
Lecture 14:

Image blur , gcx.yt-hxfcx.glt  nex
, y )

model In the frequency domain
,

Gcu ,
v ) = c Here

,
v ) Flu ,

v ) t Niu
,

v )
t

constant

.

'

. De blurring can be done by :

Compute : Flu
,

v , = GC - from  observed image

CHLuis - from  -known degradation
s

Obtain : f ix. y ) = DFT
- ' ( Flu .us )

( Does NOT work very well due to noise ! )



Image deblurring in the frequency domain:
Recall :

( Assume H is known )

Method I : Direct  inverse filtering

L et T ( U
,

v ) =
1-

-

Retz ) 70  and Sgnlz ) = - I otherwise )
H ( um ) t E sgn ( Ham ,j

( sgnc E) = I if

-

Avoid  singularity
Compute I ( u

,
v ) = Gcu ,v , Tcu ,

v )
.

Find inverse DFT of Ecu
,

u ) to get  an  image Fix
, , ,

.

Good : Simple

Bad : Boast up noise

Flu
,

v ) = GcyyrlTcu
,

v ) = Flu
,

v ) +Nh--Hiu ,
cu

,  ht Neum

Hmm ) t E sgnLHcu.us)

Note Hair ) is big for Cu ,v ) close to ( o
,

o ) ( keep low frequencies )
is Small for ( u ,

v ) far  away from ( o
,  o )

i. Ht%I÷⇒ is big for can , far away from co ,
. ,

- ki:L!entities
Boast up noises ! !



Original Blurred image Direct inverse filtering



Recall :

Method 2 : Modified inverse filtering

Let Blush -

-

I
 and Turn = Hu!YIIsg÷ .

Then :  define :  Ecu ,v ) = Tcu ,v ) Geun ) = Fcu ,vl Blunt t.IM?:Y!BYginu#

hY::¥E::÷⇒=hY::i÷⇒ for can - com

NluNlBcu Blunt is small ) for ( u
,

v ) far away
Hcn ,

v ) -1  esgn ( H
is small ( as

from ( 0,0 )
.

Blu suppresses the high - frequency gain .

Hiu ,
ult E sgn( Hum )

Bad : Has to choose D and n carefully .



with a best D and n
.



Method 3 : Wiener filter

Let Tcu ,
v ) =

H_ where Sncu ,
v ) =/ Ncu .nl

'

IH luv 't 't §IY, Sg in ,
v , = I Finish

'

If Sulu ,v ) and Sf luv ) are  not known
,

then we let K= §IYu, b get :

Tcu ,
v ) =

H
I Heavy 't K

Let  Ecu
,

v ) = Tcu
,  vs Gcu

,
u )

. Compute In , y ) =  inverse DFT of  Icu
,

v , .

In fact
,

the Wiener filter can be  described as an  inverse filtering as follows :

Emmitt, fmtI Hamm

Behave like
"

Modified inverse In
o if H Lu ,

u ) neo ( if I U ,v7 far  away
filtering "

from  o )
=L if Hmm is large ( if Lung = co

,
on !



What does Wiener filtering do mathematically?
We can show : Wiener filter  minimizes the  mean square  error  :

elf
.

It =

EE.EE?IIex.si-Icx.yil2oritginal

Restored

degradation
Observed I

Let I

g = h*f  + n ← noise

I original

Then
,

the restored image IX. y , can
be written as :

I C x
, Y ) = WCX , y ) * gcx , Y ) for Some a-Cx , y )

Recall : I is  obtained as follows .

Steph Let Flu ,vi= Win ,v ) Geun ) (Gcu ,u ) = DFTCG ) C u
,

v1 )
=

filter .

¥2 : Compute  IET of  F'
'

to get £

i . I =w*g for some w
.

( or I -

-

DFTCF
'

) = W -0 G )



Thus , I denpends on W

We can regard EZ ( I
,

f ) as a functional depending on W :

EYE
,

fl = ECW )

We can find an optimal W that minimizes :

E' CWI = life'm - flat

Under suitable condition ( spatially correlated ) ,
the minimizer

W is given by :

WCU ,
v ) =1HcuH#yq÷

,

where sncu.vi-INcu.nl
'

Sf ( u ,
v ) = I Flu .us/

'


