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OBJECTIVES 

 

• To learn and understand Pulse modulation and discuss the process of sampling, quantization 

and coding that are fundamental to the digital transmission of analog signals. 

• Baseband pulse transmission which deal swith the transmission of pulse amplitude modulated 

signals in their baseband form Pass band data transmission methods 

• To learn error control coding which encompasses techniques for the encoding and decoding of 

digital data streams for their reliable transmission over noisy channels. 

 

INTENDEDOUTCOMES: 

 

• Gain knowledge in pulse modulation and discuss the process of sampling, quantization and 

coding that is fundamental to the digital transmission of analog signals. 

• Gain adequate knowledge in baseband pulse transmission,which deals with the transmission of 

pulse-amplitude,modulated signals in their baseband form. 

• Gain adequate knowledge in M-ary signaling and spread spectrum Technique. 

 

 

UNIT I-SAMPLING AND QUANTIZATION 

Sampling  Process  –  Aliasing  –   Instantaneous  sampling  –  Natural  Sampling  –  Flat  Sampling  

– Quantization of signals –  sampling and  quantiz ing effects –  channel effects –  SNR for quantiz 

ation pulses – data formattin g techniques – Time division multiplexing. 
 
UNIT II-DIGITAL M O DUL ATIO N SYSTEMS 

PCM Systems – Noise Considerations in PCM s ystem – Overall Signal-to- noise ratio for PCM 

system – Threshold effect – Channel Capacity – Virtues, Limitations & Modification of PCM  

system – PCM Signal  Multiplexing –  Differential  PCM  –  Delta  Modulation  –  Noise  

Considerations in  Delta Modulation – SNR Calculations – Comparison of PCM, DPCM & DM. 

 

UNIT III-B ASE BAND PULSE TRANSMISSION 

Maximum likelihood receiver structure – Matched filter receiver –  Probabilit y error of the 

Matched filter  –   Inter symbol  interference  –   Nyquist  criterion  for  distortionless  baseband  

transmission  – Correlative coding – Eye pattern. 

 

UNIT IV-PASS BAND DATA TRANSMISSION 

Pass  Band  Transmission Model  –  Generation,  Detection,  Signal  Space Diagram, Probability of 

Error for BFSK, BPSK, QPSK, DPSK, and Schemes– Comparison. 

 
UNIT    V-M-ARY   SIGNALING   AND    INTRODUCTION   TO    SPREAD    SPECTRUM 

TECHNIQUES 

M-ary signaling, vectoral view of MPSK and MFSK signalin g, symbol error performance of M-ary 

systems  – Introduction  –   Discrete   Sequence  Spread Spectrum technique – Use of Spread 

Spectrum with  CDMA-Ranging  Using  Discrete  Sequence  Spread  Spectrum  –   Frequency  

Hopping  Spread Spectrum – Generation & Characteristics of PN Sequence.
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1 Sampling  Process - Aliasing 2 

R4 Page No 62 to 72 
2 

Instantaneous  Sampling - Natural  

Sampling - Flat  Sampling 
1 

3 Quantization of Signals 1 T1 Page No 193 to 195 

4 Sampling and  Quantizing Effects 1 

R4 Page No 76 to 79 
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Channel Effects - SNR for Quantization 
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6 Data Formatting Techniques 1 

https://www.tutorialspoint.com/digital_comm

unication/digital_communication_data_encodi

ng_techniques.htm 

7 Time Division Multiplexing 1 T1 Page No 211 to 212 

8 
Tutorial on Sampling Process  and 

Quantization 
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UNIT II DIGITAL MODULATION SYSTEMS 

9 PCM Systems 1 T1 Page No 201 to 209 

10 

Noise Considerations in PCM system - 

Overall Signal-to- Noise ratio for PCM 

System - Threshold Effect 

1 T1 Page No 209 to 210 

11 
Virtues, Limitations & Modification of 

PCM system - PCM Signal  Multiplexing 
1 T1 Page No 217 to 218 

12 Differential  PCM 1 T1 Page No 227 to 229 

13 
Delta  Modulation - Noise  Considerations 
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14 Comparison of PCM, DPCM & DM 1 
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15 Tutorial on PCM Systems 1  

UNIT III BASE BAND PULSE TRANSMISSION 

16 Maximum Likelihood Receiver Structure 1 R4 Page No 119 to 122 

17 Matched Filter Receiver 2 T1 Page No 248 to 253  

18 Probability Error of the Matched Filter 1 T1 Page No 253 to 258  

19 Inter Symbol  Interference 1 T1 Page No 259 to 261 

20 
Nyquist  Criterion  for  Distortionless  

Baseband  Transmission 
1 T1 Page No 261 to 267 

21 Correlative Coding 2 T1 Page No 267 to 275 
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UNIT I SAMPLING AND QUANTIZATION 

Sampling  Process  –  Aliasing  –   Instantaneous  sampling  –  Natural  Sampling  –  Flat  Sampling  – 

Quantization of signals –  sampling and  quantizing effects –  channel effects –  SNR for quantization 

pulses – data formatting techniques – Time division multiplexing. 

 

SAMPLING  PROCESS 

    A message signal  may originate from a digital or analog source.  If the message signal is analog in nature, then it 

has to be converted into digital form before it  can transmitted by digital means.   The process by which the 

continuous-time signal is converted into a discrete– time signal is called  Sampling. Sampling operation is 

performed in accordance with the sampling theorem. 
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Data Formatting Techniques 

Encoding is the process of converting the data or a given sequence of characters, 

symbols, alphabets etc., into a specified format, for the secured transmission of 

data. Decoding is the reverse process of encoding which is to extract the information from the 

converted format. 

 

Data Encoding 

Encoding is the process of using various patterns of voltage or current levels to 

represent 1s and 0s of the digital signals on the transmission link. The common types of line 

encoding are Unipolar, Polar, Bipolar, and Manchester. 
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Encoding Techniques 

The data encoding technique is divided into the following types, depending upon the type of 

data conversion. 

 

 Analog data to Analog signals − The modulation techniques such as Amplitude 

Modulation, Frequency Modulation and Phase Modulation of analog signals, fall under 

this category. 

 Analog data to Digital signals − This process can be termed as digitization, which is 

done by Pulse Code Modulation (PCM). Hence, it is nothing but digital modulation. As 

we have already discussed, sampling and quantization are the important factors in this. 

Delta Modulation gives a better output than PCM. 

 Digital data to Analog signals − The modulation techniques such as Amplitude Shift 

Keying (ASK), Frequency Shift Keying (FSK), Phase Shift Keying (PSK), etc., fall 

under this category. These will be discussed in subsequent chapters. 

 Digital data to Digital signals − These are in this section. There are several ways to map 

digital data to digital signals. Some of them are − 

 

Non Return to Zero (NRZ) 

NRZ Codes has 1 for High voltage level and 0 for Low voltage level. The main behavior of 

NRZ codes is that the voltage level remains constant during bit interval. The end or start of a 

bit will not be indicated and it will maintain the same voltage state, if the value of the previous 

bit and the value of the present bit are same. 

The following figure explains the concept of NRZ coding. 

 

 

 

 

 

 

If the above example is considered, as there is a long sequence of constant voltage level and 

the clock synchronization may be lost due to the absence of bit interval, it becomes difficult for 

the receiver to differentiate between 0 and 1. 
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There are two variations in NRZ namely − 

 

NRZ - L (NRZ – LEVEL) 

There is a change in the polarity of the signal, only when the incoming signal changes from 1 

to 0 or from 0 to 1. It is the same as NRZ, however, the first bit of the input signal should have 

a change of polarity. 

 

NRZ - I (NRZ – INVERTED) 

If a 1 occurs at the incoming signal, then there occurs a transition at the beginning of the bit 

interval. For a 0 at the incoming signal, there is no transition at the beginning of the bit 

interval. 

NRZ codes has a disadvantage that the synchronization of the transmitter clock with the 

receiver clock gets completely disturbed, when there is a string of 1s and 0s. Hence, a separate 

clock line needs to be provided. 

Bi-phase Encoding 

The signal level is checked twice for every bit time, both initially and in the middle. Hence, the 

clock rate is double the data transfer rate and thus the modulation rate is also doubled. The 

clock is taken from the signal itself. The bandwidth required for this coding is greater. 

There are two types of Bi-phase Encoding. 

 Bi-phase Manchester 

 Differential Manchester 

 

Bi-phase Manchester 

In this type of coding, the transition is done at the middle of the bit-interval. The transition for 

the resultant pulse is from High to Low in the middle of the interval, for the input bit 1. While 

the transition is from Low to High for the input bit 0. 
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Differential Manchester 

In this type of coding, there always occurs a transition in the middle of the bit interval. If there 

occurs a transition at the beginning of the bit interval, then the input bit is 0. If no transition 

occurs at the beginning of the bit interval, then the input bit is 1. 

The following figure illustrates the waveforms of NRZ-L, NRZ-I, Bi-phase Manchester and 

Differential Manchester coding for different digital inputs. 

 

 

 

 

  

 

 

Block Coding 

Among the types of block coding, the famous ones are 4B/5B encoding and 8B/6T encoding. 

The number of bits are processed in different manners, in both of these processes. 

 

4B/5B Encoding 

In Manchester encoding, to send the data, the clocks with double speed is required rather than 

NRZ coding. Here, as the name implies, 4 bits of code is mapped with 5 bits, with a minimum 

number of 1 bits in the group. 

The clock synchronization problem in NRZ-I encoding is avoided by assigning an equivalent 

word of 5 bits in the place of each block of 4 consecutive bits. These 5-bit words are 

predetermined in a dictionary. 

The basic idea of selecting a 5-bit code is that, it should have one leading 0 and it should 

have no more than two trailing 0s. Hence, these words are chosen such that two transactions 

take place per block of bits. 

 

8B/6T Encoding 

We have used two voltage levels to send a single bit over a single signal. But if we use more 

than 3 voltage levels, we can send more bits per signal. 
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Time Division Multiplexing 

 

1. TDM is the digital multiplexing technique. 

2. In TDM, the channel/link is not divided on the basis of frequency but on the basis of time. 

3. Total time available in the channel is divided between several users. 

4. Each user is allotted a particular a time interval called time slot or time slice during which 

the data is transmitted by that user. 

5. Thus each sending device takes control of entire bandwidth of the channel for fixed 

amount of time.  

 

6. In TDM the data rate capacity of the transmission medium should be greater than the data 

rate required by sending or receiving devices. 

7. In TDM all the signals to be transmitted are not transmitted simultaneously. Instead, they 

are transmitted one-by-one. 

8. Thus each signal will be transmitted for a very short time. One cycle or frame is said to be 

complete when all the signals are transmitted once on the transmission channel. 

9.  The TDM system can be used to multiplex analog or digital signals, however it is more 

suitable for the digital signal multiplexing. 

10. The TDM signal in the form of frames is transmitted on the common communication 

medium. 

 

 

 

 

 

 

 

 

 

 Types of TDM  

1. Synchronous TDM 

2. Asynchronous TDM 

Synchronous TDM (STDM) 

1. In synchronous TDM, each device is given same time slot to transmit the data over the link, 

irrespective of the fact that the device has any data to transmit or not. Hence the name 

Synchronous TDM. Synchronous TDM requires that the total speed of various input lines 

should not exceed the capacity of path. 

http://ecomputernotes.com/computernetworkingnotes/network-technologies/time-division-multiplexing
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2. Each device places its data onto the link when its time slot arrives i.e. each device is given 

the possession of line turn by turn. 

3. If any device does not have data to send then its time slot remains empty. 

4. The various time slots are organized into frames and each frame consists of one or more time 

slots dedicated to each sending device. 

5. If there are n sending devices, there will be n slots in frame i.e. one slot for each device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6. As show in fig, there are 3 input devices, so there are 3 slots in each frame. 

Multiplexing Process in STDM  

1. In STDM every device is given the opportunity to transmit a specific amount of data onto the 

link. 

2. Each device gets its turn in fixed order and for fixed amount of time. This process is known 

as interleaving. 

3. We can say that the operation of STDM is similar to that of a fast interleaved switch. The 

switch opens in front of a device; the device gets a chance to place the data onto the link. 

4. Such an interleaving may be done on the basis of a hit, a byte or by any other data unit. 

5. In STDM, the interleaved units are of same size i.e. if one device sends a byte, other will also 

send a byte and so on. 

6. As shown in the fig. interleaving is done by a character (one byte). Each frame consists of 

four slots as there are four input devices. The slots of some devices go empty if they do not 

have any data to send. 

7. At the receiver, demultiplexer decomposes each frame by extracting each character in turn. 

As a character is removed from frame, it is passed to the appropriate receiving device. 
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Disadvantages of Synchronous TDM 

1. The channel capacity cannot be fully utilized. Some of the slots go empty in certain frames. 

As shown in fig only first two frames are completely filled. The last three frames have 6 empty 

slot. It means out of 20 slots in all, 6 slots are empty. This wastes the l/4th capacity of links. 

2. The capacity of single communication line that is used to carry the various transmission 

should be greater than the total speed of input lines. 

Asynchronous TDM 

1. It is also known as statistical time division multiplexing. 

2. Asynchronous TDM is called so because is this type of multiplexing, time slots are not 

fixed i.e. the slots are flexible. 

3. Here, the total speed of input lines can be greater than the capacity of the path. 

4. In synchronous TDM, if we have n input lines then there are n slots in one frame. But in 

asynchronous it is not so. 

5. In asynchronous TDM, if we have n input lines then the frame contains not more 

than m slots, with m less than n (m < n). 

6. In asynchronous TDM, the number of time slots in a frame is based on a statistical analysis of 

number of input lines. 

7. In this system slots are not predefined, the slots are allocated to any of the device that has 

data to send. 
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8. The multiplexer scans the various input lines, accepts the data from the lines that have data to 

send, fills the frame and then sends the frame across the link. 

9. If there are not enough data to fill all the slots in a frame, then the frames are transmitted 

partially filled. 

10. Asynchronous Time Division Multiplexing is depicted in fig. Here we have five input lines 

and three slots per frame. 

 

 

 

 

 

 

 

 

 

 

 

 

 

11. In Case 1, only three out of five input lines place data onto the link i.e. number of input lines 

and number of slots per frame are same. 

12. In Case 2, four out of five input lines are active. Here number of input line is one more than 

the number of slots per frame. 

13. In Case 3, all five input lines are active. 

In all these cases, multiplexer scans the various lines in order and fills the frames and transmits 

them across the channel. 

The distribution of various slots in the frames is not symmetrical. In case 2, device 1 occupies 

first slot in first frame, second slot in second frame and third slot in third frame. 
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Advantages of TDM : 

 1. Full available channel bandwidth can be utilized for each channel. 

2. lntermodulation distortion is absent. 

3. TDM circuitry is not very complex. 

4. The problem of crosstalk is not severe. 

 

Disadvantages of TDM : 

1. Synchronization is essential for proper operation. 

2. Due to slow narrowband fading, all the TDM channels may get wiped out. 
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UNIT II-DIGITAL MODULATION SYSTEMS 

PCM Systems – Noise Considerations in PCM system – Overall Signal-to- noise ratio for PCM system – Threshold 

effect – Channel Capacity – Virtues, Limitations & Modification of PCM system – PCM Signal  Multiplexing –  

Differential  PCM  –  Delta  Modulation  –  Noise  Considerations in  Delta Modulation – SNR Calculations – 

Comparison of PCM, DPCM & DM. 
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UNIT III BASE BAND PULSE TRANSMISSION 

Maximum likelihood receiver structure – Matched filter receiver –  Probability error of the Matched filter  –   Inter symbol  
interference  –   Nyquist  criterion  for  distortion less  baseband  transmission  – Correlative coding – Eye pattern. 
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Eye Pattern 

An effective way to study the effects of ISI is the Eye Pattern. The name Eye Pattern was given from its 

resemblance to the human eye for binary waves. The interior region of the eye pattern is called the eye 

opening. The following figure shows the image of an eye-pattern. 

 

 

Jitter is the short-term variation of the instant of digital signal, from its ideal position, which may lead to 

data errors. 

When the effect of ISI increases, traces from the upper portion to the lower portion of the eye opening 

increases and the eye gets completely closed, if ISI is very high. 

An eye pattern provides the following information about a particular system. 

 Actual eye patterns are used to estimate the bit error rate and the signal-to-noise ratio. 

 The width of the eye opening defines the time interval over which the received wave can be 

sampled without error from ISI. 

 The instant of time when the eye opening is wide, will be the preferred time for sampling. 

 The rate of the closure of the eye, according to the sampling time, determines how sensitive the 

system is to the timing error. 

 The height of the eye opening, at a specified sampling time, defines the margin over noise. 

Hence, the interpretation of eye pattern is an important consideration. 
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UNIT IV-PASS BAND DATA TRANSMISSION 

Pass  Band  Transmission Model  –  Generation,  Detection,  Signal  Space Diagram, Probability of Error 

for BFSK, BPSK, QPSK, DPSK, and Schemes– Comparison. 
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UNIT    V M-ARY   SIGNALING   AND    INTRODUCTION   TO    SPREAD    SPECTRUM TECHNIQUES 

M-ary signaling, vectoral view of MPSK and MFSK signaling, symbol error performance of M-ary systems  – 

Introduction  –   Discrete   Sequence  Spread Spectrum technique – Use of Spread Spectrum with  CDMA-Ranging  

Using  Discrete  Sequence  Spread  Spectrum  –   Frequency  Hopping  Spread Spectrum – Generation & 

Characteristics of PN Sequence. 
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Generation and Characteristics of PN Sequences  

A piece of hardware used to generate the PN sequences. It is mainly formed of a 

shift register made up of D flip-flops, with some selected outputs of the flip-flops 

connected to a parity generator. The parity generator is constructed of an array of 

exclusive-OR gates and it generates a logic 0 output when the input has an even number of 

0's, and generates 1 when the input has an odd number of 1's.  
 

 

 
 

 

 
 

  

 

 
 

 

 
 

 

 
 

 

 

  



DIGITAL COMMUNICATION                                                                                                 V.NANDHINI AP/ECE 
 

Karpagam Academy of Higher Education Page 27 
 

 

 

The code generated depends on the number N of the flip-flops and on the selection of 

which flip-flop outputs are connected to the parity generator. At the beginning, all the Q's 

take specific pattern of logic values. Then, with each clock pulse these values are shifted 

and in general, the output of the parity generator will change. Since such hardware is 

fixed, the sequence is not truly random, i.e. it is deterministic. Also at some particular 

state, the sequence will start to repeat itself. In order to make that PN sequence almost 

random, a large number of flip-flops is used (today MOS large-scale integration may have 

2000 flip-flops on a single chip), hence the sequence length will be large enough to consider 

the sequence as a random one. In fact, the maximum sequence length is L=2N-1. Note that 

the all-0's-state has been excluded because if the register shall ever arrive at such a state, 

it will remain in it permanently. The above maximal sequence length (L) can be attained 

for every (N) using certain flip-flop outputs as inputs for the parity generator. For 

example, at N=15, the sequence length can be made maximum, i.e. L = 215-1 = 32767, if the 

outputs of the flip-flops number 13 and 14 are used as inputs for the parity generator. It is 

worth noting that PN sequences are available at both outputs of any flip-flop. Yet, they 

are not independent, i.e. one can be derived from the other by a simple time shift or by 

complementing the bits or both. However, there are logic designs that produce sequences 

with small correlation to one another. The number of such independent sequences has the 

upper bound S given by S < (L-1)/N. Note that these independent sequences can be divided 

into two groups, one has sequences that are the mirror images of those in the other. 

Mirror image sequences have the same bit sequence when one is read forward and the 

other is read backward in time.  

 

iii. Autocorrelation of a PN sequence  

The autocorrelation function Rd(t) of a truly random sequence d(t) with bit duration Tb is 

definedas  

 

Rd(t) = E{d(t) d(T+t)} = Integral d(t)d(T+t) dT  

And has the form shown in the figure below when d(t) = ± 1 volt  

 

The autocorrelation function Rd(t) of a PN sequence is RPN(t) = E{g(t) g(t + t)} Where g(t) 

assumes the values ± 1 volt. As might be expected RPN(0) = 1. Rpn(t) for t = nTc, where n is 

an integer and Tc is the chip duration.  

 

RPN(t = nTc) = E{g(t)g(t + nTc)} = E{ -g(t+kTc)} 

 

Now g(t + kTc) is a PN sequence and , in the course of L chips there is one more 1 than 0. 

Hence the average value of -g(t + kTc) is -1/L. Finally,since the sequence has a period 
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LTc so too has RPN(t).  

From the above, we deduce that an SS signal modulated with a PN sequence can only be 

demodulated by the exact PN sequence (t = exactly zero). For any other value of t, Rd(t) 

will equal zero i.e. the energy of the received signal equals zero ( no signal is received).  
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