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A computer-aided diagnosis system of breast ductal lesion based on histopathological and imaging
characteristics

Tao Yong-peng, Liu Zhao-xia, Xu Cong (School of Software, Dalian University of Foreign Languages, Dalian 116044, Liaoning Province,
China)

Abstract

BACKGROUND: Histopathologic diagnosis of cells is an important method for the diagnosis of suspected breast cancer. If doctors need to
use their own experience to judge each hematoxylin-eosin stained image with naked eyes, it is not only subjective, but also doctors’ fatigue
and concentration affects the judgment results. At home and abroad, there is a lack of quantitative and objective computer-aided diagnosis
system for breast cancer cells.

OBJECTIVE: To develop a computer-aided diagnosis system, based on the concept of multiple resolution, histopathological cytology and
image structural characteristics, in order to identify the types of breast ductal hyperplasia.

METHODS: In order to introduce the concept of multi-resolution in the image of breast tube tissue of the patient’s thick needle puncture
section, the cell image was first subjected to Sigmoid enhancement. Then the shape, size, arrangement and color uniformity of the cells were
used as the discriminative features of the computer-aided diagnosis system, and the maximum expectation algorithm combined with the Lab
color space were used for color separation of cell images, the cell nucleus of interest were preliminary segmented. The holes & cracks repair
algorithm was used for the problem of incomplete nucleus division, and the watershed conversion was used for the problem of overlapping
adjacent nuclear cells. Finally, the candidate cell nucleus was successfully isolated. The candidate nuclear feature acquisition was performed.
Ellipse fitting, graph theory, and texture features were used to extract the required nuclear features, feature selection and linear discriminant
analysis for feature acquisition and screening, and finally classified by the support vector machine. The device identifies the type of breast
ductal cell hyperplasia to determine whether cancer activity exists.

RESULTS AND CONCLUSION: The experimental results of the interpretation of ductal hyperplasia confirmed that when using feature
selection and linear discriminant analysis to obtain the 14-dimensional feature dimension and using support vector machine-radial basis
function as a classifier, the accuracy of the diagnostic aid system designed in this paper was verified. With an accuracy of 88.4%, it can be
used as an auxiliary system for the diagnosis of suspected breast cancer.

Subject headings: Breast Neoplasms; Diagnosis, Computer-Assisted; Tissue Engineering
Funding: the Innovation Group Project of Dalian University of Foreign Languages, No. 2017CXTDO01

0 3| Introduction

LR A LR AN B B IRV AN f S IRy R B
JEFTTE B s, et R ot R WEE 2 —
RS LA 50 5 AL 3L, (H2 a0 R AE 4 540
AW R BLIE AT, A B R % ik 809%™,

LRI TV R R e ] A LR 5 A A B 2 a4k, I,
15 FLINR 8 AN M 36 A 23 X A3 b 3AN IR 53 54 4 My
il O | B 6 U A Ep S IC X TR A a7l w4
AN A R — P R A A, R A
A0 MG AR R TCIR PR R S, H e 1 T 5 45 A b Ak Al
P P AR AN B T I, IS A R R R S A
HEA PR M A o e Ak, e R ot Tl BT o A A P
HE RN G JEURE e AR T 2 TR, R e 71 o (1) = il 7Y
P S AN B 2B 40 2 R A8 A T AR i A R 45 )
R ARG R E R AN RIS WO R R A .
IRV AN S E Y3 [ i s = OB G S 50 N N
R, X T 0 0 4 A P A 2 TR S A 5 1, X T
BHEERTEERZ P Z B RT R EEE L.

AN S R R R a5 P S TR = 1 b A e | 3
ST A A P AR RN A A R P BN AT A
HEB RV EASA ], S A T B TR IR AR e e
GRS B QSIS DL IR AT AW, AMERFE
KRN, B 2R A 57 BE A& & 58 S 44 i 45
R M, R R BNV R G, BT
LIRS, LLALLU0 BN AN 1545 A
oy BT, AT 530 LR A5 0 M A ey 2

3894

1 FRSEEE RGHEE
of breast ductal hyperplasia
11 AGEAMB HT AT OO R R
P BE AN AT ], 40 B A5 25 DU PR 55 DR 3800 s,
Rl R, SCREGIAZ B PR S, Ee s
B AT SigmoidsmAt,, i PR Gy o] LA Iy 1) s K aE
AN A Al SR T A A R D e T 4
JER KA FE5 S Bt 3505 FEAE Ry v SR LA B2 1B 3R 52
(AR EAR T, R FH e KT B S0 &5 Lab (0 R 7% ) )
N AR BT B0 I3 B, W18 0 BIAS 2RO R 1 4 M A
RGBT AZ AN e 4o B Il i, SR s e A
BEAT AU s 6 T AR A0 AN A% 8 R 1) R, SR 23 7K U A 4
HEATAR UL, ) oy A Bk AN A% . — ELAN 58
RIUG, KTk A AR AR I (R R BRI . TR
B HFFE . SO IESE32K), SRR G . Bl
GUHRFAE ST R 75 B A MAZ R AR, R Sl R Ak ik
FERIZME 0 3 A BEATRFAE SR ORI 36, 5 S5 PR S ) o
BLo> 2R 85 HEAT FL MR35 M 19 AR (2R 2R . R R 48
i EWELITR.
1.2 FUBRS-8 38 A 3 AU B4 1T A 4209 A& skt
1.2.1 SRR 41 215 1 Ab TR

(1) IRAKE - B 21 7L 5 Al O S AR R b i A s 2205
ARG LG 0 R 5L 55 A R D) v 2 A1 N HURFAE - 4 A%
oros BIREIE A, AT H e RIR A R IRLL
o AHHTE MM RS RIIRR IS . &I s
tTRANE, IR A S I AN, AN R AT

Systematic framework

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



Tao YP, Liu ZX, Xu C. A computer-aided diagnosis system of breast ductal lesion based on histopathological and imaging characteristics.
Zhongguo Zuzhi Gongcheng Yanjiu. 2018;22(24):3893-3899. DOI:10.3969/j.issn.2095-4344.0328

SR, WA SRS L, RSk b EE -
SAFAE R, SR T Sigmoid Filterii (b 5414 151 (o
bl SEfp b R SE Rt L in B 23R, 3805t b s irsEAR A
AN SR I A S P, EAT G S5 B0 BRI,
A A U R oKE 5245 3 125 2 A MR 40 T o (A B840 i sl 21
MERAE) LR T Sl 2SS, A7 BT 40 B AT R AE 3Rk
E)([ll]0

(25814 %1 7545 314 Sigmoid %) L AL K 545
BATHHT 8 8. I RGCRHRGB[H A (A UlE (R) 4%
OIHIE(G) W (Ul I (B) 41 ] A (4 L £ Lab (4% 2 ) 6 5%
BTy El. R Labt A M R N, 2 T AR -t
RGO R, HaEREmM T A6, B
LB FNRER A, TRIIHSV R 25 (0] P K H (L) FI S (ML RN )
KT IRAKE AL AR 0 23 FF KB, B3k Lab
R A o A5

SRIGHHAT AR H), LR e,

B et % % S IIRGB M Lab i 547 1) th L 5 i
S SHUE N ZRIGEAE ) &, LAColorFeatureSet# i, 1
AN

ColorFeatureSet ={L, a, b, r, g, b} 1)

W SR S EE S, SR BRI 24
W NIHHEEEE 2N SRR BH G, SWESIOh ke 2k
s, L ELBA K RGBHLab 64N S 4l S AW KAk
(expectation-maximum, EM)S VLT REALEE, RIKRGB
HMiLabfEl—AEHIX = [u1, p2, -, pk], RIGHIEEL
BIAXQ@II AN EEE, o 2Zplfl, Mo kbsnEz,
53 X AAN WA A 0 A, R ad e MD BR A 30 (3)] 14 21
max In P(X|8), 2R & 15 Hm X e A RO A = A,
13 2R BEOKI LB o3 A, dE— B BIXIES A, B
FIRGBAILabIME SN 1L, 85152 B 4FT R K TR

{Hﬁwf )

M Step

P(x,10)=3 P(x.k[0) =3 P(K]0) = 3 c,P(x,|.0) 3
k=1 k=1 k=1

T AR (P S0 2 th I 575 S 45
(I R L, TIEIE S5 NERES LT ( 7R
TG, JCP v A MR % 2 4 B T 6 5 T £
VR R 0 ] A 2 5 B G S e 6, LT
el BRI G MR N 16, WIEABFTR, SR
OB EE0T, J R AK€ 15T (02K 5 %, I
R AT 2

P.O. Box 10002, Shenyang 110180 www.CRTER.org

Q) IAKE- 2L kX B # b B fEor B )G, Tl
REAE— Lol fud% A BRI B RS WVE N TS e Bk, TR
B A A BRI I 7 A, A5 23 FT 4l M AR I 3
J AR DRI DA 20 6 2 D A P 5 B AT T A 2 i T
(B0 SR A /NI A0 R B R R 25 2 A2 B K AN B 45
SR A M S by, S 23 38 AR R o0 Bl o A O TR (1
HR A RAZ AN, E R A S RS KD,
AR Sy 2 15 0 i A0 R AN PR - B IRC A& A JE g 3
FAAt, X PO SE R IRAT A, EL B R R 5k
JJ:[19—21]0

PSRRI B RT o R 2, Sk A A8 40 1) A% e
T 1 1) b DR ] B Al 4 R T R R X 8k, 5 — 2R
S I 40 I 1A A% TS B P R ) [ 2223 st o — s o
ATHMNI, K 385 S A 43 25 T 8 AN PR AZ I 7 A Bo 438
g, IR T XA e AT MR AR B . PRI,
TEAMIZ SR, e %5 B EAsid B 250 h(i=1,
2, =+, H), BTN MRENLINGRR, 5 4
BB, BRI R FE N0, LR EE R,
H{&ﬁﬂfﬁ%ﬁﬁﬁ%%ﬁ?%%,R%%%Eﬁ&
B, W1

RS H AN A AL AT — AR A TR Areadi, )G
(A (@)], DT BB T R BT S A R A ) P S8 T AL
DS 2 400 A 5t 32 4 MR AZ R AT AN, FL A n A =X (B) T
N, Hddl. d224 40 AL RGP A TN, ALK 41 i T
TR, A2 40 i ) BRI 35 R PB4 TR, 175 28 2K (6) A2 JA B b
% 2 2 15 A0 AN A% Py BT BT NI R AR B, SE B I
Je s B BS Frs I, RN, NI R A A A k)
B 23 T X I AN A, 6T k.

Area(i,j):ZX:Zy:hi(x, y) “)

d, =||Area(i, j)—Al|| 5)
d, =| Area i, ) A
h(j)= nucleus area, if d, <d, (6)
)= The cell gap area, otherwise

(4)E AL 1073 25 AN TR Ak PR 20 0 22 5% i 7y &1 5
FBEER, I AR GUR I 2 7K I S AT AR A A0 M A% (1
S BRYR S Ry RIS R BT TR . TS A A% £
L ORES, RS LRI ERR AL B N S,
A B AN A% ) ) B K B R

()4l Mk BRI M. — R, IER AR R
WA TR BN 2 18], HT By Eidfes, AR
WS BIBIR, PEATIEREET., L, RGN
AT e ERATIN 1 S A A 5 05 BT I e A A X e 4
RLHEATATIN R TR i 1e) S 5 B0 D00 ey 34 3 il AT
SO A TR A M AZ R R AR R S sh B A A 2

3895



B, XY, B LRI A R 2 R AL 2 BT 1A R FLIR G B 21 3B A  2 R 2610

JUBHIH TS, 2018, 22(24):3893-3899. DOI:10.3969/).issn.2095-4344.0328

AR, BT GO SN TSR
I SRS SPR BRI T T U4 LN b, sl
BT AR, 4900 A e S SR A
ZARGER 24 (7)1 F U4 0 RE LB HCE(C), Hha,
By A NWIEWH, oRBIIRIINLN TR, A RSl
LIPUAGEIE . AP R IR A RE), SEofed i
B R, TN AR, HN (7Y )
HEE 2 0 1 5 ML, SUREICTIORY,
MRS M A TR, SR B ITRUE60% %
15140% 3% 2 I A M™Y. 8 1 4 L% WL B8 T
TNo

E(C)= ajol|C’(q)|2 dq+,1j:g|V|c(q)|2 g @

X —(c+K)g(DIVu[+vu-va(l) @

(6)FIFH AN B LRI PR N T 284 : AEHUAS 40 B 5 15 450 36
Jo, WERERHT RIS NS EEH, TS 204
FZIAR, DA A R B SRS AR50 3R 1R TR A2
T TGRSR, FE LA M AR 75 F 3 A [ = [ T A
U HERR N T2 RS RIS, T DL AL S A
TR R B R Al L S5 2 R IE S 5. T PR N T 2%
Y25 R LR B9 R
1.2.2 LIRS A MAZREAE B3R HL

(V)BT R RHE FREE SR I . — M &, A4 i
S DR 0 PR A B AR AR SR IR, T S0 ) Ay e i P A
RUEFRREE 7 302, AN E Tt nT o Bl DA 98 A sl
P40 MOAZ 5 )RR SR RN 23 A5 B3, A 78 2038 X s,
A B — 2D R 45 U 5 A PR A A A T
TERRN AT 25 520 o AR LMERFSUR I, 48 5T IE 10 41
RURZE SR S5 B KA, T 0 5 A0 3 4= 1 A P A 2
RIE I Jy 4B, FE % R S8R B LR i 20 A
HEREA, AT A0 L 40 SR AR S

SRR RAAE, X RGAE T o SIS A
DA i R B N AR OB AR b AN B R 2R I R AE =
O, Sorp, St b R B R R AL, S
SAFENGN LAY AT 22 1D TEAMERGI, A AMZARG I T #3253
B TRIES A 218 I ARRAE (RS AT
- TARARAEZE . TR dae /NS S B T AR UE 22 5 P39
LAl 23008 FKRRE (LG BT . bRt 2
Sl Kt/ NAR S B S K bR v 22 5P B AR« 2 1T AM
SN RS SRR G R R (= R 7 7R N 7 E
S H5 A P A 2 5 S 3 A LU A

AR A S BRI TRAIE S B . = AT K RRE
(BEAPYIE . B RKbrie 2 KA FHL Rl Kebrife 22 5
SPYE LUAE) RN = A TR AR AE (AP 3 AR AR HE 2 |
TR 5 /INAR S B LA B T AR b fE 7 5 P BB LU A o

T /N B S ) TR AL G s L2 KARE G KT

3896

B DAz KA RIS K br e 2 5 T AL
{H).

BER G F 43 B e i AR = A R i A /N A
ST A HOR, TR T IR SRR (KRR AL 5 24, 4530
ASTFREE, 85 R AR B 1077

(2) 21 M A% SCHFAE SR . SCH 2 40 A S5 21
fEZ—, ARG AERRING, RS FHKH LA
HERESRHAT SO Mo S L AR RE FE RE S et 5T 40 Mo A%
A A b 2 T 43 A0 TR SCEE J T) « FEATS Ta] B 2l AR A0 e 1A
JABEA0T e 2 g i P 7] B B AN AR IR 7 1 (0, 45°, 90°,
135°) A S A A (6 BLARAR AR (RE B B 3. [
M XTRERE R AHOCHE), ANl VT Al AN B A% S R o
AGISIRRSE . SOERTREFE . A% I 0T 8 A0 SUHYA SR
FREE . IR AEAE MRSV IR 217

2 IBRSEEBEMERFIFLERSHT Results

HARLMIT &I T Windows 7-64bitstifl 248, IR
HiVisual Studio 2008 Express C++, [it4Open CV2.35
MATLabfE 4 7 IT & TR, 43 5 7154 40 i v S L4
BrisgWi &40, BESCILIEE T 419K L5 5 41 s A A i
FUREAR, I b 545 40 M 386 A= 40 P s 15 235K, 45 IR A
A A8k . I FEA R GRAEE N EE, WA
FLG I 35 — B Bt

B SO AR 20 T 40 MR IR A5 RFAE ) 5, {HE Q1 K454
FHEm RN, SPBUCBEEYE R, M5 G
IS A 1 T B 2k . DRIk, A A BN RFAE )
ST RIE o« Sl IR I B (Feature Selection) FlZk 1
FUR A T HEATRAAE ) IR . B2, SRFIEIE PRI IL S5
FRAE [r) 5 Ry 184E, 2R 2V 50 53 B 01 28 J IR RAAIE 1) o4 17
Y, TR AR FE+ LM 0 23 B 00 S5 FRORRAIE ) 0k 144E

DAL, 0 SR FH AR I 4 E 45 G S 1) A L o0 2R 20t
BT R e, o, ARVRRIESE SRS RGN 4
TRASANRAAEAESE . RFIEIEBE P I IL I L8ANRAAEAE L . etk
U3 A I 5 L7 AN EBE R AR, AR AR R0 & 2tk
U3 KT I J5 IR LA REAE SR RE o 6 4 B AZ 38 A2 1E AT 0 2K
I, SR T SCHE ) AL R, H 3 S0 B kernel
functionZ .0 k42 n) 55 B 5% (RBF kernel), 15K &
257Kk, k-fold cross-validation & & 6(K=6)] 15 51 & {3
iR,

F3N B Larskg gl DAL 7V 0 M o3 2K 25
Ho b, 218 1-23 500 5 40 M 3 AR ) 24-41
K FERAER] . L, FTXEORLAZIIEAIENT, 2
PRI BAPER R TV RIOR DRI RN, s Al
B e 2 R o LRI &5 T UGB, 4R H (R AE
YEFE AN, BRRIIRE BN 145K R IR IR 4E N
FRIEIEPERUNL8AN, HERIKRECH 125K R RRE 4E
S A 2P A M IR I A L 7ANR, LA R Tk A 95

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



Tao YP, Liu ZX, Xu C. A computer-aided diagnosis system of breast ductal lesion based on histopathological and imaging characteristics.
Zhongguo Zuzhi Gongcheng Yanjiu. 2018;22(24):3893-3899. DOI:10.3969/j.issn.2095-4344.0328

. | Sigmoid SRALBIINE -
[an-pammpe | > [ immane |

v
Y | R 5% 1 |
B
Watershed %Tﬁ/— A NAMEFN T v

[ e mie. o

|%%ﬁﬁ%m&

A AL AL
(Bt TERS . SURAE)

TR A s A F) 2 Y

A

1 REMEEIREE
Figure 1 Flow chart of systematic framework

B3 Lab BRZ=EBSFE
Figure 3 Lab color space results

BlE: B AH L REEERAR: B AGERLALER)EG: CH
BRI ON SLARTE) 315 -

B 5 EiMREHERE
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F1 AMNEEE
Table 1 Holes & cracks repair algorithm

F2 I HEFEEEZ

Table 2 Gray-level co-occurrence matrix

fir &) R

i)

/*O=Candidate nucleus*/

/*k = Number of candidate nucleus*/
/*I = Number of candidate hole*/
/*Formula 3-5, 3-6*/

/*H=Fill on the Candidate hole*/

BEGIN HoleFilling (O[]) Procedure
FOR k<1 to N do

FOR i«1 to ndo

IF (d1=<<dy) THICEN

H=[ R (F)]

ENDIF

ENDFOR

END Procedure

F 3 TREE THRGIAZIFEEHFITMEMESIKLE R
Table 3 Case judgement results based on support vector machine
under different dimensions

Wity 45 4E 184 17 4 14 Y| fgn'S 45 4E 18 4E 17 4 14 4
1 22

2 x x X 23 X X

3 24

4 25

5 X X X X 26 N

6 27 N N

7 28

8 X X X 29

9 30 v v N

10 31

11 32 N N N

12 33

13 x 34 N N

14 35

15 36

16 37 N N N
17 X X X X 38

18 39 N N

19 40

20 x X x 41 v v v v
21
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Ja, 2 ML R &L 258t 2 kernal functionif47 Eb
B, g Rk, 5P, WEPORIL, ISR &
Wl-lineartt: 4 73 A AT 43 iy, LB ARHER 2614 75.6%;
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BEGIN Gray Level Co-occurrence Matrix (GLCM][i]) Procedure
Pixel(i, j), d=1, B[], k=[0°, 45°, 90°, 135°]

D1=Energyrunction, D2=Variancerynciion, D3=Homogeneityrynction
D4=Contrastrynction, D5=ENtropyrunction, D6=Correlationgynction
Do 6[k]—k=0, 45, 90, 135

Do Dy(i,j) {i=1, ...,256; j=1, ..., 256}—n=1, ... ,6;

OUTPUT

Mean(n):Zl“T", n=1K,6

END Procedure

F 4 TREFHELEE T ZiFEEN-Linear #5145 R
Table 4 Judgement results of support vector machine-Linear
under different dimensions

W AE 4 E FUER BIER FE FM ROC M EAUER =
JAT 45 AN HEYEE 0.389 0.304 0.501 0.437 0.55 56.1%
ZNIEE RS 1Y 18 4 0.501 0.261 0.611 0.5450.64 63.4%

W AE

2R BB TS I 17 4 0.556 0.217 0.667 0.606 0.67 68.3%
A e i

ZERFAEE PR M ) ) 0.667 0.174 0.7500.706 0.76 75.6%
YW 14 ANFRAE4ERE

#5 ARFHELETZHEEN-ZEEZLHANER
Table 5 Judgement results of support vector machine- radial basis
function under different dimensions
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