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i) AJI th: hamrnmg weight and distances d
1ii) ‘Minimum weight parity check matrix ’
iv) Draw the encoder circuit, q ¥ ,,_‘Q'
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1) Compute the generator matrix [G] and parity check matrix [H] for.this
code

ii) Show that GH' =0, /= -

b. | Briefly, explain the following terms Hamming weight, Hamming distance | 10 | L2 | CO4
and minimum dﬁtfmcc of LBC with suitable examples.
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i) Draw the encoder block’ dmgram -
n) Calculate the generator matrix

}/ Bncﬂ}', describe the following terms :

31 Gthe To 10| L2 | COS
1) Code tree 11) Trellis graph iii),_Statc Graph
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Q.10 | a. | Describe the steps of viterbi algorithm in detail.
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b. | Discuss with diagram of the follow;
generator polynomial of path 1 and path 2.
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DC VTU QUESTION PAPER SOLUTION
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Properties of the Hilbert Transform

The Hilbert transform is a linear operator that produces a 90° phase-shifted version of a signal
and is widely used in communication systems, signal analysis, and analytic signal generation.
1. Linearity

The Hilbert transform is a linear operation:

H{ax1(t)+bx2(t)}=aH {x1(t)} +bH {x2(t)}

where a,ba, ba,b are constants.

2. Phase Shift Property

It introduces a £90° phase shift:

Positive frequencies — phase shift of —90°

Negative frequencies — phase shift of +90°

Amplitude remains unchanged.

3. Frequency Domain Representation

If X(£)X(f)X(f) is the Fourier transform of x(t)x(t)x(t), then:

F{x(©)} =— jsgn(H). X(f)
where sgn(f) is the sign function.
4. Orthogonality
A signal and its Hilbert transform are orthogonal:

[ x(t) x(t)dt = 0

5. Double Hilbert Transform
Applying the Hilbert transform twice gives:

H{H{x()}} == x(t)
6. Magnitude Preservation
The Hilbert transform does not change the magnitude spectrum, only the phase.
7. Analytic Signal Formation
It is used to form the analytic signal:

z(t) = x(t) + jx(t)
which contains only positive frequency components.
8. Time-Invariant Property
A time shift in the input produces the same time shift in the output:

H{x(t - to)} = x(t — t)
Answer-1(b)






The equation 9 represents the canonical representation of band pass signals.
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Definition of Entropy:-

The entropy of a discrete source X with symbols a1, xa, . . . , &,, and probabilities p(x;) is the average

information per symbol:

H(X) = = p(z:) log, p(=:)

i=1

Units: bits/symbol (if base 2).



Properties of Entropy:-
(1) Non-negativity
H(X)>0

because log(1/p(x)) = 0.

Entropy is zero only when one symbol has probability 1.

(ii) Maximum Entropy for Uniform Distribution

If all symbols are equally likely:

This represents maximum uncertainty.

(1ii) Minimum Entropy
Hm.in =0

Occurs when one symbol occurs with probability 1.

(iv) Entropy depends only on probability distribution

Not on the actual symbols.



(v) Additivity for Independent Sources

For two independent sources X and Y:

H(X,Y)=H(X)+ H(Y)

(vi) Continuity Property

Small change in probability — small change in entropy.

(vii) Entropy increases with uncertainty

More randomness — higher entropy.

(viii) Bounds

0< H(X) < logyn

Average Information Content of Long Independent Sequences
(Derivation)

Consider a source emitting symbols independently.

Let symbols:
Ly, E2y...,&p
with probabilities:
P1,P2;---5Pn

Consider a long sequence of length N

Suppose symbol x; appears:
Np;

times (for large N, by law of large numbers).



Total probability of the sequence

Because symbols are independent:

4 . — ‘H"'Tj}'-. ‘n"'rp? N n
P(sequence) = p; "'py " -+ P
Information content of the sequence
I(sequence) = — log; P(sequence)

Np1__Npz Np.,
= —log, (p1"'p5" "'Pnp)

Using log property

= —N (p1logy p1 + p2logy pa + - - - + pnlog; pn)
= NH(X)
Average information per symbol
I(sequence)

Average information per symbol =

- H(X)

T
= — ) pilog,pi
i=1

For long independent sequences, the average information content per symbol equals entropy:

N

T

H(X) = - pl(a:) logy plz:)
1=1

and total information in a sequence of length N:

I = NH(X)

1. Entropy represents average uncertainty
2. Also represents minimum number of bits needed per symbol
3. Fundamental limit for data compression (Shannon’s source coding theorem)
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Answer-6(a)

ﬁoperﬁes o]c Mutual Lformaﬁon

e Measures the amount of information one random variable contains about another
. Represerd:s reduction in uncer‘fafnfy, between X and Y

TOGY) = H(X)- HIX|Y) or T(XY)=H(X,Y)

e Mutual information is symmetric:

| ZCGY) =T(vix)|
Proof :

. S‘farﬁng from the definition:
TOGY) = H(X) +HEY)-H(XY)

e Based on the re(aﬁonship:
HOGY) = HOY; X))
Soe that:
T(GX) = HY+HE) = HY;X)

> I = T(v;X) |

Interpretation:
o Information that X pmva'des about Y

is equal to information that Y provides about X
e Mutual information is a shared quanﬁfg,

Alternative proof (us(nq probabi{r’fq) :

¥y = 2 plx;)t PO, Y
TGV = 5P by ()
Logarifhm of ratio 2 O on average :

>T(X;Y) =20

2) Non- Negaﬁvf‘ég,

e Mutual information is afways non-negative:
[I(X; Y)=0 I . Represents reduction in uncertairu’:g,

L Urtcer’fafnfy reduction cannot be nega.ﬂve
Froof :

. e |f variables are l'ndepend.’enf > no t'rrﬁ;rmatﬁon shared.
e From definition:

== TRy ) =0 Symmetry | TOGY)=T(Y;X) | Equal both ways:
TInformation shard

Non-regativity | T(X;Y) = O
Zero condition | T(X;¥Y) = O

Equab'fy.: T(X;Y)= 0O when
p(x.y) = p(x) ply)
ie, X and Y are mdef:enz&nt

is never negative.

X and Y are
independent:




Answer-6(b)

I ormalion C aaf% [a,w
= _—(‘Slww”-"— Haf:;egﬁworem)——-—‘

o Channel Model :

o Bandwidth = B Hz
. 5&'3:44[ Power= S
* Noise Power= N (AWGN)

. Ngqmsf morem,.' Max. sampl’es/sec =2B
° Info. per Sample

T = 5 log, (1+=-) | (bits/sample )

L To‘f&l In][o. !Jer ‘gecondi
et Xl B _ZL [032(1+-'%—)
=B logz (1+_§_.)

C=8B logz(ﬂ-g-)

(i Capacifg, Formula)

° _W_Iaiele_
o C = Channel Capa.d‘ly. (bits/sec)
. B = Banaﬁmdfh (Hz)
«S= Slgna(. Power
« N = Noise Power Max theoretical data rate!

- e = -
N S)grm[-%o Noise Ratio (SNR ) o Banduidth
o Alternative Form : - T SNR
o 1 Power

'.S}.MZ N=NaB
= =
C= B[ogz(I-F—N-o—B—




Question-8(b)

Harmmng, Welgllf, Hammmg Distance £

Minimum Distance of g

® Hamrmng_ Wexgkf

® Number of 1's in a binary vector

| Example: w(10110i0) =4 |
e Property: Denoted as w(x)
® Hmmmg Distance

e Number of positions which differ between two binary vectors

EXa.mPle: = 1?11&)10 and y= 11?&)110
0111100 — =0111100
[ deoy)=3

o PrOPerfg': Deno‘f?ed as d(x, g)

® Minimum Distance of LBC
e Smallest Ha.mm,mg distance of any. pair of codewords in the code

Example: x = 1011010 and y = 1100110
- e

0111100
e Property: Denoted as d(x,y)

e Minimum Distance of LBC

n= 4’ =0 Linecr Bladk Code: ProPer‘t EXPression Mea.ru‘ng
OO0 — ¢; = 0000 Z‘l;utmum dmj smallest d(q,cz)
O1— ¢, = 1011 irxanges (C)CJ) Aec)=2

10— ¢c3 = 0101

11 > e =1110 Apmin = 2 Minimum distance = 2.




Question-9(b)
1. Code Tree:
* A code tree is a graphical representation showing all possible output
sequences of a convolutional encoder.
« It starts from an initial state and branches for every possible input bit
(Oor1).
* Each branch shows encoder output corresponding to that input.
* Number of branches increases exponentially with time.
* Used mainly for understanding encoder operation, but not efficient for
Decoding.

Code Tree

Start (State 00)

2. State Graph:

* A state graph shows all encoder states and transitions between them.
* Each node represents one state of the encoder.

* Each directed branch represents transition due to input bit.

* Output corresponding to transition is labeled on branch.

* Does not show time progression explicitly.



Code Tree

Start (State 00)

3. Trellis Graph:

* A trellis graph is a time-expanded version of the state graph.
« It shows state transitions at each time instant.

* States are repeated at every time step.

* Used in Viterbi algorithm for decoding convolutional codes.
* Makes it easier to find the most likely transmitted sequence



Trellis Code for 101

Stage O Stage 1 Stage 2 (1) 10/ 10/ 10/ 00’
Decoded
1 1 0 output
Start
>(00)—

~

0/00

110

Question-10(a)

Steps of the Viterbi Algorithm

The Viterbi algorithm is a maximum likelihood decoding algorithm used to decode convolutional
codes. It finds the most probable transmitted sequence by selecting the path with the minimum
distance metric in the trellis diagram.

Key Terms:

» State: Condition of encoder shift registers

* Trellis: Time expanded state diagram

 Branch Metric (BM): Distance between received and expected output
* Path Metric (PM): Sum of branch metrics

* Survivor Path: Path with minimum metric

» ACS Operation: Add—Compare—Select process

Steps of Viterbi Algorithm:

1. Draw the trellis diagram representing all possible state transitions.
2. Initialize path metrics: Initial state metric = 0, other states = oo.

3. Calculate branch metric using Hamming distance (hard decision) or



Euclidean distance (soft decision).

4. Perform Add—Compare—Select operation to find minimum path metric.

5. Store survivor path for each state.

6. Repeat the process for entire received sequence.

7. Perform traceback from final state with minimum metric.
8. Obtain decoded sequence from survivor path.

Important Points:

* Provides optimal decoding.

» Minimizes probability of error.

* Used in wireless, satellite and mobile communication.

» Complexity increases with constraint length.

Viterb( Algorithm for 101

Stage O Stage 1 Stage 2
1 1 0

Start

Stage

PM=1

BM = Branch Metric
PM = Path Metric
—> Surrivor path

—> = Trachack

Answer-7(a)
Given Generator Matrix G:
G=
[100101
010110
001011]

All possible message vectors and codewords:
000 — 000000
001 — 001011
010 — 010110
011 — 011101

110

3

1/11

1/11
BM=3

PM=2



100 — 100101

101 — 101110

110 — 110011

111 — 111000
Hamming weights:
000000 — w=0
001011 — w=3
010110 — w=3
011101 —» w=4
100101 — w=3
101110 —» w=4

110011 — w=4
111000 — w=3
Minimum distance dmin = 3
Parity Check Matrix H:
H=

[110100

011010

101001]

Encoder circuit equations:
cl =ml

c2=m2

c3=m3

c4=ml ®m2

c5S=m2 e m3

c6 =ml ®m3
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