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Genetic Algorithms (GA)

Overview:

* Introduction

+ Example: Mother Nature

+ Example: Finding best fit for a polynomial

+ Example: Camera calibration

» Overview Operators

+ Example Polynomial using fitness all function (*)

+ Example: Travelling salesman

+ Example: KnapSack

+ Example: Optimising learn error Neural Network

« Example: Optimising Neural Network with evaluation set
+ Example: Optimising Neural Network selecting features
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Idea:

27-aug-18

Introduction

In a population of beings the “strongest” are able to mate and
to produce offspring. Disabled or sick beings have less
opportunities to mate and have a smaller change to produce
healthy offspring.

When environmental conditions are changing only offspring
which can adapt to the new situation have good changes to
survive and produce adapted offspring.

In short: “survival of the fittest”

Genetic Algorithms

Introduction Genetic Algorithms
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Example Mother Nature

DNA represent the blueprint of a being

DNA mother: 11011010111010101001
DNA father: 10011010110001001011
Mating, DNA child:
» Crossover: 11011010110001001011
* Mutation: 10011110110101001011

Mutation makes it possible to get children that are better then
their parents and/or can adapt to a changing environment

Fitness function determines whether a being can reproduce

27-aug-18 Genetic Algorithms 5

Genetic Algorithms (GA) for optimisation problems

GA can be used for optimisation problems if for the solution
domain can be defined:

+ a genetic representation
+ a fitness function

27-aug-18 Genetic Algorithms 6
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Genetic Algorithm (GA) for optimisation problems

Pseudo code:
* Choose initial (random) population
+ Evaluate the fithess of each individual in the population
«  While not good enough best individual do
+ Select best ranking individuals to reproduce
+ Breed new generation through crossover and mutation
+ Add new generation to population
+ Evaluate the fithess of each individual in the population

27-aug-18 Genetic Algorithms 7

Example: finding best fit for a polynomial

» Generate a point cloud of measurements (x,y)
» Use GA to find parameters a, b, and ¢ of polynomial

y=ax’+bx+c

« Solution domain:

» Genetic representation:
the floating point numbers a, b and ¢

+ Fitness function:
the sum of errors of applying the solution to the point cloud

27-aug-18 Genetic Algorithms 8
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Demonstration: finding best fit for a polynomial

Open scripts:
« ga_func.jls:
calculation of the polynomial
+ ga_example.jls: the main program
« ga_fitness.jls: calculation the fitness of a solution
Open variable window
Run script ga_example.jls

Change line to create ga in:

ga_create ga ga_fitness 10 &$paramTab 10 tracefile.txt

Run script for about 20 generations

Examine file tracefile.txt to see the best 10 solutions for each generation

Note: if tracefile indicates that n best solution are (for a large part) the same the
best solution is found or the Genetic Algorithm is stuck in a local minimum.

If the algorithm is stuck one or more of the parameters have to be changed

27-aug-18 Genetic Algorithms

ga_func.jls

¥ VisionLab ¥3.37  11-12-2007 (c) ¥an de Loosdrecht Machine Vision  www.vdImv.nl

Eille Operator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help

Internal script

name |

Store ‘ Find

Ay = A F RTTI o+ h Y x o+

CELUrn $pl ¢ spd ¢ spd + Sp2 ¢ spd + spa %p1 =a
%p2=b
%p3 = ¢
%p4 = X

function result = y

Executs F9 | T Pratected Continus Single step Step into | Reset |
Execute F9 [~ Frotected Continue: Single step Step irto Reset |

|E

0 us

ga_delete ga

167811
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ga_example.jls

¥ VisionLab ¥3.37 11 007 (c) ¥an de Loosdrecht Machine Vision

Eille Operator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help
. . - . -~
I C:WisionCursus\Vision2007climagesiga_example. jls =
Intemal script Search Line number
name ‘ Stare | Find 13 Jump
lidd3eript ga_func ga_func,jls
lidd3eript ga_fitness ga fitness.jls
ftrainSer = 10 R
InitRandomGen 1 Generate point cloud
for §i = 0 to §trainfer do
$xTab[$1] = Randow -2 2 a=2,b=3,c=4
$¥Tab[§1] = icall ga func 2 3 4 §xTab[§i]
endfor | I
I low high delta micro mwutationP deltaP Initialize parameter
SparamTab[0] = -10 10 Dt 0.001 0.1 0.5 o
$paramTak[1] = -10 10 0.1 0.001 0.1 0.5 description table
§paramTab[2] = -10 1o 0.1 0,001 0.1 0.5
gs_create ga gs_fitness 10 &fparanTab 0 tracefile.txt
for $gen = 1 to 50 do J
s waxGen minError deltaError wicroP
§_error = ga optimize ga 1 0.1 1 05 £
§_sol = ga_getsolurion ga
SyncvVars
endfor J
ga_delete ga v
. Executs F3 | | I Protected Contiue | Singlestep | Stepinta Resef v
0 us 167811
27-aug-18 Genetic Algorithms 11

ga_example.jls

(c) ¥an de Loosdrecht Machine Vi

Eille Operator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help

. . - . -~
I C:WisionCursus\Vision2007climagesiga_example. jls =
Intemal script Search Line number
name ‘ Stare | Find 13 Jump
lidd3eript ga_func ga_func,jls
lidd3eript ga_fitness ga fitness.jls
ftrainSer = 10
InitRandomGen 1
for §i = 0 to §trainfer do
§$xTab[§1i] = Random -2 2
$¥Tab[§1] = icall ga func 2 3 4 §xTab[§i]
endfor
I low high delta micro mwutationP deltaP
§paramTab[0] = -10 1o 0.1 0,001 0.1 0.5
§paramTak[1] -10 1o 0.1 0,001 0.1 0.5
§paramTab[2] = -10 1o 0.1 0,001 0.1 0.5
Create ga with
gs_create ga gs_fitness 10 &fparanTab 0 tracefile.txt
for $gen = 1 to 50 do 3
s waxGen minError deltaError wicroP paramTab and fitness
§_error = ga optimize ga 1 0.1 1 05 £
§_sol = ga_getsolurion ga
SyncvVars
endfor m J
ga_delete ga v
. Executs F3 | | I Protected Contiue | Singlestep | Stepinta Resef v
0 us 167811
27-aug-18 Genetic Algorithms 12
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2007 (c) ¥an de Loosdrecht Machine
Eille Operator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help
. . - . -~
I C:WisionCursus\Vision2007climagesiga_example. jls =
Intemal script Search Line number Indentatior
name | Stare | Find [13 Jump i =
lidd3eript ga_func ga_func,jls L
lidd3eript ga_fitness ga fitness.jls
§rrainferc = 10 J
InitRandomGen 1
for §i = 0 to §trainfer do
§$xTab[§1i] = Random -2 2
$¥Tab[§1] = icall ga func 2 3 4 §xTab[§i]
endfor
I low high delta micro mwutationP deltaP
§paramTab[0] = -10 1o 0.1 0,001 0.1 0.5
§paramTab[1] = -10 1o 0.1 0,001 0.1 0.5
§paramTab[2] = -10 1o 0.1 0,001 0.1 0.5
gs_create ga gs_fitness 10 &fparanTab 0 tracefile.txt
for $gen = 1 to 50 do 4]
s waxGen minError deltaError wicroP R
§_error = ga optimize ga 1 Ot 1 0.5 Generate 50 generations -
§_sol = ga_getsolurion ga
SyncvVars
endfor
ga_delete ga v
Execute F3 | rie| [ Pratected Contirue | Singlestep | Stepinto Resef ~
0 us 167811
27-aug-18 Genetic Algorithms 13

¥ VisionLab v3.37

File Operator Camera Server Options Window Userl

ga_fitness.jls

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

onCursusiVision2008cinew

| Intemal seript Search

Line number Indentatior

name | Stors [

// script: ga_fitness.jls
// optimising polynomial with GL

§total = 0

$max = GetSizekrray £§xTab
§max = fmax - 1

for $i = 0 to $max do

§e = §yTah[ii] - v _ga
§e = Fabs §e
§total = §total + §e
if §total > %pl then
return $total

endif

endfor

return jtotal

I™ Protected

// Jaap van de Loosdrecht, 26-2-2008

Calculate the total error
of the point cloud
%p1 = cutoff error

O/ -
$y_ga = icall ga_func $3p2[0] $%p2[1] $3p2[2] $xTab[$i] $%p2[0] =a

$%p2[1] = b
$%p2[2] = ¢

Continuie: Singls step Step into Reset

27-aug-18
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Run script ga_example

¥ visionLab V3.37 11-12-2007 (e) Van de Loosdrecht Machine Vision  www.vdlmw.nl
File Operator Camera Server Options Window Userl User? User3 Userd UserS LUsere Help

T C:WisionCursusWision2007climages\g.

Intemal script e 7. Variables IS b

name Stare _error = 007997
_sol=2.008349986266671  3.000460249641408 3 .989448255867184
liddScript ga func ga_func.jls :EHE':E"‘D‘D”
liddScript ga_fitness ga_fitness| |,
ftrainSet = 10 ma =10
InitRandomGen 1 paramTab = array(3) <10 10 04 0001 01 0510 10 01 0001 01 05
for §i = 0 to jtrainSet do total = 0.08876
$xTab[$1i] = Random -2 2 trainSet =10
$yTebl$] = ioall ga func 2 3 X780 =amay(i1] <1 89488 1.30357>
i = yTab = array(11) =5.975.348788>
y_oa = 3.48802
I low high de
$paramTab[0] = -10 10 ]
$paramTab[1] = -10 10 o) wame |
$paramTab[2] = -10 10 ‘
Yalue
ga_create ga ge_fitness 10 &fpar
1 to 50 do
maxGe
ga_optimize ga 1
Syncvars
endfor
ga_delete ga [ stay on top | _Remove | [Removel Close
Execute F3 | T Protected Contirue | Sindlestep |  Stepinto | Reset v
0us 0,07987
27-aug-18 Genetic Algorithms 15

le Edit Format Wiew Help
3 2.021247383037812 2.951758323923461 4.123908902249214 -~
H 2.02124738303 7812 2.932424298837240 4.12320800224 9214
: 1 2 2 5 . 3 i2
nr params : param S param b . param 3
L.os s s E) r.ucioiousssinood £.w3zawiiuuIwarl? G LL30U0E5g mUS UL
1.645. 3 2.021851252784813 2.951758323923461 4.123441 267128514
1.64934 3 2.021459242530594 2.95130002746666 4.123988189336832
1.64598 3 2.021683004242072 2.952147221289713 4.123698934904019
1.65048 3 2.021518082216864 2.952491500595112 4.123965788750877
generation: 18
1.63374 3 2.020741233558153 2.95130002746666 4.123524521622364
1.63453 3 2.020612018189031 2.952491500595112 4.1236989349004019
. 64021 El 2.021247383037812 2.95130002746666 4.123441267128514
1.64046 3 2.021247383037812 2.051758323023461 4.123441267128514
1.6411%9 3 2.021301278725546 2.951512741477707 4.123441267128514
1.64131 3 2.0213012787255486 2.0951758323023461 4.123441267128514
1.64309 3 2.021247383037812 2.0951300027465666 4.123698534904019
1.64335 3 2.021455242530554 2.95130002746666 4.123441 267128514
1.64387 3 2.0213012787255486 2.951512741477707 4.123698934904019
1.64387 3 2.0213012787255486 2.951512741477707 4.123698934904019
generation: 19
1.631865 3 2.020612018189031 2.952491500595112 4.123441267128514
1.6326 3 2.020612018189031 2.952491500595112 4.123524521622364
1.633 E) 2.020741233558153 2.95130002746666 4.123441267128514
1.633 El 2.020741233558153 2.95130002746666 4.123441267128514
1.63314 3 2.020741233558153 2.051758323023461 4.123441267128514
1.63374 3 2.020741233558153 2.951300027465666 4.123524521622364
1.63374 3 2.020741233558153 2.95130002746666 4.123524521622364
1.63374 3 2.020741233558153 2.951300027465666 4.123524521622364
1.63406 3 2.020612018185031 2.951512741477707 4.1236985934904019
1.63406 3 2.020612018189031 2.951512741477707 4.123698934904019
generation: 20
1.61835 3 2.019693868831446 2.952491500595112 4.123441267128514 i
1.62548 3 2.019915494247261 2.95130002746666 4.123839259010589
62612 3 2.020741233558153 2.951721335489976 4.12280724509415
1.62718 El 2.020262733848079 2.951658955656607 4.123524521622364
1.62773 El 2.02065752128666 2.951014831995607 4.123099124118778
1.62806 3 2.020741233558153 2.051762003255411 4.122060237342448
1.63098 3 2.020612018189031 2.950567674794 764 4.1234618366039
1.63106 3 2.020612018185031 2.0951300027465666 4.123441267128514
1.63118 3 2.020612018189031 2.951512741477707 4.123441267128514
< | =
27-aug-18 Genetic Algorithms 16
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Example: Camera calibration

This example is from the chapter about camera calibration
See this chapter for more details

27-aug-18
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Calibration Pattern

A fixed pattern of circles is used to calibrate the camera
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000

Genetic Algorithms
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Camera Calibration
The 140 calibration points are used to find optimal values for the
15 camera parameters.

So there are 140 equations with 15 unknown parameters.
The parameter space has 15 dimensions and consists of
polynomial and goniometric equations.

This non-linear optimalisation problem is solved in VisionLab with
a combination of a Genetic Algorithm and Hill Climbing.

27-aug-18 Genetic Algorithms 19

Demonstration Camera Calibration

I Camera Calibration o=
it Cameta parameer
Pieelcoordinatefie | woild coordinate file | Calbralion fil Minkla fe
|D \JaapWision 2002\ imageshpivelc tat |D ) aapVision2002himages\worlde 140t |D \J aap\Wision 200 Jibd] |D Jaap ; bt
Open Save | Open | Save | Open Save | Open | Save |
pixel conrdinates world coordinate: [calculated B image height [540 mesn e [11954061055564427227
(97.65750) woragssesselomster) L | imsgewign [am | maeno  [ionaisnmann
77.5,626135) [8256750) [-82.5513,67.1200 2. 47025e-15)
(130,524,62.0518) [67.56750) (67,5991 67.1928,1.159348e-14) patameter | valus mitiiam kit
[184.544 51.275) I525675.0) 152,561 57347 2.22677e-14) di 0.0085 0.0085
239,207 50.8555) [37.5675.0) 137 5056,57.423.2.33598e-14) dv 0.006250000000000000347  0.00625 0.00825
(294037 50.7785) [22.5675.0) 1-22.5128,57.4352.6.29992¢-15) . 0.0453986471 144760758 10 10
348,967 50.6983) (756750 (-7.54727.67.4733 1. 26288=-14) m 0.7574644001586564278 10 10
(404,042 60.89361 1756750 I7.45477 £7.4624 3663741 ALILI 38 0,9660400000000000098  0.96604 0.96604
1 . kappal 0.004B77605792413098614 0 [ilz]
number of coordinates  [120 kappaZ 0 0 0
kappad 0 0 i
~Calibration parameter f 78239277504B0656358 6 f
Detail R 0.4680916068839686422 | 0.8 03
hin eror o riwttation propabllity (7 1 Py 0.01851205276650287265 0.2 02
max generalions 100000 della piopabiity 5 Az -0.00865433565351 1166636 0.2 0z
population sizs. 100 micto prapabiity o5 Tx 7.980217265683783346 200 200
iiize Founder [7] | US— Ty 170.0484380762409696 200 200
sce file re—
Tz 327.921 251197851575 320 380
Stap caliaaiion ||_Stan calibration gereration [5 Close
27-aug-18 Genetic Algorithms 20
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GA in VisionLab

VisionLab uses a combination of genetic algorithm and "inverted
hill climbing" to descend to the bottom of the local minima
All parameters are represented as floating point values

Overview of operators:

GA_Create
GA_Delete
GA_Randomlnitialize
GA_SetFounder
GA_SetFounders
GA_Optimize
GA_GetSolution
GA_GetPopulation

27-aug-18 Genetic Algorithms 21

GA_Create

GA_Create (gaName, fitnessName, popSize,

paramTab, trace, traceFileName)

Create an instance of a Genetic Algorithm
Parameters:

gaName: name of variable

fitnessName: name of internal script

%p1 is cutoff error

%p2 is the name of an array variable without the '$* containing
the parameters to optimise, $%p2[0] is the first parameter,
$%p2[1] is the second parameter, etc

popSize: the population size

trace: = 0 then no tracing, > 0 = number of best in population
to trace

traceFileName: filename to which trace log is written

27-aug-18 Genetic Algorithms 22
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GA _Create

Parameters continued:
+ paramTab: array with the description of the parameters:

low: the lowest possible value for the parameter

high: the highest possible value for the parameter

delta: step size used in finding the bottom in local
minimum

micro: step size used by selfmating

mutationP: probability for mutation when mating,

range [0..1]

deltaP: determines how much time will be used be used for
"inverted hill climbing", range [0..1]

Genetic Algorithms 23

27-aug-18

GA_CreateAll

GA_CreateAll (gaName, fitnessName, popSize, paramTab,

trace, traceFileName)

Create an instance of a Genetic Algorithm for with the fitthess
function will be called one time for each generation.

Genetic Algorithms 24
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GA_CreateAll

Parameters:

+ gaName: name of variable

« fithessName: name of internal script
%p1 is cutoff error
%p2 is the name of an array variable without the '$'containing
the parameters for each being to optimise.
$%p2[0] contains the parameters for the first being, $%p2[1]
for the second being etc.
The fittnes script will have to insert the error for each being in
front of theparameters for the being.

* popSize: the population size

+ trace: = 0 then no tracing, > 0 = number of best in population
to trace

« traceFileName: filename to which trace log is written

27-aug-18 Genetic Algorithms 25

GA_CreateAll

Parameters continued:
+ paramTab: array with the description of the parameters:
» low: the lowest possible value for the parameter
+ high: the highest possible value for the parameter
+ delta: step size used in finding the bottom in local
minimum
* micro: step size used by selfmating
+ mutationP: probability for mutation when mating,
range [0..1]
+ deltaP: determines how much time will be used be used for
"inverted hill climbing", range [0..1]

27-aug-18 Genetic Algorithms 26
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GA_Delete

GA_Delete (gaName)
Delete an instance of a Genetic Algorithm

Parameter:
+ gaName: name of variable

27-aug-18 Genetic Algorithms 27

GA_Randominitialize

GA_Randominitialize (gaName, populationSize)
Random intialise the population
Parameters:

+ gaName: name of variable
+ populationSize: the population size

27-aug-18 Genetic Algorithms 28
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GA_SetFounder

GA_SetFounder (gaName, populationSize, founder)
Initialise the population with offspring from a parent
Parameters:

+ gaName: name of variable

* populationSize: the population size
+ founder: the parameters of the founder

27-aug-18 Genetic Algorithms 29

GA_SetFounders

GA_SetFounders (gaName, parents)
Parameters:

+ gaName: name of variable
+ parents: an array with the parents, one line for each parent

27-aug-18 Genetic Algorithms 30
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GA_Optimize

GA_Optimize (gaName, maxGenerations, minError,

deltaError, microP)

Use the genetic algorithm to find a best solution.
The function result is the fitness error of the best solution.

Parameters:

gaName: name of variable
maxGenerations: maximum number of generations

minError: if fithess error < minError the optimization is
stopped

deltaError: minimum error for start of inverted hillclimbing
microP: probability that self mate is a micro mutation

27-aug-18 Genetic Algorithms 31

GA_GetSolution

GA_GetSolution (gaName)
Function result is the best solution found

Parameter:

gaName: name of variable

27-aug-18 Genetic Algorithms 32
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GA_GetPopulation

GA_GetPopulation (gaName, population)
Retreive the current population
Parameter:

+ gaName: name of variable

+ population: array to store the population, one line for each
parent

27-aug-18 Genetic Algorithms 33

Demonstration: finding best fit for a polynomial
using fitness all function

« Open scripts:

« ga_func.jls: calculation of the polynomial

« ga_all_example.jls: the main program

« ga_fitness_all.jls: calculation the fitness of a solution
« Open variable window
* Run script ga_all_example.jls

« Note: in this example the fitness function will evaluate all beings instead of one
being in the previous example.

« The only differences between ga_example.jls and ga_all_example.jls are:
« |AddScript ga_fitness ga_fitness_alljls
« ga_createall ga ga_fitness 10 &$paramTab 0 tracefile.txt &$allTab

27-aug-18 Genetic Algorithms 34

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl 17



Computer Vision: Genetic Algorithms 27-Aug-18

File Cperator Camera Server Options Window Userl User? User3 LUserd LUserS LUsert Help

" ~
T C:WisionCursus\Vision2008cknew_GAlga_all_example. jls =
Intemal script 1 [ Search 1 [ Line number 1 [ Indentation

name | sae | | || Find (| ([ oA I |
lidd3cript ga_func ga_func.jls . .
1hddScript ga_fitness ga_fitness all.jls Use ga_fitness_all.jls as
trainger = 10 fitness function
InitRandomGen 1
for §i = 0 to §trainfer do

§xTab[§i] = Random -2 2

§yTab[§i] = icall ga_func 2 3 4 §xTab[§i]
endfor
I low high delta micro mutationP deltaP
fparamTab [0] -1i0 10 0.1 0.001 0.1 0.5
SparamTab[1] -1i0 10 0.1 0.001 0.1 0.5
§parawTah[2] -10 10 i 0.001 0.1 0.5

Use ga_createall

ga_createall ga ga fitness 10 giparamTab 0 tracefile.txt &5allTab instead Of ga_create
for §_gen = 1 to 50 do
e maxGen minfrror deltafrror microP —

§_error = ga_optimize ga 1 0.1 1 0.5

§_sol = ga_gersolution ga

SyncVars -

Exscuts F9 S [~ Protected Continue Single step Step inta Reset 2

0 us
27-aug-18 Genetic Algorithms 35

ga_fitness_all.jls

T VisionLab ¥3.37  26-1-2008 (e) Van de Loosdrecht Machine Vision  www.vdImv.nl
File:

Lc :WisionCursusWision2008c\new_GAlga_fitness_all. jls

Operator Camera Server Options Window Userl User2 LUses

Calculate the total error of the point

Internal script Search Line number cloud
name Store Find
! | — %p1 = cutoff error
T A $%p2 = array containing the
VerTokrray £§3p2[$t] ofparans parameters for each being to optimize.
for §1 = 0 to §maxXTah do $%p2[0] contains the parameters for

$¥_ga = icall ga func §params[0] $pereams([1] jparams[2] §: " - o,
o svrentdal hvige the first being, $%p2[1] for the second

$e = Febs §e being etc.

§total = ftotal + fe I I

if $total > %pl then

3 T The fitness script will have to insert the
endfor error for each being in front of the
§2p2[$t] = concat jrotal $3pzlit] parameters for the being.

v

| T Protected Continue | Single step | Stepinto | Reset

| T Protected Corfiue | Sholestep | Stepinto | Reset |
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Computer Vision: Genetic Algorithms

¥ VisionLab ¥3.37  26-1-2008 [c) Van de Loosdrecht Machine ¥ision  www.vdimv.nl
Eile Cperator Camera St
Intemal script
name ’7 Stare
lidd3cript ga_fitness ga_fitness
§trainet = 10 maxAlTah = 109
InitRandaomGen 1 maxXTah =10
for §i = 0 to StrainSet do oldpath = C:islab\y Jidelphis
$xTab[§i] = Random -2 2 paramTab = arraw(3) =10 10 04 0001 04 0510 10 04 000 04 05
SyTab[$1] = icall ga func 2 3 params=arr§y(3] =202.0512013189031.4123441257128514:
- path = C:ivisionCursus\Vision2008cnew _GA
endfor t- 109
. tmp_ga_params_1 = array(110) <1 61835 2 013633866831 446 2.852481500585112 41234412671 28¢
/i low high A flotal = 163153
fparamTab[0] = -10 10 a.
sparamTab[1] = -10 10 0. | Hame |
fparamTab[2] = -10 10 a. ‘
Value
ga_createall ga ga_fitness 10 &3
for §_gen = 1 to 50 do
I maxGen
§_error = ga_optimize ga 1
§_sol = ga_gersolution ga
SyncVars
endfor
[~ stapontop | _Remove | Removesl | Close
Execute F3 I~ Protected Cortinus | Singlestep | Stepinta | Reset \I
0us 0.63377
27-aug-18 Genetic Algorithms 37

Optimizing problem:

returns to the starting city?

* Solution domain:
» Genetic representation:

+ Fitness function:
total distance of the round-trip

27-aug-18 Genetic Algorithms

Example: Travelling Salesman Problem (TSP)

+ Given a number of cities and the distance between the citiyes,
what is the least-cost round-trip route that visits each city and

a list indication the order in which the cities are visited

38
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Computer Vision: Genetic Algorithms

Example: TSP

» Cities are random pixel chosen in an empty image

+ Genetic representation:
a list indication the order in which the cities are visited

+ VisionLab implementation works with floating point
numbers

+ an array with floating point values indicating the order in
which the cities are visited list, 0 <= value <= 1, lowest
values are visited first

* Fitness function:
» Euclidian distance between cities

27-aug-18 Genetic Algorithms 39

Demonstration: TSP

« Open scripts:

« ga_travel.jls: the main program
< ga_travel_costfunc.jls: calculation of the fitness of a solution
< ga_travel_sort.jls: generate a route

« Open variable window
* Run script ga_travel.jls

27-aug-18 Genetic Algorithms 40
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Computer Vision: Genetic Algorithms 27-Aug-18

ga_travel.jls (1)

T VisionLab V3.37 [c) Van de Loosdrecht Machine Vision  www.vdimy.nl

Fle Operstor Camera Server Options Window Userl User? User3 Userd User5 Usere Hslp

P C:WisionCursusWision2008c\new_GAlga_travel. jls =

Line number Indentatiory

e ]| +] | e

Intemnal script

hame Store Find
\ |

// wreate image wich cities

create img IntléImage 255 255 Generate image with

setallpixels img O 222
noize img 0.0z 1 1 random cities

addborder img img 20 20 20 20 O

frities = lakbelblobs imy EightConnected

blobanalysisarray img &§ba_arr MoSort CentreOfGravity UseX CentreOfGravity

copy img imgeities

clippixelvalue imgoities 0 1 =
Dilation imgoities dwgeities 5 52 2011101111111 111111110
foount = foities - 1

RemoveVar &8x_sro
RemovelVar &§y src
// find coordinates of cities
for §i = 0 to §oount
$var = $ha arr[§i]
$label = getnthword 1 §var
fcog = getnthword 2 $var
4x = getnthfromvector 1 fcog
4y = getnthfromvector 2 fcog v
< | » N

Exacute F3 [~ Protected Contius | Singlestep | Stepinta Reset a

0 us.
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ga_travel.jls (2)
T VisionLab V3.37 -2008 [c) Van de Loosdrecht Machine Vision  www.vdimy.nl
Fle Operator Camera Server Options ‘window LUserl User? User3 Userd LUserS Userd Help
-~
P C:WisionCursusWision2008c\new_GAlga_travel. jls =
Intemal script Search Line number Indentatiors
hame: ‘ Store | Find 44 Jump + - 5}
copy img imgoities '_‘
clippixelvalue imgoities 0 1
Dilation imgeities imgeities 5 52 2011101111 111111111110
feount = feities - 1
RemoveVar &§x_sre
RewovelVar &§y sroc
// find coordinates of cities
for §i = 0 to §eount . N are
fvar = $ha are[§i] $x_src: array with x-coordinate of cities
$label = getnthword 1 $var . . .
e $y_src: array with y-coordinate of cities
$x = getnthfromvector 1 fcog
$¥ = getnthfromvector 2 fcog
$x_sre[§i] = §x
§v_sre($il = §y
endfor
laddscript ge travel costfunc ga travel costfunc.jls
laddscript ge travel route ge trevel route.jls
RemoveVar &fparsmtah
il <low> <high> <delta> <micro> <mutationP> <deltaP> v
< w > y
Exacute F3 [~ Protected Contius | Singlestep | Stepinta Reset a
0us 1329.82
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Computer Vision: Genetic Algorithms

ga_travel.jls (3)

(c) Van de Loosdrecht Machine ¥

Fle Operstor Camera Server Options Window Userl User? User3 Userd User5 Usere Hslp

-~
P C:WisionCursusWision2008c\new_GAlga_travel. jls =
Intemal script Search Line number Indentatiors
name | Store | | | [ Find 44 dumpl | [ _+ | -] e
laddseript ga_travel costfunc ga_travel costfunc. jls il
laddseript ga_travel route ga travel route.jls
RemoveWVar &fparamtcelb
I <low» <high> <delta> <micro> <mutationP> <deltaP>
for §i = 0 to §eount T
Spoaramcab[§i] = o 1 o 0.1 0.2 il Initialize parameter
endfor description table
Gi Create ga ga travel costfunc 6 s$paramteb 1 tracefile.txt
while true
$9dist = GA Optimize ga 1 0 0 0.5 .
faol = G4 GetSolution ga Generate n generations
vartoarray &3sol &fsol arr
icall ga travel route $sol arr §x_src §y_src §3x §8y
// display result
copy img img disp
setallpixels img disp O
foount = §oities - 1 W
for $i = 1 to $ecount
§i1 = §1i - 1
fo_sre = vector #§x[#i1] §#y[§i1]
§o_dst = vector $§x[§i] $§v[§i] -
< | > Y
Exacute F3 [~ Protected Contius | Singlestep | Stepinta Reset a
0us 1329.82
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ga_travel.jls (4)

T VisionLab V3.37 B-3-2008 [c) Van de Loosdrecht Machine Vision  www.vdimy.nl

Fle Operstor Camera Server Options Window Userl User? User3 Userd User5 Usere Hslp

P C:WisionCursusWision2008c\new_GAlga_travel. jls

Internal script Search Line number Indentatiory

e | _se] ||| o ||| el || o] ] e

§§dist = GA Optimize ga 1 0 0 0.5 ~
§30l = GL_GetZolution ga
vartoarray &£§s0l &£§s0l_arr Generate route from GA
izall ga travel route §s0l arr §x sro §y srco §5x §5v .
/4 display resulc solution
copy img img disp
getallpixels img disp O
feount = foities - 1
for $i = 1 to $eount

§i1 = §1 - 1

§o_sre = vector $8x[§i1] $§vy[§i1]

fo_dst = vector $8x[§i] #8y[§i]

drawline img disp $c_sre §c_dst 3 KeepOriginal
endfor
§o_sre = vector $$x[fcount] $8y[fcount]
fo_dst = vector $§x[0] §$v[0]
drawline img disp $c_sre §c_dst 3 KeepOriginal
or img disp imgeities
textonimage img disp 10 10 courieri0 §§dist
display img disp

endwhile

Display route in image

< ) N 0
Exacute F3 [~ Protected Contius | Singlestep | Stepinta Reset a

0 us. 1329.82
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Computer Vision: Genetic Algorithms

Fle Operator Camera Server Opti

Internal script

T VisionLab ¥3.37  B-3-2008

ga_travel_costfunc.jls

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

¥ C:WisionCurs usWision200Bc\new_GAga_travel costfunc.jls

Search Line number Indentation

name | Store || || Find | [14

o] ||| o] L] e

copyvar £§3pZ £farr

§§count = §jcount - 1

§¥totaldist = 0

for $§i = 1 to §$count
$$1i1 = $§i - 1

$4dist = sgrt §idist

if §$totaldist > spl
return $pl

endif

=ndfor

§dist = ((§§x[§Scount]
§4dist = sgrt §§dist

return §§totaldist

L2

0 us.

icall ge_travel route §arr §x_src §y_src $§x §iy
$§count = getsizearray &§arr

// seript: ga_travel costfund.jls
/{ generate list with cities in trawvel order
// Klaas Dijkstra, 11-3-2008

Calculate route from
solution

§$totaldist = §ftotaldist + §$idist

Calculate Euclidean
distance for route

§9dist = (($9x[$811] - FEx[$94]) & (§5x[§511] - §5x[$51])) + (($89[$811] - $4w[$81]) 7 (§§y[4S

- §§x[0]) 7 (§§x[S§count] - §§x[0]1)) + [{§§y[§§count] - §§y[0]] * (§§y[S

I|$$t.nt.sld15t. = $$totaldist + §§dist

27-aug-18

Genetic Algorithms
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T VisionLab ¥3.37  B-3-2008

ga_travel_route.jls (1)

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

Fle Operstor Camera Server Options Window Userl User? User3 Userd User5 Usere Hslp

¥ C:WisionCursusWision 2008c\new_GAlga_travel route.jls
Internal script

Search Line number Indertation

narme [ _Store | | _Find || |[1 | || o] | e

/7%pl = [input]
/7%p2 = [input]
/7%p3 = [input]
//%pd = [output]
//%p5 = [output]
copyvar &%pl &idarrc
copyvar &%p2 &£§§x
copyvar &%p3 &isy
§§count = GetSizekrray
f§oount = ffcount - 1
//Bubblesort
dgv o= 1
§¢i =0
while | $§i < §é$count )
f¢v =0
83 =0
while ( #§3 < ( §§cou
§431 = §43 + 1
if (§farr[§§3] > &4
§¢templ = §farr[i
jfrempz = §§x[3§3
jfrempd = §8y[d§]
ffarr[43] = §$far
$§x[§§3] = $4x[§8
E $9y[4§3] = $4v[$d
Sgarrrisi1l = $ér

Genetic result
X source

Calculate route from
solution

¥ source
Ordered list of X values
Ordered list of ¥ values

gifarr

Use solution (array with
values between 0 and 1) to
sort the x,y coordinates of the
cities

and | §§v == 1)

nt. - §§1i ) )

arr[§§31])
§31

1

1

r[§331]
a1l

a1l

Fmnt

123
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Computer Vision: Genetic Algorithms

T VisionLab ¥3.37  B-3-2008

ga_travel_route.jls (2)

[c) Van de Loosdrecht Machine Vision  www.vdimy.nl
Fle Operator Camera Server Options ‘Window LUserl User? User3 Userd LUserS User Help

¥ C:WisionCursusWision 2008c\new_GAlga_travel route.jls

Internal script Search

Line number Indertation

name I

S| |

_Fnd || [ duma] | |+ ]

= =]

fiv =
§8d
while
§§v
i§3 =

while

§§i < §fcount ) and { §§v
o
a
i $%$3 < ( $%count - $§i )

§431 = §43 + 1
if ($farc[$4§3] > $darr[$§431])

§¢templ = §§arr[i$i]
f§tempz = §§x[44]]
j§cempd = §§y[§§3]

dgarr[§4§3] = $darr[§§31]
§8x[483] = §4x[§431]
§8y[4§3] = §4v[§431]
§garr[§4§31] = {§templ
§§x[44§31] = §étempz
§8y[44§31] = §étemp3

dgv o= 1
endif
i§3 = 4§13 + 1
endwhile
§§1 = §§1 + 1
endwhile

copyvar £§§x &£3pd
copyvar £$§v &£%pS

0 us.

== 1

!

Use bubble sort as sorting

algorithm

123

[£3

27-aug-18

Genetic Algorithms

47

¥ visionLab V3.37  8-3-2008

sion ;us\Wision2008c\nes

(c) Van de Loosdrecht Machine Vision

Running TSP (1)

www. vdimy. nl
File Operator Camera Server Options Window LUserl User? User3 Userd LUserS LUsere Help

Internal script 1 Search

§30l = GL GetZolution ga
vartoarray &$s0l &fsol arr

// display result
copy img img disp
setallpixels img disp O

icall ga travel route $sol arr §x_sre §y_sce §8x §

foount = foities - 1
for §i = 1 to §count

§i1 = §1i - 1

fo_sre = vector §§x[§i1] §§y[§i1]

fo_dst = vector $§x[$i] $§y[$i]

drawline img disp $c_sre §c_dst 3 KeepOriginal
endfor

§o_sre = vector $§x[§count] §§y[fcount]

$e dst = wvector $§x[0] §$v([0)]

drawline img disp $c_sre $c_dst 3 FeepOriginal
or img disp imgoities

1 [ Line number 1 [ Indentatiory
name ‘ Store | Find
disp 6 b d
while true
§§dist = GA Optimize ga 1 0 0 0.5 [L672.18|

textonimage img disp 10 10 courierl0 $§dist

display img_disp
endvhile
£

Execute F9 Y [~ Protectsd

Continug J Single step Steg into J

Reset

0 us. 1457.81

&
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Computer Vision: Genetic Algorithms

Running TSP (2)
(e) Van de Loosdrecht Mac| n  www.vdimv.nl
File Operator Camera Server Options MWindow Userl User? User3 Userd UserS Lserfi Help
sionCursus\ision2008c\new ga_travel. jls . =
Internal script 1 Search 1 [ Line number |ndentatiary
name | Store [ Find [
- disp 6 be
while true
$5dist = GA Optimize ga 1 0 O 0.5
§30l = GL GetZolution ga
vartoarray &$s0l &fsol arr
icall ga travel route $sol arr §x_sre §y_sce §8x §
/4 display result
copy img img disp
setallpixels img disp O
foount = foities - 1
for §i = 1 to §count
§i1 = §1i - 1
fo_sre = vector §§x[§i1] §§y[§i1]
fo_dst = vector $§x[$i] $§y[$i]
drawline img disp $c_sre §c_dst 3 KeepOriginal
endfor
§o_sre = vector $§x[§count] §§y[fcount]
$e dst = wvector $§x[0] §$v([0)]
dravline img disp §c src §c_dst 3 KeepOriginal
or img disp imgoities
textonimage img disp 10 10 courieri §$dist ]
display img_disp
endvhile -
L3 | 2>
Execute F3 ¥ [~ Pratected Continug J Single step Step inta J Reset
~
0us 1102,33
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Running TSP (3)
(e) Van de Loosdrecht Mac| n  www.vdimv.nl
File Operator Camera Server Options MWindow Userl User? User3 Userd UserS Lserfi Help
sionCursus\ision2008c\new ga_travel. jls . =
Internal script 1 Search 1 [ Line number |ndentatiary
name | Store [ Find [
- disp 6lmage Labelled
while true
$5dist = GA Optimize ga 1 0 O 0.5
§30l = GL GetZolution ga
vartoarray &$s0l &fsol arr
icall ga travel route $sol arr §x_sre §y_sce §8x §
/4 display result
copy img img disp
setallpixels img disp O
foount = foities - 1
for §i = 1 to §count
§i1 = §1i - 1
fo_sre = vector §§x[§i1] §§y[§i1]
fo_dst = vector $§x[$i] $§y[$i]
drawline img disp $c_sre §c_dst 3 KeepOriginal
endfor
§o_sre = vector $§x[§count] §§y[fcount]
$e dst = wvector $§x[0] §$v([0)]
dravline img disp §c src §c_dst 3 KeepOriginal
or img disp imgoities
textonimage img disp 10 10 courieri §$dist ]
display img_disp
endvhile -
L3 2>
Execute F3 ¥ [~ Pratected Continug J Single step Step inta J Reset
~
0us 920,702
27-aug-18 Genetic Algorithms 50
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Computer Vision: Genetic Algorithms 27-Aug-18

Example: KnapSack

Optimizing problem:

+ Best choice of items that can fit in KnapSack
+ KnapSack has maximum load in kg (= cost)

+ Each item has a weight (kg) and a value

+ “What is the maximum value V that can be achieved without
exceeding the cost C”

« Solution domain:

» Genetic representation:
a list of 0’s or 1’s indication if item is in KnapSack

+ Fitness function:
total value of items in KnapSack not exceeding max weight

27-aug-18 Genetic Algorithms 51

Example: KnapSack

+ Genetic representation:
a list of 0’s or 1’s indicating if item is in KnapSack

+ VisionLab implementation works with floating point
numbers

* For each parameter (item):
* Low=0
* High=2
+ item included = (Value >= 1)

27-aug-18 Genetic Algorithms 52
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Computer Vision: Genetic Algorithms 27-Aug-18

Example: KnapSack

» Fitness function:
total value of items in KnapSack not exceeding max weight

+ Fitness function:
if total weight <= max weight then
total value of items in KnapSack
else
0
* Note: this fitness function must be maximized
GA can only minimize a fitness function
* Redefined fitness function:
if total weight <= max weight then
topValue - total value of items in KnapSack
else
topValue
* Where topValue > sum value of all items

27-aug-18 Genetic Algorithms 53

Demonstration: KnapSack

Open scripts:

« knapsack.jls: the main program

« knapsackCostFunc.jls: calculation of the fitness of a solution
Open variable window
Run script knapsack.jls

27-aug-18 Genetic Algorithms 54
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Computer Vision: Genetic Algorithms

Internal seript

knapsack.jls

Line number Indentation

hame: ‘ Store

_Find || |J0 " dump| ||+ | -] of

liddScript costFunc knapsackCostFunc.jls
$maxTeight = 15

$top¥alue = 1000

§nritems = 20

§maxIndex = §nrltems - 1
InitRandomGen 1

for §i = 0 to §maxIndex do
$uTab[$i] = Random 1 5
$wTab[$1] = Random 1 5

endfor
7/ low high delta  mi
$paramTab[0] = O z 1 1
for $i = 1 to $maxIndex do

§paramTab(§i] = $parswTab([0]|
endfor

for §gen = 1 to 50 do
1 maxGen minError
§error = ga_optimize ga 1 o
$_maxvalue = jtopValue - ferror
§so0l = ga_getsolution ga
VarTohrray &§sol &§sTab
$_sack = " "
§_weight = 0
ll for ¢i = 0 to $maxIndex do

Generate the weightTab and valueTab

ga_create ga costFune 10 &fparamTab O tracefile.txt

0 us _maxvalue = 30.97 sack= 11010100100¢

cro mutationP deltaP
0.z .= Initialize parameter

description table

deltaError microP
o 0.9

[£4

27-aug-18
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knapsack.jls
T VisionLab V3.37 11-12-2007 [c) Van de Loosdrecht Machine Vision  www.vdimv.nl
Fle Operstor Camera Server Options Window Userl User? User3 Userd User5 LUsere Hslp
$vTab[§i] = Random 1 S ~
endfor 7
‘s low high delta micro mutationP deltaP
$paramTeb[0] = 0 z 1 1 0.2 0.5
for §i = 1 to $maxIndex do
jparamTeb([§1] = §paramTab[0]|
endfor
ga_create ga costFunc 10 &$paramTed 0 tracefile.txt
for §gen = 1 to 50 do
I maxGen minError deltafrror microP )
jerror = ga optimize ga 1 0 a 0.9 Generate 50 generations
§_maxValue = $topValue - §error I
§s0l = ga_getsolution ga
(orToMTay disol aisTed Convert solution to list with
§_weight - O 0’'s and 1’s
for §i = 0 to §maxIndex do
if §sTab[$§i] > 1 then
§3 = 1
§_weight = §_weight + §uTab[§i]
else
§s = 0
endif
i_sack = Concat §_sack §s
IE endfor
SyncVars
endfor W
ga_delete ga
v -
0 us _maxValue =3097 sack= 110101001001
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Computer Vision: Genetic Algorithms 27-Aug-18

knapsackCostFunc.jls
¥ visionLab V3.37 26-1-2008 (c) Van de Loosdrecht Machine Vision  www.vdimy.nl
File Operator Camera Server Options Window Userl User? User3 Userd LUserS LUsere Help
- Internal script- ~Line number “Indentation
7] reme | swe ||| Fiod || [T el | | o] | e
s
s+ /4 script: knapsackCostFunc.jls
// optimising knapsack with GAL
spdl// Jasp van de Loosdrecht, 26-2-2008
3 . .
B ‘sValue o $%p2[0] = first item
jweight = 0 .
1idfor $3 = 0 to $maxIndex do $%p2[19] = last item
swe if §5p2z[§3] >= 1 then o ;
st Sweight = §weight + §uTab[3i] %p1 (cutoff error) is not used
iny if Sweight > $maxWeight then
S return $topValue
Ini endif - B R
il swalus = Svalue + §wTabl[§9] Sum weight of items in sack
endif 1 1
endfor R t f ti
E return §topValue - §value everse cost function
Execute F9 | 2bort oo [~ Protected Continue Single step Stepinto_ | Reset |
27-aug-18 Genetic Algorithms 57

Run knapsack.jls

T VisionLab ¥3.37 11-12-2007 [c) Van de Loosdrecht Machine Vision  www.vdimv.nl
Fle Operator Camera Server Options ‘window Userl User? User3 Userd LUserS User Help

for §1 = 1 to §maxIndex do
iparamTab[§1] = §paramTab[0] -

=ndfor _sack= 11010100100010011400 A

|gs_create ga costFunc 10 ciparenTs) weight = 149734

| for $gen = 1 to 50 do error = 969.03

v waxGen wGen=15

i=19

iTab = array(20) =1 57160863063445, 0.8333079012421033=

§_mexValue = StopWalue - Serror |y . " e7/enaea063448 0 5403423261 207922 0.GOB040857 2444535 1.19336527603091 5 0.1 51585436567
§s0l = ga getsolution ga i=15

VarTolrray &fsol eisTab maxindex = 13
§ sack =" max\eight = 15
§ weight = O nritems = 20
for $i = 0 to $maxIndex do paramTeh = array(20) =0 2 1 1 02 os0 2 1 1 02 05=
if $sTab[§i] >= 1 then 3=0
§3 = 1
§_weight = §_weight + §uTab[ Name
else
§s =0

fjerror = ga optimize ga 1

|

wTab

$_sack - Concat §_seck 8z

[ low high delta micro mutationP deltal ¥
T-uo =0 z 1 = = -

v stay on top date Remove Removeal Close ]

Execute F3 e+ [~ Protected . =
< | @
0 us |20 3.25434 4.23496 2,.01949 4.58355 3.98642 4.4

27-aug-18 Genetic Algorithms 58

Jaap van de Loosdrecht, NHL, vdLMV, j.van.de.loosdrecht@nhl.nl 29



Computer Vision: Genetic Algorithms

Example: Optimising learn error Neural Network
In this example the neural network for recognizing the OCR will be
optimized from the chapter about Neural Networks
The training error will be used as fitness criteria
Parameters to optimize:
* Nr nodes hidden layer

« Learnrate
* Momentum

27-aug-18 Genetic Algorithms 59

Demonstration GA optimizing Neural Network

« Open scripts:

« ga_octr.jls: the main program

« ga_ocr_CostFunc.jls: calculation the fitness of a solution
« Open variable window
* Run script ga_oct.jls

* Note 1: this is time consuming,
for real optimisation $nrepochs and population size should be greater

* Note 2: if calculations at server side takes much time the client will generated a
timeout exception. The timeout value can be changed in the Server Options form
in the Server menu.
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Computer Vision: Genetic Algorithms

ga_oct.jls

¥ vVisionLab v3.37 16-

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

File Operator Camera Server Options Window Userl User? User3 Userd UserS Lsers Help  |nitialize parameter
T ==yl ===yl e — i e i
description table o
ladd3cript costFunc ga ocr CostFunc.ils .
// parsms to optimise: [0]nrHidden, [1]learnRate and [2]momentum [0]: nr hidden nodes
2 low high delta wicro mutationP delcaP
jparamTak[0] = 1 40 1 1 0.z 0.5 [1]: learnrate
§paramTak[1] 0,00001 0.01 0,001 0.00001 0.z 0.5
$paramTak[2] = O 0.0z 0.00L 0.00001 0.2 0.5 [2]: momentum
§nrepochs = 10
CIS_ReadFromFile cis ocrl.cis
$h = CIS_GetImageHeight cis
§w = CIS_GetImageWideh cis
§size = §h * §w
§nrClasses = CIS_MaxClassId cis
§nrClasses = §nrClasses + 1;
InitRandonGen 1
ga_create ga costFunc 4 &§parswTab O tracefile.txt
for $gen = 1 to 50 do
s waxGen minError deltafrror microP
§error = gs_optimize ga 1 ] o .5
§_sol = ga_getsolution ga
ga_getpopulation ga &fbest
SyncvVars
endfor
ga_delete ga =
CIS_Delete cis
I BFN Delete bpn 2
< I £l
Execute Fa | | T Protected Contiue | Sihglsstep | Stepints | Reset v
Ous
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ga_ocr_CostFunc.jls

¥ visionLab V3.37 26-1-2008 (c) Van de Loosdrecht Machine Vision  www.vdimy.nl

File Operator Camera Server Options Window Userl User? User3 Userd UserS Users Help

g . L ga_oc Create and train Neural network
¥ C:WisionCursus\Wision200Bcinew_GAga_ocr_CostFunc. jls %P1 = cutoff error, not used

Intemal soipt Line rumber $%p2[0] = nr hidden nodes
name l Stare 1 Find $%p2[1] = learnrate
jj SGE?P‘F _98_;5;_“:?3“315 $%p2[2] = momentum
opt imising i
// Jasp van de Loosdrecht, 26-2-2008 Function result = training error

{hidden = FloatToInt $:p2[0]

BPM_CreatelmageClassifier bpn ByteTmage §size §hidden 0 §nrclasses Bias 0 2f
§_error = EPN_TrainCI3 bpn cis §nrepochs $5p2[1] §3p2[2]

RemoveFirstlUord £f_error

return §_srror

O 4 ah 4w e O

< |

[~ Frotected Continue Single step Stepinto_ | Reset |

lne
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Computer Vision: Genetic Algorithms

¥ vVisionLab v3.37
File

16-12-2007

Result of GA optimizing

(e) Van de Loosdrecht Machine Vision  www.vdImv.nl

Operator Camera Server Options Window Userl Userz User3 Userd UserS Users Help

| P Variables

Intemal seript

Search

name | Store [

§path = lpwd
He ity he2 Nr hidden nodes = 13
liddSeript costFune ga ocr_CostFune.jls nrClasses =10 Learnrate = 000789
// parems to optimise: [0]nrHidden, [1] learnRajnrepochs=10
/7 low high  delta  micro z‘dpa‘*;:bc‘v‘sﬁ”(g)”’sj Momentum = 0.01184 i
s Teb[o] = 1 o & i aramTab = array(3) <
sizzxnb[u = 0.00001 0.01 0.001 0.0000 ESQ:ECB:V\slunCursuS\ Error = 0.007211
§paramTab[2] = 0O 0.0z 0.001 0.0000f,, 7
§nrepochs = 10
CIS ReadFromFile cis ocrl.cis Name ‘
§h = CI3 GetImageHeight cis
$w = IS GetImageWidth cis valie |
§size = §h * §w
§nrcClasses = CIS MaxClassId cis
jnrClasses = §nrClasses + 1:
InitRandomGen 1
ga_create ga costFune 4 &fparawmTab O tracefile
for §gen - 1 to 50 de
12 maxGen minError delt
ferror = ga optimize ga 1 o o [~ stay ontop Remaove Removesll |
§_sol = ga_getsolution ga =
ga_getpopulation ga &fbest I
o L)
0 us.
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Example: Optimising Neural Network with evaluation set
In this example the neural network for recognizing the OCR will be
optimized from the chapter about Neural Networks
The fitness criteria is chosen as:
* Number of false classifications * 1000 +
* Number of low confidences +
« Error in output layer
Parameters to optimize:
* Nr nodes hidden layer
+ Learn rate
* Momentum
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Computer Vision: Genetic Algorithms

Demonstration Optimising Neural Network with evaluation set

« Open scripts:
« ga_ocr_eval.jls: the main program

« ga_ocr_eval_CostFunc.jls: calculation the fitness of a solution

« Open variable window
* Run script ga_ocr_eval.jls

* Note 1: this is time consuming,
for real optimisation $nrepochs should be greater

* Note 2: if calculations at server side takes much time the client will generated a
timeout exception. The timeout value can be changed in the Server Options form

in the Server menu.
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ga_ocr_eval.jls

T YVisionLab ¥3.37  16-12-2007 [c) Van de Loosdrecht Machine ¥ision  www.vdImv.nl

File Operator Camera Server Options ‘window Userl UserZ Userd Userd UserS Useré Help

¥ D:WisionC ursusWision2007c_20dec07Vimages\ga_ocr_eval.jls
Search Ling rumber

Internal script
Store ‘ Find 27 Jump!

Indentation

=) =) =T

name |
liddScript costFunc ge ocr_eval CostFunc.jls
// parsms to optimise: [O]nrHidden, [1]learnRate and [2]momentum

s low high delta micro mutationP deltaP
jparamTab([0] = 1 40 1 1 0.z 0.5
$paramTab[1] = 0.00001 0.01 0.001 0.00001 0.z 0.5
jparamTab([2] = O 0.0z 0.001 0.00001 0.z 0.5

inrepochs = 1

CIS ReadFromFile cis ocrl.cis

15 ReadFremFile cis eval cerz.cis  LOad evaluation CIS
$h = CIS GetImageHeight cis

iv = CIS GetImageVUidth cis

§size = §h * §w

§nrclasses = CIS_MaxClassld cis

inrClasses = §nrClasses + 1;

InitRandomGen 1

ga_create ga costFunc 4 &fparawmTab 0 tracefile.txt

for §gen = 1 to 50 do

I maxGen minError deltaError microP
jerror = ga optimize ga 1 0 ] 0.5

ga_getpopulation ga &fbest
Synevars

0 us 0.0049121
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Computer Vision: Genetic Algorithms

ga_ocr_eval_CostFunc.jls

¥ visionLab V3.37 26-1-2008 (c) Van de Loosdrecht Machine Vision  www.vdimy.nl
User? User3 Userd LserS Users Help

File Operator Camera Server Options Window Userl

¥ C:WisionCursus\Vision200Bc\new_GAlga_ocr_eval_CostFunc. jls =
Line rumber Indentation

e Gench
rare | stoe ||| Find | [ =1 =1 )

/¢ script: ga ocr_eval CostFunc.jls
// optimising BEPN with GA and eval cis
/¢ Jaap van de Loosdrecht, 26-2-2003

fhidden = FloatToInt §%pz[0]
EFN_CreateImageClassifier bpn ByteIwage $size §hidden O §nrcClasses Bias 0 2f
EFN_TrainCIS bpn cis §nrepochs §%p2[1] §4%pz[2]

§evalRes = BPN_EvaluateCI3 hpn cis_eval 0.7 LowDetails

§_error = GetNthWord 1 §evalRes

§_nrMiss = GetNthWord 3 §evalRes

§_nrlow = GetNthilord 4 SevalRes . 1 1

S:cust = §_nrMiss * 1000 + §_nrleov + §_error Fitness criteria

return §_cost

& )

[~ Protestsd Continue Singls stap Step irta Reset

0 us
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Result after 2 generations

T YVisionLab ¥3.37  16-12-2007 [c) Van de Loosdrecht Machine ¥ision  www.vdImv.nl
File Operator Camera Server Options ‘window Userl UserZ Userd Userd UserS Useré Help

P Variables

Internal script Search cost = 504917
name | Stare _error = 0.0491661
_nrlow =5

- _nriiss
$nrepochs = 10 E

CI5 PReadFromFile cis_eval ocri.cis error = 000543263

CI5_GetImageHelght cis evalRes = 0.0431661 0.005239350 5
§w = CIS_GetImageWidth cis 3306372750
330636954 8

® §w

= CIS_MaxClassld cis 99058643612

- . 990629756 14
= $nrClasses + 1; 000562631 18

§nrClasses

©15_ReadFromFile cis ocrl.cis best = array(4) <13.54255806146428  0.005404246345405491

3.54255806146425  0.008404246345408491 004 253730590743736
0.01253739590743736

2 psencmonn 3 [

ga_create ge costFunc 4 &fparawmTab 0 tracdg
for jgen = 1 to 50 do Name |

I maxGen minError
jerror = ma optimize ga 1 il Volus |
§_s0l = ga_getsolution ga
ga_getpopulation ga &fbest
Synevars

endfor

BPN Delete bpn

cwd §oldpath [~ stay on top Flemave Removedl
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Computer Vision: Genetic Algorithms

Result after 10 generations

T YVisionLab ¥3.37  16-12-2007 [c) Van de Loosdrecht Machine ¥ision  www.vdImv.nl

File Operator Camera Server Options ‘window Userl UserZ Userd Userd UserS Useré Help

Bl T Variables

ozt = 000843077
error = 000943077

Internal script Search

name | Stare ‘

“nrLow =0

- “nrifiss =0
¢/ params to optimise: [OlnrHidden, [1]les)™ ' 0 oooei7o0oa1se  0.006401460005493332 0.01252515301980651
i low high  delte e cyrayis) «1442505179996160  0.00B4014B0005493332 0 01252615300 GB0BS1
iparamTak[0] = 1 40 1 1 ferror = 0.00475311
jparemTak[1] = 0.00001 0.01  0.001  O.Jlevales = 0.00543077 0.00120565 0 0
$paramTab[2] = O 0.0z 0.001 o fuen=10
jnrepochs = 10 s

hidden =15

CI5 ReadFromFile cis ocrl.cis

CI5 PReadFromFile cis_eval ocri.cis nrepochs =10
ih = CIS_GetImageHeight cis olcpath = DovisionCursusvision2007c_20decO7 images

$w = CIS GetImageWidth cis
§size = §h * §w

§nrClasses = CIS_MaxClassld cis
$nrClasses = $nrClasses + 1; vae |

Marne: |

InitRandomGen 1
ga_create ga costFunc 4 &fparawmTab 0 tracy
for jgen = 1 to 50 do
I maxGen minError
fjerror = ga_optimize ga 1 [a]
§_s0l = ga_getsolution ga
ga_getpopulation ga &fbest

Syncvars [ stayontop Flemave | Flemavedll ;
endfor

< 3
0us 0.00475311
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Example: Optimising Neural Network selecting features

In this example the neural network with feature vector for
recognizing the OCR with feature vector will be optimized from the
chapter about Neural Networks

The fitness criteria is chosen as:
* Number of false classifications * 1000 +
* Number of low confidences +
« Error in output layer

Parameters to optimize:

+ Which features to select
If param >= 1 then feature is selected
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Computer Vision: Genetic Algorithms 27-Aug-18

Demonstration Optimising Neural Network selecting features

« Open scripts:

« gen_ga_cfs.jls script for generating CFS
« ga_features.jls: the main program
« ga_featuresCostFunc.jls: calculation the fitness of a solution

« Run script gen_ga_cfs.jls to generate ga.cfs
« Open variable window
* Run script ga_features.jls

* Note 1: this is time consuming,
for real optimisation $nrEpochs and population size should be greater

* Note 2: if calculations at server side takes much time the client will generated a
timeout exception. The timeout value can be changed in the Server Options form
in the Server menu.
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gen_ga_cfs.jls: generate ga.cfs

T vyisionLab ¥3.37 1-1-200B  (c) Van de Loosdrecht Machine Vision  www.vdimv.nl (=13

File Operator Camera Server Options Window LUserl User? User3 Userd UserS Users Help

on200

Internal script Search Line number Indentation

narme [ Stoe || | [ Find E3 Jump| ||+ - | e 3
$tl = removefirstword ifana ~
4t = getnthfromvector 1 §tl
§1 = getnthfromvector J.=..
fw = removefirstword
ft = §c - 1
§1 =81 - 1

$h = §h + 2
Fuw

i i R 0123456789 01234567
Soncrastarceten Tot 0 0123456789 01234561

e satme cto new 0123456789 01234567
BB 0123456789 01234567
0123456789 01234567

Er b W 0123456789 01234567

s T 0123456789 01234567,
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Computer Vision: Genetic Algorithms

r
Fil
r

Class Feature Set ga.cfs

VisionLab V3.37 1-1-2008 [c) Van de Loosdrecht Machine Vision  www.vdimv.nl

le Operstor Camera Server Options MWindow Userl User? Lser3 Userd LserS Lsers Help
pa.cfs (Class feature set of Int16Iimage)
Feature table
Fiename |
hame
Info ‘
AreaHoles
Class table Image table Breadth
name id nrimages | & Centre0fGravity_x
Centre0fGravity_y
five 5 10 Eccentricity
four 4 o FamiFactar
ring a o Lenath
one 1 10 MomentsScale_w
seven 7 0 MomentsScale_xw
s [ 1o MomentsScale_ww
three: 3 0 4 | NiilfHoles
s E) in M Image index ’7 Perimeter
PerimsterHoles
] clasy bcdimage | Remove image

id

o ;e —

10
n
12
13

18
8.05596
11.4172
0.10636
0543412
21
0120103
0.00158962
0.236775
2

59.092
52

CIBIX]

Remave class Extract image 1
Add feature
Script name ‘ga_cam_cfs_“s Select ‘ Execute | Remaove featule‘
— = . &
0us 14 151 92 15 8.0596 11,4172 0.10696 0.543412 2
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r

ga_features.jls

VisionLab ¥3.37  1-1-2008 (c) ¥an de Loosdrecht Machine Vision  www.vdImv.nl

Eille ©perator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help
~
Intemal script Line number Indent
rame, e ||| | Find || | gumg| | | | e
liddSeript costFunc ga_featuresCostFunc.jls -~
InitRandomGen 1
CF5_ReadFromfile cfs ga.cfs
$nrEpochs = 10
§learnrate = 0.005
§momenturs = 0.01
$nr_hidden = 20
$maxIndex = 13
§pTab[0] = Area
$pTab[1] = AreaHoles
zi:ﬁ% T aEnadeh $pTab is table used for displaying result
$pTab[4] = CG.¥ W
§pTab[5] = Ecc
$pTab[6] = FF
§pTab[7] = "Length™
$pTab[8] = MSxx
§pTab[9] = MSxy
$pTab[10] = MSyy
$pTab[11] = NrOfHoles
§pTab[12] = Perimeter
$pTab[13] = PerHoles
E i law high delta micro wutationP deltaP @
R a1 - - - B A Ao i
0us 14 151 92 15 8,0596 11,4172 0.10696 0.543412 2
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Computer Vision: Genetic Algorithms

ga_features.jls

¥ VisionLab ¥3.37  1-1-2008 (c) ¥an de Loosdrecht Machine Vision  www.vdImv.nl

Eille ©perator Camera Server Ophions Window Userl User2 Userd Userd UserS Usert Help

-~
T C:WisionCursusWision2007ckimages\ga features. jls = 9
Internal script Search Line number Indentation
hame ‘ Store ‘ Find 11 Jump + - @
§pTab[13] = PerHoles -
S Llow high delta micro mutationP deltaP
§paramTab[0] = O z 1 1 0.z 0.5
for §i = 1 to fwaxIndex do
$paramTab[§i] = §paramTab[0]
endfor
ga_create ga costFune 10 &fparamTab 10 tracefile.txt
for § gen = 1 to 50 do
S maxGen mwinError deltaError microP
§ error = ga _optimize ga 1 o ] 0.9
§s0l = ga getsolution ga
VarTolrray &§sol &8sTab g 2
S oL Convert solution to text string
for $i = 0 to fmaxIndex do
if §sTeb[§i] >= 1 then
§ sol = Concat §_sol $pTab[§i]
endif
endfor =
SyncVars
endfor
v ]
0us 14 151 92 15.8,0596 11.4172 0.106%6 0.543412 2
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ga_featuresCostFunc.jls

P VisionLab ¥3.37  26-1-2008 (c) ¥an de Loosdrecht Machine Vision  www.vdlmv.nl
Eile Operator Camera Server Opfions ‘window Userl User2 User3 Userd UserS Userd Help

¥ C:WisionCursus\Wision2008cinew_GApa_featuresCostFunc. jis

Intemal seript Search Line number Indenttation
rname | soe ||| Find [ = [l [e
// ga exawple feature seslection -~
/4 Jasp van de Loosdrecht, 26-2-2008
$select = " o .
for §3 = 0 to $maxIndex do $%p2[0] = first param

ARt ban] e o0 RhEn $%p2[1] = second param

§select = §select . 1
else etc
§select = §select . O

e If param >= 1 then select feature
endfor
CFS_SetSelectTah cfs $sslect
bpn_createfeatureclassifier bpn cfs §nr_hidden 0 Bias
bpn_traincfs bpn cfs $nrEpochs §learnrate §momentum
§evalRes = bpn_svaluatecfs bpn cfs 0.7 LowDetails
§error = GetMNthiord 1 §evalRes
§nrMiss = GetNthiord 3 §evalRes
§nriow = GetMthiord 4 $evalRes Fitness criteria
$oost = $nrMiss 7 1000 + $nrlow + $error =
return §cost =

| T Protected Continue Zingle step Step into Reset
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Computer Vision: Genetic Algorithms 27-Aug-18

Result after 10 generations

T visionlab ¥3.37  1-1-2008 (ANELE L TR BRI SRS Error = 61.2464:

File Cperator Camera Server Cptions Window LUserl Usgr2 User3 Userd Ussi5 | no miss classification
EH - 61 low confidences
_error = 61.2464
for §i = 1 to §waxIndex do
$paramTab[§i] = §parsawTab[0]
endfor
ga_create ga costFunc 10 &$pard Selected features
for §_gen = 1 to SO do
/i maxGe
§_error = ga_optimize ga 1 520220566 1
§sol = ga_getsolution ga 520239547 2
VarTolrray &£§sol £§sTab 5202417253
¢ sal = om 520337584 4
for $i = 0 to $waxIndex do gég;gjg? G
if §sTab[§i] »= 1 then
§_s0l = Concat §_sol §nTH ‘
= - Hame
endif
endfor Valae |
SyncVars
endfor
Execute F3 I Protected
[~ stay ontop Remave Remaovedll Closa
v
| 5
0us 61,2464
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