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=b[jb^gZy ko_fZ njZdlZevghc dhfij_kkbb b d\Zglh\Zgby \_dlhjh\
^ey fZeuo [ehdh\

<Zlhebg >1K1
Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l (dmitriy@amc.ru)

:GGHL:PBY
< jZ[hl_ jZkkfZljb\Z_lky ihkljh_gb_ ]b[jb^gh0

]h njZdlZevgh]h Ze]hjblfZ1 Ijb \hkklZgh\e_gbb
bah[jZ`_gby bkihevamxlky/ dZd Znnbggu_ ij_h[jZ0
ah\Zgby/ lZd b \_dlhju ba keh\Zjy/ dZd ijb ko_f_
k`Zlby k bkihevah\Zgb_f d\Zglh\Zgby \_dlhjh\1
< hlebqb_ hl ba\_klguo jZ[hl memqr_gb_ oZjZd0

l_jbklbd Ze]hjblfZ ^hklb]Z_lky aZ kq_l baf_g_gby
Ze]hjblfZ h[jZ[hldb [ehdh\ fZeh]h jZaf_jZ1 < j_0
amevlZl_ ih\urZ_lky kl_i_gv k`Zlby bah[jZ`_gby
ijb lhf `_ dZq_kl\_ ih f_ljbd_ PSNR. Djhf_ lh]h/
aZf_lgh mf_gvrZ_lky \j_fy k`Zlby bah[jZ`_gbc/ aZ
kq_l mf_gvr_gby i_j_[hjZ [ehdh\/ h]jZgbq_ggh]h
lhevdh [ehdZfb ba VQ keh\Zjy. B/ gZdhg_p/ mf_gv0
rZ_lky dhebq_kl\h bl_jZpbc/ g_h[oh^bfuo Ze]h0
jblfm ijb \hkklZgh\e_gbb bah[jZ`_gby/ l1_1
mf_gvrZ_lky \j_fy jZaZjob\Zpbb1

DEXQ?<U? KEH<:
NjZdlZevgh_ k`Zlb_/ Ze]hjblf d\Zglh\Zgby \_d0

lhjh\ +Vector Quantization,/ d\Z^jh^_j_\vy/ PSNR/
hilbfbaZpby Ze]hjblfZ/ mkdhj_gb_ Ze]hjblfZ1

0. <<?>?GB?
NjZdlZevgZy Zjob\Zpby hkgh\ZgZ gZ lhf/ qlh fu

ij_^klZ\ey_f bah[jZ`_gb_ \ [he__ dhfiZdlghc
nhjf_² k ihfhsvx dhwnnbpb_glh\ kbkl_fu bl_0
jbjm_fuo nmgdpbc +Iterated Function System — ^Z0
e__ ih l_dklm dZd IFS, [1,2]1
Imklv lj_of_jgh_ Znnbggh_ ij_h[jZah\Zgb_
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b hij_^_e_gh gZ dhfiZdlghf ih^fgh`_kl\_ 5L

^_dZjlh\Z d\Z^jZlZ >3114@[>3114@1 Lh]^Z hgh i_j_\_^_l
qZklv ih\_joghklb 6 \ h[eZklv 'L jZkiheh`_ggmx
kh k^\b]hf +H/I, b ih\hjhlhf/ aZ^Zgguf fZljbp_c1
Ijb wlhf/ _keb bgl_jij_lbjh\Zlv agZq_gb_ 6 dZd
yjdhklv khhl\_lkl\mxsbo lhq_d/ lh hgZ mf_gvrblky
\ S jZa +ij_h[jZah\Zgb_ k`bfZxs__, b baf_gblky gZ
k^\b] T1
Dhg_qgZy kh\hdmighklv : k`bfZxsbo lj_of_j0

guo Znnbgguo ij_h[jZah\Zgbc ZL / hij_^_e_gguo
gZ h[eZklyo 5L / lZdbo qlh Z 5 'L L L+ , = b
D D i ji j∩ = ∀ ≠Θ / gZau\Z_lky kbkl_fhc bl_jb0
jm_fuo nmgdpbc1
Ij_h[jZah\Zgb_ h[yaZgh [ulv k`bfZxsbf/ ih0

kdhevdm wlh lj_[m_lky ^ey kms_kl\h\Zgby g_ih^\b`0
ghc lhqdb ^Zgghc kbkl_fu nmgdpbc/ ^Zxs_c gZf bah0

[jZ`_gb_ ijb ^_dhfij_kkbb1 Ijhp_kk ^_dhfij_kkbb
ij_^klZ\ey_l kh[hc ihke_^h\Zl_evgh_ ijbf_g_gb_
ihemq_gghc kbkl_fu nmgdpbc d ijhba\hevghc ih\_jo0
ghklb 6 ^h ihemq_gby g_ih^\b`ghc lhqdb1 Ijhp_kk
dhfij_kkbb/ ij_^klZ\ey_l kh[hc i_j_[hj h[eZkl_c \
bah[jZ`_gbb b ihbkd h[eZklb, gZbemqrbf h[jZahf
ijb[eb`Zxs_c bkdhfmx1

BKOH>GUC :E=HJBLF
H[eZklb 5L \ ^Zevg_cr_f [m^ml bf_gh\Zlvky

jZg]h\ufb/ Z h[eZklb 'L ² ^hf_ggufb1

RZ] 41 Ih^]hlh\dZ fgh`_kl\Z ^hf_gguo [ehdh\1
for (all domain blocks) {

dist ij  = MaximumDistance;

Dij  = image->CopyBlock(i,j);

}

RZ] 51 Ihbkd gZbemqrbo ij_h[jZah\Zgbc1
for (all domain blocks) {

for (all range blocks) {
current  Dhhj^bgZlu

l_dms_]h ij_h[jZah\Zgby;
R=image->CopyBlock(current);
current_dist=D ij .L2dist (R);

if(current_dist < dist ij ) {

dist ij  = current_dist;

best = current;
}
Save_Coefficients(best);

}
}

GZ ijZdlbd_ bkihevamxlky ko_fu k mf_gvr_gb0
_f i_j_[hjZ aZ kq_l jZa[b_gby [ehdh\ gZ g_kdhevdh
deZkkh\ b ijh\_^_gby kjZ\g_gbc lhevdh kj_^b [eh0
dh\ h^gh]h deZkkZ1 >ey ih\ur_gby kl_i_gb dhf0
ij_kkbb bah[jZ`_gb_ jZa[b\Z_lky d\Z^jh^_j_\hf gZ
b_jZjobq_kdmx kbkl_fm [ehdh\ jZaf_jZ1 >ey ijb\_0
^_ggh]h \ur_ Ze]hjblfZ wlh hagZqZ_l/ qlh ^ey \k_o
[ehdh\/ current_dist dhlhjuo \ur_ g_dhlhjhc
ij_^_evghc \_ebqbgu/ ^Zgguc [ehd jZa[b\Z_lky gZ 7
[ehdZ f_gvr_]h jZaf_jZ/ dhlhju_ ^h[Z\eyxlky \
g_dhlhjh_ \gh\v nhjfbjm_fh_ fgh`_kl\h ^hf_gguo
[ehdh\1 >ey knhjfbjh\Zggh]h lZdbf h[jZahf fgh0
`_kl\Z ijh\h^blky rZ] 5 Ze]hjblfZ1 JZa[b_gb_ ijh0
bkoh^bl ^h l_o ihj/ ihdZ g_ ^hklb]Z_lky aZ^ZggZy
kl_i_gv ijb[eb`_gby. <hafh`gu lZd`_ ^jm]b_ djb0
l_jbb jZa[b_gby [5/6/8].
<hafh`ghklv dhf[bgbjh\Zgby njZdlZevghc

dhfij_kkbb k Ze]hjblfhf VQ d\Zglh\Zgby \_dlhjh\
+Vector Quantization² \ ^Zevg_cr_f VQ Ze]hjblf,
[ueZ \ukdZaZgZ _s_ \ i_j\uo jZ[hlZo >`Zd\bgZ
[4/6] \ qZklghklb ^ey mkdhj_gby b ^ey ijb[eb`_gby
[ehdh\ k ©j_[jZfbª1 < [7] \hh[s_ ml\_j`^Zehkv/ qlh
VQ y\ey_lky qZklguf kemqZ_f h[h[s_ggh]h njZd0
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lZevgh]h ij_h[jZah\Zgby/ h^gZdh dhgdj_lguc Ze]h0
jblf ijb\_^_g g_ [ue1 Iha^g__ /HSVR\ mdZaZe >9@/
qlh MRSG-VQ (\ZjbZgl Ze]hjblfZ/ ]^_ VQ bkihev0
am_lky ^ey m^Ze_gby gbadhqZklhlghc khklZ\eyxs_c
ba bah[jZ`_gby) hq_gv [ebahd d njZdlZevghc dhf0
ij_kkbb1 B gZdhg_p/ \ [7,8] [ue ijb\_^_g Ze]hjblf
ihkljh_gby keh\Zjy ^ey [ehdh\ [hevrh]h jZaf_jZ
]b[jb^ghc VQ ko_fu1 >ZggZy klZlvy y\ey_lky jZa\b0
lb_f wlbo b^_c ^ey [ehdh\ fZeh]h jZaf_jZ1

1. HIBK:GB? :E=HJBLF:
IHKLJH?GB? =B;JB>GHC KO?FU
Ij_^eZ]Z_fuc f_lh^ y\ey_lky dhf[bgZpb_c Ze0

]hjblfZ d\Zglh\Zgby \_dlhjh\ b njZdlZevgh]h Ze]h0
jblfZ1 < g_f gZ ihke_^g_f wlZi_ jZa[b_gby/ dh]^Z
[ehd ^hklb]g_l jZaf_jZ 5o5 ibdk_eZ/ kjZ\g_gby ijh0
ba\h^ylky g_ k [ehdZfb ba bah[jZ`_gby/ Z k [ehdZfb
ba g_dhlhjh]h/ aZjZg__ ijhkljh_ggh]h fgh`_kl\Z/
gZau\Z_fh]h keh\Zj_f1 Khhl\_lkl\mxsb_ kljhdb
\lhjh]h rZ]Z Ze]hjblfZ \u]ey^yl lZd=

R=codebook->CopyBlock(current);
current_dist = D ij .L2 B5o5dist(R);

Bkihevah\Zgb_ hl^_evghc ijhp_^mju ih^kq_lZ L2

jZkklhygby f_`^m [ehdZfb kihkh[gh aZf_lgh mkdh0
jblv \uqbke_gb_ wlh]h rZ]Z Ze]hjblfZ1
:e]hjblf ^_dhfij_kkbb ijb ]b[jb^ghc ko_f_

kljhblky ZgZeh]bqgh1 >ey [ehdh\/ k`bfZ\rboky ih
klZg^Zjlghc ko_f_, bkoh^gu_ [ehdb [_jmlky ba \hk0
klZgZ\eb\Z_fh]h bah[jZ`_gby/ Z ^ey [ehdh\ k`b0
fZ\rboky f_lh^hf VQ — ba keh\Zjy/ dhlhjuc ojZ0
gblky \ ijh]jZff_ ^_dhfij_kkbb1
DZd ihdZaZeZ ijZdlbdZ/ \ kemqZ_ bkihevah\Zgby

f_lh^Z VQ ^ey [ehdh\ fZeh]h jZaf_jZ wnn_dlb\guf
klZgh\blky ijhklhc Ze]hjblf bg^_dkZpbb [ehdh\
bah[jZ`_gby/ \ lh \j_fy/ dZd \ h[uqghf Ze]hjblf_
emqrb_ j_amevlZlu ^Z\Ze DCT bg^_dk1 Wlh k\yaZgh k
l_f/ qlh ijb \hkklZgh\e_gbb bah[jZ`_gby \ i_j\hf
kemqZ_ ijhba\h^blky ba g_baf_gy_fh]h keh\Zjy/ Z \h
\lhjhf² ba bah[jZ`_gby/ \ dhlhjhf ijb \hkklZ0
gh\e_gbb [ehdb fZeh]h jZaf_jZ fh]ml kms_kl\_ggh
hlebqZlvky hl khhl\_lkl\mxsbo [ehdh\ bkoh^gh]h
bah[jZ`_gby1
LZdbf h[jZahf, jZa[b_gb_ [ehdh\ gZ deZkku wd0

\b\Ze_glghklb ijhba\h^blky k bkihevah\Zgb_f C-
\ujZ`_gby=
index=((p[0] > p[1])?0: 1) |
      ((p[2] > p[3])?0: 2) |
      ((p[0] > p[2])?0: 4) |
      ((p[1] > p[3])?0: 8) |
      ((p[0] > p[3])?0:16) |
      ((p[1] > p[2])?0:32);

DZd fh`gh ih^kqblZlv/ hgh ^Z_l 57 deZkkZ +Z g_
97,1 Wlh hagZqZ_l/ qlh ihbkd [ehdh\ [m^_l ijhbkoh0
^blv \ 57 jZaZ [uklj__1 Ijb wlhf/ ih j_amevlZlZf
wdki_jbf_glh\ gZ [hevrhf dhebq_kl\_ bah[jZ`_0
gbc/ mf_gvr_gb_ dhebq_kl\Z deZkkh\ ijZdlbq_kdb
g_ m\_ebqb\Z_l dZq_kl\Z bah[jZ`_gby1 LZdbf h[jZ0
ahf/ ihy\ey_lky \hafh`ghklv \k_]^Z bkihevah\Zlv

^ey [ehdh\ 5o5 fZdkbfZevgh_ dhebq_kl\h deZkkh\
wd\b\Ze_glghklb/ qlh kms_kl\_ggh m\_ebqb\Z_l kdh0
jhklv ijb [he__ lhqghf ijb[eb`_gbb bah[jZ`_gby1

JZkkfhljbf/ dZd kdZ`_lky ^Zggh_ ijbf_g_gb_
VQ Ze]hjblfZ gZ hkgh\guo oZjZdl_jbklbdZo njZd0
lZevgh]h Ze]hjblfZ/ Z bf_ggh² koh^bfhklb IFS d
g_ih^\b`ghc lhqd_/ kihkh[ghklb Ze]hjblfZ d fZk0
rlZ[bjh\Zgbx bah[jZ`_gbc +h^gZ ba \Z`g_crbo
oZjZdl_jbklbd$,/ kl_i_gb k`Zlby/ dZq_kl\_ bah[jZ`_0
gby/ kdhjhklb dhfij_kkbb b kdhjhklb ^_dhfij_kkbb1
I_j\uc imgdl ijhkl1 Hq_\b^gh/ qlh ^Zgguc ih^0

oh^ g_ fh`_l mom^rblv kdhjhklv koh^bfhklb/ ih0
kdhevdm kbkl_fZ ihemqZ_lky ba ij_^u^ms_c nZdlb0
q_kdb iml_f aZf_gu ij_h[jZah\Zgbc kbkl_fu dhg0
klZglZfb1 ;he__ lh]h/ fu gZ[ex^Z_f m\_ebq_gb_
kdhjhklb koh^bfhklb1

F:KRL:;BJH<:GB? BAH;J:@?GBY IJB
>?DHFIJ?KKBB
JZkkfhljbf/ dZd ih\eby_l bkihevah\Zgb_ ]b[0

jb^ghc ko_fu gZ kihkh[ghklv Ze]hjblfZ fZkrlZ[b0
jh\Zlv bah[jZ`_gby +jbk1 4,1 Ba\_klgh/ qlh ijb bk0
ihevah\Zgbb deZkkbq_kdh]h Ze]hjblfZ njZdlZevghc
dhfij_kkbb m\_ebq_gb_ bah[jZ`_gby \ jZaf_jZo ijb
jZaZjob\Zpbb iha\hey_l ihemqblv \ g_f ©gh\u_ ^_0
lZebª b oZjZdl_jguc rmf/ kms_kl\_ggh m\_ebqb0
\Zxsbc ©_kl_kl\_gghklvª m\_ebq_ggh]h bah[jZ`_0
gby1 < lh `_ \j_fy ba\_klgu_ Ze]hjblfu fZkrlZ[b0
jh\Zgby ^Zxl ijb_fe_fu_ j_amevlZlu lhevdh ijb
bkihevah\Zgbb ZiiZjZlZ jZkihagZ\Zgby h[jZah\1
=b[jb^gZy ko_fZ mf_gvrZ_l kl_i_gv \hafh`gh]h

fZkrlZ[bjh\Zgby ijb ijbf_g_gbb njZdlZevghc
dhfij_kkbb1 GZ jbkmgd_ 407 \b^gh/ qlh ijb m\_eb0
q_gbb bah[jZ`_gby \ 7 jZaZ hkgh\guf wnn_dlhf
ke_^m_l kqblZlv jZafu\Zgb_/ h^gZdh ijb [hevr_f
m\_ebq_gbb klZgh\ylky ohjhrh \b^gu ih\_joghklb/
dhlhjufb fu ijb[eb`Z_f bah[jZ`_gb_ b/ khhl\_l0
kl\_ggh/ ]jZgbpu f_`^m wlbfb ih\_joghklyfb1 H^0
gZdh g_evay ml\_j`^Zlv/ qlh ^Zgguc nZdl fh`gh
h^ghagZqgh ljZdlh\Zlv dZd k_jv_aguc g_^hklZlhd
]b[jb^ghc ko_fu1 Ih^h[gu_ ]jZgbpu fh`gh gZ0
[ex^Zlv b \ bkoh^ghf Ze]hjblf_/ ijhklh ohjhrh
aZf_lgu hgb klZgh\ylky ijb g_kdhevdh [hevrbo
m\_ebq_gbyo1

2. J?AMEVL:LU
IH<UR?GB? D:Q?KL<: BAH;J:@?GBY
Bkihevah\Zgb_ ]b[jb^ghc ko_fu k`Zlby kihkh[0

gh aZf_lgh ih\ukblv dZq_kl\h bah[jZ`_gby1 Wlh
ijhbkoh^bl ih lhc ijbqbg_/ qlh jZg__ \ bah[jZ`_0
gbb djZcg_ iehoh ijb[eb`Zebkv [ehdb k [hevrhc
dhgljZklghklvx1 Wlh [ueh k\yaZgh k l_f/ qlh qbkeh
lZdbo [ehdh\ \ bah[jZ`_gbb g_\_ebdh b/ khhl\_lkl0
\_ggh/ \_jhylghklv gZclb ih^h[guc ijb mkeh\bb/
qlh bkihevamxlky lhevdh k`bfZxsb_ ij_h[jZah\Z0
gby, g_\_ebdZ1 GZ jbkmgd_ 404 ijb\_^_g bkdmkkl\_g0
guc kemqZc/ dh]^Z \ g_[hevrhf bah[jZ`_gbb \hh[0
s_ hlkmlkl\mxl [ehdb/ ih^h[gu_ bkdhfuf1   
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Jbkmghd 404
Bkoh^gh_ bah0
[jZ`_gb_/ jZa0
f_jhf 7o7 lhq0

db

Jbkmghd 405 J_amev0
lZl dhfij_kkbb
deZkkbq1 Ze]1= bah0
[jZ`_gb_ bkihjq_gh

Jbkmghd 406 J_0
amevlZl dhfij_k0
kbb VQ Ze]1: hl0
ebqgh_ dZq_kl\h

Jbkmghd 407
FZkrlZ[bjh\Zgb_ k
94² m\_ebq_gb_ \

7 jZaZ

Jbkmghd 408
FZkrlZ[bjh\Zgb_
k 94² m\_ebq_0
gb_ \ 65 jZaZ

GZ ijb\_^_gguo bah[jZ`_gbyo ohjhrh \b^gh/ qlh deZkkbq_kdbc njZdlZevguc Ze]hjblf dhfij_kkbb ^Z_l hq_gv iehob_ j_0
amevlZlu/ _keb \ bah[jZ`_gbb ijbkmlkl\mxl fZeu_ j_adh dhgljZklgu_ h[eZklb/ g_ bf_xsb_ ih^h[guo bf h[eZkl_c f_gvr_]h
jZaf_jZ1 Ijbf_g_gb_ 94 ^ey ijb[eb`_gby fZeuo h[eZkl_c iha\hey_l ^h[blvky ^ey lZdbo bah[jZ`_gbc hlebqguo j_amevlZlh\1
OZjZdl_jgh/ qlh ijb ijbf_g_gbb ^Zggh]h f_lh^Z g_ l_jy_lky \hafh`ghklv fZkrlZ[bjh\Zlv bah[jZ`_gby1 Gh/ \ hlebqb_ hl bk0
oh^gh]h njZdlZevgh]h Ze]hjblfZ \ Ze]hjblf_ k bkihevah\Zgb_f 94 ijb fZehf m\_ebq_gbb ijhbkoh^bl jZafu\Zgb_ f_edbo
^_lZe_c/ Z ijb [hevrhf klZgh\ylky ohjhrh \b^gu ih\_joghklb/ dhlhjufb fu ijb[eb`Z_f h[eZklb bah[jZ`_gby1

< kemqZ_ deZkkbq_kdh]h Ze]hjblfZ +jbk1 405, wlh
ijb\h^bl d g_m^h\e_l\hjbl_evghfm ijb[eb`_gbx
^Zgguo mqZkldh\ bah[jZ`_gby/ Z \ kemqZ_ bkihevah0
\Zgby ]b[jb^ghc ko_fu +jbk1 406, fu ijhklh nhj0
fbjm_f keh\Zjv lZdbf h[jZahf/ qlh[u hg kh^_j`Ze
^hklZlhqgh_ dhebq_kl\h jZaebqguo [ehdh\ k \ukh0
dhc dhgljZklghklvx1 GZ jbkmgdZo 504 b 505 gZ ijb0
f_j_ bah[jZ`_gby lena ohjhrh \b^gh/ dZd ijbf_g_0
gb_ ]b[jb^gh]h Ze]hjblfZ m\_ebqb\Z_l dZq_kl\h bah0
[jZ`_gby1 AZf_lbf/ qlh gZ agZq_gby dhwnnbpb_glh\
yjdhklb b dhgljZklghklb \u^_e_gh h^bgZdh\h_ dheb0
q_kl\h [bl1

M<?EBQ?GB? KL?I?GB K@:LBY
M\_ebq_gb_ kl_i_gb k`Zlby \ ]b[jb^ghf Ze]h0

jblf_ ^hklb]Z_lky aZ kq_l ^\mo nZdlhjh\=

41  F_gvr_ dhebq_kl\h [bl/ g_h[oh^bfuo ^ey ojZ0
g_gby f_klhiheh`_gby [ehdZ \ keh\Zj_1 LZd/ gZ0
ijbf_j/ ^ey bah[jZ`_gby 589o589 lj_[m_lky 47
+:.:, [bl ^ey ojZg_gby dhhj^bgZl/ Z ijb bkihev0
ah\Zgbb keh\Zjy ^ey aZ^Zgby ghf_jZ [ehdZ \ihe0
g_ ^hklZlhqgh 44 [bl1

51  F_gvr_ dhebq_kl\h [bl/ g_h[oh^bfuo ^ey ojZ0
g_gby dhwnnbpb_glh\ ij_h[jZah\Zgbc ih yjdh0
klb b dhgljZklghklb1 < kbem hkh[_gghkl_c keh\Z0
jy <K? dhwnnbpb_glu yjdhklb y\eyxlky g_hl0
jbpZl_evgufb1 Wlh iha\hey_l wdhghfblv 4 [bl1
:gZeh]bqgh 4 [bl ijZdlbq_kdb [_a ihl_jb dZq_0
kl\Z bah[jZ`_gby fu fh`_f ihemqblv ijb kh0
ojZg_gbb dhwnnbpb_glh\ dhgljZklghklb1 >Zg0
gu_ j_amevlZlu ijhbeexkljbjh\Zgu gZ jbkmgdZo
:0<1

Jbkmghd 504 JZaghklv k bkoh^guf bah[jZ0
`_gb_f1 Bkoh^guc Ze]hjblf1

Jbkmghd 505 JZaghklv k bkoh^guf bah[jZ`_gb_f1
>ey [ehdh\ jZaf_jZ 5o5 bkihevah\Zg/ Ze]hjblf 941

Gb jbkmgdZo ijb\_^_gh \bamZevgh_ ij_^klZ\e_gb_ fh^mey jZaghklb bkoh^gh]h bah[jZ`_gby k bah[jZ`_gb_f ihke_
^_dhfij_kkbb1 DhgljZklghklv m\_ebq_gZ \ 65 jZaZ1 Ohjhrh \b^gh m\_ebq_gb_ dZq_kl\Z ijb[eb`_gby ^ey [ehdh\
fZeh]h jZaf_jZ \ l_o h[eZklyo/ ]^_ jZg__ g_ ^hklb]ZeZkv ijb_fe_fZy lhqghklv1 E_]dh aZf_lblv +kf1 jbk1 9,/ qlh wlh \
hkgh\ghf h[eZklb k \ukhdhc dhgljZklghklvx1
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Jbkmghd 604 Bah[jZ`_gb_ ihke_ \lhjhc bl_jZ0
pbb h[uqgh]h Ze]hjblfZ ^_dhfij_kkbb1

Jbkmghd 605 Bah[jZ`_gb_ ihke_ \lhjhc bl_jZ0
pbb ^ey ]b[jb^gh]h Ze]hjblfZ ^_dhfij_kkbb1

;he__ iehlgZy ebgby gZ ]bklh]jZffZo 7-1, 8-1, 9-
1 khhl\_lkl\m_l jZkij_^_e_gbx agZq_gbc dhwnnb0
pb_glh\ ^ey \k_o [ehdh\ bah[jZ`_gby ih kjZ\g_gbx
k khhl\_lkl\mxs_c ]bklh]jZffhc ^ey bkoh^gh]h
bah[jZ`_gby1 IehlgZy ebgby gZ ]bklh]jZffZo :05/
;05/ <05 khhl\_lkl\m_l jZkij_^_e_gbx agZq_gbc d0
lh\ ijb ijbf_g_gbb ]b[jb^ghc ko_fu lhevdh ^ey
[ehdh\ fZeh]h jZaf_jZ ih kjZ\g_gbx k jZkij_^_e_0
gb_f \ koh^ghf kemqZ_ ^ey [ehdh\ fZeh]h jZaf_jZ1
IjZ\u_ ]jZnbdb ² jZkij_^_e_gb_ iehlghklb dhwn0
nbpb_glZ dhgljZklghklb/ e_\u_ ² yjdhklb1 GZ wlbo
]bklh]jZffZo ^hklZlhqgh ohjhrh \b^gh/ aZ kq_l
q_]h fu ihemqZ_f ^hihegbl_evgh_ k`Zlb_1 ;he__
lh]h/ ZgZebabjmy bo fh`gh ijbclb d \u\h^m h \ha0
fh`ghklb ijbf_g_gby ^hihegbl_evguo f_lh^h\
mf_gvr_gby ba[ulhqghklb dhwnnbpb_glh\1

32 34 36 38 40 42 44

2

4

6

8

10

Original alg.
Algorithm with VQ

PSNR
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Jbkmghd 71 AZ\bkbfhklv kl_i_gb dhfij_kkbb hl
dZq_kl\Z bah[jZ`_gby \ f_ljbd_ PSNR. Bah0

[jZ`_gb_ lena

Gb`_ ijb\_^_gu agZq_gby \j_f_gb dhfij_kkbb
^ey wlbo wdki_jbf_glh\1

LZdbf h[jZahf/ fu ihemqZ_f \ub]jur \ 49053(
+\ aZ\bkbfhklb hl lh]h/ k dZdhc lhqghklvx khojZgy0
xlky dhwnnbpb_glu,1 AZf_lbf/ qlh p_gghklv wlh]h
^hklb`_gby aZdexqZ_lky \ lhf/ qlh ^Zgguc \ub]0
jur y\ey_lky g_ dhfijhfbkkguf/ l1_1 dZq_kl\h bah0

[jZ`_gby g_ mf_gvrZ_lky/ b \j_fy dhfij_kkbb g_
jZkl_l1 ;he__ lh]h/ wlb \_ebqbgu memqrZxlky1
GZ jbkmgd_ 7 ihdZaZgZ aZ\bkbfhklv kl_i_gb dhf0

ij_kkbb hl dZq_kl\Z bah[jZ`_gby1 Wdki_jbf_glu/
khhl\_lkl\mxsb_ h^bgZdh\uf ih ghf_jm lhqdZf \
\_jog_f b gb`g_f ]jZnbd_ \uiheg_gu ^ey h^bgZ0
dh\uo iZjZf_ljh\ Ze]hjblfZ1 <b^gh/ qlh gZb[hev0
rbc \ub]jur \ dZq_kl\_ fu ihemqZ_f ^ey g_[hev0
rbo kl_i_g_c k`Zlby/ dh]^Z klZgh\blky ^hklZlhqgh
[hevrbf dhebq_kl\h [ehdh\ fZeh]h jZaf_jZ/ k`Z0
luo k bkihevah\Zgb_f Ze]hjblfZ VQ.

MKDHJ?GB? :E=HJBLF: DHFIJ?KKBB
Mkdhj_gb_ jZ[hlu Ze]hjblfZ dhfij_kkbb ijhbk0

oh^bl ih lj_f ijbqbgZf=
41 J_adh mf_gvrZ_lky i_j_[hj [ehdh\ ijb ih^[h0

j_ hilbfZevgh]h [ehdZ1 L1_1 \f_klh lh]h/ qlh[u bk0
dZlv [ehdb/ gZbemqrbf h[jZahf ijb[eb`Zxsb_
bkdhfuc/ \ bah[jZ`_gbb fu bs_f bo \ keh\Zj_1 >ey
bah[jZ`_gby jZaf_jhf 845o854/ ijb iheghf i_j_0
[hj_ fu ihemqZ_f 97849 [ehdh\ jZaf_jhf 5o51 <
keh\Zj_ `_ m gZk \k_]h 845 [ehdh\1 LZdbf h[jZahf/
fu ihemqZ_f mkdhj_gb_ \ 459 jZa1 Hq_\b^gh/ qlh
_keb kjZ\gb\Zlv g_ k iheguf i_j_[hjhf/ lh \ub]0
jur [m^_l \ f_gvr__ dhebq_kl\h jZa/ h^gZdh _keb
mf_gvrZlv i_j_[hj [hevr_ q_f \ 49 jZa lh aZf_lgh
kgb`Z_lky dZq_kl\h bah[jZ`_gby ba0aZ lh]h/ qlh ih0
^h[gu_ [ehdb ^ey [ehdh\ fZeh]h jZaf_jZ hdZau\Z0
xlky g_ gZc^_gu1 Gh ^Z`_ \ wlhf kemqZ_ fu ihemqZ0
_f \ub]jur ijZdlbq_kdb gZ ihjy^hd1
51 Fh`gh bkihevah\Zlv [he__ ijhklhc b [ukljuc

Ze]hjblf bg^_dkZpbb [ehdh\1 DZd m`_ ]h\hjbehkv
\ur_/ ^ey hjb]bgZevgh]h Ze]hjblfZ emqrb_ j_amev0
lZlu ^Z\Ze ^hklZlhqgh ^he]bc ih \j_f_gb \uqbke_0
gby DST bg^_dk1 >ey ]b[jb^ghc ko_fu emqrb_ j_0
amevlZlu ^Z_l kms_kl\_ggh [he__ ijhklhc \ \uqbk0
e_gbb ©ijhklhcª bg^_dk1
61 Ijb bkihevah\Zgbb ijhklh]h Ze]hjblfZ bg0

^_dkZpbb [ehdh\ ^ey ihegh]h i_j_[hjZ b i_j_[hjZ k
jZa[b_gb_f fgh`_kl\Z [ehdh\ gZ fZdkbfZevgh_ dh0
ebq_kl\h deZkkh\ g_ ijZdlbq_kdb g_ baf_gy_lky dZ0
q_kl\h dhg_qgh]h bah[jZ`_gby1 Ihfbfh wnn_dlb\0
ghklb ijhklh]h bg^_dkZ ^ey [ehdh\ fZeh]h jZaf_jZ
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ijb ijbf_g_gbb ]b[jb^gh]h Ze]hjblfZ wlh hagZqZ0
_l/ qlh ijb aZ^Zgbb iZjZf_ljh\ fZdkbfZevgh]h dZ0
q_kl\Z/ ijb dhlhjuo ihbkd kj_^b [ehdh\ [hevrh]h
jZaf_jZ aZgbfZ_l kms_kl\_ggh_ \j_fy/ \j_fy ihbkdZ
^ey [ehdh\ fZeh]h jZaf_jZ ijZdlbq_kdb g_ baf_gy0
_lky +hklZ_lky fZeuf,1

3
83
433
483
533
583
633
683
733
783

Hjb]bgZevguc Ze]hjblf
=b[jb^gZy ko_fZ

Jbkmghd 81 <j_fy k`Zlby ^ey jZaguo agZq_gbc
kl_i_gb ijb[eb`_gby jbk1 4. KijZ\Z² agZq_0
gby ^ey [he__ \ukhdh]h dZq_kl\Z bah[jZ`_gby1

LZdbf h[jZahf/ bkihevamy \ Ze]hjblf_ \k_ ljb ba0
eh`_gguo \ur_ b^_b/ fu fh`_f gZ[ex^Zlv mf_gvr_0
gb_ \j_f_gb ihbkdZ ^ey [ehdh\ fZeh]h jZaf_jZ [he__/
q_f \ 83 jZa1GZijbf_j/ j_Zevgh fu ihemqZ_f agZq_gb_
95 jZaZ² mf_gvr_gb_ \j_f_gb ihbkdZ [ehdh\ fZeh]h
jZaf_jZ ^ey wdki_jbf_glh\ k gZb[hevrbf dZq_kl\hf
bah[jZ`_gby ^ey jbkmgdh\ 7 b 81
Jbkmghd 8 beexkljbjm_l baf_g_gb_ \j_f_gb

k`Zlby ^ey jZaguo agZq_gbc kl_i_gb dhfij_kkbb1
>Zggu_ ijb\_^_gu ^ey l_o `_ wdki_jbf_glh\/ qlh b
^ey jbkmgdZ 71 DZd e_]dh ihgylv/ kmffZjguc \ub]0
jur ih \j_f_gb hl ijbf_g_gby ]b[jb^ghc ko_fu
jZkl_l k 43( ijb fbgbfZevghf dhebq_kl\_ [ehdh\
fZeh]h jZaf_jZ ^h :8( ijb [hevrhf +:;( hl h[s_0
]h qbkeZ [ehdh\, dhebq_kl\_ [ehdh\ fZeh]h jZaf_jZ1

MKDHJ?GB? :E=HJBLF: >?DHFIJ?KKBB
Ihfbfh hibkZggh]h \ur_ mf_gvr_gby \j_f_gb

dhfij_kkbb bah[jZ`_gby/ fu ihemqZ_f lZd`_
mf_gvr_gb_ \j_f_gb ^_dhfij_kkbb1 Wlh ijhbkoh0
^bl aZ kq_l lh]h/ qlh m`_ k i_j\hc bl_jZpbb [ehdb/
dhlhju_ k`bfZebkv k bkihevah\Zgb_f VQ/ ihemqZ0
xl hdhgqZl_evgu_ ijZ\bevgu_ agZq_gby1 Khhl\_lkl0
\_ggh/ wlh \eby_l gZ kdhjhklv koh^bfhklb \k_]h
fgh`_kl\Z lhq_d bah[jZ`_gby/ \h0i_j\uo aZ kq_l
lh]h/ qlh _keb wlb h[eZklb kem`Zl jZg]h\ufb h[eZk0
lyfb ^ey ^jm]bo ^hf_gguo h[eZkl_c bah[jZ`_gby/
dhlhju_ m`_ dh \lhjhc bl_jZpbb ihemqZxl/ lZdbf
h[jZahf/ agZq_gby ^hklZlhqgh [ebadb_ d ij_^_ev0
guf1 <h0\lhjuo/ fu g_y\gh bkihevam_f k\hckl\h
dh]_j_glghklb h[eZkl_c \ bah[jZ`_gbb/ l1_1 lh/ qlh
baf_g_gb_ yjdhklb \ bah[jZ`_gbb ^ey khk_^gbo lh0
q_d h[eZklb dZd ijZ\beh g_\_ebdh1 Ijb mkj_^g_gbb
agZq_gbc lhq_d ^ey ihemq_gby jZg]h\uo [ehdh\ wlh
lZd`_ mkdhjy_l ihemq_gb_ ijZ\bevguo agZq_gbc1
GZ jbkmgd_ 9 ohjhrh \b^gh/ qlh ijb ijbf_g_gbb

Ze]hjblfZ k VQ m`_ d 80c bl_jZpbb g_ih^\b`gZy
lhqdZ IFS ^hklb]Z_lky b bah[jZ`_gb_ klZ[bebabjm0
_lky1 Jbkmgdb 604 b 605 ^_fhgkljbjmxl/ gZkdhevdh

ohjhrh ijb[eb`Zxlky h[eZklb k j_adbf baf_g_gb0
_f yjdhklb/ ^ey Ze]hjblfZ k bkihevah\Zgb_f VQ.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

25

30

35

40

Original alg.
VQ alg.

Jbkmghd 91 AgZq_gb_ PSNR^ey 4047 bl_jZpbc
^_dhfij_kkbb bkoh^gh]h b ]b[jb^gh]h Ze]hjbl0
fh\ ijb h^bgZdh\uo iZjZf_ljZo dhfij_kkbb1

Ohjhrh \b^gh/ qlh ijb bkihevah\Zgbb VQ/ ijZd0
lbq_kdb ij_^_evgh_ dZq_kl\h bah[jZ`_gby ^hklb0
]Z_lky m`_ gZ 80c bl_jZpbb/ \ lh \j_fy/ dZd \ hjb0
]bgZevghf Ze]hjblf_ bah[jZ`_gb_ klZ[bebabjm0
_lky lhevdh gZ :0c bl_jZpbb1

3. A:DEXQ?GB? B
I?JKI?DLB<U J:;HLU
Ij_^eh`_gguc Ze]hjblf hlghkblky d kemqZx/

dh]^Z mkeh`g_gb_ g_dh_]h ba\_klgh]h Ze]hjblfZ
iha\hey_l ^h[blvky memqr_gby ijZdlbq_kdb \k_o _]h
iZjZf_ljh\1 < ^Zgghf kemqZ_ aZ kq_l mkeh`g_gby
njZdlZevguo Ze]hjblfh\ dhfij_kkbb b ^_dhfij_k0
kbb fu ihemqbeb ^ey h^gh]h b lh]h `_ dhebq_kl\Z
Znnbgguo ij_h[jZah\Zgbc/ aZ^Zxsbo bah[jZ`_gb_=
41  M\_ebq_gb_ dZq_kl\Z bah[jZ`_gby1
51  M\_ebq_gb_ kl_i_gb k`Zlby1
61  Mkdhj_gb_ Ze]hjblfZ dhfij_kkbb1
71  Mkdhj_gb_ Ze]hjblfZ ^_dhfij_kkbb1
;eb`Zcrb_ i_jki_dlb\u jZ[hlu=

41  Bkke_^h\Zgb_ kl_i_gb wnn_dlb\ghklb k`Zlby
dhwnnbpb_glh\ yjdhklb b dhgljZklghklb k ih0
fhsvx LZW Ze]hjblfZ1 Bkoh^y ba \b^Z ]jZnb0
dh\ iehlghklb jZkij_^_e_gby fh`gh ij_^iheh0
`blv wnn_dlb\ghklv k`Zlby ^h 880;8( ^ey dh0
wnnbpb_glZ yjdhklb b 58098( ^ey dhwnnbpb_glZ
dhgljZklghklb1

51  HibkZggZy ko_fZ [m^_l wnn_dlb\gZ b ^ey [ehdh\
jZaf_jhf 7o7 ibdk_eZ gZ [hevrbo bah[jZ`_gbyo1
Ihwlhfm ^hklZlhqgh ijh^mdlb\guf gZijZ\e_gb0
_f \b^blky Z^ZilZpby f_lh^h\ VQ ^ey [ehdh\
[hevr_]h jZaf_jZ1

61  Ko_fZ iha\hey_l kha^Z\Zlv ^_e_gb_ bah[jZ`_gby
gZ d\Z^jh^_j_\h ijb fbgbfZevghf jZaf_j_ [eh0
dZ \ 6o6 ibdk_eZ1 LZdbf h[jZahf fh`gh kljhblv
ko_fu k [hevr_c \_ebqbghc dhfij_kkbb/ hkgh0
\Zggu_ gZ [ehdZo/ \_ebqbghc 6Â5n.
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EBL?J:LMJ:
>4@ $1(1 -DFTXLQ/ ©,PDJH FRGLQJ EDVHG RQ D IUDFWDO

WKHRU\ RI LWHUDWHG FRQWUDFWLYH LPDJH WUDQVIRUPD0
WLRQVª ,((( 7UDQV1 ,PDJH 3URFHVVLQJ 4 +4<<5, 4;0
631

>5@ <1 )LVKHU/ ©)UDFWDO LPDJH FRPSUHVVLRQª/ 6LJ*UDSK <51
>6@ $1(1 -DFTXLQ/ ©)UDFWDO LPDJH FRGLQJª $ UHYLHZ

3URFHHGLQJV RI WKH ,((( ;4/43 +4<<6, 4784047981
>7@ 01 *KDUDYL0$ONKDQVDUL/ 71 +XDQJ/ ©)UDFWDO EDVHG

WHFKQLTXHV IRU D JHQHUDOLVHG LPDJH FRGLQJ
PHWKRGª 3URF1 ,((( ,&,30<7/ $XVWLQ/ 7H[DV/ 1RY
4<<71

>8@ 01 %DUQVOH\/ /1 +XUG/ ©)UDFWDO ,PDJH &RPSUHV0
VLRQª AK Peters1 4<<6

>9@ 61 /HSVR\/ ©%ORFN0EDVHG DWWUDFWRU FRGLQJ= 3RWHQ0
WLDO DQG FRPSDULVRQ WR YHFWRU TXDQWL]DWLRQª &RQ0
IHUHQFH RQ 6LJQDOV/ V\VWHPV DQG &RPSXWHUV/ SS1
48370483;/ 4<<6

>:@ 710XUDNDPL .2$VDL/ (2<DPD]DNL1 ©9HFWRU TXDQ0
WLVHU RI YLGHR VLJQDOVª/ (OHFWURQLFV /HWWHUV : +4<;5,
433804339

>;@ 51 +DP]DRXL/ 010XOOHU/ '16DXSH ©940HQKDQFHG
IUDFWDO LPDJH FRPSUHVVLRQª ,((( ,&,3¶<9

><@ b1f1 Æjzvsqt1 %L_g^_gpbb jZa\blby Ze]hjblfh\
Zjob\Zpbb ]jZnbdb% Hldjulu_ kbkl_fu1 1071
AbfZ 4<<8

The hybrid method of a fractal image
compression and vector quantization

for the small size blocks

9DWROLQ '161
0RVFRZ 6WDWH 8QLYHUVLW\ GPLWUL\#DPF1UX

,Q WKH DUWLFOH FRQVWUXFWLRQ RI IUDFWDO LPDJH FRPSUHV0
VLRQ DOJRULWKP/ EDVHG RQ WKH K\EULG FLUFXLW LV FRQVLG0
HUHG1 $W GHFRPSUHVVLRQ RI WKH LPDJH DIILQH WUDQVIRUPD0
WLRQV DQG 94 YHFWRUV IURP WKH GLFWLRQDU\/ DV DUH XVHG DW
WKH PHWKRG RI 9HFWRU 4XDQWL]DWLRQ1 2IIHUHG DOJRULWKP
DOORZV WR LQFUHDVH D GHJUHH RI WKH LPDJH FRPSUHVVLRQ DW
WKH VDPH 3615 TXDOLW\1
,Q D QHZ PHWKRG VHDUFK restrictedRQO\ WR EORFNV

IURP WKH 94 GLFWLRQDU\/ and WLPH RI FRPSUHVVLRQ DS0
SUHFLDEO\ GHFUHDVHV1 $QG/ DW ODVW/ DPRXQW RI LWHUDWLRQV/
QHFHVVDU\ IRU GHFRPSUHVVLRQ DOJRULWKP RI WKH LPDJH/
GHFUHDVHV/ L1H1 GHFRPSUHVVLRQ WLPH GHFUHDVHV1

4. IJBEH@?GB?
Bah[jZ`_gb_ k bkdmkkl\_ggh ih\ur_gghc dhgljZklghklvx

Jbkmghd :04 Bah[jZ`_gb_ OHQD

Jbkmghd :05 =bklh]jZffZ jZk0
ij_^_e_gby iehlghklb yjdhklb

\ bah[jZ`_gbb

lower upper

100 0 100 200
0

115

230

lower upper

0 50 100
0

50

100

=bklh]jZffu :04 Iehlghklb jZkij_^_e_gby yjdhklb b dhgljZklgh0
klb \k_o [ehdh\ ih kjZ\g_gbx k bkoh^guf bah[jZ`_gb_f

lower upper

100 0 100 200
0

165

330

lower upper

0 50 100
0

70

140

=bklh]jZffu :05Iehlghklb jZkij_^_e_gby yjdhklb b dhgljZklghklb
[ehdh\ 5o5 \ deZkkbq_kdhf kemqZ_ +bko1, b ijb bkihevah\Zgbb VQ
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Bah[jZ`_gb_ k ihgb`_gghc dhgljZklghklvx

Jbkmghd ;04 Bah[jZ`_gb_ OHQD

Jbkmghd ;05 =bklh]jZffZ jZk0
ij_^_e_gby iehlghklb yjdhklb

\ bah[jZ`_gbb

lower upper

100 0 100 200
0

200

400

lower upper

0 50 100
0

50

100

=bklh]jZffu ;04 Iehlghklb jZkij_^_e_gby yjdhklb b dhgljZklgh0
klb \k_o [ehdh\ ih kjZ\g_gbx k bkoh^guf bah[jZ`_gb_f

lower upper

100 0 100 200
0

105

210

lower upper

0 50 100
0

50

100

=bklh]jZffu ;05Iehlghklb jZkij_^_e_gby yjdhklb b dhgljZklghklb
[ehdh\ 5o5 \ deZkkbq_kdhf kemqZ_ +bko1, b ijb bkihevah\Zgbb VQ

Bah[jZ`_gb_ k ih\ur_gghc yjdhklvx

Jbkmghd <04 Bah[jZ`_gb_ OHQD

Jbkmghd <05 =bklh]jZffZ jZk0
ij_^_e_gby iehlghklb yjdhklb

\ bah[jZ`_gbb

lower upper

100 0 100 200
0

50

100

lower upper

0 50 100
0

50

100

=bklh]jZffu <04 Iehlghklb jZkij_^_e_gby yjdhklb b dhgljZklgh0
klb \k_o [ehdh\ ih kjZ\g_gbx k bkoh^guf bah[jZ`_gb_f

lower upper

100 0 100 200
0

50

100

lower upper

0 50 100
0

50

100

=bklh]jZffu <05Iehlghklb jZkij_^_e_gby yjdhklb b dhgljZklghklb
[ehdh\ 5o5 \ deZkkbq_kdhf kemqZ_ +bko1, b ijb bkihevah\Zgbb VQ
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