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2D Fourier Transform:

f(X,y) = Acos2ri(ax+by) OO F(u,v) :g(é(u +a,v+b)+d(u—a,v-h))

MM SE Quantizer: Useful Identities
2cosacosb = cog(a+b) + cog(a—b)
tk+l
up, (u)du b +F -
r :J-tk P (1) t :rk_1+rk a’+bx+c=00 x = b+t - 4ac
1Lk 2 2a

k J,t:m pU (U)du

a’-x =(a-x)(@+x)
a’-x’=(a-x)(a’ +ax+ xX)

1. (20) Given adiscrete sequence u(m, n) = (m+n)?, evauate:

@ (10) um Nd(M-2,n-2)

(L m=2n=2 *u(mn) m=2n=2
6(m—2,n—2):Ep _ O uimnd(m-2,n-2) = _
otherwise g O otherwise
+n)? =2n=2 16 m=2n=2
umr)s(m-2,n-2)=gmnT m=2n=2_{ |
o O otherwise [J0 otherwise

lum nNd(m-2,n-2)=165(m-2,n-2)|

(d) (10) umn)*d(M-2,n-2)

sm-2n-2=0 " 2" 2
’ _Ep otherwise

umn)*d(m-2,n-2) = i iu(m',n')6(m—2—m',n—2—n')(;)u(m—2,n—2)

m'=—c n'=—oco

umn)*d(m-2,n-2) =((Mm-2)+(n-2))*
u(mn)*&dM-2n-2) =(m+n-4)>

14




2. (20) Determineif the following sysemsare (i) Linear and (ii) Shift-Invariant.
@ y(mn) =™V yimn] =T[x[m,n]] =e™™"

(i) (5) linear if T[ax[m, n]+bx,[m n]] = ay[m, n]+by,[mn] .

Change varigbles: x'[m n] = ax[m, n] +bx,[m ]

Tlax[m, n] +bx,[m n]] =T[xm, n]] = MM = grsmniwelmnll 2

# ae (M4 pe Ml = qy [m, n]+ by,[m n] , system is not linear.

(ii) (5) shift-invariant if T[X{m—m,,n—n,]] =y[m-m, n—ny].
Changevariables: X'[m,n] = x[m-m,, n— ]

TIx{m-m,, n—n,]] = T[xm, n]] = € X" = gk ™ol = yim -y n-ny] ,
system is shift invariant

(b) (10) y(m,n) = ; x(m-1,K)
() (5) linear if T[ax[m, n] +bx,[m ni] = ay[m, n] +by,[m .
Change variables: X'Tm n] =ax[m, n] +bx,[mn] , T[ax[m, n] +bx,[m n]] =T[x'[m,n]]

T[xm,n]] = 2}x'[m—l K] = i}axl[m—l K] +bx,[m-1,k] :aZx][m -1k + bg X[m=-1,K] =

= ay,[m n] +Dby,[m n],system islinear

(ii) (5) shift-invariant if T[X{m—-m,,n—n,]] =y[m-m, n—ny].
Changevariables: X'[m,n] =x[m-m,, n—ny], T[XIm—m,, n—n,]] =T[xm,n]]

n m m n—-ry
TxXIm,n]=3Y x[m-LKk] =Y x[m-1K]= m-m, Lk -n]= X[m-m, -1k #
[[]];[ ];[ ];X[”b rb]k-:z.no[”b ]
% nznox[m—rrb -1k T=y[m-m,, n—n,], system isnot shift invariant.
K=0
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(30) Theimage f (X, y) = 4cosdmn(x+ y)issampledat Ax=0.25, Ay=0.25. The

recongtructed filter isthe ided low passfilter corresponding to the above sampling rate.
What is the recongtructed sgnd?

f (x,y) =4cos2n(2x+2y) 0 u, =2,v, =2 Av
F(U,V) = 2(8(u+2,v+2)+8(u-2,v-2)) L 4
2
us=i=4,2uo=4D U, = 2u,, diasing exists.
AX | »U
1 o -2 2

S

vV, =—=4,2v, =40 v, = 2v,, diasing exigs.
Ay

Spectrum of asampled signd is:
F.(u,v) = 322 Z(B(u+2 4k, v+1-41) +d(u-2-4k,v-1-4l))

Theided low passfllter H(u,v) corresponding to the above sampling rate, i.e. :
0 1 -2<us<?
H(u,v):E 16’ -2<v<?2

b,  otherwise

# #ovd # ft
4|

ft #f__2HuY) ft

i >

ft ¢ 1 ft
ul

ft ft tt ft

Recongtructed signdl is:
Ie(u,v) = H(u,v) K, (u,v) =0.0625*32*2(d(u+2,v+2) +d(u+2,v—-2) +d(u— 2,v+2) +d(u—- 2,v-2))

f (X, y)=8cos(4m(x +y)) +8cos(4r(x—y)) U ?(x ,Y) =16cos4nxcos4ny
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4. (30) Design afour leve optima minimum mean squared error quantizer for u where
the Sgnd has the following pdf.

Ler1
I up, (u)du
-MMSE quantizer: r, =t‘tk— t, =

[ 2

-pdf symmetry: |t, = 0|,|t; =2

=4t -

t,=t,-t,0 t,= 4—t,(1)

3
J’t uludu & 2 [y
- r1:—4 :iD r1:_t21t2:—1 2(2)
2] t2 3 2
I—udu 2
t 4 2

3 2 1 23_t§

r _LZ up, (u)du _Luzudu T3 _ 24+, +t2 3
20 el o 22473 2+t
J't2 R, (u)du J'tz Zudu 2 2 2

2
@e&@0 =200y =12 28020

= 2 +1)=2t%+ 4t +
> 2GR 5 2t )0 3,(2+t,) = 22+ 4t,+4
O t2+2t,-4=00t,=-1++/5.Sincet, =0<t,<t,= 20 |t, =~/5-1].
W Ot,=4-t,0t,=5-5

—g :g —_ - = —_ :é
@ =3t 0 3(J?5 D -@r=2-n=2t0

_4 =
r2—3(J§ 1)

- pdf symmetry: r, =4 -r, [0 |1, 23(4—\/3)

r,=4-r 0|, :3(7—\/3)

SOLUTION:
t,=0t,=5-1t,=2t,=5-51t =5

_2 - _ﬂ- - :_4 - :_2 -
=5 (W5-1), 5= (5-1), 5= —(4-5), =< (7-+5)

4/4



