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1. DPCM Coding (encoder/decoder) are described mathematically. Given

K
x,(n) =Y a,%(n—m), where a, are predictor weights.

m=]
a) Showthat a=R7'r

Minimizeﬁnean square prediction error i.e., -

Elej(n)= E[fx-5 00} | = 65?1

Assume
A
x(n)=x(n) (negligible quantization error).

x,(m)= i:a,x(n )]

1=l
whe e ¥ - R =

(Kxy) (Kx'::)(KxQ
—
E [X“X“_"B £ [g*_‘x“ﬁ'}jg_ E(“—‘xh-n).. . E[X“_,yn-k] &(
E[Xm “'l] = | [Yw,x“_ll E E(“_I%“_g"' £ )5\_1’{,\-;& A
/ \

)

.'—1

| E %2 w- - B [n K" ":\ C\K—
E X, x,\,:& E )}“,,Xﬂ- _X, gK ; K;} | K X ‘)
(np

b) Assume that €, (n) and x, (n) are uncorrelated, show that:
afp = 0‘: -a T.’.'
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' DPCM CODING
R T P =Predictor .
ep(n) = prediction error = x(n)- Xp(n) ' Q=Quantizer

FQQoU—a—&k ?vabe,t\"an
Q(n) = Quantization error = ep(n)— epq(“) ADAPTIVE QU ANTIZER

%(n) = Reconstructed signal = epq(n) + Xp(m) FwL
N ep(") v em(n) VWL
x(n) = Input signal <@ 2_ s ENCODER
| xp(n) = frcdicted value of x(n) ‘ | * ¥ l
' xr(1) +
Reconstruction error x
= x(n)=X(n) X
TRANSMITTER
= ep(n)- epq(n) = q(n) ADAPTIVE PREDICTOR
= xp(n) + ep(n)-[epq(n) + xp(0)] TRANS 2

= quantization error

Adaptive DPCM involves adaptive predictor and/or adaptive quantizer.

X(n)
VWL 4>
i DECODER
RECEIVER /
Sewa& o). a«@‘ He
branis wad tley-

2. A sample image is shown in Table 13.8. Both LPF and HPF are given,
decompose the sample image into 2D four equal subbands. Identify the LL, LH,
HL & HH subbands. Assume reflection of pixel intensities at the borders.
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TABLE 13.8 Asample “image.”
10 14 0o 12 14 8 14 1
0 12 g8 12 10 6 10 12
1210 8 6 8§ 10 120 14
8 6 4 6 4 6 g 10
4 12 0 8 6 4 6 8
12 8 210 6 6 6 6
2 10 6 6 6 6 6
6 6 6 6 6 6 6 6

3.

Codebook design starting with an uniform quantizer

a) Design the codebook using LBG algorithm. Set the threshold ¢ =0.001.

n = # of vectors in the training

Vector dJmensmn) {Codebook sme) sequence, n =12,

X1 = (— 37, .99) X7 = ('- .6, .18)
x3 = .64,-12) d xg = (.14,1.76)
x3 = (- .83, .61) LB xg = (.71,-35)
x4 = (- 71,-1.22) x10 = (3, +.8)

x11 =(3,1.07)

= (- 29, —95)
;i ((1 12952) A LCOQITqu = (- .38, -.33)

corrected?

b) Describe in detail splitting algorithm for designing codebook. How is this
useful for BSYQ? What is the empty cell problem? How can this be
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4.1If h(n)=h(N-1-n),0<n< _1_V2_ —1, represents a LPF (Symmetric), then its

QMTF corresponds to h,(n) =(-1)"h (n).
a) How are the frequency spectra of H,(z) and H,(z) related. Sketch them.
b) Why are they called QMF pair?

a) Showina bloc}c diagram format (using LPF, HPF and decimators)
how you can obtain the subband decomposition shown ~. (- { g0

'b) Repeat a) to obtain the origi
. Synthesis (using also interpolators).

nal (512 x 512) image, e, Subband

Subbaad 1

Subband 2

L Subbaod 3

Subbend 4

< 256 —>

Subbexd 6

Subband 7

512

512




