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Tom tat: Trong bai bdo nay, tic gia dé xuét
lugc dd thiy van mu (blind watermarking) &p
dung cho 4nh sd st dung bién ddi DWT (Discrete
Wavelet Transform) két hgp DCT (Discrete Cosine
Transform) va SVD (Singular Value Decomposition)
dua trén théng ké. Y tuéng chinh 1a st dung cic
phép bién d6i DWT két hop DCT, SVD bién ddi anh
s6 sang mién tan s6 két hop (mién tan s6 tich chap),
thuc hién nhing nhiéu 1an céc bit nhi phan cia mot
logo ban quyén hodc thong tin mit vao trong cic
vung khac nhau cua dit liéu anh. Ngugc lai, ky thuat
trich rit dit liéu da 4n gidu chi st dung thong tin
la anh da dugc nhing dit liéu, dugc thuc hién dua
trén thdng ké tan suit cta cac bit (0 hodc 1) trich
ra, v6i bit c6 tin sult cang cao thi ti 1 trich rit
chinh xac cang 16n. Tu do, tang ti 1€ trich rut thanh
cong cic bit dudc 4n gidu. Dong thdi ting cudng
tinh bén viing ctia di liéu dugc nhing dé chéng lai
cac phép tAn cong thiy van phd bién nhu tin cong
nhiéu, tin cong nén jpeg, tin cong clipping... Viéc
khdo sat danh gid két qua ctia lugc do thiy van dua
trén cac bién d6i tan s6 DWT, DCT két hop SVD
st dung do do PSNR (Peak Signal to Noise Ratio)
dé€ danh gia chét lugng anh trudc véi sau khi nhing
va do do NCC (Normalized Cross-Correlation) dé
do d6 bén viing cia logo trudc va sau khi trich riit ra.
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1. DAT VAN BE
A. Gidi thiéu bai todn

Ngay nay, su phét trién manh mé cla cong nghé
thong tin, cc sdn pham da phuong tién nhu 4m thanh,
video, hinh anh va vin ban dudc san xuat mot cach
nhanh chéng phuc vu nhu cau gidi tri va thuong mai.
Céc san phidm d6 dem lai ngudn thu nhap khdng 16
cho cdc nha sin xuét ciing nhu ngudi s hitu chiing.
Tuy nhién, v6i cong nghé hién nay, ngudi dung dé
dang sao chép, chia sé va siia d6i cac san pham da
phuong tién. Hanh dong sao chép, stia d6i, chia sé
khi chua dugc phép cua tac gia, cia ngudGi sG hitu
hop phép 12 vi pham ludt ban quyén san phim sé.
Diéu nay din dén cic tranh chip phap ly vé quyén
tac gid, quyén sé hitu hop phap dbi véi san pham
da phuong tién. Vi vdy, nhiing ngusi tao ra hodc sé
hitu hop phéap cdc san phim sb niy mudn bio vé
ban quyén san phdm clia ho bang cich 4n gidu thém
thong tin bdo mat, chdng lai sao chép, sira ddi, phan
tan bt hop phap.

Thiy van sO - Digital Watermarking [[1][2] 1a mot
giai phdp ky thuit cho nhu ciu bido vé ban quyén
san phim ky thuat sb. Thong tin ban quyén (nhu
logo, thong tin tac gia, chi ky dién t ...) dudc
nhung vao di liéu da phuong ti€n, ma khong lam
anh hudng dén chét luong ctia dit liu gbc. Ngugc
lai, thong tin ban quyén c6 thé dugc trich rit dua
vao khéa bi mat. Tir d6, ching minh quyén s hitu
hop phédp dbi v6i san phdm sd. Tuy nhién, k§ thuat
thdy van phai dam bdo dugc tinh 4n, tic 1a khong
lam 4nh hudng t6i chéat lugng di liéu gbc, ciing nhu
tinh bén viing ctia thong tin 4n gidu trude cic tin
cong thong thudng.

B. Nghién ciiu lién quan

Nhiing nim gan diy, nhiéu nghién ciu da dé xuit

cac k¥ thuat thuy van bén viing ting dung trong bao
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vé ban quyén san phdm sb. Nghién ctiu ctia M.Saidi
va cong su [4] dé xuit gidu tin dua trén bién ddi
DCT va Chaotic Map. Céc tic gia bién d6i DCT anh
dau vao, st dung cic hé s6 DCT trung binh va nho
dé nhiing thong tin mat theo thif tu zigzag két hop
tham s6 A. Gia tri A gitip ddm bao giif dugc ning
lugng ctia kh6éi DCT, tir d6 han ché méit thong tin
trong qua trinh trich rut.

D. Asatryan va M. Khalili [8] d& xuit mot luge do
thly van dua trén bién d6i DWT va bién ddi Arnold
cho bao vé ban quyén. Anh s dudc bién ddi DWT ba
muc do cho mot kénh mau. Sau dé, nhing théng tin
bén quyén 1én mién con LL3. Cac thi nghiém thuc
hién trén cac khong gian mau khac nhau: RGB, YIQ,
HSV, YCrCb,... va so sanh hiéu qua cia cac khong
gian mau.

D. G. Savakar va A. Ghuli [5] da dé xuét lugc do
thiy van lai ghép giita lugc dd thiiy van mu (blind
watermarking) va lugc do thity van khong mu (non-
blind watermarking). Céac ky thuat nhing st dung
bién ddi tan s6 DWT va hé sb «. Ky thuat dé xuit
chdng dugc mot sd phép tin cong thiy van phd bién
nhu xoay anh, nén JPEG, thém nhiéu (Salt Pepper,
Gaussian, Spkecle, Poision).

A. K. Abdulrahman va cong su [9] dé xuit phuong
phap thiy van st dung lai ghép gitta DCT va DWT.
Trong d6, tic gia bién ddi dong thdi DCT va DWT
cho c4 3 kénh mau (R, G, B) ctia 4nh gbc I thu dudc
12 mién con LL, LH, HL, HH tuong tng. Logo bin
quyén W dudc xdo tron theo bién ddi Arnold. Tiép
theo, thuc hién DCT, bién ddi thanh logo mdi c6
kich thudc 512x512x3 (tuong ting 3 kénh mau). Cudi
cung, moi kénh mau tao ra 4 ma trin 512x512 tuong
ing v6i 4 mién con cla bién d6i DWT. D€ nhiing
thay van, tac gia st dung cong thic alpha blending:
[ = I+ k* W. Tuy nhién, d€ trich rit thong tin
an gidu, can phéi c6 thém thong tin 1a anh gbc. Véi
phuong phdp nay, lugc d6 dé xuét phu thudc vao hé
s6 ti 1& k. Dong thai, viéc trich rit thong tin can yéu
cau dif liéu anh gbc.

M. Hariharalakshmi [3]] va cac cong su da su dung
mién tan s6 két hop CWT-SVD cho thity van anh
s6. Qud trinh x{ ly, tdc gid tim cich tinh trong sb
nhing t6i uu va st dung cong thic alpha blending
dé nhiing thong tin. Trudc tién, tic gia ap dung CWT,
sau d6 tim trong s6 nhing toi wu st dung tim kiém
Cuckoo (Cockoo search). Tiép theo 4p dung SVD va
cong thic nhing S, = S + o« W. Tuy nhién, véi
phuong phap nay thi viéc tim dudc trong sb a doi
héi thdi gian tinh todn nhiéu hon do dp dung tim
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kiém Cockoo.

Hwang va cong su [14] da si dung SVD két
hop véi ky thuat diéu ché chi muc luong ti QIM
(Quantization Index Modulation) dé xuit thuit todn
thiy van mu cho dit liéu &m thanh. Pay 1a mot giai
phap hop ly va phu hop véi thuc tién. Bdéi tinh khach
quan cua dit liéu trich rat, phuong phap hoan toan
khong can thém thong tin gi ngoai anh da thdy van.
Ngoai ra, st dung SVD la mot hudng nghién cuiu
dang dugc phat trién d€ gidm dif liéu dau vao, dp
dung cho céc ting dung thuc té.

Soumitra Roy va cong su [15] dé xuit lugc dd
thily van trén mién tan s6 két hgp DCT-SVD. Trong
dé xuét cia minh, Roy st dung ma trin S tic dong
1én ma trdn W (thong tin cAn nhing) theo phuong
trinh: S + o * W = Uw Sy Vi%.. Tuy nhién, ddi véi
phuong phap nhiing nay, Roy phai Iuu trit lai cic ma
trdn Uy, va Vg, dé€ phuc vu cho qua trinh trich rut
dit liéu sau nay. Piéu nay doi héi luu trii 16n khi xi
ly véi tap dit liéu c6 sb lugng anh 16n.

O trong nudc, cic tic gia Nguyén Vin Tio, Bui
Thé Hong [18] dé xuét gidi phap thiy van bén viing
két hop huéng tiép cin theo mién khong gian va
huéng tiép can theo mién tan s6. Cac tic gia st dung
bién DWT va ky thuat thily van st dung ma trin gia
ngau nhién. Két qua thi nghiém vdi nhiéu hé s k (hé
s6 ti 1 gilta tinh 4n va tinh bén viing cla thiy van)
tim ra dudc hé sb cho két qua tot 1a gii phap thiy
van c6 do bén viing cao trudc cic tin cong thong
thudng. Tuy nhién, phuong phap ciing c6 han ché 1a
lam gidm 2 lan s6 bit thiy van c6 thé nhiing do st
dung bién d6i DWT va chi st dung 1 dai tan s6 con
cho thuy van.

Tac gid Ng6 Van Sy va cac cong su [17] cing
tng dung DWT cho ky thuét thiy van trong bao vé
ban quyén anh mau. Trong nghién ciiu, cic tic gia dé
xuét giai phap thly van st dung bién d6i DWT nhiéu
mitc. Anh ban diu RGB dugc chuyén sang khong
gian mau Lab. Sau d6, 4p dung bién d6i DWT mic
1 cho thanh phan L, tiép theo st dung dai tan sd LL
dé thuc hién bién d6i DWT muic 2 va thuc hién cho
dén khi dat dugc két quia mong mudn. Cudi cung, &
budc nhing thong tin, cac tac gia st dung cong thuc
nhing alpha blending E = E + o« W véi gid tri o
dé€ diéu chinh chét lugng anh dau ra.

Gan day, tic gia Nguyén Hiéu Cuong va Cao
Thi Luyén [19] tién hanh dé xuét lugc do thiy van
rong (zero-watermarking) st dung cic phép bién d6i
DWT, DCT, va SVD. O trong ludc dd dé xuit, DWT
dugc bién d6i & mic 2 va sit dung phan hé s thip
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L cho bién ddi SVD thu dugc ma tran dudng chéo
S 1am dau vao cho bién d6i DCT & budc tiép theo.
Trong phan mi héa (nhiing thong tin) thi cdc tdc gia
so sanh tuong quan gia tri gitta cac vi tri trong ma
tran DCT thu dudc, hinh thanh mot chudi khéa K roi
tién hanh XOR v6i chudi thidy van W. Tuy nhién, khi
lam viéc v6i nhing &nh ¢6 kich thude 16n thi tdc do
thuét to4n sé bi 4nh hudng nhiéu.

Qua mot sé nghién ciiu cla cdc tac gia, ky thuat
thiy van s6 dua trén mién tan sb st dung riéng 18
bién ddi DCT hoic DWT hodc SVD hoic két hop
DCT-DWT 1a nhiing giai phdp c6 nhiéu wu diém.
Dé xuit cia Hwang [[14] st dung bién ddi SVD la
thiy van mu. Céc tic gid khac dung bién ddi DCT,
DWT va DCT-DWT déu dé xit phuong phdp thiy
van ban mu (semi-blind watermarking) dua trén
cong thic alpha blending hoic ky thuat diéu ché chi
s6 lugng ti QIM .... Khi trich riit, ngoai 4nh mang
thong tin phdi can thém thong tin 1a 4nh mang ban
dau hoic thong tin logo mat ban dau hd trg. Vi vay
giam di tinh khach quan trong thuc té.

C. Cdc dong gop mdi cua bai bdo

Qua phan tich cic nghién ctu trudc day, cac ky
thuat thdy van st dung bién d6i DCT, DWT, SVD
riéng 1é thda man dugc tinh 4n hay tinh khé nhan
biét (Imperceptibility), tinh bén viing (Robustness),
dd phiic tap tinh todn thip. Do viy, cau hoi dit ra la
khi két hop cac bién ddi trén thanh mién tan s6 két
hop hay mién tan s6 tich chap thi céc tinh chét trén
cua thiy van liéu cé con dam bao? Noi dung bai bao
ndy trién khai cac gidi phdp d€ danh gid hiéu qua
clia cac giai phap thuy van bén viing trén mién tan
s6 két hop. Mot s6 dong gép méi trong bai bdo nhu
sau:

o Chiing t6i dé xuit lugc do thdy van cho anh s6
trén cdc mién tan sé két hgp méi DWT1D-DCT
(One Level DWT - DWTI1D), DWT2D-DCT
(Two Level DWT - DWT2D), DWTI1D-SVD,
DWT2D-SVD, DCT-SVD d¢ dénh gid hiéu qué
clia cdc mién tan s6 tich hgp dén cac phuong
phép thuy van bén viing.

o Céi tién ky thuat nhiing thong tin theo y tudng
mdi nham ting cuong tinh bén viing cla thong
tin gidu trén mién tin s6. O giai doan nhiing,
chiing t6i thuc hién nhiing 1ip lai nhiéu lan céc
bit dit liéu 1€n trén cac kénh mau hodc cac vung
dit liéu khac nhau ma vin ddm bao chit lugng
cla ching (cu thé, thuc hién nhiing cung 1 bit
dit liéu mat lén 3 kénh mau tuong iing). O giai
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doan trich rit thong tin 4n sé dudc thuc hién
dua trén thong ké tin suit ctia céc bit thu dudc.

o Tir két qua thuc hién trén mién tan s6 tich hop,

chiing t6i danh gia va so sanh dugc hiéu qua cta
mién tan s6 tich hop dé xuit méi c6 uu diém
hon nhiing mién tan s6 da dugc dé xuit trudc
day.

Qua thyc hién cdc thi nghiém, cidc mién tan s
tich chap méi d& xudt ctia ching toi cho két qui
nhing t6t va it d4nh hudng tdi thong tin nhiing.
Ngoai ra, thuit todn nhing ting cudng do bén viing
ciia anh nhing dat hiéu qua cao truéc mot sb tin
cong thiiy van thudng gip, dong thdi c6 do phiic tap
tinh toan thp, dé 4p dung cho nhiéu dinh dang 4nh.
Céc thi nghiém d4nh gia hiéu qua cta cac luge dd
thiy van st dung hai do do chinh 1a PSNR va NCC.

D. Bé cuc bai bdo

Phan con lai cta bai bao dudc t§ chic nhu sau.
Phan II gi6i thiéu vé cdc ky thuat bién d6i anh
trén mién tan s6. Phan III trinh bay ludc dd thiy
van trén mién tan s6 két hop dé xuit. Két qua thi
nghiém dénh gid, so sinh véi lugc do thdy van da
dé xuit va cac ky thuat trudc day dugc trinh bay
& phan IV. Phan V 1a két luan dbi véi luge do dé xuit.

1. KY THUAT BIEN DOl ANH TREN MIEN
TAN SO

A. Bién doéi Cosine roi rac DCT

Bién ddi Cosine r0i rac DCT (Discrete Cosine
Transform) [4][6][Z1[1ON[TTN[12]{15] dugc st dung
nhiéu trong thiiy van 4nh s6. N6 chuyén ddi cic tin
hiéu hinh anh tir mién khong gian sang mién tan
s6 va ngudc lai ma khong giy ton hao chét luong,
hodc rat it. O ddy, chi xét bién déi DCT 2 chiéu
(2D-DCT hoic ngan gon 1a DCT) va bién ddi ngudgc
cta n6 (iDCT). Khi thuc hién DCT, ma trin diém
anh thudng dugc chia thanh cic khbi c6 kich thude
4 x 4,8 x 8,16 x 16, nham gidm thdi gian tinh toan,
tang do chinh xac.

B. Bién doi Wavelet roi rac DWT

Ky thuat bién d6i Wavelet roi rac DWT (Discrete
Wavelet Transform) dudc st dung rong rai trong cac
ting dung x{ ly anh, xi& ly tin hiéu, .... Pic diém
quan trong ctia bién d6i DWT la dudc st dung dé
phén tich to4n hoc va vat Iy mot tin hiéu vé dang co
ban va c6 thé thuc hién tdi tao dat do chinh xdc cao
[6][10].

Bién ddi DWT vé6i anh s6 [8][9][10][131[16] 1a
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phan tich ma trin diém anh thanh bén ving con
riéng biét LL1, LH1, HL1, HH1 & c4c mc tan sb
thip, trung binh va cao tuong tng (bién ddi DWT
muc 1 - DWTID). Trong d6, L — bi€u dién gia tri
loc tan s6 thip, H — biéu thi gia tri loc tn sb cao
cao. Vung con LH1 c6 xu huéng tach ra cac dic tinh
hang ngang, trong khi ving con HL1 c6 xu huéng
tach ra cac ddc tinh hang doc trong anh. Vung con
tan s6 thip LL1 chda gan nhu toan bo ning ludng
clia tin hiéu hinh &nh. Trong khi ving con tan s
cao HHI1 chida cic thong tin vé két cAu, canh va
dudng vién ctia anh. Bién d6i DWT c6 thé tiép tuc
ap dung cho cic ma tran mién con tao thanh LL2,
LH2, HL2, HH2 (bién d6i DWT mic 2 - DWT2D).

C. Bién doi Singular Value Decomposition

Bién d6i Singular Value Decomposition (SVD) 1a
phuong phédp phan tich ma trdn thanh 3 ma tran khac
nhau (matrix decomposition). SVD dudc ting dung
nhiéu trong xt Iy anh, x& ly dif liéu nhim gidm sb
chiéu, nén dit liéu va dic biét tng dung trong k¥
thuat thdy van s& [12))[14][13][19].

Xét ma tran diém 4anh A c6 kich thuéc m x n. St
dung SVD, ma tran A dugc phén tich thanh 3 ma
tran U, S, VT theo cong thiic tong quat (1)):

A=USVT, (1)

trong d6, U va V7T 1a cdc ma tran truc giao c6 kich
thudc 1an luct 12 m x m va n x n, S 12 ma tran
dudng chéo c6 kich thuéc m x n (Néu m = n thi
S 1a ma trin dudng chéo vudng) véi cic phan tir
trén dudng chéo {A(;;)} c6 gid tri khong am dugc
sap xép giam dan, goi 12 cdc gid tri singular values
(SVS) thoa man: A(j 1) > A22) = .- = Ay = 0 va
tht ca cdc phan tif khac déu = 0. V6i r 1a rank clia
ma trdn S, thong thudng r = min(m, n).

Trong bién ddi SVD dbi vé6i anh s6 [15][19], ma
tran dudng chéo S ¢6 tinh 6n dinh cao. C6 nghia 1a
khi ¢ su thay d6i nhé trén anh thi ma tran S it bi
dnh hudng. Do d6, S dugc st dung d€ nhung thiy
van c6 kha ning chdng lai mot s6 tn cong bién ddi
anh thong thudng.

1, PE XUAT LUGC PO NHUNG VA TRICH
RUT THOY VAN

Qua khéo sat mot sb nghién ciu trude day, & giai
doan trich rit thiy van, ngoai anh chiia thong tin an
gidu va khoéa key thi con can thém céc thong tin ré
khac nhu anh gbc, ma trin chifa mot phan thong tin
mat (logo), thim chi c6 nhiing ludgc d6 doi hdi chinh
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12 c4c thong tin 4n gidu gbc thi méi c6 thé trich riit
ra dudc thong tin 4n. Trong mot s ting dung thuc té
thi diéu nay khong khach quan va doi hoi viéc luu
tr 16n.

Trong bai bdo nay, dé xuét lugc do dua trén ky
thuat thiiy van mu, tic 1a can it nhét thong tin (anh
chita thong tin 4n va khoa key) d€ trich rit duge dit
liéu da 4n gidu. Ky thuat niy phi hop véi thuc té va
giam khdi luong luu trif ma vin ddm bao tinh 4n,
tinh bén viing cta thiy véan.

Y tudng chinh cia lugc dd dua ra la két hop céc
phép bién ddi trén mién tan sb tich chap v6i phuong
phép nhiing thong tin mat nhiéu 1an theo quy luat.
Ngudc lai, viéc trich rit chi st dung duy nhét dnh
chifa thong tin 4n gidu va khéa key, dudc thuc hién
két hop thdng ké tan suit cic bit thu dugc dé ting xac
sult trich rit chinh xdc. Ky thuat thiy van dé& xuét
dudc chia lam hai giai doan: giai doan 1 1a nhing
thong tin mat, giai doan 2 Ia trich rit thong tin mét
tif 4nh di liéu dau vao (anh da gidu di liéu chua bi
hoic anh bi tan cong thily van). Y tudng cia ludc dd
thiy van nhu sau:

+ O giai doan nhiing thiy van: Trén mdi kénh mau
ch ctia anh mang dau vao sé dudc chuyén ddi vé mién
tan s6 két hop nho st dung cac phép bién ddi DWT,
DCT Hinh [1] Truéc tién, ap dung bién d6i DWT2D
(DWT lan 1 cho toan bd ma trin gia tri diém anh
cia kénh mau ch, thu dudc 4 mién con LL1, LHI,
HL1, HH1. Lua chon HL1 d€ ap dung DWT lan 2
thu dugc 4 mién con LL2, LH2, HL2, HH2). Tiép
theo, chon bing con HL2 dé€ chia thanh céc khdi c6
kich thuéc 4x4 d€ 4p dung bién d6i DCT. Sau do,
trén moi gid tri E(i,j,ch) (gia tri tai vi tri [0,0] cia ma
tran DCT tuong tng kénh mau ch) s€ dugc nhung
vao cung mot bit dif li€u mat. Nghia la, bit di liéu
mat w;, dudc nhiing 1an lugt vao ting gid tri cda
ba kénh mau tuong ting. Nhu viy, mot bit wy dudc
nhing 3 1an. Viéc nhiing bit wy, vao E(i, j, ch) dudc
thuc hién dua theo cong thic (2):

(| PR | o 2)/Q Néw wy = 1
(| Be2eh@EL | 40 1)/Q Néu wy, =0

E(i,j,ch) { 2)

trong d6, E(i,j,ch) la gia tri DCT tai vi tri
[0,0,ch], E(i,7,ch) 1a gia tri DCT nhén dugc sau
khi nhing tai vi tri [0,0, ch] cia kénh mau ch; wy
la bit thong tin mat can gidu; @ 1a trong s6 nhing
thda man: Q > 0.

+ O giai doan trich rit thiy van: thuc hién trich
rit va thong ké tan suét bit rit duge trén mdi diém
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anh véi cac kénh mau tuong ting. Do trén mdi kénh
mau déu dudc nhiing vao cling mdt bit thong tin. Vi
viy, thuc hién thdng ké tin suét cta gid tri bit (0
hodc 1) dudc trich ra, bit nao cé tan suit 16n hon
50% thi d6 1a bit cAn dudc trich rut.

Théng ké bit trich rit dudc theo cong thic (3)):

Néu [(E(i,j,ch) «Q)|/2 =0
Ngudgc lai

3)

{votes +1,
votes =

Dé€ xdc dinh bit trich rit st dung cong thic :

WE =

“)

1 Néu votes > «
0 Ngugc lai

trong do, votes 1a bién dém s6 1an xuit hién cda
bit mat dugc trich rit; o 12 hé sb thdng ké, thong
thudng a > 1.5 hodc 50%.

A. Qud trinh nhiing thity vdn

Qud trinh nhing thiy van thuc hién bién d6i
DWT2D va DCT dbi véi anh ban dau 1. Thong tin
mat can giau 12 logo W dudc biéu dién & dang chudi
nhi phan wy, € {0, 1}, v6i wy, 1a bit thi k cta chudi.
Sau do, st dung cong thic (2) d€ thuc hién nhing
thuy van W vao trong /. Hinh [I| miéu ta cac budc
cla qua trinh nhdng thiy van, cu thé:

Bude 1: P6i v6i mdi kénh mau ch clia dnh dau
vao I, 1an luct thuc hién bién ddi DWT lan 1 thu
dugc (LL1, (LHI, HL1, HH1)) tuong dng.

Buédce 2: Thuc hién bién ddi DWT lan 2 déi véi
HL1 trén mdi kénh mau, thu dugc (LL2, (LH2, HL2,
HH?2)) tuong tng.

Budce 3: Chia HL2 thanh cac block 4x4 thuc hién
DCT dbi v6i mdi block. Thu dugc ma tran cac hé sd
E(ij,ch)

Budc 4: Thuc hién nhing thiy van wy vao trong
E(i,j,ch) theo cdng thic . wy, dudc nhiing 1an lugt
trén E(i,j,ch) ciia ba kénh mau thu duoc F(i, j, ch)
tuong ung.

Bude 5: Thuc hién iDCT db6i v6i mdbi block
E(i,j,ch) thu dugc HL2_.

Budc 6: Thuc hién iDWT d6i véi (LL2, (LH2,
HL2_, HH2)) thu dugc HL1_.

Bude 7: Thuc hién iDWT d6i véi (LL, (LH,
HL1_, HH)) thu dugc I 1a anh sau khi nhing thiy
van.

B. Qud trinh trich rit thity vin
D€ trich rit thiy van dugc gidu trong anh chi can
st dung duy nhit dnh di gidu. Qua trinh trich rit
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thily van dugc miéu ta chi tiét trong Hinh [2| Céc
budc cu thé:

Bude 1: Péi v6i mbi kénh mau cta anh dau vao
I, 1an luct thuc hién bién d6i DWT 1an 1 thu dugc
(LL1, (LH1, HL1, HH1)).

Budc 2: Thuc hién bién d6i DWT lan 2 d6i véi
HL1 trén mdi kénh mau thu dugc (LL2, (LH2, HL2,
HH2)).

Budc 3: Chia HL2 thanh cac block 4x4 thuc hién
DCT d6i véi mdi block, thu dudc ma tran cic hé sb
E(i, j,ch).

Budc 4: Thuc hién lap di ldp lai qua trinh sau cho
t6i khi trich rit hét cac di liéu da nhing:

- Gan votes = 0

- Thuc hién trich rut bit femp trén ca 3 kénh mau
theo cong thic (3). Néu remp = 1 thi ting votes 1én
1 don vi.

- Kiém tra votes theo cong thiic (4). Néu votes >
« thi wy, = 1, ngudc lai thi wg = 0. (Théng thutng
a > 1.5 hodc xét theo ti 1€ % la > 50%).

Budc 5: Khoi phuc logo 1 tif chudi wy.

Ludc d6 nhiing va trich rit thuy van dé xuat dudc
thuc hién trén mién tan s6 v6i su két hop DWT2D-
DCT. Déi v6i mién tin s6 DWT2D-SVD, qud trinh
nhdng va trich rit c6 thé dugc tién hanh mot cich
tuong tu, chi khac 1a mién con HL2 dugc chia thanh
cac khéi c6 kich thudc 4x4. Sau d6 ap dung bién déi
SVD va st dung gia tri don (singular value) tai vi tri
[0,0,ch] ciia ma tran S d€ nhing thong tin.

DPéi véi cac mién tan s6 két hop DWTI1D-DCT,
DWTID-SVD, thuc hién bién d6i DWTID tao ra
cdc mién con LL1, LHI, HL1, HHI. Chon mién
con HLI1 chia thanh cdc khdi c¢6 kich thuéc 8x8
va 4p dung bién d6i DCT hoic SVD tuong tng.
Thuc hién nhung thong tin mat vao gia tri tai vi tri
[0,0,ch] cia ma tran DCT hodac ma trdn S tuong
ting. P6i v6i mién tan s6 két hop DCT-SVD, bién
ddi DCT dudc thuc hién trén cac khoi diém anh c6
kich thuéc 4x4. Sau dé lya chon gia tri DCT tai vi
tri [0,0,ch] d€ tao cac ma tran c6 kich thudc 4x4.
Tiép theo 4p dung SVD va cho ma trin 4x4, va
nhing dit liéu vao gid tri c6 vi tri [0, 0, ch] cha ma
tran S. Qua trinh nhing thong tin trong cic mién
tan sd két hop trén déu st dung cong thiic (2) va st
dung cdng thic , @) dé trich rut thong tin.

Iv. KET QUA THU'C NGHIEM VA DANH GIA

A. Moi truong thuc nghiém va cong cu ddnh gid
Dé danh gia chit lugng ctia 4nh sau khi thuc hién
nhing thly van, st dung cong thic ty sb tin hiéu cuc
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CEL%:;:I —>»| DWT |—> DWT |—>|DCT(HL2)
HL1 HL2 ﬂ
L12, LH2, Embeding .v -
LL1, LH1, HH1 HI? Algorithm P ‘-\-aterlg,na.rk
3 HL1_ HL2_ @
Watermarked . . :
Image <~ IDWT |[{—7| iDWT |<— iDCT

Hinh 1: Luoc dé nhing thiy van trén mién tan sé két hop DWT2D-DCT

R\fat]eg?gazked —>» DWT —> DWT —.,» | DCT (HLZ2)
HL1 HI2 ﬂ

Extracted — Extracting

Watermark Algorithm

Hinh 2: Lugc dé trich rdt thdy van trén mién tan sé két hop DWT2D-DCT

dai trén nhiéu (Peak Signal to Noise Ratio - PSNR)
[7][9][12][16]. PSNR dudc tinh biang cong thiic:

MAX?

PSNR = 1010g10 W

)

Trong do:

MAX 1a gia tri 16n nhit c6 thé cla diém &nh. Khi
céc diém anh dugc bi€u dién bdi 8 bit, thi gia tri clia
no la 255.

MSE (Mean Squared Error) 1a sai s6 binh phuong
trung binh tinh trén toan anh tinh theo cong thic:

m—1n—1
__1 N i 2
MSE— * 1 — ]ZO[I(Z7]) I(Zaj)] (6)

V6i m,n 1an lugt 1a kich thuéc cda anh. I(i,5) la
anh ban déu, I(i,) 1a anh da nhing thiy van.

Dé danh gid do bén viing clia thity van, thuc hién
tinh NCC (Normalized Cross-Correlation) cia thong
tin (logo) dudc trich rit sau khi bi tin cong thiy
van (bién d6i hinh hoc, thém nhiéu, nén anh, ...) véi
thong tin (logo) ban dau. Gi4 tri cia NCC cang gan
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gia tri 1.0 thi ching t6 do bén viing cla thdy van
cang tot. Cong thiic NCC [16] dugc tinh nhu sau:

St S W G, )W (3, )
S S WG

NCC = (N

Trong dé: W (i, ) 1a logo ban dau, W (i, j) la logo
dudgc trich rut.

D¢ thuc nghiém, chung toi sit dung may tinh Dell
Corel5 Gen5th, Ram 8Gb, chip 2.4Ghz. Thi nghiém
st dung tap hop gom 7 4nh (Hinh , mdi anh c6 kich
thudc 512 x 512 1am &nh gdc ban dau. Logo dudc st
dung d€ nhuing 12 4nh nhi phan c6 kich thudc 32 x 32.
Hé s6 @ > 0 dudc thi nghiém vé6i nhiéu gid tri khac
nhau d€ xdc dinh 4nh hudng ctia n6 t6i cac lugc dd
thdy van.

Thi nghiém thuc hién thity van theo luge do da dé
xuét & trén DWT2D-DCT. Pong thdi, d€ tién hanh
danh gia va so sanh hiéu qua, chung toi thuc hién tha
nghiém thity van véi bién d6i DWT két hgp DCT va
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Hinh 3: T4p hop anh thi nghiém (512x512) va logo watermark (32x32)

SVD, bao gdm cic mién tan sb tich hop: DWTID-
DCT, DWTI1D-SVD, DWT2D-SVD, va DCT-SVD.
Dbi v6i mdi mién tan sd trén, ky thuit nhing va
trich it thong tin 1a gidng nhau, chi khic nhau &
phan bién ddi dif liéu sang ciac mién tan s6 két hop.
Sau do6, thuc nghiém so sanh trén cac phuong phap
két hop dudc danh gid trén do do chinh 1a PSNR va
NCC.

Bén canh d6, d€ danh gia hiéu qua cta lugc do
thdy van dé xuit, chiing toi da thuc hién md phdng
lai lugc do thity van ctia Soumitra Roy va cong su
[15]. O trong ludc dd ctia minh, Roy ciing st dung
mién tan s6 két hgp DCT-SVD, tuy nhién trong k¥
thuat nhing thi tic gid st dung hé sb ti 1& o vé6i
phép cong o blending. Pay la phuong phap bat
budc phai giit lai mot phan thong tin sau khi nhing
(2 ma tran U va V cia bién ddi SVD) cung véi dit
liéu 4nh mang ban diu va anh chda thong tin mat
mdi c6 th€ khodi phuc duge thong tin mat da nhiing.
Ngudc lai trong phuong phdp ctia chiing tdi, chi can
rit it thong tin 12 anh chia thong tin mat va hé sb ti
1é @ (tuong duong o) ciing gidp 14y dugc thong tin
4n gidu. Chinh vi thé, & géc do thuc té khach quan
thi luge dd cta ching tdi dat duge do tin tudng tot
hon.

B. So sdnh va ddnh gid chdt luong dnh gidu tin

Cic két qua thi nghiém & Hinh El cho thiy két qua
12 c4c anh sau khi nhing thiy van theo lugc dd
(v6i @ = 10) véi gia tri PSNR do dugc 1a PSNR >
48 dB (thdong thuong PSNR > 30dB).

Dé ddnh gid tac dong clia trong sb @ dbi véi cac
lugc do thdy van dé xuét, ching toi thyc hién thi
nghiém cédc phuong phdp trén tap hgp anh & Hinh [3]
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(kich thuéc 512 x 512) va logo wm32 (kich thuéc
32 x 32) véi cac gia tri Q khac nhau 1an lugt 1a 10,
20, 50, 100, 200, va 1000. Ngoai ra con so sanh Kkét
qua thi nghiém vé6i gid tri PSNR theo lugc do cia
Roy [15] theo cic hé sb a.

Béng [I| thé hién gid tri do PSNR[dB] thu dugc khi
thuc hién cac phuong phap nhing thdy van cho anh
Lenna (dugc st dung nhiéu trong céc thi nghiém
thay van) va logo wm32 véi cac gia tri () khac nhau
lan luot 1a 10, 20, 50, 100, 200, 1000. Véi trong s
Q c6 gia tri cang cao thi PSNR cang t6t. Ngoai ra,
dd chénh léch chit luong 4nh PSNR ctia céc phuong
phap khong nhiéu. So sanh véi luge do ctia Roy thi
phuong phap dé xuét cho gid tri PSNR t6t hon. Nhu
vdly, cdc phuong phéap thiiy van trén mién tin s
két hop dé xuit déu c6 kha ning dam bao tot tinh
4n cla thong tin gidu. Tiép theo, can danh gia do
bén viing thong tin gidu cta cic phuong phdp khi
bi tdc dong bdi cic phép tin cong thity van phd bién.

C. So sdnh va ddnh gid dé bén viing thity vdn giita
cdc phuong phdp

Pé danh gida do bén viing ctia thdy van dbi vé6i
cac phuong phdp, thuc hién cic phép tin cong nhu
thém nhiéu salt_pepper, nhiéu gaussian, ]am md, nén
anh, cat anh ... Sau d6, chiing toi thuc hién trich rit
thong tin logo. Tién hanh do NCC ctia logo trich riit
dudc v6i logo ban dau dé danh gid tinh bén viing cia
cac phuong phap. Gia tri cia NCC cang cao (cang
gan 1.0) thi ching té lugc do dé xuit dat hiéu qua
cao d6i v6i tinh bén viing thily vén.

Trong thuc nghiém, ching t6i st dung mot s6 phép
tAn cong thong thudng nhu: Salt_Pepper, Gaussian,
nén Jpeg, Erase, MediumBlur, Blur, GaussianBlur,
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Hinh 4: Anh nhiing thdy van va PSNR tuong ung cia DWT2D-DCT khi Q = 10
va két qua trich rat logo vai gia tri NCC=1.0

Bang 1: PSNR[db] cta cac phuong phap vdi Q lan /y’dt 10, 20, 100,200, 1000
va phuong phap do Roy [15] dé xuat

PSNR
Method Q=10 Q=20 Q=50 Q=100 | Q=200 | Q=1000
DWTI1D-DCT 48.76 51.75 55.55 58.52 61.51 68.45
DWT2D-DCT 48.65 51.7 55.49 58.52 61.46 68.54
DCT-SVD 48.49 51.46 55.47 58.5 61.48 68.54
DWTI1D-SVD 48.34 51.5 55.55 58.46 61.49 68.49
DWT2D-SVD 48.52 51.51 55.51 58.52 61.48 68.5
PSNR
Method a=01]| a=0.01 | a=0.001
Roy Soumitra 26.93 35.75 38.16

BilaterallFilter, Histogram, Color. Péi véi tn cong
Salt_Pepper dugc gdy nhiéu ngau nhién véi mat do
1000 trén mo6t kénh mau (ca 3 kénh mau sé€ tac
dong ngiu nhién 1én xdp xi 10° vi tri, ~ 20%
nhiéu). D6i v6i nhiu Gaussian c6 do léch chuin
scale = 0.1. DPbi v6i tin cong nén st dung nén
Jpeg10%. Tin cong bang bd loc 2 chiéu Bilateral-
Filter (cv2.bilateralFilter(ﬂ) st dung bo loc (10, 75,
75). TAn cong MeidanBlur (loc trung vi) tic dong
truc tiép 1én anh nhiing thiy van v6i kernel size = 5.
Vdi thn cong GaussianBlur st dung Gaussian kernal
= (7,7, 0); tn cong Blur c6 kernel = (3, 3). Dbi v6i
tAn cong histogram st dung ham can bang histogram
cv2.equalizeHist().

Hinh [5| va Hinh [6] cho thdy két qua trich rit thong
tin logo cia DWTID-DCT va DWT2D-DCT. Nhin
truc quan, dé dang nhan thiy, lugc dd dua ra cho
két qua tot trudc cac tin cong nén jpeg, erase, thay

ddi color, va tuong dbi véi tin cong histogram. Tuy
nhién, két qua khong tdt ddi v6i cic tin cong nhiéu
hodc lam mad.

Trong cac bang El va |Vl cho thiy gia tri
do NCC d6i v6i cac phuong phap khi bi tn cong thiy
van. D6i véi 03 lugc d6 DWTID-DCT, DWT2D-
DCT, DCT-SVD thi viéc nhung va trich rit thong
tin khi khong bi tin cong déu cho gi tri NCC = 1.0.
Nhu vy, cdc luge do trén déu cho két qua chinh x4c.
Déi v6i 02 luge d6 DWTID-SVD va DWT2D-SVD,
khi so sdnh véi lugc d6 cia Roy, két qua 1a tuong
duong. Tuy nhién, viéc nhing va trich rut thong tin
khi khong bi tin cong déu cho két qua NCC < 1.0
chiing t& xdy ra mit mat trong qué trinh bién ddi,
cic luge d6 nay c6 dd chinh xic khong cao. Khi bi
tac dong bdi cac tin cong, phuong phap st dung két
hgp DWT2D-SVD va DCT-SVD thé hién tinh bén
viing cao hon cac phuong phéap khac.

Bang va so sanh gid tri NCC cia lugc

"https://docs.opencv.org/2.4/modules/imgproc/doc/filtering.html dd dé xuit (DWT2D-DCT, DCT-SVD) véi lugc do
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Erase_atta clc

MedianBhar attack

Hinh 5: Két qua sau khi nhiing théng tin thiy van (DWT1D-DCT)

Bang 11: NCC cua phuong phap DWT1D-DCT vdi Q = 10

Gia tri NCC cuia phuong phap DWT1D-DCT

Att_method | airplane | Baboom | barbara | boats | couple | hvktgs | lenna
no_attack 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Salt_pepper 0.96 0.7 0.67 0.82 0.59 0.84 0.79

Gaussian 0 0.02 0 0 0 0.02 0
Jpeg 0 0.09 0.15 0 0.11 0.17 0.16
Erase 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MedianBlur 0.11 0 0.25 0.49 0.21 0.65 0.17

Blur 0 0 0 0 0 0 0
GaussianBlur 0 0.01 0.06 0.01 0 0.05 0.04
BilateralFilter 0 0.04 0.08 0.02 0.02 0.08 0.07
Histgram 0.61 0.24 0.31 0.65 0.36 0.33 0.56
Color 0.96 0.93 0.93 0.91 0.93 0.91 0.96

do Roy Soumitra dé xuat (DCT-SVD) [15] khi bi tin
cong thily van. Dbi véi dé xuét clia Roy, yéu cau dau
vao cua bai toan la cac anh xam, logo thong tin mat
va hé s6 ti 1& o. Qua trinh nhiing cin phai luu lai 2
ma trdn (U va V la ma trdn cia SVD) c6 kich thude
bang kich thuéc ctia Logo dn gidu. Pay la 2 trong
nhiéu khéa bit budc ctia luge dd. Néu khong luu lai
2 ma tran trén thi sé khong thé trich rit thanh cong
di liéu da nhing. Ngoai ra, d€ trich rit thong tin con

S0 01 (CS.01) 2022

can thém thong tin quan trong 1a anh gbc ngoai anh
chiia thong tin mat. Nhu viy, can rét nhiéu thong tin
d€ trich rit dugc dit liéu da 4n gidu. Piéu nay chic
chin 1a sé khé khin khi dp dung véi tap dit liéu dnh
c6 sb luong 16n. Con ngudc lai, luge dd cla chiing
toi dé xult & trén chi can rit it thong tin b3 sung
d€ trich rit, nén bio dam tinh khéch quan trong ting
dung thuc té.

Ngoai ra, dbi v6i cac phuong phdp st dung bién
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Hinh 6: Két quéa sau khi nhing théng tin thiy van (DWT2D-DCT)

Bang 1lI: NCC cua phuong phap DWT2D-DCT vdi Q = 10

Gia tri NCC cuda phuong phap DWT2D-DCT
Att_method | airplane | Baboom | barbara | boats | couple | hvktgs | lenna
no_attack 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Salt_pepper 0.95 0.8 0.71 0.72 0.14 0.78 0.84
Gaussian 0.07 0.03 0 0.03 0.07 0.01 0.01
Jpeg 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Erase 0.97 0.97 0.97 0.97 0.97 0.97 0.97
MedianBlur 0.4 0.17 0.42 0.36 0.81 0.83 0.32
Blur 0.13 0 0.03 0 0.11 0.07 0
GaussianBlur 0.06 0 0 0.07 0 0.04 0.01
BilateralFilter 0.08 0.07 0.05 0.04 0.03 0.05 0
Histgram 0.37 0.34 0.47 0.44 0.23 0.15 0.06
Color 0.91 0.93 0.94 092 | 0.92 0.9 0.96

ddi DWT (1 miic va 2 muc) thi phuong phap st dung
bién d6i 2 mic c6 do phiic tap tinh todn cao hon va
thoi gian x@ 1y 1au hon do phai thuc hién thém mot
lan d6i véi bién d6i DWT thuan va DWT ngudc trong
qué trinh thuc hién. Tuy nhién, ddi véi cic luge do
DWT c6 hiéu qué cao hon so véi bién ddi 1 mdc.
Dic biét st dung DWT2D c6 dd bén viing t6t hon
s0 véi bién d6i DWTID. bdi véi DWT2D-DCT va
DCT-SVD déu c6 két qua ca 2 déu tuong dbi t6t khi
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danh gia PSNR va NCC. Tuy nhién, nhu da néi 6
trén, thi nghiém thuc hién ki€ém tht trén mién con
HL ctia bién d6i DWT, con lai 3 mién con LL, LH,
HH chua thuc hién kiém tht. Cdc mién con trén déu
c6 thé thuc hién nhing thong tin vao tir do ting thém
tan suét théng ké cla bit dugc nhing vao sé gidp ting
dd chinh xic ctia phuong phip. Nhu vay, lugc do sir
dung DWT (DWT2D) con c6 kha nang md rong va
cai tién dé€ dat hiéu qua hon.
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Bang 1V: NCC cua phuong phdp DCT-SVD vdi @ = 10

Gia tri NCC cua phuong phap DCT-SVD
Att_method | airplane | Baboom | barbara | boats | couple | hvktgs | lenna
no_attack 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Salt_pepper 0.87 0.61 0.48 0.53 0.2 0.76 0.54
Gaussian 0.04 0.02 0.05 0.04 0 0.04 0
Jpeg 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Erase 0.97 0.97 0.97 0.97 0.97 0.97 0.97
MedianBlur 0.77 0.22 0.71 0.71 0.97 0.77 0.84
Blur 0.85 0.75 0.79 0.81 0.88 0.55 0.96
GaussianBlur 0.89 0.83 0.89 0.89 0.93 0.62 0.99
BilateralFilter 0.44 0.07 0.12 0.34 0.36 0.31 0.33
Histgram 0.02 0 0.02 0.030 | 0.15 0 0.03
Color 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Bang V: NCC cua phuong phap DWT1D-SVD vdi Q = 10
Gia tri NCC cua phuong phap DWT1D-SVD
Att_method | airplane | Baboom | barbara | boats | couple | hvktgs | lenna
no_attack 0.91 0.99 0.94 0.94 0.96 0.99 0.85
Salt_pepper 0.41 0.52 0.48 0.5 0.43 0.7 0.4
Gaussian 0.01 0.0 0 0 0 0.05 0
Jpeg 0.85 0.31 0.52 0.77 0.79 0.84 0.66
Erase 0.88 0.96 0.94 0.92 0.93 0.96 0.84
MedianBlur 0.15 0 0.27 0.06 0.45 0.36 0.2
Blur 0.06 0 0.01 0.01 0 0.05 0
GaussianBlur 0.08 0.0 0.11 0.01 01 0.11 0
BilateralFilter 0.08 0 0.05 0.08 0.03 0.03 0.03
Histgram 0.03 0 0.08 0.07 0 0.07 0
Color 0.87 0.94 0.88 0.92 0.97 0.98 0.75

Trong cic phuong phap két hop mién tan sb, thi
mién tan s6 két hgp DCT-SVD ciing cho thiy mot s6
diém manh khi chéng lai mot s6 tin cong lam md.
Bang [[V| cho thdy mién tan sb tich chap DCT-SVD
dat dugc dd do NCC c6 gid tri 16n, thé hién tinh
bén viing dbi v6i cac phép tin codng MedianBlur,
Blur, va GaussianBlur t6t hon cic phuong phap
khic. Ching té, mién tan sb két hop gifta DCT va
SVD ciing c6 thé lam ting tinh bén viing trudc cic
tin cong.

V. KET LUAN

Lugc d6 thdy van trén mién tan s6 két hgp DWT
v6i DCT va SVD st dung cong thic [2] va [3] la luge
dd thdy van mu, phi hdp v6i yéu cau khach quan
trong thuc té bio vé ban quyén tic gid. Trong ky
thuat nay, nhing nhiéu 1an thong tin mat vao nhiéu
vi tri khdc nhau trén mién tan s6 két hop lam ting
hiéu qua thiy vén, chdng lai cac phép tan cong thong
thuong. Viéc trich rit dua trén thong ké tan suét di
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liéu dugc trich rit 1am ting ti 1& chinh xdc cla dau
ra. Ngoai ra, viéc st dung thong tin duy nhat (anh
chifa thong tin mat) dé€ trich rit gitp cho ludc dd
dé trién khai, khong doi héi tai nguyén luu trit 16n
nhung vin dam bao hiéu qua 4n giiu.

Qua cic két qua thi nghiém, phuong phap
DWT2D-DCT da phat huy dugc cic dic tinh quan
trong ctia cac mién tan s6 két hop, thé hién t6t hon so
véi cac phuong phap khac vé danh gid NCC khi bj tac
dong tan cong. Dit lidu anh sau khi nhing hoan toan
ddp ting dugc yéu cau thuc té. Po do PSNR tuong
ddi cao (thuc t& chi can tir 30db trd 1én). Doi véi
mot sb phép tin cong, phuong phap DWT2D-DCT
kha bén viing thong qua chi s6 NCC cao. Tuy nhién,
v6i mot s6 phép tan cong thudc nhém Blur hay Filter
thi két qua chua dugc tot. Pay 1a diém chua dat cda
lugc dd dé xuit.

Ngoai ra, d€ ting cudng tinh bio mat cta ludc dd
thdy vén, thuit toan thiy van cling nén ap dung mot
s6 ky thuit bdo mat tién thiy van nhu 4p dung cic
ky thuat chuyén déi cho di liéu can 4n gidu dau vao.
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Bang VI: NCC cua phuong phap DWT2D-SVD véi Q = 10

Gia tri NCC cua phuong phap DWT2D-SVD

Att_method | airplane | Baboom | barbara | boats | couple | hvktgs | lenna
no_attack 0.97 0.98 0.98 0.94 0.99 0.99 0.93
Salt_pepper 0.56 0.59 0.54 0.42 0.49 0.74 0.42

Gaussian 0 0 0 0 0 0 0
Jpeg 0.96 0.86 0.81 0.9 0.99 0.99 0.9
Erase 0.94 0.96 0.95 0.92 0.96 0.96 0.91
MedianBlur 0.18 0 0.27 0.11 0.53 0.37 0.23
Blur 0.08 0 0.06 0.07 0.09 0.05 0.05
GaussianBlur 0.08 0 0.13 0.08 0.33 0.07 0.12
BilateralFilter 0.06 0.05 0.02 0.06 0 0 0.02
Histgram 0 0 0.04 0.2 0.03 0.07 0.04
Color 0.93 0.9 0.95 0.92 0.98 0.98 0.81

Bang VII: So sdnh gid tri NCC cta phuong phdp dé xuat DWT2D-DCT (T) véi Q=10
va phuong phap DCT-SVD cta Roy Soumitra (R) [15] vdi o = 0.1

Att method airplane Baboom barbara boats couple hvktgs lenna

— T R T R T R T R T R T R T R
no_attack 1.0 {097 | 10 | 10 | 1.0 | 10 | 1.0 | 057 | 1.0 | 045 | 1.0 | 032 | 1.0 | 1.0
Salt_pepper | 095 | 094 | 0.8 | 0.95 | 0.71 | 091 | 0.72 | 0.57 | 0.14 | 0.45 | 0.78 | 0.32 | 0.84 | 0.96
Jpeg 1.0 {087 | 1.0 | 068 | 1.0 | 081 | 1.0 | 0.56 | 1.0 | 044 | 1.0 | 0.27 | 1.0 | 0.84
Erase 097 | 034 | 097 | 0.36 | 0.97 | 0.28 | 0.97 | 043 | 0.97 | 0.44 | 0.97 | 0.39 | 0.97 | 0.33
MedianBlur | 0.4 | 0.74 | 0.17 | 045 | 042 | 0.67 | 0.36 | 0.37 | 0.81 | 0.33 | 0.83 | 0.37 | 0.32 | 0.65
Blur 0.13 | 0.64 0 |1032]003|046| 0 |037]011| 05 |0.07 | 06 0 | 055
GaussianBlur | 0.06 | 0.7 0 0.4 0 | 054 0.07 | 0.38 0 0.3 | 0.04 | 0.16 | 0.01 | 0.67
BilateralFilter | 0.08 | 0.43 | 0.07 | 0.25 | 0.05 | 0.28 | 0.04 | 0.27 | 0.03 | 0.38 | 0.05 | 0.35 0 | 042
Histgram 0.37 0 0.34 0 | 047|004 | 044 | 02 | 023 |0.03 | 0.15 | 0.07 | 0.06 | 0.04

Color 0.91 0 0.93 0 (094 0 |092]| 0 0.92 0 0.9 0 |09 | 0

Béng VIII: So sdnh gid tri NCC cla phuong phdp dé xuat DCT-SVD (T) vdi Q=10
va phuong phap DCT-SVD cta Roy Soumitra (R) [15] vdi o = 0.1
airplane Baboom barbara boats couple hvktgs lenna

Attmethod - ———p—— TR [ T TR | T | R | T ] R | T | R | TR
no_attack 1.0 {097 | 10 | 1.0 | 1.0 | 1.0 | 1.0 | 057 | 1.0 | 045 | 1.0 | 032 | 1.0 | 1.0
Salt_pepper | 0.87 | 0.94 | 0.61 | 0.97 | 0.48 | 095 | 0.53 | 0.57 | 0.2 | 045 | 0.76 | 0.32 | 0.54 | 0.96
Jpeg 1.0 {087 | 10 | 068 | 1.0 | 081 | 1.0 | 056 | 1.0 | 044 | 1.0 | 0.27 | 1.0 | 0.84
Erase 097 |1 034 | 097 | 0.36 | 0.97 | 0.28 | 0.97 | 0.43 | 0.97 | 0.44 | 0.97 | 0.39 | 0.97 | 0.33
MedianBlur | 0.77 | 0.74 | 0.22 | 045 | 0.71 | 0.67 | 0.71 | 0.37 | 0.97 | 0.33 | 0.77 | 0.48 | 0.84 | 0.39
Blur 0851064 | 0751032079046 | 081 | 037 | 0.88 | 05 | 0.55| 0.6 | 0.96 | 0.55
GaussianBlur | 0.89 | 0.7 | 0.83 | 0.4 | 0.89 | 0.54 | 0.89 | 0.38 | 0.93 | 0.3 | 0.62 | 0.16 | 0.99 | 0.67
BilateralFilter | 0.44 | 0.43 | 0.07 | 0.25 | 0.12 | 0.28 | 0.34 | 0.27 | 0.36 | 0.38 | 0.31 | 0.35 | 0.33 | 0.42
Histgram 0.02 0 0 0 [002)|004]|003]| 02 |0.15] 0.03 0 |0.07|0.03]0.04

Color 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0 1.0 0

Vi du nhu dp dung cdc thuit toan xao tron st dung
Arnold transform, ma héa, ... Khi d6, 6 giai doan
trich rit c6 thé cung cip thém mot gia tri khéa k dé
gidp trich rdit dugc thong tin. Tir do, tdng cudng tinh

b4o mat ctia thong tin dudc 4n gidu.

st dung mién con HL d€ nhing dif liéu trén ca 3
kénh mau. Nhu vdy con 3 mién con tuong tng véi
3 kénh c6 thé dugc st dung d€ nhing thong tin.
Do d6, c6 thé st dung cdc mién con con lai dé tiép

tuc nhiing thong tin ting cudng hiéu qua ctia lugc dd.

Trong lugc dd dé xuit, bién d6i DWT méi chi
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EVALUATE THE EFFECT OF THE DIGITAL
IMAGE WATERMARKING TECHNIQUE ON
THE INTEGRATED FREQUENCY DOMAINS
DWT - DCT, DWT - SVD AND DCT - SVD.

Abstract. In this paper, the author proposes a
blind watermarking scheme applied to digital images
on DWT transforms combining DCT and SVD
based on statistics. The main idea is to use DWT
transformation and combine DCT, SVD to transform
the digital image into the combined frequency
domain (convolutional frequency domain), perform
multiple embedding of the binary bits of a copyright
logo or information. The confidential information
into different regions of the image data. In contrast,
the technique of extracting the hidden data using
only information that the image has embedded in the
data is performed based on the frequency statistics
of the extracted bits (0 or 1), with the bit having
the highest frequency. The higher the ratio, the
higher the exact extraction rate. Hence, increasing
the success rate of extracting the hidden bit. It
also enhances the stability of embedded data to
resist common watermarking attacks such as noise
attacks, jpeg compression attacks, clipping attacks,
etc. The survey and evaluation of the results of
the watermarking scheme based on the frequency
transformations of DWT, DCT combined with
SVD uses the PSNR (Peak Signal to Noise Ratio)
measure to evaluate the image quality before and
after embedding and the resolution. Estimate NCC
(Normalized Cross-Correlation) to measure the
durability of the original logo and after extraction
logo.

Keywords: DWT, DCT, SVD, Image Watermark-
ing, Blind Watermarking, Copyright Protection.
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