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TOM TAT: Nén dnh la mot link vuc da dugc phdt trién hon 30 ndm
qua, va dd co rdt nhiéu tdc gid, céng trinh da nghién ciu vé linh lc nay. Hién
nay cé nhidu ky thudt dugc dua ra nhi nén dnh cé tén hao hodc khong 16n hao.
Trong nén dnh cé ton hao ciing cd cdc ky thudt khdc nhau, nhung cdc ky thudt
dugc nghién citu nhiéu nhdt la fractal, va nén dnh dya trén cdc phép bién aoi
nhw DCT, Fourier, hodc Wavelets,..Trong dé tai nay chiing t6i nghién citu mjt
k§ thudt nén dnh dua trén sy két hop giita ky thudt nén khong tén hao vdi hai
ky thudt nén cé t6n hao la fractal va bién ddi wavelets. Qua thuc nghiém chiing
16i thdy rdng phuong phdp nay da dem lai higu qué 161 hon so vdi cdc phuong
phdp nén fractal va wavelets riéng lé.

1.S0 LUGC VE NEN ANH FRACTAL
Nén anh Fractal 12 mot k§ thudt trong viéc md cdc dnh. NG dua trén tinh ty tuong to cla
inh. Y tudng nay ddy tién dugc 1dy ti 1y thuy€t todn hoc dugc goi 1a “HE thong ham
lap”(Iterated Function System-IFS), dugc phat trién tiY nim 1991 bdi John Hutchison. Tuy
nhién Barnsley va Demko|[1] lai 12 ngudi dau tién dua IFS vao dnh xa co. N6 thich hgp cho
viéc biéu dién cdc tin hiéu va hinh dnh biing cdc ham. Muc dich clia nhitng phuong phdp
ki€u IFS 1 x4p xi c4c hinh 4nh hodc tin hiéu bdi cdc ham dudc tao ra bing cich 13p lai thao
tdc dya trén IFS.
Trong ma khdi fractal([2]-[5]), nhitng kh&i dnh dugc thay ddi ty 18 va xap xi bdi cdc khdi
dnh khéc trong dnh. Trudc tién ching ta chia dnh c6 kich thude 2Nx2N thanh cédc khéi 4nh
(block) (khéng chdng nhau), {Rg}, ¢6 kich thuée 25x28 v6i V 1a vi tri ciia cdc khoi 2°x2%;
VeEg & day Eg={(i,j): i,jeZ va 0<i,j <2V®}. Cdc kh&i ndy duge goi 12 cdc range block. Muc
dich ciia nén fractal 1a xap xi mdi range block nay vdi cdc block thuc b ma, dugc tao ra tir
~ cdc domain block {Rg.} ¢6 kich thudc 2°x2°, véi V’ €Ep, & day Ep={(i,j): i,jeZ va 0<i,j <2
D }. B6 ma dudc tao ra tif cdc domain block bing cdc thao tdc sau:
Average-subsample, A: Tinh trung binh cdc khéi 4nh theo ¢4 hai chiéu ngang va doc:

AR (i) = %[Rg(zi,zj) +R2(2i,2)+1) +RE(2i +1,2j) + R (2i +1,2j+1)]

Chiing ta cin 4p dung D-B lan thao tic A, A®®, d€ tao thanh cdc block ¢6 kich thudc Pyl
tir cdc block c6 kich thuge 2Px2°.

Isometry, L: C6 8 isometry bao gém cdc phép quay quanh tdm va quay quanh cdc truc.
Chiing ta thé hién tdp cdc isometry 1a {L;,1<i<8}. :

“Muc dich ciia ma khéi fractal 1a tim mdt tdp cdc thong s8 t6i wu {ay,bv,i,V’} d¥ng véi mbi
range block RY trong s0 cdc xdp xi:
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RE ~ay L A®PRE +byl,
sa0 cho sai s [RE —(ay LA PR +by1,)| 12 16i tiéu.

M3 khd&i fractal cho anh Lic d6 bao gdm tap cdc thong s6 {av,by,i,V’} @ng v6i mbi range
block R trong viing range.
2. XAP XI FRACTAL TREN CAC HE SO WAVELETS
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Hinh 1. Qud trinh m& rong cdc hé so wavelets

Trong nén &nh Fractal chiing ta xap xi mdt tdp cdc khoi c6 kich thude 28x2® (goi 1a cdc
range block) sit dung mot tdp cdc khoi c6 kich thudc 1dn hon (goi 12 cdc domain block).
Chiing ta c6 thé khdo sat cdc thao tdc ki€u IFS nay trén céc hé s§ cla bi€n ddi wavelets.
Trong phép bi€n ddi wavelets([6]-[9]), 4nh nguyén thuj dugc tich ra thanh bon dang
subband chinh, tuong Wng v&i cdc thanh phdn tdn s 12 LL(low-low), LH(low-high),
HL(high-low), va HH (high-high). Cdc hé s6 thudc subband LL dugc goi 12 cdc hé sd
scaling, con cdc hé s0 thudc 3 subband con lai dugce goi 1a cdc hé s6 wavelets. Cdc hé s6
scaling Ivu nhiéu thong tin cGa dnh hon do d6 s& dudc nén theo phuong phdp gan nhu khong
t6n hao. Con céc hé s& wavelets luu it thong tin ca 4nh nén ta c6 thé dung phuong phap
nén c6 t8n hao. Cdc hé s6 wavelets & miic cao ¢ thé duge xap xi tif cdc hé s6 & mic thap
hon. Hinh 1 minh hoa cho ¥ tudng nay. Cdc hé s6 wavelets c¢6 thé dugc t8 chiic theo dang
cdy nhu hinh 2.
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Hinh 2. Dang cdy ctia cdc hé s8
Cho w )i 1ahé s8 wavelets § mifc j, vi trf (k,1) va & chiéu Q (Q c6 thé 1a HH, HL, LH). Mdi
hé s6 wavelets cha c6 bdn con, d6 1a cdc hé s6 wavelets § mifc j+1; w2, wil? |

j+1,0 P j+1,0 5 14 43 i Q
wib®, va willl |, c6 cung chieu v6i w}} . Céc hé s§ trén dudng di t¥ w }{ dén nit
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gdc dugce goi 1a cdc t6 tién clia w i, cdc hé s6 trén dudng di tif w 9 @€n céc nit 14 duge
goi la cdc con chdu clia w{f . Cho S} 1a mdt cay con bao gdm céc hé s8 c6 toa do (k,1)

thudc ba chiéu HH, HL, LH & mifc j cing v6i cdc hé s8 cla cdc con clia ng. Trong nén dnh
fractal trén cdc hé s6 wavelets chiing ta s& xap xi cdc cdy con nay véi cdc cay con & mifc
thap hon, nhu minh hoa & hinh 3, chiing ta goi day 1a phép bié€n ddi IFS-wavelets.

Hinh 3. Sy x4p xi cdia c4c cdy con

G wavelets Haar, mdi ciy con § J | s& tuong @ng v6i cdc khdi 6 kich thude 1a 2Mx2™ cia

dnh c6 kich thude 2"x2" véi véi géc trén trdi tai (29, 12M9). Bay gios chiing ta khdo sit cdc
hanh vi dugc d4p dung trén cdc cdy con nay twong Wng vdi cdc hanh vi 4p dung trén cdc khdi
con ¢ ma hod fractal. Thao tdc ddu tién d6 1a cdt cdc 14 clia cdy va dich phan con lai dén
mifc cao hdn; thao tdc nay tuong tv nhu thao tdc average-and-subsample, né s& lam cho
chiéu cao clia ciy gidm di mot(hinh 4).
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Hinh 4. Cdt cdc mit 14 cda cdy va dich chuyén
dén mitc cao hon

Thao tdc thit hai la isometry: Ciy con tuong @ng v6i isometry clia mot khdi con ciia dnh, ¢
thé tim dugc tif ciy con tudng ng vdi khdi con ciia dnh biing céch:
- Thuyc hién ciing isometry clia dnh trén tat cd cdc mifc clia cdy con
- Ho4n d8i giffa cdc subband HL va LH (khi isometry la quay quanh dudng chéo chinh
hodc quay 90 do)
- DGi ddu cdc hé s6 clia cdc subband néu cén thiét.
Cic isometry bi€n mdt subband R ¢6 kich thudc rxr thanh subband R’ ¢6 dang nhu sau:
Subband R —="#¢ 5 Subband R’
e Quay 90 dd: R’[i,j]=R[j,r-i-1]
e Quay 180 d: R’[i,j]=R[r-i-1,r-j-1]
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s Quay 270 do: R’[i,j]=R[r-j-1,i]
e Quay quanh truc x: R’[i,j]=R[r-i-1,]]
e Quay quanh truc y: R’[1,j]=R[i,r-j-1]
e Quay quanh dudng chéo chinh: R’[i,j]=R[j,i]
e Quay quanh dudng chéo phu: R’[i,j]=R[r-j-1,r-i-1]
Phép bién déi IFS-wavelets 2 chiéu yéu cau dnh xa cdc cdy cha clia cdc hé s6 wavelets
thanh cdc cdy con thap hon. Pau tién can phdi xdc dinh cdc mitc cha va mifc con, gid s 12 j;
VA j2, VGi j1<j2. Sau d6 dng vdéi mbi cdy con Sﬁz] , vGi 0<k,1<2% -1, chiing ta dinh nghia mot
phép bi€n déi:
Pkl:sf;(k.l)ﬁéiz,u §izl =gkl ii 4 Sf:l(k,x)
gi: 12 hé s6 co gidn
A :1a phép cdtcéc s va dich cdy con
ﬁi : 1a phép isometry
n(k,)=(k’,I'): toa do clia cdc cdy con & mic ji. sao cho d(SP,gu L, 4 Shyy) €6 gid tri
nhd nhat. i
Goi bién d6i M 1a tap cla cdc bién ddi Py,.
Cho IeL*(X) 12 mot 4nh dich va GeL*N) 1a sy md rong wavelets clia né. Ching ta s& tim
x4p xi G bdi G ciia phép bién d8i co IFS-wavelets M.
Tur dinh 1y Collage[5], viéc x4p xi ndy ddi héi phdi t6i tiéu hod khodng cdch giita cdc cdy
con. Khodng cdch nay c6 thé dugc tinh theo cdc cong thitc sau:

a) d=) dy
1

k
b) d= }Zdﬁl
k1
c) d=NdekN,
kl

d) d= d
) TiAxG,

kl?

v6i dy=d(S%,, 5/2), 0<k,1<2% -1. D€ don gidn chiing ta c6 thé chon d= maxdg .

Chiing ta cin phai tim 4nh xa © dé cho khodng cdch dy 12 t8i thiu. K&t qua t6i uu dat dugc
khi su t6i ti€u hod dudc thuc hién véi tdt cd nhitng bd (k’,1’) c6 thé cé, vdi 0<sk’,I’<2! -1.

Viéc tim ki€m ciy cha can x4p xi ¢6 thé dudc thuc hién theo theo ba cdch sau:
- Chon ciy chifa ciy con l1a cdy cha c4n xdp xi
- Tim ki€m cédy cha cidn x4p xi trong mét tdp cdc cdy cha thod man mdt s6 tinh chat
nao doé '
- Tim ki€m ddy dd trén tat cd cdc cdy cha c6 thé c6.
Dé dang thdy riing, khi di tif trén xudng thi chi phi tinh todn va ma hod s& ting, nhung né lai
cho dd chinh xdc cao hon.
Trong cdc \ng dung thuc t€ dé trdnh cho viéc tinh todn phiic tap, khodng cdch dy c6 thé
dugc tinh theo cdng thiic sau:
diy=<Sf-St, Sf-8k>

=<, Si’j— gklfli .;1 Sj:(k‘,), Sﬁ- gklii 2! S;irl(k,l)>
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=<S$',Sij >-2< SI{Z.'I’ gkl I’i A Sjrl(k,l)>+< 4% Li A Sjrl(k.l)’ 2kl Li A Sf:(k,l)>
—Y h-12ik+23-127142)-1 " L
2t i i, ; Lo . ~ -3 Pl | e
vOi <SPy, SE>=3"% > D wil.Wiy; hla chiéu cao ciia cdy; wy, 12 he s6 wavelets
Q j=0 w=2ik v=2)I

thudc cdy con Siif,x ; Wi 1a hé s6 wavelets thudc ciy con §f§|
Lic dé hé sO £kl 161 vu 1a:
b ey
opt (Sﬁ % LiAS“l(k:l) )
By =7 = TR
j j
(LiAS‘n‘(k,lPLiASnl(k,l))

va gid tri di; ldc d6 sé la:
dy =<8J,85 > g’ < izl"i’i"asfrl(kl) 2
Chiing ta s& luu 4nh nén bing cdch luu cdc thong s6 sau:
- Cip cdc mifc xap xi (ji, jo)
- Céc hé s6 wavelets § mic j,-1
- Céc hé s gy, isometry i va cdc gid tri cia n(k,l) ¥ng véi mdi bd gid tri (k,1).

3. CAC KET QUA PAT BUGC

Ap dung phuong phdp ma hod nay, s& cho ra ty s& nén rdt cao v6i chit lugng 4nh t8t hon so
v6i mot s8 phuong phép khédc. Cac hé s8 thudc ving tin s§ thdp sau khi thyc hién bi&n doi
wavelets c¢6 thé dugc Iugng t va mé hod theo phuong phdp mi s6 hoc.
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Hinh 5. Minh hoa quan hé giita PSNR va ty s6 nén ciia 3 phuong phdp.

Hinh 5 minh hoa su so sdnh clia cdc phuong phdp ma héa dya trén ham PSNR va ty s8 nén.
Pudng dudi ciing dudc xdy dung dua trén phuong phdp nén chi fractal[5], v6i phuong phdp
nay khi ty s8 nén cang cao thi PSNR s& gidm di rat nhanh, chat lugng dnh sé& bj gidm di rat
nhiéu. Pudng thi hai dugc xay dung dua trén phudng phdp nén wavelets. Pudng thi ba
dugc xdy dung dua trén phwong phdp nén fractal két hgp véi bi€n ddi wavelets. Theo
phudng phdp nay thi khi tj s& nén cing cao, chat lugng clia 4nh s& cang tot hon so véi
phuong phdp wavelets & cling ty sd.

" Du6i day 13 dnh c6 kich thude 512x512 ¢6 midc x4m 13 256 dugc nén va gidi nén st dung
phuong phap nay so vdi phuong phdp mi fractal.
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Hinh 6. a) Anh Lena 512x512 dugc nén & tj s6 60.6:1(PSNR=24.9) biing gidi thuit nén
fractal; b) Anh phai dugc nén & ty s6 99:1 (PSNR=26.375) bing thudt gidi fractal trén cdc hé
s6 wavelets

4. KET LUAN

Trong bai bdo nady, ching tdi da trinh bay mdt phuong phdp nén anh finh fractal trén cic hé
s8 clia bi€n ddi wavelets. O day tinh ty twong ty cdc cdy con clia hé s6 wavelets § cdc miic
dugc sit dung, va xap xi cdc cdy con nay bing phuong phép fractal. K§ thudt ndy cho ty s6
nén rit cao vdi chit lugng dnh twong ddi tot. Tuy nhién mot nhuge diém 1a thdi gian nén con
16n. Trong twong lai c6 thé céi ti€n phuong phdp t5i wu hod (ding k§ thuat heuristic ching
han), cling nhu k¥ thuat x& 1y song song dé gidm thdi gian nén; dong thoi xem xét bai todn
nén anh video d€ c¢6 thé dua vao cdc ing dung thdi gian thuc.

FRACTAL IMAGE COMPRESSION BASED ON COEFFICIENTS OF
WAVELET TRANSFORM

Nguyen Huu Anh, Huynh Trung Hieu

ABSTRACT: This paper presents an image coding technigue that combines properties
of fractal coders and wavelet transforms, where self-similarities among wavelet subtrees are
used for representing similar regions at different resolutions in the image. The highpass filter
coefficients are coded by fractal method, the lowpass filter coefficients are coded through in a
near lossless manner, and consequently we achieved good image compression quanlity at very
high compression ratios. ‘
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