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Digital Communication Systems
EES 452

Asst. Prof. Dr. Prapun Suksompong
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6-7. Waveform Channel and The 
Conversion to Vector Channel

Elements of digital commu. sys.
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Digital Modulation/Demodulation
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Digital Modem: Ex 1
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Work on 4-bit blocks.
Need different 
waveforms to represent different 
possibilities of the bit blocks.



Analysis of Digital Modem
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Digital Modulator

M possibilities. For 
example, if has  4 
bits, then there are 24

= 16 possibilities.

M-ary Scheme

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

Additive White Noise 
(Independent of S(t))

Transmitted waveform Received waveform

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

Ms t s t s t We refer to this as the signal set

Digital Modem: Ex 2

6

Received
Signal

Transmitted
Signal

Message

Recovered Message

Transmitter

Receiver

Remove 
redundancy
(compression)

Add 
systematic 
redundancy to 
combat errors 
introduced by 
the channel

101001

101001

m mA ms t

s t

s t

s t

M s t

t

t

t

t

M

Ts

Ts

Ts

Ts
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possibilities of the bit blocks.



Pulse Amplitude Modulation

7

Use a common pulse .
Amplitude-Shift Keying (ASK): 

when is an energy signal that is bandlimited to 

The pulse is scaled by different “amplitudes”:
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Analysis of Digital Modem
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Vector Channel:

Waveform Channel: Find “orthonormal basis” 

can be visualized in the form of 
signal constellation 

and are all 
random vectors. 
Each vector contain K
random variables.

Ex:
: PAM, ASK
: PSK, QAM

Inner Product: 
For two waveforms and 

,



Star Constellations
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[http://68.media.tumblr.com/89eed4669ec511bbb6413acb8da8b0e2/tumblr_mz3qmyQeLH1rhb9f5o1_r1_400.jpg]

[http://iamintellectuallypromiscuous.com/science/star-right-straight-morning/]

Star Constellations

10 https://dictionary.cambridge.org/dictionary/english/constellation
https://dict.longdo.com/search/constellation



Constellation for PAM
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Recall that, for PAM, 

Let where .

Note that 

Then, 

t
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PAM in the Vector Channel
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The points are chosen randomly 
(according to the bits that are fed into 
the digital modulator) 100 times.

Add noise

@ Tx

@ Rx



Phase-Shift Keying (PSK)
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Digital phase modulation

is the signal pulse shape

represents phase of the carrier that convey the 
transmitted information.

Let 

(orthogonal) under appropriate condition

Then, 

Constellations for PSK
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Waveform: 

Vector:



4-PSK in the Vector Channel
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Quadrature Amplitude Modulation 
(QAM)
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Waveform:

Vector:



4-QAM in the Vector Channel

17


