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Introduction: VSB Trade Offs 
As mentioned last lecture, the two methods for generating SSB modulated signals suffer 
some problems. The selective–filtering method requires that the two side bands of the 
DSBSC modulated signal which will be filtered are separated by a guard band that allows the 
bandpass filters that are used to have non–zero transition band (so it allows for real filters). 
An ideal Hilbert transform for the phase–shifting method is impossible to build, so only an 
approximation of that can be used. Therefore, the SSB modulation method is hard, if not 
impossible, to build. A compromise between the DSBSC modulation and the SSB modulation 
is known as Vestigial Side Band (VSB) modulation. This type of modulation is generated using 
a similar system as that of the selective–filtering system for SSB modulation. The following 
block diagram shows the VSB modulation and demodulation.  

X

2cos(ωct)

m(t) HVSB(ω)
(BPF)

gVSB(t)

VSB Modulator (transmitter)

gDSBSC(t)

 

X

2cos(ωct)

gVSB(t) HLPF(ω)
BW = 2πB

m(t)

VSB Demodulator (receiver)

x(t)

 

Summary of Advantages and disadvantages for VSB 
+ Relaxed Filter Design 

+- Traded bandwidth 25%-33% greater than SSB. 

Filtering Examples 
The example below  for generating VSB modulated signals assumes that the VSB filter 

(HVSB(ω)) that the transition band of the VSB filter is symmetric in a way that adding the part 
that remains in the filtered signal from the undesired side band to the missing part of the 
desired side band during the process of demodulation produces an undusted signal at 
baseband. In fact, this condition is not necessary if the LPF in the demodulator can take care 
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of any distortion that happens when adding the different components of the bandpass 
components at baseband. To illustrate this, consider a baseband message signal  m(t) that 
has the FT shown in the next figure. 
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Another example follows. 
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Mathematical Relation between the Input and output Filters 
The DSBSC modulated signal from that assuming that the carrier is 2cos(ωCt)  (the 2 in the 
carrier is placed there for convenience) is  

 )cos()()( ttmtg CDSBSC ω=  

In frequency–domain, this gives 

 )()()( CCDSBSC MMG ωωωωω ++−=  

Passing this signal into the VSB filter shown in the modulator block diagram above gives  

 [ ])()()()( CCVSBVSB MMHG ωωωωωω ++−= . 

Note that the VSB filter is not an ideal filter with flat transfer function, so it has to appear in 
the equation defining the VSB signal.  

Now, let us demodulate this VSB signal using the demodulator shown above but use a non–

ideal filter HLPF(ω) (the carrier here is also multiplied by 2 just for convenience)  
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Passing this through the non–ideal LPF in the demodulator gives an output signal, Z(ω). This 
signal is given by 
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For this communication system to not distort the transmitted signal, the output signal Z(ω) 
must be equal to the input signal (or a scaled and shifted version of it). 

 [ ] )()()()()()( ωωωωωωωω MHHHMZ CVSBCVSBLPF ++−== . 

This gives us the following relationship between the LPF at the demodulator and the VSB 
filter at the modulator 
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So, this filter must be a LPF that has a transfer function around 0 frequency that is related to 
the VSB filter as given above. To illustrate this relationship, consider the following VSB BPF 
example. The carrier is at 20 kHz and the message has 6 kHz bandwidth. 
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Can we use envelope detection for VSB+C? 
The performance is in between SSB+C and DSB+C(AM). The required carrier amplitude is 
more than AM and less than SSB+C. 

Practical Examples for using VSB 
VSB is used in broadcast television. 

Video in Baseband = 4.5 MHz of bandwidth, DSB=9 MHz, SSB=4.5 MHz, VSB=6 MHz 

 

 

 

 

 

 

 

 


