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M 6t so lwoc d6 thiy van méi
dwa trén phan tich QR

Several New Watermarking Schemes Based on QR Decoagition
Tréan Ping Hién, D3 Vin Tuin, Nguyén Ngoc Hung, va Phlam Vin At

Abstract: In this paper, we propose two Duya vao mac dich sr dung, cac froc d6 thay van
watermarking schemes based on QR decompositi@d, thé duoc chia thanh hai nhém chinthiy van dé
called QR-1 and QR-N. In comparision withvé va thiy van bén viing. Thay van & v& gom
watermarking schemes based on SVD decompositiaiirng thuit toan nhang tin rim phat h¢n ra s bién
of R. Sun et.al and P. Bao et.al, the proposedreeke ddi du cH vai bit trén @ liéu 5. Do \ay, thay van &
have lower computational complexity, higher segurit vé thuong dugc trng ding trong bai toan xac e tinh
better quality of watermarked image and moréoan \en cia dr liéu trén méi teong traodoi cong
robustness against some image processing attackbai.

Moreover, scheme QR-1 is also more robustness thanTyaj vgi thity van d& va, thiy van n vitng yéu éu

the scheme based on QR decomposition of Song W& thuy van phi tdn tai (bén vizng) truéc nhiing phép

etal. tan cong nBim loai bo ddu thay van, hdc trong trong
Keywords Robust watermarking, SVD hop loai b duoc diu thay van thianh sau khi btan
decomposition, QR decomposition. cong d@ing khéng con gié trsr dung. Do \dy, nhing
lwoc d6 thay van t&n viing throng dugc ung ding

1. GIOI THI U trong bai toan 4o vé quyén chi s hitu.

Hién nay, cac thong tin quanotrg throng duoc Cac phép @n doi SVD (Singular Value
luu trit va truyn tii duéi dang cac &p di liéu & nhe;  Decomposition: A=UxDxV'") va QR (QR
anh, am thanh va video. oV sy tro giGp aia ptin  Decomposition: A=QxR) ciing gidng nhr DCT
mém, ngroi diing c6 th d& dang #o ra cac bn sao c6 (Discrete Cosine Transform), DWT (Discrete Wavelet
chét luong ngang bng so i dit lieu gdc. Bén anh  Transform)déu la cac phép Bn d6i ma tign truc giao
d6, vin man sao chép, tai phan ihbat hop phap, 1am va cé ciing rit tinh chit quan tong 1a fip trung ring
gia dit liéu 5 ngay not gia ting. Do \iy, bai toan bo  lwong anh vao ndt s phan tir ¢ dinh ala min bién
vé dit liéu $ néi chung vainh $ noi riéngdang nfan ~ déi. Nang lrong anh @p trung vao pin tr D(1,1)
duoc nhiu sr quan tam @a cac nha nghiénra trong  trong phép kin doi SVD va hangdau cia ma tén R
va ngoai méc. trong phép kin déi QR. Cac phn tir nay cd tinhon
dinh cao, vi @ty c6 tté sir dung chiingié xay drng cac
lwoc @6 thuy van En viing tnréc cac phépan cong.
Mot nhan xét trong tr ciing dugc néu ra trong [5].

Thuay vananh la ki thuit nhing théng tin vaoi
lidu anh trée khi anh duge phan phi trén méi tuong
trao déi khdng an toan. \& nhung thdng tin vaanh
s8 lam gam chét lugng anh, tuy nhién théng tita Phép bén d6i SVD dugc dung kha nidu dé xay
nhang § 1a diu Vét dé nhan biét sy tin cong trai phép, dung cac e do thily van. C6 hai hiéng nghién 6u
haic dé xacdinh théng tin ¢ chi o hiru. xay drng cac troc d6 thiy van dra trén cach &p cin

nay.Hudng thr nhit: Nhang du thiy van vao ma fin
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D bing cach nhing vao ph tir D(1,1) [16], nhing
vao nbt sb phan tr dau trén duong chéo [17,18],
nhing vao4t ca cac pln tir tréndudng chéo [1], hac
nhang vao toandD [11]. Huéng the hai: Nhing du
thily van vao cac gin tir trén @t thir nhit cia ma tan
U va/hdic V [3,6]. Ngoai ra, c6 nBiu nghién éu ar
dung dong thyi phan tich SVD ¥i cac phép Hin doi
ma tén khac nle DCT, DWT,... &¢ xay ding céac
lwoc d6 thuy van Kt hop nhr trong [2,7,9,10,15].

Phan tich QR c6 at sb uu diém so 6i phan tich
SVD nhrng chra dugc quan tam nu trong véc xay
dung cac roc do thiry van. Gin day Song Wei [14{i4
s dung phan tich QR xayuthg hrgc d6 thay van (ky
hiéu la SW) ting cach nhangad thiay van trén phn
tr Q(2,1), Q(3,1)cia ma thn Q. Ngoai ra, c6 Bt s
nghién @u khac & dung phan tich QR hop voi cac
phép bén ddi ma tan khacdé xay drng leoc dd thay
van nhr trong [5,12].

Trong bai béo nay ching tdé xuat hai lwoc db
thiy van dra trén phan tich QRdi vsi mién khéng
gian anh. Khac i luoc d6 SW, cac koc dd dé xuit
s dung hangdau cia ma tan R dé nhang thiy van.
Luoc d6 the nhit nhing thy van vao mt phan tir trén
hangdiu aia R, lugc d6 th hai nhing thy van trén
ca hangdau cia R. Ngoai ra cach nhing bitith van
cia hrgc d6 dé xuit ciing khac so &i lugc do SW.
Trong kroc 46 SW (Song Wei), it bit thiy vanduoc
nhing king cach thayddi gia tri hai phin tr Q(2,1),
Q(3,1) dé Q(2,1) 16n hon haic nhd hon Q(3,1) tly
thuoc vao bit &n nhiang Bng 0 haic 1. Trong khi,
lwoc dd dé xudt sr dung y trong aia phrong phap
QIM (Quantization index modulation) [4F nhiing bit
thily van vao nit phan tir trén hangtau ciaR.

So Wi cac krgc dd thuy van dra trén phan tich
SVD trong [1,16] va QR trong [14] thirdc do d& xuét
bén vitng hon trede mot sb phép bén doi anh, dic bict
la phép nén JPEG. Ngoai ra, so gac krgc do [1,16],
lugc @6 dé& xudt con co thém @t s vu diém la: S
lwong phép tinh it ¢n, tinh o mat cao ton, chit
lwong anh thiy van 6t hon.

4T V-1, $ 10 (30), thang 12/2013

Céc pln con hi cua bai baatugc t chac nhr sau:
PHin 2 trinh bay rt s khai ném ao s duoc sr dung
trong bai bdo. Pim 3 trinh bay haidgc db thay van
dya trén phan tich SVD. Rh 4 & xuat hai kroc do
thily van dra trén phan tich QR. Bh 5 phan tich 6t
sb wu diém cia cac roc dd thuy vandé xuat. PHin 6
trinh bay Kt qua thr nghiém va Plan 7 & Kt luan.

Il. M QT SO KHAI NI EM CO SO

II.1. Phan tich SVD

Moi ma tén thec Y cip mxn cho tuge ludn luén
c6 thé phan tich thanh tichia 3 ma tin thyc nhr sau
[8, trang 448]:

Y=UxDxVT'
Trongdo :
U la ma tén tryc chuin cip mxm.
V la ma tén tnrc chuin cip nxn.
D la ma tén duong chéo &p mxn cé tinh clt:
D(1,1»D(2,2)>..>D(s,sP0, véi s=min(m,n)
I1.2. Phan tich QR
Moi ma tén thec Y cip mxn cho tuée ludn ludn
c6 thé phan tich thanh tichia 2 ma tin thec nhr sau
[8, trang 223]:
Y = QxR
Trongdo:
Q la ma tan trgc chuin cip mxm.
R & ma tén tam giac trénap mxn.
11.3. Chuén véc o va ma tran
Dé tién loi cho viéc tinh toan, déi day € s dung
chuin 1 (1-norm) [8, trang 52-54jugc dinh ngha la
tong gia ti tuyét déi cac phn tir cia véc & haic ma
tran:

M=X2N6 )

i=1 j=1
I.4. Anh gbc vaanh thuy van

Trong cacikoc dd thiy van drsi day cH xétanhda
cap xaml c6 kich throc MxN (néu | 1a anh mau thi g
dung céng tirc 1=0.299R+0.587G+0.114Ri¢ chuyén
sangda cip xam). Nhr vay anh thrc chit 1a mjt ma
tran nguyén khdng am. &ksir | la anh gbc val' laanh
sau khi nhang &b thwy van @nh thuy van). Bé d¢anh
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gia chit lugng aia anh thy van I' ¢ thé sir dung
chuin cia ma tan hiéu I' - I;

[ =1=2 3 60160

Néu gia ti nay cang nbithi I' cang gbng | va chit
lwong anh thy van cangét. RS rang |1 - 1|| phu thuse
vao kich thréc cia anh. Bé c6 mdt danh giadoc lap
véi kich thrge anh, c6 té dungdai luong sau:

Diff :u 1)
M x N

n6 chinh 1&6 sai khac trung binh @ anh gbc vaanh
thuy van.

Duéi day € dungDiff ¢é danh gia cht luong anh
cia cac lrgc do thuy van. Lirgc d6 nao coDiff nho
hon thi cé clit luong anh thuy van 6t hon.

ll. L UQC PO THUY VAN DUA TREN PHAN
TICH SVD

Pé tién theo dbi va so sanh, trongiphnay ching
t6i trinh bay haitoc d6 thay van, lroc d6 thar nhit
nhang ndt bit thiy van vao phn tr dau trénduong
chéo ma #in D (caa nmbi khdi anh), gi 1a lugc db
SVD-1 [16] va trgc @6 tha hai nhang rat bit vao it
ca cac phn tir trén duong chéo ma én D (cia noi
khéi anh), gi la luoc d6 SVD-N [1]. Pay la hai trgc
dd phd bién duoc sr dung trong kha nkiu nghién ¢u
sau nay. Ngoai ra, ching cdnoc dungdé két hop
Vi cac phép liin doi ma tén khac (DCT, DWT,...)
tao ra cackgc dd moi.

lI.1. L woc dd SVD-1
[11.1.1. Thugt toan nhung thiy van

Trong thuit todn nay,dau vao laanh |, diu thiy
van W=(w,...,w) c6 do dait bit va ndt sd nguyén
dwong q dung 1am B s luong tr. Pau ra laanh I’
chra diu thiy van W. Cac lréc cia thiufit toan nhr
sau:

Buwéc 1: Chiaanh | thanht khéi khéng giao nhau
tirng d6i mdt va cd cung kich e mxn, ky hiéu la
|i,i=1,2,...,t.

Buéc 2: Ap dung phan tich SVD trén &hkhdi |;;

4T V-1, $ 10 (30), thang 12/2013

I, =U, xD; xV;

Buéc 3; Nhang bitw; vao pfan tr Di(1,1) cia ma
tran duong chédd;:

Buoc 3.1:Tinh:

Z =Di(1,1) mod g

q la ke sd lugng tir cho tee, né tié hién tinh &n
viing aia hroc do thiy van. Neu hé sd g cang nib thi
tinh BBn vitng aia lwoc dd cang thp, nhrng chit
lwong anh thiy van cang cao. Ngyc lai hé sb q cang
lon thi tinh Bn vitng aia krgc d6 cang cao, nimg
chit luong anh thiy van cang thp (xem muc 111.1.3).
Vi vay hé sb g néndugc chon sao cho caning gira
tinh bén vitng va clat luong anh theo yéu au thec t
st dung.

Budc 3.2:Diédu chinh Dy(1,1) thanhD; (1,1):

Truong hopw; = 0:

Néu Z; < 3q/4, DI(1,1) = Di(1,1) + q/4- Z, .

Nguoc lai, D;’(1,1) = Di(1,1) + 59/4- Z .

Truong lopw; = 1:

Néu Z <q/4, D'(1,1) =Di(1,1)-q/4-Z

Nguoc lai, D;y(1,1) = Di(1,1) + 39/4 - 4.

Sau khi thrc hién nhangw; vaoD; ta nkin duoc Dy’
chi khacD; tai vi tri (1,1).

Buéc 4: Tinh I, =U, xD,; xV,", anh I’ tao tir cac
khéi I; 1aanh chra diu thay vanW.

Nhan xét: Cong thic tinh Dy’(1,1) trong turong
hop wi=1 vaZ < g/4 trinh bay trong boc 3 chra $
hang Z;, nhung trong [16] la #Z;, ngha la:

D’'(1,1)=Di(1,1)-g/4+ 4 2)

Theo ching totai liéu [16] c6 s nham lan gita
diu ayng va du tnr. Biéu nay co th ly giai nhu sau.
Trong [16] céc tac gindi rd da dung plrong phép
QIM dé nhung bit thy vanw, vaoDi(1,1). V& mat ly
thuyét theo plrong phap QIM [4] va [12]Di(1,1) cin
dugc bién d6i mot cach it nht dé roi vao ép:

Q, :{xDD |x:%(modq)}

hoac
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Q, :{xDD |x:37:|(modq)}

tay thwc bit thiy vanw,=0 hoac wi=1. N6i cach khac
néu w=0 thi D/(1,1) thwc Qo va réu w=1 thi

D’(1,1) thwc Q. Trén hinh déi day Qo gdm céc
diém o, Q; gdm cacdiém x:

e e ]

Trong khido, Dy’(1,1) tinh theo (2) rd rang khdng
lubn ludn thiéc Q;. Nhu vay, cé thé thiy cong thirc
(2) 1a sai. @ng co6 tk& chi ra s nhAm I3n cia cong
thirc (2) qua mt vi du don gian sauday.

Vi wi=1 thi Di(1,1)= 20q +q/6,khi d6 theo cong
thirc (2) thiDy'(1,1)=20g+q/12. Theo thit toan trich
bit, doD;(1,1) mod q = g/12<g/2suy raw’;=0. Nhu
vay bit trich ra khac & bit d& nhang. T d6 thiy (2)
bi sai.

l11.1.2. Thudt toan kiém tra diu thiy van @ xac
dinh ban quyeén)

Anh I’ d& nhang thy van c6 ti bi tin cong Ioi
cac phép Bin déi anh nhr thém nhéu, loc, lam nd,
nén JPEG ..., khié anh I' bi bién déi thanhanh I*
(goi I* & phién ln tin cong @al’). Thuat toan dr6i
day < kiém tra s ton tai cua diu thiay van tronganh
I* dé két luan vé ban quyén ddi véi I* caa tac gi co
anhl’.

Buéc 1: Chiaanh I* thanht khéi nhu trong thit
toan nhung tiy van, ky héu lal*, i=1,....t.

Buéc 2: Ap dung phan tich SVD trén inkhéi I;*:

I7=U7x DliVi*T
Bwéc 3: Xacdinh bitw* tor Di*(1,1) nhu sau:
Z*=D*(1,1) mod q
w =0néuz <ql2
w =1néuz >q/2

4T V-1, $ 10 (30), thang 12/2013

Buéc 4: So sanh &b thay van W™ = (W1V\4)
trich ra fr I* véi dau thay van dc W = (Wl,...,Wt)
bang cach dungésd Err:

t
Err :%Z"Vi XORW (3)
i=1

Ta nhin thiy Err la d6 sai khac trung binh @a W
va W*, né c6 gia tirtrongdoan [0, 1] vaErr = 0 néu
wi=w (véi Oi),Err=1réuw 2 w (v6i Oi).

Hé sb Err dugc so sanh & nguong r1[0,1], réu
Err < 7 (tec laW* kha gin v6i W) thi két luan anh I*
c6 nhing du thiy van W va anh I* van thuc vé tac
gia coanhl’.

Ghi chl: Dudi day € dungErr dé danh giado bén
vitng aia cac froc dd thuy van. Liroc d6 nao coErr
nho hon thi k&n vitng hon trede cac phép Bin doi anh.
111.1.3. Nhdn xét \é lwgc do SVD-1

Trong krgc dd nay s dung mdt thuit todn nhing
mot bit thay van vao phn tir thuc x (budc 3, muc
111.1.1). Sau khi nhang thi bi thaydéi thanhx’ c6do
sai khac khbéng qugy2:

X-x'| <q/2

Goi x* 1a mdt phién ln tin cong dax’ va ta é@n
trich mbt bit tr x*. Ciing c6 tfé thiy raing rfu mac do
bién ddi gittax* vax’ khéng quéay/4 :

X*-x'| < /4
thi bit trich rati x* s3 trang \6i bit thiay van bandau.
Nhu vay ta c6 tié ndi thuit toan nay cé rirc sai  q/2
vado bén vitng g/4.
111.2. L woc dd SVD-N
111.2.1. Thudt toan nhdng thiy vancuaa lroc d6 nay
ciing m 4 hréc nhr thuit todn nhing thiivan a@a
luge d6 SVD-1, ch khaco budc 3 nhr sau.

Buéc 3: Nhing bitw; vaoD; dé nhan D;’:

Buoc 3.1:Tinh :

=l +1
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Trong d6 véc b X, gom cac phn tir trén duong
cheo da ma tén D, :

X=(Di(1,2), D(2,2),...,0(s,s)),v61 s=min(m,n).

Buéc 3.2:Diéu chinhk:

Truong hop wi=1:

Néu k; Ié thik = ki+1.

Nguoc lai k khdng thaydoi.

Truong hop wi= 0:

Néu k; chin thik =k +1.

Nguoc lai k khdng thaydoi.

Busc 3.3:Diéu chinh D; thanhD;':

o q
L= -+ —
X =axk+5
X, = X, x2
X

thu dugc ma tén Dy’ véi duong chéo la véat X, .

Ghi cht: Trong kroc d6 [1], hé s lwong tir q dugc
tinh theol,. O day dé don gian va tén so sanh & cac
lwoc @6 trong muc IV, g dugc xem 1a 6 dinh.

111.2.2. Thudt toan kiém tra diu thiy vancia hrgc db
nay ding gom 4 hréc nhr thuat toan kém tra diu thuy
van a@ia lugc dd SVD-1, ch khaco buéc 3 nhr sau.

Bwéc 3: Xacdinh bitw* tir dwong chéo gaD;*:
Buoc 3.1: Tinh:

=l

a0

Trongdo véc b X, gom cac phn tir trénduong chéo

cua matan D, :

X =(D"(11),D"(22)....D (s 9))
Buoc 3.2: Xacdinhw*:

w =0 néuk MOD 2 =1

w =1néuk MOD 2 =0
[11.2.3. Nhdn xét \é luwgc déo SVD-N

4T V-1, $ 10 (30), thang 12/2013

Trong kroc d6 nay sr dung mdt thuat toan nhing
mot bit thiy van vao vécd thuc X (buéc 3, mic
111.2.1). Sau khi nhang bi thaydéi thanhX’. C6 tté
chirng minhdé sai khac gia X va X’ khéng quéqg/2:

IX-X|| < 3q/2

Goi X* 1a mpt phién fn tin cdng @a X’ va ta én
trich mbt bit tir X*. Sir dung g thiét ||X|| >3 (thuc t
IIX|| c6 gia tr vao khang 1000, c6 tté chang minh
rang Hn tai mot gid ti 0< p < /2 sao cho khi :

| IK*[[-IK] [< p
thi bit trich rat i X* s3 trung \6i bit thiy van banfau.
Nhu vay ta c6 ti néi thuit toan nay cé ric sai $
3g/2vado bén vitng p (V6i p < g/2).
IV. CAC LUQC PO THUY VAN MOI DUA
TREN PHAN TiCH QR

Trong phin nay chang tédé xuat hai kroc d6 thay
van, roc dd thir nhit nhing ndt bit thay van vao mt
phan tr ty y trén hangtiu ma tan R (caa i khéi
anh), @i la lugc d6 QR-1 va roc @6 th hai nhing
mot bit trén @ hangdau ma tan R (caa mdi khdi anh),
goi la lugc dd QR-N.

IV.1. Lwgc d6 QR-1
IV.1.1. Thudt todn nhdng thiy van

Dé tién trinh Ry thuat toan, clon phin tr R(1,1)dé
nhang ndt bit aia diu thiy van. Pau vao @a thijt
toan laanh |, dau thay van W = (Wl,...,vvt ) va ke s
lwong tr g. Pau ra dia thuit toan laanh I’ chia diu
thuy vanW. Céc lrdc cna thuit toan nhr sau:

Buéc 1: Chiaanh | thanht khdi khédng giao nhau
tirng d6i mdt va c6 cung kich thyc mxn, ky higu la
1,,i=1,2,....t.

Buéc 2: Ap dung phan tich QR trén énkhdi |;:

[i=Qix R

Buéc 3: Nhing bitw;, vao phan tir R(1,1) cia ma
tran tam giac trém, .

Buoc 3.1:Tinh:

_| Ry
=[5
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Buoc 3.2:Diéu chinh R(1,1) thanhR’(1,1):

R(1.)= kx g+(( kmod2 XORwx

Sau khi tlrc hiégn nhungw, vao R(1,1) ta ntin
dugc R’ chi khacR tai vi tri (1,1). Nbu chon phn tir
khacdé nhang, vi d R(1,k), thiR’ khacR, tai vi tri
(1K)

Buéc 4: Tinh |; =Q xR, anh I tao tir cac kidi
l; laanh chra diu thay vanW.
IV.1.2. Thudt toan kiém tra ddu thizy van

Cho I* la mpt phién Bn tin céng éal’ va ke s5
lwong tir g, thuit toan dréi day < kiém tra s ton tai
cia diu thay van tronganh I* d& két luan V& ban
quyén déi véi I* caa tac g coanhl’.

Buéc 1: Chiaanh I* thanht khéi nhu trong thit
toan nhung tiy van, ky héu lal*, i=1,....t.

Buéc 2: Ap dung phan tich QR charig khbi I;* :

I* = Q* x Ri*
Bwéc 3: Xacdinh bitw* tor R*(1,1) nhr sau :

. q
Ri +_
¢ (&) >
| q
w =k MOD2

Buéc 4: So sanh &b thay van W™ = (W1V\4)
trich ra & I* véi dau thay van dc W = (Wl,...,Wt)
tuong tr budc 4 trong nac 111.1.2.

IV.1.3. Nhdn xét \é lwgc do QR-1

Trong kroc dd nay sr dung ot thuat toan khaaié
nhang ndt bit thiy van vao phn tir thyc x (budc 3,
muc IV.1.1). Sau khi nhang bi thay déi thanhx’ c6
d6 sai khac khong que

k-x[<q

Goi x* la mot phién lan tin cong da x’ va ta én
trich mbt bit tr x*. Ciing c6 tfé thiy raing rfu mac do
bién dbi gitrax* vax’ khéng quay/2:

*-x'| < g/2

4T V-1, $ 10 (30), thang 12/2013

thi bit trich ratir x* s3 tring \6i bit thiy van bandau.
Nhu vay, thuit toan nay cé ric sai $ q va do bén
viing /2.

Néu trong thit toan I11.1.1 cln q=26 va trong
thuat toan 1V.1.1 chn =4, thi € thy hai thuit toan
nay hoan toanubng duong ¥ mic do sai $ va do
bén viing. Tuy nhién thit toan IV.1.1 6 ra don gian
hon \é 14p trinh.

IV.2. Lwgc d6 QR-N

IV.2.1. Thudt toan nhang thiy van caa lwoc d6 nay
ciing gom 4 hréc nhr thuat toan nhing thiavan dia
lugc dd QR-1, chi khacs budc 3 nhr sau.

Buwéc 3: Nhing bitw; cia diu thiy van vao hang
dau cla ma tan R.

Buoc 3.1:Tinh:

x=Xi(1)+ Xi(2)+...+Xi(n)

1%
q
X =k xq+((k MOD2)0 w)xgq
trongdd véc b X; gdm cac phn tir trén hangtau cia

ma tan R:
X=(Ri(1,1), R(1,2),...,R1,n)).
Nhan xét: X la véc tv duong (xem nln xét 1, mac
V).
Buéc 3.2:Diéu chinh R thanhR!':
.X
X =20x,
)ﬁ
thu duoc ma tén R’ véi hangdau la véc & X
IV.2.2. Thudt toan kiém tra diu thaiy vancia hrgc do
nay ding ¢om 4 hroc nhr thuat toan kém tra diu thuy
van aia rgc dd QR-1, ch khacd bude 3 nhr sau.
Buéc 3: Xacdinh bitw* tir hangdau cia R*:
Buoc 3.1:Tinh:
0O 0O 0O 0O
X =X @)+ X (2 +...+ X (n)

0.9
K = 172
' q
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trong d6 véc tv X, gdm cac phn tir trén hangdau

cia matan R :

X =(R(13 R(1.2... R(1)).
Budc 3.2: Xacdinhw*:
w =k MOD2
IV.2.3. Nhin xét \é luwgc déo QR-N
Trong krgc dd nay st dung mdt thuat toan nhing
mét bit thay van vao vécd thyc drong X (budc 3,
muc 1V.2.1). Sau khi nhan¥ bi thaydéi thanhX’ c6
d6 sai khac khong queé
XXll<q ‘
Goi X* la mot phién n tan céng @a X' va ta én
trich mbt bit tir X*. Ciing c6 ti thiy ring réu mic do
bién ddi gitra X* vaX’ khéng quéay/2
| IK*[I-IKI] | < a/2 ‘
thi bit trich rat & X* < trang \6i bit thay van bandau.
Nhu vay thuat toan cé nic sai $ g va do bén viing
q/2. Tir @6 suy ra thét todn nay c6 ric sai $ it hon
vado bén vitng cao bn so i thuit toan nhang it
bit dung trongtoc do6 SVD-N.

V. MQT SO UU PIEM CUA CAC LUQC PO PE
XUAT

Muc nay § chi ra not s uu diém aia cac kroc do
thiy van dra trén phan tich QR sadivcac kroc do
thay van trong tr dua trén phan tich SVD.

Pé tién trinh bay ta d@i sir anh | dugc chia thanh
céac kidi vudng co kich théc nxn va ky héu A la khji
dai dién. Khi d6 c6 t xem A la ma tan nguyén
khdéng am ép nxn. Cac lroc d6 thiy van dra trén
phan tich QR dung cong tltc:

A=QxR (4)

Trong khi cackgc db thiy van dra trén phan tich
SVD sr dung cbng tlc:

A=UxDxV' (5)

Nhéan xét 1: Do A la ma tan cia mot khéi anh nén

A duong haic c6 #ét it phin tir bing 0. Tur d6 c6 the
ching minh: Céac pin tir trén @t 1 cua Q, hangl cia
R trong (4), 6t 1 cia U va @t 1 cua V trong (5)déu

4T V-1, $ 10 (30), thang 12/2013

cung drong haic cing ambé don gian, droi day ga
thiét cac plan tir néi tréndéu drong.
V.1. Téc d9 thuc hién

Do cong thirc (4) c6do phic tap tinh toan thp hon
So Wi cong thic (5), nén cacuoc dd thay van dra
trén phan tich QR&sco e do thuc hién nhanh bn so
Vi cac kroc d6 thay van dra trén phan tich SVD.
V.2. Kha ning lwa chon phan tir nhing thiy van

Do Q la ma tén tryc chiin, nén i (4) suy ra B s
trong quan gra cac 6t cia A bang ke s twong quan
gitra cac 6t tuongung aiaR:

_(AA)
PAR= T m A A)

(R.R) _
= : = p(R g Rj)
JR.R)OR,R)
D¢ y ring déi véi cot Ry thi phin tir dau tién
duong, cac phn tir con ki bang0, nén i i=1 ta co:

p(A.A)=—RLD) )

[2RG )

Do A la mot khdi anh nén céac @ caa A thuong co

d6 twong quan cao, ngh la:
P(A,A) =1

Nén ir (6) suy ra cac pim tr trén hanglau aia R
déu 16n va cé gia frtuong duwong nhau trong khi cac
phan tir con hi déu nho vé gia ti tuyet doi. Nhu vy ta
c6 thé chon bit ky phan tir ndo trén handau caa R dé
nhang bit tlhy van. Trong khidé ma tén D trong
phan tich SVD chcé phin tir D(1,1) 16n, cac phn tr
con ki déu nhd nén ch co thé chon D(1,1) &é nhing
thay van. Nhr vay trong kroc dd QR-1 ta c6 nkiu lva
chon phin tir dé nhang thy van fn so \6i luoc db
SVD-1. biéu nay cho phép @m ndiu nhién phn tr
dungdé nhang theo @t khoa nh phan (hac nguyén)
va hing cachdé s lam ting d6 bao mat cua hroc do
OR-1.
V.3. Chit lwgng anh sau khi nhang thiy van
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Dudi day € chirng minh trgc db dya trén phan tich

QR c6 clit luong anh thy van 6t hon (gia ti Diff
nho hon) so i lugc d6 dua trén phan tich SVD.
V.3.1. So sanh céaardpc @6 SVD-1 va QR-1

Goi A la khdi anh ghe ¢6 kich thréc nxn, B la khi
sau khi nhang @t bit vao D(1,1) dé duoc
D'(1,1)=D(1,1)+d theo lroc ¢ SVD-1 vaC la khdi
sau khi nhang #t bit vao R(1k) dé duoc
R'(1,K)=R(L,k)+ r (i 1< k < n) theo lroc dd QR-1.
Néu c hai rgc d6 dung chung @t thuit toan nhing
bit trén ndt phén tr, vi du thuat toAn mo 4 tai budc 3
muc 1V.1.1, thi theo nin xét IV.1.3 suy rad| <q, | r|
<q. Khido tr (5) ta co:

A=UxDxV" =>"D(,i)xU, xV/

i=1
B=(D (Y +d)xU,xV, +> "D (i,i)xU, xV/
i=2
Twdo suyra:
B-A=dxU,xV/
va:

B A =d>U 6D V(D)

SEADTREND R
i=1 i=1
Do U vaV la cac ma #n trec chiin va dodl< g nén :

IB-A<gxn (7)

dau dang thic xdy ra khi cac phn tir U(i,1) bing
nhau, cac pin tir V(i,1) bang nhau vad] = q.
Mat khac fr (4) suy ra:

|C = A=l 121QG.k) []r|,/m> Q% (i,k)
i=1 i=1
Vi Q trec chifin nén var| < g nén:
[c-Al<axvn ®)
diu dang thrc xay ra khi cac gia ir|Q(i,k)| bing nhau
va f|=q.

Goi Q, & tip tt ca cac kidi anh kich thrgc nxn, tir
(7) va (8) suy ra:

4T V-1, $ 10 (30), thang 12/2013

max|B- A||ADQ,}=qxn

maq|C - A||ADQ,} = qx+/n
Vay :

max|B- A||ADQ,}
=Jnxmax|C - A||ADQ,}
Tu (1) va (9) c6 th két luan: Gia ti Diff cua lroc
d6 SVD-1 kn hon gia ti Diff cia hrgc d0 QR-1
khaing v/n 1an. Panh gia nay hoan toan phihvsi
két qua thuc nghém trong muc 6 drdi day.
V.3.2. So sanh caardpc dé6 SVD-N va QR-N
Bang cach 4p luan trong ty ciing ¢ thé thiy rang
két luan trong V.3.1ddi véi cac roc d6 SVD-1 va
QR-1 \in dling ddi véi cac krgc d6 SVD-N va QR-N.
Piéu nay ding duoc kiém ching bing két qua thuc
nghiém.

(9)

VI. KET QUA THU NGHIEM
VI.1. B anh thir nghiém

D¢ thir nghigm tinh héu qua cia hroc do thay van,
cac tac gi thuong sr dung b anh chuin néu trong
[13, trang 326] §m: Baboon, Lena, Pepper, Airplane
(Hinh 1). Dréi day chang téi ¢ng st dung ) anh nay
lam anh gbc (déu l1a anh 24 bit mau cé kich tinsc
256%250 va chon logo Tirong Bai hoc Cong ngh
(anh nh phan kich théc 32x32) lam diu thiy van
(Hinh 1.e).
VI.2. So sanh tinh n vitng aia cac rgc dd thiy
van

Muc dich thr nghém la so sanh tinhén vitng aia
5 lrgc d6: SVD-1, SVD-N, SW va haidyc d6 dé xuat
QR-1, QR-N tréc bdn phép 4n cong (bén dbi anh):
thém nhéu, 1am mb, nén JPEG,ok trung \i. Di Véi
mot lugc do thay van thi haidac treng chit lugng anh
va tinh Bn vitng c6 tinh cht déi nghich. N6i cach
khac, rtu chit luong anh cao thi tinh &n virng gim
va ngroc lai. Vi vay dé viéc so sanhiuoc chinh xéac,
trong thr nghiém d& chon cac tham & sao cho cht
lwong anh thiy van @ia tr; Diff) caa cac froc do
tuong duong nhau nh chi ra trong Bng 1. Cac tham
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sb duoc chon ay thé nhr sau:wi SVD-1, SVD-N K¢ s QR-N k¢ s5 luong tir q=40.
lwong tr q=16, véi SW ngrong T=0.005 voi QR-1,

(b)
Hinh 1. a)Anh Baboon, b)Lena, c)Pepper, d)Airplane vArd) logo Trong DPHCN

(d)

)(e

Bang 1.Chit luong anh aia cac iroc do thuy van (Diff cang nb thi chit luvong cang cao)

Anh Gia tri caa Diff
SvD-1 SVD-N SW QR-N QR-1
Lena 0.4429 0.4406 0.3478 0.4032 0.425¢
Baboon 0.4790 0.4283 0.8604 0.4083 0.4252
Pepper 0.4899 0.4317 0.3691 0.3992 0.3742
Airplane 0.4740 0.4384 0.4720 0.4360 0.5655

Bang 2.Gia ti Err cia cAc roc do thiy van (Err cang ninthi cang bn viing).

Anh Bién doi Hé sb SVD-1 | SVD-N S QR-N QR-1
R 1% 0 0.0088| 0.0303] 0003 o
IL‘I‘ZE‘ 3% 0.0368| 04658/ 0.1328  0.1660 0
5% 0.3046 | 0.5205] 0.1953 03857  0.0068
. r=1 px 0.4638 0.5146| 0.2402 0.3867 0.3057
Lam my
r=3 px 0.5655 0.5791| 0.3682 0.4990 0.4521
Baboon
10 0.1822 0.6729| 0.2686 0.2871 0.0176
Nén JPEG| 30 0.0931 | 0.5400] 0.1670 | 0.1582 0
60 0 0.2764 | 0.1006 | 0.0039 0
Loctrung | r=1px | 0.1613| 0.5117| 04453 | 03730 | 0.2881
vi r=2px | 0.3116| 0.5400] 0.4072  0.3858  0.3653
1% 0 0.0273| 0.0986] 0.0020 0
Nhidu 3% 0.0986 | 0.4385] 02354  0.1563 0
5% 0.3330 | 0.5656] 0.3301 0.3750  0.00%9
i r=1px | 0.3154| 0.3994 02686 | 0.2900 | 0.2802
Lena Lam my
r=3 px 0.5170 0.4619| 0.3330 0.4766 0.4336
10 0.1463 | 0.4512| 03193 02412 | 00117
Nén JPEG| 30 0.0645 | 0.3516| 0.2432 | 0.0997 0
60 0 0.0840 | 0.1182 0 0
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df V-1, $ 10 (30), thang 12/2013

Loc trung r=1 px 0.1309 0.2559| 0.4023 0.2998 0.1465
Vi r =2 px 0.2266 0.4199 0.391¢ 0.4258 0.3594
1% 0 0.0186 0.0918 0.0088 0.00419
Nhiéu 3% 0.0368 0.3254 0.2412 0.2012 0.0088
5% 0.3438 0.3672 0.3418 0.3896 0.0137
N r =1 px 0.4203 0.4727| 0.2617 0.3486 0.2773
Lam my
r =3 px 0.5362 0.4854| 0.4395 0.5049 0.4883
Pepper 10 0.1885 | 0.5205| 03643 | 02861 | 0.0225
Nén JPEG 30 0.0425 0.3193| 0.2686 0.1631 0.0078
60 0 0.0449 | 0.1260 0.01270 0
Loctrung | r=1px | 0.1019| 0.2588| 04189 | 02939 | 0.1211
Vi r =2 px 0.2365 0.4473 0.4326 0.3994 0.2705
1% 0 0.0576 0.0537 0.0068 0
Nhiéu 3% 0.0155 0.3090 0.2158 0.1807 0
5% 0.3008 0.4707 0.2773 0.3691 0.005%9
Lam iy r =1 px 0.4002 0.3682 0.258¢ 0.2910 0.3418
. r =3 px 0.4932 0.4766 0.4033 0.4268 0.4668
Airplane
10 0.1645 0.4502 0.3271 0.2539 0.0127
Nén JPEG 30 0.0320 0.3086 0.2451 0.0879 0
60 0 0.0459 0.0791 0.0059 0
Loc trung r =1 px 0.1365 0.2588 0.4297 0.2139 0.4023
V1 r =2 px 0.2402 0.3428 0.4287 0.2939 0.4844

Bang 3. Gia ti Err theo trgc d6 SVD-1 va QR-14i cac \i tri nhing khac nhau.

z SRR A X SVD-1 SVD-1 R-1 R-1
Anh Bien doi Hé so (1.1) 2.2) ((21,1) ((21,8)
1% 0 0.0105 0 0
Nhiéu 3% 0.0368 0.1622 0 0
5% 0.3046 0.4389 0.0068 0.0098
Lam my r =1 px 0.4638 0.4776 0.3057 0.3281
Baboon r =3 px 0.5655 0.5956 0.4521 0.4609
10 0.1822 0.2335 0.0176 0.0127
Nén JPEG 30 0.0931 0.1237 0 0
60 0 0.0301 0 0
Loc trung \ r =1 px 0.1613 0.3416 0.2881 0.3164
J ’ r =2 px 0.3116 0.5489 0.4072 0.4189
1% 0 0.0415 0 0
Nhi&u 3% 0.0986 0.1563 0 0
5% 0.3330 0.4961 0.0059 0.0078
N } r=1 px 0.3154 0.4545 0.2802 0.2773
Lam my
Lena r =3 px 0.5170 0.6032 0.4336 0.4150
10 0.1463 0.1866 0.0117 0.0215
Nén JPEG 30 0.0645 0.0693 0 0
60 0 0.0146 0 0
Loc trung \ r =1 px 0.1309 0.3672 0.2998 0.2842
J ’ r =2 px 0.2266 0.5264 0.3594 0.375(
1% 0 0.0539 0.0049 0.0098
Nhi&u 3% 0.0368 0.1279 0.0088 0.0117
Pepper 5% 0.3438 0.4824 0.0137 0.0164
N r=1 px 0.4203 0.5036 0.2773 0.2715
Lam my
r =3 px 0.5362 0.5826 0.4883 0.4795
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10 0.1885 0.2163 0.2861 0.0313
Nén JPEG 30 0.0425 0.0993 0.1631 0.0127
60 0 0.0246 0.01270 0
Loc trung v r=1px 0.1019 0.3089 0.1211 0.3223
’ i r =2 px 0.2365 0.4993 0.2705 0.4043
1% 0 0.0020 0.0068 0
Nhiéu 3% 0.0155 0.1057 0.1807 0
5% 0.3008 0.4915 0.3691 0.0137
Lam r=1px 0.4002 0.5169 0.2588 0.3125
Airplane r =3 px 0.4932 0.5910 0.4268 0.4609
10 0.1645 0.2015 0.2539 0.0098
Nén JPEG 30 0.0320 0.0907 0.0879 0
60 0 0.0106 0.0059 0
Loc trung v r=1 px 0.1365 0.3114 0.2139 0.3975
’ i r=2 px 0.2402 0.4802 0.2939 0.4689

Tinh Bén vitng aia cac frgc dd thay van tuée cac
phép én congduoc do king gia ti Err trong cong
thirc (3) va cac gia imaydugc thdng ké trong Bng 2.

Tir Bang 2 ¢4 th rat ra cac &t luan sau:

- Luoc do QR-1 va SVD-1Truéc phép 4n cong
loc trung \ thi SVD-1 n viing bon QR-1. Tuy
nhién,ddi véi ba phép 4n céng condi thi QR-1 k&n
viing hon SVD-1.

- Luoc d6 QR-1 va SWTrudc phép dn cong lam
m& thi SW En vitng bon QR-1. Tuy nhiénddi véi ba
phép én coéng condi thi QR-1 k&n vitng hon SW.

- Luroc d6 QR-N va SVD-NTinh kn viing aia hai
lwoc d6 nay thip hon so \6i ba krgc dd SVD-1, SW va
OR-1.

VI.3. So sanh SVD-1 va QR-14i cac M tri nhdng
thiy van khac nhau

Bang 3 tténg ké gia tr Err cia 2 plrong anddi
vai SVD-1 (nhung tré(1,1) vaD(2,2)) va 2 phrong
anddi voi QR-1 (nhung trémR(1,1)vaR(1,8).

Két qua trong Bing 3 cho thy: Vi lugc d6 SVD-1
thi nhang trérD(2,2) c6 tinh Bn viing thp hon han
khi nhing trénD(1,1), con i lugc d6 QR-1 thi
nhang trérR(1,8)van c¢6 tinh Bn vitng nhr khi nhang
trén R(1,1) Piéu nay phu bp Vi phan tich trong
muc V.2.

VII. K ET LUAN

Bai baodé xuét hai lrgc d6 thuy van QR-1 va QR-
N trén mén khong giarinh. Caciroc d6 thuy van nay
c6 do phic tap tinh toan thp hon so Wi cac kgc do
thuy van dra trén phan tich SVD. & qua thyc
nghiém trén 1§ anh chuin va Bn phép 4n céng cho
thiy: Véi cac tham & duoc chpn dé chit luong anh
thiy van a@ia cac drgc do twong duong thi tinh Bn
viing aia QR-1 &t hon SVD-1 va SW tréc mdt 5
phép én cong. Ngoai raulyc dd d& xuat cé thé chon
mot phan tir bit ky trén hangtau cia R dé nhang thy
van ma khong thagoi tinh kén viing, trong khi roc
d6 SVD-1 ch bén vitng khi clon phan tir du tién trén
duong chéo aa ma tan D. Nén trongdoc d6 QR-1
c6 thé thiét ké viéc chon phin tir & nhang thy van
mot cach ndu nhién theo Bt khod nguyén ha nhi
phandé nang cao tinh4m mat. Viéc két hop cac phép
bién di ma tian khac nix DCT, DWT, SVD i QR
dé xay drng céac troc db thay van Kt hop c6do bén
viing cao bn s 1a hréng nghién éu tiép theo da cac
tac gh bai bao.
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Truong Caoding Throng mai va Du lich Ha Ni.

Linh wrc quan tam: Giu tin, mit m4, thiy van $
Email: dvtuanest@gmail.com

4 V-1, $ 10 (30), thang 12/2013

NGUYEN NGQC HUNG

Sinh ngay 9/12/1987ait Hung
Yén.

Tt nghiép Pai hoc nam 2009.
Hién la nghién @u vién hi Phong
Tin hoc Vién théng, Vén CNTT,
Vién Han lam Khoa ¢c Cong
nghé Viét Nam.

Linh wc quan tam: Giu tin, thiy van $, xir ly anh,
mang may tinh

Email: nnhung@ioit.ac.vn

PHAM VAN AT
Sinh ngay 12/6/1945%itHa Noi.
Tét nghiép bai hoc rim 1967 va
Tién sy nam 1980 4i Truong Pai
hoc Tong hyp Ha Nbi.
Nim 1984 nlAin hoc ham Phé Giao
A

) [,‘j Hién giang chy tai Khoa CNTT —
Truong Pai hoc Giao théng ¥n tai Ha Noi.
Linh wc quan tam: Ly thudt ma tén, x ly anh, an
toan thong tin, phan tichrdiéu.
Email: phamvanat83@vnn.vn
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