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CAI TIEN THUAT TOAN BIEN DPOI ANH FIBONACCI-HAAR
BANG PHUONG PHAP XAC SUAT KET HQP BIEN DOI LIFTING
Th.S Truwong Hoang Vinh'

TOM TAT

Thudt todn bién doi Fibonacci — Haar do F. Battisti va cdc cong sw cong bé vao
nam 2008 [5 /- T huat toan nay la mot phwong phap bzen doi hinh anh méi dya trén su két
hop ciia chudi s6 Fibonacci va phép bién doi Haar c¢é dién. Chiing téi nhdn thdy c6 hai
van dé han ché phat sinh khi s dung chudi Fibonacci cia thudt todn nay. Va dwa trén y
tuwong sy ket hop cua chuoi Fibonacci va phép bién doi Haar, chung toi da dé xudt mot
thuat toan moi bang sw két hop phwong phap xdc sudt va ky thuat Lifting.

ABSTRACT

Algorithm Fibonacci — Haar for transforming image has been published in 2008
by F. Battisti et al [5]. This algorithm based on the combination of the suite Fibonacci
and Haar transform. We see that there are two inconvenients by using this transform.
Based on this idea, we propose a new algorithm by the combination of probabilistic

method and Lifting technique.
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I. GIOI THIEU

Trong nganh xtr ly tin hi¢u, vi¢c bién
d6i mot tin hiéu thanh cac tin hiéu thi cp,
xap xi 1a mot nhu cau can thiét. Khoi dau
1a phép bién dbi Foumer [6] glup chia tin
hi¢u thanh nhu:ng ham sb Sin, thé hé tiép
theo sau 1a bién d6i ham DCT Cosine roi
rac [7], phép bién d6i Wavelet [8], va thé
hé sau ciia Wavelet 1a ho nhiing phép bién
d6i Curvelet nhu Ridgelet, Contourlet,
Bandelet [9,10,11]. Tu nam 2008,
F.Battisti va cac cong su cong bd cong
trinh dau tién vé phuong phap bién doi
Fibonacci-Haar [5]. Sau d6 d c6 nhiéu
cong trinh Umg dung phuong phap bién
ddi nay vao cac linh vuc watermarking
[12,13]. Phép bién ddi ndy co6 mot sb trd
ngai vi chi &p dung dugc cho anh ma tran
vudng va viéc du doan ra diy s6 Fibonnaci

kha dé dang 1am cho thuat toan c6 do bao
mat khong cao. Bai bdo nay ching toi dé
Xuat y tudng cai tién thuat toan Fibonacci-
Haar bang phuong phép xac suat két hop
vo1 k¥ thuat Lifting.

Phan II trinh bay vé phuong phap
bién doi Fibonacci-Haar. Phan III s& giGi
thiéu vé ky thuat Lifting. Phan IV trinh
bay vé k¥ thuat phan doan bang phuong
phap xac suit két hop k¥ thuat Lifting.
Cubi cung 1a phan két luan va trién vong
trong tuong lai ciia cong trinh.

II. PHEP  BIEN
FIBONACCI-HAAR

Phép bién d6i Fibonacci-Haar duoc
dua trén phép bién d6i Haar voi viéc phan
doan phy thudc vao chudi Fibonacci Fp(n):

POI

0 néu n<0
Fm =41 néu n=0
F (n-1) + F (n-p-1) néu n>0
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Véigiatrip=0, tacé chudi Fibonacci:
0,2,4,8, 16,32, 64, 128...
Véigiatrip=1,tacé chudi Fibonacci:

g(p.n—p-1)

H(p.n)= H(p.n—p-1)

re (p,n+l) 1 1
voi n<p, H*"=[1],H"""" = L —1f
H'"""" 1a mot ma tran chit nhat thu duoc
bang cach lay F(n, n-p-2) dong cia ma

tran H? "V ticla :
—(p-p-1)

Hz] —Hl»(jn P
- Véli i=1,...F(p,n-p-2), j=1,...,.N, va
A" 1a ma tran chit nhat thu duoc bing

cach lay F((p n-ps 1) - F(p,n-p-2) dong cua
ma tran H Ma tran :
(p.n—p=2)

H =H,

i LJ

(p.n—p=2)

voi i=1, ..., F(p,n-p-1) - F(p,n-p-2),
j=1,..,N va
H/\(p,nfp 1) H (p.n—p-1)

L]
Vi i=N-F(p,n -p-]) - F(pn-p-2)+1,
. N;j=1,...N

—p- (p.n—p-2)

va A =H""v6 0= N
- F(p,n-p-2) - F(p,n -p 3) + L, N
j=1,...,Nva OW la mdt ma tran zero c6 cap

1a (gxr). Cho vector cOt x co kich thudce
1a N, ma tran chuyén dbi Fibonacci-Haar
ciia la: ¢ = H?"x, Chudi p duoc dung dé
nhung watermark 1a mdt khoa an toan cho
phuong phép nay. Vi du, voi phan tir co

O[F (p.,n—p-1)-F (p.,n—p-1)]xF (p,n—p-1)

| O[F (p.i—p=2)~F ( p,n—p=3)1xF ( p,n-p-1)

1,1,2,3,5,8,13,21, 34, 55...

Ma tran bién do1 anh Fibonacci duoc
xay dung nhu sau :

0F(p,n—p—2)xF(p,n—p—2)
H(p.n—p=2)

OLF (p.,n—p-1)-F (p,n—p=2)|xF (p,n—p-2)
H(p.n—p=-2)

gia tri 1 256, thi n6 chinh 13 phan tir ¢6 vi
tri thir 46 ciia chudi 24, va la phan tir & vi
tri thir 66 ctia chudi p=45 va 1 phan tir thir
9 cua chudi p=0. Vi anh co kich thude 1a
NxN, v6i N 1a sb Fibonacci thi ta co cac
subband nhu sau :

LL:N XN _, pixels
LH:N XN
n- n-p-
HL: N,
HH: N

np-1

V01 N, la s dung truée N trong
chudi sé p va N L la s6 ¢6 vi tri p-1 trude
N trong chudi

V61 anh c6 kich thudc 256x256
pixels duoc phan doan bang chudi p=24, ta
6 kich thudce ctia 4 subbands nhu sau: LL:
235 x 235, LH: 235 x 21, HL: 21 %235, va
HH : 21x21

1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
16,17,18,19,20,21,22,23,24,25,26,28,31,
35,40,46,53,61,70,80, 91,103,116,130,145
,161,178,196,215,235,256,..

Minh hoa ty I¢ phan doan & mlrc mot
cua thuat toan Fibonacci-Haar (Hinh 2.1)

, bixels
-p- ><]vn—l
xN,. ., pixels

pixels
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Hinh 2.1 : Minh hga phan doan Fibonacci —-Haar
LL HL
"
Anh goc
LH HH
III. KY THUAT LIFTING 3. Ta dinh nghia mot toan tir cap nhat

K¥ thuat Lifting duoc gi6i thiéu lan
dau tién vao nam 1994 bai Swelden [1].
Phuong phap nay dua trén nén tang cia
bién d6i Wavelet nhung khéng sir dung
cac khai niém gian n¢ (dilatation) va dich
chuyén (translation). Lifting duoc st dung
trong thuat toan nén anh JPEG2000 [2].
Theo Sweldens, ky thuat Lifting hoat dong
nhu sau: tir mot tin hiéu c6 chiéu dai 2n, ta
6 thé thu vé dugc mot tin hiéu Xép Xi va
mot tin higu chi tiét, ca hai v6i chiéu dai n.
Dudéi day la qué trinh phan doan tin hiéu
va qua trinh dung lai tin hi¢u tir qua trinh
phan doan :

Qua trinh phan doan: bao gdbm 3 budc

1. Ta chia tin hi¢u S, thanh hai tin hiéu,
mot phan tin hiéu even chira dung céc
mau tin hiéu 1é va mot phan tin hiéu odd._
chtra dung cac mau tin hiéu chén. Ta c6: '

(odd, ,even, |):=Split(s)
2. Ta dinh nghia mdt toan ti dy: doan,
ky hiéu P cho phép du doan cac mau I¢ tur
cac mau chan:

d,_,=odd _-P(even, )

U cho phép bao toan trén mot phan tin hiéu
trung binh ctia tdp hop. Bit dau cac budc
lap tren céc tin hiéu ban déu, ) , lamot tin
hiéu x4p xi tir S, voity 1€ -1 Va d 1lamot
tin hi¢u chi tlet voity 1€ - 1:

S =even +U(odd )
J- J- J-

Qua trinh dung lai : qué trinh lifting
1a thuan nghich, qua trinh nguoc bao gdom
3 budce

. L Ta thu lai tin hiéu chén ban dau
bang cach nghich ddo toan tir cap nhat:
even, =S, - U(oddj_l)

2. Ta da biét cac mau tin hiéu chan va
toan tor du doan P, ta chi can nghich dao
todn tr trong qua trinh xay dung:

odaf/_ = 0daf/._ I-P(evenj_l)

3. Ta nhém lai tap hop céac tin hiéu
chanvalé:

S= Merge( oddl. B

Thuat toan phan doan va dung lai tin
hiéu dugc mi€u ta qua hinh 3.1 va 3.2 :

.even,

Hinh 3.1 : Qua trinh phan doan Lifting

even.
j-1

approximation
O
S

Jj-1

Split

6]

‘detail

P
\/

d

j-1
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Hinh 3.2 : Qua trinh xiy dung lai Lifting

even.
-

1

Merge —>

odd

J-1

IV. PHAN POAN ANH BANG
PHUONG PHAP XAC SUAT KET
HQP KY THUAT LIFTING

Han ché cua phuong phap Fibonacci
— Haar trong viéc lya chon mgt khoa p
phtt hop véi kich thude anh va chudi sb
Fibonnaci. Mot han ché nita 1 thuat toan
nay chi co thé 4p dung cho anh vudng
kich thudéc NxN pixels. V61 anh co kich
thude 256x256, ta khong thé chon khoa
p=1 hay p=2 vi s6 256 khong nim trong
day s Fibonacci twong tng. Hon nita véi
thuat toan da trinh bay, hacker hoan toan
¢6 thé tinh toan va du doan chinh xac ty 1€
phan doan anh & cac mirc dya vao diy s6
Fibonnaci. Cho nén vé do an toan va bao

mat thong tin, ching t61 khong danh gia
cao thuat toan nay.

Hoan toan dya vao y tudng cua
thuat toan Fibonacci-Haar, chung toi dé
xuit mot thuét toan phan doan anh theo
ty 1€ khac voi phan doan wavelet (50%
tin hiéu). V&1 anh c6 kich thuée NxM. Ta
sit dung mot bién xac suat ngau nhién p
dé chia ty 1& phan doan anh véi diéu kién
rang budc pe[0.2;0.8], dé dam bao anh s&
khong bi qué 1éch khi phan doan. Ta co
cac mau cua LF 1a tr 0... p, cac mau HF
la tr p...N. Hinh 4.1 minh hoa qua trinh
phan doan anh v6i 4 subbands & muc 1
v6i xac sudt p=0.4

Hinh 4.1: Phan doan anh bang phwong phap xic suit véi ty 18

N

N Image

Pé thyc hién bién d6i anh va trich
xuét ca hé s cua subbands, chung t6i str
dung k¥ thuat Lifting nhu da trinh bay trong
muc III. V&i mdi phan hoach LF va HF,

LF  HF
LL HL LF
LH HH HF

ta chia nho thanh cac khdi. SO luong cac
khéi trong mdi phan hoach 13 bang nhau.
Ta tién hanh bién d6i cac khdi bang hai
phuong phap sau day:
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Hinh 4.2 : So' @6 phin doan anh bing khéa xic suat

LF

HF

gpal[ggooilpppo

nno]ppo][pos

|

Lt

hedd d dtooe

y ¥

Y
ooaod Ooad O O

Phwong phdp 1: Cho mét hé sé LF
M@i hé s6 clia khdi s& duge bién doi
dé dat duoc : mot hé so LF, phan con lai s€
1a cac hé s0 HF. HE s0 LF' la gia tri trung
binh cua tat ca cac hé sé cua khoi. HE so
cua HF' thu dugc bang cach trir hé so6 trung
binh v&1 hé sO LF.
Dé bién d6i mot vector (a,b,c) —
(a'b'c'), ta co:
a' = (a+b+c)/3
b'=b-a'
c'=c-a’
voi a’1a hé sb cua LF
b'va ¢'1a cac hé sb cua HF
Phwong phdp 2: Cho mét hé sé HF
Phuong phéap bién d6i nay cho mot
hé s0 HF, phan con lai l1a cac h¢ s6 LF. Hé
s0 HF duoc tao ra bang cach trir di h¢ so
cudi cung cua khoi cho hé s6 trung binh
ctia khoi. Mdi hé s6 LF thu duoc bang

cach trir di hé s6 HF cho moi hé so cua
khoi tuong tng.

DPé bién ddi mot vector (a,b,c) —
(a'b'c'), ta co:
c'=c-(at+tb+c)/3
a'=a-c'
b'=b-c'
voi a'b'la cac hé s6 cuia LF
¢'1a céc hé sb cua HF
Hinh 4.2 mé ta so do phan doan mot
vector bang 1 khoa xdc suat . Vector nay
s€ dugc chia lam 2 phan hoach LF va HF
dua vao . Moi phan hoach sé& dugc chia
lam nhiéu khéi khac nhau. Ta ap dung hai

phuong phap dé trich xudt cac hé sd tir cac
khéi dé thu duge mot vector bién doi.

Pé 1am rd hon qua trinh bién doi,
chung t61 dua ra moét tin hiéu gém 12 mau
va duoc sap xép trong mot bang nhu hinh
4.3 va ap dung phuong phap phan doan
bang x4c suat.

Hinh 4.3 : Mt tin hi¢u gom 12 miu

sl 7lofn]4 ]

2151812 9 | 1 |

Ta chon mot x4c suit ngau nhién véi
= 5/12, vector dugc chia lam 2 phan

hoach. Mdi phan hoach duoc chia lam 2
khdi nhu hinh 4.4

Hinh 4.4 : Phin doan tin hiéu bing khoéa p = 5/12

LF

HF

s | 7] 9 12] 4

2215 18|12 9 | 1 |

Khéi 1 —
Khoi 2

Khéi 3

Khoi 4
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Ta thu dugc tin hiéu bién d6i ( hinh 2 cho ra 2 hé s6 HF va 3 hé s6 LF. Khéi 3

4.5) bang cach 4p dung hai phuong phap
vira dé xuat cho mdi khoi. Khoi 1 va khoi

cho 1 hé LF va hai hé sé HFE. Khéi 4 cho
mdt hé s6 LF va 3 hé sé HF.

Hinh 4.5 : Tin hiéu sau khi bién ddi

LF

3| 5 16| 15| 10

7o 2 v ]9]2 ] 1]

Dé bién d6i mot anh, ta ap dung
phuong phap bién d6i theo dong va theo
cOt theo tung phan hoach da cé dua theo
khoéa . Sau d6 ta 4p dung phuong phap bién
ddi nguoc theo cot Va theo dong bang 2
phuong phap trich xuit hé sb.

V. KET LUAN - THAO LUAN

Chung t61 vura trinh bay mot phuong
phap bién ddi anh bang phuwong phap xac
suat két hop véi k¥ thuat Lifting dya trén
¥ tuong thuat toan Fibonacci-Haar. Vé mit
ly thuyét thuat toan niy da khac phuc duge
nhimg han ché cua thuat toan Fibonacci-
Haar. Chting t6i dang hién thuc phuong
phap bién ddi nay trén MatLab. Trién vong
tuong lai chung t6i mong mudn kiém tra
kha ning nhung va thay doi thong tin ciia
phép bién d6i nay trén mién khong gian va
so sanh d0 bao mat voi phép bién doi thude
ho X-let (Ridgelet, Bandelet, Wavelet...).
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