
Lecture 11:
Imagesharpening in the frequency domain

Goal : Enhance image so that it shows more obvious edges.

↓

Method 1 : Laplacian masking
Recall that : Af(X , y)=
In the discrete case

, Af(x, y) =
f(x + 1

, y) + f(x, y+ 1) + f(x, y-1) + f(x+1
, y) - 4f(x, y)

or Af = + * - where p = (1 + 1)
We can observe that - Af captures the edges of the image

add more edges) leaving other region zero)
-

i Shapen image = f + 1 - Af) pxf
I

In the frequency domain : DFT(g) = DFT(f)-DFT(Af)
= DFT(f) - cDFT(p)

.

DFT(f)
in DFT(g) = (1 - Heaplacian (2

, v1] DFT (f) (2
,
2)

c"DFT(p)



↓

Method2 : Unsharp masking
Idea : Add high-frequency component

Definition: Let f = input image (blurry

Let fsmooth = Smoother image (using mean filter/Gaussian filter etc)

Define a sharper image as :

g(x , y) = f(x , y) + k)f(x, y) - smooth (x, y)

When k= 1
,

the method is called unsharp masking,

When E31 ,
the method is called highboost filtering.

In the frequency domain
,

let DFT(fsmooth) (n , 2)
= Hap(u,

v) DFT(f)(U, ,
-

Low-pass filter

Then : DFT(g) = [1 + <1 - Hep(u , v)] DFT(f) (u
,2)



Imagedenoising in the spatial domain

-Definition: Linear filter = modify pixel value by a linear combination of

pixel values of local neighbourhood.

⑧

D



Geometric illustration
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# is called the Fitter



Commonlyused filter (linear)



&

Remark: Convolution of Gaussian with a Gaussian is also a Gaussian

i
: Successive Gaussian filter = Gaussian filter with larger 5.



Non-linearspatial filter

*

*
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· IIIon-localmean filter

Let g be a NXN image .

X3 Two plusa

Define : Sx = ((x+ s
, y + A) =abs

,
+xayjSx = G(X + s

, y+ 1) =ass
,

+ = a)

Define : gx = glsx and gx = 91sx-
- /

(2a+ 1)x(2a+1) image
-

m u

Let Ex = smoothed image of gx by Gaussian smoothing
-

9x1 = smoothed image of gy by Gaussian smoothing.

Define the weight : w(X
,
X) =

e
+x-X11 =

↑ noise level parameter(small when X and X' are far away)
[
-far away in

term of small#localmeana images



Imagedenoising by solving Anisotropic heat diffusion

Consider the PDE :

(x)2,
%)

=/= D

(4 = divergence ; D . (v, Un) =) (DI = ( , E)
Then: g(x , y ,

0) =z e

- (xi+ y7/252
satisfies (* ).

Observation : We'll see that Gaussian filter is approximately solving (*).

Given an image I(X
, y) (Assume I is continuously defined on the whole 2D

domain)
Gaussian filter = convolution ofI with the Gaussian function :

E(X
, y ,

5) = [ * g(x,y , 5) = g(x-u , y-v) I(n
,
v) dudr

(Analogous to discrete= %g(u,
V ; 5) I(X-u

, y-r) dud

convolution


