all words in class lexicon

clxName: name of the class lexicon

wordTab: array with the words

Function result is number of words in lexicon
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Class lexicon commands (*)

CLX_NrClasses <clxName>

Get number of classes in class lexicon
cIxName: name of the class lexicon

function result is number of classes in lexicon

CLX_NrWords <cIxName>

Get number of words in class lexicon
clxName: name of the class lexicon

function result is number of words in lexicon

CLX_RemoveWord <cIxName> <$word>

Remove word from class lexicon

cIxName: name of the class lexicon

word: variable with string containing all classNames of word seperated bij spaces

CLX_Rename <cIxNameOld> <cIxNameNew>
Change name of class lexicon

cixNameOld: old name of the class lexicon
cIxNameNew: new name of the class lexicon
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Class lexicon commands (*)

CLX_ReadFromFile <clxName> <fileName>
Read class lexicon from file

clxName: name of the class lexicon
fileName: file name to read from

CLX_WriteToFile <clxName> <fileName>
Write class lexicon to file

clxName: name of the class lexicon
fileName: file name to write to
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Class lexicon commands (*)

Note: Raw class lexicons contain only classlds and no classNames

CLX_AddRawWord <cIxName> <$word>

Add raw word to class lexicon

cixName: name of the class lexicon

word: variable with string containing all classlds of word seperated bij spaces

CLX_CreateRawClassLexicon <cIxName> <nrClasses>
Create raw class lexicon with nrClasses classes.
clxName: name of the class lexicon

CLX_FindBestRawWord <cIxName> <&$wordMatchTab> <&$bestWord> <optimize>
Find best matched word in raw class lexicon

clxName: name of the class lexicon

wordMatchTab: array with for each letter the pattern match result for all classes,
format [<classld> <error>]

bestWord: string with best matched word in class lexicon, classlds are seperated by
spaces

optimize: possible values = OptimizeForMinimum and OptimizeForMaximum,
incliicates whether FindBestWord operator searches for best minimal or maximal
values
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Class lexicon commands (*)

CLX_RemoveRawWord <clxName> <$word>

Remove raw word from class lexicon

clxName: name of the class lexicon

word: variable with string containing all classlds of word seperated bij spaces

27-aug-18 Blob matching 78

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl 39



