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1. Test if the following systems are () Linear and (b) Shift-Invariant.
()glml=> XK, glm]=T[x[m]] =}’ x[k]
a) linear if T[ax[m]+bx,[m]] = ag,[m]+ bg,[m], change varidbles: x'Tm] = ax[m]+ bx,[m]

Tlax[m] + bx[m)] = T{x[m]] = 3" xTK] =3 ax[K] +bx,[K] =2 x[K] + b3 %,[K] = agm] + by,

k=0
system is linear

b) shift-invariant if T[x[m—-m,]]= g[m—-m,].
Changevariables: X'[m] = X m—-m,]

Tm-mll =T xm]= 3 x[k= 3 xTk-ml= 3" x[k]# Y x[k]=glm-m]
k=0 k=0 K=m, k=0

system is not shift invariant
NOTE: for xim]=0, m<0 system is shift-ivariant but that is not the genera case

@i)g[m,n] = (m+n)x[n], g[m n]=T[x[m,n]] = (M+ n)x[m,n]

a) linear if T[ax[m]+bx,[m]] = ag,[m]+ bg,[m].

Changevariables: X m] = ax[m]+ bx,[m]

T[ax[m, n]+bx,[m n]] =T[xTm, n]] = (m+n)xTm n] = (m+n)(ax[m, n]+bx,[m, n]) =
= a(m+ n)x[m, n]+b(m-+n) x[m, n] = ag,[ M| + bg,[m| , system islinear.

b) shift-invariant if T[X[m—-m,, n—n,]] =g[m-m,, n—n,], change variables:
x[mn]=xm-m, n—n]

TIX[m-m,, n—n,]] = T[X[m, n]] = (M+n)x'[m,n]= (M+n)x[m-m,, n—n,] #

# (M- m+n-ny)}¥m-my,n—n,] = g[m-m, n—n], system isnot shift invariant



3. Theimage f (X, y) = 4cos2r (2x+ Y)isto be sampled such that one can reconstruct the
signd from its samples without any errors. Suggest a sampling scheme. How do you propose to
reconstruct from the samples? |s your sampling scheme optimal (in the sense that it requires
fewest number of samplesto reconstruct the signal error free)?
f(x,y)=4cos2n(2x+y)=U,=2,V, =1

F(u,v)=20(Uu+2,v+1)+d(u—-2,v-1))

1
U =—,Us > 2U, = Ug > 4= Ax=0.25
AX

v :i,vs>2v0:>vs>2:>Ay< 0.5
Ay

Toavoid diasing, pick Ax, Ay smaller than Nyquist sampling rate. Letspick Ax =0.2,Ay= 0.4,
which correspondsto U, = 5,v, = 2.5. Then:

F.(u,v) = 2502 i (O(u+2-5k,v+1-2.5)+d(u—2-5k,v—1-2.51))

K=—o0 | =—co

NOTE: In the optimal sampling scheme, and using LPF for reconstruction, AXx, Ay are determined
by the selectivity of LPF.

Lets pickl the reconstructed filter H(u,v) asthe ideal low pass filter corresponding to the above
sampling rate, i.e.

-25<u<?25
0.08,
H.(uv) = -1.25<v<1.25
0, otherwise
t 4 t
H(u,v)

Recongtructed signdl is:
Ie(u,v) =H(u,v) R (u,v)=(125*0.08)2(6 (u+ 2, v+1) + 5 (u—- 2,v—-1))
Perfect reconstruction!



4. Sketch the impulse function ¢(X,y) =0 (x+ y—1)

(t)=1=t=0

\Ay t=Xx+y=1= x+ y- 1= 0= y= 1- X
1

/

5. Design afour level minimum mean squared error quantizer for u where the signa has the
following pdf. What is the quantization error?

A pu (U) -MM SE quantizer:
Jtmupu (u)du Cht

| (="t =
jtk“pu(u)du b 2

! ! > -.[pb(u)du:lzn ==

c

-pdf symmetry: |t, = 0| ,|t; =2.5|, [t; =5|, t, - t,=t,— t,= t,= 5- 1, (D)

L1
Ju—du t, t, r+r2 Jupu(u)du Ju du _ 2+t
h=To e =Zen=2L=2020) 1= > O
of *~du J po@du [ Zau
v 4 b
-(2)&(:-:):>t2—'r1;Ir =1(t— 2+t) ST=1 - =t =t-t,=[,=4
t 1 2+t, 3
-2 r1252: r1:E -Qr,= = r2:E
7 9
- pdf symmetry: 1, =5-r, = rszz ,,=5-1n= r3:§
- This 4level MM SE quantizer combines two uniform 2-level quantizers ([0,2]&[3,5]),and A=1
A? 1

Se=—=|e=—
12 12




