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TOM TAT: Ung thie vii la chimg ung thu phé bién va la nguyén nhan thir hai gy tie
vong do ung thu ctia phu nit. Anh X- -quang s6 la mét trong nhzmg phwong phdp thich hop de
phat hién som ung thu. T uy nhién, rdt khé dé phdn bi¢t giita cdc héa voi lanh tinh va dc tinh,
diéu nay dan dén nhiéu cdi chét do phat hién tré hodic chan dodn sai. Mot hé théng chdn dodn
nhii anh (mammogram) tro givp boi may tinh c6 thé cung cap mot nhdn xét thir hai nham hé
trg cde bdc sT trong chan dodn. Cdc héa véi rdt nho tuong ing véi cdc thanh phan tdn sé cao
clia phé dnh, phdt hién cdc héa véi bang cdch phdn gidi anh thanh cde ddi bdng con ¢ cdc tén
s6 khac nhau diing phdn tich da phan giai wavelet (MRA), logi b6 béng con tén sé thdp, va
cudi cimg, xdy dung lai nhii anh tiv cac bing con tan $6 cao. Mgt tdp 3 déic trung (do bién
thién, entropy va do léch chuan) duoc tinh tir phan giai wavelet la 3 ngd vao cua mang noron
chi gom mot lop dn véi 5 nit dn. Hé thong thue thi 1t trén cdc anh di liéu v6i hiéu sudt dat
91%. Két qud nay cho thdy wu diém cua phép bién doi wavelet két hop mang noron trong cdc
hé thong chdn dodn trg giiip boi may tinh.

Tir khéa: Ung thie vii, nhii anh, héa véi rdt nhé, bién déi wavelet, mang novon.

1.GIOI THIEU

Ung thu va hién _nay la nguyén nhan tir vong hang déu cia phu nit nhidu nudc trén thé
giGi. Cach tét nhét dé glam thiéu nhifng céi chét do ung thu dang nay 12 phat hién va chita tri
that som. Théng thudng, vige tu kiém tra, chup X quang hay siéu 4m la nhiing phuong phap
théng dung nhét dé chan doan.

Ung thu v cé hai dang di thudng chinh 1a cac hoa v6i va cac khoi u.

»  Céc hoa v01 rat nho (nncrocalc:ﬁcauons) La cac dém canxi nhd hon 1/50 inch hay
Yamm trong vi. Nhidu cac dém hoa véi rt nhd duge tim thdy trong mét ving c6 thé biéu 16
kha ning ung thu.

»  Céac hoa véi lon (macrocalcifications): La nhimg dém canxi 16n, né thudng lién hé
vai nhung thay dbi ciia té bao soi lanh tinh hay véi sy thoai hoa cua v (nhu sy 130 héa dong
mach vii, cac ton thuong cii hay cac chimg viém).

»  Céc khéi u (masses): Mot khéi u 1a mot nhom cac té bao tim tum lai véi mét do day
dic hon cac mé xung quanh. Kich ¢, hinh dang va mép (b0 ria) cua khéi u co thé gitip cic
bac s7 danh gia kha nang ung thu hay khong

Tuy nhién, mt bac si X quang phan tich hang ngan trudng hop, chi ¢6 3 dén 4 truong hop
la ung thu, vi viy, mét sy bt thuong c6 thé bi bo sot. Thuc té, dd chinh xac chén doan ciia anh
c6 thé s& ting 1én khi hai hay nhiéu hon cac béc sT X quang cling kiém tra anh khéi u. Vé
phuong dién lam sang, mdt hé théng chan doin nhii anh dua trén sy hd trg cta may tinh
(mammographlc computer—alded diagnosis _ MCAD) c6 thé dugc hiéu nhu mét sy chan doan
cua bac si két hop véi két qua phan tich nhii anh ctia may tinh. Muc tiéu ciia CAD 1a céi tién
hiéu suét clia bac si bang cach chi ra vi tri clia cc di thuong tiém 4n nham giam bét vige bo
sét céc thuong tdn. Nguoi ta di chimg minh duoc 1a xem xét hai 1dn s@ tang toc do phat hién
ung thu 1én 5-15%. Trong dé tai ndy, ching toi phat trién mot hé théng CAD dung bién dbi
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wavelet két hgp véi mang noron dé nhan dang céc hoa vi rat nhé trong nhii anh dan t6i viée
chén doan.

2.BIEN POI WAVELET
Bién d6i wavelet cho phép phén giai tin hiéu thanh nhimg thanh phin tAn s6 khac nhau,
Ching thugn loi hon phép bien doi Fourier truyen thong trong viéc phén tich nhiing tin hiéu
khong lién tuc va c6 dinh nhon. Bién ddi wavelet kha phé bién nén & ddy chi trinh bay rat tém
luge.
Wavelet me y(f) dugc ldy ti 16 boi tham sb a va duoc dich chuyén bdi tham sé b dé tro
thanh mgt ho wavelet

y/mb(:)ziy/(f‘___ﬂ) , aeR',beR (1
jal =\ &

Bién ddi wavelet lién tuc (CWT) clia m¢t ham thoi gian (tin hiéu) f{7) € LZ(R) duoc dinh
nghia nhu

t-b
CWT(a,b) = j (O [ jdt @)
v6i ¥ (£) 12 lién hop phirc ctia w(f). Wavelet phai thoa didu kién kha nhan
. .

Y\w

C, = _|'|—-(——l-da) < 40 (3)
oo

trong d6 (@) 14 bién dbi Fourier cia (¢) . Piéu nay doi hoi
[Cw@.de = )

Céc tham s t_y 1é va dich chuyen co gia tri thay dbi hen tuc nén viéc tinh toan chira nhiéu
du thirg. Trong bién ddi wavelet roi rac (DWT), céc tham s ty 1& va dich chuyén dugc roi rac
hoa. Lic by gid tin hidu f(t) dugc phan tich nhu

J
f) = ¢, 2%p@/2/ -k), j» k 12 56 nguyén ®)
ik

trong d6 ¢, , 1a cic h¢ s6 can duge xé4c dinh. Trong phan tich da phén giai wavelet (MRA)

con goi phan ly bang con (SD), tin hiéu f(t) duoc phan ly ra cic thanh phén tin sé thap biéu
dién boi ham ti 16 (o(t) v céc thanh phan tan s6 cao biéu dién bdi wavelet y/(7) :

f=X Z 4,060 40+ 2 4, (09,4 () ©

trong d6 j = 1 2,..., Jo la cac mirc phén giai khac nhau. Hinh 1 1a phén tich da phan giéi 3
mifc, trong d6 S 1a tin hiéu nguyén thiy, A (approxlmatlon-xap xi) 1a cac thanh phan tan sb
thap, va D (detail-chi tiét) 1 céc thanh phén tin s6 cao.

Tin hiéu thong thudng f(t) chi c6 mot chiéu (cht yéu 1a thoi gian), con tin hiéu anh f(x,y)
1 hai chiéu nén phén tich da phéan giai wavelet 4 4p dung cho anh phirc tap hon rat nhiéu.
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Hinh 1: Phan tich wavelet da phan giai 3 murc.

3.MANG NORON

Ly thuyét va img dung mang noron da kha hé bién nén & dy chi néu rit tom lugc. Mang
lan truyén 12 mot ham phi tuyén co thé xAp xi gan ding nhit mdt ham dich.

Qua trinh luyén mang duogc bit d?u Vv6i céc gia tri trong s tuy y — ¢ thé 1a cac sé ngiu
nhién — va tién hanh lap di lap lai. M&i lan ldp duoc goi la mét thé hé (epoch). Trong mbi thé
hé, mang hiéu chinh cAc trong sb sao cho sai s6 giam dan. Tién trinh diéu chinh nhiéu lan gitp
cho trong s6 dan dén dat duoc tép hop cac gié tri tdi wu.

Dé cép nhat trong s6 trong mdi thé hé, mang phai xir ly tAt ca mu trong tdp mau. Déi véi
tt‘rﬂng mau, mang thyc hién phép toan sau day: Trudc tién, mang thuc hién qua trinh lan truyén
tién, nghia 1a mang anh xa céc bién nhap ctia miu hién hanh thanh céc gia trj xuit, sir dung céc
gia tri clia cdc trong sO hién hanh. O nhiing thé hé diu, cic két qua xudt thudong chua chinh xéc
vi céc trong s6 ban dau con xa céc trj ding. Ké tiép, sai sd duogc tinh dya trén gia tri cla két
qua xudt va gia tri dich. Trén co sO sai sO tinh toan dugc, mang s& cdp nhat lai céc trong )
theo nguyén tic lan truyén ngugc sai s0.

Toém lai, dé hoc m'Si mau, mang thi hanh hai buéc: lan truyén tién — thuc hién anh xa, va
lan truyén nguoc sai s6 - cip nhit trong $0.

4.PHAT HIEN CAC HOA VOI RAT NHO

Hé théng MCAD (mammographic CAD) thudng gom hai h¢ théng con riéng biét, mot
duoc thiét k& dé phat hién cac hoa véi nho, va mot dé pht hién khéi u. Cac héa voi nho xuat

hién trong nhitng nhém nhé céc pixel (phan tir anh) c6 cudong d6 tuong doi 16n so v&i nhiing

pixel lan cén. Céac hoa voi nho 1a biéu hién cua tién trinh ung thu hodc mot giai doan tién ung
thur 4c tinh ma tiéu biéu 1a sy ting nhanh cla cic té bao ung thu. Céc dic trung ve hinh dang,
vi trf va tum lai thanh nhém cia céc hoa voi nho 1a dic diém dé cac bac si va chan doan kha
nang ung thu. Cac dam héa voi rit nho nay rat d& bj bd sét trén nhil anh do anh c6 do phan giai
thap va d& bi che khuét bai ky thudt chup chiéu anh khong chinh xéc [8]. Phuong phép phat
trién cac hoa voi gdm cac budc trinh bay ¢ Hinh 2.

Co s& dit lidu anh dugc thu thap tir MIAS (Mammographic Image Analysis Society), kich
thuée mai anh 13 1024x1024 diém anh, v6i do phan gidi mic xam 1a 8 bits trén mbi diém anh.
Pau tién, cac ving kha nghi s& dwoc rut trich tir anh va dugc goi 1a anh ROI (Region of
interest). Anh ROI 1 anh chira cdc ndi dung quan trong ma ching ta quan tam, ¢ ddy 1a vung
nghi ngd chira cic hoa véi rat nho [6] [7].
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Anh géc Anh ROI Anh ting cuong Anh héa vbi
Hinh 2: Phuong phap nhén dang céc hoa voi rit nho.

MGt bat loi cia nhii anh 1a anh c6 d6 twong phan thép, va cic dém hoa véi nhé biéu hién
ung thu vu thuong 1a rit nhé, gay khé khan cho viéc xir ly anh hiéu qua. Viéc ting cudng anh
(loc nhiéu) dugc thuc hién bing loc Wiener. Déi v6i nhidu nén trai déu & moi tin sd thi loc
Wiener hiéu qua hon loc théng thip (xem phin mo phong sau). Tiép theo 14 phan tich da phan
gidi wavelet (MRA). Phuong phap dé xuit gbm céc buéc nhu & hinh 3. Nhé viée loai bo bang
. con tén sb thap truéc khi khoi phuc anh ma cac hoéa voi nhé duge ting cudng va xudt hién kha
15 trén anh khoi phuc. Pay 1a cich thirc dé kiém tra hiéu qua cua viée ting cudng anh va viéc
ap dung phan tich wavelet [9] [10].

Anh da dugc ting
cuong

v

Phén tich da phéin giai wavelet
(chon mire 2 hodc mirc 3)

v

Loai bo bang con tin s thip

v
Khéi phuc anh
v

Kiém tra cic diém hoa voi

Hinh 3: Phuong phap phit hién cac hoa véi rit nho dua trén bién déi wavelet.

Viéc chon lyra céc ho wavelet ciing 1a mdt vén dé cin quan tim. Cac wavelet ¢6 dang dinh
hep va nhon s& phan tich cac dic trung tan sb cao hiéu qua hon céc dang wavelet c6 dang dinh
rong va tron tru. Wavelet truc giao dugc sir dung nhit 1a ho Daubechies. Ho wavelet nay c6
thuén lgi 1 chung c6 d6 dai ngin (compact support). Do do, ching c6 sy twrong quan cao hon

r
A

ddi voi nhimg cAu tric c6 kich thude nho (c4c héa voi rt nho) hon cic wavelet khac c6 d6 dai
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rong vo han. Nhugc diém cia wavelet Daubechies 13 khong dbi xtmg. Thuong, khéng cd
wavelet ndo vira ¢6 do dai ngén vira d6i ximg va tryc giao. Trong s6 cac wavelet truc giao thi
wavelet Daubechies 12 ddi ximg nhiéu nhat, do dé, tao méo dang it nhat & anh tai tao. Véi cac
dac diém nay, ching c6 sy tuong quan cao déi véi cac cum hoéa voi rat nho. Qua vige thir
nghiém mdt s6 ho wavelet nhu Haar, db, sym, bior... & cic muc phan giai tir 1 dén 5, ching
t5i nhan thiy ho db4 & mirc phan gii 3 cho két qua tét (xem phan mé phong & sau).

Chin doan cic héa voi rat nho bing mang noron [3] [4] [5] [11] [12]

Muc dich ciia viéc chin doan 1a dé phan biét giira cac hoa voi lanh tinh va héa voi 4c tinh.
Sau khi phét hién dugc cac héa voi rét nho dya vao phép bién déi wavelet. Cic dic trung sau
d6 s& duoc rat trich tir anh ROI va duoc dua qua mang noron dé nhan dang. Ngb ra cia mang
noron ¢6 gié tri tir O dén 1. Gia tri ngd ra tir 0 — 0.5 biéu thi viing chira khoi u 14 lanh tinh va
gi trj ngd ra tir 0.5 — 1 14 4c tinh [3] [4] . Phuong phap dé xuit dugc miéu ta nhu Hinh 4.

Lanh tinh

Ac tinh

Hinh 4: Phuong phip chin dodn céc héa véi rit nhd

Tur phén tich wavelet ta tach ra 3 dic trung sau dé dua vio mang noron: phuong sai, do
1éch chuan va entropy.

Phwong sai:
Goi W 14 cira sd ¢6 kich thuée MxN, phuong sai dugc tinh theo cdng thirc:

M N
var(W) = Z Z [x(m, n)— avg(W)]z @)

m=1 n=1

. véi x(m, n) 12 gié tri cudng dd anh & vi tri (m, n), avg la tri trung binh cia gia tri cuong do
diém anh trong cira s6 kich thuéc MxN:

1 1 M N
avg(W)=Il——§;§x(m,n) 8)
Pj léch chuén: i
D6 1éch chuan biéu thi sy trai rong cia dir liéu trong ving
1 1 ¢4 2
std(W)=Jﬁﬁ22[x(m,n)-avg(m] 9)
m=1 n=1
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Entropy:
i Entropy 1a mét do dac théng ké ngﬁu nhién, dugc sir dung dé dic diém héa ciu trac cua
bl
=
entropy ==Y P(x)log,[P(x)] (10)
x=0

v6i P(x) la x4c sudt gid tri cudng d6 diém anh x xuét hién trong anh,

Mang noron véi giai thuat lan truy'én ngugc duoc sir dung dé phén loai cac dic trung la
lanh tinh hay é4c tinh. Thuyc hién cho thay mang noron don gian chi sir dung mét tang 4n véi 5
nut (Hinh 5) cling da khé tot (xem phan mé phéng & sau). Ngo ra c6 gié tri tir 0 dén 1. Gia trj
ngd ra nho6 hon 0.5 tirc mang noron nhan dang cac dic trung ngd vao la lanh tinh. Gia trj lon
hon 0.5 nghia la céc dic trung ngd vao 12 4c tinh [5] [11][12].

€

A 5 .

C LANH TINH 0
15}

A

c Y—® 05
T

I& Ac TINH 1
N

G

Lép &n

Hinh 5: Ciu triic mang noron lan truyén nguoc.

5. KET QUA MO PHONG TREN MAY TINH

Téc gia khéng tu tao ra co s& dif liéu anh vi thiéu diéu kién va kho so sanh két qua véi cac
tac gia khac. Thay vao d6, nhu da néi ¢ trudce, ching t6i ding co s¢ dir liéu anh dugc thu thip
tir MIAS (Mammographic Image Analysis Society), kich thuéc mbi anh 1a 1024x1024 diém
anh, v6i do phan gii mic xam Ia 8 bits trén mdi diém anh. Co s& dir liéu cung cép théng tin
vé vi tri va loai dj thudng xuét hién trong nhii anh, dugc sir dung chii yéu cho céc hoat dong
-nghién ciru khoa hoc. '

Trude tién, loc nhidu 12 mét tién xir ly anh can thiét. Loc Wiener, cling nhu nhiéu loc
khac, giam thiéu nhiéu nhung ciing c6 tac dung phu khong mong mudn, trong timg trudng hop
ndy 1am giam cudng d6 4nh sang cic ddm hoa voi rit nho. Tuy vdy, dé tranh phat hién 1im
nhiéu 13 cac hoa voi, ta phai ding mét loc nao do. Thuc nghiém cho thfly viéc sir dung loc
Wiener két hop véi wavelet phan giai anh gitip phat hién t6t cac diém hoéa voi. Hinh 6 13 két
qua md phong tic dung clia viéc giam nhiéu. Thit ra, ngay nay cac phuong phap va thuat toan
xtr 1y anh d rat phat trién. Tly loai nhi€u va tinh chat anh ma ta chon cach xir 1y phu hop.
Trong nhi€u trudong hop phai qua thyc nghiém méi thay dugce sy hiéu qua.
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Anh ROI

Anh chwa giam nhiéu Anh di giam nhiéu
Hinh 6: So sanh két qua khi c¢6 dung loc giam nhiéu hay khong
Vé wavelet, ching toi da thir nghiém véi nhiéu ho nhu Haar, Daubechies, Symlets,

Coiflets, Bior... & cac mirc phan giai tir 1 dén 5. Két qua ho db4 & mirc phan giai 3 cho két qua
tt hon hét. Hinh 7 1a mét s6 két qua md phong.

Al'lh géc Haar Db2
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Biorl.1

Hinh 7: Két qua thuc nghiém dung cac ho wavclct khac nhau & mirc phén giai 3.

Vé mang noron, ching téi dd thu nghiém voi s6 nit 4n khac nhau dé so sanh sé thé hé
huén luyén va sai s MSE. Két qua trinh bay & Bang 1.

Bing 1: Két qua thir nghiém mang noron vé&i s6 nit 4n khac nhau.

Sym3

Coifl

Coif3

S6 nut 4n MSE Epoch
5 1.687¢-006 301
10 1.721e-006 298
15 2.217e-006 289
20 2.140e-006 286
25 1.760e-006 285
30 1.570e-006 278
35 1.564¢-006 279
40 1.510e-006 279
45 1.364e-006 274
50 1.330e-006 275
60 1.023e-006 269
70 1.133e-006 272
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Pé duoc don gian, ching tdi chon sb nut 4n 1a 5, sai s binh phuong trung binh MSE
khoang 1.687¢-006. Két qua dat duoc dbi véi tap co so dif ligu 20 nhii anh s6 (g0m cac anh
hoa voi thudng va hoa voi ac tinh) 1a 100%, mang noron nhén dang dugc chinh xac 10 truE{ng
hop anh lanh tinh va 10 trudng hop anh 4c tinh (Bang 2). Vi tép co s& dir liéu kiém tra gom
40 nhii nh, két qua nhan dang dat 91%. Tuy nhién, khi cho mang noron nhan dang cac anh
thuong va cac anh c6 khdi u lanh tinh va 4c tinh thi két qua mang nhén dang 1a lanh tinh. Céc
két qua nay 1a dua trén co s& dir liéu anh c6 sin, con trén co sO dir liéu tu tao thuc te tir cac
bénh vién thi két qua co thé khac di, tiy chét luong anh chup X-quang va CT. Lic bay gio viée
tién xir 1y anh phai dugc dic biét quan tim, va c6 thé phai ding mang noron phirc tap hon
(thém 16p 4n, tang s6 nut an...).

Bang 2: Két qua thuc nghiém ding co s& dif liéu anh

Anh hoa Loai di thuomg Vi tri di thudng Bén kinh Két qua thuc
voi X y di thuong nghiém
mdb209 M (&c tinh) 647 503 87 M
mdb211 M 680 327 13 - M
mdb213 M 547 520 45 M
mdb218 B (lanh tinh) 519 629 8 B
mdb219 B 546 756 29 B
mdb222 B 398 427 17 B
mdb223 B 523 482 29 B
mdb226 B 329 550 25 "B
mdb231 M 603 538 G4 M
mdb236 B 276 824 14 B
6. KET LUAN

Nhiéu phuong phap dd duoc (mg dung dé phat hién ung thu va véi mirc do thanh cong
khac nhau. Trong d6, chup nhii anh la mot trong nhiing phuong phép thich hop nhat dé phat
hién sém. Viéc phat hién sém qua nhii anh lam tang cac liéu phap chira tri va ty 1¢ séng cla
bénh nhan. Nhing thir nghiém 1dm sang va céac nghién ciru trude ddy chi ra rang mot hé thong
tu dong phat hién ung thur s& lam tang do chinh xac chan doan bénh.

Bai bdo dua ra mot md hinh thir nghiém dua trén phép bién ddi wavelet két hop véi mang
noron nhu 1a mdt céng cu tro gilp céc bac si dé ting do chinh xdc chan doan ung thu vii. Khi
str dung phép bién doi wavelet dé phat hién cac hdéa voi rat nho, viéc chon lwra ho wavelet va
mirc phén giai wavelet s& 1a can thiét.

Qua thir nghiém, ching t6i nhan thiy ho db4 & mirc phan giai 3 cho két qua tot hon hét. Ba
dac trung tir phén tich wavelet dugc dua vao mang noron don gian chi gbm 1 16p 4n véi 5 nit.
Két qua thir nghiém cho thiy hé thng phan tich wavelet két hop véi mang noron hoat dong
t6t, cho phép ta tin tudng c6 thé phat trién hé thdng 1én hoan chinh hon.

Qua khéao sat ky thuat chup va chan doén nhii anh & mét s6 bénh vién cla nudc ta nhu
bénh vién Tir Dii, bénh vién Ung Budu..., thi két qua chin dodn ciia cac bac si chi yéu dya
trén phim chup, viéc phat hién va chin doan nhii anh dya trén anh sb chua dugc ap dung. Véi
cac anh sb thu thap dugc tir cic bénh vién, néu, chat lugng hinh anh khong tt, dd phan giai
khéng cao, thi cdn c6 cach tién xir Iy dnh hiéu qua. DAu hiéu ban dau ciia bénh ung thu vii
khéng chi I sy xudt hién cta cic dom hda voi rat nho ma con nhiéu dau higu khéc, nhu sy
xuat hién khoi u v6i céc ria gai, ... Do d6 cin xay dung mét phuong phép téng hop dé co thé
két hop cac dau hiéu nay vio trong mot hé thong nhan dang va chin doan déng tin cdy hon.
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APPLICATION OF WAVELET TRANSFORM AND NEURAL NETWORKS
TO DETECT AND DIAGNOSE MICROCALCIFICATIONS IN
MAMMOGRAMS

Hua Thi Hoang Yen, Nguyen Huu Phuong
University of Natural Sciences, VNU-HCM

ABSTRACT: Breast cancer accounts for the most cancer diagnoses and the second
most cancer deaths of women. Digital mammography is one of the most suitable methods for
early detection of breast cancer. However, it is very difficult to distinguish benign and
malignant microcalcifications (MCs). There are many deaths caused by late detection or
misdiagnosis. An intelligent computer-aided diagnosis system (CAD) can provide a second
opinion to the radiologists. Given that the MCs correspond to high frequency components of
the image spectrum, detection of MCs is achieved by decomposing the mammograms into
different frequency subbands, suppressing the low frequency subband, and, finally,
reconstructing the mammogram from the high frequency subbands. A combination of 3
Jeatures (variance, entropy and standard deviation) computed by discrete wavelet transform
are used as inputs to a simple neural network consiting of one hidden layer with 5 nodes. The
system performs well with the accuracy of about 91% on data images. The result shows the
advantage of wavelet transform associated with neural network in CAD system for
mammography.

Keywords: Breast cancer, mammogram, microcalcification, wavelet transform, artificial
neural network.
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