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Fast Block Matching Method for Fractal Image Coding
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and HONG YANtt

This paper presents a fast block matching technique for fractal model based image data
compression. In fractal coding, domain blocks (block size DxD) are searched and the do-
main block most similar to a given range block (block size RXR, R<D) is selected as the
best matching domain block, and the address of the best domain block is transmitted to the
recieving side. This search can be time consuming. We propose a new technique to improve
the encoding time and the data compression ratio. In our method, we target as the best
match, the domain block that comprises the pixels of the given range block and those pixels
not more than three pixels away from the particular range block. By computer simulation, it
was shown that in comparison with current method, the number of searches required to get
the best match is reduced by about 60.5~75.6% and the bit rate also is reduced by about
0.054~0.112 bits/pixel. At the expense of about 0.08~0.48 dB SNR, picture quality of around
34.16~35.06 dB can be obtained. The required number of iterations at the decoder was three
or four. This is not a problem because the decoding process is simple.
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Table 1 Code length for each address data and amplitude data.
Image size [352x288](256x256)
Proposed methods
Use of No use of Current method
Block neighboring eight | neighboring cight
Kind of codes|Bits |Kind of codes|Bits |Kind of codes|Bits
lat - 0 - 1] - Q
Center. fat+fc 2 fa 1
Neighboring .
Address Nonflag | eight fatfotan | 5 . 071 aust 1161
fa+tao+t (15)
oth v 117 (16)
thers araott | o
i Elat fr+m 9 fr+m 9 frem 9
d
Amplitu Nonflat frem+s 16 fr+m-+: 16 fremss 16

fa: Flag of with priority usc or without priority use = |

[bits]

fc: Flag of center or the others = 1
fr: Flag of kind of range block = 1

an: Address data of neighboring eight blocks = 3
a0: Address data of other blocks = [13](12)
au: Address data in the current method = [13](12)

t: Data for transform = 3
m: Mean value = 8
s: Scaling factor =7
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Table 2 Subjective assesment of the quality for T1

Mean[Standard deviation]

Image
TlI=0 TI=2 T1=3 Tl=4 Tl=6 Tl =12
Claire 3.97(0.86]| 3.95{0.92]| 4.30[0.711| 3.75[0.88]| 3.35(0.96}| 2.65[1.35]
Lenna 4.35[0.93]1 4.20[0.87] | 4.15[0.79] | 3.80[0.81]{ 3.70[0.90]| 3.05{1.02]
Miss America | 4.26{0.92]] 4.00[0.94]| 4.20[0.60}| 4.0010.94]| 3.50[1.07}] 2.70[1.34]
Salesman | 4.28[0.92]| 4.50[0.59]| 4.50{0.671| 4.00[0.63]| 3.85[0.85]| 2.50[1.16]
Table Tennis | 4.51[0.96] | 4.40{0.86]| 4.35[0.90]| 4.40[0.86]| 4.55[0.80]| 3.40[1.11}
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0BT AHME (T3) 2T 5. T2, T3
22T, Ly y7ay 7 EqulEEENlE L WK X
A7y s, FFO8EEDOR AL yT 0y 7&Kk
WAL 70y 78T 588, FORHAN ALV
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®£3 REF AL TOY 2708E (6 X dev(r))

Table 3 Error (§ x dev(r)) of best match domain block -

(for 8x8){for 6x6]
Image Max. Mean Min.
Claire (23.55)[25.01] (3.25)(3.17] (0.42)[0.52]
Lenna (25.16)[25.85] (4.31)[4.25] (0.47){0.48})
Miss America (14.23){14.89} (2.87)[2.90] (0.76)[0.61]
Salesman (19.03)[18.56] (3.88)[3.78] (0.66)[0.50]
Table Tennis (30.18){21.08]) (5.57)15.20] (0.63)[0.48]

Tuysolyyray 2T sEEL LT, &
BIZE > GRIRENDBEHEN 24 710y 7RO
BFEOEED 2 HRTLLIEDE. ZOBELL
T, RERICBWOE, X)) ZHWTGHEL T2

BMEREDZOI, TTTANEROTTD /) »
TIvblyyTay ZilonT, EFERICLLRE
KA4vTay 7% RETH. ZORBN AL 70y
ZICBITB Sy VT Oy 7 ORBERE dev(r)
P EOWMERRS AT, Ly YT oy s bRl
KXA4 70y 206 xdev(r) I, EBRLFHT
Y, FALy 70y 7% 4 X 8x8WHEDEHA 3.98,
6x6 EFENEE 3.86 THbH. Il L EENSE
LWk XL v 7ay sy, FREF08EHEDR X4V
Ty rERBEF AL vyTUuy 2 LIBEL, Pk
LB ID S xdev(r) DFHEREIHERT 5 L9
WCRIME T2, T3 DfE%R 4 LREL .

4.3 7Oy IDOREER

YIal-vavERLLT, FTETUYIOR
EHETHEL:. BARF X470y 70% 4 X
SxSEEF /i 6x6 BELHWBED, ZEED
TUY I DORERETHS.

7oyl ry¥ Ty rORERRIL, LYTT
Qv 2 EDOR AL 070y 7% BETHHELEE
STRWHETRRILTHY, LryyTyay 7#8ED
13.84~84.67%TH »72. /v 7Fv bl ryIruay
2iE79v Ly YTay 7 XD KREREBRREDE
PEL, BLEBEFELVWN XA/ 7Oy 75 RER
A vTay 7 ERIRTLEEER, FASf 70y s
H 4 X 8x8 EEDBET 2.56~13.72%, 6x6 EHZED
BAT7.69~22.56% T o7z, &FRWIZT Oy 744
R6xGHEEDF AL 70y 7 EBAWIEED, 8x8
EZEOBE L) PLEEIELWN X/ T ay 7%
BBER A4 70y 7 LHETHEENSV. Zhid
Loo7ay s k) 2BEEREVFAZDON AT
Oy Z70OhEE, ABEKREVWN A yT7uy k)L
YIUTaY ZIZEMN L TV ARERSEVWI L EERL

797 S VEGHSLIIBIARET Ty FY v F LI 1549

F4 KHHOTO Z7ORNHER (L YTUy 24 X4 X 4
Wi, 7Oy L X8 x 8WHFEL 6 x 6K
Table 4 Statistics of frequency for kinds of block for 8 x
8 and 6 X 6 sized domain block.
(for 8x8)[for 6x6]

Nonflat
Image Block Flat § o ver Nc;gizz«lmng Others
With priority of
Proposed | neighboring eight sa67) 6.14) (1.14){0.88] | (8.05)(5.58]
Claire [methods | Without priority D8.87)
of neighboring cight|[84-67] 9.19)[6.46}
Current method (15.33)(15.33]

With priority of
Proposed | neighboring cight (13.72)
Lenna |methods | Without priority|(47-02){[22 56]
of neighboring cight |[47.02] (39:26)[30.42]

(52.98)[52.98]

(3.15)[1.98] ‘ (36.11)[28.44]

Current method
With priority of

(1.10)[0.43] | (9.14)[5.72]

Proposcd | neighboring cight (8.02)
Miss  |methods | Without priority |(81.74){12.11)
America of neighboring cight |[81.74] (1024)[6.15]
Current method (18.26)[18.26]
With priority of

(2.89)[1.86] | (57.20){45.95]

Proposed | ncighboring cight ®.41)
Salesman|methods | Without priority  |(31.50)}(20.69]
of neighboring eight|[31.50]
Current method
With priority of
Proposed | neighboring eight (2.56)
Table methods [~ Without priority |(13-84)(7.69]
Tennis of neighboring cight | [13.84]

(60.09)[47.81]

(68.50)[68.50]

(0.69)[0.51 ]I (82.91)[77.96]

(83.60)[78.47]

Current method

(86.16)[86.16]

[%]

Twh,

F-8EFEOF AL T Oy 7 ERBEN AL VT
Oy 7 EEIRTAEEE, FALf Y70y 74X
8x8 EFENIFE T 0.69~3.15%, 6x6 BEDHFET
0.43~1.98%Td - /.

Loyo7ay 7 ERLEENPELWE ATy
s ESEBEF AL T Oy ZERBER XL TRy
& UCBRIRYT 2SN B VEZIE “Lenna” TH Y, K
W E %13 “Table Tennis” T o 7-.

4.4 ERBEE

RICKRL ER4APOERBERTIHETS. R5 1
FAAY TRy 7% 4 X 8x8HFEE 721X 6x6 BFED
BEOEBEOT Iy 7 IZBTAEREEETH B,

BEAROBHRIEERL, Type2 TR XL 70y
79 A4 X 8x8 BEFEDH A 11.62~29.21 bits/block,
6x6 EF DA 11.24~28.47 bits/block TH o7z,
72 Type 1 TR AL 70y 2% 44X 8x8 H
F DA 11.69~29.28 bits/block, 6x6 BEFZDHA
11.26~28.46 bits/block TH -7z, REHREEL S
b, fERFX LD IHEHREE 0~2bits/block F2EEHIR
LTWwh., FAL>T7ay 7% 4 X 6x6 BZEDHE
AR EROBIRE SR E V.

4.5 FER¥E SNR

#F6ld, Yial—TarvERIIIAN X/ yTOY
YA X 8x8EET-IL6x6 BELHVHEILS
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x5 (WEHREIREERONRELE (L Y70y 2% 4 X4 x
4WH, FAL>709 7 F A X8 x 8HHE 6 x 6#FK)
Table 5 Bit rates of address and amplitude data and av-

erage amount of coded data for 8 x 8 and 6 x 6

sized domain block.

(for 8x8)[for 6x6]
Address Amplitude
Nonfla .
I Block | Nonflat Total
mage oc Flat [ —TNeighboring Flat [Nonflat | o
enter | 2 it Others

With priority of O 08 | 43D )
Proposed | neighboring eight {0.18)] [004] | [0.95] [1124]
" methods | Without priority ©) [(0.06) (7.62) 1 (2.45) | (11.69)
Claire of neighboring eight| (01 [[0.09]|  (ISONLI01 (7% (5%t | (1126
7]
Curvent method (2.45)[2.45) s
With priority of ©2)] 016 | G.78) (1891)
Proposed | neighboring eight (0451 [010) | [4.55] 11780}
Lenna | methods | Without priority | () [ (0.14) cabpasr | @2 | @an [C(01D)
of neighboring eight| [0) |[0.23] (6. i {4.23] | [8.47] | [17.80]

70635
Current method (7.95)(7.95) :20.65i
With priority of ©16) (005 |15 (12.04)
Proposed | neighboring eight 0241 [0.02) |[0.97) [1151]
Miss | methods [~ Without priority | (9) [(0.08) (7.36) (12.10)
America of neighboring eight| [0 |[0.12)|  (7AILOSE | 55g 11145)

32
Current method (2:92)[2.92] H 3 zg?
With priority of O] O [0 @383)
Proposed | neighboring eight 0411|009 |[7.81] [22.11]
! methods [ Without priority | (©) [@0B)[— | =" | 284) | 1096) @410y
of neighboring eight| (01 |[0.201] (102131 4 oggy |1096) | (22.13]

2376,
Current method (10.96)(1096] Sira
With priority of 0.05)|  (0.03) [(14.09) 29.21)
Proposed | neighboring eight [0.15]] [003] [(13.25) 128.47)
Table { methods [~ Without priority | (0) [(0:03) a2iaa | (29 [(13.79) [T (2928)
Tennis of neighboring eight| (01 | (o081 (4200334 | 155) |(1379] | (28.26]
7833
Current method (13.79)(13.79) fzm;

[bits/block]

6 WEHMESNR (Loy7uys9 424 x 4, F x4
YTy A8 x 8HEE 6 X 6HE)

Table 6 The number of searches and SNR for 8 x 8 and

LI 25

6 x 6
(for 8x8)[for 6x6}
Bit rate The number
Tmage Block [biisipixel] | ofsearches | SNR[4B]
With priority of
Proposed | neighboring eight (0.73)[0.70] (215)[157) (39.3)[38.4]
. methods | Without priority
Claire of neighboring cight| (790701 (246)[182] (39.3)[38.4]
Current method (0.78){0.78] (443)[477) (39.4)138.5}
With priority of
Proposed| neighboring eight (1.18)[1.11] (596)[501] (32.6)[31.8]
Lenna | Methods | Without priority
of neighboring cight (1.20){1.11} (650)[542) (32.6)[31.8]
Current method (1.29)[1.29] (954)[1103) (32.7132.3]
With priority of
Proposcd | neighboring cight 075)[0.72] Q32)[150] (392)(38.9]
Miss | methods | Without priority
America of neighboring cight] (0-70(0.72] @63)(166] | (39.2)[38.9]
Current method (0.83)[0.83] (501)[579] (39.3)[39.1]
With priority of
Proposcd| neighboring cight (1.49)[1.38] (1459)[1269] (33.6)[32.3]
Salesman | Methods [ Without priority
of neighboring eight (1.50)[1.38) (1542)[1323) (33.6)(32.3)
Current method (1.55)[1.55] (1788)[1976] (33.6)[33.3]
With priority of
- Proposcd | neighboring eight (1.83)[1.78] (1400)[1355] | (30.6)[29.4]
A% | methods [~ Without priority
Tennis of neighboring eight (1.83){1.78] (1414)[1367] (30.6)[29.4]
Current method (1.80)(1.80] (1474)[1533] (30.7)[30.01

THHEEHE SNR OFERTH B, ERFRXOEHS
Emi, FXA4 70y 709 4 XIIZBGR R V.

#H, BEHFXNTIE Typel, Type2 £DIT, F AL
Ty 7 A X 8x8 BEDHE 0.73~1.83 bits/pixel,
6x6 EHRDHE 0.70~1.78 bits/pixel TH - 7.

REBN AT 0y 7R RETEDILERE 728
B, Type2 TEF AL > 70y 74 4 X 8x8 H

Aug. 1997

5 hi#i% (“Lenna”)
Fig.5 Original image (“Lenna”).

e [WEmE (LY7o s 424 x AWFE, Fx407
Ty 744 X8 x 8 WiFH)
Fig.6 Reconstructed image (range block size 4 x 4,

domain block size 8 x 8).

FOBE 215~1459, 6x6 BEDEE 157~1355 TH
D'WW1f@Px4>7mv7ﬁmfw8W%@
B 246~1542, 6x6 HEDBA 182~1367 TH-7-.
F ATy I A ACTHETS L, 6x6 BEDE
BPREBH BRI D 2.
SNR IZ2oWTiE, ERFNTiL 8x8 BHEDB A
30.7~39.4dB, 6x6 HEDEE 30.0~39.1dB TH -
. 2RI L TIREAN T Type 1, Type 2 &
12 8x8 WHENDHA 30.6~39.3dB, 6x6 EEDEE
29.4~38.9dB T&H - 72
RICEBICREHFRTHSLLAEEZRT. B5
IZFEHER D “Lenna” (256 x 256 B3, 256 BaR) <
b5, 6 LET I, BEHRD Type 2 27235
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BT FAEER (LrY7Oy A4 X AEE, FAA4YT
Oy yH A X6 x 6 BHE)
Fig.7 Reconstructed image (range block size 4 X 4,
domain block size 6 X 6).

AOFAETEERT, FAAL 70y 7% A4 XK 428x8
HFE, 6x6 MEDBETHAH. M6, M7 L HHREH
WS LEESEESNTYS, o7 A MERICE
WTd, HENCTSEEZEFELONC

BETLIOHETRE, FA4y7Tuy70¥AX
EHEHNREL BV, O HEFLAEOEE
LEEBFEE L b 2 e AFHRSNG. E8 I3EFL
B LEHICHT A SNR THh5H. K LA
175 MOMPEZ IIFS AP o ZONIEL VT
Oy 7 DFHEOATHEINS.

RALv 70y 294 X8x8BEEE /2L 6x6 BFE
ERHWES, LEE L AR LB EEE 3 EZ W
LABITHA. SXSBWMEDK XA vy 7uy 72wz
WA, HEFAICLELZ SR ULBEEEIL Jacquin O
FELIFEALFRLTH .

5, # =

FAFFED B S & BIEREOER TS 575,
BELTVAHETEH, TNEFEHRL WA,

9, WEEBRICERTAREN X/ Ty %
BIRT 2D LETHo-FERT Oy 7 HIZDOW
T, feRFREBEFRLHET S, £HRCBITS
BEEBOTEHETELZLE, FAL 7Oy 7% A4 X
8x8 EE DAL, HekHFAA1032, Type 1 7°823,
Type 2 5780 TH 0, HEK%E & 4Type 1 DHE
T 79.7%, Type 2 DA T T5.6%ITHIKTE 2, X
72 6x6 BiEDOHAE, #ERFXA 1134, Type 1 4°
716, Type 247686 TH YV, Type 1 DHET 63.1%,
Type 2 DHET60.5%IHIFMTEZz. Lzd™>T, &

757 ¥ VEEESLICBYABET Oy yv v F LTk 1551

36 T T T T T

Current Methods

SNR [dB]

1 2 3 4 5 6
Iteration number

27
0

- Current Method (6 X 6 pixels)
' Range block centered on Domain block center
with priority of neighboring eight blocks (6 <6 pixels)
== Range block centered on Domain block center
without priority of neighboring eight blocks (6 X6 pixels)

- Current Method (8 X 8 pixels)
==+ Range block centered on Domain block center
with priority of neighboring eight blocks (8 X8 pixels)
----- Range block centered on Domain block center
without priority of neighboring eight blocks (8 X8 pixels)
8 #ukLHHICH$ 5 SNR
Fig.8 SNR for the iteration number.

RERICL > TRBN A 70y 7 OEEREMEHE
KHERDH T0%ICEHETE S, 70y 7 A XTHD
Y, FAx4r7uy 244X 6x6 BEDOHFED 8x8
EFEL MR EERTE 5.
RICEBRREEBEDFHE AL E, F XA
7oy 74X 8x8 MEDH AL, ERkFTRD
1.250 bits/pixel, Type 1 ¥ 1.204 bits/pixel, Type
2 7% 1.196 bits/pixel TH 1, FHREEBETAHTD
& 4Type 1 DHBET 96.3%, Type 2 DF AT
95.7%IHIM T & 72, /2 6x6 BEOH AL,
S RAT 1.250 bits/pixel, Type 1, Type 2 & Bl
1.138 bits/pixel TH h, 91.0%ICHIRTE 7=, HHRFE
HEBIIBVWTHOR A4y 70y 7% 4 X 6x6 EED
BAN xS EE L DM/ FIEITIZEHNT
5. IHIL6x6 MHENDIN 88 WFEDHE LD,
Lyo7ay s ERLEENRELVWN XA/ 7Oy s
FREF AL 7Oy 7 ETAEENEWCD, R
BEEREEET I VIR CTELEEZELLND,
FAEEEO SNR OFHEIE, FAA4ry70y 794
Z 8x8 WHEDIH A THHK IR 35.14dB, Typel &
Type 212 & 12 35.06dB LIREHRDF410.08dB
BEFLE, R ALy T7T 0y 2% 4 X 6x6 EED
WAL, FERFRAT34.64dB T Type 1 & Type 2 i
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EH1234.16dB £ TN HIREHRDHH10.48dB &
TLTW2, BEHK Type 1 & Type 2 12 SNR @
EZRREAE R VDI, Type 2D 8FEEDON A 4 >
TOYZEFREN AL T Ty 7 LIRS BEEDN
SVOT, EROEEICKELSEEL 52 0BT
5. :

L7278 TR & 5 bahs B L OLER R R 0 81 &
o, EMEEZERE L VERSELT S ) r—ay
T, FAA4r70y 244 X 6x6EmELR, BY
PEESEBHEITE, FAL 70y 74 4 X 8x8
BZREAVLONELTHAH. 26 1BEHFRoBT
12 Type 2 #°, BH0HE L EREHERD S THERHE
nTns5,

R, REFROEEOFHEIST 2B O EAL
REETL, M20Lryyray st FnicEdbHE
BLTWAEF A>T 0y 7 & OMEEDRS T
13, AHATEEAEDS 0 DFEEFEEATE VEZIL “Claire”,
RV 1 “Miss America” Tho72. Lo L, £4
DLyI7ay 7 EEl—FLEENELWE A0
Oy 7 %BREN A4y 70y 78 LCRIRT 25212
INRE—FLTwEV., BRENZEEFESVERIL
“Lenna” X\ [Ei{#1% “Table Tennis” TH -7>. i
M 2 OFETCHXTEIEN O L AT Ty 71375 v
FTay s b0 EETNTVE LD, —B
KREFRICBIFBL Y Y70y 7HEON AL 0T
Ty 7ERRERN AL 79y 7T 58EE: KT 2
LIV RV THS, EEE LTI, BRI
VISE — UBEBVERIIL VT Oy JSEDOR A 4
VTUY I EREE X470y T BT,

6. b I

TG INET) VTR BOERESLIcBWT,
BTy ZRFREICL B, HELER O LR
FEMROYEDOHELRE L /2. EROFERZEED
EZHIRER A4 0709 78553 TThHsen
VEBERAHT, —HRELLZFETIE, LyyTuy s
EHLEENFE LW XM T ay s RET Ry &
THHRITTHHL LT, BEWHERTLIZL2#E
72, FDD, FAL Ty 2k FRITEAREL
Y, Loyod7ay o0 A XX 0mEF-IT4H
FREVF AL LT

Loyv7uy 7 EHULEBSE LW X470y
7 eBRLEFRTEHN (Typel) X570 8
B X470y 7 SBEUEERET 55 (Type 2)
RREL, a0¥a—F2XBhY 32— g vERE
ol HREEEL Typel, Type2 & IZF X4

Aug. 1997

70y 74 X 8x8 ERDHE 0.73~1.83 bits/pixel,
6x6 EFEDHE 0.70~1.78 bits/pixel Th-72. F7-,
WREN A4 70y 7% BRT 5720 LERERK
%, ERFREHBE LT Type L TR A4 v 7y 74
4 R 8x8 WHEDHE 79.7%, 6x6 EENEA 63.1%,
Type 2 TN A4 70y 7% 4 X 8x8 WENEE
75.6%, 6x6 BFEDEHE 60.5%ICHIRT & 72
REHRIZBIS 5 HAEFHZD SNR i3 Type 1, Type
2 L b 8x8 BEDHE 30.6~39.3dB, 6x6 HEND
W6 29.4~38.9dB THh 72, FEHIZ 8x8 HEDH
& 0.08dB, 6x6 BIHENHA 0.48dB & T L7=7%, #
BT 5 2 EGESE SN, R CHEEEA I
LERER LAEOREI 3 E2 WL 4 0 TH 575,
EFHUR I B LM L0 T, 22 TORKIIAS
L RAREIZ R S e,
SRIEZOTWKRFRNE, oEEFX (7525
VTE) EOMEEIIONWTRHTLFETH S,
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