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Comparison of GP and SAP in the image-processing filter

construction using a pathology image

Sosuke FuJita,™! Tomoyukr Hirovasu, 2
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MAaKI OGURAT® and MaNABU FukumoTotf

In this paper, programming methods of constructing filters for choosing tar-
get images from medical images were discussed. When these filters can be
constructed automatically, it is very useful in the medical field. Image process-
ing filters can be expressed as tree topology operations. Genetic Programming
(GP) is one of evolutionary computation algorithms that can design tree topol-
ogy operations. Simulated Annealing Programming (SAP) is also an emergent
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algorithm that can create tree topology operations. These two algorithms, GP
and SAP, were applied to construct Image Processing Filters and the charac-
teristics of these two algorithms were compared. As a result, GP has strong
search ability for finding the global optimum solution. However, in the lat-
ter part of the search, the diversity of solutions are lost and the program size
becomes large. On the other hand, SAP needs a lot of iterations to find the
optimum but SAP has the strong local search ability. According to these re-
sults, GP-SAP was proposed. In this strategy, GP searches the optimum at
first and SAP is switched to find the optimum when the diversity of solutions is
lost. Through the numerical examples, GP-SAP found the optimum with the
reasonable calculation cost and the program size was smaller than that of GP.
For extracting target fundic gland from medical images, GP-SAP could find
the targets and this result leads that GP-SAP is useful to constructing image
filters.

1. 0o0oano

goboooooooooooboooooooooooboooboooooooooooboOooboo
goooooooooooooooboooboooboooooOooooooboooooDoOobOoo
goboooooooooooooooooboooooobooo0ooooobooboOoooDoOobOoo
0000000 NECOOOODOD0O0O0Y?00000000000000000000
goooooobooooobooooboooboooooboooboooOoboboOoDboon
goooooooooooooobooooooboooooboboooooooooDbooo
goboooobooooo

ooooboobooboobooboobooboobooooboooooooDooon

fl1o0o0o0o0o0oooooooo
Graduate School of Engineering, Doshisha University
t2 00000000000
Department of Life and Medical Sciences, Doshisha University
t3 000000000
Department of Science and Engineering, Doshisha University
f40000000000000000000000O0O0DOOO0O0OO
Innovative Service Solutions Division, NEC Corporation
t5 00000000000 DOO
Graduate School of Medicine, Tohoku University
t6 000O0ODO00ODO0OD
Institute of Development, Aging and Cancer, Tohoku University

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

0O0o00oooo®®o0000000®”0000000000000000000000
000000000000000000000Genetic Programming: GPCP? 0000
00000000000000000000GP 00199200 John Koza 0OOOO0OD0
00000000000000000000000000000000 Genetic Algorithm:
GA® 000000000000 0000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0O GPOOODOOODOODOOOOOOOOODOOODOOOOOOOODOOODOODOO
0000000000000000000000000000000000000000O0
00000000 Simulated Annealing: SAO? 000000000 0O0O0O00O0OOCO
O00000000000000000D0OSimulated Annealing Programming: SAPO O
00000000000000000000YW0000000000000000000
00000000000000000000000000GPO0O00OOOOOO0O0O00OO
00000000000000000
0000000000000000000000000000000000000000
000000000000000 GPOODO SAPOOOOODOODODOODOOOOO0OO
00000000000000000000000000000000000000000

2. 00OoOOOO

gboobooooboooodoboooooboooboooobboooooooooon
000000000 NECOOOOODOOOODOOOO0O0ODO000O0O0000000OO0
00000000000 0000O0Y?0NECOO0ONONOOONONOOONONONOOOONOO
goooobooboboooooobooooooboooooboobooobooooboOoobooDboboOoOoo
gooooboooooooooobobooobooooobooOoooooOobocOooboobooOoOobObooo
goboooooooobooboooooooboobooooOoooboboOoOooOoooboboOooOooOoOoOoDbOOoo
gooobobooobooooobooboboooobooobooooboobOobOooOooboobooon
ooooi10000o000obocooboOooooon

Vol.2009-MPS-75 No.12
2009/9/10

01 oooooooooooo!® ooooo
Fig.1 Example of a pathology image
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Fig.2 Principle of automatic Image Processing with tree filter
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Fig.3 Picture set for learning in a single image
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}Cjenellfa;c.lons 108 Parameter Value

opuiations Number of Evaluations | 36000
Way of Selection Tournament

Max Temperature 0.016
Crossover Rate 0.9 Min T ¢ 0.00015
in Temperature .

Mutation Rate 0.1 id
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05 O0O00000O0O0O0OOOOO

Table 5 Variation of evaluation by each algorithm

max min difference Standard deviation  median
GP 0.9687  0.9609 0.0078 0.0025 0.9668
SAP 0.9667  0.9634 0.0033 0.0010 0.9645
GP-SAP | 0.9664 0.9629 0.0035 0.0010 0.9653
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Fig. 15 Pathology image which marked the

T ,-"‘5%{-‘}, k"’.“- ==
014 000000

Fig. 14 Pathology image of stomach R
fundic gland

- X
L-"-i

-~ &
&

% o

(a)GP (b)SAP (c)GP-SAP
016 0O0OOO
Fig.16 Output image

017 000DO0OO0OO0OOO0OO0O0OO0O0O0O0
Fig. 17 Image extracted Pathology part created from the output image
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