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M ot thuat toan thily van bén viing khoa cong khai chainh
mau dwa trén sr hoan v ngau nhién trong cac éip con

A New Public Key Robust Watermarking Algorithm for Color Images Based
on Random Permutation in Subsets

P4 Vin Tuin, Tran Ping Hién, Cao TH Luyén va Pham Vin At

Abstract This paper proposes a new watermarking Dya vao mac dich sr dung, cac that toan thy
algorithm that is an improvement of the public keyan c6 tié dugc chia thanh hai nhém chinhughvan
robust watermarking algorithm for color images ofé v& [4,7,8,13,16,17] va tly van tn viing [5,6,10,
R.Munir. In this new algorithm, the public key is a5]. Thiy van & v&, gdm nhiing thut todn nhing tin
real sequence chosen according to a normahim phat hén ra s bién doi du ch vai bit trén d
distribution with mean = 0 and variance = 1, andeth liéu . Do Wy, thay van & v& thuong dugc ttng ding
secret key is a random permutation in subsets ®f tlrong bai todn xac ttc tinh toan en cia dt liéu trén
public key. The theoretical analysis and experimentmdi trrong traodsi cong khai.

results show that the proposed algorithm is more T3 i thiy van d va, thily van n vitng yéu u
robust than R.Munir algorithm while quality of g3, thily van plii tdn tai (bén viing) truéc nhitng phép
watermarked images is the same. tin cong nBm loai bo ddu thay van, hdc trong trong
public keyhop loai bé dugc diu thiy van thianh sau khi btin
cbng ding khbéng con gia irsr dung. Do \dy, nhirng
thuat toan thiy van kn viing throng dugc tng ding
trong bai toan 4o vé quyén chi so hitu. Theo Kt qua
khao sat trong [5], cac phégrt cong plé bién nhim
loai bo diu thay van throng dugc sr dung la: nén
JPEG, thém nBi, loc, xoay, @&t xén, lam ny, thay
d6i kich thrge, thaydoi sang éi, thay doi twong phin.
Hau hét cac thdt toan thiy van k&n vitng throng
nhang du thiy van trén min bién déi cua anh

Keywords Robust watermarking,
watermarking, correlation

l. GIOl THI EU

Hién nay, cac théng tin quanotrg throng duoc
lwu trir va truyén @i dudi dang cac &p dir liéu 5 nhu:
anh, am thanh va video. &V sy trg gilp dia phin
mém, ngroi dung c6 th dé dang 4o ra cac bn sao co
chit lvong ngang bng so i di liéu goc. Bén anh

d6, vin man sao chép, tai phan ditbat hop phap, 1am
gia dir liéu 5 ngay ndt gia ting. Do \dy, bai toan ko

vé dir liéu $5 n6i chung vainh $ néi riéngdang ntn

duoc nhiéu ar quan tm ga cac nha nghiénira trong
va ngoai méc.

Thay vananh la I thuat nhdng théng tin vaotd
lidu anh trée khi anh duge phan phi trén méi tuong
trao doi khéng an toan, g¥c nhing théng tin vaanh
s3 lam gm chit lugng anh. Tuy nhién, théng tida
nhang § 1a diu vét dé nhan biét sy tin cong trai phép,
hoic dé xacdinh thdng tin & cha so hitu.

[5,6,10,15] théng qua cac phépémiddi nhu DFT,
DCT, DWT, SVD va NMF.

Mat khéc, dra vao véc ar dung khoa ngoi ta chia
cac thidt toan thy van thanh hai nhom: ily van khoa
bi mat [1,3-7,11-14] va thy van khda cbng khai
[9,10,15-17]. Thét toan thiy van khoa bi it s dung
chung nat khoéa cho & hai qua trinh nhing vadm
tra diu thiy van. Trong khi thy van khéa céng khai
s dung khoa bi riit ¢&& nhang du thiay van va khoa
cong khaidé kiém tra diu thay van.Déi véi thuat toan
thay van bi nit, do sr dung chung khéa choachai
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qué trinh nénan phai c6 congdoan traodsi khoa gira
nguoi nhang va ngoi kiém tra diu thay van,didu nay
dan dén viéc bao mat khéa gp phii nhitng khé ktan.
Tuy nhién, an ché nay khéng xét hién trong thit
toan thiy van khoéa cong khai.

Dya trén y ttong aia ba that toan thy van
1.J.Cox[5], M.Barni[6] va R.Munir[10], bai bao naig
xUuit mot thuat toan ndi twong tr nhu thuit todn
R.Munir nhrng c6 ndt b cai tién trong vic xay drng
khéa bi mit, nhy d6 tinh k&n vitng aia thuit duoc cii
thién rd ©Bt. Noi dung tép theo @a bai baoduoc 6
chrc nhr sau: Mic 2 trinh bay tomét cac thdt toan
thay van 1.J.Cox[5], M.Barni[6] va R.Munir[10]. Mt
3 trinh bay thét toandé xuit. Viéc so sanh tinhdm
viing aia thuit toan dé xuit véi thuat toan R.Munir
bing c phan tich ly thu§t va Kkt qua thuc nghém
duogc trinh bay trong Mc 4. Cwi cung 1a ndt sb két
luan dugc trinh bay trong nc 5.

. MQT SO THUAT TOAN THUY VAN BEN
VUNG TREN MI EN DCT

Nhu d& noi o trén, thdt toan dé xuit la sr phat
trién tiép theo @a ba that toan thiy van k&n viing
trén mén DCT la 1.J.Cox [5], M.Barni [6] va R.Munir
[10], trongdo hai thit toan 1.J.Cox [5] va M.Barni [6]
str dung khoa bi rit con thit toan R.Munir [10] &
dung khéa céng khaibé tién theo ddi, pin nay $
trinh bay témat mién DCT va i dung ba thét toan
trén.

11.1. Mién DCT

Anh dbc I dugc chia thanh cac Ki anh c6 kich
thuéc 8x8diém. Ap ding phép kin d6i DCT cho ndi
khdi anh € nhan duoc cac kidi DCT tuong tng co
kich thréc 8x8. Cac & s trén ki DCT duoc chia
thanh ba ving:n  thip, tin $ trung va in $ cao
(Hinh 1).

Theo tinh cht caa phép kin d6i Cosine bi rac [2],
nang hrong aia anh throng #p trung vao cac hsd
goc trén bén trait@ khdi, dic biét 14 ptan tr DC. Do
vy, néu nhang du thay van vao cachsd tin  thap
thi & tang tinh &n vitng nhing i giam chit lugng
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cuaanh (tinh che giu thip). Trdi lai, néu sr dung cac
hé sb ving &in $ caodé nhang du thay van thi tinh
che giu cao nling tinh Bn viing lai thip. Bé can
bang gita tinh i&n vitng va tinh che §u cia anh thiy
van, cac thét toan thiy van throng nhang du thay
van trén cachsd DCT thubc vang &n  trung.

Thap
O

Trung

DC sl

¢| Cac

Hinh 1. Khdi DCT kich thréc 8x8

[1.2. Thugt toan aia 1.J.Cox

Thut toan thiy van 1.J.Cox[5] & dung cac B sb
DCT thwc ving &n  thap (trir phin t DC) va én
6 trung @aanh I & nhing du thay van, ky hgu cac
hé b nay 1aD = (dy,dy, ..., d,). Po dai cia dayD
thuong dugc chon bing 25% kich thréc anh. Dau thay
van 1a not day $ thuc dugc tao ndiu nhién theo phan
b6 chuin N(0,1), ky hieu day nay law =
(wy, wy, ..., wy). W dugc dung nlr [a mjt khoa bi it
trong thudt toan thiy van va that toan kém tra diu
thay van. Diu thay vanW duoc nhiing vao dap theo
cong thirc:

d; = d; + wd;w;, 2.1
(trong thi nghiém céc tac gi chon w = 0.1). Ap dung
phép bén dbi Cosine bdi rac ngroc (IDCT) cho cac
khdi DCT sau khida nhang u thay van ta 8 nhin
duocanhl’.

i=1,..,n

Trong qua trinh trudn ti, anh I’ c6 thé bi tin céng
trg thanhanh I*. Dé kiém tra diu thiy van @a anh I*
(xacdinh quyn tac gi doi véi anh I*), trong [5] lam
nhu sau:

- Xé&c dinh diu thay van W+
tuongung Wi anhI* theo céng thc:

= (Wi, wy, ..., W)
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L _di—d;
Wi = wd;
Trongdo, d; va d; lan luot 14 cac k& s DCT aia anh
I* vaanh goc |.
- Tinh k¢ s5 trong quan dgia W va W* theo céng
thic:

Yie1 WiW;

o (wi)’

Hé sb twong quanSim(W,W*) duoc so sanh &
ngudng T: néu Sim(W,W*) > T thi Kt luan anh I*
c6 nhing thy van.biéu d6 ding cé nglta lal* van
thudc quyén cia tac gi céanh dgic 1.

Két qua thuc nghim trong [5] khing dinh thuit
toan nay Bn viing dbi véi cac phép # ly anh théng
dung nhr: Cit xén, co gian,dc, thém nHiu, nén JPEG,
lam m... Tuy nhién, cfit lvong anh thiy van chra
cao do tAc gi st dung cac kB sd DCT trong vingan
so thap dé nhang du thay van. Ngoai ra, thit toan
nay con co6 ningc diém |a dén sr dung anh ghc trong
thuat toan kém tra diu thay van.

[1.3. Thugt toan M.Barni

Dya vao that toan [5], M.Barni[6]dé xuit thuat
toan noi khdng st dung anh gbc trong qua trinh Kim
tra diu thay van. Thdt toan [6] chi khac [5]6 hai clb.
Tha nhit, & nhiang du thiay van thay cho (2.1) trong
[6] str dung cbng tiic:

d; = d; + wld;|lw;

Sim(W,W*) = (2.2)

Thir hai, dé kiém tra diu thay van trénanh I* thay
cho (2.2) trong [6] tinh gidittrung binh @a tich vo
hudng (d¢ théng nhit véi cac tai liéu, trong bai bao
goi 1a hé s6 twong quan)giita khoa bi it W va day
D*(day k¥ s DCT aia anhI*) theo cong thc:

1 n
Corr(D*, W) = Zz d;w; (2.3)
i=1
Hé sb twong quanCorr(D*,W) duoc so sanh &
ngudng T: néu Corr( D*,W) > T thi két luan anh I*
c6 nhang thy van. Trong tik nghiém cac tac di chon
T =0.7.
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Cac Kt qua phan tich va tic nghém cho thy: so
v6i thuat toan [5] thi that toan [6] co tinh &n viing
cao lon va chit lvong anh ot hon. Tuy nhién, & hai
thuat toan naydéu sr dung khoa bi rat nén viéc trién
khai tng ding con gp nhiéu khé khin do phii trao
ddi khoa.

[I.4. Thugt toan R.Munir

Dya trén that toan M.Barni, R.Munir[10}#& xuét
thuat toan thiy van khoa cong khai. Trondp, khda
cong khaiP = (p;, Pz, ..., py) la day $ thuc dugc tao
ngau nhién theo phandbchuin N(0,1), khda bi mt
S = (51,83, ., Sy) l& mdt hoan ¥ ngiu nhién @a P,
con diu thay van W = (wy,wy, .., wy,) 1a © hop
tuyén tinh ¢ia P vas:

w; = Ap; + (1 — sy, voi0<A<1 (24)
(trong thec nghém céc tac gi chon 1 = 0.4). Dau
thay vanW duoc nhing vaanh I theo cbng thc:

di =d; + wld;|lw;, v6éi0<w<1 (2.5)

D¢ kiém tra diu thay van trénanh I*, trong [10] s
dung k¢ 5 twong quan gia khéa céng khab va day
D* (day k¢ s6 DCT aiaanhI* ) dugc tinh nhr sau:

1 n
Corr(D*,P) = 52 dip; (2.6)
i=1

Hé sb twong quanCorr( D*, P) duoc so sanh &
ngudng T: néu Corr( D*,P) > T thi Kt luan anh I*
c6 dugc nhing tity van val* van thuc vé tac gi co
anhI’. Trong thrc nghém cac tac gichon T = 0.5.

ll. THU AT TOAN PE XUAT

lI.L1. Phan tich tinh bén ving aia thugt toan
R.Munir

T cac cong the (2.4), (2.5) va (2.6)&dang suy
ra:

, 1 = Aw S )
Corr(D',P) = %Z dip; + 7Z|di|(l’i)
i=1 i=1

n
w(l-21)
52 s ()
i=1
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Ching ta nbn thay rang, mc dich aia viéc tin
céng ntim tao raanh myi I* gan gibng Wi anh I’ da
dugc khing dinh quyén tac gh. Trong tirong hyp anh
I* sai khéac it so & I' thi ¢ S5 tuong quan
Corr(D*, P) xap xi bing Corr(D’,P). Nhu vay tinh
bén vitng aia thuit toan phn thusc vao Corr(D’, P).
N6i cu thé, hé sb nay cangdn thi tinh Bn vitng aia
thuat todn cang cao,éhsd nay cang né thi tinh &n
viing cang thp. Bé ting tinh [&n vitng cin xay drng
khoa bi nit S sao cho &b ndi trén bn. Trong cong
thirc (3.1), doD va P 1a hai day cho tréc, nén i sb
trong quanCorr(D’,P) chi phy thusc vao $ hang
thir 3 aia \ tréi. Tuc 14 phi thue vao:

n
C(s) = Zldilpi Si
i=1

Do P |a ddy $ thic ndiu nhién theo phandchiuén
vé6i ky vong toéan bc bing 0, nén & phan tir duong va
sb phin tr am @a P xdp xi bing nhau. Ngoai rdo
chénh éch gira cac phn tir p; cia day éng kha 6én,
vi vy néu xay drng dayS bing cach hoanivngiu
nhién d&yP nhur trong thidt toan R.Munir, cé thnhan
duoc hé s C(s) nho, thaim chi c6 gia fram.Diéu nay
lam gém tinh k&n vitng dia thuit toan.

(3.2)

D¢ lam ting gia ti hé s C(s), co thé phan hach
tap N = {1,2,..,n} thanh cacap con sao cho trén
mdi tap con cac gia irp; clung du va c6do chénh
léch nho, saudd tién hanh hoan ivngiu nhién cac
phan tir p; trén ndi tap condé nhan dugc khoa bi mt
S = (51,53, ..., Sy). V6i cach lam naytam bao h¢ s5
C(s) ludn cé gia tr duong du 16n, do \dy tinh kén
vitng aia thuit toandugc ci thién. Thuit toandé xuét
dugc thuc hién dra trén y trong nay.

[11.2. Phuwong phép xay @ng khoa bi ndt

Khoéa bi nat S = (sq,s5,...,5,) dugc tao tr khoa
cong khaiP = (py, py, -, Pn) theo céc boc:

Bwéc 1: Phan hach #&ip N thanh cacap con Nk =
{a(k,1),a(k,2),..,a(k,Br)}, kK = 1..m, sao cho hai
tinh chit sauday thva man i méi k:

1) max{p;|j € N*} <min {p; |j € N¥**}

2) Céc phn tir p; v6i i € N* c6 cung du
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(Hai tinh chit naydam hio gia ti cac phin t p; trén
mdi tap conN* cling diu vads chénh éch nhy)
Buwéc 2: Hoan \ ngiu nhién §p N* dé nhan dugc day

Rk =0k, 1),..,0(k, Br))

Bwéc 3: Xacdinh khéa birt S = (s4,..,s,) theo
cong thirc:

Sa(k,i) = Pa(kiyVOii=1,..,Brvak =1,..,m

D¢ dé hinh dung cach xayuthg khoa bi rit S ta
xét vi di minh thpa wi khdéa cbébng khaiP =
(0.5,-0.3,0.1,—-0.5,0.4,0.3,0.4,—0.7,0.1,—0.3) va
tap N = {1,2,3,4,5,6,7,8,9,10}. Gia sr N dugc phan
hoach thanh 3 4p con: N! ={2,4,8,10}, N? =
{3,6,9} va N3 = {1,5,7}. Goi ba hoan v ngiu nhién
twongung ailaN', N2 va N3 laR' = {4,2,10,8}, R? =
{9,3,6} va R® = {5,7,1}. Khi d6, khoa bi rat S s la:
$=(04,-05,0.3,-0.3,0.5,0.1,0.4,-0.3,0.1,-0.7)
Nhéan xét: Viéc phan hach #ip N thanh cacéap con
ciing c6 ti¢ dugc thec hién theo 1 trong 3 ptong an
sau:

1) Phédn hach #p N
(Id1lp1, -+, ldnlpn) 5

2) Phan hach tip N theo dayP saudo6 moi tap
con nkin duoc lai phan hach theo day P

3) Thuc hién nhr pheong an 2 nhing theo ti tu
nguoc lai. Tac la, tege tién phan hach N theo day
DP saud6 moi tap con ntn duoc lai phan hach theo
dayPp.
111.3. N §i dung thudt toan dé xudt

Thuat todndé xuat duoc thec hién theo cac boc
gidng nhr thuat todn R.Munir va chkhacé cach xay
dung khéa bi riit S, cu thé nhr sau:
[11.3.1. Thuit toan thiy van

Thuat toan § xay drng khéa cdng khab, khda bi
mat S, diu thay van W va nhangW vaoanh gbc I dé
nhan dugc anh thiy vanl’. Noi dung thit toan @m
cac hroc:

theo day DP =

Bwéc 1: Xacdinh Vi tri nhing du thay van
Chiaanh ¢bc I thanh céac kéi diém anh8 x 8. Ap
dung phép kin d6i DCT trén cac khi diém anh dé
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nhan duoc cac kidi DCT twong ung. Ky hiéu D =
(dy,dy, ..., d,) 1a diy cac & sb DCT duoc chpn
(trong mén tan s trung binh trén cac kh DCT aia
anh ) dungdé nhang du thiy van.
Bwéc 2: Tao khda cdng khaP = (p1,p,, .-, pPn) 12
mot day $ thuc gia ngiu nhién theo phandbchuin
N(0,1)
Bwéc 3: Xay drng khéa bi rit S theo muc 3.2
Buwéc 4: Xay drng diu thiy van W = (wy,, ...
theo cbng thc:
wi=Ap;+ (1 —-Ds;,v6i0< A< 1
Bwéc 5: NhingW vaoD theo cong thc:
d; =d; + wld;|lw; ,v6i0 < w < 1

Buwéc 6: Ap dung phép kin ddi IDCT cho céac khi
DCT sau khidd nhing du thay vandé nhan dugc anh
I'.
111.3.2. Thuit toan kém tra diu thiy van

Truéc cac phépan céng nix nén JPEG, thagoi
kich thréc, loc, nhéu, cit .., anh I’ cé th bi bién doi
thanhanh I*. Khi d6, thuit toan xaalinh quyén tac g
dbi vai anh I* duoc thee hién theo cac boc:
Buwéc 1: Thyc hién cac thao tac bin d6i nhu Budc 1
trong thut toan thiy vandé nhan dugc day & sb DCT
cuaanh I*, ky hiéu D* = (d%, s, .., d2)
Bwéc 2: Tinh & s twong quanCorr(D*,P) theo
cong thirc:

»Wn)

n
1
Corr(D*,P) = ;Z d; p;
i=1

Bwéc 3: So sanhCorr(D*,P) véi ngudng T (trong
thuc nghém cton T = 0.5)

Néu Corr(D*,P) > T, két luan anh I* cé chra diu
thily vanW va thibc vé tac gi coanhI’. Tréi ki, anh
I* khéng thiéc vé tAc gi céanh!’.

IV. PANH GIA TiINH B EN VUNG CUA CAC
THUAT TOAN TH UY VAN

IV.1. Mgt 6 khai nigm ain ding
Pé tién cho véc trinh bay ta ky itu Q(N) 1a tp
cac hoan vcua dayN = (1,2,..,n). Khi do, réu viét
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a € Q(N) thi ¢6 ngha a = (a(1), a(2),..,a(n)) la
mot hoan v cia N.

Truéc khi phan tich tinh dn virng aia thuit toan
R.Munir va thidt toandé xuit ta xét b dé sau:
Bo dé 1: Cho hai day & thuc X = (x4, x5, ..., x,) VA
Y =y, ¥,, ..., ¥n), trongdd X la daydon diéu tang.
GiastZ = (z1,23,-.,2zn) VaQ = (q1,92,--,9n) la cac
hoan v caa Y, trongdd Z don diéu giam va Q don
diéu taing. Khido:

n
min {z XiYa(i) la € Q(N)} = z XiZ; (4.1)
i=1 i=1
n n
max {Z XiVa() la € Q(N)} = Z Xiq; (4.2)
i=1 i=1
Chwéng minh:

Xét a bat ky, « € Q(N). Do Z la mbt hodn v cia Y
vaZ dondiéu giam nén @u dit:
a; = (z1+..+z) — (ya(1)+..+ya(i)),i =1..n—-1
thi a; > 0, vi. Ngoai ra Bing mbt sd phép bén ddi don
gian c6 tié nhan duoc:

n n n—-1
Z XiZi — z XiVa(i) = Z(xi — Xi41)q;
i=1 i=1 i=1

Via; =20 va(x; —x;41) <0 (do X don diéu tang)
nén tr ding thic trén suy ra:

n n
Z XiZp < z XiYa(i)
i=1 i=1

Do bét ding thrc nayding Wi Va € Q(N), nén:

n n
2 X;Z; = min {2 XiVa(i) |a € Q(N)}

i=1 i=1

Viy (4.1) dwoc ching minh. Bing céch 4p luan
trong tr ta € nhan duoc (4.2). B dé dugc ching
minh.
IV.2. P do tinh bén viing

Nhu phan tich trong e 3.1, tinh Bn vitng aia
thuit toAn R.Munir va thit toAndé xuat co thé duoc
danh gia théng quaghsd:

n

C(s) = Z U;Ss;

i=1

(4.3)
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Trong d06, u; = |d;|p; va S = (s1,...,S,) la mjt
hoan v caaP = (p4,..,p,). RO rang gia irC (s) trong
cong thic (4.3) khong thaytoi néu hoan v dong thi
gita U va S, nén khéng gim tinh tng quat c6 th gia
thiét U 1a mpt daydon diéu ting.

Gia st a = (a(1), ..., a(n)) € Q(N), khi d6 mdi S
c6 th duoc biéu dién qua nét o nhue sau:

$ = (Pay-Pam)

nénc(s) trong (4.3) co thxem nhr mot ham @aa:
n

C(a) = Z UiPa(i)
i=1
Nhu vdy, tinh EBn vitng aia thuit toanduoc danh

gia théng qua gia itrC («). Vi a khdng xacdinh duy
nhit (a dwoc clon mpt cAch ngu nhién)nén ta &
dung caadai luong C,,iy, Va Cppg N sau:

Cmin = min {C(a)}

Cmax = max {C(a)}
Khi @06, gia ti trung binh:

1
Crg = E(Cmin + Cmax) (4.4)
c6 the xem nhr mot d6 do cia tinh Bn vitng. Thut
toan nao co hsd Crp 16n hon duoc xem 1a Bn viing
hon.

Trong muc IV.3 s so sanh tinhdm vitng aia thuit
toan R.Munir va thit toandé xuit véi m = 2 (phan

hogch tip N thanh 2 &p con),goi la thuat todn New?2.

Trong muc V.4 € danh gia tinh &n virng aia thit
toandé xuat theo tham & m. Trong mc IV.5 s ddi

sanh tinh Bn viing ala cac that toan théng qua céac

két qua thuc nghiém.
IV.3. So sanh tinh Bn viing aia thugt toan R.Munir
va New2

Véi m = 2, theo Bac 1 muc 3.2 fip N dugc phéan
hoach thanh haidp conN! vaN? sao cho:

p; <0,Vi € Nl vap, >0,Vi € N2

Goi ny, n, la $ phin tir cia cacdp Nt vaNZ2. Do
P la day ndu nhién theo phandbchiin N(0,1) nén
n, Xap xi n,. Mat khéac, i gia thiét U don diéu ting
va dou; cung du Vi p; (i u; = |d;|p;) nén ta co:

N'={1,..,nq}vaN? = {n; + 1,..,ny + ny}
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GQ' Cmin _New2: Cmin _Munir: Cmax_NewZ va

Cinax _Munir 18 Cipin VaCpq, Cua cac that toan New?2,
R.Munir, khido:

Crin _New2 = min UiPa@) T
aeQ(N?T)
min UiDB(i) (4.5)
BEQ(N?)
Crin _Munir = min UiPa(i) (4.6)
aeQ(N)
Crax _Newz — mMax UiPa(i) T
a€eQ(N1)
max z uippy (4.7)
BEQ(N?)
Crax _Munir = mMax UiPa(i) (4.8)

a€eQ(N)

Gia sr X = (x4,..,x,) la mit hoan v cia P thoa mén
haidiéu kién:

X' = (x1,..,%,,) 1& Mt hodn v cua (ps,..,Pn,)
vax! dondiéu giam

X? = (Xn,41,--, %) la mit hodn v coa
(Pn,+1,--» Pn) VAX? don diéu giam
Khi d6 day Y:

Y =0wnYe-0n) = (xn1+1:--:xn:x1:--:xn1)
la mot hoan v caa P va Y don diéu giam. Theo Kt
luan (4.1) @a BS & 1, cac gid r Cin news:
Crnin _munir (trong cac cong thc (4.5) va (4.6)x06 thé
xacdinh théng qua!, X? va Y nhr sau:

Crnin Newz = Z ux; + Z U;X; (4.9)
ieEN1 iEN?

Crin _Munir = Z w;y; + Z Uy (4.10)
ieN? iENZ

Do u; vax; cung du, conu; vay; néi chung la
khac du, nén i (4.9) va (4.10) suy rfuin newz > 0
Va Chin _munir < 0, €O ngfia la:

Cmin _New2 = Cmin _Munir (4-11)

bé d& hinh dung cachdanh gid Chnin new:
VaCin munir t& Xét vi o minh pa Wi cac dayu va
P nhur sau:

U = (—60,-28,-10,5,15,28,35)
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P=(-18,-25-2,1,1.51.8,2)

Véi m = 2, ta phan hah p N = {1,2,3,4,5,6,7}
thanh hai 4p conN! = {1,2,3} va N? = {4,5,6,7}.
Do d6, X =(-18,-2,—-25, 2,18, 1.5,1) va
Y =(2,18,1.5,1,—-1.8,—2,—2.5). Theo hai cbng
thac (4.9), (4.10), cac gia itr Cpin nyewz VA

Ciin _munir thongng la:
7
Crin _New2 = Z UiX;
i=1
=108+56+25+4+ 10+ 27 + 42
+ 35 =303

7
= Z U;yi

i=1
=-120-504—-154+5—-27-56
—87.5=-350.9
Dé xac dinh Cmax _New2 va Cmax _Munir » ta Xéy
dung dayZ = (z4,..,2,) la mit hodn v cha P théa
man haidiéu kién :
- Z' = (21,..,2y,) la mdt hodn v cua (py, .., pn,)
vaZz?! don diéu ting
- Z? = (zZp,+1,--,2Zy) la mbt hodn v cua

Cmin _Munir

(Pn,+1,--» Pn) VAZ? don diéu ting

Khi d¢6 duong nhiénZ don diéu ting. Theo kt luan
(4.2) cia BS dé 1, C&C gid IrCiax Newz trong (4.7) va
Crmax Munir trong (4.8) co6 thxacdinh quaZ nhr sau:

Crnax _New2 = Z u;z; + Z Uiz

ien?t iEN2
Cimax _Munir = it Wiz
Do do6:
) ] Cmax _New2 = Cmax _Munir
Két hop dang thrc nay i (4.4) va (4.11) suy ra:
CTB _New2 > CTB _Munir
Nhu vay c6 th két luan thuat toan New2 Bn viing
hon thuat todn R.MunirDiéu nay hoan toan phiph
vé6i cac Kt qua thuc nghém trong mic IV.5.
IV.4. Panh gia tinh n viing aia thudt toan dé xudt
theo tham 8 m
Néu mdi tap N',N? tiép tuc duoc phan hach
thanh hai dp con, thi Ndugc phan hach thanh 4ap
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con (m = 4) va ta co thttoan New4. Bng cach 4p
luan trong tr nhr trong muc 4.3, ¢6 th chi ra Ang: so
véi thuat toan New?2 thi thit todn New4 cé & s
Cmin tANG, tuy NhiénC,,,, lai cé the giam. Nhr vay,
vé ly thuyét chea khing dinh dugc khi ting gia ti
tham $ m thi tinh Bn vilng aia thiit toan § ting.
Tuy nhién, Kt qui thuc nghém cho thy, hé s6 Crp
taing theo gia irtham $ m. Biéu nay cé ngta, tinh
bén virng aia thuit toandé xuat ciing c6 xu lréng
tang theo m.

Mit khac, khi tham&m canging thi tinh Bo mat
cua thuit toan cang gim (vi & phwong an xacdinh
khoa bi gt S sz giam). Tuy nhién, trong tic t, day
DCT theong c0do dain =~ 25% kich throc anh, Wi
anh kich tréc 200x200 thin ~ 10000 va réu ta
chon m =10 thi  phuong an tims khi biét khéa cong
khai P s3 14 (100010, day 1a $ du lon dé dam bao g
an toan cho thit toandé xuét.

IV.5. Két qua thec nghigm

Di véi cac thidt toan thiy van k&n viing, chit
lwong anh thiy van va nic d6 bén vitng aia diu thay
van la hai tinh cit quan tong. Theo [6], cht luong
anh thiy vanduoc danh gia ing ¢ s PSNR. That
toan c6 B s PSNR cangdn thi chit luong anh thiy
van cang cao. #sd PSNR @a anh thiy vanI’ so \6i
anh ¢ghc I kich thréc mxnduoc tinh theo cong trc:

PSNR = 20.1 (—MAX )
= 2U.l0g10
VMSE

Trong 46, MAX la gia ti cuc dai cua diém anh va
MSE dugc xacdinh theo cong tirc:

m i nii[’(w) =" NI

i=1j=1
Dudi day trinh bay hai & qui thuc nghém: Bang

1 so sanh ch luvong anh thiy van va & sb tuong quan
khi anh chra b tin cong, & sd tuong quan @a cac
thuat toan duoc tinh theo coéng tirt (2.3) va (2.6).
Bang 2 so sanh tinhéh vitng khianh ki tin cong gira

thuat toan R.Munir va thit toandé xuét vsi tham $

m = 10(New10).

MSE =
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a) So sanh clit lweng anh thiy van va ke sb twong  Photoshopié thyc hién cac thao tacin cong tréminh

quan khi anh chwa bi tan céng thay van (Hinh 2).

Pé so sanh cit luong anh thiy van, 1 sd tuong
quan khianh chra b tin céng @a thuit toandé xuit
véi hai thuit todn R.Munir[10] va M.Barni[6], ching
t6i sr dung chung 4p khoa céng khab (P duoc sinh
béi ham normrnd trong matlabya cac tham &
w = 0.4, 1 = 0.6. Dau thiy vanduogc nhing é dinh
trén 7840 B sb DCT (n=7840) caa anh gbc “Baboon”
c6 kich thrgc 226x226. Kt qua trong Bing 1 1a gia tr
trung binh @a 20 &n thyc hién voi cac hodn vndiu
nhién theo ttng thuit toan (s dung ham randperm
trong matlab).

Céc $ liéu trong Bing 1 cho thy, chit luong anh
thiy van d¢ia cac thét toan Xap xi bing nhau. Tuy
nhién, & s trong quan aa thuit toandé xuit ludn
cao fon thuat toan R.Munir va &p xi bang thuit toan
khoa bi mit M.Barni wi tham $ m = 10.

Bang 1.Hé sb twong quan éaanh thiy van va PSNR

STT| Thugc tinh | New2| New4 New10R.Munir M.Barni

1 |H¢ 0 twong quan10.57|11.69| 13.68| 5.47 13.99
2 |PSNR (dB) 41.5441.79|41.76| 41.78 | 41.75

Bang 2.Hé sb twong quan éaanhda b tin cong

Hé sb twong quan

STT Phép #n cong :
Newl0O | R.Munir

Khéng &n cdng 13.28 5.51

Phép at 20% 8.839 0.24

Thém nhéu Gause 30% 6.35 2.614
Loc nhi&u trung binh

4 (2x2) 0.783 0.02
5 | Nén JPEG (low) 7366 |  2.989 -
_ (@) (h)
Thaydoéi kich thxéc > . g
6 | 2965505226 1.366 03 Hinh 2. Anh thrc nghém aia thuit toandé xut:
Anh gic B n, (b}nh thiy van, (c)4nh thi
7 | Phép xoay 10 0634 | 0087 (2) Anh g>rc Baboon, (b)nh thiy van, (C)nh thiy

vanda cit 20%, (d)4nh thiy van thém nidu wi
cuong do 30%, (e)4dnh thiy vanduoc loc trung V Voi

kich theéc mit ng 2x2, () Anh thiy van xoay 19
e _ 0 IR N (g) Anh thiy van sau khi thagsi kich theéc
V,O’I thuat toa}n R.Munir, Chung téi em rn)t\&) phep 22650226, (h)A’nh nén JPEG &i chdt |”0ng
tan cong dién hinh (Bing 2), & dung phn mém thap.

b) So séanh tinh n vitng khi anh bi tin céng
Pé so sanh tinhdm viing gira thuit toandé xut
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Cac $ lieu trong Bing 2 cho thy, trugc cac phép
tan cong, that toAndé xuat bén vitng hon thuat toan
R.Munir. Néu ta chon ngdng T = 0.5, thuit toandé
Xuat chong dugc tit ca cac phépan céng trong Bng
2, trong khi that toan R.Munir ch chdng dugc hai
phép &n cong nén JPEG va thém &hiGause.

V. KET LUAN

Bai b&odé xuat mot thuat toan thiy van khoa cong [9]

khai moi trén mén DCT. Khéa cong khai 1a éb day
sb thyc gia ngiu nhién theo phandbchuin N(0,1),
khoéa bi nit 1a mpt hoan v ngiu nhién trénitng tp
con aia khda cdng khai. Cac phan tich ly thiuya két
quéa thyc nghém cho thy, thuat toandé xuat bén viing
hon thuit toan R.Munir va cbng duoc mjt sb phép
tan congdién hinh nhr: thém nhéu, dit, loc, nén

dmV-1, $ 9 (29), thang 6/2013
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