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Abstract

In corneal endothelium tissue engineering, automatic judgment is vital to determine
whether cultured cells are suitable for transplantation, which can be achieved by measuring
indicators from cell images. Indicator measurement requires an accurate image processing
method for cell segmentation. The existing software needs to construct the combination
of image-processing filters manually. For this problem, the system that combines image-
processing filters automatically using genetic programming was proposed. However, deter-
mination of suitable learning region is difficult and making the ideal segmentation result
is the labor for users. Therefore, achieving segmentation by an unsupervised learning
method is an essential requirement for applying segmentation to several types of images.
In this paper, we propose a system using binarization and growing neural gas. This system
segments the cells by performing robust edge detection for binarization and connecting
units that are created by vector quantization of cell borders. In the experiment, we confirm
the effectiveness of proposed system by using 10 cultured corneal endothelial cell images.
The proposed system is compared with ImageJ that is general medical image analysis
software and genetic programming system. The results show that the proposed method

has superior segmentation accuracy and performs accurate measurement of indicators.
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Ihb. L, NG OREIZ T A —2 OPEICRGET 52 2 Lo, mERHE
D, RIS FEEIT ) GNG BRESNLTWD. BIIHIEGNG o=y hMi+t%
WATHZ LIk T, FEF— X OB ERMHTIELZEEL TS 3D,

AT NAY XLTIE, AIEOFETER L 2 EEERE A7 hLrE L, GNG % H
WTHIRRBE R DR MV ETALEIT ). AOMRERZ RIS EFEEZ AT Mo &L,
B Lo =y il ZBRART ML E w; Z2FFD. HFATRT MLEBRARY LT 2R

DHEGEDERES T NV ThD. Flo, 2=y M3V v % C; #Ff>. LIFIZGNG ©

JC
2ETNLIAY X LERT.

Step.1 ¥k
WO LESA =08 L, Ola=y MEN() LAy FOBIRS ML wi(t)
ERETDH. o, 2=y MU 2% Ci(t) &L, #0VRLEEtIZBITDHA
HRY W E o(t) EF 5.

Step.2 AJJ_7 hLOFRER
MHIB R E RO AF R ML o(t) & BRI 525,

Step.3 AJ1<7 hv & OEfEGRH
RSN ATIARY brefa=y hOBBARY bV EOEEE D; 25 (5.4) TiHA

T%.
Di = o(t) = wit)]] (5.4)

Step.4 == FNOEH
By O D; L, D WINEWEDONLIRIZIE~S. EEE kT2 &,
Dy : Dy < Dy...< Dn_9 < Dy_q &%, 2=y FOSHXT FMLER (5.5) &
K (B5.6)ICL-THEHTDH. O, ol TFERETHD.

wi(t +1) = w;i(t) + hi(v(t) — wi(t)) (5.5)

hi = aexp(—k;) (5.6)

k=0D=2=vy b&xa, allixbit\v2=v & bLT5HL, X (5.7) 2T HAIC
N H &KX (5.8) THEET L. 7ods, MAROMY K LEHEE The, &7 5.

[[0(t) = wa(®)]] > (([ewa(t) — wp(®)][) Tz (5.7)

Cot +1) = Cu(t) + 1 (5.8)
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Step.5 = FDiEN
O UL I8 Ty [BVBIC 2= NI T ZH L, B RKOH T B ZFH
2=y b ckT5. X (5.9) 2= IHAE2=y NEBINT 5.

Ce(t) > (t/N) (5.9)

¥la=y harsl, 2=y bcllxbii 2=y h& d & LTHK(5.10)~ (5.13)
2RV, 2=y F&BINT 5.

_ welt) + 04()

ot 4+ 1) . (5.10)
N(t+1) = N(#) + 1 (5.11)
CAt+1)::C§® (5.12)
04t+1)=:0§” (5.13)

Step.6 #& T HIE
t < Typae ZT7-FTF T, O LUEELIZ1Z2MZ, Step.2 IZRED.

5.2.5 A=y FO#HELDEIRERDER

ATE T L72 GNG THlE &t ea=y FMRE2A SE 5. WIS OmGE
DOFZETIE, RN EHAZRD S Prim #£3? ZEA LTS, PrimEO7 AT Y X L%
157 3 N e

Step.1
2EL S, 2=y FOHEEGEU LT 5.

Step.2
EAUDEEO2=y hE2 1O@IRL, &6 SITBT.

Step.3
LHREU D=y MLER SIZEEND 2=y NETORREEZ KD, FERE RO
RIAEZRET 5.

Step.4

WAL=y FEEASITBL, 2 Tha=y hEA SITB 5 £ T Step.3 &
Step.4 Z 0 K7

ATHETIE Prim $EI2 &Ko TIERR L7 i/ NSOR O i &, AT)~27 B UITilnz 2 8
BB OMIME LD, TOK, 7 r—Ur 7 EBLLER 3D (Z & o TR A EIRE R
2155,
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5.3 ERNECKDESEHEZOHME

RRT DV AT LTIE, AIENTE L7z FEIC & o TS B 7 s B R0 & MIEL,
DX D2, NAFMIEEOFHNEZTTS. Ml mEOIX s> oMMt iks L
T, TRY TR E NS 3Y . SR SR Lo CAMIRREIC B B T L A
154252 LT, Mo SMROEREHHT 52 &R TES. LER-T, 7910
Bk, 457 ~NVOmEBEOEERAEZAEOIIL S &5, £, ABENEMIKIZE
WL, AARISEWHAIIIE SIERF 2 L fr s D, £ 2T, Sl A E b
L, oMt LCORATEOMBED EOREFET 55 ONAFEMEER) 2R 0H
BEE L CHt T 5. RAFROHBITIE Fig. 5.5 -7 X 912, &MIBN T b BEREDSBEL C
WHEFEDOHMAETRR L, TO2MEFEZTHR E T HEAAELMET 5. il LI IEAAE &
DB % RNAEFEE L, F-measure # W TET. F-measure (363 (Precision) &
FHLR (Recall) DFFNFENZ L > TRO BN D, #78 L T 5% TP(True Positive),
o THflafEk & LT\ 268k % FP(False Positive), - CTHEIAMEIK & L TV 72U iElEK
% F N (False Negative) &9 % &, Precision, Recall, F-measure (33X (5.14)~% (5.16)
LD, RUART ATIEAMAIEEN 0.8 LLEOHIIEZ SAFMIEE L, = Otk 2f
DRI 58 581G 2 AT L9 5.

TP

P 1S = 5.14

recision = o5 p (5.14)
TP

Recall TPLFN (5.15)

2 - Precision - Recall
F-measure = rectson | tecd (5.16)

\
=
\

Detection of vertex ~ Drawing regular hexagon Calculation of coverage

Precision + Recall

Fig. 5.5 NAMIEEO R H
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6 REVATLOBYUMEDRSL
6.1 EBEE

AREETIE, MBS BRI U CTHTE TR AR E T AT AL GP I X DG
WBRT ¢ V2 OFLAG DR L TE, Tmage] DR AEITVY, RV AT AOHNEZE R
AET 5. EBREMGIX, =7 A P bEEIL - ABENEMARIC 10%FBS (Fetal Bovine
Serum)(V VG IMIE) & 2ng/ml bFGF (basic Fibroblast Growth Factor)(t b g EME#R
HEZF ARG TEIN 1) 2 VTR 2R L 72Mifid 2 PBS (Phosphate buffered saline)( U > f&f% T
A EEK) TH LR R Z D BREFER LI b O TH Y 35, TR LIS R
2%, ZhbOBEBIIFEREHERAEMERFERE LY T 4y v ax V=7 U U 7HFSE
EnbRLS BB TH L. A TOBGIINAHZBAMEIIC X - T 200 5 T L7 Fig.
6.1 O X 9 72 400 x 300 pixel DHIAEE TH VD, Imagel ~5 ITEFEIREN R E, Image6~
101 XRBIFTH D L ARBAEERMEEIC L > TS b DO TH L. GPIZEILHFIET
X, 2O E 100 x 100 pixel OFF 12 [HOMEMKIZ 0, FEEKRE TS, £ LT, &
FHEEEE O TR L7 1 V2 OMBE D & 2REHRICE T U 72BR0 IR 2
W%, £72, Image] TIE, User Guide?V THELE X 41T 2 HHFAFEI S E 00 AL FIE %
WD, ZOLETIE, ATBEBIZH LT, HZZ L—2 07—k, Fig{k (Gaussian),
Tl BREEEIGZER, Watershed® MUERZAT 5. Hehik e LT, AN EEERD
HHENSA 2~V 7 M RHWTER L7 iE LW EIRER (Ground truth) (24 53375%
RS, BEITIT A3 HI TR L7z GCE ZFIH L, 1.0 26 GCE %5\ ol % 4y EikE
FEE LTS . BRIV AT ATIH 10 TOFRAE, GP IZ & 2 FIETIIAFAE B 10
AATEM L, HRAED 6 3 BICmWFERBEIRORRZ V5. ERICH W GP O
BT 4 )V % % Table 6.1, Table 6.21Z, GP & GNG ?D/37 A —% % Table 6.3, Table 6.4
(RT. KRIS, BFEC K> THRONTAERIR O DEEEEE 2 L, T 5.
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Fig. 6.1 EERHE[{%
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Table 6.1 1 AJJ7 4 V%

number TANEL
f1 B/ IMiE
2 SN
2 ?% Table 6.2 2 AN 7 4L 4
v number | 7 4 IVZ 4
s | o e
7 Gaussian 1122 Eﬁ??ﬁﬁ
3 2 fifL (ki) 50| fo
9 i F4 I
10 PSR (/1) iz ﬁig
f11 IS AEIE (X) —
f12 Watershed
13 Watershed (IFfZS#2)
f14 Watershed(2 i)
f15 Watershed (FEBEZ#E - 2 i)
Table 6.3 GP DO/XT7 A —X
NTG A=K B
18 1455 300 Table 6.4 GNG O/XF A —X%
JlIRRW~' 200 NG RA—H it
RN =R 1.0 BRI LIEEL | 100000
FEIRIE R 0.1 M= MK 5
BIRFIE h—F A b = MEIXH 25
h—=F A2 hHa X 2 ESES 0.6
R S iR 20
NPT 4 1.0x1.073

6.2 NEREOLLKRIER

BB AT LONEIRER % Fig. 6.2, GP O4EIR R % Fig. 6.3, Imagel 4y EliE R %
Fig. 6.4 1Z:7. £/, HEREOHERER%Z Fig. 6.5 (2”7, Fig. 6.2~Fig. 6.4 DfEF
nh, BEIC X DHBHICE W TIRE Y AT MLEY R NEN TETWDA, GP TEAR
7RI I A A E], Image] TIXBAFRAMIIZIIT 2 RAGEINHND. $£72, Fig. 6.5
DRT E I, RTOFEREBIZEWTREY AT LOSERGEN EEl>Tnd Z &0,
RV AT MIBZBFFELY bENMREEA AT N R IN5.
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Image6

Image1

Iae2
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Fig. 6.4 ImageJ Oif R M4
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1.0 @ Proposal
oGP
08 1 @ImageJ
%)
S 0.6
3
O 04
<
0.2
0.0
1 2 3 4 5 6 7 8 9 10
Image

Fig. 6.5 3HIKEEE D Lt 5L

W, EFEESEI T L TY XATBIT 5 2L TFE L OREREED%E% Fig. 6.6 121
9. Image2, 5, 6 USNDELIZBWT, GNG D=y MEAEBREZMZSHZ 12k~ T
ENEEEMNI B L7 Z ER oD, Bl LT, ImageSIZkiF 5 2ME{bTEERET LT
A LDFER D% Fig. 6.7 12~ 7. Fig. 6.7 XV, 2L TEOR S TR ETZ - 7= K
PEERET LTV ALK THEISNTZZ EPMERTE 5. £72, Image2, 5, 6I1ZBL T
WX, BOENCK O DERENMETLIZEEZONDM, 0.01 RERE TH 5 - D&
OHIC KR E R ELZRITSRNEZEZOND.
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(@] 1 3 4 5 6 7 8 9 10
002 L
Image

Fig. 6.6 2fE{LTFIEE ORENREEDZE

6.3 HEHEFEOMEER

Ground truth 7> HEFRIEEZ I L72fE R 4 Table 6.5, 2R A7 AOHIMHF R %
Table 6.6, GP Ofii#EH% Table 6.7, ImageJ OffIHF5HE % Table 6.8 I~ 7. £/, &
FAIFIZ L > TR E & B S 7z Imagel ~Imaged ORFERIE &, B & S 72 Image6
~Imagel0 OEGIEFEEE & 35 L= 5 H % Table 6.9~Table 6.12 (/3. —fRA9IC BAF72
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MR ERa A 2 <, HREOIEL2ERN/NE L, NAROMAERZ W E STV 5723,
Table 6.12 £V, Image] IZEHZ2HMIEO T NHEBDOIEZ L DE N RKEVMER & 2> TN D,
Fo, MEVATLAIETOERBIEICBWTEREIZEY AR & RIFMIRRICA BEZEZDN
BB (p < .01).

Table 6.5 Ground truth (Z317F % EEEathh HkE R

Ei=ricd Imagel | Image2 | Image3 | Image4 | Imageb

R (1) 283 258 262 279 270
HAEDIX S DX [pixel] 951 828 867 946 808
AT (%) 20.7 | 345| 347| 312 35.6
iz Image6 | Image7 | Image8 | Image9 | Imagel0O

HERE ] 456 492 359 521 525
[HFE DI H DX [pixel] 520 490 651 457 441
NATEHIRLEE (%) 54.4 55.3 44.6 53.6 53.5

Table 6.6 T AT LOFERBEHRITIS T D farmim ks 5

iz Imagel | Image2 | Image3 | Image4 | Imageb

AR (1) 316 295 307 293 201
[HEFE DI H DX [pixel] 861 876 945 1006 886
NA T (%] 44.3 51.9 49.2 44.4 47.8
B Image6 | Image7 | Image8 | Image9 | Imagel0

e 2 (18] 441 460 379 419 480
HFEDIX B DX [pixel] 562 594 702 642 619
INA TR (%] 60.1 61.3 52.2 53.2 60.2

Table 6.7  GP O REHEIZIS T 2 HiF fatrhh Hks R

Ei=p Imagel | Image2 | Image3 | Image4 | Imageb

ol el 2 (41 306 250 232 295 303
EREOIE B X [pixel] | 1256 | 1053 | 1874 | 1498 1216
NATEHIRLER (%] 38.9 29.6 32.8 26.4 37.0
=g Image6 | Image7 | Image8 | Image9 | Imagel0

A (1] 630 578 415 773 839
FREODIT 5o [pixel] 609 501 751 544 369
AT (%) 441 386 | 494| 384 42.9
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Table 6.8 ImageJ DO RBEGIZIS T DR IR R

Ei=p Imagel | Image2 | Image3 | Image4 | Imageb

HEREE (1] 254 239 258 248 258
HAEDIE 52X [pixel] 1279 1171 1018 1184 1071
INA TR (%) 46.1 39.3 45.7 39.5 42.6
fRAR Image6 | Image7 | Image8 | Image9 | Imagel0

el 25 (1] 344 354 254 274 290
AREOIE H DX [pixel] 1112 1149 1416 1861 1343
NATEHNEER (%) 58.1 56.5 47.6 50 45.2

Table 6.9 IREEEDOFEAZED L (Ground truth)

i AR | BA&F

HE e 25 (1] 270 | 470
HFEDIE B DX [pixel] | 880 | 512
NATEMIER (%] 33.1 | 52.3

Table 6.10 IREEEOFIEDOLE (FRE VAT L)

FEtE RE | BAF

AR 18] 300 | 436
EREDIEH DX [pixel] | 915 | 624
NATEAIEER (%) 47.5 | 57.4

Table 6.11 {RAEMOFIED Hi: (GP)

E=1 RE | BA&F

AT [ 277 | 647
HFEDIE D> X [pixel] | 1380 | 555
NA TR (%) 32.9 | 42.7
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Table 6.12 IREEMOIEEED L (Imagel)

T RE | BAf

e 2 (1] 270 | 303
FEDIE H DX [pixel] | 1145 | 1376
INA BRI (%) 42.7 | 51.5

Kz, Fig. 6.8 \CHHFEROEAX % k3. Fig. 6.8 D7 7 71X, v v FO¥EIH
B, B EEOIE S5 (HEOEERZE), #ts SARMREEZER L TS, Fig 6.8
DFREFRLD, IRV AT MIBT HERBIEO A ORI O T L Y 1 Ground truth
CHEPILTWD Z ERARIC L VERTE D, BLEOFEND, KT AT LD AN R
ZEERT DO EREOHWNIE L AT LA THDHEBEZDBNS.

__80 __80

S Ground truth S Proposa

® 60 o 60

3 @ g ‘ &

T 40 © T 40

c .‘ oBad c o Bad

S g @ Good
220 @Good 820

X X

() (]

I 0 i i ') T 0 i M M

0 500 1000 1500 2000 0 500 1000 1500 2000
Size SD [pixel] Size SD [pixel]
» GP S ImageJ

g ogad  E mage

= eGood & @
< 40 “ ) T 40 ‘0

S ° ° ° &

> 20 220 } ©Bad

x P @ Good

()
T 0 M s L 0 M M M M

0 500 1000 1500 2000 0 500 1000 1500 2000
Size SD [pixel] Size SD [pixel]

Fig. 6.8 R FRIEOM R
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7 fhE

Aiw LTI, HEARENEMROMEFMOEL B E L, v/ MERE W 2 E L
FHEEREM =2 —F LV H A (GNG) &AW E 7 LY XAOHRERL O, Him
G HEEFRBOHIRNZ WD FEE LN T 5V A7 L ORE L T DOHEIEDOHIEEIT -
7o |MEVAT AT v PHRHNR— 20 2 b Tk & O CRBI ISR 2 moR
IR L72t%, ROEITH DA BT 572012, GNGIZL D7 MLETAETER L
lca=y bafia L, mBlfEGx Akd 5.

RRV AT DOFAYNELZRGRES D720, 10 B OB A BN BGIIZ )T LT 2 >0 FEErA
To7. 1 OHDFEBRTIE, GP 2 HWBHAFOEHGAE T 1« )V 7 OMABE OE Rt F1E
&, WgfENTY 7 b U =7 @ Image] & DREREE DK 21T o7, EROMER, =#ET LV
Y AL 0P ETOEBGTHAFIELY bEWILAEE R L. 2 D HOERTI,
O AT TEB IR R DIFEE O 21T o 72, fli U 72 R 4ERIE, ML, mifs
DXL HOE (EEOEHERZE), NAFMEETH D, FERTHWZ 10 otk 2 FHZ N
AR & RARTHIB Lo mIZo T, BREEAER L2 E 25A, BAFMIa Craiugss
%<, HEDOIELOEN/NEL, NAFMBREREWVELZ R Lz, i, IBEVAT LD
RS R MY, BEFZFIC X > TEK S L7z Ground truth EFEELL CTEY, £ TOHE
FEEIZB W THEKE L% O t MEICBWTAR L RIFHOAEEDHER SN,

UEOBGERR LY, BET7 VTV XLAPBAEFERD, BFEOEGHYTY 7 v =7
L0 b EREE IR DB 21T ) 2 LN TE, BBV AT AL > TR LN HERIEE
DEEEAREOHWIAH TH D Z LRSIz,
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e

FARAHFFERICELR SN THDH O Z D 34ERM, [RIEAEKFBEMEFIR O B ML BiZIC
XZ KA DHEEE, = L CHBHEZTEE, LEVELEZRL P £, 72, a2 iE
6, MBS ZIEE £ LIRS RPAEMER O IAGTF B, REARFI L5
e BRRBIT BV BUC R B L 3. AFE A2 24T T 2IChi=0, HFRI—T 4 7ICB
WTZ L Oifama L CIHWZEHEGIEOERRITITFRFIC BRI R £ L. BT, &
AL AIE LT R SWE L7eREBFRIER, BRI L b, TERKIELZ LT
THXEH L TR 9. BkIZ, EERERY AT MMFREOERROIBINT TRILZ O 34
MIFEE LIFZEAiE 2 (D Z N TEE L. ZOREEY TESHLEZH L EFET
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