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Abstract. Digital watermarking techniques have being studied according to two trends: approach-
ing to the image space domain and the image frequency domain. In the second trend, the Discrete
Cosine Transform (DCT) and Discrete Wavelet Transform (DWT) are used popularly. Almost the
watermarking techniques using the DCT have an idea to embed the watermark in the middle fre-
quency domain of the DCT. In this paper, we present a new method of selecting coefficients of the
middle frequency domain of the DCT in the watermarking technique using the DCT for the water-
marking system. Due to this method, the image quality is significantly improved after embedding
the watermark.

Tém tat. Cac ky thuat thiy van trén dnh s6 da va dang dwgce nghién citu theo hai xu huéng chinh
13 tiép can lén mién khong gian anh va ti€p cin lén mién tin s6 cia dnh. Trong xu hwéng thit hai,
céc phép bién d6i cosin roi rac (DCT - Discrete Cosine Transform) va bién doi séng nhd roi rac
(DWT - Discrete Wavelet Transform) dwgc stt dung pho bién. Hau hét cdc ky thuat thiy van st
dung phép bién doi Cosin roi rac déu cé ¥ tudng nhing thiy van vao mién tin s6 gitta cia khoi
DCT. Trong bai bdo nay, ching t6i dé xuidt mdt phuwong phédp méi lwa chon céc hé sé thuéc mién
tan s6 gitra cda cdc khdi DCT. Véi phwrong phép nay, chat lwong cia dnh sau khi nhiing thiy van
da dwoge cdi thién dang ké, dong thoi van git nguyén dwogc tinh bén virng cia thiy van trudc cic
tan cong lén dnh chira.

1. TONG QUAN

Trong moi truomg phan phoi dién t& rat phéat trién nhw hién nay, viec bdo vé ban quyén
tac gid doi v4i cdc san pham s6 trd nén rat can thiét. Hién tai da cé kha nhiéu lwoc do thiy
van nham bao vé quyén s& hitu cla céc birc anh s6 thong qua céc thong tin diroc nhing trong
anh. C6 thé chia cc ky thuat thiy van theo hai hwéng tiép can chinh:

Huémg thir nhat dua trén mién khong gian dnh tiec 1a tién hanh khdo sat tin hiéu va heé
thong roi rac mot cach truc tiép trén mién gid tri roi rac cla cic diém anh dwoc goi 14 mién
bién s6 doc 1ap tir nhién. Sau dé, tim cdch nhiing cic thong tin badn quyén vao dnh bang cach
thay doi céc gia tri diém anh sao cho khong dnh hwdng nhiéu dén chat lwong anh va ddm
bdo su bén virng cia thong tin nhing trudc nhing tan cong cé thé c6 ddi véi bire dnh da
nhing thiy van. Trong nhiéu truong hop, cdch khdo sat truc tiép nay gip phai nhitng khé
khin nhat dinh hodc rat phitc tap va hiéu qué khong cao, dién hinh cho céch ti€p can nay 13
phuwong phdp tach bit {t quan trong nhét (LSB - Least Significant Bit) [3].
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Hudng thit hai 14 sit dung cédc phuwong phap khdo sat gidn tiép khac thong qua céc ky
thuat bién doi. Céc ki thuat bién d6i nay lam nhiém vu chuyén mién bién s6 doc 1ap sang
céc mien khéc, nhwr vay tin hiéu va hé théng roi rac sé dwoc bidu dién trong cdc mién méi
véi céc bién s6 méi. Phirong phap bién doi nay ciing giéng nhu phwong phép doi bién trong
phép tinh tich phan hay phwong phap doi hé toa do trong gidi tich cia todn pho thong quen
thudc. Sau dé, tim cdch nhing thiy van vao anh bang cach thay ddi cc hé s bién doi trong
nhirng mién thich hop dé ddm bdo chat lwong anh va s bén virng cia thiy van sau khi
nhung [3, 5].

Phuong phép khdo sit gidn tiép sé lam don gidn rat nhiéu cic cong viéc ma ching ta
gap phai khi diing phwong phép khdo sit truc tiép trong mién bién s6 doc 1ap tu nhién. C6
nhiéu phép bién ddi cho dir liéu anh trong dé cé mot s6 phwong phap bién doi duwoc st dung
rat phé bién nhu DCT, DFT (Discrete Fourier Transform) vd DWT. Trong d6, ky thuat thiy
van st dung phép bién doi DCT duoc nghién ctru va stt dung rat nhiéu, 1y do la phép bién
déi DCT ciing dugce dung trong chuan nén anh JPEG, do d6 k¥ thuat thiy van nay sé ting
tinh bén virng cia thiy van trong dnh chita trudce thao tdc nén JPEG. Céc ky thuat thuiy
van st dung DCT thuong chon mién tan s6 gitta dé nhiing thong tin thiy van vi néu nhiing
vao mién tan s6 thap thi chit lwong cia dnh chira thiy van sé bi gidm sit, con néu nhing
thong tin vao mién tin s6 cao thi thiy van lai khong bén vitng truwéc nhitng bién doi thong
thuomg chang han nhw phép nén JPEG.

Trong [3,5] cdc tac gid da trinh bay ky thuat nhing thiy van vao mién tan s gitra cda
khéi bién doi DCT tir 4nh géc. Viéc nhiing thiy van dwgc thuce hién bang cach chon ¢d dinh
ho#ic ngau nhién mot cdp hai hé s§ thudc mién tin s6 gifta roi tuy theo bit thiy van can
nhting ma bién ddi cap hé s6 da chon cho théa man dieu kién nhing. Theo cach chon hé s8
dé, rat nhiéu hé s6 sé bi thay doi dé thda man dieu kién nhing dan t&i chat lwong anh sau
khi nhing thiy van bi thay d6i khé 1ém so véi anh géc. Phan tiép theo ching t6i trinh bay
tém tat ky thuat thiy van dwoce gidi thieu trong [3, 5] va dé xudt mot phwong phdp méi chon
hé s6 dé c6 anh chira thiy van véi chat lirong t6t hon.

2. KY THUAT THUY VAN SU DUNG PHEP BIEN BOI DCT

2.1. Ky thuat thiy van sit dung bién d8i DCT cida Shoemarker

Ky thuat duéi day duge Chris Shoemarker dé xuat trong [3]. Vi ¥ tudng nhing bit tin
hiéu thiy van vao mién tin sO giita cia khéi bién déi DCT, ky thuat da stt dung phép bién
d6i DCT dé phan tich khéi dwrgce chon tir &nh géc thanh cic mién tin s6 F, r6i chon mot cip
hai hé s6 trong mién tin s6 gitta F(u,v) va F(p,q) dé thuc hién quéd trinh nhing bit thiy
van. Qud trinh nhing ddm bdo: néu bit can nhing 1a 0 thi sau khi nhing F(u,v) > F(p,q),
con néu bit can nhing 14 1 thi F(u,v) < F(p,q) dong thoi sau khi nhing thi khodng céch gia
tri gitra hai hé s6 dwgce chon luon 16m hon ho#ic bang k (k 14 s6 tu nhién dwrge chon truede) 1
hé s6 tirong quan giita tinh an va tinh bén virng cia thiy van. Cac khéi DCT sau khi nhiing
thiy van dugc bién doi bang phép bién doi nguge IDCT, rdi ghép cac khdi anh két qua theo
thit tu dé dwoc anh chira thiy van.

Qué trinh tach thiy van dwoc thue hién theo céc budce: doc vao theo thit tir khoi dnh da
nhting thiy van, stt dung DCT dé bién doi khoi sang mién tin s6, 14y hai hé s6 & vi tri da
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chon trong qué trinh nhing thiy van 16i tinh k = F(u,v) — F(p,q). Néu k > 0 thi duoc bit
thiy van twong tng la 0, nguoc lai dwoc bit 1. Ghép cac bit dé dwoc thiy van day du.

Chiing toi da cai dit thuat toan trén va thir nghiém véi cdc hé s6 k khac nhau. Két qud,

hé s6 k cang lén thi chdt lrong dnh sau khi nhing thdy van cang gidm, dong thoi tinh béen
virng cia thiy van trong anh chira truéc cc tan cong lai cang ting.
Nhan xét. Viéc stt dung mot hé sd k va qud trinh nhing thiy van luén dam bdo thda man
diéu kién vé do léch gitra hai hé s6 chon 16n hon hoéc bang k 1a yéu t6 quan trong quyét dinh
tinh bén vimg va tinh an cia thiy van. Ciing véi diic diém chung cia cic hé thiy van, do
16m clia k ty 1é nghich véi chdt hrgng dnh sau khi nhiing (tinh 4n cla thiy van) dong thoi ty
lé thuan véi tinh bén vimg cia thiy van trong anh goc trudce cdc tdn cong thong thudmg.

Qua thir nghiém v&i k = 50, thiy van nhiing trong anh géc ¢6 do bén ving rit cao trude
tit cd cdc tdn cong thong thuong. Két quad nay cho thdy, cé thé trién khai hé thong thiy
van theo ky thuat trén cho céc rng dung yéu cau cao vé dé bén virng cia thiy van.

Trong ky thuat nay, viéc chon cdp hai hé s F(u,v) va F(p,q) trong mién tan s6 gitta
dwoc néu 1a ¢ dinh hoiic ngau nhién. Do d6, dan dén viéc thuong xuyén phai thay doi cac
hé s6 da chon dé théa man diéu kién nhing bit thiy van twong tng. Van de dat ra & day
14 liéu c6 phurrong phap chon ra cip hé s6 dé khad nang phai thay doi cac hé s6 1a it nhat ma
van thda man diéu kién nhing bit thiy van twong tng.

2.2. Ky thuat thdy van sit dung phuong phap chon hé s6 trong mién tin sé gitra
DCT

Véi nhitng phét hién vé kha ning cdc hé s6 duoc chon theo phwong phép ctia Shoemarker
thuomg xuyén phai bién doi cho phit hop véi diéu kién nhing bit thiy van, trong phan nay
ching to6i dé xudt mot thuat todn chon cdp hé s6 trong tirng khéi DCT, theo d6 khd ning
phai bién déi cip hé s6 chon 1a it nhat, dong thoi van ddm bao dwoc tinh bén vitng cda thiy
van trude cdc tdn cong lén dnh chita thdy van.

Qud trinh nhing thiy vin

Vao: Anh gdc F; thiy van 1 mot chudi bit hoic anh nhi phan da chuyén sang chudi bit.
Ra: Anh F’ chita thily van, khéa dé téch thiy van.

Thuc hién:

1) Anh gbc F dwge chia thanh céc khdi 8x8, moi bit thily van dirgc nhing trong mot
khoi.

2) Chon mot khdi dnh chwa nhing thiy van B, thyc hién DCT(B) dé dwgc B'.

3) X4c dinh B’(u,v) la phan tr nho nhat va B'(p, ¢) 1a phan tir 1ém nhdt trong mién tin
s0 gitra cia khdi B’.

4) Néu bit thiy van can nhing vao khdi hién tai 1a bit 0 thi lwu vi tri (p, ) vao bién max
va lwu vi tri (u,v) vao bién min; ngugc lai néu bit can nhing 1a bit 1 thi luu vi trf (u,v) vao
bién max va lwu vi trf (p, ) vao bién min.

5) Tinh d = B'(p,q) — B'(u,v). Néu d < k (k la s6 ty nhién dwgc chon trudc) thi tién
hanh thay déi céc hé s6 da chon theo cong thirc:

B'(p,q) = B'(p,q) + (k — d)/2,
B'(u,v) = B'(u,v) — (k —d)/2.
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6) Thurc hién phép bién d6i ngwge IDCT véi khéi B’ méi, ghép céc khéi két qud dé dwoc
anh da nhing thiy van F’. Khéa dé tach thiy van 1a cac bién lwu vi trf max va min.
Nhéan xét
+ Tai céc budc 3) va 4), qué trinh nhing bit thiy van vao tirng khoi B’ luon thda tinh
chat: néu bit can nhing la 0 thi B’(max) > B’(min) ngugc lai bit can nhding 1a 1 thi
B’(max) < B'(min).

+ Hon nita, tai buée 5), do léch gitra hai hé s6 duwrgc chon sau khi nhing t8i thiéu 14 k, dong
thoi cong thirc trong 5) thé hién khi do léch giita hai hé s6 dwrgc chon con nhé hon & thi ci
hai hé s6 s& déu dwrgc bién d6i ting va gidm mot lwgng bang (k — d)/2. Vé khodng cich
thi viéc thay ddi nay ciing twong dwong véi viéc chi ting B’(p, q) 1én (k — d) hodc chi gidm
B'(u,v) di (k — d) nhung néu lam nhwr vay sé gay thay doi lém ddi véi mot he s6, dieu nay
thuwong dnh hudng dén chat lwong thi gidc cia anh chira thiy van.

Qud trinh tdch thiy van

Viao: Anh chita thiy van F’ (c6 thé da bi tan cong); khoa dé tach thiy van max, min.

Ra: Tthiy van dang chudi bit.

Thuc hién:

1) Anh chira thiy van F’ duoc chia thanh cic khai 8x8.

2) Chon theo thit tir khi &nh B’ thye hiéen DCT(B') dé dwoc B.

3) Poc vi trf cdc hé s6 twong ting véi khdi B trong bién max va min.

4) Néu B(max) — B(min) > 0 thi 14y bit 0, ngugc lai 14y bit 1.

5) Ghép cac bit dé dwgc thiy van day du.

Nhéan xét

+ Quaé trinh tach thdy van trong ky thuat khong can st dung anh gdc, cliing khong st dung
dén hé s6 k da chon trong qué trinh nhing thiy van.

+ Trong thuat toan nhiing, khdi DCT sau khi nhing luon thoéa tinh chit hai hé s6 dwrge chon
13 hai hé s6 c6 do léch cao nhat. Vi vay, khi nhan dnh chita thiy van, mot nguoi bat ky ciing
c6 thé do thiy van bang cach doc vao cac khai DCT 16i tim ra cap hé s6 ¢6 do léch cao nhat
trong khoi. V&i phét hién d6, thiy van cé thé dé dang bi loai bd.

2.3. Gidi phdp an toan cho thiy van

Ky thuat thiy van trinh bay trong Muc 2.2 da boc 16 kha ning dé dang phét hién va loai
bd thiy van trong dnh chita do viéc chon cip hé s6 trong mién tan so gitra cia khéi DCT c6
quy luat dic biét dé 1a cap hé s6 c¢é do léch 16n nhit trong khéi. Trong phan nay ching toi
dwa ra mot gidi phap bo sung cho k¥ thuit nhing thiy van trong 2.2 dé dwoc hé thiy van
c6 do an toan cao ddi véi thiy van da duoc nhiing trong 4dnh.

Qud trinh nhing thiy vin

Viao: Anh gbc F; thily van 1a mot chudi bit hosic anh nhi phan da chuyén sang chudi bit.
Ra: Anh F’ chita thily van, khod dé téch thiy van.

Thuc hién:

1) Anh géc F dwoc chia thanh cic khéi 8x8, méi bit thiy van duge nhiing trong mot
khai.

2) Chon mot khdi dnh chwa nhing thiy van B, thyce hién DCT(B) dé dwgc B'.
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3) Goi MID la day 22 phan tir cdc hé sd thudc mién tan s6 gitta cia B’; xay dung mot
ma tran do léch DM kich thude 22x22 véi cac phan tir 14 do 1éch gitta MID(i) va MID(j)
DM (i, j) = [MID(i) — MID(j)|.

- Goi TK 1a day gom t phan tir trong DM c6 gid tri > k (k 1a hé s6 twong quan gitra
tinh &n va tinh bén ving cia thiy van) da chon trude.

- Néu t = 0 thi thuc hién buéde 4), nguoc lai chon ngau nhién mot s6 tw nhién vt trong
doan [1, ] 16i x4c dinh ciip hé s6 c6 do léch twrong ng bang TK (vt). Dit B'(u,v) 13 phan ti
nhd hon trong cdp hé s6, B'(p,q) 1a phan tit 16m hon trong ciap hé s6 vira chon. Thuc hién
buéc 5).

4) X4c dinh B’(u,v) 14 phan tr nhd nhat va B’(p, ¢) 1a phéan tit 1ém nhét trong mién tin
s0 gitta cia khdoi B’.

- Tinh d = B'(p,q) — B'(u,v). Néu d < k thi tién hanh thay d6i hé s6 da chon theo cong
thire:

B'(p,q) = B'(p,q) + (k — d)/2,

B'(u,v) = B'(u,v) — (k — d)/2.

5) Néu bit thiy van can nhing vao khdi hién tai 1a bit 0 thi lwu vi tri (p, ) vao bién max
dong thoi Iwu vi trf (u,v) vao bién min; nguroc lai néu bit cin nhiing 13 bit 1 thi luu vi tri
(u,v) vao bién max dong thoi lwu vi trf (p, ¢) vao bién min.

6) Thurc hién phép bién d6i nguge IDCT véi khéi B’ méi, ghép céc khai két qud dé dwoc
anh da nhiing thiy van F’. Khéa dé tach thiy van 1a céc bién lwu vi tri max va min.

Qud trinh tdch thiy van

Puoc thue hién nhir tdch thiy van trong 2.2
Nhan xét
+ Khéc véi ky thuat trinh bay trong 2.2, ky thuat nhiing thiy van trong 2.3 dwa ra mot ma
tran do lech nham tinh gid tri do lech gitta cac cap hé s6 thuoc mién tin s gitta cia khoi
DCT. Can ctt vao su so sanh cic phan tir thuoc ma tran do léch véi hé s6 k dé chon ra nhirng
cép hé s6 théa man diéu kién nhing c6 thé dwoc st dung.

+ Trong trudmg hop & khdi hién tai khong cé cap hé s6 nao théa man diéu kién nhing thi
budc phai thay doi hé s6. Truomg hop nay thuc hién nhu trong 2.2.

+ Trong truong hop & khoi dang xét ¢6 nhiéu hon mot cdp hé s6 thda man diéu kién nhing,
k¥ thuat trong 2.3 dwra ra thuat toan chon ngau nhién mot cip dé ghi nhan va st dung lam
khoé cho qué trinh tach thiy van. Piéu nay lam ting ddng ké tinh bi mat cho bit thiy van
dwoc nhing vao khéi tuwong ing.

3. KET QUA THUC NGHIEM

Ching t6i da cai dit thuat todn cia Shoemarker va thuat todn cai tién do ching toi de
xuat trong Muc 2.2 va Muc 2.3 bang Matlab 7.01 véi anh goc da cap xdm “QTGiam.bmp”
kich thuwée 512x512 va dnh thiy van nhi phan “Logo.bmp” kich thudc 64x64.

Véi ki thuat cia Shoemarker, chiing t6i thuc hién bang cach chon ¢ dinh mot s6 ciap hé
s6 khéac nhau thuoc mién tin s6 gitta bao gom 3 loai:

(A) C4 hai hé s déu gan v4i mién tan s6 thap, cde vi trf (4,1) va (2,3).
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(B) C4 hai hé s6 déu gan véi mién tan sd cao, cde vi trf (6,2) va (3,5).

(C) Mot hé s6 gan mién tan sd thip, hé sd con lai gin mién tan sé cao, vi tri (4,1) va
(3,5).

Chat lwong dnh sau khi nhiing thiy van dugc ddnh gid thong qua gié tri cia ty s6 PSNR
(Peak Signal to Noise Ratio) gitta anh goc F' va anh chita thuy van F’ cling c¢6 kich thude

mxn theo cong thirc:
max(F))
PSNR=20lo — |,
B10 (m

MSE——ZZ — F'(i,7))%

=1 j=1

trong do:

Thiy van tach ra dugce ddnh gid, so sdnh véi thuy van géc thong qua ty s twong tu
SR (Similitary Ratio) gitra thiy van géc W va thiy van tach duwgc W’ theo cong thite:
SR = S/(S + D); trong d6, S 1a s6 bit tring nhau, D la s6 bit léch nhau khi so sanh W vé6i
w'.

Chung t6i da chay thir nghiém cdc chwong trinh trén véi cing mot anh goc, cing mot
anh thiy van va ciing cdc lra chon vé hé sé k. Chat lwong dnh sau khi nhing thiuy van, chat
lrgng thiy van tdch duge tir dnh chira ngay sau khi nhing (chwra qua cc bién d6i) va chét
lwong thiy van tach dwoc tir dnh chita da qua mot s6 tan cong thong thuong duwroc thé hién
& cac hinh va c4dc bang dudi day.

(c) k = 50; (e) k = 50;
PSNR = 32.064 PSNR = 46.293
(b) (d) SR = 1.0 (f) SR = 1.0

Hinh 1. (a) Anh goc 512x512; (b) Thiy van gdc 64x64;
(c) Anh da nhting thiy véan theo Shoemarker: (d) Thay van tach duge tir (c);
(e) Anh da nhiing thiy véan theo phwong phap cai tién; (f) Thuy van téch dwoc tir (e).
Bang 1 va Hinh 2 cho thiy, tmg véi hé s6 k dwoc chon trong khodng tir 6 dén 50, gid tri
PSNR cia ky thuat thiy van Shoemarker nam trong khodng tir 40 dén 32 trong khi PSNR
cda phuong phdp méi do chiing t6i dé xudt c6 gid tri cao hon hin (tir 88 dén 46). Dieu dé
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khang dinh rang v4i ciing mot hé s6 k& dwoc chon thi k¥ thuét thiy van stt dung phirong phap
lrra chon do ching toi dé xuat ddm bdo chat lwong cia dnh chi t6t hon hén so véi phuwong
phap chon ngau nhién hodc chon c¢6 dinh cip hé s cia Shoemarker.

Bdng 1. Chat lwong dnh sau khi nhiing thiy van

He sa & FENA-E5 thudt thud vin cla Shosmarker Phirong phdp
? © Ihdrn A IMhérm B Mhirmn Trung bloh | chon bé s mdi
g 33919 42455 39145 3173 BE.514
10 35744 421091 38814 EEEEE a7 001
14 35.501 41.552 38 364 38472 T8 524
18 33255 401054 37 8H5 317351 13167
22 34910 38603 37.108 35874 67951
26 34.533 37648 35.576 36252 62935
30 34128 35949 33815 35564 58923
34 33780 30221 35.182 35061 55.529
34 33338 35327 34 483 34 383 54705
42 32925 34661 33958 33848 50265
45 324458 34 085 33445 33330 48.174
50 32 064 33.578 32 801 32814 465 293
100
90 ~
80 —— A
& —m—
Z 70 - B
L ——C
60 1 —<—TB
50 —*— Chon
40 A
30 T T T T T T T T T T T
6 10 14 18 22 26 30 34 38 42 46 50
Hé s6 k

Hinh 2. So sdnh chdt lwgng dnh sau khi nhing thiy van
Anh chi da nhing thiy van sau khi bi tdn cong bdi cac phép bién ddi dnh dwoc dem tach
lay thiy van, so sanh thiy van tdch dugc véi thiy van gde qua ty s6 twong tu SR. Trong
ky thuat do ching to6i dé xudt, thiy van tdch dugce tring khép véi thiy van goc (SR =1,0)
trude cac tdn cong JPEG Q = 75, Adding Gaussian Noise 0.001 va Sharpening. Déi véi céc
tdn cong con lai, tinh bén virng cia thiy van thdp hon nhung t6i thiéu ciing dat 0,83. Thuiy
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van tach duoc tir dnh chd qua céc tdn cong va ty s6 SR dwgc minh hoa qua Bang 2 va Hinh
3. Qua day, chiing ta thay tat ci cdc thiy van tach duwoc tir dnh chi déu cé thé nhan dang
dwoc moét cach ro rang.

Bdng 2. Tinh bén virng cia thiy van truéce céc tdn cong, véi k = 50

Lcai tan cong SA-EF thudt thud vdn cla Shoemarker SR;EEih'&
IMherm A MNhém B WNhém C Trung binh
JPEG Compression Q=75 1 0000 1 0000 10000 1 0000 10600
JPEG Comnpression ) = 50 1 0000 1 0000 10000 1 0000 09933
JPEG Compression Q=25 1 0000 07943 10000 09314 0 8957
Rescaling 512 — 256 — 512 09458 07693 08641 05507 0 Ba02
Intensity Adj [0 0.8], [0 1] 09953 09958 09948 09953 09943
Histogram 0997 1 0000 09995 09991 099a5
Bluring 3.3 1 0000 099935 09990 09995 09393
Adding Gaussian Moise 0001 1 0000 1 0000 10000 1 0000 10600
Cropping 50% 0a375 0A359 0 A393 03N 08346
Pizelate 2 mosaic 09997 09357 09904 097565 09747
Sharpening 1 0000 1 0000 10000 1 0000 10600
Thuy vAogsc TFEG Q=15
ZR=l.0

Fascaling 1 —=0.5—1; | Iowosiy Adj[00.8], Eluriog 3.3,

SR= 8502 [O1] SR=0.5343 SR=0 3333

Gaussian Moise 0001 Cropplog 0%, Pixalatw 2 mosaic, Sharpaning,
zE=1.0 SE=0.8345 SE=0.59747 zE=1.0

Hinh 8. Thiy van tach duoc tir dnh da bi tan cong theo phwong phip mai
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4. KET LUAN

Trong bai bdo nay, ching t6i da dé xuat mot phwong phdp lwa chon cip hé s6 véi ky
thuat nhing thiy van trong mién tin s6 gita ciia phép bién doi DCT; cai dit thir nghiém
thuat todn dé xuit; so sanh, ddnh gid két quad thir nghiém véi mot ky thuat duwoc trinh bay
gan day cda Chris Shoemarker.

Trén phuong dién 1y thuyét, phwong phap dwoc dé xuit da han ché dwoc sé lan phai bién
déi doi véi cac hé s6 diroc chon trong mien tin s6, dieu dé da lam ting ddng ké chat lwong
anh sau khi nhing thiy van so véi cdc phuong phdp khéac. Vé thuc nghiém, cd hai ky thuat,
mot cia Shoemarker va mot do chiing toi dé xudt déu cho dd bén vimg cia thiy van ngang
nhau nhung chat lrong cda anh sau khi nhing thiy van cia ching t6i t&6t hon han. Ngoai
ra, cai tién da néu trong Muc 2.3 gép phan tang do an toan cho thiy van trude nhimng tan
cong nham phat hién va loai bé thiy van.

Han ché duy nhdt cia ky thuat méi nay 13 qud trinh nhing thiy van sé cham do viéc
phai xdc dinh vi trf ciia hai hé s6 1a max v& min thuoc mién tan so gitra, viéc xay dung ma
tran do léch DM, chon ngau nhién mot cip hé s6 trong céc cip thoa man dieu kién nhing,
dong thoi can dén khod 14 cap vi tri céc hé s6 da chon dwoc trong qué trinh tach thiy van.
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