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Abstract

The application of microscopic image is more and more extensive. For example,
the microscopic image of the virus or cell is needed to research their form and function
in the biological research. In the field of the gene detection, it is necessary to obtain the
microscopic image of the microarray to analyze the situation of gene matching. In the
industry, it is necessary to obtain the microscopic image of the relevant precision
components to detect the quality of the precision components. At present, there are a
large number of image segmentation methods having been studied, many methods have
their own unique characteristics and be applied in the corresponding field. Image
segmentation methods and edge detection algorithms of the digital image processing
can extract contour. There are image segmentation methods such as threshold method,
active contour algorithm, watershed method, etc. typical edge detection algorithms,
such as Roberts operator, Sobel operator, Canny operator, etc. Although these
algorithms can get the boundary or contour of the object, the data can’t be extracted
directly. Because of the contour of most algorithms is not closed. The level set based
algorithm can get the complete contour line. The level set based image segmentation
method can obtain a closed contour, it is beneficial to the following aspects such as area,
perimeter and data processing. Therefore, this paper studies to use the level set method
to segment two different microscopic images. One is the microscopic cable harness
image, the other is cDNA microarray image.

Cable harness is the key component for connecting the electrical appliances. Its
quality is related to the stability of the safety and the function of each appliance. The
quality of cable harness is an inevitable condition for the production of cable harness.
To check the quality of cable harness, the image segmentation is used to segment the
microscopic cable harness image. First, the microscopic cable harness image is achieved,
then, the image is segmented. The microscopic cable harness image has itself
characteristic, the image is mainly composed of three parts, background area, insulation
area and core area. The C-V model is suitable for segmenting the image which is
composed of background and target, therefore, this paper uses the C-V model for the

two times. By using image convergence algorithm and image enhancement, the
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microscopic cable harness image is segmented effectively, it provides an effective mean
for data extraction and quality control.

Microarray is used in gene detection and disease diagnosis, because of the large
number of genes, manual comparison is time-consuming. The introduction of digital
image technology can improve the efficiency of gene detection greatly and save a lot of
valuable time for the follow-up work. This paper uses the C-V model and the Li
Chunming level set segmentation algorithm to segment the cDNA microarray images.
There are many spots in the cDNA microarray image, the spots are regularly distributed
in the image, but the difference of the brightness of the spots is big, if the global
segmentation is used, it is easy to lose low luminance sample spots. Before the C-V
model is used to segment the cDNA microarray images, the regular gridding is used to
preprocess the cDNA microarray image, after the image is segmented, the area
constraint is used to remove the non target objects, finally the spots in the image is
segmented. Before the Li Chunming level set segmentation algorithm is used to
segment the cDNA microarray images, the irregular gridding is used to preprocess the
image, after the image is segmented, the irregular gridding is used again to divide the
binary image which is achieved by the segmentation, then the area constraint is used to
remove the non target objects in the binary image, the spots of the original cDNA
microarray image is segmented finally. The experiments show that the two methods
which are used in this paper can segment the cDNA microarray images effectively, it
provides convenience for the data extraction.

Keywords: Level set; C-V model; Image segmentation; Microscopic image;

Microarray; Irregular gridding; Regular gridding
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A K-means JESRELARAE, R DMARDT 30 X0 AT 70 3% Kol (2-9)
AN K-means 532, 7 LAS 5

F, :i_ﬂl(x)—mir 1, (x)dx (2-10)

i=1 o,
X (2-100 1, m H—FEIE, ) NFRBERE, HxeQ,, Wu(x)=1,
AxeQ,, Mu(x)=0. F ATHEEN:
N
F=% | |i)—m[ dx (2-1D)

i=1 O}ﬂg’_
m, ~b(y)c,, B (2-8) WA (2-10) 1, ZBEMEFE[F5Em, MAEXIHK O,
R DR AR 58 B2 B0 s BEAT 7028, 8 SRR SR RAE N K e -

gy:i I K(y—x)|](x)—b(y)ci|2dx (2-12)

=l a,no,
K(y—x) ATURR N UG R E, AT DO R HxeO,, M K(y—x)=0. ¥
SRR, e FTLAES .
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ZiIK(y—x)Il(x)—b(y)c,-lzdx (2-13)

RIEO, MK {0, NQYY,, R IHEN 8 5 o, 1 HREE I 23 KT IPAY, &,
RME RN, T SRR R . AR T A X Q s 7 #], BT Qi
y, WFRER/MERERBMEN R e, . ARERAIMUT e, , WML, MFAS,
I S RE 2 pR

P éI(ZNZJK(y—x)|](x)—b(y)cl.|2dx dy
o, (2-14)
B5 4R XA Q 2 NP TIX IR Q, A1Q,, WA K T4 @ FmiE N X% Q,

X IR Q,
Q ={x:¢(x)>0}, and Q,={x:¢(x)<0} (2-15)

X Q, 5 XIRQ, 45 th M (9)=H(9) 5 M,(p)=1-H($) K=, @ RKF
LR, H N Heaviside il 1 R TR RF, HK (2-14) A[4F:

e=| (Z [KG=010)=b(r)e,[ dij,»(qﬁ(x»dx (2-16)
T AER, ﬂﬂrﬂ%c=(cl --~,CN) KR ER e\, ey o KFEERI D, Kt e, N
e(p,c,b) = j Zel. (X)M ((x))dx (2-17)

X (2-17) H, e (x) 8 XN:

&(x) = [K(y-2)|[()~b(r)e dy (2-18)
e, AT LU T T ) 7 R SR i -

e.(x) = IPL, —2¢,(b* k) + ¢ (b* *K) (2-19)

K (2-19) H, *HERFES, 1 € XN &)= [K(y-x)dy, 1 & TIERE
XK Qi zsh, EHAMAR TR EESE T 1.

iR SR BE R R EL 8(,¢,D) 2 AR e B B — 382y, £(9,6b) g L)
B KA R
F(¢,c,b) = £(¢,c,b) + VL($) + uR (§) (2-20)

R (2200 11, VL(P) 5 R, (¢) MIEMTL. FER T L(P) & LT

8
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L($) = [|VH (¢)ldx (2-21)

(22D T 0 KPR @ IU K I IgIA St . BERREL R, (9) /& AT
R,(#) = [ p(V (222)

KPEERE @ T (2-22) #EATIHE. Hod, @& HmE pls), T
p:[0,0) >R, NAH P(s)=P(1), Frbh, Hs=1w, PHER/ME. fEAXH, HH
N p:

p(s)=(1/2)(s —1)? (2-23)

i/ MUBER AL, IRYEACT SRR S @ AW EY b, AT LASRAT BB 17> 1 46
WREE— BT HE, FRATAT DLAR B RE B () e /Mb s AR B — R R AT = A 1 K
i, FEREGEA, 4 eI BRI AR &, IRYEZE @ . c M b, mAMEF(4,c,b) -
TR EAR I S MR B D R

D, KTKVPE QMR I/ME: FETREER ¢ 5 b, FHFRAEREEE N R TT

%, BART @I F(p,c,b), FTLARAEEEN T H2E:
o0p _ OF

99 __of (2-24)
o 0g
IS AR R, AT LA SR SRR R T R
% _ ~5(p)(e, —e,) +v§(¢)div(v—¢+ udivd (Ve)Ve)  (2-25)
ot V4| :
X225 o, v REMBER T, dv() RBUZHE T, B¥d, EXInT:
d (522 (2-26)
S

[FJFE (145 PR 22 20725 S2 8 DRLSEX, mf i 55 (2-25). 7 (2-10) 1,
B AKCEEREL, 8 c PRIR R e Me, 5B b S5 BEE &(d,¢,b) K121k
([T

2), KT cWaesER/MEL: BTREER S, w/MMuBemte(d,cb), my
PATHE AL € -

) j (b* K)1 t,dy

Hru, () =M, (4(») -

3), KT b MEEE/AME: FETHEER G e, RMLBEIRE e(d,c.h), T]
PATHE H AL b -

i=L..,N (2-27)
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A My %
po WK (2-28)
J(2) * K
X228, JU= Teu, JV=) Lelu , KA SZEEK HRAER

i=1"i

UESE VIRAE RIS T E 37 b SR B
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3 & Rin T EHMEIERSZ
3.1 Z&RinFRMEGAIEREEIKESGE

ORI e, BT SEREARNM R R, HTEZES DRSS
fF, AETFENL KHL KB 1E . BRGNS T, A A
Hl o ERACR gt 2 RORBERE H R T304, IR0 R L ER oo A AT I DI RE -
FERA T RGBT, 2R EEEP S T AR “HeMmmE ”, fEIRIEREY
R MEIEHAE S RN, & Z ORISR LRt K PTFE Ik, IR A& i T oo R R
SE MR . QR A R B 7 AR AT 0 e, U H e AR Th RERIAE DL IR H
KA. FTLL, AT e ORIEH T oeAF DU RE L 8 4%, BRI s oy 1 —
TGO e B AT

a ZFLUN b HIRFLLIN

A 3-1 3K
Fig.3-1 Cable harness

LORGRI I NANINNZ, SR NBG)ZE K, AR NS E 51—
RECZ IR A FLE . AU R Al E 2R IME M AR R A AR S AR AT )
Bro T LATNZR N bR LU AL S 1T i, RRTTIE BRI 1], HL LA
71, B HBAR . AU B A I AT B BB BB BoRE AT, A E A
RN ESTIRINIRTY &/l

BRI A I T M, AR BB A AT U A B, SRR X))
FrEATHIOCALBE, e P AR IR BORD6 UD R HEAT T pd A PR . R b S B 2R D)
FrgVETE, AR RGN SO 1 SR, e, 8 SRR 5 1%
Y8 T2 R B B 1 S
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G RN N2 T R VA 78S

B 3-2 &R T EMEGRRERE

Fig.3-2 The device for achieving the the microscopic cable harness image

DR R PAT 1) 0 SRR AR 4 AR o A ol 7 s 1 SR B, A 7 B R
BRI, AR 7 TR . KRR T BRI X
i, RGP RE R SEL RN X, KRR g KT 05 HEB T RIE
AL T RSMB X, KGR g N T 05 HEBH B R SEIL S B,
IKOPERRE 5T 0. LA T 2GR, BT REAERS, BEH/HHX
SRS AN —, B0 BRI AL B IR R B S B A, £ 8 Chan-Vese %
FESy EIZEUEIS, EEERR 2 WAE, ML 2 F . Y, A SCEREERIB
), Ll A EGIERW, Brea S m SRR, Rl bR 7R AR R R
B R, BRGNS E R RIS . 2, Sl 1 B IR A i) B ARt A
By Rk ARG HFILR, SEREG BB . A4 T R B
fos AMEs TARSERIE A RO, X AT M, AT AR R A
REAT I o
3.2 FEIEERE

K 3-3 25t 7 o 1 R E B BIRRAE K. 5R—2DR r BI BRI AN T
FEFE AT TU T A 1 Sk el LR B (R R PE I Bl |, ROBIE % G IsIE SRS
CAOREE, Kf B EIEMAHE R E N 0, FRRZEBRFAHE Lab S[AM, b iHIE M
PGB IR 7 B R . C-V AR AL IR EU G, ARYE 0 HI T —
EEME, EROLP AR RN H bR, JE BB B ARRSNE TR LIRS 20 51 731
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“AHERIA AT . SRS BRI AR, AR PE AR DK T LA B shak HUAh e
M. BHASCH BB, Bahiidesh e EIER, aTDERIRN AR B IX
R . 1Gom e i W e AL BRI R, AR IR R 1 0 ) R A e & Lab 23],
K3t aliE FHBRGIE N RIEE, B C-V BN EIZ . fEoRIprer —{E
B, AFAEAR 22 AR K AINAN— B0 E b, A5 P TR 40 S S0k M o i AR O/ g A
e, AT R ELFEE ARG BARIIA S, SR T R A T
RI P AR B At T LAEAT A RAGRIL T

oy RGN

HORMEEG || WERGB M |p| ##H:4% Lab [ || C-Vor#IbiliEEE

e PR

\ 4

BEAEEE | HBIERBAN R HE ] BN % Pk S PN ARER 7Y

v
BIGH 5 ) FefiF Lab 23[A] p{ C-VordlailiEEE (s EHERKHRH R

43I 5 BT v
IREL P 1258 56 ST IS

A

& 3-3 &R T BMEER S HIERE

Fig.3-3 The flow chart of the microscopic cable harness image segmentation
3.3 SMREERSTE]
3.3.1 Ef&igse

FERGRER SRS, LR RGBSR, BB
G TR, Ll TR A RMEG N R E, XEAR T EIG
SR AN S AL B . O T ol BRI s AR, S5 UG I B AR 1, R
Hh AN A8 25 )2 X IR P s DX 22 S R K . Bl xR 4 B g R oy
AT, BT R 2 oy 7 B B AT BB S s A B . — AR IR AH k Fe LA
B, WEE R R AR R k5. kMBS ®RAE 1.5-2.0 2N EIE

SRS, WMRBRREART 255, WFEGGRIEEEZRE RN 255. BEIEHE
AS W/
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h

8
b,

X G-1H), roo g b AFEBRIPHEABEEELRE, 1. g b ARG
P B = A B 2 ) e il

K 3-4 T a BRSO R R, BRI G, AL ROR
Afeigsm, HEAURLMINELG R 2 B ZHA B, AR IR0 A0 .
K 3-4 i b oy &SR R R, BT = R IR, AU
WRCRRZ ST, HAIT R B A

r

g
b

—k 3-1)

(a) MAKEZ (b) HEse)a KA

B 3-4 JR BRI E ) I EHE

Fig. 3-4 The original image and the enhanced image

3.3.2 % Lab Z3[g)

AT 3-4. (b) WAL ZEA A EAKE, B NXECAERXE, TR
IR E FEA —, 7 XI5, 050 DX R 6 38 AN X IBUOA R M 5
BRI, AX T AR X, MR X R g (s 3R = AN XU R A 25
JER XA, AR T AMER R XA, AR R X el 3

£ RGB 5[], £ ¥ (0 A MR B TS SEIG B2 o0 A Al o ANSs, 7™ S5 R
C-V 73 EIMRUR, HAE RGB 2 H], MREEH R SEECR, AR T R EE R 7
EVRIE . N T PR, SRIE SR R, R EGE T Ab E, RE
W FLE LA Lab (0], 0% a 8IE T 1 EIE.

Lab Zita 73 (B, BERMEA L3RR, L MBI J9[0,100], 0 X4l
L 100 FoRai s A AR OMTEEZIEH a FoR, a FIBUETEE Z[127,-128],
127 RN, -128 Rongta; AR EARNMEH b £IR, b MEUETEE AR
[127,-128], 127 Ronath, -128 RonlEth. 7F Lab FEEGH, L WH T EEH
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GRS, a JETEAN b il AR U T G S, a MIEA b s A ST
SEPE BT FIE . TM7E RGB B8, &l FEBMEASEERE, ERERS
B, FTRL, AHXTT RGB B, Lab EUZH a i b i EEHISEZE R E R
TR, TR TR RHREL

th4h, Lab B4R DL RS H RGB AL R 245 8. R G #455) Lab
BT, Llm T EHMEGE RNSaRsRE, MERPEERES, Fit, &
ARG, a dE R EGGR R R, B AR, 5T 3T
EI4bH

RGB ZFHMEME, —MIEHL T AR H B % Lab =], FELKER
R XYZ, SRJEAE P43 Lab 250 R .

(1 3% N A K RGB # 4t XYZ:
ri, gr, by FEUETE R #R/2[0,255], ‘E41/2 RGB EEG M =ANi@iE,

FFRUNR

r
R = gamma(—
= gamma( o)

g,
G, = gamma (3-2)
1 =8 (255.0)

b
G, = gamma 1
= gamma( o)

(w)u (x >0.04045)
gamma(x) = 0% o

ﬁ (others)

X R,
Y |=M*| G, (3-4)
z B,

0.436052025 0.385081593 0.143087414
0.222491598 0.716886060 0.060621486 (3-5)
0.013929122 0.097097002 0.714185470

[M]=

(2) XZY % Lab:
L=116f(Y/Y)-16
a=500[/(X/X,)-/(Y/Y,)] (3-6)
b=200f(Y/Y)-f(Z/Z)]

15
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6
P > (=
ifi>y)

)= 3-7
AU 129, 4 | (3-7)
—(—)t+— otherwise
3° 6 29

Lab (0% 25 [0 v =ANEE I EHE 3N L, a, be X, Y, Z & RGB & 8] ) £ dE
el XYZ Ja P20, Xos Yoo Xo IME—REHESBON 1.

(a) JRinEE (b) R i KK (c)LIEEKE
(d)aiBiE K& (e)biliE K& (f) & 1A 4e

&l 3-5 Lab JEEER
Fig.3-5 The images of the Lab space

APAE T IR T XA (2 B 7 05, %07 B ) B UL TT 43 9 i
ANXE, B, 40E 2 KB EBE, HFEREE R E. B 3-59, Ea AR
&, B b NEE Gl B EENEIG, LS, £ RIBET, HRXKR
5WREGEERRZES, BIXBEET7HE. Beo B d. EesrnlhE
b £ Lab [ L iliE . a @IE. bdEiEMEG. HEGTLUOWESEH, bi@EEH,
HARXIE S = XIBE 2R m R, HERIMEE R XI5 N AR5 R X 800 72 7 5
AN, BEFE b EG T G E], BERT LA B MR, SRR I AR
et FE ¥
3.3.3 TEIIMZRER

Lab 7¥[8] /7, 43REL b @B M EE 12 5, ATRUgH C-V B o EliZ EA .
PO BB SN S A 5], TR ki, BTl I A5
B2 /NS R ARSI H s, BERHA A AT ZR HR, 2R
Ja w] LRAFAMERE BE 73 BRI 25 2R o AR 20 H1 45 R AL S B B B i on i 3-6. (b))
B o
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(@) (b)

3-6 SRR
Fig.3-6 The outside contour

3.4 BEREIRNZEX 1

EIAMERER S, SRIBOMERC I AE, AT DS H B SRR
TR A RS Rl RSB ARAR B2, TS BNAARS el A AN AARR 2o ARYE Al h2.
clv c2, HMEREIAER 13 w] LR JR R B 52 ER

B3=I1(:h2,cl: c2)

(a) SMEREERK (b)  AhFEECHE ]

B 3-7 KRS ERIE &
Fig.3-7 Getting the outside contour image

(3-8)

K 3-7 1, B b UIRIEIE a AMESE BRI AL E 1T B 23R ZR 1 H Ar B,
AR 12 BBt 1T o3 1 P AR B R

3.5 BahiigEE %

RBUMER B A, TFREAMRNESE, W LSRN EEE Y SRR R AR i

G EAE sum, BEZNE num_sum. RG] FIMEFCBRAL FIME R IME N vO.,
Sum:Zi

(3-9)
)0 = Sum

sum _num
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LR = 7 el A7

XG-9H, QAT HEIHIMER R EUR KR, | NFMEReE AL B K LA
sun_num JBEFRAL i BINH v0 TR S5BRIP4 282 DX ) P 2 2R
JEAE .

RA I3 J5, AT BB S, DASRIG AARRR R 20 31 X3, IXAREE N T

(1), BEICTT flog=0;

(2), WHEEGIUEA KBRS MR vIs v2y v3s vde vIL v2y v3, vd
FE 0 MEKRT vo, WIEAT n IR flog=flog+1 ¥1F;

(3), HIWr flog. #i flog<2, MG IPUANT 7] 17 W4 — > Bz, SR 22 (1),
75 A 2 E P AR A A

Fk, RIS SE flog (BB, DAL ORIE =415 3 1) XIS EHR DU AN 141
FIBRMEA WA B ALK T8 T 45 2 BIURFERME vo i, B flog>=2,
DU SR AXS A, REAT BR B D9 AR e R A 20 1 MR 14

(a)  HBSEL (b)  AARFEER X Ik
&l 3-8 IR EHER

Fig.3-8 Getting the inside contour image

(5] 3-8 AR AMERE BREGUEAT 1 SRR IS BRI, PRl a sh GO N
R AR E . B b A B SRR 0 B A AR R B R, Al AP
SYEZIE, AT R L .
3.6 RNEREDE
3.6.1 Elf&igsg 5z (a)ikF

M T BRI Y2 AN 2, S 1 ol UG rh N AR X e 5 A X3 7 LE
B o N T IRAGIR XIS LG KRBt 2257, i 230 (3-100 X B &R#EAT
PE SR AL

r
g (3-10)
b



3 AU T R AR

X G-100 H, v, g b AEMR 14 P =NEERESE, i g b AR IS
h =ANEIER R . S3E K —RIBUELE 1.5-2.0 2. B BRI AR R
fERT 255 I, EIEERIZE R E RN 255,

[Fr—m s

& 3-9 ARG
Fig.3-9 The enhanced image

K 3-9 Jyttama R . AR R BT, ATRUE ., BB EER X IR
2, LRI R 3 . /£ RGB Z (8], 48452 XI5 L XS ) 72 AU D
Rk, ASCRE % BB e 2 Lab 2500 o

" b i

(a) LidiEREI% (b) aEIEKRIG (¢) biHIEEG

& 3-10 Lab JEE FHIER
Fig.3-10 The images of the Lab space

] 3-10 5 Lab % AMEiE FIOEMR. Lab 25[M E&H, Li@E FEG A
LRI, SRt Bl b I R BT AR, BRI, X i
KN, RFITACEESE, Fa Bl T, BBYSRXRS HEXRKEEERL
P, FLMRFEE, G, YEHR a SEIE R BT E
3.6.2 A2 C-V S EIEH —EEIE

Kl 3-11. (a) gith C-V B G EER . T XA 74—,
KGR, MBS R, A EEG TR . R PE LA T
B RAATHARZD o, DR B T AR s oK H AR ENAS B SR WA ROFE R, H b X380 2 ]
Hh B T AR B KA 8 X3 S R At N TR B bR, A3 2S5 R AN 3-11. (b)) o
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(a) C-V &bH 5/ — (b) KK HEFR (¢) RZFZ¥TT (D) &%k
EREEES EACF ) 5 LhF I %

B 3-11 &3 -V 435K
Fig. 3-11 Process the segmented image by C-V

3.6.3 MFHEFERELIE

HizEMEGH A Fon, dMmaE M S Fom, W A+S R H S X A #HAT Kb 2,
A-S FonFH S X A HEATIEIALTE . A0S . AeS Ay S Xt A HEATITIEHAN
Wiz &, HoRRA W R:

AoS=(A-5)+S

AeS=(4+S)-S

BHEIEEMITENS=[000,111,000], HBHZEMITEN S=[010;1 1
1;0 1 0],

B 3-11. (o) I AERI S 2, XS5 RNEREENATE, 1HSw
A N AR TAR . K SEHIE gt . Bk, T LM BRI S S s H i s
MR AH G, WAL, LRI ER. B 3-11 (o) -3-11. (D 4
AL AT R R N AR R B E R B RS InEoR.

3.7 SRR ZE R X EE
5256 7 4 N Intel Core i5 CPU 4 FE 8% . 4GB W AW &ML, L%t

MATLAB2009a 5%, 7EEUGABEIEFEH, KPR R IEA MR E %N 500,
SIS IR FR AN B T I k2R A AR S

(3-11)

(a) -k ABE () HomARE (o) F=RKHEARE (D FOKRMmABREL
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(e) C-V AR () C-VIZERLEE (g C-VHEA&EE (h) C-V Z&HAERE
(3-12.2) (3-12.b) (3-12.¢) (3-12.d)

() Zohof 7kt

B (3-12.d)

(m) BingNanLi %  (n)BingNanLi %  (0o)BingNanLi %  (p)Bing Nan Li 7 *

HRZE (3-12.2) A E (3-12.b) A (3-12.0) R (3-12.d)

() AL FHLAER (1) ALFHAER () ALHHEAERE () ALHHELEZR
(3-12.a) (3-12.b) (3-12.¢) (3-12.d)
B 3-12 L4 EXTH

Fig.3-12 Experimental results contrast

B 3-12 v, [&(a)-(d) o DU A5 23 1 0 2o om 1 S B 5 B (e)-(h) 4 e 42 g
C-V ik flai R, - @eMEG S, ATUMER pFIZRAEE, LML HE
FREkA, IF H, TR EALY), §REEE T ErnE. £E(g)M(h)
T, SN EREEAS B E TR, B, WRKEEAR T2 RA0E . £IIE
B& s, WRREHEA g EIHR, A8 7 FWE 2 &N E bR

B (0)-() 2L B ) 22 KT SR BRI - Fr A B I 45 2R« 1B (G)- (k) I e 20 1)
I Tk, E@OMAMEER R T AR R EG). BRI A RS 1B
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H o d], (AR WNE XL T iy, 2RISR T2 BN X . 1R
VUi R b, e i SRS 7 20 B, A i AR e 3R DX A A 70 1 H v
Z BRI AR, A1 B BMREN A 15 2 BAR B 70 I ROR .

Kl(m)-(p) ¥ Bing Nan Li ]2 /KPR RIS R A R . i HI4R
ALVE Y, 205 ERNT SRR ROy, I RS HE S XS 2 1K
B E . TR H AR X, 2 T R R 1 ARG B ST 45 B R o)
#l, WEREEAR EEHRRIMEPI H

(q)-()A H A SRRy B 45 . 2R R B MRS BE AN P AR 56 B0 [ B A 5
B FIHIOR, R XA AL ZL R E], 2R R XIS A LR
I Elh . RN AR e 8. A FHTEMT, ARG T FIIL R, RIS
A P A B TSR AR L S AR S

x 3-1 LRz

Tab.3-1 The deviation of our experiment

K 3-12.(a) & 3-12.(b) 3-12.(c) K 3-12.(d)

HMERC R A SRR A R 318 421 342 395

N T4 54 320 419 359 400

i 22 -0.625% +0.477% -4.735% -1.25%
eSS A SRR A R 317 307 303 227

N T4 54 287 288 289 229

i 22 +10.453%  +6.597% +4.844% -0.873%

R 3-1 AR5y B IR 50 K 5 F T2 B 1 5 B0 A K (0 250 o Bl o 3R
HER R S DR R AN EUE NS . 3R 3-1 v L, AMERCERR 2 LBV, 193
THorE R, WRREKmZES, B 3-12.() KR 2R, HAh BRI F 2
s R . NG-12) 1 S AR SRR 22 L

p=9P=MD 400, (3-12)

HX(GB-12)F, OD AASTTEF IR R K, MD Jy N TIN2: H 5 ER
JiK, D AAREE M ZE .
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4 cDNA 551 15 43 %)

4 cDNA WPEFE {5 7 E|
4.1 cDNA &5 B RENA

TEAEYIW TR, cDNA WFEFSH AR OBy — AR A 72 @i T
B, ZHEAREEES A, LR 55y A ) TR R RIER .
B FE AR AT LA RS 25 20T AN B R ) 3R R B0, R T S8 — IR 71 S 5, B ok,
P mRNA FEA 559 ¢cDNA, HEREABFREREE SN, AT, 81l
W E AR 5O YR an 41 6 Cys P4kt Cy3. TiJE, fE— AN A O e
DNA FIRBEFE A B2 EFRCIREA . BT, FRIEEERD 4k o K414 DNA
Fea, NI mRNA FEAA iR & sh &80 BUERET, Z BRI cDNA
T2 RS, SRR UG AR IR T3R5 A A, $E S DNA 781 3 30
B, EUGHEE s AR AE— AN 2D IR, X e XA ZEL s 1 R ) b HE 21 7 R R
o FUREFIEIARM B bR Sed BUHEE St A58 s RGBS 5, AR5 XS % Al
SRPE G THEAT /00 PO 40, OB R, AT U 1
FRAREESS, WA RN KNGS A S /KPR T 2
DNA ] cDNA FEARZAZ /K, IR B T AH XS B EE R R 3Rk 7K~

T Wi BB EUR 7 A HE = A R DR, o, NEAEFEERE W
%, PR A R S BT, SRS, AR TR DY R R A
FIWiZ S 2 R TR SR R &, W, B RISREE KT, 2R R AL A
IR (1) 2RI K-

TEFEH AR o PPN [R5 R A s 0 AR R, G B Ab T A B A
A PR R AN E SRS B 2 0N, A RE AR 2 B ) 25 RS BORS B I B8, AT
Xof B DRI 2 IA (R HERA I T . BT, K 2 BRI RE K IR A, A
e 455 Aty SR AN R RE A 6
4.2 BEIRHIEIRE

ARSI FH B 51 BB T ARt [59] EARAT, h 4R (4T € i TE A4 (3@ 1
TP AR Al AR 21 o 3B AN 2 ¢ S T o 1) R Bt W] DUR 5 s & A 16
PR R R . H IR B R, AR SO S i AL B o 1R 0 2 R AR Dy S B 1
G, BB GOY—NMERERER, EEURE LR DY 322*301 &, W] 4-1
Bt
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(a) cDNA JRMFE1 K4 (b) #HLIER 2 E15
K 4-1 SEREE

Fig.4-1 The image of the experiment

Kl 4-1 0, B a N RIEEM G EESESRWEAEE, Bb NEa
A BMR AR SSRGS SO e MR B 2 fak %
IR 6
4.3 ETF C-V #=2EAY cDNA HFEFIE & 7 &
43.1 EiERIE

fili Fl C-V B4 cDNA fB5E 51 G AT o e, Fo RIRURBCN AR . 1
TR B AR I o3 B R A, K BEUGOREAT TOUA B2 5 MK o AR SRR K B R AT
G a6 FRUMG I ERIO, AR S S AR 3 o 0 2 BB AT XI5, mT LA
W A 8% 7] PR o A 5 P 2 S A K AT o R AR B, b e DA BRI A 2
T AR P BE 5 AR M A g m, AT ORORHE iy 7 B VR R o FE T R AT
FUO RS KI5y i, AT LA C-V B g i 1 BEGEEAT 0 5005, AR5 & I El s
(R TR, P LA B R GV Rl R G R Z K B ds, B
PR B SRR S AT IBR, AT AR A A B4 B AR o B EMR, mT DA R
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WAER T E—e, TV 28 [ B [ s s [ v
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| mgaanEm | 591 e T 3 K
SR (¢ ) « HITHEIR
o F Rt fl: E A

B 4-2 ET C-VHEAZHIREES EE KRR

Fig.4-2 Experimental flow chart of the segmentation based C-V model for microarray
image

432 FNIRAE XI5

cDNA TSI G P I BE e A —, AEBRRNZES, WK 2 REdE T
o El, WK AR Bl RS AP I HI45 R, ASCHRYE cDNA 1351
PR, BRI 21 P AR mp g A 4 e B3 g el X3, i o A [X st
A7 A FFR PR 35 R cDNA SR 21 R FEAT R 73, %o B8 R ade BURH
RO A% X AEREOT, - BT A B A% X, e 2 A7 — N, LR HUR DX AR
IR

(a) BrER (b) X 2 YK P P 45

Bl 4-3 cDNA fHiFER E&
Fig.4-3 ¢cDNA microarray image

CDNA R 51] EAGAI) DoX A A= B SRR 4D

(1) ¥ cDNA WBEFIEG  CanlE 4-3.()Fn) FACNRIERG  (anlE 4-3.00)F7
e THEEUR 1 E—FI35ME, KT H C, CAHRBI7KF-5 1i E W 4-4.(a)
PR

(2) WEFF C i %, 1875 aco R ac, TR AW FETFH] s1
Ms2, #F CHIKE N n, Wac, sl s2 WKEER 2n-1, RJGIEFE s1>0 H s2<0
() s A B R & maxima, maxima 1€ ac " RN 4-4.(00) 78 o
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(3) X maxima K3, BHGLAEME, FBE, 1F3HF eP. R eP QIE LY
ZikocE R, TARYE C A eP X THE IS JEAS 2 sk /KPR BE xP2, HET3R1S
XA E oy, nlEl 4-4.(c)fim.

(4) A JRBE Otsu J7i%ik th xP2 HIBIE Lel®”, [ Le % xP2 347 — {61k,
33 bw, RYE bw brIC TR X IR IR)E, SRR IR ARFR oty ]
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Fig.4-4 The data of gridding partition. (a) Horizontal profile;
(b) Vertex coordinates; (c) Region centers; (d) The center vertex region; (e) The
x-coordinates of the gridding

(5) AR A 20 A T a5 DX Sl 0o a5, 3 T 6 7 AR AT e e 2 [T o A, B R IS R
MAATR, BT LAIRTGIIAS B AR R EE &N xGrid, 1Nl 4-4.(e) 7 o
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Fig.4-5 The regular gridding
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WS xGrid. TiJ5, MEGHATERE, BXEGHT (D - (5 SR, By
SRAF I A B A bR BE & yGrid. TRIEER G xGrid A yGrid, 7] 1E )5 B 1)K FE B
Kl 4-3.(b) R HEAT R XS 2], 25 RN 4-5 Fos.

433 ETF C-V =AY cDNA HFESIE &5 E

cDNA TFE5 UG 7 22 A BV R, BB B R R i, X SR o e 7
MEMEE BBz . R, AL E RS, HEE 5K EEAEB R
Zit. MM C-VERRIAT 2R EIN, &5 IR AR TE SN, A
KM RBAEGE TR

MR BRI R, L SEI0SRAT I ECE R WA, S STE RN P A BR300
PR IEAT R A AR T AR R AR B ) o A — S R R R 2 b, B
MEREG T REZH - MER RAFRKEE R S AL &, TR AR
968 PR B M) AR ELSE I, AT i v 70 1 B Dl 28

FERRA 2T BN AR SR AL PR i 7 R R, R PIRIEE, —Rovsch
REEGE: 5O — MR ER . XTSRRI R, AE AR
B BIE5 R, ROvEA BbR, AT 0 FIN, C-V BRI R8> A BT Y44,
RABSFER, XAERCEIEE, (Hh MGk BIRT AR s, B
PSR LR, C-V A FILFE ), KM Ry H s A2t 4T 031, 1k
I 0 1 H SR B H AR AR AR, HL AN T EVE . %128 — &
B, C-V AR DAHEAT R 5, 20 B0 ORI H b — Oy B, H AR K/
A ER T .

BEAT R A SRR 3 e, R T B, BEAT 2 BIALEE, AR
(D X T BB u, AT AL, (R RMEIAE0 2551
(2) XH—AE 07 BUR u, 347 TV £BRUO, TV BER DA R g s, X

REWS OR B H ARIIIL S, 0 A U AR G R 508 B i s F A o % e, BE4T

FM RS R R u, .

(3) R A AR S T 5 XA 22 57, 0 BR , BEAT R G sm AL B . 1SR
u, WK FEIE V, WR v<iow intensity 01 , W u, =5% u, ; W R v<
low_intensity 02, Wu,=1.5% u,, low intensity 01 5 low intensity 02 NIKF
BE s

(4) H C-V BRI B 0, FEAT 0 F, WO IKT AR B R AL IS IREO ite_num.
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(5) kil KA R e, EONARBUE, MBE N 0 ORFARBERE ] e
I EEN 0 BIFE O, Bei, A3 304 R OvIEREED .«

(6) HIKPFEEFMEMERR —EERA . IERIGELT, EEEE AT, B KEE
ETERKEE, HixA 1, 580, FEIEFHLT, HARKEERTE R
IRFEAE, HAxA0, B 1, ZIE0LH cDNA BEFIA 5 ) OGS IE L 5] & .
FEARIEEEN T, XMACFEME ST IR, FIW Ay AP &G
TR AN R EERE AT RE I ERGA L, HERNL WA=1-1.

(7 & 7 EGr —AEEE, SRBUREG 2 #8 —ERE 4, .

(8) fEHmMRAN, Ik A AR KT large area 8i/NT small_area 1) HF5,
large_area 5 small_area NEHINR AR BHE O T ARKEE, FTLMEHE
J7 BT A S IR HAR ARG, R 5 E RED, B3 EEER A, .

(9 BT IE# R0 B ER T 7 BUR LA B, AT EHR L
BRI, 0 FH A& I 0 B A8 KR xGrid B yGrid, ﬁ%ﬁ@%qﬁﬂ‘?ﬁﬁﬂ‘a
WHE R HAEL IR B R FANEBORT edge num, 516k, 1384 K17
HER A,

¥ il -'J"'.ﬂ' ‘IPT&’E‘

t-ocm .m..
-WIuﬂhi-m.

& 4-6 C-V 2%l
Fig.4-6 The segmentation of C-V

Kl 4-6 Jy Bk sy RIEEP PR (7)) SRR3R . H C-V 02 #0004
Xy Ja BT B EAT B Ja, PTRAERTG MEEHGR—K 4-6, BT, KT 7E7Ess
ZIHMK DA HER, AEHRRHRE N, GEERRIHARE R, HiKE
WRIRIRR Z ZTCRN, R RLAINT, 1628 B ARSI ARSI I EE 5, %38 H brad H A
B BRI T, A2 B A R EHR R s, AT BRI
KT BN S HFRIE BaYia i), v LS R m 24 m) #1451, W
Kl 4-7. (D FimR.
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B 4-7 SRR, (a) JTRR[6SIDFILER: (b) STRR[T1DBIER: (o) CER[61]12FIR:
(d) ACHFESEIGER,; BESH: low intensity 01=5, low_intensity 02=30, ite_num=500,
large area=100, small area=20, edge num=10,

Fig.4-7 Comparison of experimental results. (a) The segmentation of paper [65]; (b)The
segmentation of paper [71]; (c) The segmentation of paper [61]; (d) The segmentation of our
method; Algorithm parameters: low_intensity 01=5, low_intensity_02=30, ite_num=500,
large area=100, small area=20, edge num=10.

ARSCSEG S HUE F T AR S, S8 2 H0 3% S AR 4R AR 1 R VR IE Y
WE, Bk, SEBEBURE T — & 1558 AR,

P 4-7 A SCEIE HIHE 4 SEIR 25 BT B o B 4-7.(a) N SCHR[651 50 B 4-3. (a)
BEAT B R, R 4-7.() "N LB, %0530 DA B i i B s, %
AHIRSE S BEEIS, HhF ks REE, FECK
ORI T S B AR AR ) 23 AR SIS e B O R AR, DR, STER[65]
F1 43 30 25 SR HE LA /2 cDNA. 3 i 75 2040 1 45 1«

Kl 4-7.(b) A SCHR[ 715X B 4-3. (a) BT B4R . B 4-7.00)T LA
i, 1ZJ7VERT DAV BRI R SR L, AR K A AR R, (AT VRS
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GyoyEIH TR Z W B bR, JLHXTRA B bR SCH RS K EIR, SCER[71] 5 7
RN B AR HEAT 080, HEm 230 H a0 B 4-7.00) B KTHA B0 2. SCRR[71]
(153 E0 25 AVE T4 10 B 3k gt

B 4-7.(c) N SCHR[6115VERT R 4-3. (a) BTSSR . mE 4-7.(c)ml %0, i
FIZ T8, AT R B K 2 0 s T AR B i e ), (HR, G R T
B2 MR E, IR E R0 EARARBU, 1R 25 1 H bR AR AR,
S SIANRE o 1553 B 1 J5 DR SCHR[6 1178 326 BB A IS S B a2 TSk B I A R B A5
R R AL S TR I SO AR S R AR R s, R S R 4-7.(c) R i
R SCERI61]M 2 B 45 5 5 7= A 3R 2 (R R B . AT 5 S8URS 1R 11 S50 49 BT
55,

K 4-7.(d)y AR5 4-3. () AT B E 45 R . I 4-7.(d) AT L,
ARSLITETT LS B H cDNA TR 51 G K FEAE IR HE 5, A 8 R T o
FERE RUONICE BERE s RE A o AR SCRGTN 2 BN AR R 2, AR T HARE 4t
NG B AR B R A T A RIGAIE, JEH, ASCOTIEMERR T BHAE B bR, E
TR0 B SRS A

R 41 HEIBAEG X

Tab.4-1 The Statistics and the comparison of the segmentation data

B 131 SCHR[65] SCHR[71] CHR[61] AITTE
P pamilE 0 Many 42 1

R E2E 0% %% 32.06% 0.76%
1EH 7 FE 24 106 106 107
pRsIES 18.32% 80.92% 80.92% 81.68%

R 4-1 R BIRSEESHAR M Go vt 5 % b o e Hh B 43 b B AR K O AU N B S
RS BOHBR IR B AT B ECA B T A N TR S AN S 0 B 4-7.(a) [ 4-7.(b)
K 4-7.(c) R 4-7.(d)HF FIBUE BT N TG0, AT RARIGR 4> BIEUS 1IE 6 0 E1 5
THEN, B 4-7.00) R W S 2, TG, 3 EIEUH Many £oR, 3R B2 H %%
Fon: B 4-7.00)H, TRRE TN 5LbRAFFIEE AL Bid R B AL
HE R A0 IR 7 B A5

W 4-1 FioR, SCBRI6S1MIR 73 BIZRBAG, HZ Tk FI I MR AL, A3
TIEBIR T BIRAUN 0.76%. SCHR[71]s SCHR[6115 A TR LA %5 5 m I IE A 47
FZ, HSCBR[71]S 061 B A B R iR B . SHEEEMLE, AHE
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IRI IR BR R, TEF] 81.68%. i IR FEIRGIEHOFEIER, AIUAH, A
SCTFEARNS T HoAl =R A W A 5

& 4-8 cDNA fFE 51 E&
Fig.4-8 The cDNA microarray image
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Bl 4-9 SEIRLE RN, (a) SCER[6S]rFIS R (b) SKER[T1]53BI4 R (o) STHR[6115-FIR;
d) BXFEHEER; HIESH: low_intensity 01=5, low_intensity 02=30, ite_num=500,
large_area=100, small_area=20, edge num=10.

Fig.4-9 Comparison of experimental results. (a) The segmentation of paper [65]; (b)The
segmentation of paper [71]; (c) The segmentation of paper [61]; (d) The segmentation of our
method; Algorithm parameters: low_intensity 01=5, low_intensity 02=30, ite num=500,
large_area=100, small_area=20, edge num=10.

Kl 4-9 BB T5 018 4-8 I FI4E R . &l 4-9 ATLAE H, SCHR[6515E1E 77
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FIH I b, B3 BRI . SCR[71] SRS A bR, 3
BR[O 1Sk B 2 AR iR 0l A SO0 B A ARG, B R 0 B i

R 42 EIEHREG XL

Tab.4-2 The Statistics and the comparison of the segmentation data

BEN K 118 SCHR[65] SCHR[71] SCHR[61] KT
ik 3 many 53 0

e ES 2.54% %% 44.92% 0%
RGP 39 96 96 99
RIS 33.05% 81.36% 81.36% 83.60%

K 42 A 49 h B R EIESTE, B 42 BAE R AL, SCER[65]177 A )
BRI EIREAR, SCHR[71]. SCRR[651FIA SCHRA e m I IE R B R, AT
W TR, AHSCHR[71]s SCRR[6STIAS R A B R AR B, AR Tl 10 B sh4iit 55
BTo I 4-1 5% 4-2 a0, ARSCHEIR B BI RBONERE, ATERFEIE 80% LA b
4.4 ETZEABAKTER cDNA fEFIEG S E
4.4.1 NN RAFER] 5y

X cDNA B 21 2. 4 G BEAT 73 T R ARE3k 2761, Y 22 PR R0V A FH ) 2 A )
WRSD, BRI s Sk — O S BON B A%, tF R ENE, — E PR T AN
K, R PR AR, AR 2 SRR 20 B R e AR SCASE FH AR T 0 A B9 50
cDNA BEUEREAT XI5, S5H00 A SR AR LLUS), AR 2 LR ] o HLas SOl FER,
AT KBRSV AN T BRI Ry A Rl o, 3R 2 il B ) P g ) 23 B2 B T s
RFRELR, RABSRIEHENE, FikaT.

AP/

(1) X} cDNA 51 R 23 [E)H1 G 25 [E] HR I F KA, 435145 sum_col 01
(2) sum_col 01 BB n, 1RH-PIIME sum_col.

(3)  XF sum_col IATIH—4K, AFHAELE[0,255]H

(4) X sum_col H TV #EAT £, S RWE N tv_sig. tv_sig K] 4-10 Frr
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Bl 4-10 YBEIES. BEN 40, TV ERKEN 20
Fig.4-10 The signal of the longitudinal axis. The threshold is 40, TV iteration number is 20

(5) tv_sig FRT BIMH thresholdbar 1), BNHET, FHArid, ZRAN index tv
(6) FJEZENE index tv, 459N index_difference
(7) index_difference KT 0.5 [FiL N index_start, KINE R, index_start
LK index_difference 1R T 0.5 B E I AR /NT-0.5 B A index_end,
TR, index_end T3 index difference F/NT -0 .5 BT BRI AANR .
(8) 3K index_start 55 index_end WI¥ME, FHHUEE location_col, BV NFIAR.
MG e 90 i, FHASCEILRI AT T ERE AR location row, TRIEF|ALFR
AT AARR, RIS cDNA TR A1) 3k R AT AN KU 9 A 1) 4 o
442 BERE
SRIUR A cDNA TSI MG S, AT DA AR SCERZ00 k47 73 B AL BRITOHS3T,
FESBINE 4-11 fior.
cDNA TIPS EUEA R T H MG, HAaESds BA HEA R, £480E F,
HAE R A G ZFE M EIEA N 0, B E J6 H W AHAE[0,255176H A, B 2% A 1)k
PN 00 ARS8 A AL KPR RR IR SE S A I BOR KT cDNA TR 51 UG AT 4351,
HARGAFZU T -

A BB oo MR | | KT | A EE
o1 TV £ | R EG Tl T EE
FIFEA g | MBRERIE AN | | X EUE R | | AR I AR
“fHAEE f4E H AR A AT IR RS Rl 2y (114E H e 4
A 4
% R K
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B 4-11 ET 22 KPR B S] B& K SRR R
Fig.4-11 Experimental flow chart of the segmentation based Li Chunming level set for
microarray image

33



G EE N BN TR R DA

Lo A FHASHIN Wk K1) 23 50925, ot N AR B MG A T A R 4 o 43 1A 2 11
T4

2. KEBEIR S, BB HAE[0,255] 0 BT TV 2,

3. TERHT/AKTAESRINT, 7527 RGIG A, R EURLE R 25 1T
IKEE/WNT 5, W I=1%5, GRS EENT 30, I=1*1.5;

4. MEHKPFEEE BT EGREREIER, 530K TPES,

5. K@ R, R ACNAEBUERGE, B IZEEN 1. (KT
SRS, MR 0 B, TR R B AR U )

6. FEKPEE ST MEA, BT EEE 4

7. HTMEROEES R, NI EEG R IEFRBRT, BiR
N1, BRANO0 FEENT, BN, HWEHN 1. I A AR —
ITE—FIRE AT RJG— A EER, mEAE—AR 1, R —AH EgET
SO, =1—

8. FHEIREUWMFEIBHT A IR, FEESEI R AR A, .

9. Sk A, FEAS KM EHFR, BREEEA, .

10. %F A, EFTEAT RS XI5, e BIME N 200

11 R4 LI 10 /LS 2T+ BHR, (REGATREHsKRM B, 215k

PR A /N B bR, GRS/ T 20, AT G IE 1 E N 0,
FoREAH B

12. &9 7 HETE FEG, 15305 B R4 H 084

Zoxt BIRAB IR 1-12 (ALFE, W] DA% cDNA FP ) H AREE S 20 B ok . AR /&1
g g, AT AR EUG  E A THRE AR ER L ARAT, IR LAY cDNA fRE
B1) 4G Hh R . 1) 355 R P 3R 38 7K P (5 G A 1 T
443 SLIGITFE
4.43.1 SRR E S AN R E R

AR A ) UG s T DLEE 3 [59] 3845, 7] 4.3 1 S Be A FH 28 9 [R) — 4k
o E4-10 WEE4-1. (D).

SRECEE MBS, Fx AT A R KI5 o AT 4.4.1 015 A KL
PRSI o B AN A RSB, TR ERE, DX B RMEE T RE
PRI AR RS R A A%, BITLL, R BRI RS I R,
BDAT. BT ARE S sy, BEREASGE R, B, 55K E Bkl
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Fig.4-10 The first irregular gridding
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Fig.4-13 The segmentation result of the level set
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Kl 4-13.(a) A KRR I EIME, BT, BB 2 AR A
BRI E bR, XA KR AR 2 B SE A i, 2 e UG P g s 5,
TESEPR R TR R, FEHATHER. B 4-13.(0b) A5 BRI K H ARG B,
FHEIFT L, B R SE W AT W, s S A
4.4.3.3 AFN A% — 5y

ZER KA AE B BHG , BAs sEmar i, (H2, BURTHRRE D>
VFIARE N BRI, /NS B AR SE bR b2 e A 5 R 1), AR LR
FEAL, WRREHIBR. RSePRIGHL T A, RN RS — AN RDE R X e, X
Xk, &2 RE - MAFAE, ArReA FERAER N AR, Bk, wf
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Fig.4-14 The second irregular gridding
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Fig.4-15 The final segmentation of the image

R AR WA s, BB A N B bR, AT DR B B A
SrEIEE IR, W 4-15 s ZEITRA SE EERL BES AURTRARER AR A0,
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444 KWEERTH

BT ASCE S, SR T EAREGE TR, AR A SRR
B AEE T, W 5 HEEIR, A SCRE R AR AR . S5 68 Intel Core i5
CPU kb3 gs. 4GB NAFEHITHEML, 225 MATLAB2014a 58/

Kl 4-16 45 T wie a5 R . B a-I8 ¢ Lo i cDNA k5 G . &
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Fig.4-16 Some experimental results
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