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 Q.2 a. Draw the block diagram of digital communication system and explain the 
function of each block. Differentiate the system with analog communication. (8) 

Answer: 
 

 
         A block diagram with all the functional units – Discrete information source – source 
encoder  – channel encoder – modulator- channel ( + noise) –  demodulator - channel decoder – 
source decoder – detailed explanation about the functions of each blocks – If source is analog 
the sampling and quantization. Source encoder for assigning code words – assigning higher 
probable vents lower code word length for efficient transmission – channel encoder - error 
detection and error correction. The Modulator converts the input bit stream into an electrical 
waveform suitable for transmission over the communication channel.  The extraction of the 
message from the information bearing waveform produced by the modulation is accomplished 
by the demodulator. The output of the demodulator is bit stream. The important parameter is 
the method of demodulation. 

 Block diagram of analog communication – Block diagram of digital communication – 
major differences in functional blocks –  
Advantages  
1. The effect of distortion, noise and interference is less in a digital communication 

system. This is because the disturbance must be large enough to change the pulse 
from one state to the other 

2.  Regenerative repeaters can be used at fixed distance along the link, to identify and 
regenerate a pulse before it is degraded to an ambiguous state. 
 

3. Digital circuits are more reliable and cheaper compared to analog circuits. 
 

4. The Hardware implementation is more flexible than analog hardware because of the 
use of microprocessors, VLSI chips etc. 
 
5. Signal processing functions like encryption, compression can be employed to maintain 
the secrecy of the information. 
 
6. Error detecting and Error correcting codes improve the system performance by 
reducing the probability of error. 
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7. Combining digital signals using TDM is simpler than combining analog signals using 
FDM. The different types of signals such as data, telephone, TV can be treated as 
identical signals in transmission and switching in a digital communication system. 
 
8. We can avoid signal jamming using spread spectrum technique. 
 

  b.  A discrete memoryless source (DMS) has six symbols Xi and their probability 
of occurrence P(Xi) as follows:  

 

    Xi   P(Xi) 
    X1     0.30 
    X2 0.25 
    X3 0.20 
    X4 0.12 
    X5 0.08 
    X6 0.05 
 

   Using Huffman coding algorithm, find the Huffman codes for the symbols. 
Calculate the coding efficiency. (8) 

Answer: 
 

 

    
 
 Q.3 a. State and explain sampling theorem.                                                (6)      
Answer: 
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  Sampling Theorem: A bandlimited signal can be reconstructed exactly if it is sampled 
at a rate at least twice the maximum frequency component in it."    

                                        
  b. g(t) is a band limited signal with bandwidth fm Hz and its spectrum is given in     

Fig (a). Mathematically show that the spectrum of the sampled (at sampling 
frequency of   fs Hz) version of signal g(t) is as given in Fig (b).              (10) 

 

                                                                                                               
                            Fig (a) Fig (b) 
Answer: 

   

    
 
 Q.4 a. Explain Delta modulation with transmitter and receiver block diagram. What 

are the major limitations of Delta modulation? (10)  
Answer: 
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 Delta Modulation is a special case of DPCM. In DPCM scheme if the base band signal is 
sampled at a rate much higher than the Nyquist rate purposely to increase the correlation 
between adjacent samples of the signal, so as to permit the use of a simple quantizing strategy 
for constructing the encoded signal, Delta modulation (DM) is precisely such as scheme. Delta 
Modulation is the one-bit (or two-level) versions of DPCM. 

DM provides a staircase approximation to the over sampled version of an input base band 
signal. The difference between the input and the approximation is quantized into only two 
levels, namely, ±δ corresponding to positive and negative differences, respectively, Thus, 
if the approximation falls below the signal at any sampling epoch, it is increased by δ. 
Provided that the signal does not change too rapidly from sample to sample, we find that 
the stair case approximation remains within ±δ of the input signal. The symbol δ denotes 
the absolute value of the two representation levels of the one-bit quantizer used in the 
DM.  
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However DM also suffers from a few limitations such as the following: a) Slope over 
load distortion: If the input signal amplitude changes fast, the step by-step accumulation 
process may not catch up with the rate of change. This happens initially when the 
demodulator starts operation from cold-start but is usually of negligible effect for speech. 

 
Granular noise: If the step-size is made arbitrarily large to avoid slope-overload 
distortion, it may lead to ‘granular noise’. Imagine that the input speech signal is 
fluctuating but very close to zero over limited time duration. This may happen due to 
pauses between sentences or else. During such moments, our delta modulator is likely to 
produce a fairly long sequence of 101010…., reflecting that the accumulator output is 
close but alternating around the input signal. This phenomenon is manifested at the 
output of the delta demodulator as a small but perceptible noisy background. This is 
known as ‘granular noise’. An expert listener can recognize the crackling sound. This 
noise should be kept well within a tolerable limit while deciding the step-size. Larger 
step-size increases the granular noise while smaller step size increases the degree of 
slope-overload distortion.  

 
  b.  Explain the concepts of Robust Quantization in detail. (6) 
Answer: 
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 Q.5    a.  Consider a binary sequence 10110100. Draw the waveforms for this sequence, 

using the following signaling formats.                                            (6) 
   (i) Unipolar RZ (ii) Unipolar NRZ 
   (iii) Polar RZ (iv) Polar NRZ 
   (v) Bipolar NRZ (vi) Split Phase Manchester  
Answer: 
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  b.  Derive the Nyquist criterion for distortionless Baseband Binary transmission.(10) 
Answer: 
 

 
 The presence of ISI in the system introduces errors in the decision device at the 
receiver output. Therefore, in the design of the transmitting and receiving filters, the objective is 
to minimize the effects of ISI, and thereby deliver the digital data to its destination with the 
smallest error rate possible.  
 
 
 Q.6 a. What is meant by Inter symbol Interference? What are the effects of Inter 

symbol Interference?                                                                                        (6) 
Answer: 

When a signal is band limited in the frequency domain, it is usually smeared in the time 
domain. This smearing results in inter symbol interference (ISI).  The only way to avoid 
ISI is to satisfy the 1st Nyquist criterion.  For an impulse response this means at sampling 
instants having only one nonzero sample. Rectangular pulses are suitable for infinite-
bandwidth channels (practically – wideband). Practical channels are band-limited -> 



AE67                                                       DIGITAL COMMUNICATON DEC 2015 
 

© IETE                                                                                                                                 8 

pulses spread in time and are smeared into adjacent slots. This is inter symbol 
interference (ISI) 
 
 

 
 
 
  b.  Explain with block diagram and mathematical equations the generation and 

coherent demodulation of ASK signal along with its signal space diagram.  (10) 
Answer: 

  Amplitude shift keying - ASK - in the context of digital communications is a 
modulation process, which imparts to a sinusoid two or more discrete amplitude levels. 
These are related to the number of levels adopted by the digital message. 
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 Q.7 a. What is a matched filter? Derive the expression for impulse response of the 

Matched filter.                                                                                               (8) 
Answer: 
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  b.  Explain Gram-Schmidt Orthogonalization Procedure.                                (8) 
Answer: 
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 Q.8 a. Explain with a block diagram the working of Frequency hopped spread 

Spectrum.                                                                                                         (7) 
Answer: 
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In FHSS, the input carrier frequency to the modulator itself varies within a fixed bandwidth. 
With respect to time, the frequency assigned for modulation is changed with a central frequency 
but with a fixed bandwidth. As the frequencies change from one to another and the allocation of 
frequency is pseudorandom, i.e., not in order (dependent upon a PN sequence), the term 
‘hopping’ comes to represent the allocation of frequency with respect to time. 

  b.  What is the difference between Fast frequency hopping and Slow Frequency 
Hopping?                                                                                                          (3) 

Answer: 
•   Slow Frequency Hopping (SFH)  

In this case one or more data bits are transmitted within one hop. An advantage is that 
coherent data detection is possible. Often, systems using slow hopping also employ 
(burst) error control coding to restore loss of (multiple) bits in one hop. 

• Fast Frequency Hopping (FFH) 
One data bit is divided over multiple hops. In fast hopping, coherent signal detection is 
difficult, and seldom used. Mostly, FSK or MFSK modulation is used. 

  c.  Calculate the processing gain of FHSS system if the total hopping bandwidth 
is 2 MHz and instantaneous bandwidth is 40 kHz.                 (3) 

Answer: 
  Processing gain = Total hopped band width/ Instantaneous band width = 2 MHz/40 

KHz 
 
          d. Mention any two advantages and disadvantages of FHSS System.            (3) 
Answer: 
  Advantage of FHSS:  
     o Fundamentally much simpler to implement 
     o Better range, due to lower receiver sensitivity 
     o Good rejection of in band interference 
     o Good performance in multipath environments 
     o No "near/far" problems 
Disadvanges Of FHSS: 
     o Long latency time   o Slow Lock-In, must search a channel 
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     o Must resynchronization with other after every hop 
     o short outdoor range  o Lower overall data throughput 
 
 Q.9  Write a short note on applications of : (8×2) 
   (i) Waveform Coding Techniques 
   (ii) Spread Spectrum Techniques 
(i) 
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(ii) 
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