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The Big Plan
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 Although we are thinking about digital communication 
systems,

 actual signaling in the wire or air is in continuous time which 
is described by the waveform channel: 

 Directly finding the optimal (MAP) detector or evaluating 
the performance of such system is difficult.

 Our approach is to first construct an equivalent vector 
channel that preserves the relevant features. (Chapter 7)

 Then, at the end, we can use what we learn to go back to the 
original waveform channel and directly work with the 
waveforms.



Review: ECS315
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Autocorrelation Function
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For random variables, correlation:  XY

For a random process, autocorrelation function:

[ECS315 2018]

expectation operator

For two random processes, cross-correlation function: 

     , 1 2 1 2,X YR t t X t Y t   

     1 2 1 2,XR t t X t X t   
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Standard Quaternary PSK
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Standard Quaternary QAM
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Modulator and Waveform Channel
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Waveform Channel:

Transmission of  the message 𝑊 ൌ 𝑗 is done by inputting the 
corresponding waveform 𝑠௝ 𝑡 into the channel.

Goal: Want to transmit the message (index) W  {1, 2, 3, …, M}

Prior Probabilities:  jp P W j 

     R t S t N t 

Received waveform
Transmitted waveform

Additive White Noise 
(Independent of S(t))

M-ary Scheme

M possible messages requires
M possibilities for S(t): 

      1 2, , , Ms t s t s t

Prior Probabilities:      j jp P W j P S t s t     

M =2: Binary
M = 3: Ternary
M = 4: Quaternary

Digital
Modulator

 N t

 R t S t
W Digital

DeModulator Ŵ

Energy:    ,j j js tE s t  2
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Conversion to Vector Channels
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Vector Channel  R S N
 

     R t S t N t Waveform Channel: Find K orthonormal basis functions 
𝜙ଵ 𝑡 , 𝜙ଶ 𝑡 , … , 𝜙௄ 𝑡

for the space spanned by 
𝑠ଵ 𝑡 , 𝑠ଶ 𝑡 , … , 𝑠ெ 𝑡 .

This gives vector representations for the 
waveforms 𝑠ଵ 𝑡 , 𝑠ଶ 𝑡 , … , 𝑠ெ 𝑡 : 

     1 2, , , Ms s s  

Prior Probabilities: 

     
 

j j

j

p P W j P S t s t

P

     
   S s
 

Note that 𝑆௜
௝ , the ith component of the 𝐒⇀ vector, 

comes from the inner-product:

In which case, the corresponding noise vector 𝐍⇀ is 
computed in the same way: the j component is given by

   ,i iR r t t

The received vector  𝑅⇀ is computed in the same way:
the j component is given by

     ,j
i iS S t t

   ,i iN N t t

which can be visualized in the form of 
signal constellation 

For additive white Gaussian noise (AWGN) process N(t), 
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