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Fractals Image Compression Encoding
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Abstract: Based on the existing image compression rate was not high and global search or genetic algorithm to find
the optimal fractal image compression coding deficiencies slow at present. Gene expression programming applied to
fractals image compression encoding, so that improve the speed and compression ratio of fractal image compression.,
First, binary fractal image compression process of solving IFS was analyzed; the gene and chromosome structure and
coding of fractal image compression IFS of gene expression programming were given, According to the similarity of
fractal images, compression and shrinkage characteristics, and the fitness function of gene expression programming
and genetic evolution operating of select, mutating, insert string, gene transformation, gene recombination were
given. The fractals image compression algorithm based on genetic expression programming was put forward. The
experimental results show that the algorithm has a fairly strong global search optimization capacity, convergence rate
of about twice times faster than based on genetic algorithm and high compression ratio.

Key words: gene expression programming; fractals image; iterated function system; genetic evolution; compression

encoding

| #5% J7 1 , Dipankar Dasguptal) 55 X156 2 ##21 43
AMBEHTRTEEBEEN HEGESB . ]

Barnsley %t JLUg4F & B Q#1750 T B4 dhf W BRERERALRENAERERFENEA B8
FAET 10000 1 WIESHLL, B BEAEHEARER SR EHEPRSEE. (B2, BIEERNMEFER
GEFMBIEHERE L. B ERBIEES A8 MAEER KRN E, IFS ik gtk

i

WRAM: 2011—05—11; {8EI B H#F: 2011—06—20
EESTH: I ARBEELSTAH (0991105) ;2009 FEEE T Fi 8 JTRMFH B (200911 MS144)



68 W TA 5L

2011 4F

FEENS. it AT SRR KA X 42 ( Gene Ex-
pression Programming , GEP) B8 7 IR it {5 8 ik
A ANATE TS BN B MRS P A, 48 AR B St
BRI 2~4 PRERR S ¥ GEP j AT
GBI E 45 4w ts , USRS ER 43T0 FE 48 1Y 2 L)
5 R o

2 SFBEK/S GEP MERHER

EX]1 THPEAS W RE— R #RBT

5w
x a bq,x ¢
w(y>: [c‘ d]<y>+ (f) D
X, B8 ab,evdie,f € R?, HREHLEUT
FAt
{e»fé L0,105a,b € [—e,1—e],

('7d 6 [qul‘f]a+b+e9C+d+f€ [091]
2)

skt ”}%Esgﬁm,ﬁmm&%ﬁ

YRS S AR . W e AR 43| P o= [0,
1 ER g s A S 2R R B ER
(Iterated Function System) AJig K {[*,w' 0, ",
W',

EX 2
ieH

GEP =< F, T >
A F BRREESR, T RRAE/ES. Kl F
=+, = *,/}, T = {a.b,c,d}.

53 T8 B e 4 AH MR Bk AR IR R e LAk
Wi 29 2 WL SCHk (1. GEP Lt B A 3 6 2 3
kLS.

3 GEP #ESHEBGES DHIERIE

3.1 S HEGERRBEKER

oIV R T 45 B A B e PR 0 35 < SRR AE
dgezsio) I° = (0,117 EEBRE n AR5 AL 8B
HR LR B R G TFS; TG — A 48 28 e ph X

6 1 2 3 45

HEHNREAmMBERER 4 "Iud,

At = e+ [ % % axbyc

3.4 ﬁ%EﬂEﬁf‘F@ﬁ

GEP E{§53TE B 48 1) TFS 38 1 B 32 B R B
£ R G S REA AL N EEE T D
() FE 4 {5 5 A e 2.

TR RO LI

6 7 8 9 0123456780 1 2 3 4567 89
xdy A — — + e+ [ » —

(2) Hra,b,c.dye, fNNBEAE R W 53T BRI S
LR LB REST 6n NS EH n MBI GRAS.
3.2 GEP WiBiEKEHIE

GEP @i R LRI RE B BR—IEZ
HEMR, R4 2T B R B A UE . BFG & B DL &
GEP H¥, 78 I’ e PdiEiE R —HERKHE
R B RE, B = 8. 5% —,GEP #y
ERAMP AR RIS RRN; 8, Bt b B R
B XA AR R B R R B B S RIS
BORRAY RS EA HAEHMERNEAS
Fhast 1% AL ERAE  TRBE I R 8 BRI B A
3.3 ERENME(REHE) MRS

Rk _M{EEIR B € I*, Wi IFS & AT AL f77E
—HERHESR T w,; , HE PN EREBH RS
F. R4 i 5 8 GEP R H, — M &R Rk
RGN GEP MK, BN aRISIT

(1) EF MG H

z a; by;q,x €;

@ (y/)_ t:cij di,}<y)+ (flj> )
K wy RRH i FYROERE ] DERE. N K
BEANF ={+,— » ,AZBERT =
Ciody ey firxy vy | aysbyscyadyaessfy i 2 3\
(2) Z&AF»x € [0,640] ,y € [0,480]}. fREEH K
EKKERA=9,n=2,BKE =10, MEHH LK
BED 19 7. B ] R BN T /Y K- A

0o 1 2 3 4 5 6 7 8 9 0 1 2 3 456 7 8
A+ 4+ + e + £ » % =

aj 9bi]3

* a x by c xdy
€Y

A, ARTRBEEEHE K —REXWE 1 1TER
H B RIRFFALE, 55 2 7R 5 LA 8 i e 4
GERE -GN

(2) Btk 4ihs A

F; = [wnswnswis e swn ] 6
HHLF BRFEER RS A IFSEREE) ,n RR
% IFS Pt & BN 8. Bt 45 IFS h 3 A
R, W gk K E N 57 fin, H K- RBRER
/{1

0 123456780 1 2 3 4567 8 9% 012345¢678

fitness(B,w,A,8) = s(B,w)c(A)L(E) (6)
K, s(B,w) FRBZRIHLE, B (D RiR;
cQ) BREFEF, (8 FR;L(O BRESHN
SRR T, HR () ER SH B E_EAE
Bow RSB, A RIEZENF, ¢ BT EME%H



% 8 4 FIOH % SR RIR NGRS TR B R S5 405 BT 69
PN KB A ARMBE XS Fink.
mkL1]. 1 GAHEMGCEPEZETESHLREILR
XA ERARIT GA B¥HR 14 GEP S¥#ik &
. BN O w: (B)) Pop_size ¥ iE R BE 50  Pop_size ¥ FPEE 50
s(B, I_L:Jl wi (B)) = =1 , D) Gap F—fMME 5 Gap F—{tAM& 5
BU (il;Jl wi (B) pe IFS 2R 0.5 AERRE 0. 044
FEZ8 KRB (D) s Pm IFS MR 0.9 fEHIHE RIS, R 0.1
() = (1— A7 (8)  CHBHSEBRA 4 AEEE 0.4
SN L(®) BEE X, AR T 0.5 FiMEA 0.2
2 Generations R AAE 105 HEEH 0.1
L&) = e €]

3.5 GEP HBEERIE

GEP M BAE TG L. AR FHH . E
BORMES AR R A EY A EAMERE
ZA5F O FuBE B BAE. BB EAE I BIE S B UK
(5.

4 BT GEP HHBEBRERE %

B 3 WA 5108, /8 THT GEP
SHEEBESGES, BRI T .

A RN EESLHERKE. AR BoRE
RE A& EERE N EE. ERR HREREHREWH
B8

By BT R R R S TFS.

Stepl : R EEHI IR 1L 5

Step2. 152 i B 558 5

Step3 . i N BEAH BT 5

Step4 : While(fitness<{=Max{ Or gen<{Maxg)

{ Step5: BEFEBEE; Step6: 48 FERIE;

Step? . {3 R HRAE s Step8: il B34
Step9 : AR §E R 4RAE 5 SteplO. FERAEH:
Stepll: H S E 4 ; Stepl2: B HEAH
Step13: ¥ A & 41 ; Stepl4: 4Nk 1] 3& Nf BE {H 19 11
B
i B gD TFS;

5 XBRERSHH

7= CPU 3 P4,2. 8 GHz, N #F 512 MB g PC
#1 F , F§ Microsoft Visual C+-+ 2005 4#23CH. &
R EERE 128 X128 By C ik, anE 1 fiiR, &
BA /KR 11, 6 kB,

BEFBREHE LM GEP MY EGERAE LR
HEESHREME 1 PR

HETREBR LM GEP W43 T8 B4 48 B 5 52
BB RN IFS #F o A w,, A HIMFE 2.5 3

T2 CHEGAEZBMR IFSHE v M o,

a b c d e f

0.500 124 —0.484 755 0.500 014 0,499 214 0. 000 154 7 —0. 000 253
0.474 554 0.511 477 —0.425 844 0,536 544 0.447 854 10.414 788 8

®3 CHLGEPHZERMK IFSHE o Mw

a b ¢ d e f
0.491 241 —0.490 174 0.500 626 0.510 234 0.000 110 2 —0. 000 021

0.464 512 0.500 477 —0.465 269 0.526 545 0.457 154 0.474 718 3

L JEEGILE 1, 3 T ERE kR (GA EXE
BILE 2, AR R BEREG LA 3.

2 GAEHER
LI REZY, RE _EER C M E
TS, BT GA kgl gL 680 R, A H
Wil 350 . BEIRIF WEE M. fTLL, GEP
AT R R A O SOH B T GA BRI Y 2 £,
BEER—ENME. AR 2. K3 BH, ZIFS K
(F#% 73 7O



5 8 34

2, 5 BT RO BRI AR B E PLE AR AR 73

Mg K d=0. 5, A E IR epsilon=0. 25, F1
R TRR density=0. 8. MEE PR SR M, MEBX

BoakEhn, s 5 R,
100 —&— ROI
80
5 60
&40
20
0
20 25 30 35 40
trajectories
HS5 HBREANMHSHNTFRY
5 HWIiE

A SRR BB B AT E M, AR 3
W 32 B ANH B Pl BB AR IR A v, ik (F A
¥R 433 BB B ; X BN A E S ARBEE
FERZERTRITRWERE S BRIk R
JB BRI FIVE R A TTAR W% 1 R % A TR A
B DL X 358, ; 7 24088 X S 1 ZE Al b S SR B
Ja A “GeoLife” T B AR MBHR TR, BAR T
2 SCHR R B TR RYBOR.

S 3K

[1] Fosca Giannotti, Mirco Nanni, Dino Pedreschi, et al.

Trajectory pattern mining [C]// Proc. KDD, 2007.
USA ; California, 2007.

[2] Lee Jae Gil, Han Jiawei, Whang Kyu Young. Trajectory
clustering; a partition— and — group framework[ C]//
Proc. ACM SIGMOD Int. Conf. China:Beijing, 2007.

[3] Marcin Gorawski, Pawel Jureczek. Regions of interest in
trajectory data warehouse[ C]// ACIIDS 2010. Berlin,
Springer Verlag, 2010.

[4] Jiong Yang, Meng Hu. TrajPattern; mining sequential
patterns from imprecise trajectories of mobile objects
[C3// EDBT 2006. Germany: Munich, 2006.

[5] Trajcevski G, Wolfson O, Hinrichs K, et al. Managing
uncertainty in moving objects databases [J]. ACM
TODS. 2004,29(3):463—507.

[6] Nikos Pelekis, lIoannis Kopanakis, Evangelos E Kotsifa-
kos, et al. Clustering uncertain trajectories] M. Ber-

lin; Springer— Verlag, 2010.

EE®E

ZF M 5B,Q986 ), BLHIFA. R A FCV AR E LS
ko it

B H,0961), 4, Hg, AR FR R
(s B AL

% EF OH.Q977), WA, Bl BRI OB ER.

(E#F 69 7

S 2 NMEGEFH R w0 w0 WAL BFRE B KD
S 11. 6 kB, {HsR M 43T R4 L% 1FS RFE
i 2 X 6=12 33K, 5 48 B WITFEfEZS ], 45
FLH 4%o.

B3 GEPEHEE

6 HXRIE

AR i G 1A BB I AR 8 R A
St % M GEP WA (EERGERERSEE.
it GEP fy a8 & A A i sk B sk i (6 &
BB AR PSR LR T GA Bk TET
GEP ¥ B R 738 B FE 45 4n 15 B vk i B 5T 2

BATTF—2B MBI TAE.

&% 3Lk -

[1] Dipankar Dasgupta,German Hernandez, Fernando Nifio.
An evolutionary algorithem for fractal coding of binary
images [J]. IEEE Transactions on Evolutionary Compu-
tation, 2000, 4 (2):172—181.

(2] x5t | uld, 4. T BEE RN _HERES
()] BB L RZZEHRfFESEETEK, 2001, 23
(4).9—13.

[3] Candida Ferreira. Gene expression programming: a new
adaptive algorithem for solving problems[ J]. Complex
Systems,2001,13(2) :87—129.

(4] AL, BTG IR, S N RS 18 SRR 8 % B 1k o R 1
FARELT]. th T2 S AL, 2011,28(4):140—142.

(5] TBR, 225, 85k, & ERNREAGRELFHEYS
MAIM]. dbat B2 R, 2010:13—95.

EEE:
FEXH B, Q964 ), B BRI MR EAB L EE
b7,



