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For a very small k,(x,y) the factor e *:®¥(™+™) tends to 1 and therefore, we can write
Nix.yy (M, N) =K, (X, y)w(m, n).
For a very large k, (X, y) we can write
ekt _ |1 m=n=0

0 otherwise
Therefore, we can write
hixy) (M, N) =k (x, y)6(m, n)
In image regions of high detail, such as edge regions, we don’t want to do any filtering and
therefore we want large k,. In image regions of low detail, such as uniform background
regions, we want to de-noise and therefore we want small k,. Therefore, we can choose
k2 (Xl y) = 0; (X! y)

We wish the sum of the filter coefficients to be 1 so that we don’t distort the mean intensity
of the image, and therefore,

1
k,(X,y) =
1( y) i ie_o_g(xly)(mz_‘_nZ)

m=-2n=-2
A possible scenario is to filter both high detail and bright areas. Bright areas can be identified
from the local mean m, (A large m, indicates a bright area). Therefore, we can normalize

o’ and m, so that they occupy the same range of values (for example from O to 1) to obtain
&% and m, and then we can consider k, =& + i, .

Bookwork.

Inverse Filtering cannot be applied if H(u,v)=0.

H(U,V):il\lz—:ll\lz—llh(xyy)e—jzﬂ—(ux/N-wy/N):i(e—jZHU/N+ej27zu/N +1)
N x=o y=o NN

1
=——[2cos(2zu/N)+1
N L2 o0st )+1]
The values of (u,v) for which H(u,v) cannot be estimated are found by:
2c0S(22u/N)+1=0=cos(zu/N)=-1/2=2zu/N =2kz £ 27/3
N(2kz£27/3) _

>u=——"-—""""=N(k+1/3),k=012,...
2

Therefore, the valid valuesare u=N/3 and u=2N/3.

Bookwork

H*(u,v) = V270 (U? +v?)el2= o W)

|H (U'V)|2 =H(u,v)H"(u,v) = 2z0* (U? +Vv?)?

VTro(d? +vP)e e
27162 (U? +v?)? +05|C(u,v)|2

The CLS filter in frequency domain is where C(u,v) is the

Laplacian filter in frequency domain.
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The noise is white with variance o and therefore the autocorrelation function of the noise is
Ry, (k1) = ( E ){n(x, y)n(x+k,y+I}=c25(k,1)
X,y

and the power spectrum of the noise is aﬁ.

o0

S, (UV) = i i Ry (K, 1)e~ i) _ i Zp\le\efj(ukJrvl): ip\k\e—juk ip\l\efjvl

k=—w0l=-x k=—0l=—x k=—o0 |=—0

We find that

0 ‘n‘ . -1 . 0 . ) . o0 . 0 . 0 .
Yrite = Fre i e N =Y rle! e 1M = Yrte! + e M -1
n=-w n=0 n=1 n=0

n=-oo = n=0 n=0
o © , 1 1 2-2rcosm 1-r?
=>(re’”)" + Y (re )" 1= — + ——1= -1=
EO( ) EO( ) 1-re!” 1-re’t® 1+r®—2rcosw 1+r2-2rcosw
Therefore,
232
S, (UV) = : 1-p9) :
1+ p°—2pcosu)(l+ p° —2pcoSV)
and
232
W (U,v) = A-p7)

(A-p?)? + @1+ p? —2pcosu)(1+ p> —2pcosv)c?
Develop a method of estimating p; and p, from g(x,y).
Ryg (K1) =Ry (k, 1) + Ryp (k. 1) = ol 4 525 (k. 1)
If we choose two pairs of values for the parameters k,I as (k,I)=(10) and (k,I)=(0,0) we

have the following relationships:
For (k,1)=(L0): Ry (L,0)= o where Ry, (1,0) is estimated from the available data.

For (k,1)=(0,0): Ry (0,0)=1+ o’ where Ry (0,0) is estimated from the available data.

For a very small k,(x,y) the factor e XY™ ") tends to 1 and therefore, we can write
ey (M, 1) =k (%, Y)W(m, ).
For a very large k,(x,y) we can write
e—kz(X,y)(m2+n2) _ 1 m=n=0
0 otherwise
Therefore, we can write h, ,,(m,n) =k;(x,y)o(m,n).

In image regions of high detail, such as edge regions, we don’t want to do any filtering and
therefore we want large k,. In image regions of low detail, such as uniform background

regions, we want to de-noise and therefore we want small k,. Therefore, we can choose
ka (X, y)=092(x, y).

We wish the sum of the filter coefficients to be 1 so that we don’t distort the mean intensity
of the image, and therefore,
1
kl(x’ y) = 2 2 2
—c2(x,y)(m?+n?)
> e’
m=-2n=-2

A possible scenario is to filter both high detail and bright areas. Bright areas can be identified
from the local mean m, (A large m, indicates a bright area). Therefore, we can normalize
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92 and my so that they occupy the same range of values (for example from 0 to 1) to obtain
&4 and m, and then we can consider k, = &¢ + M,

1 x=0,y=0
h(x,y)=42 x=0,y=1
1 x=0,y=2
M-1M-1 2 (et -i%%v0 - L)
Huw =5 3 S hexye v oL@ e Tn e )
N x=0 y=0 N
_i2z _i27, _i2m, 27, _i2z
::&5@+2eJNV+eJNV :hjz J (eN +2+eJNS

2
=Nie N [cos(—)+1]

The expressions for Inverse Filtering are book work.
In order to find the frequency points for which H(u,v) =0 we set

cos(Zy = 212 2™ _ iz kodd .
N N

Therefore, for k=1=>v=—

Fork=3=v= % this value is invalid since v e[0,N —1].

Vv 2 T R T
Cluv) = ¥ S hixye 8 =i2(e’N” ~2e W e ')
N“ xZo y=0 N
1 v a1 71— - 2%y
=—@1-2¢ N +e N )=—3e -2+e N
Nz( ) vE NG )
2 271'

=We N [cos(—) 1]

The expression for the CLS estimator is book work.
cos(zwﬂv) =1= %N =2k, k any integer.

Therefore, for k=0=v=0
For k=1=v=N this value is invalid since ve[0,N —1].

By comparing the frequency points for which H(u,v)and C(u,v) we see that there

are not any frequency points for which both functions are zero and therefore the CLS
estimator can be obtained for all frequencies.



