LOI CAM ON

Pé hoan thanh chuong trinh dai hoc, va luan van nay em da nhan duoc su
day bao, huéng dan va gitp d& nhiét tinh cia quy thay co, nha truong Pai hoc Dan
Lap Hai Phong .

Trude tién em xin cam on t&i quy thay c6 truong DPHDL Hai Phong, nhiing
nguoi di tan tinh day bao em subt thoi gian theo hoc tai truong.

Em xin giri 101 cam on sau sic toi ¢d gido huéng din Thac sy HO Thi Huong
Thom ngudi da danh rat nhiéu thoi gian va tam huyét hudéng dan gitp d& em hoan
thanh luan van tot nghiép nay.

Em xin cam on tit ca ban be, anh chi, va gia dinh da giup do tao moi diéu
kién thuan lgi dé cho em c6 thé hoan thanh t6t luan van nay.

Mic du c6 nhiéu ¢ géng hoan thién luan van béng tt ca sy nhiét tinh va
nang lyc cta minh, tuy nhién khong thé tranh khoi nhiing thiéu sét, rit mong nhan

dugc sy dong gop quy bau cia thy cd va cac ban .

Em xin chan thanh cam on !
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LOI MO DAU

Gidu tin mat (Steganography) 13 mét linh vuc khoa hoc vé lién lac “khong
nhin thiy duoc”, né c6 ¥ nghia vo ciing quan trong viéc bao mat thong tin lién lac
ngay nay, dic biét véi sy bung nd cua internet. N6 khac véi khoa hoc vé mat ma 1a
& chd: Trong khoa hoc mat ma nguoi ta tim cach bién d6i ban thong diép c6 ¥ nghia
thanh mot ddy gia ngdu nhién dé lién lac véi nhau trén mang coéng cong ma ngudi
ngoai cudc ( ngudi khong duoc phép chia sé thong tin trong thong diép do) co thé
thu duoc sy hién hitu cua diy ngau nhién d6 nhung khé 1ong chuyén diy d6 thanh
ban thong diép ban dau néu khong c6 “khoa” trong tay. Trong luc d6 k¥ thuat giau
tin mat(steganography) lai tim cach an gidu thong diép dé vao trong mot phuong
tién s6 khac (nhu audio, video, images. ..) ma ngudi ngoai cudc khé c6 thé phat hién
duogc sy hién hitu cta thong diép trong phuong tién sd d6, mic du nguoi ta co thé co
phuong tién d6 trong tay. Phuong tién duoc dung dé giu tin trong d6 dugc goi 1a
phuong tién gbc (Cover-objects). Con phuong tién géc d6 da duge chira thong tin

can gidu trong d6 dugc goi 1a phuong tién mang tin (Stego-Objects).

Trong bai viét dudi diy em xin trinh bay vé qua trinh gidu tin trén anh dya

trén bién do1 contourlet, ngi dung ctia bai gom 3 chuong :

Chuong 1. Téng quan k¥ thuat gidu tin trong anh.
Chuong 2. K§ thuat gidu tin dua trén bién d6i contourlet

Chuong 3. Cai dat va thu nghiém.



DANH SACH CAC TU VIET TAT

CTT Contourlet Transform Bién dbi contourlet
LSBs Least Significant Bits CAc bit it quan trong nhat
MSBs Most Significant Bits Cac bit quan trong
DCT Discrete Consine Transform Phép bién ddi cosin roi rac
IMG Image Anh den tring img
PCX Personal Computer Exchange Anh xam PCX

GIF Graphics Interchange Format Pinh dang anh d6 hoa GIF
BMP Bitmap Anh khong nén Bitmap
PNG Portable Network Graphics Anh PNG
JPEG | Joint Photographic Expert Group Anh nén JPEG
PSNR Peak signal-to-noise ratio Ti sb tin hiéu cuc dai trén nhiéu
MSE Mean squared error Lbi binh phuong




CHUONG 1. MOT SO KHAI NIEM TONG QUAN

1.1 TONG QUAN VE GIAU TIN TRONG ANH
1.1.1 Pinh nghia gidu tin trong dnh

Gidu tin trong anh 1a mot k¥ thuat gidu hodc nhung mot luong thong tin sb

nao dé vao trong mot anh sé .

1.1.2 Muc dich ciia giau tin

C6 2 muc dich chinh cia giau thong tin:
e Bio mat cho nhitng théng tin dugc gidu.
e Bao mat cho chinh cac dbi trong gidu tin.

C6 thé nhan théy réng su khac bi¢t gitra hai muc dich nay. Trong thuc té hai muc

dich nay da phat trién thanh hai linh vic v6i nhitng yéu cau va tinh chat khac nhau.

Data Hiding
Giau thong tin

Watermarking Steganography

Thiy van so Giau tin mat

Hinh 1.1: Hai linh vuc chinh cta k¥ thuat gidu tin

> Ky thuat gidu tin mat (Steganography) [4]: Vi muc dich ddm bao an toan va
bao mat thong tin duoc gidu. Cac k¥ thuat gidu tin mat tap trung vao viéc sao cho
thdng tin gidu duoc nhiéu va ngudi khac khé phat hién ra thong tin c¢6 dugc gidu
trong.

> Ky thuat thuy van s6 (Watermarking): Véi muc dich bao mat cho chinh cac
d6i twong gidu tin danh dau. Pam bao mot sd cac yéu cau nhu dam béao tinh bén

vitng, khang dinh ban quyén s hitu hay phat hién xuyén tac thong tin...
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1.1.3 Cac yéu cau doi véi gidu tin trong dnh
Nhitng yéu cau co ban d6i véi gidu tin trong anh :

e Tinh 4n cia giéu tin duoc chén vao anh: Su hién dién cua giéu tin trong anh
khong 1am anh huéng t6i chat luong ciia anh di chén tin.

e Tinh bén cua gidu tin: Cho phép cac tin c6 thé ton tai dugc qua cac phép
bién d6i anh, bién dang hinh hoc hay céc hinh thirc tin cong cb ¥ khac.

e Tinh an toan: khong thé xo4 dugc tin ra khoi anh trir khi anh dugc bién dbi
to1 murc khong con mang thong tin.
1.1.4 Pic trung va tinh chit ciia ky thuit gidu tin trong anh

Gidu tin trong anh chiém vi tri chu yéu trong cac k¥ thuat gidu tin, vi vy ma
cac k¥ thuat gidu tin phan 16n ciing tap trung vao cac k¥ thuét gidu tin trong anh.
Céc phuong tién chira khac nhau thi ciing s& c6 cac ky thuat gidu khac nhau. Pdi
tugng anh 1a mot d6i tuong dir liéu tinh c6 nghia 1a dir lidu tri giac khong bién doi
theo thoi gian. D li€u anh co nhiéu dinh dang, mdi dinh dang cé nhiing tinh chét
khac nhau nén cac k¥ thut gidu tin trong anh thudng cha ¥ nhiing dic trung va cac
tinh chat co ban sau day:

e Phuong tién c6 chira dit ligu tri gidc tinh

Dir lidu gdc ¢ day 1a dit liéu tinh, du da gidu thong tin vao trong anh hay
chua thi khi ta xem anh bang thi giac, dir liéu anh khong thay doi theo thoi gian,
diéu nay khac véi dir liéu 4m thanh va dit liéu bang hinh vi khi ta nghe hay xem thi
dit liéu gdc sé thay ddi lién tuc voi tri gide cua con ngudi theo cac doan, cac bai hay
cac canh...

e Ky thuét gidu phu thudc anh.

K¥ thuat giéu tin phu thudc vao céc loai anh khac nhau. Chflng han dbi véi
anh den trang, anh xam hay anh mau ta ciing c6 nhimng k¥ thuét riéng cho timg loai
anh c6 nhirng dac trung khac nhau.

e Ky thuat gidu tin loi dung tinh chat hé thdng thi gic clia con ngudi

Gidu tin trong anh it nhiéu ciing gy ra nhimng thay di trén dit liéu anh gdc.
Dit liéu anh duoc quan sat bang hé thdng thi gidc ctia con ngudi nén cac ki thuét
gidu tin phai dam bao mot yéu cau co ban 1a nhitng thay d6i trén anh phai rit nho

sao cho bang mit thudong khé nhan ra duoc su thay dbi do vi co nhu thé thi méi
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dam bao dugc do an toan cho thong tin giau. Rat nhiéu céc k¥ thuat da loi dung cac
tinh chat cua h¢ thong thi giac dé giau tin chang han nhu mat nguoi cam nhan ve sy
bién déi vé d§ choi kém hon sy bién d61 vé mau hay cdm nhan ciia mat vé mau

xanh da troi kém nhit trong ba mau co ban.
e Gi4u thong tin trong anh tac dong 1én dit liéu anh nhung khong thay doi kich
thudc anh

Céc thuat toan thyuc hién cong viéc giéu thong tin s€ dugc thuc hién trén dir
liéu cua anh. Dit liéu anh bao gdm phan header, bang mau (c6 thé c6) va dir liéu

anh. Do vAy ma kich thuéc anh trudc hay sau khi gidu thong tin 13 nhu nhau.
e Dam bao chét lugng sau khi giu tin

Pay 1a mot yéu ciu quan trong ddi véi gidu tin trong anh. Sau khi gidu tin
bén trong, anh phai dam bao dugc yéu cau khong bi bién ddi dé c6 thé bi phat hién
dé dang so véi anh gdc. Yéu cau nay dudng nhu kha don gian d6i voi anh mau hoic
anh xam boi mdi diém anh duoc biéu dién boi nhiéu bit, nhiéu gid trj va khi ta thay
d6i mot gia tri nho nao d6 thi chat luong anh thay doi khong dang ké, théng tin gidu
kho bi phat hién, nhung ddi véi anh den tring mdi diém anh chi 1a den hoic tring,
va néu ta bién d6i mot bit tir trang thanh den va nguoc lai ma khong khéo thi sé rat
dé bi phat hién. Do d6, yéu cau dbi v4i cac thuat toan gidu thong tin trong anh mau
hay anh x4m va giau thong tin trong anh den trang 1a khac nhau. Trong khi ddi voi
anh mau thi cac thuat toan chu trong vao viéc 1am sao gidu duoc cang nhiéu thong
tin cang t6t thi cac thuat toan ap dung cho anh den trang lai tip trung vao viéc 1am

thé nao dé thong tin giau kho bi phat hién nhat.
e Thong tin trong anh sé& bi bién doi néu c6 bt ctr bién d6i ndo trén anh

Vi phuong phép gidu thong tin trong anh dua trén viéc diéu chinh cac gia tri
clia cac bit theo mot quy tac nao d6 va khi giai ma sé theo céac gia tri d6 dé tim duoc
thong tin gidu. Theo d6, néu mot phép bién d6i ndo d6 trén anh lam thay do6i gia tri
clia cac bit thi s& 1am cho thong tin gidu bi sai léch. Nho dic diém nay ma gidu

thong tin trong anh c6 tac dung nhan thyc va phat hién xuyén tac thong tin.
e Vai trd cua anh goc khi giai tin
Céc k¥ thuat giau tin phai xac dinh rd rang qué trinh loc anh dé 13y thong tin

gidu cin dén anh gbc hay khong can. Pa sb cac k¥ thuat gidu tin mat thi thuong

khong can anh goc dé giai ma. Thong tin dugc giau trong anh s€ dugc mang cung
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v6i dit liéu anh, khi giai ma chi can anh d3 mang thong tin gidu ma khong can ding
dén anh gbc dé so sanh ddi chiéu.
1.1.5 Cac phwong phap giiu tin

» Cac phuong phap gidu tin trong anh hién nay déu thudc vao mot trong ba
nhom:

e (Giau tin trong mién quan sat.

Phuong phép nay thudng nhing thong tin vio cac bit ¢6 trong sb thap cua
anh hay duoc ap dung trén cac anh bitmap khong nén, cac anh dung bang mau. Y
tuong chinh ctia phuong phap nay 13 14y ting bit cta tin mat rai né 1én anh vo boc,
thay d6i bit co trong sb thip ctia anh bang cac bit cua tin mat. Vi khi thay ddi cac bit
c6 trong sb thip khong anh hudng dén chit lwong anh, va mét nguodi khong cam

nhan dugc su thay doi ciia anh da gidu tin.

e  Cic phuong phap dua vao k¥ thuat bién d6i anh, vi du bién doi tir mién
khong gian sang mién tan so.

e Céac phuong phép st dung mat na giac quan.

Duya trén nguyén 1y danh lira hé théng giac quan cta con ngudi. "Mit na" &
day am chi hién tuong mit ngudi khong cam nhan dugc mot tin hi¢u néu nd & bén
canh mot tinh hiéu nhat dinh nao dé.

> Néu phan chia cac phuong phap theo dinh dang anh thi ¢6 hai nhom chinh:

e Nhém phuong phap phu thudc dinh dang anh: dic diém cia nhom nay 1a
thong tin gidu dé bi "ton thuong" boi cac phép bién doi anh. Trong nhom nay lai
chia ra theo dang anh, c6 cac phuong phap cho: anh dua vao bang mau; anh JPEG.

e Cac phuong phéap ddc lap véi dinh dang anh: dac trung ctia cac phuong phap
nhom nay 1a loi dung vao viée bién ddi anh dé gidu tin vao trong d6, vi du gidu vao
cac hé sb bién d6i. Nhu vay c6 bao nhiéu phép bién d6i anh thi ciing c6 thé c6 bay
nhiéu phuong phéap gidu anh. Cac phép bién doi nhur:

Phuong phap bién d6i theo mién khong gian
Phuong phap bién d6i theo mién tan s6 (DCT)
Céac bién d6i hinh hoc
Céac phuong phap nhom thtr hai c6 nhiéu vu diém hon vé tinh bén vimng, nhung

luong thong tin gidu duoc s& it hon va cai dat ciing s& phirc tap hon.
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Néu phén chia cac phuong phap theo dic diém k¥ thuat co:
Phuong phap thay thé.
Thay thé cac bit dif liéu trong ban do bit.
Thay thé bang mau.
Phuong phap xur 1y tin hi€u
Céc phuong phap bién d6i anh.
Céc k¥ thuat diéu ché dai pho.
Cac phuong phap mi hoa: Luong hoa; ma hoa sira 19i.
Céc phuong phap thong ké - kiém thu gia thuyét
Phuong phap sinh mat na.

Mo hinh k§ thuit gidu tin trong anh co ban

K¥ thuét giau tin trong anh bao gom hai qua trinh d6 la:

Qua trinh 1: Gidu (nhiing) tin vao anh.

Thong tin
giau

A 4
A 4

Anh vé boc Thuat toan/ky thuat

giau tin mat

Anh giiu tin

A

Khoéa che gidu

Hinh 1.2 Mo hinh co ban gidu tin mat.
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Input:

- Théng tin gidu: Tuy theo muc dich cua ngudi sit dung ma thong tin gidu &

day c6 thé 1a thong diép, hinh anh, video, 4m thanh...

- Anh vé boc: La anh duogc chon 1am méi truong dé giéu tin.
Output:

- Anh gidu d3 duoc gidu tin

Qua trinh 2: T4ch tin tir anh gidu tin

[
Thoéng tin
dwgc giau

A 4

Kiém tra

Anh gidu »| Thuit toan/k§ thuit | Anh vé boc
tin tach tin
7'
Khéa che
giau
Hinh 1.3 M0 hinh co ban tach tin méat

Input:

- Anh gidu tin.

- Khoa che gidu.
Output:

- Théng tin duoc gidu.

- Anh vo boc ban dau.
Qua trinh gidi ma duogc thuc hi¢n thong qua thuat toan/k§y thuat tach tin tuong
g véi thuat toan/ky thuat nhung tin ciing véi khoa che gidu ciia qua trinh nhung.
Két qua thu dugc gdm anh goc va thong tin da gidu. Thong tin da gidu duoc kiém

tra so sanh voi thong tin ban dau.
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1.1.7 Phan loai cic k§ thuit gidu tin trong anh

C6 thé chia k¥ thut gidu tin ra 1am 2 loai 16n d6 1a thay van sb va gidu tin

mat.
Information hiding
Gi4u théng tin
[
| |
Steganography Watermarking
Gifu tin mat Thuy vén sb
I | | |
Spatial Transform Robust Fragile
domain domain Watermarking Watermarking
Khoéng gian Bién d6i mién Thuy van bén viing Thuy van dé v&
mién
| |
Visible Imperceptible
Watermarking Watermarking
Thuv van hién thi Thuv van an

Hinh 1.4 Phan loai cac k¥ thuat gidu tin
1.1.7.1 Giéu tin mit (Steganography)

Gidu tin mat ¢6 thé dugc dinh nghia 1a k¥ thuat dé nhing dit liéu hodc thong
tin mat trong dbi tuong voé boc. Muc dich cua giéu tin mat 1a thiét 1ap mdt duong
truyén thong bi mat giira hai bén, nhu vay bat ky ngudi nao & giita ciing khong thé
phat hién sy ton tai cua dit liéu - thong tin mat. Nhitng ké tin cong khong iy duoc

bat ky thong tin nao vé dit liéu — thong tin nhiing bang cach nhin don gian vao tp tin.

Ngay nay gidu tin mat duoc thuc hién bang cach st dung phuong tién ky
thuat s nhu van ban, hinh anh, 4m thanh, video hodc cac phuong tién khac tuy
thudc vao sy yéu cdu va su lwa chon cia nguoi gui. Trong sb cac phuong tién dé

giéu tin thi giéu tin mat trong hinh anh dugc str dung rong rai nhat. Vi hién nay sb
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thong tin du thira trong hinh anh 13 16n dé co thé d& dang thay d6i va an duoc nhiéu

thong tin mat bén trong hon.

Mot sb k¥ thuat duoc dé xuét sir dung tap tin hinh dnh lam dbi tuong vo boc.

Nhitng k¥ thuat nay c6 thé duoc phan loai theo hai cach sau day:
- Ky thuat khong gian mién.
- Ky thuat thay doi mién.

= Ky thuit khéng gian mién: Cac thuit toan thudc k¥ thuat khong gian mién
nhing dir li¢u bé‘mg cach lya chon thay thé mot cach can than tir cac diém anh cua
hinh anh v6 boc vdi cac bit thong diép mat. Cac thut toan gidu tin mat t6t nhat
duoc biét dén 1a dua trén viée stra doi 16p it quan trong ctuia hinh anh, do d6 con
duogc goi la k¥ thuat LSB. Ky thuat LSB duoc st dung rong rai nhét cta giéu tin
mat trong hinh anh. Trong k¥ thuat nay céc bit & cic diém anh vo boc co trong s6
thip dugc thay thé bang cac bit tin.

= K thuat thay d6i mién: Céc thuat toan thudc k¥ thuat thay d6i mién nhung
dir liéu bang cach thay d6i mién hinh anh vo boc va sau d6 gidu dir liéu vao bén
trong chung. Thuat todn DCT la mot trong nhiing thuit toan thuong dugc sir dung
chuyén d6i mién cho thé hién ra dudi mot dang song nhu 1a mot tong hop c6 trong
s6 cta cosin. Cac dit lidu duoc gidu bang cach thay doi hé sé DCT cua hinh anh.
Mot ky thuat giéu tin mat trong hinh anh tdt nham ba muc tiéu

- Cong suat: Tuc 1a di liéu t6i da c6 thé duoc gidu bén trong hinh anh.

- Tinh khéng nhan thy duoc tin gidu: tirc 1a chit lwong cta hinh anh sau khi
gidu tin. Bang cach nhin vao anh che gidu ciing khong nhan thay duoc hinh anh ¢
giau tin.

- Bao mat: An ninh phai manh mé dé chéng lai cic cudc tdn cong ciia nhing

ké tan cong.

1.1.7.2 Thiy vén s6 (Watermarking)
Khong can gidu nhiéu thong tin, chi can lugng thong tin nho dic trung cho
ban quyén ctia ngudi s hiru, nhung doi hoi do bén viing cao cua thong tin can giau.
Thily van bén viing: thuong dugce tng dung trong bao vé ban quyén. Thuy

van dugc nhing trong san phim nhu mot hinh thirc dan tem ban quyén. Trong
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tryong hop nay, thay van phai ton tai bén vitg cing v6i san phdm nham chdng viée
tay x6a, lam gia hay bién 86i pha huy thuy van.

Thuy van d& v&: La k¥ thuat nhing thiy van vao trong mot ddi trong (san
pham) sao cho khi phan b san phdm néu co6 bat ky phép bién ddi nao lam thay d6i
san pham gdc thi thay van da dugc gidu trong d6i trong s& khéng con nguyén ven

nhu trude khi gidu.

Thiy van an: Ciing giéng nhu gidu tin, bang mit thuong khong thé nhin

duogc thuy van an.

Thity van hién: La loai thay van hién ngay trén san pham va moi nguoi déu
c6 thé nhin thiy duoc.

1.2 CAU TRUC CHUNG CUA ANH BITMAP
1.2.1 Tong quan vé anh Bitmap

Pé thyc hién viéc gidu tin trong anh, trude hét ta phai nghién ctru cu trac
ctia anh va c6 kha ning xt Iy duoc anh tirc 1a phai sb hoa anh. Qua4 trinh sé hoa cac
dang anh khac nhau va khong nhu nhau. Co nhiéu loai anh di dugc chuin hoa nhu:
JPEG, PCX, BMP, GIF, IMG... Sau day la cau tric anh * BMP.

MGi file anh BMP gbm 3 phan:
+ BitmapHeader (54 byte)
¢ Palette mau (bang mau)
¢ BitmapData (dit liéu anh)

CAu trac cu thé cta anh:

e BitmapHeader (54 byte): Luu trit nhitng thong tin co ban vé tép anh va thudc
tinh co ban cia anh. Dudi day 1a bang chi tiét nhitng thong tin trong BitmapHeader.
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Bang 1.1: Bang chi tiét nhitng thong tin trong BitmapHeader

Byte Diit tén Y nghia Gia tri
1-2 ID Nhan dang file ‘BMP’ hay 19778
3-6 File_Size Kich thudéce File Kiéu Long trong turbo C
7-10 Reserved Danh riéng Mang gia tri 0
11-14 OffsetBit Byte bit dau ving dit | Offset ciia byte bit dau ving
licu dir liéu
15-18 Isize S6 byte cho vung info | 40 byte
19-22 Width Chiéu rong cta anh | Tinh bang pixel
BMP
23-26 Height Chiéu cao ctia anh BMP | Tinh bang pixel
27 - 28 Planes S6 planes mau Cé dinh1a 1
29 -30 bitCount S bit cho mot pixel C6 thé 1a 1,4,6,16,24
31-34 | Compression | Kiéu nén dir liéu 0: Khong nén
1: Nén 8bits/pixel
2: Nén 4bits/pixel
35-38 ImageSize | Kich thudc anh Tinh bing byte
39-42 | XpelsPerMeter | B phan giai ngang Tinh bang pixel/metr
43 - 46 | YpelsPerMeter | Do phan giai doc Tinh bang pixel/metr
47 - 50 ColorsUsed S6 mau s dung trong
anh
51 —54 | Colorsimportant | S6 mau dugc st dung

khi hién anh
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Thanh phan BitCount cta cdu tric BitmapHeader cho biét s6 bit danh cho
mdi diém anh va sd luong mau 1on nhét cua anh. BitCount c6 thé nhan céc gia tri
Sau:

1: Bitmap 14 anh den tring, mdi bit biéu dién 1 diém anh. Néu bit mang gia

tri 0 thi diém anh 1a den, bit mang gia tri 1 diém anh 13 diém tring.
4: Bitmap 14 anh 16 mau, mdi diém anh dugc biéu dién boi 4 bit.
8: Bitmap 13 anh 256 mau, mdi diém anh biéu dién béi 1 byte.

16: Bitmap 1 anh highcolor, mdi ddy 2 byte lién tiép trong bitmap biéu dién

cuong do tuong doi ciia mau do, xanh 14 cay, xanh lo ciia mgt di€ém anh.

24: Bitmap la anh true color (224 mau), mdi diy 3 byte lién tiép trong bitmap
biéu dién cuong do tuong ddi ctia mau do, xanh 14 cay, xanh lo (RGB) cua mot
diém anh.

Thanh phan ColorUsed cua céu trac BitmapHeader xac dinh sé lwong mau
cua palette mau thuc su dugc st dung dé hién thi bitmap. Néu thanh phén nay duogc

dit 13 0, bitmap sir dung s6 mau 16n nhat trong tng véi gia tri cua BitCount.

e Palette mau (bang mau): bang mau cua anh, chi nhiitng anh 16n hon hoac

bang 8 bit mau méi co Palette mau.

e BitmapData (thong tin anh): phan ndy nim ngay sau phan palette mau cia
anh BMP. Pay la phan chura gia tri mau cua diém anh trong anh BMP, cac dong anh
dugc luu tir dudi 1én trén, cac diém anh dugc luu tir trai sang phai. Gia tri ciia mi

diém anh 12 mot chi s6 trd toi phan tir mau twong Ung cla palette mau.
1.2.2 Céhu tric dnh PNG

La mot dang hinh anh sir dung phuong phap nén dit liéu méi — khong 1am mat
di dir liéu géc. PNG dugce tao ra nham cai thién va thay thé dinh dang anh GIF véi
mot dinh dang hinh anh khong doi hoi phai c6 gidy phép sang ché si dung. PNG
duoc hd trg boi thu vién tham chiéu libpng, mdt thu vién nén doc 1ap bao g6m cac

ham cua C dé quan 1y cac hinh 4nh PNG.

Mot tap tin PNG bao gdm 8 — byte ki hiéu (89 50 4E 47 0D 0A 1A) dugc viét
trong hé thong c6 co s6 16, chira cac chit “PNG” va 2 dau xubng dong, & gitta 1a
xép theo s6 lugng cua cac thanh phan, mdi thanh phan déu chtra thong tin vé hinh
anh. Cau tric dua trén cac thanh phan duoc thiét ké cho phép dinh dang PNG c6 thé

N
A9

tuong thich v6i cac phién ban cii khi st dung. Cac “thanh phan” trong tap tin.
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PNG 1a cdu trac nhu mot chudi cac thanh phan, mdi thanh phan chtra kich

thudc, kiéu, dir li¢u, va ma stra 101 CRC ngay trong no.

Chudi dugc gan tén bang 4 chit cai phan biét chit hoa chit thuong. Sy phin biét

nay giup bo giai ma phat hién ban chat cua chudi khi né khéng nhan dang duoc.

Véi chit cai dau, viét hoa thé hién chudi nay 1a thiét yéu, néu khong thi it can
thiét hon ancillary. Chudi thiét yéu chira théng tin can thiét dé doc dugc tép va néu

bo giai ma khong nhan dang dugc chudi thiét yéu,viéc doc tép phai dugc huy.

V& co ban, dinh dang PNG dem lai cho ta nhiing vu thé vuot troi hon so vai
cac dinh dang phd thong khac hién nay nhu JPG, GIF, BMP...Nhirng wu thé t6 o

stc manh hon khi dugc st dung trong moi truong dd hoa web.

- Giam thiéu dung luong: Trong tat ca cic dinh dang anh pho thong hién
nay thi hinh anh PNG c6 thé coi 1a dung luong nho nhat. Didu nay rat quan trong
khi str dung PNG trong moi truong web.

- Do sau ctia mau: Anh PNG hd tro dén true color 48bit mau. Trong khi d6

anh gif chi & mtrc 256 mau.

1.3 BIEN POI CONTOURLET (CONTOURLET TRANSFORM)
1.3.1 Bién doi Contourlet

Bién doi contourlets 1a m& rong cia bién d6i wavelets hai chiéu ding nhiéu
mirc (multiscale ) va cac bang loc huéng. Contourlets phat trién cic hudng phin
tich co ban cua anh (d6i voi wavelets 1a theo cac hudng: ngang, doc, chéo) 1én
thanh nhiéu hudng khac nhau trong tirng murc (scale), véi ti 1¢ khung (aspect ratio)
linh hoat (v6i wavelets 1a nhitng khung vudng con contourlet c6 thé kéo dai khung
cho phu hop d6 tron ciia dudng bién anh). Vi thé, bién ddi contourlet ¢ thé biéu
dién hiéu qua cac dudng bién tron (day ciing 1 nhiing dic diém ndi bat thudng thiy
trong anh tu nhién).

biéu nay dugc ly giai bang viéc so sanh gilra bién doéi contourlet véi bién
doi wavelet va sy khac nhau cua ching dugc minh hoa qua hinh 1.4
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Wavelet New scheme

Hinh 1.4 Wavelet va contourlet

Y tudng cua bién doi wavelet 1a sir dung cac nét but hinh vuong doc theo
duong cong dé vé duong cong, véi cac kich thuét nét khac nhau twong Gng voi cau
tric da phan giai cia wavelets. Vi vay su phan giai trd nén kha quan hon, bién do6i
wavelet can thiét st dung nhiéu “dau chAm” (hinh vudng nho) dé nim giir duong
cong. Trai lai, bién d6i contourlet st dung cac hinh dugc kéo dai ra & nhiéu hudng
theo dudng cong dé v& dudng cong vai nhiéu tinh linh dong, d& udn nén. Bién ddi
contourlet st dung cac phan doan duong cong dé thuc hién cuc bo, khai trién anh c6
huéng va da phan giai. Va nhu vay, tinh hiéu qua cta bién ddi wavelet c6 18 khong
cao bang bién d6i contourlet néu duong cong khong theo chiéu ngang hay doc nhu
da chira ¢ hinh 1.4

1.3.2 Cach thue hién

Bién d6i contourlet trude hét sir dung thap Laplacian (Laplacian pyramid -
LP) dé tim ra canh va sau d6 bién d6i contourlet sir dung mot bién dbi c6 huéng cuc
bd dé tim ra phan doan dudng cong (contour segment detection) nhu dan loc ¢
hudng (directional filter bank -DFB) dé lién két cac diém khong lién tuc thanh cu
tric tuyén tinh (linear structure). Qua trinh na y c¢6 thé dugc thuc hién mot cach lip
di 1ap lai dé thyc hién khai trién nhiéu méc (multi-scale) va nhiéu huéng (multi-
direction).

1.3.3 Thap Laplacian - Laplacian Pyramid (LP)

Mot cach dé dat dugc phan rd da muc (multiscale) 1a sir dung mot ciu tric
thap Laplacian (LP) duogc gidi thiéu boi Burt va Adelson .

Phéan rd LP & mdi mic sinh ra mot tan thap (lowpass) dugc liy mau xudng
cta tin hiéu goc (down sampled) va mét tin hiéu bang tan (bandpass) thé hién sy
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khac nhau cua tin hi€u géc va tin hiéu du doan, két qua cua anh bandpass dugc biéu
dién ¢ hinh 1.5(a).

L

(a) (b}

Hinh 1.5 Lugc do thap LP. (a) phan tich, va (b) xdy dung lai[10].

Trén hinh 1.5, H va G 1a céc bo loc phan tich va tong hop va M 13 ma tran
ldy miu. Qua trinh c6 thé dugc lip trén phién ban tho. Trén hinh 1.5(a) dau ra 13
mot xdp xi thé‘a’ va‘b’ ‘b’ chira sy khac nhau giira tin hiéu gbc va tin hiéu dy
doan. Qua trinh c6 thé dugc ldp bang cach phan rd phién ban tho nhiéu lan. Anh
gbc dugc “cudn lai” (“convolved”) vi mot Gaussian kernel . Anh két qua 1a mot
phién ban dugc loc lowpass ciia anh gdc. Sau d6 Laplacian dugc tinh toan boi sy
khac nhau giita anh gdc va anh dugc loc lowpass. Qua trinh nay duoc tiép tuc dé co
duoc tap hop cac anh dugc loc bandpass. Nhu vay, LP 1a mét tap hop cta cac bd loc
bandpass. Thu duoc bang viée lip lai cac budc nay nhiéu lan mot chudi cac anh.
Néu cac anh nay dugc xép chong 1én mot cai khac thi két qua 1a mot cau trac dir
lidu thap hinh nén nhu biéu dién & hinh 1.6

F 4 S F F Y

Hinh 1.6 Cau trac thap Laplacian

Thap Laplacian c6 thé dugc sir dung dé biéu dién anh nhu mot day cac anh
dugc loc bang tan (bandpass), mdi cai dugce 1y mau tai cic mat do thua hon lién
tiép. LP thuong duoc sir dung trong xir 1y anh va cic tic vu nhan dang vi sy giam
b6t viée tinh toan ctia nd. Mot han ché cia LP 1a 1dy miu chong an (implicit
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oversampling). Tuy nhién trai nguoc véi luge d6 wavelet duoc 14y mau mot cach
t6i han thi LP c6 dic tinh phan biét ma modi muc thap sinh ra chi mot anh bandpass
(thAm chi cho trudong hop da hudng) va anh nay khong co cac tan sb “bi dbi tan”
(“scrambled”). Su déi tan (frequency scrambling) nay xay ra trong dan loc wavelet
& mot kénh (tan cao) highpass, sau khi 1iy miu xudng, duoc xép tré lai bing tan
thip, va nhu viy phd anh cta n6 bi phan chiéu. Trong LP, hiéu tng nay dugc tranh

bang viéc 14y mau chi kénh tan thap (lowpass) .

1.3.4 Dan loc ¢6 huwéng — Directional Filter Bank (DFB)

Nam 1992, Bamberger and Smith da gidi thi€éu mdt dan loc c6 hudng 2-D
(DFB) ma c6 thé 1am tiéu hao (nén) t6i da trong khi vAn c6 duogc sy tai thiét hoan
hao. Dan loc c6 hudng 1la mot dan loc duoc léy mau mét cach téi han ma co thé
phan ra anh thanh I{iy thura ctia 2 cac $6 huong bat ky. DFB dugc thuc hién mot
cach hiéu qua thong qua mot sy phan tich co cdu trac ciy nhi phan | cip (I-level)
dua ra 21 (2 mil 1) bang con (subbands) v6i phan ving con tin sé hinh V (wedge-
shaped) nhu biéu dién trong hinh 1.7.

w2 (T, 7T)
-
D 1|1 2 /4
7 4
/s =
~ -
+ -
B e |%1
4 7
N « \ D
(—m, —m)

Hinh 1.7 Phan ving con tan s6 DFB véi 1=3.

Xay dung gbc cua DFB lién quan t6i viée diéu chinh (modulating) anh dua
vao va st dung cac dan loc quincunx (QFB) védi cac bd loc hinh thoi (diamond-
shaped). Hon nita, dé dat dugc phan ving con tan s mong mudn, mot ciy phirc tap
mo rong quy tic phai duoc theo sau dé cac bang con (subbands) dinh huéng t6t
hon. Nhu mot két qua, cac ving tan sb cho cac subbands két qua khong theo mot
trinh ty don gian nhu biéu dién & hinh 1.7 dwa vao céac chi s6 kénh. DFB dugc thiét

ké dé nam gilr cac cac thanh phan tan so cao cua anh (thé hién tinh c6 hudng). Vi
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thé, DFB xur Iy mét cach kém coi cac thanh phan tan s thip. Trong thuc té, véi cac
phan ving con tan s6 dugc biéu dién ¢ hinh 1.7 s& “thoat” (“leak”) vao cac bang
con (subbands) c6 hudng, do d6 DFB khong cung cap mot khai trién phan tan cho
cac anh. Dé cai thién diéu nay, cc tan sb thdp s& duoc huy (removed) trude khi ap
dung DFB . Diéu ndy dua ra 1y do khac 13 két hop DFB vé6i mot so d6 da mirc
(multiscale) (thé hién tinh da phan giai —multiresolution). Vi thé, DFB cho phép
phan ra subband thém nita, dugc 4p dung trén cac anh bandpass cua néd. Cac anh
bandpass c6 thé duoc dua vao mot DFB dé thong tin c6 hudng co thé duogc thu giir
mot cach hiéu qua. So d6 c6 thé dugc 1p nhiéu lan trén cac anh tho. Két qua két
thic 12 mot cau trac dan loc c6 lap doi, co tén 1a dan loc c6 hudng cdu triic thap
(PDFB), n6 phan ra anh thanh cac subbands c6 hudng tai nhidu muc (ty 18). So dd

linh hoat cho viéc chon s6 hudng tai cac mirc khac nhau.
Thuat toan bién doi contourlet
bau vao:

Anh dua vao

Chon s6 phan ra va hudng & moi cap

Chon b¢ loc dé tinh toan cac phan ra va huéng

Xu ly:

e Tinh toan phan ra ciia mot anh

e Tinh toan phan ra huong ctia anh bandpass

e Lip lai hai budc trén dén khi s phan ra thap va huéng dugc hoan thanh
Dau ra:

e anh duogc xay dung lai
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1.4 Po do danh gia PSNR

Chat luong anh sau khi gidu tin duoc danh gia théng qua gia tri cia ty sb
PSNR (Peak Signal to Noise Ratio) ty s tin hiéu dinh trén nhiéu.

PSNR dugc dinh nghia thong qua 16i binh phuong (MSE - Mean squared
error) cho hai hinh anh bitmap I va K twong tmg 13 hinh anh gbc va hinh anh gidu

tin co kich thuéc m x n.

1 m—1 n—1 o o
MSE = — Z Z[I(LJ‘) — K(i,7)]
i=0 j=0
V61 anh mau :
m-1 n-1 - -
MSER = (—"— IRCj KRG D)
R i=0 j=0
m-1 n-1
MSEG =(—_~ RZZ[G(J, KGCj2)
i=0 j=0
m-1 n-1 . -
MSEB = (—"— B¢ -KB¢ )T
R i=0 j=0
MSE = (MSER + MSEG + MSEB) * !
3*m*n

PSNR duogc tinh nhu sau :

MAX ? MAX
PSNR =10.log,,| ——L |=20.lo !
glO( MSE ] glO(MJ

O day, MAX, 1a gia tri t6i da cua pixel trén anh. Khi cac pixels dugc biéu

dién bai 8 bits, thi gia tri ctia nd 1a 255. Truong hop téng quat, khi tin hiéu duoc
biéu dién boi B bits trén mot don vi ldy mau, MAX, la 25-1.

Thong thudng, néu PSNR > 40dB thi hé théng mat nguoi gan nhu khong
phan biét duoc giita anh gdc va anh khoi phuc. PSNR cang cao thi chat lwong anh
khoi phuc cang t6t khi hai hinh anh giéng hét nhau, MSE sé& bang 0 va PSNR di dén
v0 han , don vi cia PSNR 1a dB (Decibel).


http://vi.wikipedia.org/w/index.php?title=Mean_squared_error&action=edit&redlink=1
http://vi.wikipedia.org/w/index.php?title=Mean_squared_error&action=edit&redlink=1
http://vi.wikipedia.org/w/index.php?title=Mean_squared_error&action=edit&redlink=1
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CHUONG 2. KY THUAT GIAU TIN TREN MIEN CONTOURLET

2.1.GIOI THIEU
2.1.1 K§ thuit gidu tin trén mién contourlet

Ky thuat gidu tin trén mién contourlet (CTT) do Sushil Kumar va
S.K.Muttoo dé xuit thang 6 nim 2011, ¥ twéng cua k¥ thuat nhung thong tin vao
cac bang tan cia hé s CTT bang phuong phap LSB va ngudng.

K§ thuat gidu tin trén mién contourlet (CTT) dugc thyc hién: ban dau thong
tin mat duoc ma hoa bdi mot T-ma trude khi nhing vao 4 bang con (subbands) theo
chiéu ngang va doc khi hinh anh d dugc CTT 2 mirc bang phuong phap LSB va
Ngudng. Sau khi nhung hét dit liéu thuc hién bién ddi nguoc CTT ta thu duoc anh
anh mang thong tin mat (stego).

H¢ s6 contourlet

1
i,
Ik 5

Hinh 2.1. hé s6 khi thuc hién CTT 2 mirc

K§ thuat LSB dugc dua ra dé nhing dir liéu vao nhiing it quan trong cia
diém anh dé phuong phap nhing khong 1am anh hudng nhiéu chét lugng anh :

Cong thire x' = x - x mod 2" k + b trong d6: k 13 sé bit LSB dugc thay thé b
la thong tin mat dem gidu, x 1a gia tri ban dau, x' gia tri bién do6i twong tmg. Thong

tin mat duoc tach b= x' mod 2k.



24

KV thuat ngudng dugc dua ra boi Xuan at al.[11], trude tién xac dinh mot gia
tri ngudng T. D& nhung dit liéu vao 4 subbands cta hé sé CTT ta lan luot so sang
gia trj ciia hé s6 X véi T duoc dua ra boi cong thire

dex+h, if|xkT
x+T, ifx=T
x=(T=1), ifx<-T

=t
Il

Trong d6 T 1a ngudng b 13 bit thong diép x 1a hé s tan s ban dau x'1a hé s6

tan s6 thay doi.

bé khoi phuc lai hinh anh ban dau, moé1 hé s6 tan s6 cao c6 thé duogc khoi

phuc lai gié tri ban dau ctia n6 bang cach 4p dung cac cong thic sau:

-

{%| if —2T +1<x'<2T
x=4x-T, if x'=2T
X+T -1, if x'<-2T+1

2.1.2 So' @6 qua trinh giau tin

. Bién doi :
Anh goc ren €ol Nhung dir 1iéu dung

— | Contourlet 2 phuong phap LSB va

muc

nguong
Thong digp |
Thong diép duge ma Bién d6i nguoc
héa boi contourlet 2 mic
T-ma

|

Anh giau tin
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2.1.3 So d6 tach tin

Bién doi
Anh giau Contourlet 2 Dir li¢u
tin
muc v
Khoi phuc hé s6 CTT
, bang pp ngudng
Tach lay thong di¢p

A 4

A 4

e . Bién doi neuoc
G141 ma bo1 T-ma guc

l contourlet 2 muc
Thong diép Anh gbc

2.2 THUAT TOAN GIAU VA TACH TIN TREN MIEN CTT
2.2.1 Thuét toan gidu tin
Input :
o Anh xam 8 bit
o Thong diép can gidu
Output :
o Anh gidu tin
2.2.1.1. Cac buéce thue hién
Budc 1 : Boc anh
Budc 2 : Ma hoa thong diép bang T-ma

Budc 3 : Poc ban ma héa, chuyén d6i thanh ma ASCII, chuyén sang dang nhi
phan luu vao mang b 14y Vva ra chiéu dai chudi bit L chuyén L thanh chudi bit
luu vao mang c

Budc 4 : Thuc hién bién d6i contourlet 2 mirc thu dugc 1 tan thap -lowpass (y0)
va 4 bang con -subbands (y1,y2,y3,y4)
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Budc 5 : Lay ra mién gia tri ctia hé s ,thuc hién nhung vao 4 — subbands ( y1,
y2 ,y3, y4), lam tron hé sb.

Budc 6 : Nhung chiéu dai L vao y1 bang phuong phap LSB va ngudng.

Bude 7 : Nhung théng diép vao 3 — subbands con lai y2, y3,y4 bing phuong
phap LSB va ngudng.

Buée 8 : Thyuc hién bién ddi nguoc contourlet ta thu dugc anh mang thong diép.

2.2.1.2 so d0 thuit toan

DPoc anh »  Thuc hién > Mién gia tri
CTT 2 muc 4 —subbands
yly2,y3,y4
A 4
L=length (b) Chuyén thanh M4 hoa thong
chuyén L sang nhi phan luu diép bang
nhi phan luu vao mang b T-ma

vao mang C

A 4

Gidu C vao mién y1 bang pp LSB va ngudng

Gidu b vao mién y2,y3,y4 bang pp LSB va ngudng

A

y

Anh gidu tin

A

Thue hién bién ddi CTT nguoc
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2.2.1.3 So @6 gidu tin bing phwong phap LSB va nguéng

A 4

x : Hé sf) contourlet
b : Chudi bit thong diép
T : Nguong

X, b, T;

x=x-(T-1);

X= 2*X+b; X=X+T;

A 4
A

A 4
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2.2.2 Thuat toan tach tin
Imput :
o Anh gidu tin
Output :
o Anh gbc
o Thong diép
2.2.2.1 Cac budc thuc hién
Budc 1 : Doc anh gidu tin
Budc 2 : Thuc hién CTT 2 mirc
Budc 3 : Liy ra gia tri cua 4 bing con (subbands), y1, y2, y3, y4 1am tron hé sb.

Budc 4 : Tach ldy chiéu dai L tir y1 bang phuong phap LSB va ngudng , chuyén
L tir nhi phan sang thap phan

Budc 5 : Tach lay thong diép tir 3 — subbands con lai (y2,y3,y4) bang phuong
phap LSB va ngudng, chuyén chudi bit thong diép thanh dang thap phan ,chuyén
dang thap phan thanh ky tu (ASCII), giai ma bang T-ma thu duoc thong diép.

Budc 6 : Khoi phuc hé s CTT bang phuong phap ngudng

Budc 7 : Thuc hién CTT ngugc ta thu dugc anh géc.
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2.2.2.2 So d6 thuit toan

A
A\ 4

_, boc anh | Thuc hién Mién gia tri
CTT 2 muc

4 —subbands
yly2,y3,y4
v
Chuyén b tir Tach chudi bit thong Tach lay L tir
dang nhi phan diép tor y2,y3,y4 ) y1, chuyén L
sang ky tu (thu (bang pp LSB va sang hé thap
duoc ban ma) ngudng ) luu vao b phan

\ 4

A\ 4

Giai mi ba , s
1al ma bang Kho1 phuc hé s6 bang pp ngudng
T-ma thu
A 4
\ 4 ) ,
Théng dicp Thuc hién bién d61 CTT nguoc

A 4 v
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2.2.2.3 So d6 tach tin va khéi phuc anh bang phwong phap LSB va nguéng

x : Hé sb contourlet
b : Bit thong di¢p

X T T : Nguong
no no X=X +T-1;
yes
yes

X=int (x/2) ; e T

b=x mod 2 ’
\4
X.,b;

A\ 4

A
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2.2.3 Vi du minh hoa

a. Qua trinh giau tin

- Giéu tin trén mién hé s6 yl
1 3 6 9 8
yl=-4 7 9 -5 3
3-10 8 12 3

- Chudi bit thong diép
b= 1010101
- Ngudng T=6
- Gi4u b vao yl ta duoc y’
- Gia tr1 y’da mang thong diép
3 6 12 15 14

y=-7 13 15 -10 7
6 25 14 24 7

b. Qua trinh tach tin

V&I 2¥T+] <y’ <2*T > -11 <y’ <12
b=mod (y’, 2)=1010101
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CHUONG 3. CAI PAT VA THU NGHIEM

3.1 Dé xuit
Trong qué trinh cai dat thuat toan da phat sinh 16i khi thyc hién nhiing tin trén
mién hé sd contourlet (CTT), h¢ s6 CTT bi bién ddi dan dén viéc mat mat thong tin
dem gidu , dic biét lugng thong tin mit mat nhidu khi gidu trén cac bang con
(subbands) y1,y2,y3,y4 . Luong thong tin bi mat mat khi gidu trén tan thap lowpass
(y0) 1a twong d6i nho ,vi vy em xay dung chuong trinh gidu tin trén mién y0 , thong
tin dem gidu 13 anh nhi phan ( cac logo , anh vin ban & dang nhi phan...) ,luong
thong tin mat mat méat nho khong 1am anh huong nhiéu anh thong diép khi tach .
Chuong trinh thyc hién gidu anh nhi phan trén mién CTT ciia anh xam .
3.2 Moi trudng cai dat
e Ngon ngilr cai dit Matlab version 7.8 (2009a)
e H¢ diéu hanh: windows XP, windows 7
3.3 Mt so giao dién ciia chwong trinh

Giao dién chinh

He thong Giauthong diep Tach thong diep  Kiem tra PSNR
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Giao dién gidu dnh nhi phan

J giautin

W} He thong

CHUONG TRINH GIAU ANH NHI PHAN

Chon anh goc C:\Documents and Settings\Adminis
Anh demn giau C:ADocuments and Settings\Adminis

B B N
LR d .

Cho biet ten anh ket qua C:\Documents and SettingstAdminis

Giao dién tach anh nhj phan

J tachthongtin [:] [g]
He thong ~
TF )

CHUONG TRINH TACH ANH NHI PHAN
—

Luu anh thong diep C:\Documents and Settings\Adminic

apple Gumzm:
apple d

THINK TOTALLY DITFRENT
'

b OB TS b
. by | ' \
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Giao dién kiém tra PSNR

J psnr
He thong

Kiem tra PSNR
Chon anh goc C:\Documents and SettingstAdminis

Chon anh giau tin C\Documents and SettingsiAdminie

o o Py .
i

|

A8
S j

Elaine peppers sailboat



/,u s SN | ‘
AR |
) »

Tiffany man barbara zoneplate

3.5 Két qua thir nghiém

Bang két qua
Két qua PSNR
Tén dnh Gidu 24321 | Gidu 26969 | Gidu 40000
bit bit Bit

Airplane.png 40.05 39.90 39.93
Baboon.png 46.52 48.45 49.63
Beer.png 41.55 42.96 43.59
Elaine.png 39.56 39.61 40.30
House.png 39.40 38.81 38.93
Lena.png 41.95 41.47 41.88
Barbara.png 39.20 39.13 39.02
Peppers.png 46.83 50.00 51.48
Sailboat.png 46.70 47.00 49.21
Tiffany.png 40.27 39.29 40.66

Nhin xét : Vi lugng thong tin dem gidu 16n do do chat lugng anh (PSNR) ¢ mirc
chép nhan dugc, gid tri PSNR khong phu thudc vao luong thong tin dem giéu, két

qua PSNR vdi tat ca cac anh 1a twong doi déu nhau.
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KET LUAN

Gidu tin trén anh sb 1a mot van dé rat dugc quan tm trong thoi budi bung nd
internet hién nay, c6 rat nhiéu phuong phap gidu tin trén anh di duoc nghién ctu.
Bai bdo c4o trén em xin trinh bay cach gidu tin trén mién bién d6i contourlet cua
anh, day 1a cach gidu tin ma ta khong gidu truc tiép thong diép trén diém anh, ma

giau trén mién h¢ so cua anh khi thyc hién bién do6i contourlet.

Khy thuat dugc thuc hién thir nghiém trén anh xam, lugng thong tin giéu la
tuong ddi 16m, gia tri 46 do chat luong anh PSNR giita anh gbc va anh mang thong
diép dat & muc chép nhan duoc.

Véi tit ca nang luc cta ban than va sy gitp d& tin tinh cta thiy c6 em da
hoan thanh luan vin trén, tuy nhién kinh nghiém cua ban than con han ché khong
thé tranh khoi nhitng thiéu sot, em rat mong nhan duoc nhitng déng goép quy bau

cua thay c6 va céc ban.

Em xin chan thanh cam on !
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