
Image Enhan
ement and Denoising by

Complex Di�usion Pro
esses

Guy Gilboa, Yehoshua Y. Zeevi

Department of Ele
tri
al Engineering,

Te
hnion - Israel Institute of Te
hnology,

Te
hnion City, Haifa 32000, ISRAEL

Nir So
hen

Department of Applied Mathemati
s,

University of Tel-Aviv

Ramat-Aviv, Tel-Aviv 69978, Israel

August 14, 2002

Abstra
t

The linear and nonlinear s
ale spa
es are generalized in the 
om-

plex domain, by 
ombining the di�usion equation with the simpli�ed

S
hr�odinger equation. A fundamental solution for the linear 
ase is

developed. Preliminary analysis of the 
omplex di�usion shows that

the generalized di�usion has properties of both forward and inverse

di�usion. An important observation, supported theoreti
ally and nu-

meri
ally, is that the imaginary part 
an serve as an edge dete
tor

(smoothed se
ond derivative s
aled by time), when the 
omplex di�u-

sion 
oeÆ
ient approa
hes the real axis. Based on this observation,

we develop two nonlinear 
omplex pro
esses: a regularized sho
k �lter

for image enhan
ement and a ramp preserving denoising pro
ess.

1 Introdu
tion

The s
ale-spa
e approa
h is by now a well established multi-resolution te
h-

nique for image stru
ture analysis (see [24℄,[14℄,[21℄). Originally, the Gaussian
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