
     tj cetfjtf  ˆReSSB 

  tcjetf 


 Re2
SSB

  tcjetf 


 Re2
SSB

Representations for SSB Signals

+ Upper sideband

- Lower sideband
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       ttfttf cc  sinˆcosSSB 

       ttfttf cc  sinˆcosSSB 

     tj cetfjtf  ˆReSSB 



     tfjtftz ˆ

   Ztz 

SSB (Upper Sideband)
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   Ztz 

    tcjetzt  Re
SSB




       ttfttf
cc

 sinˆcos 



Demodulation of SSB signals

Given (t), how will be the message signal f(t) be recovered?

Lowpass
filter

×(t) z(t)

 tcos

x(t)
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 tccos : Locally generated carrier signal

     tttx c cos

          tttfttf ccc  cossinˆcos 

         ttfttftf cc  2sinˆ
2

1
2cos

2

1

2

1


Only this term passes
through LPF



Lowpass
filter

×(t) z(t)

  0cos   tc

x(t)

: Locally generated carrier signal

Now assume a frequency error and a phase error in the locally generated
signal at the receiver.
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             0cossinˆcos   tttfttftx ccc 

        00 2coscos
2

1
  tttf c

        00 2sinsinˆ
2

1
  tttf c

      







coscos21

coscos

      







sinsin21

cossin

Only these two terms pass
through LPF



           00 sinˆ
2

1
cos

2

1
  ttfttftz

• If =0 and 0= 0, the output is    tftz
2

1


• If  =0, the output is          00 sinˆ
2

1
cos

2

1
 tftftz 

     jetftf ˆRe
2

1


→  no distortion
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• If 0= 0, the output is            ttfttftz   sinˆ
2

1
cos

2

1

2

       tjetftf  ˆRe
2

1

Human ear can interpret speech despite phase changes.

Frequency errors result in spectral shifts. Small errors can be
tolerated in voice communication.



Single Sideband Large Carrier (SSB-LC)

Coherent (synchronous) detection is required for SSB. Inserting a
carrier, envelope detection can be used.

         ttfttft cc  sinˆcos SSB

           ttfttftAt cccc  sinˆcoscos SSB-LC

        ttfttfA ccc  sinˆcos 
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Envelope of  t

       22 ˆ tftfAtr c       tftfAtfA cc
222 ˆ2 

 

c

c
A

tf
A

2
1

 










c

c
A

tf
A 1  tfAc 

2/11 xx  1xFor very large Ac



Vestigial Sideband (VSB) Modulation
(5.5 in Textbook)

As a compromise between bandwidth efficiency and hardware cost (between
DSB and SSB), we can use VSB modulation. In this modulation type, one
sideband is transmitted, also allowing a portion of the unwanted sideband.

×f(t)

DSB-SC
signal SSB signal

Ideal Sideband
Filter
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Filter

Non-ideal Sideband
Filter

×f(t)

DSB-SC
signal VSB signal

 H

 tA cc cos

 tA cc cos



LPF×VSB(t)  tz
 ty

To determine the frequency-response characteristics of the filter, let us
consider the demodulation for VSB signal.

×f(t)

DSB-SC
signal VSB signal

 H

 tA cc cos
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      thttfAt ccVSB   cos          HFF
A

cc
c

VSB 
2

LPF×VSB(t)

   tAtd cc cos'

 tz

     tdtty VSB     cVSBcVSB
cA

Y  
2

'



      cVSBcVSB
cA

Y  
2

'

   cc
cc HF

AA
  2

4

'

   cc
cc HF

AA
  2

4

'

      cc
cc HHF

AA
 

4

'

Output of LPF

= 0

= 0
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Output of LPF

        cc
cc HHF

AA
Z  

4

'

We require that the message signal at the output of LPF be undistorted.

    constant cc HH   Bandwidth of the
message signal



 H

 cH  

 cH  





Example for VSB Filter
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 cH  

   cc HH  





constant Satisfies the requirement for
distortionless demodulation


