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 Wireless communication uses 100 kHz to 60 GHz 



 A Sin(2πft + θ) 

 A = Amplitude, f = Frequency, θ = Phase 

 Period T = 1/f, Frequency is measured in 

Cycles/sec or Hertz 



 

 

 

 Distance occupied by one cycle 

 Distance between two points of corresponding phase in 

two consecutive cycles 

 Wavelength = λ, assuming signal velocity v 

 λ = vT 

 λf = v 

c = 3*108 m/s (speed of light in free space) 

   = 300 m/μs 



 Attenuation = Log10 Pin/Pout Bel 

 Attenuation = 10 Log10 Pin/Pout decibel 

 Attenuation = 20 Log10 Vin/Vout decibel 

 

 Example 1: Pin = 10 mW, Pout = 5 mW 

 Attenuation = 10 log10 (10/5)  

                       = 10 log10 2 = 3 dB 

 Example 2: Pin = 100mW, Pout = 1 mW 

 Attenuation = 10 log10 (100/1) 

                       = 10 log10 100 = 20 dB 



 Bit rate 

 Number of bits transmitted during one second 

 

 Baud rate 

 Number of signal units/elements per second that are 

required to represent that bit 

 

 To measure the efficiency of computer we use bit rate 

 To measure the efficiency of a data communication 

system we use baud rate 



 An analog signal carries 4 bits in each signal element. 

If 1000 signal elements are sent per second, find the 

baud rate and bit rate? 

 

 Baud rate = number of signal elements per second 

 Baud rate = 1000 bauds 

 

 Bit rate = baud rate * number of bits per signal 

element 

 Bit rate = 1000 * 4 = 4000 b/s 



 108 degrees difference in phase 



 2 Phase Modulation 

 There are multiple variations of phase modulation 

 The version we just studied was 2 phase modulation 

 The reason is that it as two phase shifts 0o and 180o 

 

 We can see it in the constellation diagram 

Bit Phase 

0 0 

1 180 



 4 Phase Modulation 

 As noise does not affect this type of modulation, why not utilize it 

more by adding more phases and representing more bits over one 

phase 

 

 

 

 

 

 

 Baud rate = 4 (remember it is the number of signal elements) 

 Bit rate = 8 (remember it is the number of bit elements) 

Bit Phase 

00 0 

01 90 

10 180 

11 270 



 Phase modulation is limited by the ability of the 

equipment to distinguish small differences in phase 

 So this factor limits its  potential bit rate 

 

 So far we only been working with one characteristic of 

the wave of the three and changing them, so why not 

two 

 So what will these two be .... 



 We can change Phase and Amplitude 

 ‘x’ variations in phase and ‘y’ variations in amplitude result into a 

total of x*y variations 

 

 4 QAM (1 Amplitude and 4 Phases) 

 8 QAM (2 Amplitude and 4 Phases) 

Bit Phase 

000 0 

001 45 

010 90 

011 135 

100 180 

101 225 

110 270 

111 315 



 QAM-4, QAM-16, QAM-64, QAM-256 

 Used in DSL and wireless networks 

 

 Draw the constellation diagrams for all these 



 Transmitter converts electrical energy to 

electromagnetic waves 

 Receiver converts electromagnetic waves to electrical 

energy 

 Same antenna is used for transmission and reception 

 Antenna Gain = Power at particular point/Power with 

Isotropic Expressed in dBi 

Pr = Pt Gt Gr (λ/4πd)2 



 Omni-Directional: Power radiated in all directions 

 Directional: Most power in the desired direction 

 Isotropic antenna: Radiates in all directions equally 



 



 Reflection: Surface large relative to wavelength (λ) of signal 

 May have phase shift from original 

 May cancel out original or increase it 

 Diffraction: Edge of impenetrable body that is large relative to 

wavelength (λ) 

 May receive signal even if no line of sight (LOS) to 

transmitter 

 Scattering 

 Obstacle size on order of wavelength. Lamp posts etc. 

 

 If LOS, diffracted and scattered signals not significant (reflected signals 

may be) 

 If no LOS, diffraction and scattering are primary means of reception 



 

 

 

 

 

 

 

 

 

 Delay Spread = Time between first and last versions of signal 

 Inter-symbol interference 

 Multipath may add constructively or destructively 



 Capacity = Maximum data rate for a channel 

 Nyquist Theorem: Bandwidth = B, Data rate ≤ 2 B 

 

 

 

 Bi-level Encoding: Data rate = 2 × Bandwidth 

 

 

 

 Multilevel: Data rate = 2 × Bandwidth × log2 M 

 Example: M=4, Capacity = 4 × Bandwidth 



 If we had such a thing as an infinite-bandwidth, noise-free 

channel we could transmit unlimited amounts of error-free data 

over it per unit of time 

 However real life signals have both bandwidth and noise-

interference limitations 

 

 In electronic communication channels, Shannon capacity is the 

maximum amount of information that can pass through a channel 

without error, 

      i.e., it is a measure of its "goodness" 



 Shannon's Law says that the highest obtainable error-free data 

speed, expressed in bits per second (bps), is a function of the 

bandwidth and the signal-to-noise ratio 

 Let c be the maximum obtainable error-free data speed in bps that a 

communications channel can handle 

 Let b be the channel bandwidth in hertz 

 Let s represent the signal-to-noise ratio 

 

 Then Shannon's law is stated as follows: 

c = b log2 (1 + s) 

 

 The function log2 represents the base-2 logarithm. All logarithms 

are exponents. The base-2 logarithm of a number x is the number 

y such that 2y = x. 



 The telephone channel has a bandwidth of 3 kHz and a signal-to-

noise ratio exceeding 30 dB 

 The maximum capacity error free data rate a modem can produce 

for this channel 

                 10log10 S/N = 30 

                 log10 S/N = 3 

                 S/N = 103 = 1000 

 

      C = 3×103log2(1+103) 

        = 29.901 kbps 

 

 Thus, the so-called 56 kbps modems have this capacity limit 



 If a binary signal is sent over a 3.1 kHz telephone channel whose 

signal to noise ratio is 30 dB, what is the maximum achievable 

data rate? 

 What signal to noise ratio is needed to put a T1 carrier on a 100 

kHz line? For a T1 system the data rate is 1.544 Mbps. 

 It is desired to send a sequence of computer screen images over 

an optical fiber. The screen is 800 X 600 pixels using 256 colors. 

There are 30 screen images per second. How much bandwidth is 

needed to transmit this signal? 

 Given a channel with an intended capacity of 25 Mbps. The 

bandwidth of the channel is 3 MHz. What signal to noise ratio is 

required in order to achieve this capacity? 



Wireless Physical Layer 

Concepts – Part II 



 Noise is another problem occurred during the 

transmission of data 

 Noise is any signal that is not useful 

Original Signal 
  
 
Noise 
 
 
Output Signal 
 



 There are different types of noise 

 Thermal: The random motion of electrons which 

creates an extra signal not originally sent by the 

transmitter 

 Induced: Noise that comes from motors and 

appliances, devices act are transmitter antenna and 

medium as receiving antenna 

 Impulse: Irregular disturbances, such as lightning or 

power line spikes etc. It is a primary source of error in 

digital data 



 What is an error ??? 

 In its simplest form an error is the change or flip of a 

bit 

 

 Even if we know what type of errors can occur, will we 

recognize one when we see it? 

 

 Types of Redundancy Checks 

 Vertical Redundancy Check (VRC) 

 Longitudinal Redundancy Check (LRC) 

 Cyclic Redundancy Check (CRC) 

 Checksum 



Error Correction 

 Mechanisms that we saw all detect errors but do not correct them 

 Error correction can be implemented in two ways: 

 Receiver can ask sender for retransmission 

 Receiver can use an error-correcting code, which automatically 

correct certain errors 

 Error correcting code are more sophisticated than error detecting 

codes 

 They require more redundancy bits 

 The number of bits required to correct multiple bit or burst error 

is so high that in most cases it is inefficient 

 A good error correcting code should be is limited to 1, 2 or 3 bit 



 In a 7-bit message, there are seven possible single bit 

errors, so three error control bits could potentially 

specify not only that an error occurred but also which 

bit caused the error 

 Similarly, if a family of codewords is chosen such that 

the minimum distance between valid codewords is at 

least 3, then single bit error correction is possible 

 Lets look at the Hamming Code, an error control 

method allowing correction of single bit errors 



 Consider a message having four data bits (D) which is 

to be transmitted as a 7-bit codeword by adding three 

error control bits, this would be called a (7,4) code 

 The three bits to be added are three Even Parity bits 

(P), where the parity of each is computed on different 

subsets of the message bits as shown below 
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 Consider a message having four data bits (D) which is 

to be transmitted as a 7-bit codeword by adding three 
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 It can be observed that changing any one bit numbered 

1–7 uniquely affects the three parity bits 

 Changing bit 7 affects all three parity bits, while an 

error in bit 6 affects only parity bits 2 and 4, and an 

error in a parity bit affects only that bit 



 For example, the message 1101 would be sent as 

1100110 
 
 

 
 

 

 

 Now suppose the above message 1100110 is sent and a 

single bit error occurs such that the codeword 1110110 

is received: 

 Transmitted message              1 1 0 0 1 1 0  

 Received message                   1 1 1 0 1 1 0 



 The above error (in bit 5) can be corrected by 

examining which of the three parity bits was affected 

by the bad bit: 

 

 

 

 

 

 The bad parity bits labeled 101 point directly to the 

bad bit since 101 binary equals 5 



 The value of the Hamming code can be summarized: 

 Detection of 2 bit errors (assuming no correction is 

attempted) 

 Correction of single bit errors 

 Cost of 3 bits added to a 4-bit message 

 

 The ability to correct single bit errors comes at a cost 

which is less than sending the entire message twice 

 Sending a message twice accomplishes error correction ??? 



Try one yourself 

 Test if these code words are correct, assuming they 

were created using an even parity Hamming Code 

 If one is incorrect, indicate what the correct code 

word should have been 

 Also, indicate what the original data was 

 010101100011 

 111110001100 

 000010001010 



 The signal amplitude can change by moving a few 

inches 



 Shadowing gives rise to large scale fading 



 Make an android app using your knowledge of 

the lab work which takes input, a number from 

1 to 15, convert this number to a Hamming 

Code. 



 

Thanks 


