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Classification with Neural Networks

Overview:

+ Introduction classification

* Introduction neural networks

+ Image classification

+ Exercise

» Feature vector classification (*)
+ Exercise (*)

Related presentations:
« Classification with neural networks part Ii

with examples how to use neural networks in scripts
« Genetic Algorithms

how to tune the parameters of a neural networks
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Computer Vision: Classification with Neural Networks

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

27-Aug-18 Classification with Neural
Networks

Introduction classification

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

« Each time the total learn set is trained is called an epoch,
for successful learn normally many epochs are necessary

object class

——— | Classifier p—— “8”

learn parameters

27-Aug-18 Classification with Neural
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Introduction classification

* Production mode

unknown
object class and confidence
——— 1 Classifier j———
“6” and 0.95
27-Aug-18 Classification with Neural 5
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Introduction classification

+ Image classification
+ ‘raw’ image data
+ Feature vector classification

« features are extracted from image and used for the
classification

» data reduction
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Computer Vision: Classification with Neural Networks

Introduction neural networks

+ Based on a model of our brain
* Neuron
* Neural networks

learning
+ Example: learning sinus function

27-Aug-18 Classification with Neural
Networks

* Multilayer perceptron neural Network with back propagation

Neuron

inputs weights

—] activation
I I function

output
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Computer Vision: Classification with Neural Networks

Neural networks

Neural network consists of multiple neurons organised in
different layers
There are several different architectures for the organization
and for the learning algorithms

+ Supervised learning

* Unsupervised learning

Most common used architecture is a multilayer perceptron
neural Network with back propagation learning also called
Back Propagation Network (BPN)

27-Aug-18 Classification with Neural

Networks

Back Propagation Network

Example with:

* 5 inputs

+ one hidden layer with 3 neurons
* 4 outputs

input layer hidden layer output layer

27-Aug-18 Classification with Neural
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Example: learning sinus function

+ Create BPN with
 Input layer of 1 neuron
+ One hidden layer of 100 neurons
+ Output layer of 1 neuron
» Train the BPN with 100 random examples: x, sin(x)
+ $in = random -1 1
+ $out = sin $in
* Note the behaviour of the training error ($t_err)
+ Test the BPN with 5 random values
+ $in = random -1 1
 $res = sinus of $in learned by BPN
+ $exp = sin $in
 $error = error in result

« use script bpn_sinus.jls

27-Aug-18 Classification with Neural 1
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Example: learning sinus function

¥ VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Vision  www.vdimv.nl

fle Operator Camera Server Options Window User Help
=
£ _xr D:\Vision course\Vision2004blimages\bpn_sinus.jls ‘_ ":‘I\&‘
Intermal script Line number Indentatior
name Store 6l Jump +
// create bpn ~
$layerTab = "1 100 1" T
lbpn_create bpn_sin Hyperbolic NoBias 1 (-1,1) -1 1 §layerTab
/¢ learn 100 x
t_err = 3 6264e-008 3
$i_min = -1
$i_max = 1
for §i = 0 to 100 do
$in = random $i_min $i_max
§out = sin §in
Name | $t_err = bpn_train bpn sin 0.01 0.2 §in §out
s | synevars
alue /4 break
[~ stayontop  Update Remove Removed|| Close endfor §i
/7 test Sx
for §i =0 to 5 do
$in = random $i_min §i_wax
§exp = sin §in
$res = bpn_produce bpn_sin $in
removefirstword sfres
Serror = §res - $exp
syncvars .
break
| [endfor -
Execute Continue | Single step Step into Reset
0us error = -0.000393 exp = 0.662654 | = 0i_m
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Computer Vision: Classification with Neural Networks

Image classification

* Introduction

+ Class Image Sets (CIS)
+ Train set
« Evaluation sets

* Training the BPN

+ Using the BPN

Networks

27-Aug-18 Classification with Neural 13

Image classification

+ Pixels of image are inputs,
nr of pixels = size input layer
* Nr of classes = size output layer
+ Scale, rotation and lighting variations
« Train BPN with all combinations
+ Use computer vision operations to make images invariant
by normalizing:
+ Scale, use Zoom
* Rotation, use Rotate(Full)
+ Lighting, use Contrast Stretch

27-Aug-18 Classification with Neural
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Class Image Set (CIS)

+ ACIS is a collection of images with their associated classes.
For usage with Neural Networks, all images in a CIS must have
the same image type and size

« CIS:
« 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

27-Aug-18 Classification with Neural 15
Networks

Demonstration Class Image Set (CIS) (¥)

Create new CIS and add some classes and images (no slides)
use correct image type and image size

27-Aug-18 Classification with Neural 16
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Computer Vision: Classification with Neural Networks

Image ocr1.jl used to generate CIS

¥ VisionLab ¥V3.32  16-4-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

Fle Operator Camera Server Options  Window User Help

T acrl.jl%9 (Int1éimage) [_[o]|

0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789

0 us

27-Aug-18 Classification with Neural
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Script gen_ocr1_cis.jls

+ Create cis

+ Threshold image
* Remove big blobs
+ Label image

« for $group =0to 1 do
« for $num =0to 9 do
- for$i=0to 9do
 Roi $t $1 $h $w
+ Contraststretch
+ Zoom NearestPixellnterpolation
+ Add normalized image to cis

27-Aug-18 Classification with Neural
Networks

+ BlobAnalyse SortDown TopLeft UseX Height TopLeft Width
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Computer Vision: Classification with Neural Networks 27-Aug-18
Demonstration Class Image Set (CIS)
Use script gen_ocr1_cis.jls to generate ocr1.cis,
Open and examine ocr1.cis
27-Aug-18 Classification with Neural 19
Networks
Generation of ocr.cis
¥ VisionLab ¥V3.32  16-4-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl |:HE‘E‘
@GED - BEE
2 | =
@2 3456789 0123456789
0123456789 0123456789
0123456789 0123456789
023456789 0123456789
0123456789 0123456789
23456789 0123456789
123456789 0123456789
D123456789 0123456789
0123456789 0123456789
0123456789 0123456789
(ROEIT i
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Computer Vision: Classification with Neural Networks

fle Operator Camera Server Options Window User Help

ocrl.cis

¥ VisionLab ¥3.32  16-4-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

¥ ocril.cis (Class image set of Bytelmage) =] Rl
File name l
Info l
msgsheicht [ msgswidh [T
Class table Image table
name id nrimages | & i‘
o a
4
nire ] 20
one 1 20
seven 7 Ell
= 5 0 Image index [ ﬂ
thies 3 2 3 Addimags | Remove image
T > n L/
i
Addelass | | Min Mar pivel value
Femove class 5
[ stapontop Close

Fle Operator Camera Server Options Window User Help

0 us
27-Aug-18 Classification with Neural 21
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ocrl.cis

¥ VisionLab ¥3.32  16-4-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

¥ ocril.cis (Class image set of Bytelmage)

Flename |

Info I

magsheight [ magewidh [T
Class table Image table

e [ s | @ =]
sicht 5 20

five 5 20

faur 4 1 a5
rine El 20 L

Er

seven 7 20
2 - = Image index [T =
thee 3 0 3 Addimage | Remave image
= B on A/
Etactimage [
Addelsss || Min Max pivel value
Remove s =
[~ stapontop _ Chse |

27-Aug-18
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Computer Vision: Classification with Neural Networks

Different sizes of numbers

* Note that number 1 is much smaller in width as number 8
+ A BPN always works with a fixed number of inputs.

+ So all numbers have to be rescaled in size to the same height
and width of the learn image

27-Aug-18 Classification with Neural
Networks

23

Training the BPN

* Learning parameters

+ Train set
balancing the train set

« Evaluation set
+ Testing the result

27-Aug-18 Classification with Neural
Networks

24
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Computer Vision: Classification with Neural Networks

Back Propagation Network
Example with:
* 5 inputs
+ one hidden layer with 3 neurons
* 4 outputs
input layer hidden layer output layer
27-Aug-18 Classification with Neural 25
Networks
Learning parameters
+ Learn rate:

The learn rate is a small positive value and determines how
fast the BPN will learn. If the learn rate is too low learning will
be very slow. If the learn rate is too high the training error will
oscillate and stay at an high value.

Momentum:

The momentum is zero or a small positive value. This
parameter influences the speed of convergence of the learing
process and specifies which fraction of the "learn effect" of
the previous training sample should be added to the "learn
effect” of the next training sample.

27-Aug-18 Classification with Neural 26
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Learn rate and momentum

the direction of the change
for the weights is calculated
using the derivative of the
error function

the ‘step size’ for the
adaptation of the weights is
proportional to the the
learning rate

the momentum is the
fraction of the previous
weight change which is
added to the new calculated
weight change

27-Aug-18 Classification with Neural 27
Networks

Learning parameters

+ Size first hidden layer:
If too small the training error will remain high, if too high
training will be very slow

+ Size second hidden layer:
The use of a second hidden layer may speed up the learning
process. Advice: start first with an empty 2" hidden layer.

27-Aug-18 Classification with Neural 28
Networks
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Training the BPN

+ Stopping the training process:
* Max nr of epochs
 Stop error

« Confidence:
Indication how confident the classifier is about the result,
[ 1 = confident .. 0 = unconfident ]
In normal conditions a confidence > 0.7 is fine

* Reset network:
all weights are random initialised with value [min ..max]

27-Aug-18 Classification with Neural 29
Networks

Demonstration Training BPN

« Create new BPN ocr.bpn (File menu),
use ocrl.cis and size first hidden layer = 20, second = 0, NoBias
« Go to Training form, learnRate = 0.001, momentum = 0.001

«  Start training, note evaluation set and training set are the same
reset: -0.1.. 0.1

+ Open ocri.cis and select from a random class a random image and extract that image with
name test

+  Selectimage with name test as “second selected”
+ Go to BPN and select Classify form and classify “second selected” image

27-Aug-18 Classification with Neural 30
Networks
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Computer Vision: Classification with Neural Networks

Demonstration Training BPN

¥ Create BPN

File name: [oorbon

Class image sst \D Wision2004\imageshocr] cis

Sizsfistidden 2
Size second hidden [0

27-Aug-18

Bias nodes [NoBias =l
Create Cancel |
Classification with Neural 31
Networks

T Visionlab V3.33  25-8-2004 (<]
Ele

Paiameters } T

File namme

Image type

Operator  Camera  Server  Options  Window  User  Help

T_ocr.bpn (BPN image classifier)

Muraber pisels R
Muriber classes m
Min pirel vahie P
Ma pirel value =
Sizes hidden layers and biss
First hidden PU—
Second hidden JU—‘

Demonstration Training BPN

) Van de Loosdrecht Machine Vision  www.vdlmv.nl

raining | Evaluation detaiks | Classity |

—

Bias nodes fefee =]
ssize
[~ stapontop _ Clese |
27-Aug-18 Classification with Neural 32
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Computer Vision: Classification with Neural Networks

T VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Visi

Ele Operator Camera Server OQpfions  Window  User  Help

¥ ocr.bpn (BPN image classifier)

Demonstration Training BPN

=ikl

Patameters  Training | Evslustion detsis | Clsssiy |
Training parametars Training results
Train set [ Fimonziidimegeoer | _Mew Curentepoch  [232
Leamniate [ios Momenwm[opnr | Meanen EE
Masrrepoche [f Swpersr o Msimmeno  [aootierar
Evaluation parameters Evaluation results
Evalusionset [0 sonaintimomsoo o _New Mean enor noooi2ese Masimumenor o003
Evslustonspochs [ Lomconfidence[n7 | Missclassiications o Loweconfidenoss o
History
Mean ermors
Training
0.008
Ewvaluation
0.005
T
0,004
Updats
0.002
i
1] 100 200 300 400 500 E00 700 200 300 1000
Start 5 | Reset | min [o1 max [0
[~ stayontop Close
12.096 us 0.00105333 0.000124561 0 0
27-Aug-18 Classification with Neural 33
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Select random image from random class
25-8-2004 (c) Van de Loosdrecht Machine Vi
Ele Operator Camera Server OQpfions  Window  User  Help
[
Fiename |
Info B 0
magebeight [ magewidh [T
Class table Image table
name lia  Jremages| A 4
eight B E] =]
five 5 ]
four 4 E] =
nine ] ]
1
. Imageindes [ =l
three: El 20 3 Addimage | Remove image
e B on b -
st
| _duid olass | Min Mas: pisel value
Remove class
[~ stayontop Close
27-Aug-18 Classification with Neural 34
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Classify image

(c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

T Visionlab V3.33  25-8-2004
Ele Operator Camera Server OQpfions  Window  User  Help

¥ ocr.bpn (BPN image classifier)

Patameters | Trsining | Evalustion detsils Classiy |

ot X Class name [oeven
Confidence 0.994456

use second selected

EJEIER) | avonton Ciose
0 us seven
27-Aug-18 Classification with Neural 35
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Training with evaluation set

In order to avoid inbreed, it’s better to use a separate training
and evaluation set

Classification with Neural 36

Networks

27-Aug-18
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Computer Vision: Classification with Neural Networks

Demonstration Training BPN with evaluation set

« Create new CIS and some classes (no slides)
« Open image ocr1.jl and ocr2.jl, same object slightly different position and lighting condition
« Use script gen_ocr2_cis.jls to generate ocr2.cis
« Create new BPN ocr2.bpn (File menu),
use ocrl.cis and size first hidden layer = 20, second = 0, NoBias
« Go to Training form
« Start training, and select as evaluation set ocr2.cis, learnRate = 0.001, momentum = 0.001
+ Open ocr2.cis and select from a random class a random image and extract that image with

name test
« Select image with name test as “second selected”
+ Go to BPN and select Classify form and classify “second selected” image
27-Aug-18 Classification with Neural

Networks
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Compare image ocr1.jl and ocr2.jl

T VisionLab V3.33  25-8-2004 (&) Van de Loosdrecht Machine Vi:

Ele Operator Camera Server OQpfions  Window  User  Help

¥ ocr1.j1%5 (Int16lmage)

0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789

0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789

0 us
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Networks

38

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

27-Aug-18

19



Computer Vision: Classification with Neural Networks

Demonstration Training BPN with evaluation set
¥ Create BPN
File name [eerz.Epn
Class image set |D:Wision2004%imageshocr cis
Size first hidden 20
Size second hidden |0
Bias nodes NoBias =l
27-Aug-18 Classification with Neural 39
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Demonstration Training BPN with evaluation set

T VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

Ele Operator Camera Server OQpfions  Window  User  Help
¥ oer2.bpn (BPN image classifier)
Faameters  T13ining | Evalustion detais | Classity |
Training parameters Training results
Train st . e Curentspoch  [gan
Leamn rate [oo01 Womertm [0 001 Mean enor [eBa1s2m005
Marnreposhs [ Stopenar [0 Masimumenor [0 000388421
Evaluation parameters Evaluation results
Evaluation set e Mean eror [000730008  Masimumeror  [Q0Z70588
Evaluation epochs Sweederee oz Miss classiications [g Lowconfidences [
History
Mean ermors
Training
Ewaluation (e
0.006
may erfrar
i 0.004
_ Updsis_|
0.002
0
a 100 200 300 400 500 600 700 800 900 1000
Start | Resst | min [0 mas [0
= B e Close
Sery = stay ontop
=[O v
11.055 Us 00270586 0.00130004 0 0
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Computer Vision: Classification with Neural Networks

Ele Operator Camera Server OQpfions  Window  User  Help

T VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

Select random image from random class from evaluation CIS

(=0

_cer2els (Classimagesetof Byrelmage) | [O[X]

three 3 20
. 2 2n 4]

Add class

Remove class
[ stayontop Close:

Filename — [[177
Infa [Fiarumber e
mageheight [ Imagewdh [T
Class table Image table
name Ja [rrimages| ~ |«
sight g 20 |
five 5 2
four 4 0
nine 9 Fl I
one 1 20
seven 7 20

Image index [T El
Addimage | Remove image
__’ ERIARLITAGE tect

Min M pixl value

27-Aug-18 Classification with Neural
Networks
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Classify image

Ele Operator Camera Server OQpfions  Window  User  Help

¥ oer2.bpn (BPN image classifier)

Faameters | Training | Evalustion details Classiy |

Class name
Class id

Confidence

use second selected

T VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

= [~ stay ontop _ Clse |
0 us i 7.4
27-Aug-18 Classification with Neural 42
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Optimizing the settings for a image BPN

This function uses a Genetical Algorithm (GA) in order to find the
best solution.

NOTE: this optimalization process is very time consuming and for
real problems it may take hours or even days.

In the Low/High box the user must specify the search space for
size of hidden layers, learn rate and momentum, by specifying the
lowest and highest border values.

In the settings box must be specified:
- the population size for the GA algorithm
- the number of epochs the BPN is trained before being evaluated
- the low confidency factor used in the evaluation
- the maximum number of generation for the GA algorithm

27-Aug-18 Classification with Neural 43
Networks

Optimizing the settings for a image BPN

In the detailed setting box, specialized setting can be set, it is advised to
use the standard values.

- the MinError is the minimal target error
- the DeltaError is the minimal error for start of hill climbing

- the MicroP is the probability during self mate that parameter is a micro
mutation

With the Start button the optimising process is started. With the Stop
button the optimising process is stopped, but first the current generation
is optimised completely, note this can take some time!

In the best result box the best values found sofar for hidden layers, learn
rate and momentum are displayed. Also the current generation number
and the best error value found.

With the Accept button the best solution found is used to initialse the
settings in the Parameters and Training tab. Then the normal full training
is started.

27-Aug-18 Classification with Neural 44
Networks
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Demonstration genetic algorithm for optimizing image BPN

+ Go to GA Optimize form, this can be used to find the optimal setting for the BPN
Use settings:
Low and High first hidden = 20 (is fixed for the demo)
Low and High second hidden =0
LearnRate: 0.0005 — 0.001
Momentum: 0 - 0.001
Populationsize: 4
NrEpochs: 10
LowConfidence: 0.5
MinError: 0
DeltaError: 1
MircoP: 0.25
«  Click start to start optimise process
Note this process is very time consuming, for the demo PopulationSize and NrEpochs have
been set to low values. Also the first hidden layers is fixed to 10
« Click stop button to interrupt the optimise process
«  Click accept button to initialise the settings in the Parameters and Training tab. Then the
normal full training is started.

27-Aug-18 Classification with Neural 45
Networks

Set the parameters for the optimising process

] ocrbpn (BPM image classifier) E@
Farameters | Training | Evalsation detais | Classify G4 Optimize |
LawHighr Low High Best results
First hiddzen [10 1o 10

Generaton i [l

Second hidden [0 [0 [0 - T
Leain rate |o.onos [eL.om |aL.onoB4aa2

Momentum o [0.001 [+ 55048e-005

Seltings Detailled sattings

Popuaionsie= [ Min Error i

Nr Epachs [ || Dekabuar [

Law confidence ,DE— MicraP |D 5

Max generations  [100

Start | Accept
[ stapontop Close
27-Aug-18 Classification with Neural 46
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Computer Vision: Classification with Neural Networks

Used find optimal parameters to start the full training

- ocr.bpn (BPN image classifier)
Faameters  Training | Evaluation detait: | Classiy | Gé Optimize |
Training parameters

Training set D:nisionCursusWision2009ehimageste _New
Leain rate Ior ] Momentum [4 55048005

Marr epochs [0 Stop enor g

Evaluation parameters

Evaluation set D:\isionCursushision 2009 images’ M

Evaluation epochs [ Low confidence [§ 5

= e ]

Training results

Cumentepoch — [io0
Mean enor 0.000688654
P awimum error 0.0031145

Evaluation results

Mean enor 000313765 Masimumenor [0 041233
Miss clssifcations [ Lowconfidences [

Histony
Mean erars
Training
Evaluation .08
0.008
max emor
o0 0.004
Update
0.002
0
i} 10 20 a0 40 50 60 70 a0 a0 100
Start | | Reset | min [01 max [0
[ stap on top Close
27-Aug-18 Classification with Neural
Networks
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« Change evaluation set to ocr_dark.cis,

«  Start training and stop after 12 epochs,
confidences
use low details

be extracted for examination

weak if close to —1.

Demo analyzing learning problems (*)

+ Compare images ocr1.jl and ocr_dark.jl with LUT clip

this is generated from image ocr_dark.jl under very low lighting conditions
« Reset network with —0.5 and 0.5, ([-0.1 .. 0.1] will give better results)

due to the low number of epochs there are now 11 miss classifications and 99 low

« This can be analyzed on the Evaluation details form,

« By changing to high details the individual outputs in the output layer can be examined.
Output values are in the range [-1..1]. A class is ‘strong’ if the output value is close to 1 and

On the first row an ‘Eight’ is classified as a ‘Three’

27-Aug-18 Classification with Neural
Networks

« By selecting a row and specifying a name at the Extract Image button the offending image can

48
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Computer Vision: Classification with Neural Networks

T Visionlab V3.33  25-8-2004

Ele Operator Camera Server  Qpfions

Comparing ocr1.jl and ocr_dark.jl (*)

(e) Van
Window  User Help

e T —

0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789
0123456789 0123456789

0 us
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¥ VisionLab ¥3.33  25-8-2004

Fle Operator Camera Server  Options

¥ oer2.bpn

Train set
Leam rate

Max i epachs

Evaluation set

Histoy
Mean enars

Training
Ewvaluation

Evaluate using ocr_dark.cis (*)

(c) Van de Loosdrecht Machine Vision
window  User Help

(BPN image classifier)

Parameters  Training | Evalustion detsis | Clsssiy |

Trairing parameters Training results

[0 Wisonz0dimageshot T cis | _New Currert spoch

[0 Mamertum 7501 Mean emar

www.vdlmy.nl

Evalustion spochs |

. 04

Evaluation paramsters

Stop emor [ Maimum enat — [00720075

Low confdence [0 7

Evaluation results

Mean emor isess  Mesmumenor [ogsses

Miss c\assificatiunsm Low cunndence

400 H00 E00 700 800 400 1000

Start

Resst | min [08 max 05

[~ stayontop

Clase

11.243 us 0.839863 0.142498 13 130
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Computer Vision: Classification with Neural Networks 27-Aug-18

Evaluation details form (*)
onLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl
Fle Operator Camera Server Options Window User Help
¥ ocr2.bpn (BPN image classifier)
Parameters | Traning Evaliation detals | Ciassiy |
expected resullt confidence zer0 one [t ~
fhree ight 0562H5 5 023293 0.202556 00095935 |
e eight 0.253483 13 0360741 0150084 0012433
thiee eight 02658721 16 0263066 020315 010274582
£ twio 0157174 " 0.1840R1 N N4RRTAA N RA7RAS
i tao 0.0298297 14 0158 Miss classifications !
£ (7] 00721118 17 0189444 U 2bbad1 U Badhdl
nine two 00856263 2 0513824 0264699 073735
nine 21 0.0389737 3 056314 0262549 0502391
nine zer0 0.0895142 4 0.882921 0291134 073784
nine zem 0176234 [ 05855 0247549 0410051
nine o 0105852 11 0653755 0229716 082735
nine 210 00391194 12 0.895992 0230957 0.828529
nine () 0111245 17 1647347 -01227412 0.80340%
zor0 zor0 0548314 0 0351215 00826552 0.00743165
ane ane 0614223 1 0253341 RRLT ERC
one one 0593233 2 2 Low confidences :
one one 0637681 ¥ 0243149 1.09304 00285751
ane ane 0601285 4 0273323 1.09765 0.000801231
ane ane 0562173 5 0302555 1,07352 000918783 | v
sy =
W Change details Exract Image |m[7
b I stapontop Close
0 us 10 eight & five 5 four 4 nine 2 one 1 seven &/
27-Aug-18 Classification with Neural 51
Networks

Extract offending image (*)
Ele Operator Camera Server Opfions Window User Help
Parameters | Training  Evaluation detals | Clsssity |
expected result [zanfidence Jimage indes zem ane [t -~
eight 0582345 5 0231233 0202556 000955396
thies eight 0253483 13 0.340741 0160064 0012433
thiee eight 0.269721 16 0.263056 0.20915 00274382
i () 0167174 1 0184081 00455188 0697648
s o 00238297 14 0158876 0120233 0608759
] two 00721115 17 0163439 0256431 0648581
nine o 00866269 2 0619824 0284899 0.737339
nine zem 00389737 3 054314 0262549 0502331
nine 2010 00895142 4 0862921 0231134 073784
nine 2010 0176234 3 05855 0247549 0.410051
nine two 0105652 1" 0668756 022978 082796
nine 2era 00391194 12 08595932 01230357 0828529
nine two 0111245 17 0647347 0227412 0608403
zer0 zer0 0648314 0 0951215 00826592 000749155
one one 0614229 1 0263341 110444 -001ERBO1
one one 0533233 2 0274405 1.0748 00251802
ane ane 0637681 3 0.243149 1.03904 00285751
one one 0601285 4 0.273329 1.09765 0000801291
one one 0562173 5 0302556 1.07862 0100918783 b
<) 2
Farbame =] __Change dstas ﬁ
[~ stayontop Close
0 Ls
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Examine high details (*)
Ele Operator Camera Server OQpfions  Window  User  Help
Parameters | Training  Evaluation detals | Clsssity |
[confidence Jimage indes zem ane o ~
0582346 5 0231283 0202566 000353355
. - . 0253483 13 0340741 0160064 0012433
Miss classification eight 0.269721 16 0.253056 020915 00274362
3 classified as 8 two 0157174 n 0184081 0.0455158 0597648
3:0.1.3766 two 00238257 14 0163878 0120233 0603769
8:0.876285 two 00721116 17 0183433 0.256431 0648581
two 0.0856289 2 0519824 0264699 0737399
00389737 3 056318 0262549 0502351
00835142 4 0882321 0231134 073784
0176234 6 05855 0247549 0.410051
0105852 1 0589755 0229718 0.827956
00381194 12 0835352 0230957 0828529
0111245 17 0647347 0227412 0803403
[EEE 0 = o 0.00743155
014223 1 00188801
0533233 2 taras B4R 00281802
Low confidences ane 0637581 3 0243143 1.09904 00285751
0: 0.263941 ane 0EN 285 4 0.273329 1,09765 0000801291
1:1.10444 one 0582173 5 0302565 107852 000918783 v
peas ) £
W Change details  EHIfARE Imiage. ) |rmSS
[~ stayontop Close
27-Aug-18 Classification with Neural 53
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Examine high details, scrolled to the right (*)
T VisionLab V3.33
Ele Operator Camera Server Opfions Window User Help
¥ ocr2.bpn (BPN image classifier)
Parameters | Training  Evaluation detals | Clsssity |
[pre—_ [ton [tive sit seven nine ~
Nn 1 3722:) 00825587 0.150504 00767816 0110302 ((osrezzs ) 015362 =
. - 00765918 0103957 -0.0573956 012036 0153233
Miss classification g3 00816543 0140036 00755763 011395 0,520766 0161956
3 classified as 8 9636 -0.239564 0508131 0.405604 0280257 00125504 00830432
3:0.1.3766 17667 0177301 0428774 0574445 023433 0.0539643 00817277
8:0.876285 124236 0141832 0435264 0561332 0211708 0084119 0108783
08 0157545 0137946 0150324 0171198 0178043 0.250081
i 1175 0154024 0103785 0195382 0144088 167164 0.335633
0153481 0124356 0.0523403 0.0517754 0143563 0036338 0292233
0197027 0129% 0101397 0180303 D145 0168482 0.392907
00358377 0187143 0211708 01035 0138785 ERE 0.434906
0156758 0137211 0113174 00381613 0152033 -D.0B05301 0312533
00897627 0185188 0.21488 0.0957917 0201005 0181976 0.454201
00320876 00865136 0.0906963 0.00506628 151004 0.202952 0135939
0010743 -0.0887153 0132053 0.0412978 0151934 01885 0103343
L fid 77 00609723 013144 0.058085 0129128 0132805 011058
ow confidences i 00545762 0131438 0.0342856 0134187 0110881 0123313
0: 0.263941 155 -D0G19677 0112782 0.0549875 0156971 014243 00792092
1:1.10444 333 0014585 0147217 0.0807568 0157514 0175061 011385 v
[ I 3
W Change details Extract Image lm‘ssi
[~ stayontop Close
0 us
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Computer Vision: Classification with Neural Networks 27-Aug-18

Exercise OCR dark (*)

+ Experiment with learning parameters to get better results

27-Aug-18 Classification with Neural 55
Networks

Notes for applications

+ It’s better to control the lighting conditions so this kind of dark
image can not occur

+ It’s also possible to use more sophisticated contrast
normalization algorithms to deal with changing light
conditions

+ The training set can be extended with images under different
lighting conditions to make the application more robust

27-Aug-18 Classification with Neural 56
Networks
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Computer Vision: Classification with Neural Networks 27-Aug-18

Demo robustness of BPN

« Execute script demo_ocr_rotation.jls
« Execute script demo_ocr_size.jls

« Execute script demo_ocr_contrast.jls

27-Aug-18 Classification with Neural 57
Networks

Demo with rotated input images

2006 (c) ¥an de Loosdrecht Machine

Eile Operator Camera Server Opfions ‘window Userl User2z User3 Userd UserS Userd Help

T C:WisionCursus\Vision2006bYimages\demo_ocr_rotation. jls* |'ZH§|E|

Internal script

Search Line number

4 name | Stare [ Find 48 Jum
labelblobs bin EightConnected ~
jana = blobanalysis bin SortDown ToplLeft UseX Height Topl
removefirstword &§ana

EIEIEI|I [ —— .
$tl = removefirstword &§sna
four 0.97879 $t = getnthfromvector 1 $tl

41 = getnthfromvector 2 $tl
$w = removefirstword &§ana
§t = §c -1
§1 =41 -1
§h = §h + 2
fw = §w + 2

roi rot roi §t §1 §h §w

convert roi contrast Bytelmage

contraststretch contrast 0 255

zoom contrast norm §h norm §w_norm NearestPixellInterpolat
jclassres = bpn_classifyimage bpn norm

jclassId = RemoveFirstWord &classres i
jclassNeme = CIS ClassNeme cis §classId
§res = Concat §classNeme §classres
TextOnImage results 10 10 courierld jres

Display results ¥

< | &

61 us
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Computer Vision: Classification with Neural Networks 27-Aug-18

Demo with rotated input images

P VisionLab ¥3.36  22-B-2006 (c) ¥an de Loosdrecht Machine Vision  www.vdlmv.nl

Eile Operator Camera Server Opfions ‘window Userl User2z User3 Userd UserS Userd Help

—— ~

r C:WisionCursus\Vision2006bYimages\demo_ocr_rotation. jls* = 5] -

Intemal script Search Line number

name ‘ Stare | Find 48 Jurnf
labelblobs bin EightConnected ~

$ana = blobanalysis bin SortDown TopLeft UseX Height Taopl
removefirstword &$ana

$h = removefirstword &§ana

$tl = removefirstword &§sna

four 0.900358 $t = getnthfromvector 1 $tl

41 = getnthfromvector 2 $tl

$w = removefirstword &§ana

§t = §c -1

§1 =41 -1

§h + 2

fw = §w + 2

roi rot roi §t §1 §h §w

convert roi contrast EyteImage

contraststretch contrast 0 255

zoom contrast norm §h norm §w_norm NearestPixellInterpolat

an
=
[

jclassres = bpn classifyimage bpn norm
jclasald = RemoveFirstiord &fclassres .
jclassNeme = CIS ClassNeme cis §classId T

§res = Concat §className §classres
TextOnImage results 10 10 courierld jres

Display results b

< | @

65 Us

27-Aug-18 Classification with Neural 59
Networks

Demo with rotated input images

T VisionLab 006

Eile

Operator Camera Server Opfions ‘Wwindow Userl User2 User3 Userd UserS Userd Help

"o HEE

Line number

Intemal script Search
A name | Sore | | || Find | | | [48 dum

labelblobs bin EightConnected ~
jana = blobanalysis bin SortDown ToplLeft UseX Height Topl
removefirstword &§ana
7 resul S| | e remverirotvora ssana
$tl = removefirstword &§sna
four 0.642834 $t = getnthfromvector 1 $tl

41 = getnthfromvector 2 $tl

$w = removefirstword &§ana

v = §t -1

1 =41 -1

¢h = §h + 2

fu o= §w o+ 2

roi rot roi §t §1 §h §w

convert roi contrast EyteImage

contraststretch contrast 0 255

zoom contrast norm §h norm §w_norm NearestPixellInterpolat

jclassres = bpn classifyimage bpn norm
jclasald = RemoveFirstiord &fclassres .
jclassNeme = CIS ClassNeme cis §classId T
§res = Concat §classNeme §classres

TextOnImage results 10 10 courierld jres

Display results ¥

< | @

66 LS
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Computer Vision: Classification with Neural Networks 27-Aug-18

Demo with rotated input images

P VisionLab ¥3.36  22-B-2006 (c) ¥an de Loosdrecht Machine Vision  www.vdlmv.nl

Eile Operator Camera Server Opfions ‘window Userl User2z User3 Userd UserS Userd Help

—— ~

r C:WisionCursus\Vision2006bYimages\demo_ocr_rotation. jls* = 5] -

Intemal script Search Line number

name ‘ Stare | Find 48 Jurnf
labelblobs bin EightConnected ~

$ana = blobanalysis bin SortDown TopLeft UseX Height Taopl
removefirstword &$ana

$h = removefirstword &§ana

$tl = removefirstword &§sna

four 0.304664 $t = getnthfromvector 1 $tl

41 = getnthfromvector 2 $tl

$w = removefirstword &§ana

§t = §c -1

§1 =41 -1

§h + 2

fw = §w + 2

roi rot roi §t §1 §h §w

convert roi contrast EyteImage

contraststretch contrast 0 255

zoom contrast norm §h norm §w_norm NearestPixellInterpolat

an
=
[

jclassres = bpn classifyimage bpn norm
jclasald = RemoveFirstiord &fclassres .
jclassNeme = CIS ClassNeme cis §classId T

§res = Concat §className §classres
TextOnImage results 10 10 courierld jres

Display results b

< | @

64 LS

27-Aug-18 Classification with Neural 61
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Demo with rotated input images

T VisionLab 006

Eile

Operator Camera Server Opfions ‘Wwindow Userl User2 User3 Userd UserS Userd Help

o HEE

Line number

Intemal script Search
A name | Sore | | || Find | | | [48 dum

labelblobs bin EightConnected ~
jana = blobanalysis bin SortDown ToplLeft UseX Height Topl
removefirstword &§ana
7 resul S| | e remverirotvora ssana
$tl = removefirstword &§sna
four 0.231783 $t = getnthfromvector 1 $tl

41 = getnthfromvector 2 $tl

$w = removefirstword &§ana

v = §t -1

1 =41 -1

¢h = §h + 2

fu o= §w o+ 2

roi rot roi §t §1 §h §w

convert roi contrast EyteImage

contraststretch contrast 0 255

zoom contrast norm §h norm §w_norm NearestPixellInterpolat

jclassres = bpn classifyimage bpn norm
jclasald = RemoveFirstiord &fclassres .
jclassNeme = CIS ClassNeme cis §classId T
§res = Concat §classNeme §classres

TextOnImage results 10 10 courierld jres

Display results ¥

< | @

66 LS
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Computer Vision: Classification with Neural Networks

< oM E L

Internal script Search Line number

B name | Sore | | || Find | | | [48 Jumf

Demo with rotated input images

P VisionLab ¥3.36  22-B-2006 (c) ¥an de Loosdrecht Machine Vision  www.vdlmv.nl

Eile Operator Camera Server Opfions ‘window Userl User2z User3 Userd UserS Userd Help

C:WisionCursus\Vision2006bYimages\demo_ocr_rotation. jls*

BEE

four 0.0049467

labelblobs bin EightConnected ~
$ana = blobanalysis bin SortDown TopLeft UseX Height Taopl
removefirstword &$ana

$h = removefirstword &§ana

$tl = removefirstword &§sna

4t = getnthfromvector 1 $tl

41 = getnthfromvector 2 $tl

$w = removefirstword &§ana

§t = §c -1

§1 =41 -1

§h + 2

fw = §w + 2

roi rot roi §t §1 §h §w

convert roi contrast EyteImage

contraststretch contrast 0 255

zoom contrast norm §h norm §w_norm NearestPixellInterpolat

an
=
[

jclassres = bpn clessifyimage bpn norm

jclasald = RemoveFirstiord &fclassres .
jclassNeme = CIS ClassNeme cis §classId T

§res = Concat §className §classres
TextOnImage results 10 10 courierld jres

Display results b

4 | B

67 us
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File Operator Camera Server Options Window Userl

Demo with zoomed input images

¥ visionLab V3.36 22-8-2006 [c) Van de Loosdrecht Machine Vision  www.vdimy.nl

Userz User3 Userd UserS Users Help

¥ C:WisionCursusWision2006b\images\demo_ocr_size. jls*

Intemal script Search Line number
harme Stare Find 43 Jump!
§1 =31 - 1
§h = $h + 2

§w o= §w + 2

roi size roi §t §1 b §w

convert roi contrast ByteImage

contraststretch contrast 0 235

zoom contrast norm §hnorm §$w_norm NearestPixellnterpolation
§rlassres = bpn classifyimage bpn norm

§rlassld = RewoveFirstUord &§classres

§olassNeme = CIS ClassName cis §classld

§res = Concat §f£ §fclassNawe §classres

TextOnImage results 10 10 courierld §res

Display results
hreak

Execute F9 1 Continue Single step Step

— - —_
& | M
133us
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Computer Vision: Classification with Neural Networks

¥ VisionLab ¥3.36  22-8-2006

File Operator Camera Server Options

Demo with zoomed input images

[c) Van de Loosdrecht Machine Vision  www.vdimy.nl

Window Userl User? User3 Users UserS Users Help

¥ C:WisionCursusWision2006b\images\demo_ocr_size. jls*

Intemal script Search Line number
harme Stare Find 43 Jump!
§1 =31 -1
§h = $h + 2
§w o= v + 2

roi size roi §t §1 b §w

convert roi contrast ByteImage

contraststretch contrast 0 235

zoom contrast norm §hnorm §$w_norm NearestPixellnterpolation
§rlassres = bpn classifyimage bpn norm

§rlassld = RewoveFirstUord &§classres

§olassNeme = CIS ClassName cis §classld

§res = Concat §f£ §fclassNawe §classres

TextOnImage results 10 10 courierld §res

Display results

hreak

Execute F9 L] Continue Single step Step

= — - | -
136 us
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¥_ VisionLab V3.36 22-B-2006
Fils

Operator Camera Server Options

Demo with zoomed input images

[c) Van de Loosdrecht Machine Vision  www.vdimy.nl

Window Userl User? User3 Users UserS Users Help

¥ C:WisionCursusWision2006b\images\demo_ocr_size. jls*

Intemal script Search Line number
harme Stare Find 43 Jump!
§1 =31 -1
§h = $h + 2
§w o= v + 2

roi size roi §t §1 b §w

convert roi contrast ByteImage

contraststretch contrast 0 235

zoom contrast norm §hnorm §$w_norm NearestPixellnterpolation
§rlassres = bpn classifyimage bpn norm

§rlassld = RewoveFirstUord &§classres

§olassNeme = CIS ClassName cis §classld

§res = Concat §f£ §fclassNawe §classres

TextOnImage results 10 10 courierld §res

Display results

hreak

Execute F9 L] Continue Single step Step
—

= — - | -
127 us
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Computer Vision: Classification with Neural Networks

¥ VisionLab ¥3.36  22-8-2006

File Operator Camera Server Options

Demo with zoomed input images

[c) Van de Loosdrecht Machine Vision  www.vdimy.nl
User? User3 Userd UserS Users Help

Window  Userl

¥ C:WisionCursusWision2006b\images\demo_ocr_size. jls*

Internal script Search Line number

hame Store Find 43 Jump’

§w = §w + 2

roi size roi §t §1 b §w

convert roi contrast ByteImage
contraststretch contrast 0 235

ZoO0w CORtrast norm §h_norm §w_norm NearestPixellInterpolation
§olassres = bpn_classifyiwage bpn norm
§rlassld = RewoveFirstUord &§classres
§olassNeme = CIS ClassName cis §classld
§res = Concat §f£ §fclassNawe §classres
TextOnImage results 10 10 courierld §res
Display results

hreak

Execute FS T | Continue Single step Step
I i =l
< | >
139us
27-Aug-18 Classification with Neural 67
Networks

¥_ VisionLab V3.36 22-B-2006
Fils

Operator Camera Server Options

Demo with zoomed input images

[c) Van de Loosdrecht Machine Vision  www.vdimy.nl
User? User3 Userd UserS Users Help

Window  Userl

¥ C:WisionCursusWision2006b\images\demo_ocr_size. jls*

Intemal script Search Line number
harme Stare Find 43 Jump!
§h = $h + 2
§w o= v + 2

roi size roi §t §1 b §w

convert roi contrast ByteImage

contraststretch contrast 0 235

ZoO0w CORtrast norm §h_norm §w_norm NearestPixellInterpolation
§rlassres = bpn classifyimage bpn norm

§rlassld = RewoveFirstUord &§classres

§olassNeme = CIS ClassName cis §classld

§res = Concat §f£ §fclassNawe §classres

TextOnImage results 10 10 courierld §res

Display results

hreak

Execute FS T | Continue Single step Step
I i -
& | M
162 us
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Computer Vision: Classification with Neural Networks

Demo with changed light conditions

T VisionLab ¥3.36  22-B-2006 (c) ¥an de Loosdrecht Machine Vision  www.vdlmv.nl

Eile Operator Camera Server Opfions ‘window Userl Userz User3 Userd UserS Userd Help

apesidemo_ocr_contras

Internal script Search Line:

name | Store ‘ Find 53 Jump!
$1 = getnthfrowvector 2 Stl ~
jw = removefirstword &ana
§t = 4§ -1
§1 =41 -1
§h = §h + 2
v o= §w + 2

roi light roi §t $1 $h $w
convert roi contrast ByteImage

7. resulis (Int16] ret L contraststretch contrast 0 255

zZoom contrast norm $h_norm §w_norm NearestPixelInterpolati

-140 four 0.811727 jolassres = bpn_classifyimage bpn norm
jolassld = RemoveFirstlord &iclassres
fel = CIS_CL cis §classId
§res = Concat §p $className §clasares

TextOnImage results 10 10 courierls $res

Display results

break =
HilliDelay 500

< | 3
Execute F9 | Zho Continue | Single step | Stey
153 us
27-Aug-18 Classification with Neural 69
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Demo with changed light conditions

T Visionlab ¥3.36 22
Eile

Operator Camera Server Opfions ‘Wwindow Userl User2 User3 Userd UserS Userd Help

apesidemo_ocr_contrast

Intemal script Line number

name | Store ‘ Find 53 Jump!
$1 = getnthfrowvector 2 Stl ~
jw = removefirstword &ana
§t = 4§ -1
§1 =41 -1
§h = §h + 2
v o= §w + 2

roi light roi §t $1 $h $w
convert roi contrast ByteImage
contraststreteh contrast O 255

zZoom contrast norm $h_norm §w_norm NearestPixelInterpolati

O four 0.97879 jolassres = bpn_classifyimage bpn norm
jolassld = RemoveFirstlord &iclassres
fel = CIS_CL cis §classId

§res = Concat §p $className §clasares

TextOnImage results 10 10 courierls $res

Display results

break =5
HilliDelay 500)

v

< | b3

Execute F9 | Zho Confirve | Singlestep | Ste

126 us
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Computer Vision: Classification with Neural Networks 27-Aug-18

Demo with changed light conditions

T VisionLab ¥3.36  22-B-2006 (e) Van de Loosdrecht Machine Vision  www.vdimy.

Fle Operstor Camera Server Options Window Userl User?2 User3 Userd UserS Usere Help

Internal script— Search Line number
name [ Stoe | | Find |53 Jump
§1 = getnthfrowvector 2 §tl ~
§w = removefirstword ciana
§t = §t - 1
§1 = §1 - 1
§h = §h + 2
§fw = §w + 2

roi light roi §t §1 §h §w

comvert roi contrast Bytelmage

contraststretch contrast 0 255

zoom contrast norm $h norm §w_norm NearestPixelInterpolati

100 four 0.908333 jclassres = bpn classifyimage bpn norm

jclassId = RemoveFirstWord siclassres

jel = CIZ_CL cis $classId

$res = Concat §p SclassNeme §classres

TextOnImage results 10 10 courierld jres

Display results

hreak =

MilliDel

£

< | >

Executs F9 ort_Crtr+Y: Cortinue Single step Ste

147 us
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Demo with changed light conditions

T vVisionLab ¥3.36  22-B-2006

Fle Operstor Camera Server Options Window Userl User?2 User3 Userd UserS Usere Help

Ling rumber

name | Swe ||| Find |53 Jump
§1 = getnthfrowvector 2 §tl ~
§w = removefirstword ciana
§t = §t - 1
§1 = §1 - 1
§h = §h + 2
§fw = §w + 2

roi light roi §t §1 §h §w

comvert roi contrast Bytelmage

contraststretch contrast 0 255

zoom contrast norm $h norm §w_norm NearestPixelInterpolati

160 four 0.0530662 jclassres = bpn classifyimage bpn norm
jclassId = RemoveFirstWord siclassres
jel = CIZ_CL cis $classId
$res = Concat §p SclassNeme §classres

TextOnImage results 10 10 courierid $res
Display results
hreak =

MilliDela

2
< | >

Executs F9 ort_Crtr+Y: Cortinue Single step Ste

154 us
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Demo with wrong evaluation set (*)

The BPN was trained with numbers without rotation and is expected to perform
worse if the digits are rotated

Compare test images ocr1.jl, ocr_rotated1.jl and ocr_rotated2.jl
For the rotated image ocr1 a CIS is generated with gen_ocr_rotated1_cis.jls
For the rotated image ocr2 a CIS is generated with gen_ocr_rotated2_cis.jls

Demonstrate training with ocri.cis and evaluation sets the rotated CIS’s,
compare the results.

Analyse bad results for rotated2, have a look at the generated CIS !

27-Aug-18 Classification with Neural

Networks
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Comparing the rotated images (*)

T Visionlab V3.33  25-8-2004
Ele

(g) Van de Loosdrecht Machine Vision

www.vdlmv.nl
Operator  Camera  Server  Options  Window  User  Help

mEE|

34567
0123456789 012

0123456789 0123456;
01234567889 01234586

PR

- X

0123456789 012 SI=F

0123456789 012 - -

0123456789 012 e ¥ ocr_rotated?.j1%13 (Int16Image) l.!
0123456789 012 0123456789 01234 £

0123456789 012 0123456789 01234567 —/,’7/89
0123456789 012 0123456789 0123:267 6789 0123452759
0123456789 012 0123456789 01234587 GRGa4B6750 123458100
0123456789 012 oi2aace7as 0123458 TIREEEIEERBET o 0128458000
0123456789 012 0123456789 01234567 012345 0123456
0123456783 012 0123456789 012345

)
0";%:2%?%9 01 23456‘.’89
01

89

23 6789 012334557
0120456789 8155 56788
01232456789 01
0123455739
012345678
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with Neural Networks

Ele Operator

Evaluation set ocr_rotated1.cis (*)

T VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Visi

Camera Server Options  Window  User  Help

¥ oer_r1.bpn (BPN image classifier)

Paameters  Training | Evalustion detsis | Clsssiy |

Training parameters Training resuts

Train st oozt megestoo e _New Curemtepoch  [512
Leam rate [iom  Momemum[ugot | Mesnenr [p 245580005
Marrepochs [in  Swpewsr [; || Masmamenor  [qooosnaez

Evatuation parameters Evaluation results

Evakistionset [0 iona i mogesoor o New Mean enor 00123185 Maimumenor  [o151173
Evshistionspochs [ Lowconfiderce[n7 | Miss classfications [y Low corfidency

History
Mean ermars
Training
0.08
Ewaluation
0.05
max enror [0 1
0.04
Update
0.0z
0
a 100 200 300 400 500 E00 700 800 300 1000
Start | Resst | min [0 mas [0

0 us

@ e Tore
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Fle Operator

Evaluation set ocr_rotated2.cis (*)

¥ VisionLab V3.33  25-8-2004 (c) Van de Loosdrecht Machine Vision  www.vdlmv.nl

Camera Server Options Window User Help

¥ ocr_r1.bpn (BPN image classifier)

Farameters  Training | Evatuation detale | Classiy |

Training parameters Training resus

Train set [Orrienzioimag=shom - Mevr Curentepoch  [519
Leam rate [oor Momenum[gpy || Meanenm [oomgeEz
Maenrepochs [0 Stepenr [ | Mammenor  [J0003115

Evaluation parameders Evaluation results

Evalution set Mew Mean enor 0272236 Maimum error
Evabistoneposhs [ Loweconfderce[gz | | Miss classicaty ﬁ Low corfideny

History
Mean emors
Training
Ewaluation o8
0.6
mawener [
I 0.4
Update
0.2
0
a 100 200 300 400 500 600 700 800 400 1000
Start | | Reset | min [0 mas [07
mﬂ [~ stayontop _ Oose |
12.587 us 0.8608869 0.272236 72 28
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Wrong test data, seven in class “eight” ???? (*)

ocr_rotated?.cis (Class image set of Bytelmage)

File name ‘

Info ‘

Image height Image width
Class table Image table

- =
4
9

ane 1 20

seven H 20 .

it B a0 Image indes: j

three 3 0 3 Addimage | Remove image

haim 2 an

Extract image
Elics || || Wi Ma pivel value
Remove class
[~ stay ontop Close
27-Aug-18 Classification with Neural 77
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Testing with rotated input images (*)

« Conclusion:

+ The BPN can cope with small rotations,
but the confidence level will drop for classifying

+ For applications:

« The training set can be extended with rotated images, but
training will then be more difficult

« All image are normalized for rotation before training or
classification

27-Aug-18 Classification with Neural 78
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Exercises rotation robustness OCR (*)

* Normalize the training and evaluation sets for rotation and
evaluate the BPN.
Hints:

« adapt script gen_ocr_rotated2_cis.jls
+ use the horizontal bars

+ Make new versions of image ocr2.jl and generate new CIS’s for
evaluation:

« Scale, use zoom
+ Lighting, add pixel value
* Use new CIS’s to evaluate the BPN

Answer first exercise: gen_ocr_rotated_norm_cis.jls,

27-Aug-18 Classification with Neural 79
Networks

Robustness OCR (%)

+ Image classification with BPN can be reasonable robust for

* Scale
* Rotation
+ Lighting

This is because the images are normalized for these aspects

27-Aug-18 Classification with Neural 80
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Feature vector classification (*)

* Introduction

+ Class Feature Sets (CFS)
+ Training the BPN

* Using the BPN

+ Exercise

27-Aug-18 Classification with Neural 81
Networks

OCR feature vector classification (*)

+ Features are extracted from image and used for the
classification

+ Learning from features instead of pixels
+ Data reduction

+ OCR example:
+ Image: 23 x 17 = 391 pixels

+ Use features like:
Area, AreaHoles , Breadth, CentreOfGravity,
MomentsScale_xy, NrOfHoles, SumRows, SumCols, etc

27-Aug-18 Classification with Neural 82
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Demo feature classifying (*)

« { Demonstrate how to perform measurements
« Open ocrl.jl (grayscale image)
« Thresholdlsodata (binair image)
« LabelBlobs (labelled image)
« BlobAnalyse (measurement)
« use test_feat_cfs.jls to generate test.cfs }

» Open test.cfs, show measurements
» CreateFeatureBPN with test.cfs, first hidden = 40 and nobias

+ Demo learning, no feature: cg.x, cg.y and SumXXX
(use keyboard space to de-select and and activate selection with select button)

* Learnrate = 0.002, momentum = 0.01
* Problem with learning, about 20 miss classifications
* Look at evaluation details:

* Problems in classifying 6

* Neuron output 6 and 9 = ~0.5, others ~0

» Use centre of gravity to distinguish between 6 and 9
see feature table in class feature set

« ‘six’ : 7.3<cg.x<84, 10.7<cg.y<12.1
* ‘nine’ : 8.0<cg.x<8.8, 10.5<cg.y<11.6

27-Aug-18 Classification with Neural 83
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*
Perform measurements (*)
¥ VisionLab ¥3.36 22 B-2006 [c) Yan de Loosdrecht Machine Vision  www.vdimv.nl
Elle Operator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help
T Blob Analysis ocr1.jl%4 (Int16Image Labelled) |2
r Giray scale Image (2nd selected] | | Results
Label & |Analuse tool Result
0123456789 013 2075
) Analyse tols 1 CentieDfGravity  |[359.538,408.509)
%ﬂ W hiea ~ 13 Ecoenticity 0933779
=t AueaHoles 4 FormFactar 0.0262667
Battam 22 Height 4
0123456788 01 potlomrefl, & 3 width 523
0123456788 01 BatiantostFiight D
0123456789 01 EuottomBight 30
0123456789 01| o BNR, 7
0123456788 01 | Eccentricity 12
0123456789 01{| |V FomFactr =
| Height 5
Lekt
LefthdastBottom N
LefthostTop 200
0123456789 01 Length £
0123456789 01 WA o0
0123456789 01 Moments_yp =
0123456789 01 MomentsScale_ww s
0123456789 01| |5 ey I
01234567889 01 MmremntnC D1 bt 78
0123456789 Q1 Setall Cleardll 4
N1214ARR784Q 1 160 v
< >
110,163 us
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Generate Class Feature Set (*)

T Visionlab V3.36  22-8-2006 [c) Yan de Loosdrecht Machine Vision  www.vdimv.nl fEx
Eile ©Operator Camera Server Options Window Userl User2 Userd Userd UserS Usere Help
i
Intemal script Search Line number Ind
name ‘ Stare | Find ’757 Jump
G A
§h = $h + 2
§u o= fu + 2
roi org roi §t §1 §h Sw
§className = cfs_classname cfs f=-
contraststretch roi O 255 5 ﬂ
zoom roi new $h_norm $w_norm Ne
cfs_addimage cfs new $oclassNawme
if 1 §regress then 0123456789 0123456789
display roi 0123456789 0123456789
syncvars 0123456789 0123456789
endif 0123456789 0123456789
endfor §i 0123456789 0123456789
endfor Snum 0123456789 0123456789
endfor §group 0123456789 0123456789 i
0123456789 0123456789 4
0123456789 0123456789 4
Execute F9 | 0123456789 0123456789
[
&) ¥
0 us &
27-Aug-18 Classification with Neural 85
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Class Feature Set (CFS) (*)

+ A CFS is a collection of images with their associated classes.
All images in a CFS must have the same image type

+ CFS:

+ 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

+ For each image a feature table,
the features are the result of executing the script on the
image

27-Aug-18 Classification with Neural 86
Networks

Jaap van de Loosdrecht, NHL, vdLMYV, j.van.de.loosdrecht@nhl.nl 43



Computer Vision: Classification with Neural Networks

Class Feature Set (*)

T test.cfs (Class feature set of Int16Image)

27-Aug-18

Featurs table
File name: |
name id walue »~
Info |
AreaHoles 1 92
Class table Image kable Breadth 2 15
CentreDiGravwity_s 3 80596
CentreOfGravity_y 4 1n.4172
MamentsSoale_xy 5 0.00158362
NrOfHoles [ 2
Perimeter 7 59.092
SumP owrl 8 a
SumPRow10 17 1
SumRow1 12 El
e 10 4 j SumRow12 1Bmn
o= n megeindex [ SumRow!3 i
T SumRow4 21 [
& Addimage | Remove image SumBRowls 2 B b
Remave class Entract image = = =
Add fsature
Scfipt name [iest_calc_feat s Select | Execute | Fremove festure|
[ stap ontop Close

27-Aug-18 Classification with Neural 87
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Script for calculating features (*)

WisionCursus\Wision 2006 blimagesltest_calc_feat.

Intemal script Search Line number Indentation

name | Store | Find +

copy %pl bin ~
// copy fcurrentimage bin

ifeatures = "irea AreaHoles Breadth CentreOfGravity MomentsScale_xy NroOfHole
jnr_features = 8

thresholdisodata bin DarkChjsct
lahelblobs bin EightConnected

fana = blobanalysis hin SortUp Area UseX {features
strip &%ana // wust strip er/lf
removefirstuord £$ana /4 lapel nr |
§ff = removefirstnwords 3 £§ans

feog = removefirstword £iana

% = getnthfrowvector 1 Scog

8y = getnthfrowvector 2 Scog

sumrows bin rows

sumeolumns bin cols

$rStr = pixelstostr rows
$eStr = pixelstostr cols
$h getheight hin

$w = getwidth bin

inr_features = §nr_features + $h

inr_features = §nr_features + fu

$ff = concat §nr_features $ff $x §y $ana §rStr §oSer
return §ff

(E3

< |

|

Execute F3 | ] Contirue ‘ Single step ‘ Step inta Reset

27-Aug-18 Classification with Neural 88
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Conventions for script used for CFS (*)

» Script is used for calculating the features for each image in the
CFS

+ First parameter (%p1) is name of image

* Function result is string with features separated by a space
and in order of feature id

27-Aug-18 Classification with Neural 89
Networks

Create BPN Feature Classifier (*)

T CreateFeatBPNForm

File name |C:AWisionCursus'ision 2006bN magestest bpr

Class feature set |E:\Vlslontursus\V|s|on2ElUSb\\mages\test.cfs

Size first hidden |4n

Size second hidden [0

Bias nodes |B|as j
Cancel
27-Aug-18 Classification with Neural 90
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Farameters | Training | Evaluation datails | Clessiy |

Select Features (*)

rsus\Vision2006b\images\test.bpn (BPN feature classifier)

Select Features

File name:

vl frea

Image type

| AreaHoles
| Breadth

| CentreOfGravity_x

Number classes

I
[

(N umber inpuits | l
|

Sizes hidden layers and bias

MomentsScale_xy
NrOfHoles
Perimeter

R

SumPBow10
SumFow1l
SumBow12
SumPow12

Fist hidden m

SumBlow14

Secandhidden [

SumBow!S
SumRowlE

Biaz nodes |B\as

_fmiz |

SumPow1?
ﬂ SumBow18
SumRow1d
SumRow2
SumBow20
SumRowZl
SumRow22
SumPow23
SumBow3
SumRowd
SumFiows
SumBows
SumRow?
SumFowd

[~ stayontop

Clase

27-Aug-18
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Parameters  Training ]Evaluatmn deta\ls] E\ass\fﬂ

Training parameters

Train (*)

Training results

Tainingsel  [CianCum o0 i g _New Curentepoch  [500

Evaluation parameters

Leam rate |n 005 Momentum |D ol Mean enar 0.060R045
Max nr epochs | Stop eror |El M aximum error 0.469533

Evaluation results

Evaluation set  [E30on s o 0E b oo _New Mean enor Nmboms  Masmmenor [n#mEos

Evaluation epochs ‘

Low confidence [§ 7

Miss classifications [1q

Loweonfidences [z

Histony
Mean emors
Training
Evaluation 2
0.06
K ermor
0l 004
Update
0oz
0
1} 50 100 150 200 260 200 350 400 450 500
Start | Reset | min [ mat 0]
™ stayontop Close
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Problems in classifying ‘six’ and ‘nine’ (*)

¥ C:WisionCursus\Wision2006b\imagesitest.bpn, (BPN feature classifier)

Parameters | Training Evaluation detais | Classiy |

HighDetails - Change details

expected resUlt | confidence | image index |zero |one |lwo -~
IE_ ring 0.232807 0 0.0085155 00765731 00671225

sin ring 0.464205 1 0.0250426 002759298 00615376

sin ring 0.234718 2 0.0234525 000580228 -0.0581282

£ ning 0.215443 3 0.003625974 -0maFer2 -0.0738007

£ ring 0.262303 4 0.0073113% 0.000812119 00796533

£ ring 0.192689 ] 0103674 00918519 0o0hamn2

sin ring 0175205 6 0.0406201 000407131 00611551

sit ring 0.333204 7 -0.000654551 0.0126087 -0.0630193

sit ning 0.0911833 8 00544553 0.004652 0076683

si ning 0.233703 3 0.0040617 -0m7a1E 00724104

two two 0.693265 g 00292218 0054167 0576915

three three 0.674879 1 000571292 00143831 nosa1a2

five five 0.584216 0 -0.00703796 -0.00363366 -0.107804

five five 0631333 2 00123274 -0.0400246 0.00346006

seven seven 0.643074 8 0.00616532 00221877 00445123

eight eight 0.554605 1 0.050642 00315463 0112407

eight eight 0.827671 2 00237613 00192224 -00ETEZDS

eight eight 0.653727 3 0.000331318 -0.00657831 -0.00270528

sight eight 0.688809 4 -0.00677057 -0.00480033 -0.044378 v

< >

Ewnactimage | [mizs

[~ stapontop Clase
27-Aug-18 Classification with Neural
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Classifier hesitates between ‘six’ and ‘nine’ (*)

ursus\Vision200 6b\imagesitest. bpn (BPN feature classifier)

Falamelels] Traiting Ewaluation details 1 Clagsify I
three |fou| |f|ve £ | 2 |e\ght nine
-0.0863201 -0.00773896 0.0561821 0.386053 00702334 0.0368196 0705747
-0.014489 -0.0163096 -0.00386354 0251171 0144526 00323151 06BR393
-0.0133762 00155715 -0.0093291 0.357305 029355 -0.0341207 0657022
0.0409266 00453183 00321982 03121 0195318 00324633 0598183
-0.0128924 0.0270091 00166521 0.38786 0260063 00463914 0E520E
0133183 -0.00986574 -0.00811043 0.425509 Oas1ey 0.0608606 062853
0.0739654 0.0175539 -0.0446945 0.410464 00577235 001ets 0584848
-0.045207 0.0030565 0.00673095 0.35768 0272364 -0.0409723 0715552
011834 0.0247003 -0.0581103 0 456634 0217727 -0.0202445 0548264
0026185 0.0584452 -0.0320488 u 032544 -003E11e
0176968 00422569 0.0124501 0.0120178 0.0289236 0.027ense 0.0685542
0.814063 -0.0272905 0.158024 -0.0467461 1069434 0.007446M 00263376
0.237666 0.0209242 0.905552 0174513 00362203 00186547 0196389
-0.145275 0.038063 1.09845 0216747 -0.00523965 -0.0318645 0248191
0000483775 00346333 01098 0232265 1.0877 0063513 0162916
0103348 0.0540324 00824168 0122714 00456769 095402 0273344
0.00770729 00193186 00378557 0162926 00144767 0934572 0184134
-0.0509626 -0.00473023 00177523 0161323 0.0Mm7z25 0983336 0206033
-0.0397874 -0.0211938 -0.033239 0162405 00115563 0578845 0180368 o
< 5
’Wl Change details Exract Image ,mlssi
[~ stapontop Clase
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Add extra features (*)

« Analyse evaluation details:
* Problems in classifying ‘six’
* Neuron output ‘six’ and ‘nine’ ~ 0.5, others ~0
+ Use centre of gravity to distinguish between 6 and 9
see feature table in class feature set
« ‘six’ : 7.3<cg.x<8.4, 10.7<cg.y < 12.1
* ‘nine’ : 8.0<cg.x<8.38, 10.5<cg.y<11.6
+ cg.x does NOT discriminates between 6 and 9,
there is overlap between 8.0 and 8.4
testing shows the cg depends on threshold
number (and its cg) moves up and down

27-Aug-18 Classification with Neural 95
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€ H ’ *
Features for ‘six’ (*)
¥ test.cfs (Class feature set of Int16Image)
Fealure tabls
Figname |
hame: id wvalue ”~
Infa |
freaHoles 1 61
o iage et Breadh 2 150e
—
name id [rrimages | CentreDfGravity_x 3 g
four 1 10 CentrelfGiravity_y 4 10721
ring 3 10 CEET
one 1 10 NrOfHoles B 1
seven 7 10 Perimeter 7 7ran
] E SumRowl 3 0
thiee 3 10 SumRow1l 77
twa 2 10 SumBawli 18 10
2610 i 10 L ﬂ SumPowl2 13 7
by mageindex [T SumRow13 D .
SumBowl4 21 4
T Addimage | Remave image SumRowls 2 3 ~
Remove class Eshract image —— — :
Add feature
Serpt name. [iest_calc_featis Select | Execule | Remove feature|
[~ stap on top Clase
27-Aug-18 Classification with Neural 96
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Computer Vision: Classification with Neural Networks

[ 3 [k
Features for ‘nine’ (*)
T test.cfs (Class feature set of Int16Image)
Feature table
Fiename |
name id walue A
Infa | g
AreaHoles 1 B4
Eossichc Jrorsiie Breadth 2 s
name [ [ images | & CentreOfGravity_x 3 918182
four q 10 i CentreDiGravity_y 411057
tomentsScale_xy 5 0.0103779
ong 1 10 MifHoles [ 1
seven 7 10 Perimeter 7 74,497
six [ 10 SumPowl 8 0
thiee 3 10 SumRow 0 7 0
[0} 2 10 SumBowl 1 18 5
zero 0 10 E 4 j SumPRowl2 19 10
4 e SumRlowl 3 I
SumPowl 4 21 5
s Addimags | Remove imags SumRowl5 ENE -
Remove class Extract image ——— — - -
Add feature
Script name |Iesl7ca\cjeal ils Select ‘ Execute | Femove fealule‘
[~ stayontop Close
27-Aug-18 Classification with Neural 97
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Select extra features cg.x and cg.y (*)

isionCursus\Vision200

agesitest.bpn (BPN feature classifier)

Parameters | Trairing | Evallation details | Classity |

Select Features

File: nams

vl Area A
v AreaHolss =
| Breadth
CentreQiGraviy_x
C:

|

Image type ‘
(Number inputs ‘ ]

\

Mumber classes

v
v
v
v
| Prerimater

T

SumRow10

SuraRowl1
Sizes hidden layers and biaz SumBowl 2

First hidden
Second hidden

Bias nodes

[40

SumPowl 3
SumPowl4

o

SumPowlS
SumRowlE

[Biss

_ R |

SumRaowl 7
ﬂ SumPowl 8
SumRowld
SumRow2
SumPow20
SumRowz1
SumRowz2
SumPow23
SumRow3
SumRowd
SumBows
SumPows
SumRow?
SumPowd

[~ stayontop

Close
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Computer Vision: Classification with Neural Networks

Faamelers  Training | Evaluation detai | Classily |
Training parameters

Train with centry of gravity (*)

Training resulty

Tiaining set [T anc e e 20 e _New Crentepoch  [5a3

Leain rate ‘n 005 Momertum ‘n ii]

Mean emror 0.00529062

Maxrrepochs | Stop eror [g

Evaluation parameters

Maximum eror 0.0287951

Evaluation results

Evaluation set Mew Mean emor 000467704 Maximum emor 00320173

Miss classifcations [ Loweonfidences [T

Evaluation epochs | Low confidznce [ 7
Histony
Mean errors
Training
% 0.0
Evaluation
0.065

maxermor (g5 i
Updste

0.02
T N Y " n
0
a 50 100 150 200 250 300 350 400 450 500
Start Reset | min ] max (01
[~ stapontop Clase
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Classify image (*)

T VisionLab V3.36 22-8-2006 (c) ¥an de Loosdrecht Machine Vision  www.vdimy.nl
Fle Operator Camera Server Opbions Window Userl User? LUserd Userd UserS Userd Help

isionCursusiVision2006b\images\test.bpn (BPN feature classifier)

Faiameters | Training | Evaluation detals Classify |

Class name [eight
Class id B
Corfidence 0874413

usssecond selected  [£ T iEgsR T

Seript name CoWisionCursusWision200BbNmagestes __ Select

[~ stayontop Close
6.076 us eight
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Computer Vision: Classification with Neural Networks 27-Aug-18

OCR feature vector classification (*)

Conclusions:

+ Complexity has been reduced from 391 dimensions to 8
+ Selection of which features to use is can be quite difficult

Note:

Invariant to scale, rotation and lighting can be implemented:
+ In feature extraction

+ By normalizing the images

27-Aug-18 Classification with Neural 101
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Optimizing the settings for a feature BPN (*)

This function uses a Genetical Algorithm (GA) in order to find the
best solution.

NOTE: this optimalization process is very time consuming and for
real problems it may take hours or even days.

In the Low/High box the user must specify the search space for
size of hidden layers, learn rate and momentum, by specifying the
lowest and highest border values.

In the settings box must be specified:
- the population size for the GA algorithm
- the number of epochs the BPN is trained before being evaluated
- the low confidency factor used in the evaluation
- the maximum number of generation for the GA algorithm
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Optimizing the settings for a feature BPN (*)

In the detailed setting box, specialized setting can be set, it is
advised to use the standard values.
- the MinError is the minimal target error
- the DeltaError is the minimal error for start of hill climbing
- the MicroP is the probability during self mate that parameter is a
micro mutation

For feature classifiers the features to select from box can be used
to select the features that take part in the optimizing process.

With the Start button the optimising process is started. With the
Stop button the optimising process is stopped, but first the
current generation is optimised completely, note this can take
some time!
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Optimizing the settings for a feature BPN (*)

In the best result box the best values found sofar for hidden
layers, learn rate and momentum are displayed. Also the current
generation number and the best error value found.

For feature classifiers the best features box shows the best
combination of features found.

With the Accept button the best solution found is used to initialse
the settings in the Parameters and Training tab. Then the normal
full training is started.
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Demonstration genetic algorithm for optimizing feature BPN (*)

+ Go to GA Optimize form, this can be used to find the optimal setting for the BPN
Use settings:
Low and High first hidden = 40 (is fixed for the demo)
Low and High second hidden =0
LearnRate: 0.0001 - 0.01
Momentum: 0 — 0.01
Populationsize: 4
NrEpochs: 10
LowConfidence: 0.5
MinError: 0
DeltaError: 1
MircoP: 0.25
+ Select first 8 features
Click start to start optimise process
Note this process is very time consuming, for the demo PopulationSize and NrEpochs have
been set to low values.
« Click stop button to interrupt the optimise process
« Select first all SumXX features
Click start to start optimise process
« Click accept button to initialise the settings in the Parameters and Training tab. Then the
normal full training is started.
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Set the parameters for the optimising process (*)

] test_num.bpn (BPN feature classifier) EI@
Farameters | Training | Evaluation details | Classify G4 Optimize |
Law/Highr Low High Best results
First hidden |4n ‘49 ‘49

Generalion i[53

Secondbidden g

o

o

Ermor 0480168

Features to select frony

Leatn rate [0.00m1 [o.o1 [0.0n3BE743

Momentum o [o.o |0.00356539

Seltings Detailled settings
Fopulation size ,4— Min Emor ‘D
Nr Epachs [fe | DehaEmr i
Law confidence ,DE— MicraP ‘D 75

Max generations  [100

Best features

| CentreDfGravity_x
| CentreDfGravity_y
v MomentsScals_wy
| NidfHoles

SumPow]
SumRon2

Mark all_|

Urmeark all|

Start

v Area - Area AresHoles Breadth CentreDiGravity_x CentreOfGravity_y
| AreaHoles = MomentsS cale_wy Perimeter
| Breadth =

Ol Peimeter ]

| Accept

[ stay ontop
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Set the parameters for the optimising process (*)

] test_num.bpn (BPM feature classifier) E@
Farameters | Training | Evalsation detais | Classify G4 Optimize |

LawHighr Low High Best results

Fisthden 40 |40 |0 Y T —

Second fidden g [o [0 - s

Leain rate |a.ono1 oot [0L.onB4706

Momentum o [o.m [0.00551927

Settings Detailled settings

Popuatonsze [+ || MinEmer i

NrEpochs 10 Delta Enor |1

Low confidence o5 MicraP |D 25

Max generations  [100

Features to select frony Best features
Area - SumPow] SumPowd SumPos] 0 SumAawll SumPow12 SumBow!4
AreaHoles = SumPowlE SumBow7 SumBowl 8 SumPowld SumBow20 SumRow23
Breadth £ sumColl sumCol2 sumCold sumColf sumCol3 sumCol10 sumCol14 sumColl 5
CentreQiGravity_x sumCaollB

CentreiGravity_y
tMomentsScale_xy

MidiHoles
Foimeter
| SumBowl
vl SumBowZ -
Mark all | Urmark all|
Stat | | Accept
[ stapontop Close
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. . . "
Used find optimal parameters to start the full training (*)
] test_num.bpn (BPM feature classifier) E@

Parameters  Training | Evaluation detais | Classity | GA Optinize |
Training parameters Training results
Training set D:WisionCursus Wision20092timagesth _New Current epoch 1000
Leam rate |0L.0n4706 Mamentum [0 (0551927 Mean enor 01.00115274
Masrr epochs [0 Stop err [ Masimum o [Q.0040EFE
Evalualion paramelers Evaluation results
Evaluation set [0 isionCoss Wison200detimage:s_Mew Mean ermar 000107894 Madmum err 000353106
Evaluaion epochs |1 Low confidence [ g Miss classiications: [~ Lowconfidences g
Histony
Mean enors
Training
Ewvaluation 002
0.08
3w ermor
01 ot
Update
0.02
o
0 00 200 300 400 500 BOD 700 800 900 1000
Start | Reset | min [0 max [0
[ stapontop Close
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Exercise feature vector classification (*)

Experiment with adding and removing features

Tip: experiment with SumRows and SumCols only
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OCR feature vector classification with scale, size and position

invariant features (*)

Select from the BlobAnlyse tool the measurements which
calculate scale, size and position independent features:

Eccentricity
FormFacor
Hu1l

Hu2

Hu3

Hu4

Hu5

Hu6

Hu7
NrOfHoles
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OCR feature vector classification with scale, size and position
invariant features (*)

Demonstration:

+ Create train set

* Train Feature Classifier

- Evaluate Feature Classifier
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Use image hu_test_train.jl as train set (*)
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Script for calculation the features (*)

ursus\Wision200Be\imageslcale_hu_num_feats. j

Iniemal script Search Line rumber Indentation

rame [ store ||| Fid || ([ 1] =1 (=]
copy 3pl _bin

$¢nr_features = 10

ThresholdIzsodata _bin DarkObhject

FillSpecificHoles _bin FourConnected Area 1 8§ UseX

labelblobs _bin EightConnected

§%ana = blobanalysis _bin NoJort Area UseX Eccentricity FormFactor Hul Huz I
strip £§fana // must strip cr/lf

removefirstuword £f§ana // label nr

$4ff = concar j¢nr_features jfana

return §§If

¢ s
Execute F3 [~ Protected Continue Single step Step ito Reset |
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Use script gen_hu_num_train_cfs.jls to generate train CFS (*)

¥ hu_num_train.cfs (Class feature set of Int16Image)

Feature table
File name |
Infa |
1 0523783
Class table Image table 7 s
= 3 17
E Tt
B 597337
5 -11.948
7 72674
g -11.8955
NrOfHoles 9 1
4 »
o ||E 3l
) Image index
oo Addinage | Remove image
Remove class Entract image
Add featur
Script name |ca\c_hu_num_leats.\ls Select ‘ Enecute | Remove featule‘
[ stay on tap Close
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Use image hu_test_eval.jl as evaluation set (*)

115

Evaluation set hu_num_eval.cfs (*)

P hu_num_eval.cfs (Class feature set of Int16lmage)

Networks

Feature tabls
File name |
Info | =
1
sl Image table Hul > 02

name [ie [ images | ~ Huz 3 -0.325267
2emm i} 12 Huz 4 -1.68209
one 1 12 Hud 5 224111
(70 2 12 HuG B 427664

3 5 Hug 7 272415
four 4 12 Hu? 8 447433
five 5 12 NrOHoles ] 0
six [ 12
seven 7 12 4 0|
siah & 12 R

il Addimage | Remave image
Remove class Edractimage [
Add festure
Sefipt hame [calc_hu_num_feats.js Select | Executs | Riemove feature|
[ stay on top Close
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Create BPN Feature Classifier (*)

¥_ CreateFeatBPNForm ";‘ ‘E‘E‘
File name ‘[ES[ bpn
Class feature set ‘E \WisionCursusWisionZ008eNimageshhu_num_train cfs

Size first hidden ‘1 |

Size second hidden |0
Bias nodes [Bias =l

Create Cancel ‘
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*
Select Features (*)
P test.bpn (BPN feature classifier)
Parameters | Training | Evaluation detais | Classity |
Select Features
File name | =
v Eccentricity
Image type | | FormFactar
v Hul
Murnber inputs | ¥ HuZ
| Hul
Number classes [ v Hud
| Hub
| Hub
v Hu?
w| NiDHoles
Sizes hidden layers and bias
First hiddden [1zn
Secandhidden [
Biaz nodes |Eias j
Mark all Unmark all
I~ stayontop Close
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Training parameters

Training set New

Leam rate o004

Momentum [3.052

Max nr epochs |

Ewaluation parameters

Stop erar |D

Evaluation set New

Ewaluation epachs ‘

History

Mean emors

Training
Evaluation

Low confidence ‘n 3

Train using hu_num_eval.cfs as evaluation CFS (*)

F_ test.bpn (BPN feature classifier) E]EIEl

Parameters  Training 1 Evaluation details | Classify |

Training results

Current epoch 500
Mean enor 0.00476813
Mainurn error 0.0312303

Evaluation results

Mean eror Doegms  Masmumenor  [n372sa
Misz classifications [ Low confidences [14

0.08

mak emor [(]
0.04

Networks

Lpdate
0.02
B a a0 100 200 250 300 350 400 450 500
Start | Feset | min [01 max [0
[ stayon top %
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Exercise feature vector classification (*)
Experiment with adding and removing features and tuning
parameters neural network
Switch training and evaluation set and restart training,
explain why result is much better
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