
Lecture 13: Image deblurring

Motion Blur

Atmospheric turbulence

.
.

-

Speeding problem



Image deblurring in the frequency domain:

Mathematical formulation of image blurring

not  a  matrix
,

← ( just  a transformation)
D

f → g

Let g be the observed ( blurry ) image .

clean
,

blurry image

Let f be the  original ( good ) image . original
of f

Model g as = g =

Dlf
) + n

image

where D is the  degradation function / operator  and n  is the additive noise
.

Assumption on D. i

.

D is position invariant :

Let gcx , y ) =D(f) ix.  47 and let fix , y ) :-. fix -2
, y - p )

.

Then : D (F) ex. y , = gcx - a
, Y - p ) =

Dff
) ( X - L , Y - P )

2
.

Linear :

Dcf
,  tf . )

=D
l f , ) t D Hz )

D.
Idf ) = a

Dlf
) where L is  a scalar  multiplication .



With the  above assumption ,
Consider an  impluse image 8 E Mcm, , xena , ( indices taken between

Six , y , = { to
if Hi Y ) ' 10,9

- Nz to ¥ )
if  c x , y ) # 10,0 )

Let Tap be the translated image  of 8 by ( d. p ) :

§ a ,p
C x. y )

= 8 Cx - d
, 9 - p ) for - Iz Ex, y e I

Note : fix , y , -

- f  * Sexist =

!
cap , six - a. y - p ) = fld

, p ) Tap ( KY )

for  all -Iz EX,YEE
.

.
: s-i-E.EE:c . she

IR Matrix c Ntl )

Let g be the blurry image of f
.

That is
, g = Dcf )



g
-

- D #=D⇐E±famine)
.

( linearity of
= team DLI.pl is )

i . gain =

.

f¥fca , DCTa.pl l x. Y )

-

- III
.

team Dink - as - a Go : + ,

= f * hcx
, y ) where h = DCS )

.

'

a g = fth



,

'

.
With the above assumption ,

Degradation / Blur  = Convolution



Remark:

• gcx.yt-hxflx.gl .

In the frequency domain
,

Gcu ,
v ) = c Here

,
v ) Fcu ,

v )

t
constant

.

'

. De blurring can be done by :

Compute : Flu
,

v , = Glue ,
- from  observe .  .

CHLuis - from  -known degradation
s

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



Examples of degradation function Hla
,

v )

.
Atmospheric turbulence blur :

Hla ,
v ) = e

- klutz ) -46

where k -

- degree  of turbulence

k=  0.0025 ( severe )

k -

- o . 001 ( mild )
I

k -

-
o .

 00025 ( low turbulence )
A

2
.

Out  offocus blur :

H ① I

In the frequency domain
,

define Hca ,
v ) as the DFT of

yy

hcx.gr { to
if x4y 's  Doz

otherwise h * I



3
.

Uniform ,

Linear Motion Blur .

Assam fix , y )undergoes planar  motion during acquisition .

( original ) ( displacements )

Let ( xoctl , Yow ) be the motion components  in the X - and y - directions

T

time

Let T be  the total exposure .

' time .

The observed image  is given by :

- - .

fix - Xoct , Y - Yott )

gcxiy ) = Jotfcx - Xoti
, y - Yott ) at

-

Now
,

let Gcu ,
v , = DFT l g) ( UN )

,
then :

Gcu ,
v ) EYE gas ,y , e-  J cuxtuy )

= Nt IFJ ? fix - xoiti , y - you , , at e
- I Lux 's 's

I ¥{ fix . x. as . y - you , e-
I ' "  "

ay at



Recall that DFT ( fix - xo
, y - yo ,) = Flu

,
u , e- I

a
 "  " ' +

?
To 't ' )

f  = DFT I f )
We have :

Gcu ,
v , = Jiffy,

u , e

- I ¥ I uxoltltvy.lt ' ) ) at

= Flu ,
v ) ) ! e

- I IT I uxoititvyoiti ,

at

= Flu , v1 Hla ,
v )

! Degradation function in the frequency domain is given by :

Hlu ,
v ) =)? e

- j IT I uxottltv you , ,

at

( Speeding problem
!'t



Example: Suppose the camera  is moving left horizontally with a constant speed c
.

That  is
,

the  image  at time t is given by :

Itcx , Y ) = It x
, y

- ct )

Then :
the degradation function is given by :

Hiu , v1 =LTej IT lvcct ) )

at

Remark " Once the degradation function is known , the  original image can be

restored by i IDFTL,§Yu,)
( given that there's no  noise )

What  if there  is noise ? ?



Image deblurring in the frequency domain: ( 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 ) +Nlu--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 , fan away from co ,
. ,

- hi:L!entities
Boast up noises ! !



Original Blurred image Direct inverse filtering



Method 2 : Modified inverse filtering

LetBlu.vI-g@ynandTcu.v) = t.eu?YfLsgn#T .

Then :  define :  Flu ,v ) = Tcu ,v ) Gcuv ) ~~ Flu ,v ) Blu ,v )

t.MIYY.BYg.vn#uutYY.iY+IYgIaatYcY.iYFa
, for ( um =i°,° )

N(u,v)Bcu= Blum is small ) for ( u ,v ) far away
HC air )tesgn( He

is Small ( as

from ( 0,0 )
,

131hL suppresses the high - frequency gain .

Hlu ,v)tEsgn( Hum )

Bad : Has to choose D and n carefully .



with a best D and n
.


