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Phat hién anh gia mao ¢6 cac viung dwoc lay
mau ting dua trén phép bién doi hiéu va loc
thong cao DWT

Detection of Upsampled Image Forgery based on Difference
Transform and High Pass Filter of DWT

Abstract: In this paper, we present two methods
for detecting image forgery that have areas are copied
from the various images. The first method is based on
difference transform for the 2 x 2 blocks and the
second method is based on high pass filter of DWT
(Discrete Wavelet Transform). Compared to some
previous methods, proposed methods have lower
computational complexity and can detect forgery
areas more clearly. Experiments show that the
method are more robust against some attacks such as
rotation, scaling, add noise, JPEG compression, ...

Keywords: Image forgery, re-sampling detection,
DWT discrete wavelet transform.

I. GIOI THIEU CHUNG

Ngay nay, anh s 1a phuong tién truyén thong duoc
su dung rong rai, dong vai tro quan trong trong doi
séng con ngudi. Nhitng hinh anh bi chinh stra duoc sir
dung cho muc dich X4u c6 thé dan dén nhirng hau qua
khong tdt. Trong khi d6, véi sy san ¢ cia cac cong cu
xtr Iy anh, anh s d& dang duoc thay d6i ma khong dé
lai bang chimg gi vé thi giac. Dé giai quyét van dé nay
va tra 101 cau héi anh co d6 tin cdy bao nhiéu, anh nao
la that, anh nao la gia, thi cac k¥ thuat xac thuc duoc
phat trién. Chiang han nhu k§y thuat chu dong (active
method) nhing dau thity van hay chir ky s6 vao trong
anh, nguoc lai ky thuat thu dong (passive method)
gitp phat hién anh bi chinh sita ma khong can dau
thity van hay chit ky s6 dugc nhing vao trude do.

Tran Ping Hién, Nguyén Ngoc Hung, Pham Vin At

C6 nhiéu cach dé tao ra hinh anh gia mao, trong d6
sao chép cac vung anh tur cac anh khac nhau la mot
cach rat phd bién. Trong khi 1am nhu vy, dé tao ra
hinh 4nh thuyét phuc, ngudi ta thuong phai stra kich
thudc, quay, hay co gidn cic phan cia anh, qua trinh
nay doi hoi 1dy mau lai (resampling). Mic du viéc 1iy
mau lai thudng khong thé nhin thdy bang mét thuong
nhung né van dé lai cac diu vét vé mat twong quan
gitia cac diém anh. Vi vay, dua vao diu vét cua viéc
ldy mau lai dé phat hién anh gia mao c6 cac ving
dugc sao chép tir cac ngudn khac nhau 13 mot huéng
nghién ctru quan trong, dugc nhiéu ngudi quan tam.

Pau tién A.C. Popescu va H. Farid [7] trinh bay
phuong phép kiém tra xem anh A c6 bi ldy mau lai
hay khong bang cach st dung ma tran hé s6 D kich
thude (2xM+1)x( 2xM+1) véi M 1a hé sb, trong [4]
goi D 1a bd du bao (the prediction). Tu D xac dinh gia
tri dy bao tai (i,j) theo cong thirc:

bij = ZZI:—M ZII\L—M duy X Ay
Hiéu gia tri du bao va gia tri cho trudc:
ejj = bjj — a;j
goi 14 sai s6 du bao. Tiép do, tinh P;=P(a;=by) 1a x4c
suat dé by bang aj. Cac xac suat nay ty 1é nghich véi
sai b du bao, nghia 1a e;; cang nho thi Pj; cang 16n va
ngugc lai. Ma tran P gdm céac phan tir P;; goi 1a ban d6
xac sut (p-map). Cic tac gia ciing chi ra ring néu A la
anh bi léy mau lai (resampled), thi tdn tai bd du bao
D, sao cho cac phan tur Pij xap xi bang 1 xuét hién mot
cach tuan hoan. Pé xac dinh D va P nhu viy, Popescu
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va Farid st dung phuong phap EM (Expectation
Maximization). Tinh tuan hoan ctia P duoc nhén ra
bang cach sir dung phd ciia phép bién ddi Fourier roi
rac (DFT-Discrete Fourier Transform) ddi voi P. Trén
phé xuét hién cac diém sang nhon (peaks) d6i ximg
xung quanh tdm 1a d4u hiéu chung t6 anh (hay ving
anh) da bi léy mau lai. Do phtc tap cta thuat toan xac
dinh D va P trong [7] 1a 16n vi phai thuc hién céac
vong lap xac dinh hai ma tran nay. Trong [4],
Kirchner chi ra rang D dong vai tro khong cao, nén dé
giam thoi gian tinh toan, Kirchner da chon trudc mot
ma trn hé s6 D va tinh ma trin ban dd xéac suit P theo
D duoc chon. Tuy nhién, cd hai phuong phap [4] va
[7] déu dua trén sy quan sat cac diém sang nhon nén
kho x4c dinh dugc vung gia mao, vi vay tinh hi¢u qua
van con rat han ché.

Phat hién ldy mau lai trén mién khong gian duoc
dé xuat trong [8] dua trén tinh sai phan bac hai trén
cac hang hodc cac cot cila ma tran diém anh. Phuong
phap nay c6 wu diém 1a toc d6 nhanh hon phuong
phap trong [4,7], tuy nhién n6 van kho khoanh duoc
ving gia mao. Trong [1] tac gia da dwa ra mot cai tién
nho phuong phap trong [8] bang cach sir dung mot gia
tri ngudng voi ma tran DFT cta ma tran p[k], nhung
cai tién nay ciing khong nang cao kha niang khoanh
vung phat hién gia mao.

R. Wang [11] dua ra cach phat hién diu vét iy
mau lai trén anh bang cach st dung phép bién ddi
SVD (Singular Value Decomposition). Anh sau khi
duoc 1éy mau lai c6 dic diém 1a sy doc lap myén tinh
giita cac hang va cot ciia ma tran diém anh s& thay doi,
dung phép bién dbi SVD dé khao sat su thay doi vé sy
doc lap tuyén tinh, tir d6 két luan anh co gia mao hay
khong. Phuong phap c¢6 wu diém 1a don gian nhung
chi dua ra dugc két luan anh c6 bi ldy méau lai hay
khong, chir khong phat hién dugce cac vung gia mao.

Trong [3] ba tac gia X. Feng, I. Cox, va G. Doerr
tinh mét d6 niang luong chuin héa (normalized energy
density) cia cac ving anh dé xic dinh gid mao.
Phuong phép dua trén gia thiét 1a qua trinh 1dy mau lai
s& anh huong dén sy phan bd niang lugng cua anh trén
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cac mién tan sd (frequency domain), trong d6 ning
luong cua anh duoc hiéu 1a tong binh phuong cia cac
diém anh (E=2%i; al-zj). Ciing giéng nhu [11] chi dua
ra duoc két luan anh c6 1dy mau lai hay khong.

Trong [8] ngoai trinh bay phuong phap dua trén sai
phan bac hai, S. Prasad va K. R. Ramakrishnan con
trinh bay phuong phap s dung cac phép bién doi
DCT va phép bién déi DWT song tryc giao 3.5
(biorthogonal 3.5) dé xac dinh anh gia mao c6 lay miu
tang. Cac phuong phap nay c6 thé hién thi dugc ving
gida mao nhung khéi lugng tinh toan bi du thira do
phai tinh toan ca nhitng dit li¢u khong stir dung.

Hau hét cac phuong phap ¢ trén déu co6 nhuoc
diém nhu hiéu qua thip, thoi gian tinh toan 16n, kho
khoanh dugc viung gia mao. Phuong phap trong [8] su
dung phép bién d6i DCT va DWT ¢6 uu diém hon la
khoanh dugc cic vung gia mao. Trong bai bido nay
chung toi dé xuat hai phuong phap phét hién anh gia
mao dya trén phép bién ddi hiéu va loc théng cao cua
phép bién d6i DWT. Cac phuwong phap niy duwa trén
tinh phang cua ving anh dugc ldy miu ting (muc
111.3), c6 wu diém 1a don gian, dinh vi dugc cac vung
gia mao ldy miu ting va bén vimg trudc mot s6 phép
bién d6i nhu quay, tinh tién, nén JPEG,.... Cac
phuong phap dé xuat c6 kha nang phat hién gia mao
t6t hon phuong phap trong [4] cta Kirchner va sai
phan bac hai trong [8], c¢6 kha nidng phat hién gia mao
tuong duong voi phuong phép sir dung phép bién doi
DWT trong [8], nhung c6 d6 phuc tap tinh toan thap
hon.

Noi dung tiép theo ciia bai bao dugc t6 chirc nhu
sau: Phan Il trinh bay mot s6 phuong phap lién quan,
Phan 111 trinh bay tinh chét cua ving anh sau khi liy
mau ting va dua ra mot phép bién ddi méi trén ma
tran, goi 1a phép bién doi hiéu, ap dung phép bién doi
nay dé xay dung phuong phap phat hién anh gia mao,
Phan IV trinh bay phuong phép dua trén bo loc thong
cao cua phép bién d6i DWT, Phan V trinh bay mot s6
danh gia va phan tich, Phan VI 1a két qua thir nghiém
va Phan VI 1a két luan.
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I1. MQT SO PHUONG PHAP LIEN QUAN
Muc nay gidi thiéu mot sb phuong phap phat hién
anh gia mao, chung dugc dung dé danh gia, so sanh
V6i cac phuong phap dé xuat.
I1.1 Phwong phap cia Kirchner (ky hi¢u la K4)
Trong [4], Kirchner sir dung bo di bao cip 3x3
nhu sau:

-0.25 0.5 -0.25
D=| 05 0 0.5 ]
-0.25 0.5 -0.25

Dé phat hién cac ving gia mao cua mot anh, can
chia anh thanh cac khéi cing cidp MxN chong lan
nhau (hai khéi lién tiép chi khac nhau mot hang hoac
mot cot). Gia sir A 1a mot khdi can xét, phuong phap
kiém tra tinh gia mao cta A dugc thyc hién theo cac
budc:

Bwéc 1. Tinh ma tran dy bao B cua A bang cach sir
dung bd du bao D theo cong thic

B(u,v)=0.5%[A(u,v-1)+A(u-1,v)+A(u,v+1)+

AU+1V)]-0.25%[A(u-1,v-1)+A(u-1,v+1)+
A(u+1,v-1D)+A(u+1,v+1)],
Voi (u=2,....M-1,; v=2,...,N-1).
Buéc 2. Tinh ma tran sai s6 E:
E(u,v)=A(u,v)-B(u,v)
Buéc 3. Tinh ma tran P (p-map) theo cong thic:
P(uv)=exp(-[E(uv)I?)
Buéc 4. Thyc hién phép bién dbi DFT di véi ma
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Buwéc 5. Hién thi F dudi dang anh dé quan sat. Néu
xudt hién cac diém sang nhon (peaks) ddi ximg xung
quanh tam thi két luan khi A 13 gia mao.

1.2 Phuwong phap duwa trén sai phan bac hai (ky
hi¢u 1a SPB2)

Trong [8], trinh bay hai phuong phap dua trén sai
phan bac hai. Cing nhu phuong phap cua Kirchner,
anh duoc chia thanh cac khdi cung cap chong lan
nhau. D& kiém tra tinh gia mao cua khéi A, can thyuc
hién cac buéc:

Bude 1. Xay dung ma tran nhi phan B ung vdi A
theo cong thuc:

1néuS[u,v]=0
0 trai lai

Bluv] = @

trong d6 S[u,v] 1a sai phan cip hai tai A[u,v] tinh theo

hang. Noi cach khac:
S[u,v]=A[u,v]+A[u,v+2]-2A[u,v+1]

Buée 2. Thuc hién phép bién d6i DFT dbi véi ma
tran B dé dugc ma tran F.

Buwére 3. Hién thi F dudi dang anh dé quan sat. Néu
xudt hién cac diém sang nhon dbi ximg xung quanh
tam thi két luan khéi A 1a gia mao.

Phuong phap tht hai chi khac phuong phéap thu
nhit cach xdy dyng ma tran nhi phan B. Thay cho
cong thire (1) & budce 1 bang cong thic:

rin P dé d tran 1néuS[u,v] >0vaSu,v+1] <0
rah 7 ce duoc ma fran Blu,v] ={1néuS[u,v]<0vaSuv+1]=>0
0 trai lai
Anh A DWT bior3.3 LL | HL Gan LL=0 0 0 | rDwTbiorss Ma tran Hien thi Q Anh Q
> LH=0.HL=0 |0 dudi dang anh
LH |HH 0 HH

Hinh 1. So d6 cdc budc trong phwong phép duwa trén phép bién doi DWT song truc giao 3.5 [8].
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II.3 Phwong phap cia Prasad va Ramakrishnan
(ky hiéu 1a DWT3.5)

Trong [8], hai tac gia Prasad va Ramakrishnan con
dua ra phuong phap phat hién gia mao dya trén phép
bién d6i DWT song truc giao 3.5, chi tiét cac budc
ctia phuong phap nhu sau:Dau vao 1a mot anh da cap
xam |, ¢6 kich thudc 2Mx2N.

Budéc 1. Xay dung ma tran diém anh A tir .

Bwéc 2. Bién doi DWT véi ma tran A duoc C gom
bén ving LL, LH, HL, HH nhu sau:

LL HL
LH HH

trong d6 LL, LH, HL, HH 13 cic ma tran con cap
MxN. LL thuong goi 1a mién tan sb thap, LH, HL, HH
1a cac mién tan sd cao.

Bwéc 3. Trong C, thay LL, LH, HL bing ma tran O
cap MxN duoc ma tran:

[0 O
¢ =[ HH]
Bwéc 4. Bién doi IDWT duoc Q:
Q = IDWT(C"
Bwéc 5. Hién thi ma tran Q dudi dang anh, nhan
thdy ving anh khong bi bién ddi s& sang hon va ving
anh gia mao duogc lay mau ting sé& ti hon.

C=DWT(A)= [ ]34

Céc budc duge md ta theo so dd trong Hinh 1.

I11. LAY MAU TANG VA PHAT HIEN ANH GIA
MAO BANG PHEP BIEN POI HIEU
I11.1 LAy mAu lai tin hiéu

Cho tin hiéu mot chiéu y gom n mau: y=( Yo,
Yi,....Vn1) va hé s& ldy mau lai o ( véi o>1: ldy mau
tang; a<1: ldy mau giam). Khi d6 c6 thé xem y nhu
mot ham roi rac xac dinh tai cac toa d6 nguyén nhu
Bang 1.

Bdng 1. Toa do nguyén x va gia tri ham y.
X 0 1 2

y Yo Y1 Y2

n-1
yn—l
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Qué trinh 14y mau lai tin hiéu y gdm cac budc nhu
sau:
Budc 1. Bién doi toa do tir nguyén sang thyc.
Toa d6 nguyén i=0,1,...,n-1 dugc bién d6i thanh
axi, nhu Bang 2 dudi day:
Bdng 2. Toa dé bién doi tir x va gid tri ham y.
X 0 o ax(n-1)

o %2

Y Yo Y1 Y2 Yn1

Buoc 2. Noi suy dé xay dung ham lién tuc f(x) xac
dinh trén doan [0, ax(n-1)].
Buwéc 3. Xac dinh tin hiéu mai:
zi=f(i)
voi i nguyén, i=0,...,(m-1) va (m-1)=la X (n —1)]
(trong d6 |x| 1a phan nguyén dudi cua X).
Vi du: Cho o=1.5 va tin hiéu y nhu sau:

Bdng 3. Gid tri toa do nguyén x va gia tri ham y.

X 0 1 2 3 4

y 10 8 6 12 8

Budc 1. Bién ddi toa do tir nguyén sang thuc duoc
Bang 4.

Bdng 4. Gid tri toa dé bién déi tir x va gid tri ham y.

X 0 15 3 4.5 6

y 10 8 6 12 8

12 /"\
10 4

=]
(=]

0 1 2 s 5 6
Hinh 2. Do thi ciia ham f{x).
Budc 3. Tao tin hiéu mai z;=f(i) trong Bang 5.
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Bdng 5. Gid tri tin hi¢u moi.

i 0 1 2 3 4 5 6

Zi 10 | 867|733 | 6 10 |10.67 | 8

Céc phan tir z; chinh 14 cac gia tri mau cua tin hiéu
maoi.

I11.2 LAy mau lai trén anh

Anh s 1a tin hiéu hai chiéu (ma tran). Bé lay mau
lai trén anh, dau tién tién hanh lay mau lai timg hang,
sau d6 14y mau lai ting cot, két qua duoc mot ma tran
anh méi. Khi hé s lay mau lai >1 thi sé mau (diém
anh) tang 1én, anh to hon, trai lai néu a<1 thi anh nho
di. Ky thuat ldy mau lai thuong dwoc s dung dé
phong to va thu nho anh.

I11.3 Tinh chit ciia phép 1dy miu ting trén anh

Sau khi duoc ldy mau ting (upsample) voi ti 18 lay
mau a=p/q>1 thi anh rong hon (khoang o’ lan), sb
diém anh (s6 mau) nhiéu hon, trong khi gia tri cuc dai
va cyc tiéu cta anh gan nhu khong thay d6i, nén anh
s& phang hon (c4c diém anh c6 gia tri dong déu hon).

C6 thé danh gia do phiang cua anh bang cach tinh
trung binh cong (ky hiéu 1a T) gia tri tuyét d6i hiéu
cac cip diém anh ké nhau ciia ma tran diém anh. Cac
gia tri diém anh sau khi ldy miu ting s& dong déu hon
nén T nay s& giam di. Dé minh hoa diéu nay ching t6i
thuc hién tha nghiém trén 50 khdi anh ngau nhién c6
kich thudc 8x8, goi 1a khéi anh gbc. Cac khdi anh
dugc 13y mau lai 6 ti 16 a=p/q 1a 1.2; 1.5; 2 lan so véi
khdi anh gbc, va str dung phuwong phap noi suy: lang
giéng gan nhat (Nearest Neighbor Interpolation), song
tuyén tinh (bilinear interpolation), song khdi (Bicubic
Interpolation). Biéu d6 mé ta két qua thyc hién trén 50
khébi nhu Bang 6.

Qua cic biéu dd trong Bang 6 nhan thay duong
mau tim chdm tron thé hién gia tri T cua ma tran khoi
anh sau khi ldy miu ting déu nam bén dudi duong
mau hong chim sao thé hién gia tri T cua ma tran khoi
anh ban dau.
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IIL.4 Phat hién anh gia mao bang phép bién doi
hi¢u

Trong phan nay trinh bay phép bién déi hiéu trén
ma tran diém anh, va phuong phap phat hién anh gia
mao dya trén phép bién ddi hiéu.
I11.4.1 Phép bién doi hiéu trén ma tran diém anh

Pinh nghia: Gia st A 1a ma tran diém anh cap
2Mx2N, phép bién doi hi¢u trén A, ky higu R =F4(A),
1a ma tran cing cép véi A duge xac dinh nhu sau:
Chia A thanh cac khdi 2x2 theo thir tu tir trai sang
phai va tir trén xubng dudi. Sau d6 bién ddi mdi khbi
theo quy tic:

a b a —a] _1 _
2 -1 dle=ilara-0+al @

N6i cach khéc, cac phan tir cia R duge xac dinh
theo cong thuc:

1
Rai—12j-1 = Raipj =7 ((aZi—l,Zj—l +azi5) —
(@2i—12j + Azi2j-1) )
1
Ryi_12j = Rpipj1 = _Z((azi—l,zj—l + azi,zj) -
(azi—1,25 + azi,zj—l))
voi: i=1,2,...M; j=1,2,....N

Tir dinh nghia c6 mot s6 nhan xét sau day.

Nhdn xét 3.1: Néu cac phan tir trong khéi con 2x2
cia A co gia tri dong déu (xap xi bang nhau) thi cac
phan tir trong khéi con twong tng R = Fy4(A) s& c6 gia
trj tuyét d6i nho gan bang 0.

Y twong ciia phwong phdp phdt hién anh gid mao:
Gia sur | 1a anh can kiém tra. Néu | c6 cac ving gia
mao, thi ma tran diém anh A cua n6 c6 cac khdi con
ddng déu vé gia tri (tinh chat myc I11.3). Vi vy, ma
tran R =F4(A) s& c6 cac khbi co gia tri nhé gan bang 0
(nhan xét 3.1). Khi hién thi R thi cic ving gia mao
(tng Vi cac khodi co gia tri nho gan bang 0) s& den
hon cac ving khac. Dya vao dic diém nay dé dang

dinh vi dugc cac vung gia mao.
Chi tiét phuong phép dugc trinh bay ¢ phan dudi
day.
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Bdng 6. Két qua mé ta dp dong déu ciia cdc khoi anh sau khi lay mdu ting.

Ty 1€ p/q 1.2

1.5 2

Lang giéng gan w4 e
nhét L il VA A

Song tuyén tinh

Song khdi

111.4.2 Phwong phap phat hién anh gia mao dwa
trén phép bién déi higu (ky hi¢u BDPH)

Pau vao 1a mot anh da cdp xam I

Budc 1. Xay dung ma tran diém anh A tir .

Bwéc 2. Tinh:

R=F4(A)

Buéc 3: Hién thi anh ang véi ma tran R. Ving anh
t6i hon chinh 1a ving gia mao (viing dugc ting mau va
dan vao anh géc).

Nhdn xét 3.2: Trong nhiéu trudng hop anh c6 thé
ton tai cac ving t6i nhung khong phai gia mao, cic
ving nay xuat hién mot cach ngau nhién, khong co
bién va khong c6 y nghia rd rang. Con cac vung t6i gia
Mao s& ¢ bién va c6 ¥ nghia. Tuy nhién c6 mét sb
truong hop khac nhu chup chd tdi, chup ban dém, thi
van c6 thé xuat hién cac ving t6i co bién (khi hién thi
R), trudng hop nay phuong phap dua ra két qua phat
hién nham (anh khong gia mao van két luan gia mao).
Pay 1a nhuoc diém cua cac phuong phép dé xuat.

IV. PE XUAT PHUONG PHAP DU'A TREN LQC
THONG CAO CUA PHEP BIEN POI DWT

IV.1 Phép bién d6i DWT
MOdi phép bién d6i Wavelet roi rac s dung 2 bo
loc (thuong ky hiéu 1a LoD va H;D) dé phan tich anh
(Decomposition) goi la qua trinh thuan va 2 bd loc
(thuong ky hiéu 1a LR va HR) dé dung lai anh
(Reconstruction) goi la qué trinh nguoc, Vi du ddi voi
phép bién doi Wavelet roi rac DB2, thi:
L,D=[-0.1294, 0.2241,0.8365, 0.4830],
HD=[-0.4830, 0.8365,-0.2241,-0.1294],
LoR = [ 0.4830, 0.8365, 0.2241, -0.1294],

HiR=[ -0.1294, -0.2241, 0.8365, -0.4830].

Dé tién theo ddi trong muc nay chiing t6i trinh bay
lai phép bién ddi thuan DWT va nguoc IDWT. Theo
[6,9,10] phép bién ddi thuan va nguoc DWT dugc
thuc hién nhu sau:
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Phép bién d6i thuan DWT 2 chiéu: Phép bién doi
nay str dung bo loc thong thap L,D dé tinh cac gi tri
ving tan s6 thap va loc théng cao HiD dé tinh cac gia
tri vang tan s6 cao. Qua trinh nay dugc mo ta theo s
d6 Hinh 3.

Phép bién dbi ngwoc IDWT 2 chiéu: Phép bién
d6i nay thyc hién theo trinh tu nguoc lai voi phép bién
d6i thuan, str dung bo loc thong thap LR va loc thong
cao HiR, cu thé nhur so d6 Hinh 4.

LD Wz L
o va cat Hinz
Hing cét
HD S ¥ J LH
A cat Hing ‘

ig

Hinh 3. So d6 thuc hién phép bién déi DWT thugn.

LL LE: = LR
Hang Cét Ny L

Hing

M2 -
LH | BR
Hang Cot A

HR

N2 LR
HL Hing ‘ Cat ‘
% N2
‘ HH }% 2
Hing

Hinh 4. So @6 phép bién doi DWT nguroc.

‘HR‘
Cot

Trong d6:

X A \ i A

Hang Cudn theo hang vai bo loc X

X . np i A

Cot Cudn theo cot véi bo loc X
\Z Giam mau 2 lan theo hang: chi giit lai
Hang cac hang c6 chi so 1é (chi so tinh tir 1).
V2 Giam mau 2 1a theo cot: chi gir lai cac
cot cot c6 chi so 18.
’1\‘ 2 Ting miu theo hang: giita 2 hang thém
Hang mot hang véi cac gid tri 0.
W Ting mau theo cot: gitra 2 cot thém maot
Cot cot vai gia tri 0.

%) Cong hai ma tran cung cap.
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IV.2 Pé xuit phwong phap giam d§ phic tap tinh
toan (ky hiéu LTC)

Phuong phap DWT3.5 trong muc 11.3 chi sir dung
ma tran con HH, trong khi d6 van phai tinh toan cic
ma tran con LL, LH, HL. Nhu vay d¢ phuc tap tinh
toan ctia phuong phap ting ma khong can thiét. Trong
phan dudi day ching toi s& cai tién phuong phap nay
dé khong phai tinh toan du thira ma hiéu qua phat hién
van tuong duong.

Theo muyc IV.1, dé thyc hién phép bién doi DWT
can sir dung bo loc thong thip va bd loc thong cao.
Tuong tu dé thuc hién phép bién d6i IDWT can sir
dung bo loc thong thip va bod loc thong cao. Trong
phuong phap dé xuat dudi ddy trude tién xay dung ma
tran con HH bang cach chi su dung bo loc thong cao
HD, sau d6 phong to HH dé nhan dugc ma tran C
(twong tu nhu ma tran Q) c6 cung kich thudc nhu anh
ban dau. Chi tiét cac budc cia phuong phap nhu sau:

Pau vao 1a mot anh da cap xam |, ¢6 kich thudc
2Mx2N.

Budéc 1. Xay dyng ma tran diém anh A tir |

Buwéc 2. Sir dung bo loc thong cao HiD cudn theo
hang cho ma trdn A dé nhan dugc ma tran L co kich
thudc 2MxN.

Buoéc 3. Sir dung b loc thong cao HiD cuon theo
cot cho ma tran L dugc HH ¢6 kich thudc MxN.

Bu6c 4. Phong to HH 1én 4 lan dé nhan duoc C ¢6
kich thuéc 2Mx2N. Trong phép phéng to nay, moi
phan tr HH;; tao ra mot ma tran con cap 2x2, nhu sau:

HHy — [ ] voia = HHy

Buwdéc 5. Hién thi ma tran C dudi dang anh, nhan
thiy ving anh khong bi bién d6i s& sang hon va ving
anh gia mao dugc ldy miu tang sé tdi hon.

Céc bude duge mo ta theo so dd trong Hinh 5 bén
duai.
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2N

C Hifn thi C Anh C

Hy |Phongto4 L

dwal dang anh

2M

Hinh 5. So d6 cdc buée trong phirong phéap LTC.

2N N
A _ . L
St dung b St dung b
2M loc HD 2M loc HD M
- >
cudn theo cudin theo cdt
hing

- Thay vi tinh day du qua trinh DWT va IDWT thi
phuong phap dé xuat s dung bo loc thong cao HD
chi tinh cac dir lidu can thiét dé co vung HH, sau do
phong to 4 lan thay vi sit dung phép IDWT, nén
phuong phap c6 do phic tap thap hon déng ké so véi
phuong phap DWT3.5.

- Theo [trang 66-67,6], khi ap dung loc thong cao
V6i cac vung anh cang phing (smooth) thi s& nhan
dugc cac gia tri cang gan 0 hon. Nén cac khéi con cua
HH &ng voi cac mién gia mao s& c6 cac gia tri gan 0
hon so véi cac mién khac. Vi vay, hién thi HH ciing
phat hién duoc cac ving gia mao. Nhu vay, budc 4 ap
dung IDWT trong DWT3.5 chi ¢6 vai tro phong to
ving HH dé dinh vi viing gia mao tng véi anh goc.
Tuong tu, trong phuong phap LTC chung t6i str dung
phép phong to 4 lan ciing co thé dinh vi dugc cac
ving gia mao. Ngoai ra, phép phéng to nay do phuc
tap tinh toan thip hon so v&i phép IDWT va trong
nhiéu truong hop nhan duoc cac ving gia mao rd nét
hon.

V. PANH GIA PQ PHUC TAP TiNH TOAN VA
TiINH BEN VONG CUA CAC PHUONG PHAP
V.1 Panh gia d§ phac tap tinh toan ctia phuong
phap BDH

Trong phuong phap bién déi hiéu BBH c6 budc 2
qua trinh 4p dung phép bién ddi hiéu cho ma tran anh
A 1a chinh nén dé d4nh gia do phuc tap ta chi can déanh
gia cac budc nay.

Theo cong thic (2) dé bién d6i 1 khdi 2x2 can: 2
phép cong, 1 phép trir va 1 phép chia cho 4 (co thé

thay bang phép dich chuyén 2 bit), nhu vay can 4
phép tinh.

D4i véi anh c6 kich thuéc 2Mx2N thi sé khdi can
bién d6i MxN, nén d¢ phuc tap tinh toan cta phuong
phap BDH s¢ la:

T(BPH)=4xMxN
V.2 Panh gia d¢ phwc tap tinh toan cia phwong
phap DWT3.5

Dé ap dung phép cudn véi bo loc ¢6 kich thuse S
cho m&i phan tir trong hang/cot thi can: S phép nhan
va S-1 phép cong. Nén véi mot hang gdm 2N phan tir
s& can: 2Nx(S+S-1) phép toan hodc véi mot cot 2M
phan tir s& cAn 2Mx (S+S-1) phép toan.

Trong phuong phap DWT3.5 thi budc 2 ap dung
phép bién doi DWT va budc 4 ap dung phép bién doi
IDWT la chinh nén dé danh gia d6 phuc tap ta chi can
danh gia cac budc nay.

Theo budc 2 véi phép bién d6i DWT can 4p dung
bo loc LoD, HiD dé cudn ma tran A va sau do tiép tuc
dung 2 bd loc nay cudn 2 ma tran c6 sb chiéu 2M xN
cho ra cac vung LL, LH, HL, HH, nén sé& can sb phép
tinh:

2X(2Mx2Nx(S+S-1)) + 4% (2MXNx(S+S-1))

Twong tu nhu vay budc 4 véi phép bién d6i IDWT
c6 do phuc tap nhu qua trinh DWT va thém §xMxN
phép toan cho 3 phép cong ma tran cling cap.

Vay do phuc tap tinh toan caa DWT3.5 la:

T(DWT3.5)=2x(2X(2Mx2Nx (S+S-1))+

AX(2MXNX(S+S-1)))+8xM*xN
= 32X(MXNX(S+S-1)) + 8xM*N

-117 -



Cdc céng trinh nghién ciru, phat trién va vmg dung CNTT-TT

V.3 Panh gia do phuc tap tinh toian cia phwong
phap LTC
V6i phuong phap LTC thi bude 2 va budc 3 chi ap
dung bo loc thong cao HiD dé tinh HH 1a chinh va
dang ké.
Budc 2 s& can sb phép toan 1a:
2Mx2Nx(S+S-1)
Budc 3 s& can sb phép toan la:
2MxNx(S+S-1).
Vi khong phai thyc hién qua trinh IDWT nén do
phuc tap tinh toan cua LTC s¢ la:
T(LTC)=2Mx2Nx(S+S-1)+2MxNx(S+S-1)
= 6X(MXNX(S+S-1))
Pé tién so sanh do phuc tap tinh toan cua cic
phuong phéap ching t6i 1ap Bang 7 tong hop dudi day:

Bdang 7. D¢ phuc tap tinh todn cia cac phuong phdp.

Phwong . L
. bj phirc tap
phap
BDbH AxXMxN
32X (MXNX(S+S-1)) +

DWT3.5 SXMXN

LTC 6X(MXNXx(S+S-1))

Nhdn xét:

- Qua Bang 7 t6ng hop trén co6 thé nhan thay:

+ Phuong phap BDH c6 d6 phuc tap thap nhat.

+ Phuong phap DWT3.5 ¢6 d6 phuc tap cao nhat.

+ Phuong phap LTC c6 d6 phuc tap bang khoang
1/6 phuong phap DWT3.5.

- Do d6 phuc tap cta cac phuong phap DWT3.5,
LTC déu co thanh phan S 1a s6 phan tir cia cac bd loc,
néu bo loc co kich thuéc I6n thi do phuc tap tinh todn
Clia cac phuong phap sé tang va nguoc lai. Truong
hop phuong phap DWT3.5 va LTC sir dung phép bién
d6i DWT song truc giao 3.5 thi bo loc ¢6 kich thudc
$S=12, khi d6 d6 phuac tap cua T(DWT3.5) =
744xMxN, T(LTC) = 138x(MxN), nhu vay
T(LTC)=1/6T(DWT3.5). Trong thuc nghi¢m, thoi gian
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thyc hign DWT3.5 thuong 16n hon thoi gian thyuc hién
LTC tir 6 dén 7 lan.
V.4 Phin tich tinh bén virng cia cic phwong phap

Déi Véi phép quay, tinh tién: Cac phép bién doi
nay c6 dic diém khong lam thay ddi gia tri ma chi
thay doi vi tri diém anh nén khong anh huong dén tinh
phing ban dau cua anh.

Doi Vi phép nhiéu, lam mé,...: Ban chat cua cac
phép bién doi nay 1a thém mot gia tri nhidu vao cac
diém anh. Néu cac gia tri nhidu nho (hé sb thap) thi
khong 1am thay doi gia tri diém anh nhiéu nén van gii
dugc tinh phang ban dau cua anh.

Déi Véi phép nén JPEG: Nén JPEG la nén mat
mat thong tin, co thé lam thay doi gia tri diém anh.
Tuy nhién, néu nén véi ty 1& khong qué 16n thi cac gia
tri thay doi it, nén Van giir duoc tinh phing ban dau
cua anh.

Nhu vdy, cac phép bién doi trén déu khong lam
anh huong nhiéu dén tinh phang ban dau cua anh.
Trong khi d6, cac phuong phap DWT3.5 va cac
phuong phap dé xuit BBH, LTC déu dua trén tinh
chat phang cua anh sau khi duoc ldy mau tang, nén co
kha ning bén viing trudc cac phép bién dbi nay.

VI. KET QUA THU NGHIEM

Muc nay s€ minh hoa kha nang phat hién gia mao,
tinh bén viing, thoi gian thuc hién va danh gia cac kha
ning nay bang thuc nghiém trén tap 100 anh lay ngiu
nhién tir thu vién chuan UCID (Uncompressed Colour
Image Database, http://homepages.Iboro.ac.uk/
~cogs/datasets/ucid/ucid.html). Chuong trinh thu
nghiém duoc viét trén moéi truong Matlab 2011, va
may tinh c6 cau hinh chip Intel 2x2.2 GHz, RAM 3
GB.

VI.1 Mgt sé hinh anh minh hea kha niing cac
phuong phap

Dé minh hoa kha ning ciia cac phuong phéap chung
t6i chon mot s6 hinh anh di dwgc lam gia (ving
khoanh tron) trong Bang 8.
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Bdng 8. Mt s6 hinh anh gid mao dwoc ding dé thuc nghiém.

Anh giamao 1 Anh gia mao 2 Anh gia mao 3 Anh gia mao 4

Bdng 9. Mét s6 hinh anh gid mao va két qua phdt hién.

DWT3.5

K4 LTC
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Bdng 10. Minh hoa tinh bén viing ciia cdc phirong phdp

Anh gia mao 4 DWT3.5 LTC
Quay 45°
Quay 90°
Co gidn anh
10%
Nén JPEG
Q=60
Bdang 11. Thoi gian thuc hién ciua 3 phuong phdp (don vi la gidy).

Tén anh DWT3.5 LTC BDH
Anh gia mao 1 0.06873153 0.01234781 0.01023203
Anh gia mao 2 0.07134330 0.01149425 0.01021168
Anh gia mao 3 0.06715074 0.01137544 0.01012858
Anh gia mao 4 0.06705382 0.01158946 0.01020247

Bdng 12. Pdnh gid kha ndng phdt hién va tinh bén viing ciia cdc phirong phdp.

Tén Chua Co gian anh Quay vung gia mao Nén JPEG
phwon | tan o 0 0 0 0 - Q= Q=
phap cong 5% 10% 45 90 180" | Q=60 75 90
DWT3.5
va LTC 89 85 82 70 82 82 75 84 89
BPH 86 80 76 68 79 80 77 81 86

Bang 9 1a mot s minh hoa két qua phat hién cua
cac phuong phap. Qua bang nay nhan thay cac hinh
anh cua DWT3.5, BDH, LTC dugc khoanh vung gia
mao mat cach ro nét va phan biét véi cac ving con lai.

Trong khi d6 cac phuong phap K4 va SPB2 mic du
xét truong hop thuan loi nhat: chon khdi nim trong
ving gia mao, nhung dau hiéu gia mao (cic diém sang
nhon ddi ximg xung quanh tdm) vaAn khong hién thi
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mot cach 13 rang. Pidu d6 cho thdy kha nang phat hién
gia mao cua hai phuong phap nay rat thap, vi vay trong
phan thir nghiém tiép theo chi xét 3 phuong phap con
lai.

Bang 10 1a mot s&6 minh hoa két qua phat hién cua
cac phuong phap voi Anh gia mao 4 sau khi thuc hién
mot sb phép tan cong nhu quay anh, co gidn, nén
JPEG.

Trong Bang 11 1a két qua so sanh thoi gian thyuc
hién cta ba phuong phap DWT3.5, LTC, BPH véi 4
anh minh hoa trong Bang 3, cac anh déu c6 kich thuéc
512%384.

Nhdn xét:

- Phuong phap BPH c6 thoi gian thyc hién it nht,
DWT3.5 ¢6 thoi gian thuc hién 16n nhat, va thoi gian
thuc hién cia DWT3.5 gap khoang 6 lan thoi gian
thyc hién cua LTC. Diéu nay hoan toan phu hop Véi
danh gia va phan tich Iy thuyét & muyc V.

- Trong thuc té khi kiém tra anh gia mao s& phai
thuc hién chia anh thanh cac khéi chong lan nhau va
kiém tra trén tung khdi. S6 khdi nay rat 16n nén cai
tién giam do phirc tap tinh toan s& giup viéc thuc hién
chay chuong trinh nhanh hon.

VI.2 Danh gia va so sanh hiéu qua cac phwong
phap

Pé danh gia hiéu qua va so sanh cac phuong phap
ching t6i thtr nghiém trén 100 anh duoc chon lya
ngau nhién tir thu vién chuan UCID, sau d6 cac anh
nay duoc chuyén sang da cap xam. Dé tao ra anh gia
mao chung t6i st dung phan mém Photoshop chinh
sua.

Trong Bang 11 1a két qua phat hién trén tap anh
thir nghiém dugc chinh sira véi viing gia mao chén
vao c6 ti 1é ldy mau p/g=2, gém hai truong hop 1a
khong tin cong va c6 tan cong anh véi cac phép nhu:
co gian anh, quay, nén JPEG.

Bang 11 cho thiy ti I¢ bé sot twong ddi thap, va c6
ti 1& phat hién cao véi anh gia mao bi tan cong. Céc
phuong phap DWT3.5, BBH, LTC déu dua trén tinh
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chat phang cua anh sau khi dwoc ldy mau ting, trong
khi hau hét cac phép bién doi nhu quay, co gidn, nén
JPEG,... gan nhu khong lam anh huéng dén tinh
phing nay, nén cic phuong phap bén vimng trudc cac
phép bién d6i. Két qua thyc nghiém ciing cho thay
phuong phap DWT3.5 va LTC c6 ti I¢ phat hién tuong
duong.

VII. KET LUAN

Trong bai bao nay, ching t6i dé xuat hai phuong
phap phat hién anh gia mao dua trén phép bién doi
hiéu va loc thong cao ctia phép bién d6i DWT. Qua
phan tich, danh gia va thuc nghiém cho thiy, so voi
cac phuong phap K4 trong [4] va phuong phap SPB2
trong [1,8] thi cac phuong phép mdi c6 kha ning phat
hién t6t hon han, thuc té thi cac phwong phap K4,
SPB2 c6 kha ning phat hién rat thap. So véi phuong
phap DWT 3.5 trong [8], cdc phuong phap mdi c6 do
phtic tap tinh toan thip hon, va trong mét sb truong
hop c6 kha ning khoanh ving va thé hién ving gia
Mao 13 rang, sic nét hon. Cac phuong phap mdi ciing
bén viing hon trudc mot sb phép bién déi anh, diéu
nay duoC chung toi chirng minh va phéan tich dya trén
tinh phang cua anh sau khi duoc lay miu ting ma [8]
van chua chi ra dugc.
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