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Abstract

With the continuous advancement of medical image analysis technology, early diagnosis of breast
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cancer has gradually become one of the research hotspots. The application of advanced image pro-
cessing algorithms and artificial intelligence technology has made it more efficient and accurate to
extract key information from complex medical images. Aiming at the problem of breast cancer his-
topathology image classification, this paper proposes a classification algorithm based on wavelet
transform combined with support vector machine (WT-SVM). First, wavelet transform is used to
extract multi-scale features of breast cancer images to capture local details and global structural
information of the image; then, support vector machine is used to classify the extracted features to
achieve accurate recognition of benign and malignant breast cancer images. Experimental results
show that the classification performance of WT-SVM algorithm on BreakHis dataset is better than
that of traditional SVM algorithm, with higher accuracy, precision, recall rate and F1 value. The al-
gorithm can effectively improve the classification accuracy of breast cancer histopathology images
and show good robustness and generalization ability. The research in this paper provides an effi-
cient and accurate technical solution for the early diagnosis of breast cancer, which has broad ap-
plication prospects.
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1. 5|

FUBRIE R A R AR A R AR AISE T R et (B R 22— Rt AR ZA(WHO) S, FLEE O
LWANEIRCYRIEN EER T, BESBOREICTHE]. FLIE 852 Wk 838 m 447 R AR T 3L
REXREE. 477, FLIERIZHERBT ERFEEER, WILR X6, #F. MRIZE. jthh, A4
FEUG Tt FUBE S W B BT Bz — o a0 LR V) ER A S B R R A, e B 2 SR LA
FIWTIR IR - AR ERR R . Dt GV 32 BRSO R R TSR E 2 I TR 2 —. 2R,
FUER P L AU B 22 BB 0 W O R R 2% EAR R0 B 22 L X 22 . 0 M ARG BRI (] 1 A,
HXS R AR I BORER M . FEE BRI TR, A0 B SENLEOR SR L e 4 S0 2 22
BET AT, T2 R A B GOSN T T [ SRR 7 SR RENE AT R THEZ I ) 2%
FRGRERE, W NNEFRITYE, JCHRE Tz XRS5 A BRI, H 32 i R 4 RAT U8 2

B B2 o FUMR AL BRBOR A f i T WL 2% 23 IR 27 2T 1) 3L R 2 200 B 23 MR 73 07 1R BT B
BRI AT, RS AR ZE I 2% (CNIN) IR 5 S AT RS 2 2] S5 T7 1RAE B 70 28 TR AT T 8%
AR SRR HAE TR BRI T TR 5 ST I S U B 2 R 7 607 i, B TR AR A
90 2% (CNIN) R JEE 1 22 [ 255 (DNIN) AR 485 15 (R B3R 2004, et et () I 6 R 3 1y 17 70 RIS HERA 12 [ 1] )
ANWHHFL 7 RT B TIRKEMZRILGZ B, /T MR RN RE TILS25E, e TiEM
feGibl s 21770k, DLk — DTt sl ER 7 KR RE[2] . BUBCR IR 22 1 ik, Rl Bt a
P24 (CNN) AT A E R I, 8T 1 S 2 2305 BE MR K 70 K DR, JRSR T — i 25 ety , 18
ST AR DX R BE 1 [3]. BbAb, SR HUE AT FE i U R I, 4R T — M S
BRI SR AT 22 S 2 R UCE R 8, TS e 1 LR AL SO0 BE 2 RUR K 70 RRE E[4] . A
RIEEMTIT T 2T SE-DenseNet [{IFL IR & 70280535, M SE BEHUIE 55 1 M4 (RRFIERIERE /7, HIL
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SRIGIOAIE 1 1% 77 120000 B EMR ) 2 R R TAL G0 CNN BERY[S] . 7R BURH 22 I 2% (CNIN) B2 HT A 7F 7
t, SRERHELEA 7T CNN I FL IR 230 B2 RN RIS e, WHE T B A AR AN )26
ROELEG r RA R , JEA 4 T AR IR S W p R OL S APk [6] . SRS SR I TR
IR T — R A FL e R 2 28750, IR IT RS A 2] (AR Y REAS A5 /D B ARVE BOHE A1 LN IRAS LT
1P RPERE7]. EARGEMIBT T T 3 TR M FLUIRE SR B2 R 2 0 071k, B TR R 45
G5k, Be R X FUE AN RE B BEAT 4 25 [8] . BeAh, AR MiAE B R R 1 2= T AIRh & M 2% 1)
FUBRE BG > KI5, I R B B SR S5 BOR, S T CNIN LR (92 (L RE S AN 2> RS E[9] - 7%
WU AL 857 2T B A R, BT T fe 88 = o BB 7 P IR R i, DR R 17 LS 2 ST 7 3L Biles P15 7>
RPN T AT S [10] o R IR IR 2 ) D IRAE FURE B R BUAS T R OR, (B AEE— LR R
Yo B, SRR RIZE (CNN)EAL B/ IMEAR G 75 5y i G, 0 H R R, & Z BRI
SLRIR[11]o EAE 2 2 A G 5 S5 RO BARAE — s RE I B GR 13X — IR, (LR 58 S R A R (992 4
RE 77/ R A s R HfE B 1P R [12] o b4, R 5 S U7 0 5 B MR R IR, IXAE I
PR S B H AT REAF AL B Bdis A A2 B PR HE[13] o

HLEZ R, 2T/ B i B A B T 75 BAT MR (A0 3 o /N H BRI 1E 2 A R A7 R L]
BRI SCERFAE, XSRS AERS T AL ) RS W A A . SARGRYIREE A I T I b, /N AR
AES LB I TS BEIRRE D ROBREE R T 4 BRI 70 AR [14] . BLAh, S5 & SCHRFIENL(SVM)SE R fig
Sk, Rt — DI RER, SRTTER E R IENIZALRE ). BRI 1T AL, N AR pE
FE BB 2 ROZ SR I B BRI LS, STHERERIEEARTEIT, REwA R0 aidmEn
EE[15]0 BT CAASCHR T — R QR ) SR 2 SV B 2 R 4 27575, G5 A 1 /NP AR e SRV A
o IR HN TR A SR BB EAT 2 R, A BRI G S RFAE, X SRR AE S
REZWT o B AT EE AR E . I SVYM BRI BRI 2 REZRHIEREAT 7338, SVM BERLGENS B & Mt
SESJRRAHFALE, BE— D4R 7 M . e )m SRS B R AL BT 73 KUV AT XS b, S5 5RR W, FndR
H PR 75 9 A L e AL B = AR 7 S HE B RN B k5 T B AT BT O AR %5

2. INETHE
/NP AR (Wavelet Transform, WT)& —F0 H F15 5 - B e T A, eRgilst 2 R i3 51347
A

IR, SRBUAE TR FESE Y . ERMRACIANE S B T, N EAA R R A2 R
FEHTHORS s PRI 2 N T R S KR IR SR A SR

2.1 INEEHRIEERER

ANIAE R A B AR R A S RS RIS 2 A o S ARGER 8 L AN ], B AR
BARRMUE SHERPUEFR, MICEARERRE SRR AR N B NE A — 2 “BE "
BR A, DA [R] 0 ROBE R B 6HE 5 AT IR A HT o IRE, B AT ARG 5 7E I R (3805 10) BB SR 345 12
SRESRHUE 5 IAURARAE -

ANBAR I EEA AR WA X S AT PR MGG AT - BRIRE SN f(x), DB AL XON:

W, (ab)=[" (t)y" (%)dt (1)
Horb: Wi(a,b) HfET f(x) ERE a Mz E b BRI REG w(t) IENE (Mother Wavelet), 2 — A
A RIS AR PR ALAREE (R R G a R 7, 33 H/INBI IR AR B e, Sk 145 5 MRAE 2 b 8T
B, s /INBAE I R (322 [8]) L~ A% o B IR a M b, AT DLSRAS(E 5 R A RN L B JR) ARy
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fiF. SEAEA NS A (A BT R S A O B, IR T-F G0 L A 35
2.2. FNANERIRIE

AN O R SRR RS TS £ (), BNy (1) OARBOR RS B 08 B T LA
TR

%A0=¥Lwﬁl% @

\/ﬂ a
ﬁ¢:aﬁﬁgﬁ%,ﬁﬁﬂ¢&mﬁ@ﬁgﬁnbﬁ%@ﬁ¥,%a$ﬁﬁmm@tﬂmim¥@;j%
a
RRERT, AT REMRERIA— . B %R R T a REFRET b, o LA RAE 1 T3 w5, X
STy B MO TS B AT 2 R BT . iRE sk T /N E R R 45 5978, PR e N80 7
AN
2.3. INETRAIER S ER
AN S BB TR B LI M, B R R RO B N S T TR, IR RS Nt
2B TS, M E AR RS S HTE SR, /N A A DL R -
[ Wan (1) way (D)t =5(a-a")5(b-b) 3)
Horh 5 BRI delta BT, /NI A IEASHE o R0 IE A PEAIE T /NS 1 2 KRS 0S HE T 2R (5
B RANERE, IR TSR Rk,
AR, NP A A B R TR . NS R AR, T AR RS N (5 S N IR
A IS S . HEA RN
f(t)::flvvf(a,b)-wéb(t)dadb 4)
UL, EEHE MM N R R, (5 T DB A e R BT R A T
3. XHEEN
S HF R HL(Support Vector Machine, SVM) & — Rl B 2% 51 ik, [z BT K AMEH L. SVM
BRI — N A2 A O T T, B 4 T RS R 2K AT R B, T SEB A 24 % .
W2 AR AR IR0 HORE T, A 75 S [ 2K (0 RE A 2 4 0 1 B (Maargin 5 oAk, [R5 AR R F i
4325 (Soft Margin) .
3.1. XHEENNLMES A

3.1.1. BFE@AIENX
FE—A 4 imh, P AR B A e mdE s g, P2 —A (d —1) 4P i (L
thod SRR R . BRREEE RO X e RY, OO RLISRAIFRE N yie (-1, +1} » MR T-1i B R
w-X+b=0 (5)
b oiEmE, FonEPFHTT R bR mEN, R P2 E s e .

3.1.2. SFRERY
TSP MR A B A x BT 8 AR B «
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f (x)=sign(@-x+b) (6)
Bf(x)>0M, HFRNIERHFL: 5 f(x)<0lf, BIAMEEL.
3.1.3. HFRRYE X
SCRFIRALE B AR IR E N ET I, EEP A 2 N R R . TAT R A x
FL B TR ) LA TR) R Ay
(- % +b
p=Alox D) )
[l
Horpey, B S RIRAIREE; ||o| LR EEL AL S/ R T s LA R o s
1H:
7 =miny; (8)
SR ) AL S 5 K e/ TR B R S B 4 2

3.1.4. RMLBFEEBIRE
NP BAE T, SVM BALN— NN R . H bR B AR U IAIRE , 3] i 2 BT A B

5 R IER ML A
y; (0% +b) =1 Vi ©)
MR GINRAR I HERE, AT RLKE H A R B R f MGIE [ B IR
N
min -] (10)

HHRFEM Ay, (0% +b) 2L Vi,

Ko — AN LAk e R, AT DL I SRR 2] o F1 b
3.2. B FFEEN

FESCPRIA @, B AL, RHE R — SRR K ZFEL T, 9IAR
AR &, R IAIRE SCRE A E L) B AR R ECN

1 D
min>fef +C24 (11)

WHEMR: (0% +b)21-&,& >0, Vi

Hr: ERBEIANFEERINRDBEE; C>02IENbSE, T U R 1) & Kb 57 70 KR %
3.3. XRS5k H A

3.3.1. B%ERBAISIA
S FARLR M AT 20 B0, SVM B 4% bR BUks B iE m i B i g s 1), A g A b R T 4. AR
K (xi , xj)iﬁw\jl@%ﬁ%%z&%ﬁ@%:

K(x.% ) =6(x)-¢(x) (12)
AT () A B AN AT 24 2 T RS 28 v 2 ) o S

R R a2 1 s
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Table 1. Table of commonly used kernels
=1 BERAMRREEE

YR K (%% ) =% %,
E2EN K (%.%;)=(%-x, +c)’
- { MZJ
=1 Hii% (RBF %) K(xx,)=e 20
Sigmoid # K(x.x;)=tanh(ax, X, +c)

3.3.2. xﬂﬁl‘ﬁlﬁﬁ‘ﬁiﬁhi
AR, SVM B )8 n] DL R -
maxZa ——ZZa yiyjK(xi,xj) (13)

'—l j=1
%%%#%:ﬁpm=Q0gqsqvu
Hr o RHMHIT, MHRARSRITRECH:
mgn[Za yi K (%, X +b] (14)

4. BFNETHAEEBEDE(WT-SVM)

TEAEM R BB AT S, EGRHIE R HER SE ORI 73 22 A% OBk . A 132 2 R A 1 5 3L
B, ARSORE N AR ORI SCRE B AL(SVM)ARSE &, TER— R s 80 EUE 7y R WT-SVM. /N B4
TG 2 RERHE, SVM MR L8R 1 7 288 I3 S U R E AT 2028 . BB IRWT -

1) BARTALER: A%t N 00 7L R A S B 2 R AT R Tl A B, AR A — A R
WAL H— L H 2k B G R EAR LB G — T N, AT 8D AN [R) AR 26 A X6t 43 2%
SEOLBIREIA ;T R AR 2SRRI SR R AR S B R R, AR TR

2) /NBURFIESRE: TETRACER S MG b, SR B ECINER e (DWT)REAT 2 RS 7 fif .l £
B I /N JE (4 Daubechies 8% Haar /NE) A il 250, 44 BHR S ARSI AL A4, 43 ) B
REE I FIA AN TR . Bl , X775 KRBTS0 0T, IRBUSME. fei. bt ESE 2 RRHE, TERY)
TR FIRRAE ) 5

3) ZFFMEN A INGR: EREIREE TG, RAPRERIIZGEEE X SVM 43 K8 AT I 4.
WAL 1 1 5 L0 I R S I RR 2 (R MR B PR N SVM AR, Sl R AL S5 (i E Nk 2% C Fii% R
SR BT P R i R A 7 2K R0, Hf (RS R 7 oo AR AAE 2 ) T (2 AL R

4) MR 5 o3 T - X PR A A o ) UG B T B TR EE . /NI RIS BRI E B D BR, AR
B N GREE AR [RIA SRR ) B o RF X BEREAE (A B A VIR EF 1) SVM 202845, 13310 825 R (R Mk
EHE),

5) % ﬁé‘ﬁfﬁ: ARAE M ABAE 1 70 KL 5, THREBR I Retads, IERMEMER . REUE. R FL
SEE . IXEESRARH TIPS AR 28 5&%‘% [7i e 56 0 L 77 2L e 4 4 L 2 R 90 SR AT 45 wp R S R
Mg, BARME 1 PoR:
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Figure 1. Flow chart of intelligent image classification algorithm based on wavelet transform
1 BEF/NETEHROEEEG S LXNEERIZE

5. PR AR

KK T MR (Accuracy) . FETfiZE (Precision). 73 [0 (Recall) L &2 F1 A N EEHI PR 85,
THTEAREIVEE G AT S P TERe . XS bR AN A BE A S i A AR, R AT S B 43 26
PRAESBRN A RS o DU ST S48 bR 401 B -

1) #EFZE(Accuracy): HERIZEIE TR 7 A8 IEM - R IFEA S b SOBEARE LU, T B AR
MARtERE, THHEARN:

Accuracy = TP+ TN (15)
TP+TN+FP+FN

Forbr, TN D973 K88 IERR BN UK MIRE AR VR FR 8, Ui B 20 S 0 B AR A 1 T 6 7B
2) FEHHZ (Precision): KM ZIR 2 FNIERIIFEA T, SCBRONIERIIELG] . & H T > R asn
IERFEARMER P, TR AN

TP
TP+FP
Horr, TP Jy7 K288 IERA TN 9 IE 2R FEAEL, FP YRS R I N IE SR FEAHL . RS 1 2 i R W 3 2R 28 00 1E
KN HI WA HER, RFED .
3) HIEIFE (Recall): 7 HIFRELERNIERPFEA T, PAEM >IN ERKILH] . &Mt 15288 %
IERMEARE GRS, THEAN:

Precision =

(16)

Recall =

17
TP+FN )

oA, FN SRR im T o 2R i IE SRR AR, & 7 Bl 2K B 4 2R 2R RE S 8 RO I 1 28 K 2 B0 IR 2R
FEAR
4)FLAE: FL{EARTRA BIRA AT, HT2a M 2R i ae, R e 1 50 220 A1
BHE N RINVBCAR Y, THEARXN:
Precision x Recall

F1-Score = 2 x — (18)
Precision + Recall

FL T8 1 RS T 5136 (A, — A O # OV A«
6. FLBRARLALIRIRFE E R 5T K

N T BAEA S ERAE I LU0 B2 BB 0 AT 55 B TR RE, ASCRA T BreakHis £iff SR k47 5K
%, BreakHis HREGE T AF PR AMRALRY IR, W T REFGE A MR HE

DOI: 10.12677/aam.2025.143088 22 I3RS


https://doi.org/10.12677/aam.2025.143088

SRR, BAAR 55

SR B A, ARSCERN A R T TSNS, B RS RN R A 5 SRR R R AL(SVM)
B%E WT-SVM (R ER PE AT S

TENBE RIS, SRR E I /NS 2 R S HOR SR E SR BUSUR OB R R 2 — o /Nt
(I B E B T BG4 5 I R B RFAE AN AT (5 SRR B, DR L Ao 2 2005 2 2 BRI 43 84T 55
W, EBREA RUFFIEYE . BRI A 0N R R G B O, ARG [ N R AT
T VARSI FIR L 23 BT, B 2%i% 4% T Daubechies 4 (Db4) /N REAE Nk £, S2ihh, A SCREAE N
BREHAT 7 2R REINE,  JRRRYE 20 SR UERT R (Accuracy) . R B (Sensitivity). 45 [ (Specificity) 2545 b5
BEAT T 45 A 0PG o /N TE LR R/ K R BL N2 2 R, % 3 BRAR D RZEECN Sz 45 3

Table 2. Classification performance of different wavelet bases

= 2. FRIVEER S R

B HEf =% RS H el
Haar /N 78.3% 76.1% 80.5%
Db2 /N 81.5% 79.7% 83.2%
Db4 /N 89.2% 87.5% 91.0%

Symlet2 /N 84.7% 82.3% 86.1%

Table 3. Experimental results under different decomposition levels
=3 TRINBEH TSR

gy Ot RS ES RIYE SR VRERLIN ] (FD)
2z 83.4 815 85.2 15.3
4z 89.2 875 91.0 24.7
6/ 88.1 86.0 89.5 38.1
8 /= 87.4 85.6 89.2 53.2

M 2 SRR, Dbd NEIERI 7 RMERG R . REBEARy 7 B B R AL T oAl /N . [Kik, Db4
INBHE IR AR NA S R R . thR 3 WAS, BEAE S WEEE N, SRR R R BUE A 1RT)
(HTHSIN A A AETC R B WG . 72 2 JRA 4 R LLESh, 4 JZ St 1 v i 20 SR 5 M R i
FE, JF B ST aA &, R B I TERE . 6 JEAN 8 E i mARAEME R M RBUE LA ik, (H
FLAH SRR QIR I, HARIETCR W TR Z AL RE Jy. R, gk 4 2 Mo i T %

AT BB RAE B, A SCKZAVE WT-SVM 5464811 SVM FEBET T XL sEs, ALY
KA, SRR INE 4 Fios:

Table 4. Comparison results of two classification experiments
4 Zo LIRS R

Bk HET LGRS EIEES F11{H
SVM 85.37% 86.48% 86.14% 86.33%
WT-SVM 99.18% 99.21% 98.99% 99.01%

%2 B T 4G SVM SRR SCEYAIE i AT i R MR 4R bR, QIR HERIR . iR, 3
R0 FL{H. MRERIGEE, 44 SYM BEiERI 8 MR R HEWIERN 85.37%, F5Hfi% N 86.48%,
HIAH N 86.14%, F1{EH N 86.33%. EIRLSG SVM BRI T A /02568 17, (B S TR AR Y B
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AR )

BRI, ASCHEEAE Rt R T RE RIS B, MERRER DT, ASCHEILIAR]
T 99.18%, Fifk4t SVM Fikigm T 14 N E o . IXRE, AR SCHEE AR S T 4T ik FL e 2R B
RSB AR . HIR, RN 99.21%, HFI%K 98.99%, F1{H 99.01%. XLEiEiri#ErtR
W, ARSCEVEABERS 4> F5 B CRMEINRT), [ e 54T R0 R HE K 22 BB R AY, R IE T I
(R BE P ATER B

seAh, FLERERTICNEE, FLEER 99.01%, #E—HRAE T A SCH LA PHERE IR S & By
TR . F1ERUE S SVM 51 86.33% KIEHE iy, 2 B A SCRVELE SO0 FL e s 2 LG s S vk
(2R BIAS T 1) B, RIS T SRS RE ST

G RE, SIE R IE N AR SCREIATE U A AU 2 R R i s R . ML T ARG
SVM 5k, ASCHILRENS B AR IR A R RS R L4, JF AR 2 SRS B RS TR T
B R3S . IXUegE R, BhA /NBEH S SR M AL EVEAM BRI A B o itk ge, i H RS
BRI S bR AN, JCIE F I 2 U o b S R (0 B AT 5

7. &t

ARSCHRH T —Fhgh & /AR 3 5 SRR IR S AL(WT-SVM) [ L8 2 2P0 B 2 BB oy K EE 1z
I /N AR AR R 1 2 RS AL, A S R 1R A5 2, A SVML A S dpe DL 1 T2 AT #5 1
K. KIEUIREKY], WT-SVM FE70 P RE LB T1558 SVM,  RENS R TR 1 3L A 21 23 1) RO
PEARBHPERME A PE R, RIL R B HeE AR EVE . B4, WT-SVM XA RIZE A [ 7L e B 5 B AT
BORRIZACRE S, ERANF A M HE AR . BRI, WT-SVM LE LR BE R 0 e rh R B
EFYERIZCR, BT Z MR AT, JCHAER ARG MBI SRR, Oy Asitbiz i Rgft 7
ARIIBARTT H o KRR TAE R DA NP S, KR E BRI %, JRE G IR 2 553
ARy RE I IEVEREMACBL S, HEZh AL M o B SEBr i L
B O

AWHFC AL ZIN IO T T M. EZIMED LR DS T 7 AT DA ET,
ML B AR E, BISein Bttt Bdaot, MEISSCIIRY, & DIATEMEEE 7. i
PEEREAREE . RS RIS S, ABATRY TR A, AR R
A o

I, JATIE B AL A TR 2B 2 B AAE B R S HOR 2 B i & AL 2 A [F] 27, AbATIAE 2% )
AT AT T BAURK W SHEAFE B BT SO B AT R AMA, A B AT SR 2

FATA W AT 3077 -
e, WATEZRBONA TSR BET BRI H A AT 00 SRR BA T R FE 45 LUBR 24T
E&WH

AW FARR] T AR TR R AREF QL INZRit )7 SUH BB RS AT TR 7 E
MIBE SR, BAOR T SRIR s W E . B R A7 S AR BRI 3EAT -

SE
[11 ke BTSSRI A SUR B G K07 0T E[D]: [t 22 A0ie 5], KR KRBT K2, 2023,
[2] XA BT ETIREMZIL S I I FLIRE B  BRHT FE[D]: [t 22 A0ie 3], HIK: PRI K2, 2023.
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(3]
(4]
(5]

(6]

(7]

(8]
(9]

[10]
[11]

[12]

[13]

[14]

[15]

WL TR S I AL A S0 B MG 73 AT FE[D]: [ 220 30]. H & FH BRHER S, 2023,

YL B TR S LR SR 2 B R L [D]: [ 2260 5C]. KR Ardbks?, 2023.
MR IE, S, XI5, MR, Gk, MIERE, BEEE. 2T SE-DenseNet fl 3L 4L SV HL A UG Y K] #RRE
23, 2023, 44(3): 20-27.
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