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~ Traning Objective
Image processing library image& GT function
i A 4 A\ 4 A\ 4 Y i
Initial Update Individual Classifier Evaluation !
! population > population » (chromosome) > Training > |
! decoder :
i A i
Selection &
i genetic no # of loops > no Arethey ;
| operators < max loop < good enough? :
i yes yes
| ‘, l ;
Individual Select the best individual :
! (chromosome) [¢ |
| decoder |
' Evolutionary search
y
Output (Feature extraction program)
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n191dsunsudviiusnssuday (Linear

.genetic programming)
‘u_ 1
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Linear program

E{I[O] RI[]_‘] 1':{3[0] R.N[ﬂ

Initial registers

status

Registers status

after running

1nstruction 1

Registers status

after running

1nstruction 2

Registers status

after running

i __IE
— TN
| | | > Lowpass
Instruction 1 Instruction 2
A A A ™
1 1
Instruction 3 Instruction N
Opcode > Variance
Argument 1
v
v =

Argument 2 q o7 )

Y L\ 4

Argument 3 » Thresholding
o o S0 1
NRAWDUAYTUSLATH =

Instruction 3
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ANSUNURUUTIASIsIs1vE e (Sub-program
I[epresentation)

An T.GP program

Sub— Sub— Sub—
Program 1 Program = program M
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I_l Lowpass | Thresholding | Edge Sobel |
e 1 ]

]
| | I I I
1 S 1
| Global WMiean | IMlatiorn | Subtraction |
I 1

- r r r 11 [ [ | L[ [ [ |
1 1 ! |

| Thresholding | [ Localvar | |

Lowpas |
Feature image 1 Feature imsge 2 Feature image
[ B (3. ) (3. )
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Classifier
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Class=sified pixel result
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One-input operations

Two-input operations

image — image
highpass filter

Sobel operation

image negative

mean thresholding
entropy thresholding
histogram equalization
conversion to RGB model
conversion to CMY model
conversion to YIQ model
conversion to HSV model
conversion to HSI model
conversion to XYZ model
conversion to LAB model
image — real value
global mean

global variance

global STD

global skewness

global kurtosis

global maximum

global minimum

global median

global mode

global range

global entropy

image, image — image
image addition

image subtraction

image, real value — image
lowpass filter

median filter
morphological dilation
morphological erosion
morphological opening
morphological closing
local histogram equalization
thresholding

local variance

local skewness

local kurtosis

local maximum (max filter)
local minimum (min filter)
local mode

local range

local entropy

copy a color band
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- Ip'rmunummmmmuau (Fitness retrieval)

Individual
$1VFaTd uamammssu [ (ITVEE] GEFITESEIE o, J
UlsunsuatgAAUNL v
mv__) Canonical transform

Compare this canonical
form with those stored in
memory

Canonical forms and fithess

values of discovered

yes

Isit matched
with a canonical
form in memory

Retrievefitnessvalue
from memory

Evaluation

A\ 4
Storethis canonical form
e i i and fitness valueinto
memory

.
Ll

A 4

Fitnessvalue
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N Ip'rm”uﬁun"\m'mmmzau (Fitness retrieval)

N R natnsdszanana (Funi)
ournament size 2 5 0
enetic operations 0]131 0]135 0]108
'Canonical transformation ~ 0.p87 opi5  ops
i ecessary evaluation 1B99.032 1p19.620 1p46.911
i asteful evaluation 4500.058 5p09.844 4570.332
i onventional LGP 6000222  6p29.600 §717.352 |
i GP with fitness retrieval 1399.451 1319.971 1Q47.255
i Reduction rate 716.67% q0.41% 81.68%
forroD @ 3799.69 (75.99%) [007.30 (80.15%) §079.96 (81.60%)
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AHSGP)

G, generations

A

M/2

G, generations

A

iU 1s9Aus) GP

—

Level-3
LN

i

LN: learning node
(InuaLaeug)

Population integration

)

Level-2
LN

I

I T

Level-2
LN

—

i

M/2

Population integration

i

G, generations

Population integration

1r 1r 1r 1r

Level-1 Level-1 —— -. Level-1 Level-1 --
LN LN LN LN M/4
1T 1T 1T 1T

Seeds J [ Seeds J [ Seeds } [ Seeds ]

A
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Ip]ss.mmuunmmsﬂmmawa HSGP v.s. GP

HSGP
Fithess _AG
Ve

977

=

975

974

a3

a7 21—

a7

a7

9649

Average bestso-farfitness

95.8

967

HSGP Tatarn1sdszuianatiney 30
-4O%°uaanm1n°l°zj"ima| GP B3NN

965 {-J+----—F-mm R e e S SIS
1 1

966

i i i
g = = 7 8 g 10

# of program executions 10x105

954
o
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Noisy Iris Challenge Evaluation — Part |
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Iwamsmammnﬁuﬁahum
1

L

Input iris image
(RGB)

| }777777777\
i Copy thered !
i bandintoan |
! one-band image i

! Copy thered | |
i band into an | i
! one-band image i

~ Copy thered |
band into an |
! one-band image i

Histogram Copy the red Get mode image Get range image
equalization band into an (using a window (using a window
one-band image of size 5X35) of size 9X9)
Moving average Median filtering
(using a window (filter size 11X
of size 11X 11) 11)
h 4 h 4 * ¢

Classify each pixel by using Bayesian classifier ‘

Segmented iris
image

raining

Input

JLAs1Z U LA TN

Ground truth

-

Output

17t from 27)

a & 14
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L .wamsmammnﬁuﬁshum
Eﬁ R |

Rank ERROR — [Rank ERROR — JlRank ERROR

1 0.0130 11 0.0341 21 0.0790
2 0.0160 12 0.0410 22 0.0890
3 0.0180 13 0.0415 23 0.0900
4 0.0220 14 0.0480 24 0.1220
5 0.0280 15 0.0490 25 0.2770
6 0.0290 16 0.0500 26 0.9900
/ 0.0300 17 0.0520 27 1.0000
8 0.0305 18 0.0560

9 0.0320 19 0.0580

10 0.0340 20 0.0750
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syUURILATIZY LUTLATHL AN TRIUNANS
"n51dsunsutdviugnssuLdILgy (Linear GP)
"L fuszuuadnTuia
'L'a*aﬂﬂmi%a}ﬂqi?j” Hierarchical structure GP
LRZANTAUAUATANULNUIZRU
" ANNTAILATIEWTUSULATUATIALEANUTINUA
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LWEN 0.050 uag 0.052 & miugrudauailnilu
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N IFrohibition of redundant individuals

Avoid search on the [ " individual ]
already d|scovered (linear representation)
programs

Canonical transform

P

A 4

r Comparethis canonical
e

form with those stored in

‘ Canonical forms of
memory

discovered programs

Doesit match a
canonical formin
memory

yes Apply mutation operator

totheindividual

] Storethis canonical form
into memory

A\ 4

Fitness evaluation

A\ 4

Fitnessvalue

19




L The n-elitist method

Population
integration

}..' I_,n
Selected population R' (of size 1)

ﬁ Select the best

IF.I-' },.:l 3-‘,:l }'{NI

71 individuals

Ranked population R’ (of size N)

ﬁ their fitness

D, p. D, D,
Population P’ (of size N)

Ranking by

o

7
Integrated population P

T

Random individuals

(of s1ze N
Combine R' and R together and

add N — 21 new random individuals

r.,n'. }dn-'.
Selected population R™ (of size 1)

ﬁ Select the best
1 1ndividuals
LI PP T ]

?d.uv'. },..."I }d‘h: IF,.7|

W

Ranked population R™ (of size V)
Ranking by
their fitness

T
EEEEEEEEEE

popop’ p;
Population P (of size N)

The n-elitist method
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Ground truth

" | earned by LGP with prohibition of
redundant individuals

=" Two features
=51 Pos (no color operations)

" Fithess function: segmentation
accuracy (ACC)

= Population size=100, Max. gen. =
500

" Image size is 640 x 480

= 30 images

" Four human-designed methods:
BC, MO, UA, SVM
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= Statistical test
= divided into 6 folds

= training: 1 fold

= validation: 5 folds
= 6 experiments

Ranking
(4 compared methods + 10 trials)
Testset # |1 |2 |3 |4 [5 |6 |AVG
BC 8 |8 [11 (7 |9 |7 |8&833
MO 4 12 (2 |3 |3 |2 |267
UA 716 19 [6 |7 |5 |6.67
SYM _ {1418 14141313 13,50
Umialgs [2 [1 [0 [1 [2 [4 J1ss!
Trial #5 1 [3 [3 |12 1 |3.50
Trial #1 6 |7 [6 [4 [6 |8 |6.17

Segmentation accuracy (%)

Test set # | 1 2 3 4 5) 6 AVG [ STD
BC 98.41 [98.11 |98.21 | 98.25 |98.23 | 98.07 | 98.21 | 0.12
MO 98.60 | 98.40 [98.49 | 98.50 |98.46 |98.33 | 98.46 | 0.43
UA 98.45 | 98.26 [98.27 | 98.35 |98.26 | 98.14 | 98.29 | 0.10
SVM 97.62 | 97.19 |97.32 | 97.64 |97.67 [96.91 | 97.39 | 0.31
Trial #1 98.50 | 98.26 [98.32 | 98.41 |98.28 | 98.06 | 98.30 | 0.15
Trial #2 | 98.64 [ 97.57 | 98.47 |98.23 [97.90 |97.72 | 98.09 | 0.43
Trial #3 [ 98.25 | 96.88 | 98.30 | 98.10 |96.96 |93.49 | 97.00 | 1.84
Trial #4 [ 98.51 [08.02 | 98.01 |98.40 [97.91 [97.98 | 98.14 [ 0.25
Trial #5 98.75 | 98.39 | 98.48 | 97.89 | 98.52 198,44 | 9841 | 0.28
Trial #6 [ 97.83 | 98.34 | 98.25 | 98.51 |98.42 |[98.27 | 98.27 | 0.23
_Trial 7 _[ 9837|9770 9840 [ 9786 [98.26 | 9782 | 98.07 | 031 _
I Trial #8 98.66 | 98.46 [ 98.51 | 98.58 | 98.47 | 98.23 | 98.48 [ 0.15 1|
TTrial #0 | 98.34 | 98.28 |98.31 |98.09 |98.31 [98.11 |9824 |0.41
Trial 10 [ 97.94 [ 97.90 | 97.79 [98.12 |97.81 [97.60 [97.86 | 0.17

P-value of t-test (compare with trial #8)

BC

MO

UA

SVM

—4
1.19 % 10‘/

0.24

—4
1.65 x 10 v

-5
2.18 x 10 2,
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