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LOI CAM ON!

Em xin chdn thanh cdm on héi dong khoa Céng Nghé Théng Tin
truong Dai Hoc Dan Ldp Hai Phong da tao diéu kién dé cho ching em

thyee hién tot do an tot nghiép.

Em xin chdn thanh cam on c¢é gido: ThS. Hé Thi Hwong Thom — gidng
vién khoa cong nghé thong tin truong DPHDL Hdi Phong, da tan tinh hudng
dan va chi dao em trong sudt thoi gian nghién ciru va thue hién do dn tot
nghiép nay.

Vi thoi gian nghién civu chi ¢é han, trinh d hiéu biét ciia ban than em
con nhiéu han ché. Cho nén trong b&o cao khéng tranh khoi nhitng thiéu
sét, chiing em rdat mong nhan dwoc sie g6p ¥ quy bdu cia tdt cd cac thay cé

gi&o dé bao céo ciia em dwoc hoan thién hon.

Em xin chan thanh cam on!



LOI MO PAU

Moi trudng mang Internet phét trién rong rii cing véi sy hd tro cua
cac phuong tién da truyén thong di dem lai nhiéu thuan loi va co hoi cho
con ngudi trén moi linh vuc cua doi sdng xa hoi, trong giao luu, hop tac,
kinh doanh, ... Nhung dong thoi, nd ciing dat ra nhiéu thach thuc trong viée
dam bao an toan cho cac thong tin dugc truyén giao qua cac phuong tién
truyén thong nhu: nguy co sir dung trai phép va xuyén tac bat hop phap
théng tin luu chuyén trén mang. Viéc st dung mot cach binh déng, an toan
cac dit liéu da phuong tién ciing nhu cung cap mdt cach kip thoi téi nhidu

nguoi dung cudi va céc thi€t bi cuoi cling 1a mot van dé quan trong.

Hon nita, su phat trién manh cta cac phuong tién k¥ thuat s6 da lam
cho viéc luu trit, sira doi va sao chép dit liéu ngay cang don gian, tir d6 viée
bao vé ban quyén va chdng xam pham trai phép cac dit liéu da phuong tién
(4m thanh, hinh anh, tai liéu) ciing gap nhiéu kho khan. Mot cong nghé moi
ra doi d3 phan nao giai quyét duoc cac kho khan trén 13 gidu thong tin trong
cac ngudn da phuong tién nhu cac ngudn am thanh, hinh anh, anh tinh.
Muc tiéu cta gidu thong tin 13 1am cho thong tin trd nén vo hinh, tir d6

khién ta khong thé thiy duoc ddi tuong.

Trong nhimg nim gan ddy, gidu thong tin trong anh 1a mot bd phan
chiém ty 1& 16n nhét trong cac chuong trinh Gng dung, phan mém, hé thong
gidu tin trong da phuong tién bdi luong thong tin duoc trao doi bang anh 1a
rat 16n. N6 dong vai tro rat quan trong trong hau hét cac tmg dung bao vé
an toan thong tin nhu: nhan thyc thong tin, xac dinh xuyén tac thong tin,
bao vé ban quyén cia tac gia... Thong tin s& duoc gidu cung véi dir liéu anh
nhung chét luong anh it thay doi va khong ai biét duge dang sau nd mang
nhimg thong tin c¢6 ¥ nghia. Ngay nay, khi anh sb da duoc st dung phd bién
thi gidu thong tin trong anh di dem lai nhiéu nhiing ung dung to 16n trén

hau hét cac linh vuc trong doi song xa hoi.



Gidu thong tin 1a mot k¥ thuat con twong d6i méi va dang phat trién
rat nhanh, thu hat duoc nhiéu sy quan tAm cia ca gidi khoa hoc va gi6i
cong nghiép nhung cling con nhiéu thach thirc. Ban bao céo nay trinh bay

vé mot k¥ thuat gidu thong tin trong anh JPEG2000.
Noi dung cua dé tai dugc trinh bay trong 4 chuong:
Chuong 1. Téng quan vé k¥ thuat gidu tin trong anh
Chuong 2. Chuan nén anh tinh dya trén bién d6i WAVELET - JPEG2000
Chuong 3. Phuong phap gidu thity van duwa vao cip tan sd gitta DWT

Chuong 4. Cai dat thir nghiém



CHUONG 1. TONG QUAN Ki THUAT GIAU TIN

1.1 Pinh nghia gidu tin
Gidu tin 1a mot k¥ thuat gidu hodc nhung mot lugng thong tin s ndo
d6 vao trong mot dbi tuong dit liéu sé khac (gidu tin nhiéu khi khong phai
|a hanh dong gidu cu thé ma chi mang ¥ nghia quy udc).
1.2 Muc dich ciia giu tin
C6 2 muyc dich cua gidu thong tin:
- Bao mat cho nhing dit liéu duoc gidu.
- Bao dam an toan (bao vé ban quyén) cho chinh cac d6i twong chira
dir liéu gidu trong do.
C6 thé thiy 2 muyc dich nay hoan toan trai nguoc nhau va dan phat trién

thanh 2 linh vuc v&i nhitng yéu cau va tinh chat khac nhau.

Gi4u thong tin

Gi4u tin bi mat Thuy van sd
(Steganography (Watermarking)

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

K¥ thuat gidu thong tin bi mat (Steganography): v6i muc dich dam bao
tinh an toan va bao mat thong tin tip trung vao cac ky thuat gidu tin dé c6
thé gidu duoc nhiéu thong tin nhat. Thong tin mat dugc gidu k¥ trong mot
d6i tuong khac sao cho nguoi khac khong phat hién dugc.

K¥ thuat gidu thong tin theo kiéu déanh gidu (watermarking) muc dich
la bao vé ban quyén ciia d6i twong chira thong tin thi lai tap trung dam bao
mdt s6 cac yéu cau nhu dam bao tinh bén viing... day 1a Gmg dung co ban

nhat ctia ky thuat thuy van so.



1.3 M6 hinh Ky thuét giau thong tin co ban
e Qué trinh gidu thong tin vao phuong tién chira va tach lay thong tin
la hai qua trinh trai nguoc nhau va cé thé mo ta qua so d6 khéi cia

hé théng nhu sau:

Thong tin gidu

Phan
phoi
Phuong tién Ph ti¢ ) >
C uong tién
chtra(audio, anh, chtra da dugc
video) gidu tin
%

Khoa

Hinh 1.2. Luoc d6 chung cho qua trinh gidu tin

- Thong tin can gidu tuy theo muc dich cta ngudi sir dung, nd c6 thé
1a thong diép (voi cac tin bi mat) hay cac logo, hinh anh ban quyén.
- Phuong tién chira: cac file anh, text, audio... 1a mdi truong dé
nhung tin
- B6 nhung thong tin: 1a nhimg chuong trinh thyc hién viée gidu tin
- Pau ra: 1a cac phuong tién chira da c6 tin giu trong d6

e Tach thong tin tir cac phuong tién chtra dién ra theo quy trinh ngugc
lai v6i dau ra 1a théng tin d3 duoc gidu vao phuong tién chira.
Phuong tién chtra sau khi tach lay thong tin co thé duoc su dung,
quan 1y theo nhing yéu ciu khac nhau.
Hinh v& sau chi ra cac cong viéc giai mé thong tin da gidu. Sau khi
nhan duoc d6i twong phuong tién chira co giau thong tin, qua trinh

gidl ma dugc thyc hién thong qua mot bg giai ma g véi1 bd nhiing
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thong tin cung véi khoa ciia qua trinh nhing. Két qua thu duoc gdm
phuong tién chia gbe va thong tin di gidu. Bude tiép theo thong tin

da giau s€ duoc xur 1y kiém dinh so sanh vo1 thong tin ban dau.

Khoa gidu tin

Phuong tién
Phuong tién chira da cqhua (?Udloa
duoc gidu tin anh, video)

Thong tin gidu

Hinh 1.3. Luoc d6 chung cho qua trinh giai ma

1.4 Méi trwong gidu tin
a) Gidu tin trong anh

Gidu tin trong anh hién nay dang rit duoc quan tam. N6 dong vai tro
hét stirc quan trong trong hau hét cac tmg dung bao vé an toan thong tin
nhu: nhan thyc thong tin, xac dinh xuyén tac thong tin, bao vé ban quyén
tac gia... Thong tin s& dugc gidu cung véi dit liéu anh nhung chéat luong
anh it thay d6i va khong ai biét duoc dang sau anh d6 mang nhiing thong
tin c6 ¥ nghia. Ngay nay, khi anh s6 da dugc sir dung rat pho bién thi gidu
thong tin trong anh di dem lai nhiéu nhitng tng dung quan trong trén céc
linh vuc trong doi séng x4 hoi.

Phan mém WinWord ctia Microsoft cho phép nguoi dung luu chit ky
trong anh nhi phan, roi gan vao vi tri nao dé trong file van ban dé dam bao

tinh an toan cua thong tin.



Théng tin duoc gidu mot cach vo hinh, nd nhu 1a cach truyén thong tin
mat cho nhau ma ngudi khac khong biét duoc, boi sau khi da duoc gidu
thong tin chat luong anh gin nhu khong thay ddi dic biét d6i v6i anh mau

hay anh xam.
b) Giau tin trong audio

Khac véi k¥ thuat gidu tin trong anh: phu thudc vao hé théng thi giac
ciia con ngudi — HSV (Human Vision System), ky thuat gidu thong tin
trong audio lai phu thudc vao hé théng thinh giac HAS (Human Auditory
System). Bai Vi tai con nguoi rat kém trong viéc phat hién su khac biét
giita cac giai tan va cong suat, c6 nghia la cac 4m thanh to, cao tan c6 thé

che gidu di duoc cac 4m thanh nho, thap mot cach d& dang.

Van dé kho khan d6i véi giau thong tin trong audio 1a kénh truyén tin,
kénh truyén hay bang thong cham s& anh huong dén chét lugng thong tin
sau khi gidu. Gidu thong tin trong audio doi hoi yéu cau rat cao vé tinh
d6ng bo va tinh an toan cua thong tin. Cac phwong phap gidu thong tin
trong audio thudng loi dung nhitng diém yéu trong hé théng thinh giac cia

con nguoi.
c¢) Gidu tin trong video

Ciing gidng nhu gidu thong tin trong anh hay trong audio, gidu tin
trong video ciing duoc quan tim va dugc phét trién manh mé cho nhiéu
tmg dung nhu diéu khién truy cép théng tin, nhan thirc thong tin, ban quyén
tac gia...

Mot phuong phap gidu tin trong video dd duoc dua ra bai Cox la
phuong phap phan bd déu. Y tudng co ban ctia phwong phap 1a phan phdi
tin gidu dan trai theo tan s6 cta dir liéu goc. Nhiéu nha nghién ctru di dung
nhitg ham cosin riéng va nhimg hé sé truyén séng riéng dé thuc hién viéc

gidu tin. Trong cac thuat toan khoi ngudn, thuong cac ki thuat cho phép



gidu anh vao trong video nhung thoi gian gan day cac k¥ thuat cho phép

gidu ca am thanh va hinh 4nh vao video.
d) Gidu thong tin trong viin ban dang text

Gi4u thong tin trong vin ban dang text thi kho thuc hién hon do c6 it
thong tin du thira, dé lam dugc diéu nay nguoi ta phai khéo 1éo khai thac
cac du thtra ty nhién cia ngon ngir hodc 1a tan dung cac dinh dang van ban

(ma hod thong tin vao khoang céch gitta cac tir hay cdc dong van ban).

=> K¥ thuat gidu tin dang duoc ap dung cho nhiéu loai ddi twong chu
khong riéng gi dir liéu da phuong tién nhu anh, audio, video. Gan day da c6
mot s6 nghién ciru gidu tin trong co s dir liéu quan hé, cac goi IP truyén

trén mang chic chin sau ndy con tiép tuc phat trién tiép.
1.5 Phén loai gidu tin theo cach thirc tic dong Ién cic phwong tién

Phuong phap chen dir li€u: Phuong phap nay tim nhitng vi tri trong
file d& bi bo qua va chén dit lidu can gidu vao do, cach gidu nay khong lam
anh huong gi t6i su thé hién cua cac file dir liéu vi du nhu duoc gidu sau

cac ky tu EOF.

Phuong phép tao cac phuong tién chira: Tir cac thong diép can chuyén
tao ra cac phuong ti¢én chira dé phuc vu cho viéc truyén thong tin do, phia
nguoi nhan dya trén cac phuong tién chira nay s¢€ tai tao lai cac thong di¢p.

1.6 Phén loai gidu tin theo cac muc dich sir dung

> Gi4u thong tin bi mat: day 1a ung dung pho bién nhat tir truéc dén nay,
d6i v6i gidu thong tin bi mat nguoi ta thuong quan tdm chi yéu téi cac
muc tiéu:
+ Do an toan cua gidu tin - kha ning khong bi phat hién cua gidu tin.
+ Luong thong tin t6i da co thé gidu duoc trong mot phuong tién
chira cu thé ma van c6 thé dam bao an toan.

+ Do bi mat ctia thong tin trong trudng hop gidu tin bi phat hién.
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> Giau thong tin bi mat khong quan tdm t6i nhidu cac yéu ciu bén viing

cua phuong ti¢n chtra, don gian 1a boi nguoi ta cé thé thuc hién viée guri

va nhan nhi€u lan mot phuong ti¢n chtra da dugc giau tin.

> Giau thong tin thuy van: do yéu cau vé bao vé ban quyén, xac thuc. ..

nén viéc giau tin thuy van c6 yéu cau khac vaéi giau tin bi mat. Yéu cau

dau tién la cac dau hi¢u thuy van phai du bén viing trudc cac tan cong

v0 hinh hay c6 ¥ g& bo n6. Thém vao do cac dau hi€u thuy van phai cé

anh hudng t61 thi€u (vé mat cdam nhan) doi voi cac phuong tién chura.

Nhu vay céc thong tin can gidu cang nho cang tt.

=> Tuy theo cac muc dich khac nhau thuy van cling c6 cac y€u cau khac

nhau.

Information hiding
Giau thong tin

Steg’anography
Giau tin mat

Watermarking
Thuy van so

Robust Watermarking
Thuy van bén vimng Thuy van dé v&

Fragile Watermarking

Visible Watermarking
Thuy vén hién thi

Imperceptible Watermarking
Thuy van an

Hinh 1.4. Phan loai cac k¥ thuat giau tin
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CHUONG 2. CHUAN NEN ANH TINH DUA TREN BIEN POI
WAVELET - JPEG2000

2.1 Lich sir ra doi va phat trién chuan JPEG2000

JPEG viét tit cua Joint Photographic Experts Group 12 nhém cong tac
giita hai to chirc: ISO (the International Organization for Standardization)
va ITUT (International Telecommunication Union Standardization Sector)
da sang 1ap ra chuan JPEG. Su ra doi cia JPEG mang lai nhiéu loi ich to
16n vé nhiéu mat. JPEG giam kich thuéc anh, giam thoi gian truyén va lam
giam chi phi xtr 1y anh trong khi chat lugng anh 1 tot hon. Tuy nhién cho
dén nay, nguoi ta ciing méi chi tng dung dang nén c6 ton that thong tin cta
JPEG vi mi hoa khong ton that ciia JPEG 1a kha phtic tap. Dé viéc nén anh
c6 hiéu qua hon, iy ban JPEG da dua ra mot chuan nén anh tinh méi 1a
JPEG2000. JPEG2000 str dung bién d6i Wavelet va mot s6 phuong phap
ma hoa dic biét dé c6 dwoc dnh nén wu viét hon han JPEG. JPEG2000 hién
van dang tiép tuc dugc nghién ciru phat trién, nhung da duoc to chirc ISO
cong nhan 1a chuén nén anh quéc té ap dung cho anh tinh.

Chuan nén anh JPEG2000 ma xwong séng la bién d6i Wavelet véi
nhitng tinh ning vuot troi so véi JPEG chic chan s& duge dung cho céc
server ndi dung dé chuyén d6i dinh dang anh trong mang di dong.

2.2 Cac tinh nang cua JPEG2000

JPEG2000 nhiéu churc nang dac bi€t hon moi chuan nén anh tinh khac
nhu JPEG hay GIF. Dudi day la cac chiic ndng uu viét cua JPEG2000 so
v6i cac chuan nén anh tinh khac :

e Cho chit luong anh tét nhat khi ap dung nén anh tinh c6 ton that.

e Su dung duoc véi truyén din va hién thi Ity tién vé chat luong, vé
d6 phan giai, cac thanh phan mau va c6 tinh dinh vi khong gian.

e Sir dung cing mot co ché nén anh cho ca hai dang thirc nén.

e Truy nhép va giai nén tai moi thoi diém trong khi nhan dir liéu.
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bang JPEG2000.

Giai nén tung vung trong anh ma khong can giai nén toan bo anh.

C6 kha nang ma hoa voi ty 1€ nén theo ting vung khac nhau.

Nén mot lan nhung c6 thé giai nén véi nhiéu cip chat lwong khac

nhau tiry theo yéu cau ctia ngudi sir dung.

Hién tai, ISO va ty ban JPEG da dua ra khuyén nghi thay thé JPEG

2.3 Cac budée thue hién nén anh theo chuan JPEG2000

Anh = 7-Didu
goc | AL chinh ti 1&
—» trude bién 5 T —
doi
t Anh
NIy Y " — —— dama
2-Bién doi 3-Bién doi 4- 5-Ma hoa 6-Ma hoa hoa
thuin lien —| thudnriéng |_, | Luon |_, Tier-1 »| Tier-2 |
thanh phan thanh phan g tur (a)
Anh
méa
hoa | Gisi ma Giai mé Gidi lugng Bién déi Bién dbi
—>» héaTier-1 || hoaTier-2 > tur hoa » nguoc riéng » nguoc lién
thanh phan thanh phan
Anh l
khoi
phuc Xu li sau
<+— Dbién doi
(b)

Hinh 2.1. Trinh ty ma hoa (a) va giai ma JPEG2000 (b)

Cé 3 di€éu co ban moi ngudi can nam dugc trude khi di vao tim hiéu

cach ma hoa JPEG2000:

e Tht nhat: phai hiéu dugc mo6 hinh dnh nguén (source image

model) trong cac thuat ngir: s6 thanh phan (components) c6 thé

bién thién tir 1 dén 2", nhung thong thuong 1a 1 (grayscale)
hoic 12 3 (RGB, YcbCr, HSV) ...
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e Thu hai: lu6i tham chiéu (reference grid) phai c6 chiéu rong va
chiéu cao déu khong duoc vuot qua 2%-1, thi du nhu man anh
cua man hinh may tinh voi mat d phan giai (resolution) cho
trude s& 1a ludi tham chiéu.

e Thu ba: néu nhu anh c6 kich thuée rat 16n thi né s& duogc chia
thanh céc tile co cac chidu bang nhau va mdi tile s& duoc xir 1y
mot cach ddc lap.

Nhin chung viéc nén don gian gém cac budc sau (khong phai tat ca
cac bude déu can thiét, mot vai bude co thé bo qua):

2.3.1 Xir li trwée khi bién d6i (preprocessing)

Do st dung bién doi Wavelet, JPEG2000 can c6 dit lidu anh dau vao ¢
dang ddi xtmg qua 0, vi du ddi v&i anh grayscale, gia tri pixel phai nam
trong mién tir [-128, 128]. Xt Iy trudc bién ddi chinh 1a giai doan dam bao
dir liéu dua vao nén anh c6 dang trén. O phia giai ma, giai doan xir 1y sau
bién doi s& tra lai gia tri géc ban dau cho dit liéu anh.

2.3.2 Bién ddi lién thanh phan (Intercomponent transform)

Giai doan nay s& loai bo tinh tuong quan gitta cac thanh phan cua anh.
JPEG2000 st dung hai loai bién doi lién thanh phan d6 1a bién d6i thuan
nghich (Reverrsible Color Transform - RCT) va bién d6i mau khong thuan
nghich (Irrerrsible Color Transform - ICT) trong d6 bién ddi thuan nghich
lam viéc vdi cac gia tri nguyén, con bién doi khong thuan nghich 1am viéc
v6i cac gia tri thuc. ICT va RCT chuyén dir liéu anh tir khong gian mau
RGB sang YCrCb. RCT dugc ap dung cho nén c6 ton that. Viéc ap dung
cac bién d6i mau trudc khi nén anh khoéng nam ngoai muc dich lam ting
hi¢u qua nén. Cac thanh phﬁn Cr, Cb c6 anh hudng rat it téi su cam nhén
hinh anh ciia mat trong khi thanh phan d6 chéi Y c6 anh hudng rat 1on toi
anh. Chung ta c6 thé thay rd diéu nay trén hinh v& 2.2.

Sau déy la cac phuong trinh bién ddi giira hai khong gian mau.
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Phuong trinh bién d6i tir RGB sang YCbCr:

Y 0.299 0.587 0.114 R
Cr [=|-0.16875 —-0.33126 0.5 G
Cb 0.5 —0.41869 -0.08131| B

Phuong trinh bién d6i tir RGB sang YcbCr:

R 1 0) 1.402 Y
G|=(1 —-0.34413 —-0.71414| Cr
B 1 —1.772 o) Cb

Hinh 2.2. Minh hoa anh v&i RGB va YcrCb.

2.3.3 Bién ddi riéng thanh phan (Intracomponent transform) -
bién d6i Wavelet

Bién d6i riéng thanh phan duoc ap dung trong JPEG2000 chinh 13 viéc

bién ddi Wavelet. Dé dam bao tinh toan ven thong tin can phai ap dung céac

phép bién d6i thuan nghich hodc khong thuan nghich. Do phép bién do6i

Wavelet khong phai 1a mot phép bién doi truc giao nhu bién d6i DCT ma 1a

mot phép bién ddi bang con nén cac thanh phan s& dugc phan chia thanh

cac bang tan so khac nhau va moéi bang s€ dugc ma hoa riéng re.
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DWT s& phan tach anh ra thanh nhiéu dai tan s goi la cac subband.

Mobi mirc DWT sé& duoc tic dong hai lan: mot 1an duyét theo chiéu ngang

va mot 1an duyét theo chiéu doc (thtr ty nay khong quan trong bai ban chat

d6i xtmg) va do d6 ta thu duoc bdn dai (nhu hinh 2.3 thé hién):

1) horizontally and vertically lowpass (LL)

2) horizontally lowpass and vertically highpass (LH)
3) horizontally highpass and vertically lowpass (HL)

4) horizontally and vertically highpass (HH)

LL, |HL.,
HLg

LHg, | HHg,
LH, HH,,

Hinh 2.3. a) Bién d6i wavelet, b) Cau trac dai

b)

Ching ta s€ cung xem xét tin hi€u anh dau vao (hodc tin hi¢u tile -

component ddi voi anh 16n). Gia st v6i sy phan tach wavelet mirc R-1
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tuong Ung voi mic phan giai ther R, danh sb tir 0 toi R-1 thi 0 trong tng
v6i mic phan giai kém nhat (coarsest resolution) va R-1 twong tng véi
mirc phan giai tot nhit (finest resolution). Mdi mot dai trong mot 1an phan
tach s€ dugc xac dinh bdi hudng (orientation) ctia chinh né (vi du LL, LH,
HL, HH) va mirc phan giai twong tng cua n6 (vi du 0,1,....., R-1). Tai mdi
mirc phan giai (ngoai trir mirc thip nhat), dai LL 1a dai s& bi phan tach nho
hon. Gid duy, dai LLg; 1a dai sé bi phan tach thanh cac dai LLg.,, HLg,
LHg.» va HHg.,. Sau do, tai muc tiép theo dai LLg., s€ bi phan tach va cu
nhu vay. Qua trinh nay s& 1ap di lap lai cho t6i khi ta thu dwoc dai LLg va
két qua hién thi trong hinh 2.3. Néu khdng thuc hién bién d6i (R=0) thi chi
c6 duy nhat dai LLg,

JPEG2000 4p dung bién d6i Wavelet nguyén thuan nghich 5/3 (the
reversible integer-to-integer) (IWT) va bién d6i thuc khong thuin nghich
(the irreversible real-to-real) Daubechies 9/7. Viéc tinh toan bién ddi trong

JPEG2000 nay s€ dugc thuc hién theo phuong phap Lifting.

0 N

\I/ sl o i- ™\ [ i- A »l K Sl
: X+ <+ 0 low-pass
X
\ 4 A
v P(2) U,(2) -TTT Py(2) Un(2)
A
z
| : dl.o b & b + d,»N
& o > o g & high-pass
Forward transform
s 50
1 ~ + + 1
—”Po'\ A)_ > - ——- > “)_ > :@
. v +
Un(2) Py(2) -t U(2) P(z) A

=/
\ 4
v
+r\4
I
v
) 4
+r\4
I
~
(=)
)4
(?
N

Inverse transform

Hinh 2.4. Phuong phap Lifting 1D dung tinh toan bién d6i Wavelet
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So d6 phuong phap Lifting ID ap dung trong JPEG2000 trén hinh 2.4.
Viéc tinh toan bién d6i Wavelet ID 2D dugc suy ra tir bién d6i Wavelet ID
theo cac phuong phap phan giai anh tuy chon. Trong JPEG2000, cO ba
phuong phap giai anh nhung phuwong phap duoc sit dung nhiéu nhét 1a
phuwong phap kim tu thap.

Do bién d6i Wavelet 5/3 1a bién ddi thuan nghich nén c6 thé ap dung
cho nén anh theo ca 2 phuong phap, co ton that va khong ton that. Trong
khi bién doi 9/7 chi 4p dung cho nén anh theo phuong phap cé ton that
thong tin.

2.3.4 Lugng tir hoa — Giai lwgng tir hoa

Cac hé s6 cuia phép bién ddi s& duoc tién hanh luong tir hda. Qua trinh
luong tir hoa (quantization) cho phép dat ti 18 nén cao hon bang cach thé
hién gi4 tri bién ddi voi d6 chinh xac twong tmg can thiét véi cac muc chi
tiét ctia 4nh can nén. Céc hé s6 bién d6i dugc lugng tir hoa theo phép luong
tir hoa vo hudng. Cac ham lugng tir hoa khac nhau s€ dugc ap dung cho cac

bang con khac nhau va dugc thyc hién theo biéu thuc :
U (X,
V(xYy)= P ( y%}sgnU (x,y) (4.1)

Véi A 1a bude luong tir, U(x,y) 1a gia tri bang con dau vao; V(x,y) 1a
gia tri sau lugng tir hoa. Trong dang bién d6i nguyén, dit budc lugng tir
bang 1. Véi dang bién doi thuc thi bude luong tir s& duoc chon twong tmg
cho timg bing con riéng r&. Budc lugng tir cia modi bang do doé phai co &
trong dong bit truyén di dé phia thu c6 thé giai lugng tir cho anh. Cong thirc
giai lugng tir hoa la:

Uxy)=T(xy)+rsonv(xy) 4 (42)

r 1a mot tham sé xac dinh ddu va lam tron, cac gia tri U(X,y) va V(X,y)
tuong ung la cac gia tr1 khoi phuc va gid tri lugng tr héa nhan duoc.
JPEG2000 khéng cho trudc r tuy nhién thuong chon r = % :
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2.3.5 M hda tang thir nhat (Tier-1 encoder)

Pén day, mdi dai s& duoc chia ra thanh cic hinh chit nhat c6 cing do
dai khong chong 1én nhau. Ba hinh chit nhat twong mg véi cac dai HL, LH,
HH trong mdi murc phan giai s& dugc gop lai trong mdt goi (packet). Mdi
packet s& cung cap thong tin vé khong gian vi né co chira cac thong tin can
cho viéc giai ma hoa anh tai vung khong gian d6 va trong mirc phan giai
d6. Cac g6i con dugc chia nho hon thanh cac khdi mi (codeblock) hinh chi
nhat khong chong 1én nhau, d6 1a cac thuc thé co ban trong viéc mi hoa
entropy. Mot codeblock phai ¢ chiéu dai va rong 1a liy thira ciia 2 va san
pham cua no, kich thude dinh danh — d6i sé tu do — khong duge vuot qua
4096. Trong JPEG2000, kich c¢& mic dinh ctia mdi code block 14 64x64.

Sau do, cac code block sé dugc ma hoa mét cach doc lap bﬁng cach
ding bd ma hoéa theo bit-plane (bit-plane coder) c6 hai dic diém riéng, d6
la n6 khong phu thude vao dai bén trong va ba pass coding (vi du cac pass
cleanup, refinement va significance) mot bit - plane thay vi hai pass coding.
Pic diém thtr nhat dam bao mdi code block s& dugc chira hoan toan trong
mot dai don va cac code block s¢ dugc ma hda hoan toan doc 1ap voi céc
code block khac: vi thé ma co kha nang phuc hdi 16i. Pac diém tha 2 1am
giam luong thong tin lién két voi mdi pass coding, lam cho viéc diéu khién
ti 1¢ tot hon. M&i mot pass trong sd ndy s& quét cac mau (samples) ctia mot
codeblock dudi dang céc stripes theo chiéu doc (mdi stripes c6 chiéu cao
dinh danh 1a 4 mau). Thi tu quét 13 tir trén xudng dudi trong mot stripe coOn
cac cOt dugc quét tur trai sang phai. Trong mot cot, cac mau duoc queét tu
trén xubng dudi.

Pass cleanup bat budc doi hoi ma hoa toan hoc (arithmetic coding) néu
khoéng c6 cac pass khac né ciing c6 thé doi hoi viéc mi hoa thd (raw
coding). Pdi véi kha nang phuc héi 18i, quy trinh ma héa toan hoc, ma hoa
thd s& dam bao cho cic mau bit nio d6 bi cdm trong dau ra. M4 hda bit-

plane s€ dua ra chuoi cac ki hi¢u cho moéi coding pass, mdt s6 hoac tat ca
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cac ki hiéu nay c6 thé dugec ma hoa entropy thong qua bd mé hoa toan hoc
nhi phan tuong hop dwa vao ngir canh (context based adaptive binary
arithmetic coder). Dbi véi viéc chon ngit canh, théng tin trang thai cho cac

lang giéng-4 va lang giéng-8 duoc dit trong tai khoan.

Vo d, Vo d,
ho X hl ho X hl
Vi d, Vi h,

Hinh 2.5. a) lang giéng-4, b) lang giéng-8

Ngitt canh phu thudc vao cac bit da dugc ma hoa s€ phan loai cac bit va
cac tin hiéu (signs) thanh cac 16p khac nhau can cho su phan bd xac suét
déng dang doc lap. Cho sb 16p bang N va c6 n;trong 16p i, v6i xac suit cla
cac bit, dé 1ay duoc gia tri “1”, 1a p; thi entropy (H) ciia mang bit theo

thuyét thong tin ctia Shannon dugc tinh bang:

-1

H=>n l pilog, p; —(@1- p))log,1-p; _
0

M4 hoa entropy sé& bién doi cc cip bit va ngit canh nay thanh dong bit
da duoc nén véi do dai gén dat dén 1i tudng, vi du giol han Shannon, la
hoan toan c6 thé dugc. C6 rat nhiéu bo md hoéa (coder) nhu thé va
JPEG2000 d3 muon bd mé hoa coder theo chuan JBIG2, vi du MQ[10].

2.3.6 Ma hoa tang thir hai (Tier-2 encoder)

Trong budc nay, cac thong tin ciia coding pass dugc dong goi lai trong
cac don vi dir liéu goi 1a cac packets boi qua trinh packetization, qué trinh
nay budc cach to chirc riéng biét thanh dir lidu coding pass trong dong ma
dau ra (output code stream) vi thé rat thuan loi dé dat cac dic tinh ma hoa

mong mudn gom co: thay doi ti 1¢ (rate scalability) va phuc hoi liy tién véi
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d6 chinh xac va do nét. Header ctia packet s& cho biét n6 chira coding pass
nao, trong khi d6 phan than chira dit liéu coding pass thuc cta chinh no.
Dbi v6i viée thay dbi ti 16 (rate scalability) cho médi tile dugc to chire thanh
mot hodc nhiéu tdng, duoc danh sb tir 0 dén I-1, voi | 1a sb tang. Cac tang
thap hon chua céc coding pass co dir liéu quan trong nhat, trong khi d6 cac
tang trén c6 cac coding pass chira cac chi tiét nén nd cho phép bo giai ma
xay dung lai anh voi chét luong dugc cai thién véi mdi sb gia. Viéc nén
mat mat théng tin can loai bé mot sé coding pass bang cach loai bé né &
bat ki 16p (layer) nao trong khi nén khong mat mat thong tin khong duoc
loai bo bat ki coding pass nao.

Cac code block tr ma hoéa tier-& dugc nhom lai va dugc goi la cac
precincts. P6i voi mdi két hop thanh phan-mic phan giai-lp-khu
(component-resolution-layer-precinct combination), mot goi sé dugc tao ra
ngay ca khi n6 khong truyén di thong tin gi ca : goi rdng. Mot phan khu
precinct cho mdi dai duoc 13y tir phan khu cua dai LL cha cta nd. Mdi mirc
phan giai c6 kich thudc precinct dinh danh riéng va no6 phai 1a liiy thtra cua
2 nhung khong vuot qua 2%°. Kich thudc cua precinct nhd hon s& giam
luong dir liéu duoc chira trong mdi goi vi thuce té 1a dit liéu cua coding pass
cua cac precinct khac nhau dugc ma hoéa trong cac goi riéng biét. Do do6 véi
dir liéu it hon trong mdi goi sé dan dén mat mat it thong tin hon, kha ning
phuc hoi 18i t6t hon vé6i cung chi phi cho hiéu suat ma héa vi mat do géi
duoc tang 1én.

2.3.7 Piéu chinh ti 1& (Rate control)

Nhu da biét, c6 2 nguyén nhan dan dén viéc mat mat thong tin trong
JPEG2000, d6 1a viéc luong tir hda va viéc loai bd mot ) coding pass nao
d6 trong ma hoa tier-2. Do do, c6 2 lya chon dé diéu chinh ti 1é:

e Luya chon kich thudc bude luogng tir hda (quantizer step size)
e Lua chon tap hop con cua cac coding pass s€ lap thanh dong bit

cudi ciing (the final bitstream).
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Vi cac bién dbi tir thuc sang thuc (the real-to-real transform) thi ca
hai co ché trén déu duoc sir dung nhung véi cac bién doi tir nguyén sang
nguyén (interger-to-interger transforms) thi chi c¢6 co ché thi nhit duoc

dung voi A=1 cb dinh.
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Hinh 2.6. So db khai quat hoa JPEG2000 cho anh Lena

Ngoai cac budc trén cling c6 mot sb thao tac tiy chon khac. Mot trong
s6 d6 1a ma hoa theo ving ROI (region of interest coding). Thao tac nay
cho phép bd mé hoa encoder ma hoa cac phan khic nhau cua cting mot anh
vo1 do chinh xac khac nhau. Pinh dang file ctia JPEG2000 1a dinh dang JP2
c6 phan mo rong 13 “jp2”. Hinh 2.6 1a vi du vé viéc thuc thi quy trinh trén
v6i1 anh Lena.

2.4 Mot s6 phwong phap mi hoa va két hop dong dix liéu sau méi hoa

JPEG2000 theo khuyén nghi ctia oty ban JPEG quéc té ¢ thé sir dung
nhiéu phuong phap mi héa khac nhau va nhiéu cach bién d6i Wavelet khac
nhau, dé c6 thé thu dugc chat luong anh twong tmg voi ing dung can xt 1y.
Piéu nay giup cho JPEG2000 mém déo hon so v6i JPEG. Viéc ap dung céc
phuong phap ma hoa khac nhau cling dugc mé rong sang linh vuc nén anh
dong bang bién d6i Wavelet. Trong thuc té, cac phuong phap mé hoa anh
duoc ap dung khi thyc hi¢n nén anh béng bién doi Wavelet cling nhu
JPEG2000, c6 phuong phap duoc coi 1a co s va duoc ap dung nhiéu nhat
la phuong phap SPIHT va phuong phap EZW. Hién nay, JPEG2000 van
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dugc ap dung mi hoa bang hai phuong phap ndy va cd mot phuong phap
phat trién tir hai phuwong phap nay 1a phuong phap mi hoa mit phang bit.
Vi thé dudi day chung ta s& xem xét hai phuong phap nay. Viéc két hop
dong dir li¢u sau ma hoéa ciia JPEG2000 thuc chét 1a dé thyc hién nhirng
tinh nang dac bi¢t cia JPEG2000 nhu tinh ndang ROl v.v...

a) Phwong phap ma héa SPIHT

C6 thé thay rang du 4p dung bién ddi Wavelet nao hay cing véi né 1a
mot phép phan giai anh nao thi trong cac bang con c6 sb thi tu thap ciing 14
cac thanh phan tan s cao (mang thong tin chi tiét ctia anh) trong khi cac
bang con c6 sb thir tw cao hon thi s& chtra nhitng thanh phan tan sb thap
(mang thong tin chinh vé anh). Diéu d6 ¢ nghia cac hé sb chi tiét s& giam
dan tir bang con murc thap (HH; chang han) (tng v&i thanh phan tan s cao)
xudng t6i biang con muc cao (Gng voi thanh phan tan s thap) va cé tinh
tuong tu vé khong gian giita cac bang con, vi du nhu mot dudng bién cua
hinh v& trong anh sé& ton tai & cung vi tri trén cac bang con d6 (tuong Umg
v6i mirc do phan giai cia bing con ay). Piéu nay da dan toi su ra doi cla
phuong phap SPIHT (Set partitioning in hierarchical trees — phuong phap
mi héa phan cap theo phan ving). Phuong phap SPHIT dugc thiét ké dé tdi
uu cho truyén dan lity tién. Piéu nay cO nghia la tai moi thoi diém trong
qua trinh giai nén anh theo phuong phap ma hoa nay thi chat lugng anh
hién thi tai thoi diém éy 1a tot nhit, c6 thé dat duoc véi mot sb luong bit
dua vao giai ma tinh cho t&i thoi diém 4y. Ngoai ra, phuong phap nay ding
k¥ thuat embedded coding; diéu d6 c6 nghia 1a mot anh sau nén véi kich c&
(lwu trir) 16n (ty 18 nén thap) s& chira chinh dit liéu sau nén cua anh dé co
kich ¢& (luu trit) nho (ty 1& nén cao). B ma hoa chi can nén mot lan nhung
c6 thé giai nén ra nhiéu mirc chat luong khac nhau. Gia sir goi cac pixel
trong mot anh p can ma hoa 13 Dij. Ap dung mot phép bién d6i Wavelet T
nao d6 cho cac pixel trong anh dé tao ra cic hé s cua phép bién d6i

Wavelet la c;j Cac h¢ s6 nay s& tao ra mot anh bién d6i 1a C. Phép bién dbi
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nay duoc viét duéi dang toan tir nhu sau: C=T(p). Trong phuong phap
truyén din lily tién v6i anh, bd ma hoa s& bat dau qua trinh khoi phuc (giai
nén) anh bang cach dit cac gia tri ctia anh khoi phuc tir cac hé sb bién d6i
la ¢. Sir dung cac gia tri giai ma cua cac h¢ s6 bién doi dé tao ra mot anh
khoi phuc (vAn chua 4p dung bién doi ngugc Wavelet) 1a ¢. Sau do6, ta ap
dung bién d6i Wavelet dé tao ra anh cudi cing 13 p. Ching ta co thé viét
dudi dang toan tir nhu sau:
p=T ().

Nguyén tic quan trong ciia phwong phdp truyén dan anh theo kiéu liy
tién la phwong phdp nay luén truyén di cdc gid tri mang théng tin quan
trong hon cua anh di trudc. S6 di phai lam nhu vay 1a do cac thong tin do
chinh 1a céc thong tin s& 1am giam thiéu nhiéu nhat d6 méo dang cua anh.
Pay chinh 14 1y do tai sao phuwong phap SPIHT ludn truyén di cac hé sb 16n
trude va ciing 14 mot nguyén tic quan trong ctia phuong phap nay. Mot
nguyén tac nita la cac bit c¢6 trong s6 16n bao gio ciing mang thdng tin quan
trong nhét trong dit liéu nhi phan. Phuong phap SPIHT sir dung ca hai
nguyén tac nay. NO s& sap xép cac hé sd bién doi va truyén di cac bit co
trong s 16n nhat. Qua trinh giai ma co thé dung lai ¢ bat ki mot bude nao
tuong Gng véi gia tri anh cdn ma hoa yéu cau. Pay chinh 1a cach ma
phuong phap ma hoa SPIHT lam ton that thong tin.

b) Phwong phap ma hoa EZW

Phuong phap ma héa EZW (Embedded Zerotree Wavelet Encoder)
cling dya trén co s phép ma hoa lily tién (progressive coding) giéng
phuong phap SPIHT. Phuong phap nay chii yéu dya trén khéi niém vé ciy
zero. V& co ban, thudt toan ndy dua trén hai nguyén tic nhu da trinh bay
trong phuong phap ma hoa SPIHT. Sau day la cac khai niém co ban cua

thuat toan:
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LL _F\t_F\ -
Level 3

HL1
Level 2

LH HH

(a) (b)

Level 1

Hinh 2.7. Minh hoa cay t phan (a) va sy phan muc (b)

Cay zero (zero tree): Cay zero 1a mot cay tr phan, trong d6 tat ca cac
nat ctia nd déu nho hon nat gée. Mot cdy nhu vay khi md héa s& dugc ma
hoa bang mot ddi twong duy nhat va khi giai ma thi chung ta cho tat ca cac
gia tri bang khong. Ngoai ra dé c6 thé ma hoa duoc cac hé s6 Wavelet
trong truong hop nay, gia tri cia nit goc phai nho hon gia tri nguong dang
duoc xem xét tmg v4i hé s6 Wavelet do.

Nguyén 1y hoat dong cua thuat toan: Thuat todn s€ ma hoa cac hé sb
theo thtr tu giam dan. Chung ta dung mot gia tri goi 1a ngudng va st dung
ngudng ndy dé tién hanh ma hoa cac hé s bién d6i. Cac hé sé duge ma hoa
theo thr ty tir viing tan s thip dén ving tan sd cao. Va chi nhitng hé s6 co
gia tri tuyét ddi 16n hon hodc bang ngudng thi méi duge ma hoa. Tiép theo
s& giam ngudng va ctr lam nhu vdy dén khi ngudng dat toi gia tri nho hon
gia tri cia hé s6 nho nhat. Cach giam gia tri ngudng & day thuc hién kha
dac biét, gia tri cia ngudng dugc giam Xuéng mot ntra so vo1 trudc do. Bo
giai mi phai biét cac murc ngudng ndy thi méi co thé giai ma anh thanh
cong. Nhung khi di tir nat cha dén nut con trong ciy ti phan thi né van cé
ba nat con. Vay ta phai di theo nhanh ¢6 nut con nao trude. Noi mot cach

day du ta di chuyén tir hé s6 nay dén hé s6 khac theo thir ty nhu thé ndo. CO
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nhiéu cach di chuyén, tuy nhién hai cach di chuyén trén hinh 2.8 duoc sir
dung nhiéu nhat.
Viéc sap xép ndy phai duoc quy udc théng nhit giita qué trinh mé hoa

va qua trinh gidi ma dé€ viéc giai ma anh duogc thanh cong.

Raster Scan Maorton Sean

Hinh 2.8. Hai cach sip xép thtr tu cac hé s6 bién ddi

2.5 Dinh dang anh JPEG 2000 — JP2
JP2 1a dinh dang file JPEG 2000 dung dé thu gon cic dong mi hoa
(codestreams) ctua JPEG 2000.
= Phan mé réng: jp2.
= Cho phép nhing thong tin XML (vi du, metadata).
= Alpha channel (vi du, tinh trong suét).
= Accurate color interpretation: thé hién mau chinh xdc.
= Hb tro “True color” and “palette color”.
= Intellectual property information.
= Capture and default display resolution.
» File “magic number”.

= File transfer errors (ASCII ftp, 7 bit e-mail, v.v...).
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2.6 So sanh chuian JPEG2000 véi JPEG va cac chuan nén anh tinh
khac

Mot tinh nang quan trong va 13 uu diém rd nét nhat ciia JPEG2000 so
v6i JPEG ciing nhu cac chudn nén anh khac nhu MPEG 4 VTC hay JPEG —
LS v.v... 1a JPEG2000 dwa ra ca hai ki thuat nén anh c6 ton that va khong
ton that theo cung mot co ché m3 hoa, nghia 1a JPEG2000 thuc hién tat ca
cac dang thic cua JPEG chi bang mot co ché ma hoa duy nhat. Néu xét vé
su ton tia ctia 2 ki thuat nay thi JPEG ciing c¢6 kha ning nén anh c6 ton that

va khong ton that thong tin.

JPEG2000
Hinh 2.9. So sanh JPEG va JPEG2000

Tuy nhién véi JPEG thi co ché md héa vé6i hai dang nay 1a khac nhau
va rat kho dé sir dung ca hai dang nay cung luc cho cung mot tng dung. Do
d6, c6 thé thay rang JPEG c6 tinh mém déo hon bat ki chuan nén anh tinh
nao trude ddy. Hon thé, nhitng thong ké thyuc té cho thay voi cung mot ti 18

nén va mot loai anh thi anh duogc nén bai JPEG2000 ludn c6 chét luong tdt
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hon so véi JPEG. Chlng ta xem xét hai anh trén hinh 2.9 dé thiy ro diéu
nay, anh bén trai dugc nén theo JPEG con anh bén phai dugc nén theo
JPEG2000. Tinh nang wu viét thir 2 ctia JPEG2000 so véi JPEG la trong
dang thtrc nén co ton that thong tin, JPEG2000 c6 thé dua ra ti 1& nén cao
hon nhiéu so véi JPEG. C4c phan mém nén anh JPEG hién nay (ké ca
Photoshop) ciing chi thiét ké dé c6 thé nén dugc t6i ti 16 41:1 véi
JPEG2000 thi ti 1& nén c6 thé Ién tdi 200:1. Theo cong thirc tinh PSNR
trong don vi dB, chung ta cé: (b 1a sb bit dung biéu dién 1 pixel trong anh
gbc).

RMSE
2° —1

PSNR(dB) = —20Iog( j (4.1)

Vi hai anh ¢ hinh 2.9, sy so sanh vé tham s PSNR dugc cho trén
bang 1. Dé so sanh d& dang hon, ta xét anh dugc nén véi cac ti 1& khac nhau
(do ludng bai hé sb bit/pixel hay bpp). Tat ca cac s lidu trén bang déu cho
thay JPEG2000 nén anh tot hon 12 JPEG: hon thé hé s6 PSNR ma ching ta

x€t trong bang dugc do trong hé don vi logarit.

Bit per pixel 0.125 0.50 2.00

Anh 1 theo JPEG 24.42 31.17 35.15
Anh 1 theo JPEG2000 | 28.12 32.95 37.35
Anh 2 theo JPEG 22.6 28.92 35.99
Anh 2 theo JPEG2000 | 24.85 31.13 38.80

Bang 1. So sanh JPEG va JPEG2000

Tinh ning wu viét thir 3 ctia JPEG2000 so voi JPEG 1a chudn nén anh
nay co thé hién thi dugc cc anh voi d6 phan giai va kich thuéc khac nhau
tir cing mot anh nén. V&i JPEG thi diéu nay 1a khong thé thyc hién. S¢ di
c6 diéu nay 1a boi JPEG2000 sir dung ki thuat phan giai anh va méd hoa

dinh kém ma ching ta di dé cap t6i trong phan mi héa anh theo
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JPEG2000. Tinh ning nay chinh 1a mot loi thé dic biét quan trong cia
JPEG2000, trong khi JPEG ciing nhu cac chuin nén anh tinh trude day
phai nén nhiéu 1an dé thu dugc chat luong véi timg 1an nén khac nhau, thi
v6i JPEG2000 ta chi can nén mot 1an con chat lugng anh s& duoc quyét
dinh tuy theo nguoi sir dung trong qué trinh gidi nén anh theo JPEG2000.
Mot tinh ning ndi bat nita cia JPEG2000 1a tinh ning ma hoa anh theo
ving (ROI — Region of Interest) ma chung ta da dé cap trong phan mi hoa
anh theo JPEG2000. Chét lugng cia toan bd anh ciing duoc thdy rd trén
hinh 2.10, chit luong cia ving anh duge lua chon ting cao hon khi ving

dé duoc ap dung phuong phap nén anh ROI.

.‘ ~ ‘;’Plava Laping

Hinh 2.10. Minh hoa tinh nang ROI

JPEG2000 con mot tinh nang dac biét uu viét hon JPEG, 1a kha nang
vuot troi trong khoi phuc 18i. Do chinh 1a khi mot anh duoc truyén trén
mang vién thong thi thong tin c6 thé bi nhidu, véi cac chuan nén anh nhu

JPEG thi nhiéu nay s€ duoc thu vao va hién thi, tuy nhién véi JPEG2000,
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do dic trung cua phép mi hoa cé thé chdng 16i, JPEG2000 co thé giam

thiéu cac 161 nay véi mtrc hau hu khong co.

Bang sau So sanh tinh ning ctia JPEG2000 v&i mot sd chuan nén anh

nhu 12 JPEG — LS, PNG, MPEG - 4 VTC (D4u + biéu thi chuan d6 c6 chtic

nang tuong ung, s6 dau + cang nhiéu thi chuan dé thyc hién chic nang

tuong (mg cang tot; ddu — biéu thi chuan twong tmg khong hd trg tinh ning

do).

JPEG -

MPEG —

JPEG2000 LS JPEG AVTC PNG
KhAa nang nén anh it et + i} o+
khong ton that
Kxha nang nén anh co bt + it et -
ton that
Kha nan%'luy tlefl . ) it ot +
trong khoi phuc anh
Ky thuat ma hoa theo it ) ) + )
vung ROI
Kha ndng tuong tac
voi cac vat thé ¢6 hinh - - - ++ -
dang bat ky
Kha nang truy cap
ngau nhién dong bit ++ - - - -
cua anh nén
Tinh don gian ++ +++++ | + +++
Iil'la nang khoéi phuc it +t + St +
161
K,ha nang thay doi ti 1€ it ) ) + )
nen
Tinh mém déo (kha
nang nén nhiéu loai +++ +++ ++ ++ et

anh khac nhau)

Bang 2. So sanh tinh ning JPEG2000 v&i cac chuan nén anh tinh khac
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CHUONG 3. PHUONG PHAP GIAU THUY VAN DUA VAO
CAP TAN SO GIUA DWT

3.1 Gidi thiéu

Khac vai cac phuong phap thiy van cii, & phuong phap nay, thiy van
s& dugc nhiing vao cac hé sb tan sb gitta bang cach luong tir hoa cip hé sd
tan s giita, chinh 14 cac dai LH va HL trong cac hé s6 DWT.

Mot ki thuat thity van tot can dat nhitng yéu cau sau:

e An toan (security): thuy van dd nhiing chi c6 thé dugc truy nhap
vao bdi cac to chirc ¢6 quyén. Mic du thuat toan thuy van déu
duoc cong bd rong rai cho moi ngudi, nhung nhimg ngudi nay
néu khong c6 khoa bi mat s& khong thé truy nhap vao thuy van
trong anh da duogc bao v¢.

e Bén viing (robustness): thuy van dd nhung vao phai chéng lai
dugce cac tan cong c¢b ¥ nhu: nén, loc tuyén tinh hay khong
tuyén tinh, sy ting hay chinh lai kich thuéc anh..

e Tinh khong thé bi nhin thay (Impertibility): ngudi xem anh
khong thé nhin thdy thuy van. Diéu d6 ¢ nghia 14 sau qua trinh
nhung thuy van, chat lugng cta anh khong bi suy giam.

Trong nhitng nim gan day, c6 rat nhiéu nghién ctru ki thuét thiy van.
Trong d6, ki thuat thiy van mo rat dugc moi ngudi cha y. N6 c6 diém
thuan loi thay rd 1 khong can anh gdc van c6 thé lay dugc thuy van.

Nhin chung céc ki thuat thiy van c6 thé chia lam 2 nhém:

e Ki thuat ving khong gian: nhung tin vao cac bit it quan trong nhat —
cac bit thap (LSB).

e Ki thuat thay doi ving: phuong phap nay tot hon so véi ki thuat ving
khong gian. Hai phuong phép bién doi: bién ddi cosin roi rac (DCT)
va bién d6i séng roi rac (DWT) la hai phuong phap bién ddi quan
trong. Trong d6, phuong phap bién d6i DWT c6 wu diém hon han.
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Bé1 vi DCT dugc tinh toan mdt cach doc lap trén cac khoi pixel nén
mot 16i ma hoa s& giy ra su khong lién tuc gitta cac khdi thu duge.
Do 1a i do tai sao JPEG2000 tranh dung DCT thay vao dé né chon
DWT. DWT s& thao tac trén toan bo anh. N6 co thé tach anh thanh
cac dai tan s6 khac nhau ma van gitt duoc cac thong tin vé khong
gian.Viéc can bang giita tinh bén vimg va tinh v6 hinh c6 thé dugc
thuc hién moét cach hoan chinh.

Cac ki thuat trude day chi bén vimg trude cac tin céng nhu blurring,
sharpening va nén anh JPEG. Phuong phép thuy van dya vao cip tan sd
gitta DWT (MFP) sé& cho thdy kha ning an tuong ctia nd trong viéc khong
chi chong lai cac tam cong thong thuong ma con chdng lai cac loai bién do6i
cdp xam. Cac loai bién d6i cdp xam khac véi cac tdn cong khic & chd
chung thuong khong gy ra sy suy giam vé mit chit luong anh. Poi khi
can bang histogram dugc st dung nhu mot qué trinh nang cao chét luong
anh. Nhung ching thuong gay ra nhiing thay doi traim trong vé anh do do
chung s€ lam hong thuy van dugc nhing vao trong dnh. Trong bao c4o nay
s& dé cap dén mdi twong quan gifta cac hé s6 DWT voi cac tan cong dang
nay.

3.2 Thily van trong mién DWT

Viéc tach wavelet co thé thuc hién mot cach dé dang nho thuat toan
kim tu thap. Bang cach két hop 2 bd loc low - pass va high - pass, anh s&
dugc phan tich thanh cac dai: thap - thap (low - low LL), thap - cao (low -
high LH), cao - thap (high - low HL) va cao - cao (high - high HH). Bé thu
duoc cac hé s wavelet nhoé hon thi dai LL s& duoc phan tach nhé hon va
thu dugc cac mau con. Qua trinh xir 1i nay dugc thuc hién lai vai lan tuy
theo yéu cau cta nguoi dung. Hon nira, tir cac hé s DWT nay, ta co thé
xay dung lai 4nh gbc. Qua trinh x4y dung niy duogc goi 1a ddo ngugc DWT
(IDWT).
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Nhin chung, thay van dugc nhing trong dai LL thudng bén virng trudc
cac tan cong nhung s& gy ra su suy giam vé chat luong anh. Nguoc lai, sy
thay ddi cac hé sd wavelet cu thé (dai HH), tin gidu d& bi nhin thay va d& bi
tan cong thay ddi. Thong thudng thuy van sb duoc nhiing vao céc dai tan sb
giita HL hodc LH béi ching can dbi gitta hai diéu trén, c6 nghia 1a vin dam

bao tinh bén viing va v6 hinh trudc mat nguoi.

LH1

HH1

Hinh 3.1. Hai lan phan tach wavelet

3.2.1 Sw twong quan giira cac hé s6 ciia cac dai gitra dwéi Su bién
doi cap xam

Cac dai LH va HL dugc goi la cac dai ¢ gitra (middle bands) béi vi
chung chira thong tin chi tiét vé mot chiéu va cac thong tin suy ra dugc cla
cac chiéu khac. Bang thuc nghiém nguoi ta dd ching minh mdi quan hé
giita cac hé sb cua dai giira v6i su bién doi cip xam dua vao co s truc giao

harr.
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Hai anh cip xam baboon (256x256) va lena (512x512) trong hinh 3.2
thé hién su khac nhau sau khi can bang mirc xam. PSNR (peak to signal to
noise ratio) thé hién ti sb tin hiéu trén nhidu dinh. PSNR dugc dinh nghia:

PSNR =10log,, 255° / MSE
V&i MSE (mean square error) 1a sai sd binh phuong trung binh gitta

anh goc va anh da bién doi.

PSNR=16.9851
Hinh 3.2. Can bang mirc xam

Anh d3 duoc phan tach 2 1an va chon céac dai LH2 va HL2 dé kiém tra
d6 twong quan giira cac hé sd trudc va sau khi bién déi. Su twong quan
correlation dugc dinh nghia nhu sau:

> (x=x)(y-Y)

S 0=07 3y -

Thong thudng trong cac dai HL va LH, mot vai hé s6 c6 gia tri 16n sé

Correlation(x, y) =

dugc ting cudng vé gia tri. Ching duoc goi 1a cic hé sb quan trong

(significant coefficents). Cac hé s6 nay phu hop dé nhung thily van boi
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chung bén vimg trudc cac tin cong thong thuong vao anh. O day ta su
dung né dé 1am co s& do mdi twong quan. Mot cip hai dai tan sb gitta chinh
1a mot cap hé 6 nam trén cung mot vi tri trong dai HL va LH duoc thé hién
trong hinh 3.3. Ta str dung ti 1¢ giita cac gia tri trudc va sau tin cong dé
chtng t6 su thay d6i ctia hé s6. DPiéu d6 co nghia 14, tai vi tri (i,j):

ABS (LH (i, j))afterattacks
ABS (LH (i, j))beforeattacks

Ratio(LH (i, j)) =

LL 4 LH
v

7 7
//

HL HH

Hinh 3.3. Cap dai tan sb giira
Chung ta c6 thé tinh toan ti 18 giira Ratio(LH2(i,j)) va Ratio(HL2(i,j))
clia V4 trong s6 cac hé sd clia anh Baboon sau khi can bang histogram. Céc

hé s6 nay dai dién cho cac hé s6 quan trong trong anh 3.4.

S RatelES L
Correlation = 0.7586

Hinh 3.4. Mbi quan hé cip dai trung gian LH2 va HL2 sau khi can bang

Histogram
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Duéi céac tan cong khac, sy thay ddi cia cip tan sd giira ciing thé hién
mdi twong quan nhiéu hon hodc it hon. Vi du nhu khi thyc hién 1am mo
anh, gia tri trung binh Ratio(LH2(i,j)) = 0,8368 va gia tri trung binh
Ratio(HL2(i,j)) = 0,8461. Du6i tin cong lam nét anh (sharpen attack), gia
tri trung binh Ratio(LH2(i,j)) cua ntra 10n nhéat cua tat ca cac hé sd la
1.2621 va gia tri trung binh Ratio(HL2(i,j)) = 0,8461.
3.2.2 Thuat toan nhung va tach thiy van

Y twdng: dung mot hé sé trong cip tan sé giira dé luong tir hoa hé sb
con lai. Budc luong tir hoa 1a ph?m ¢d dinh cta hé sd 16n hon. Lya chon hé
s6 nho hon dé thyc hién luong tir hoa (hinh 3.5). 1/3 16n nhat cta tit ca cac
hé sd duoc lua chon 1a cac hé sb quan trong dé thuc hién viée luong tr hoa

ndy. Pbi v6i cac hé s6 nho st dung mot bude Step duy nhat dé luong tir

hoéa.
T step quantization
larger T f;]:a.\ l "““E saeller
L. ’ \ coefficient
coefficient |, o0 s Do ]
Fa LS »
/ \ "\
1 -
&“1 -
LY
d 1 4

Hinh 3.5. Lwong tir hoa cip tin so dai trung gian

A. Ki thuat nhiang thiy van :
e Budc 1: thay van 1a 1 anh nhi phan. Anh goc dugc tach thanh 2 mic.
Nhung thuy van vao cac dai LH2 va HL2. Gia st kich thudc cua LH2 1a
mxn va caa thuy van 1a rxl. Thity van dugc nhing it nhéat 1a [ mxn/rx|]

1
A

lan.
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e Budc 2: ngudng T cua cac hé sb nho dit bang tim quan trong cua hé
s6 16n nhat trong 1/3 16n nhét cua tat ca cac hé sb trong dai LH2 va
HL2. S (step) 1a khoang cach ¢ dinh va D 1a sb chia ¢d dinh. Thity van
dugc nhing vao dai LH2 va HL2 cho dén khi tat ca cac hé sé déu duge
luong tir hoa. Mbi vi tri (i,j) duge luong tir hoa theo 1 bit thiy van. Néu
bit ndy =1, hé sé duoc 1am tron dén con sb 1¢ gan nhat, néu khong nod
dugc 1am tron dén con s6 chin gan nhét nhu trong hinh 3.5 thé hién.
For tit ca hé sb c6 trong dai LH2 va HL2
If ABS(HL2(i,j))<T and ABS(LH2(i,j))<T
Luong tir hoa LH2(i,j) va (HL2(i,j)) bang khoang cach
c6 dinh S;
Else
Maxcoef=Max(ABS(HL2(i,j)), ABS(LH2(i,})));
If Maxcoef=ABS(LH2(i,j)
Luong tir héa HL2(i,j) bang Maxcoef/D;
Else
Luong tir hoéa LH2(i,j) bang Maxcoef/D;
End if
End if
End for
e Sau d6 thuc hién IDWT 2 chiéu dé lap thanh anh thuy van.
B. Ki thuat tach thuy van
Anh duoc phan tach thanh 2 mutc. Khi thuy van duoc thém vao anh
gbc mot cach du thira, cac hé sb cia tin s giita sé chia thanh cac phan, mdi
phan s& co sb cac hé sb bang vé6i s bit cua thiy van. Goi B(i,j) 1a cac bit
lay ra dugc tai Cac vi tri (i,])
For tit ca hé sb trong dai LH2 va HL2 c6 trong phan nay
If ABS(HL2(i,j))<T and ABS(LH2(i,j))<T
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B(i,j) = (LH2(i,j)/S mod 2 + va HL2(i,j)/S mod 2)/2;
Else
Maxcoef=Max(ABS(HL2(i,j)), ABS(LH2(i,})));
Step = Maxcoef / D;
If Maxcoef=ABS(LH2(i,j)
B(i,)) = HL2(i,}) /Step mod 2;
Else
B(i,)) = LH2(i,)) /Step mod 2;
End if
End if
End for
Ta co thé théy mdi bit ctia thiy van duoc 1§y ra vai lan. Gia tri thue su
cta bit 1a gia tri trung binh cta cac bit duoc ldy ra. Trong sd cua bit 1a

khoang cach dung dé chia céac hé so.
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CHUONG 4. CAI PAT THU NGHIEM

4.1 Moi trwong cai dat
» Ngon ngir cai dat: Java la mot ngon ngit 1ap trinh cé hi€u qua cao,
cau tric doc 1ap nén cac ung dung ctia nd chi can viét sao cho chay
dugc trén may ao Java la co thé cai dat va chay tdt trén moi hé théng.
» Moi truong soan thao: Jcreator 4.5.
» MOoi truong chay chuong trinh: moi truong dong 1énh ciia DOS.

» Dudi day la giao dién chinh cua chuong trinh:

B C:\WINDOWS\system32\CMD. exe -[o| x|

D:\Hidden—JPEG2008Njj2008-4.1\srcrcdy
D:\>cd DisHidden—JPEG2B08Njj2000-4.1\src

D:“Hidden—JPEG2B88jj2000—4.1 src>java JIZKEncoder -i imageBl.pgm -o imgl.j2k -m
in.txt -rate 2 -Ylev 2
Targqet hitrate = 2.0 hpp (i.e. 65536 hytes)
fichieved hitrate = 1.9976196 hpp (i.e. 65458 hytes)

D:“Hidden—JPEG2B08+3jj2000—4.1 \src>java JJZKDecoder -i imgl.j2k -o imagel.pgm -m
out .txt -pate 1
[INFO1: 1 component¢s?, 1 tile{s?

Image dimension: 512x512

CREATOR: JJ200A version 4.1

Target rate = 1.8 hpp (32768 hytes)

Actual hitrate = B.99975586 hpp (i.e. 32768 hytes)

D:“Hidden—-JPEG200ENjj2000-4.1\src )

Hinh 4.1. Giao dién chuong trinh

Giai thich dong Iénh:
java JJ2KEncoder -i image01.pgm -0 img1.j2k -m in.txt -rate 2 -Wlev 2
> Do6i s6 JJ2KEncoder: 14 tén file chay khoi dau cua chuong trinh thuc
hién giu - encoder.
> Dbi 6 -i: cho biét anh dau vao (input).
> Doi s6 image01.pgm: tén file anh dau vao.
> Dbi s6 -o: cho biét anh dau ra (output).

> Poi s6 image01.j2k: tén file anh dau ra.
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> D6i s6 -m: cho biét thong diép can gidu (message).

> Dbi b in.txt: tén file chira thong diép can giau.

> Dai s6 rate: cho biét 1a thyc hién gidu hay tach 1iy thong diép. Véi 1

1a thuc hién gidu.

> Doi s6 -Wlev 2: thuc hién phan tach anh 2 lan.

Giai thich dong I¢énh:
java JJ2KDecoder -i imgl.j2k -0 imagel.pgm -m out.txt -rate 1

> Ddi s6 JJ2KDecoder: 14 tén file chay khoi ddu cua chuong trinh thuc
hién tach 1dy thong diép - decoder.
Déi s6 -i: cho biét anh dau vao (input).
Dbi s6 image01.j2k: tén file anh dau vao.
Déi s6 -o: cho biét anh dau ra (output).
Dbi s6 imgl.pgm: tén file anh dau ra.
Dbi s6 -m: cho biét thong diép tach 1ay ra dugc (message).

Déi s6 in.txt: tén file chira thong diép can gidu.

VvV V V V V V V

Déi s6 rate: cho biét 1a thuc hién gidu hay tach lay thong diép. Véi 2
la thuc hién tach.

Ta co:

Anh truéce khi gidu Anh sau khi gidu

Hinh 4.2. Anh trudc va sau khi giiu tin
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4.2 Thir nghiém
Duéi day 1a mot tap co so dit liéu anh gdbm 20 anh da dugc chuyén doi
sang dinh dang PGM co6 kich c¢& 512x512 pixel. Cac anh duoc dat tén tur

image01 dén image20.

Image01 Image02 Image03 Image04 Image05

i,

Image06 Image07 Image08 Image09 Imagel0

Imagell Imagel4d Imagel5

Imagel6 Imagel? Imagel8 Imagel9 Image20

Béang 1. Tap anh tht nghiém
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Str dung phuong phap thity van dwa vao cip tan sb gitra DWT dé thuc

hién giéu hai thdng diép sau vao tap co so dir liéu anh trén, ta thu dugc két

qua trong bang 2.

r

) in - Notepad E]@]1 4 out - Notepad

File Edit Format View Help
cong hoa xa hoi chu nghia

BEX

File Edit Format View Help

cong hoa xa hoi chu nghia viet Nam
doc Tap tu do hanh phuc

Thong diép 1 — 25 byte (200 bit)

Thong diép 2 — 58 byte (464 bit)

Hinh 4.3. Thong diép dung dé giau

Anh PSNR voi thong diép 1 PSNR voi thong diép 1
Image01 35.5 35.2
Image02 36.6 36.1
Image03 354 35.3
Image04 35.8 35.7
Image05 35.1 34.9
Image06 35.2 35.8
Image07 36.9 36.1
Image08 37.3 375
Image09 35.1 34.9
Imagel0 35.5 35.3
Imagell 35.9 355
Imagel2 32.9 32.6
Imagel3 36.4 36.1
Imagel4 35.3 35.1
Imagel5 36.4 36.3
Imagel6 34.7 34.5
Imagel7 37.8 374
Imagel8 35.6 35.1
Imagel9 37.9 37.7
Image20 35.3 35.1

Bang 2. Bang két qua d6 nhiéu khi gidu
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4.3 Panh gia thuat toan

PSNR 1a mdt trong céc thong sb giup danh gia chat luong cua anh
(hay khung anh video) ¢ dau ra so v6i anh gbc. Thong thuong néu
PSNR>40 dB thi hé théng mat nguoi gan nhu khong phan biét dugc giira
anh gbc va anh khoi phuc. Voi két qua ¢ bang trén ta co thé thdy 13 anh dau
ra c6 chit lugng gan nhu khong suy giam. Viéc tang kich ¢& thong tin gidu
trong gi6i han cho phép vao trong anh ciing khong anh huéng dang ké t6i
chat lugng anh. Hon nira, cac thong tin dugc tach iy ra hoan toan chinh

xé&c. Tur d0, ta c6 thé khang dinh tinh ding dan cia thuat toan.
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KET LUAN

Bi4o c4o da trinh bay nhitng khai niém téng quan vé giau tin, cho thiy
dugc tim quan trong cua gidu tin trong doi sdng hién nay. Véi muc dich
ctia d6 4n 1a nghién ctru vé ki thuat nén anh st dung bién doi wavelet tir d6
ap dung giu tin, nén em da di su vao nghién ctru co so 1y thuyét cia
chuan nén anh JPEG2000 — 1a chuan nén phd bién dwa trén bién d6i
wavelet va hién nay dang dugc ap dung nhiéu trong cac server chuyén doi

dinh dang anh.

Bao cao ciing da gidi thiéu mot thuat toan giau tin dua trén wavelet 12
thuat toan MFP. Bay 1a mot ki thuat méi. N6 cho phép nhiang thuy van vao
anh va tach 1ay ra dya vao cac cap dai tan s giita dudi sy bién d6i wavelet.
Két qua dau ra 1a cac thong tin dugc gidu vao trong anh an toan hon nira

chat lugng anh khong hé kém di.

Viéc 4p dung thuat toan MFP dé gidu tin trong anh JPEG2000 cho
phép gidu tin an toan, bén ving va khéng giy hu hai cho anh chta co thé

no6i da tao thém mot vu diém mai cho JPEG2000.
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