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0.31 —0.0033066 0.0036609 —0.054095 0.15935 —0.050545 0.77389 0.18915 1.0
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1 AT BOTER GHRE %R, RREARE o, = 36,24°6 + b°) — a,(2d° + 2b%) — 3a,b + 9a,
=1, HRNAFa+ 1, ERPHEHYELU). 20-17)
BEG,() )G, MRRETRMNEETR ¢, = 3a,ab® + a,(b> — 2ab) + a,(a— 2b) + 3aq,
X (16) B R 2z BIEEAS Hy (25 2,). Hy (24 (20 - 8)
7, 2 E BA Br A M Py K ¢, = — 3a,ab’ + a,(b’ — 2ab) + a,(2 — a) + 3a,
Lo (20 - 9)
Z cijzx Z.V - 3 2 N 2 2
= ¢, = a,(2a*b+ b’) — a,(2d° + b’ + 2ab)
H,(z,2)= —— (19)
» o S + 3ab + 9a, (20 ~ 10)
. Z ,
rer S “ ¢, = — 3aab’ — a(a’ + 2b°) + 3a,a + a,
ARG HWRBR ¢, d, 0<i, j<SMIHTRTRWT, (20 - 11)
¢, = —aa +aa —aa+a, 20-1) ¢y = — 3a,a’b+ a,(a® — 2ab) + a,(2b - b) + 3aq,
¢, = — 3a,d’b+ a, (a’ + 2ab) — a,2a+ b) + 3a, (20 - 12)
(20-2) ¢, =ab +abp’+ab+a, (20 - 13)
¢s = — 3a,ab’ + a,(2ab+ b)) — a(a+ 2b) + 3a, ¢, = 3a,ab’ + a, (b’ + 2ab) + a,(2b+ a) + 3a,
(20 - 3) (20 - 14)
€y = —3ap’+ab’—ab+a, 20 - 4) ¢, = 3a,a’b+ a,(@® + 2ab) + a,(b+ 2a) + 3a,
¢, = — 3a,a*b + a,(a® — 2ab) + a,(b — 2a) + 3a, (20 - 15)
20-5) Cop = 0,@° + 0,0’ +aa+a (20 - 16)

.= —3a(a’ +2ab”) — a,a’ — 3a.a+9a, (20— 6)

H g = cosf + sinf, b = sinf — cosf. REHITRL



E3M

T BE. 4EEE RN A 183

B ¢, M B R AR B a, 0<i<3 Bulxd Rk b B0
AIRE d, 0<i, j<3ITRR,

EWE GBI T R BAEE A FRH 8 14
SRR BB AS I TR BT MANITR 6, 1<i
< M5y S R 3 T 16 X 0 O 2, B X (7) B A
BT i a8, ER Y MB KR, EIKERE IR
S FTA RO TR ARBOE A, 7L U
SR RGBT S, B R M 1 % R U U e
BRI BAT MK IEBL

REHFEEGARITANT .
HEENBASER

(1) 5H%% D, B E A RN T K

Q) HBERIKE LATE W

(3) FEE M;

(4) B BN P.

200

BENBITHRE

(1) R¥E DM M#E HMa,p,0,l<i<M,

(2) WiTMECH PR s Y3 Y BRI AY

(3) A e M LA A BIM AT\
T FRIE I 285

(@) ERTEBHENEF, HEH KW BEILEH
W x L HH [

(5) B MANJ7 10 3 FR B S AK oo 25 B8 (4) &
S BE AL PR DR 35, 45 R BPA fBm.

5 B4R

ExdEWFRTELRAIMBESH A TE
HAERSFEENAEEREFEEZE W A D =
3— H, LA H s sIE R st T8 T D E

2001

()

| B R BE P A% (2) W AT B34 U SR A% (D) SR MR, H=08, D=122

Fig.1

Frequency responses of ideal shaping filter (a) and designed shaping filter (b) H=0.8, D=22

B2 Aoy AR A B
Fractal image gencrated using the method proposed in this paper

Fig.2



184 B OB ¥ W

LV

A). #ln, H=08xtR FHREKLMER. HRE
HEEXNARERS, £—RXKRA, BBERTL
M., RTHABRKNSEEERERELR BEULA
WAL EPE HESET. BROEAFH
BEEEBARX — &, SEHE HEEEA, BRHE
AESE G=HUERE), HIINET FFTRIIRIEER
AL MBS B R X R, T 5 BT LURZE 5
X — A, REAREEREPYBIRAR H

A 8 B 25 B AT, T ELAS B B B 2.

1(a) (b) 43 5 2 B AR BT i+ 8 BRI 8 3 4%
RIBERRFR, ;UM =6. B 2R —BHERMN. &
M. AR AR 4T RBRIHNEARE HEY 5 HE
(R . BoiN. £ . EIEHWH DB R
H=095D=205H=09,D=21;H=08,D=
220, H=0.75D=225). B3 R_RMEMNERLA.

1000.00 2000.00 3000.00 4000.00 5000.00 6000.00 7000.00 8000.00 B000.00

B3 E2HRZaREAENEREE (R m)
Fig.3 The contour plot of the fractal image of fig.2

6 &

AIXRET —-MERSEELWFT I E. X
Ml EAUT e

(1) BEitERE PR R g
BIEHEE R XR.

(2) BUE BRI RA T = 248 B X FR I8 B
BRI FEAR —ETRERIBEESRART
%

) 5ETFFTHIREERGFEMLSE

(a) BA RN

(b) ABAE RS B4 B A LE) fBm

() HABEITH, AXBEEERASREAT
ZUT, BESHRITTEIBRAFTRT K, UEEK
HRAEMR Bm AFHTEHE@), (5). WET FFT
HIREHESGESENEXREHTRFAGTREY
R HSTHER@)MFFTEE. BAWEZRE
B LB UL R B (5) M FFT Wit B &. FFT
HIHEEN O(WL log, (WD) , B EROG)WIHERN
O CMWL (2 (P+1)'-1)).

2 £ X W

1 A P Pentland. Fractal-Based Description of Natural
Sciences. [EEE trans.on PAMI, 1984, 6 (6):661—674.

2 B. B. Mandelbrot. The Fractal Geometry of Nature. San
Francisco. CA: Freeman, 1982.

3 K M Mak, P. B. Aronson. Scale—dependent Fractal
Dimensions of Topographic Surface. Mathematical Geology,
1984, 16 (7):671—683. .

4 L. E Gilbert. Are Topographic Data Sets Fractal? Pure.
Applied Geophysics, 1989, 131 (1): 241—254.

5 Ef R, ETHFEBAOBRIEHTEFTERR.
HESEB¥R, 1997, 2 (4):220—224.

6 R J Voss. Fractals in Nature: from Characterization to
Simulation. The Science of Fractal Images. M. F. Bamsley,
R. L. Devaney, B. B. Mandelbrot et a/, Eds., Speager—
Verlag, New York, 1988, 21—70.

7 D. Saupe. Algorithms for Random Fractals, The Science of
Fractal Images, M. F. Bamsley, R L. Devaney, B. B.
Mandelbrot et a/., Eds., Springer-Verlag, New York, 1988,
71—136.

8 A. H Tewfik, M. Kim.Correlation Structure of the Discrete
Wavelet Coefficients of Fractional Brownian Motion. IEEE
trans. on Infomation Theory, 1992, 38, (2):904—909.



F3M F BE5.EEEERE— TR 185

9 P. PFandrin. Wavelet Analysis and Synthesis of Fractional 13 SPEEM. BAESAE. . EpTikbiAsit, 1983.
Brownian Motion. IEEE trans. on Information Theory, 1992,
38 (2):910—917. E & & &
10 PR, WieE. NFESLBEHEM. LR, HEE TN
fEat, 1985. F 18,1969 4, 1996 A T AR LB A, KA FHE
11 EHA. HHER. AR HEEEREHBRL, 1986. HEER AT EN, AP ERERBRNSATR

12 A. V. Oppenheim, R W. Shafer. Digital Signal Processing. FrEtE. RSB NVEHNELD FSAEGLE. HEW
Prentice—Hall, Inc., Englewood Qliffs, N. J,, 1975. % HEIEESXE, DEEB 2025,

A New Method for Generation of Fractal Images

Luo Zhong Zhao Zhongming Zhu Chongguang
( Institute of Remote Sensing Applications, CAS, Beijing, 100101)

Abstract A new method for generation of fractal Images is presented in this paper. To synthesize
fractal Images, fractional Brownian motions are used which are obtained by a new means—recursive space
filtering. The power spectrum of fractional Brownian motion can be used to determine the
frequency-response of the two—dimensional shaping filter of fractional Brownian motion, then the shaping
filter whose frequency response is circularly symmetric and exponentially decaying can be designed using
a method based on one—dimensional prototype filter and rotation transforms. The fractional Brownian
motion based fractal Image with desired fractional dimension can be generated by applying its shaping
filter to a Gaussian -distributed white process.

Key words Fractal Image, Fractional Brownian motion, Power spectrum, Shaping filter,
frequency—response, Digital filter design



