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Digital Signaling
Mathematical Representation of the waveform

Estimation of Bandwidth

Voltage (or current) waveform for digital signals
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Example: Message ‘X’ from a digital source - code word 
“0001101”
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Binary signal vs. multilevel signal
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Orthogonal Vector Space
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Example
This 3-bit (binary) signal could be directly represented by
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Example (con’t)
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Bandwidth Estimation

The bandwidth of the waveform w(t) is
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Example
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CASE 1. RECTANGULAR PULSE ORTHOGONAL FUNCTIONS
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CASE 2. SINC PULSE ORTHOGONAL FUNCTIONS



14

1
2

0

0

0 0

1
2

1 1

1
2

( ( ) )( )

8 1 ms
8

1 1 kbits/s

1 1 1 kbaud

500 Hz    (Fig. 2.6)
2

( ( ) )( ) ( )

[( ) ] ( )
:  sampling time, 

s
k

s

b

b

s b

abs

N N
s

k k k
k k s

k s

t k Tt Sa
T

TT
n

nR
T T

N nD R
T T T T

DB

t k Tw t w t w Sa
T

w w k T w

πϕ

πϕ

τ
τ τ

= =

⎛ ⎞− −
= ⎜ ⎟

⎝ ⎠

= = =

= = =

= = = = = =

= =

⎛ ⎞− −
= = ⎜ ⎟

⎝ ⎠
= − =

=

∑ ∑

1
2( ) sk T−



15

Multilevel Signaling
Example
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Binary to Multilevel Conversion

Encoding Scheme
Binary Input (l = 2 bits)   Output Level (V)

11 +3
10 +1
00 -1
01 -3
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CASE 1. RECTANGULAR PULSE ORTHOGONAL FUNCTIONS
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CASE 2. SINC PULSE ORTHOGONAL FUNCTIONS
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Line Codes
Binary 1’s and 0’s may be represented in various 
serial-bit signaling formats called line codes.
The following are some of the desirable properties of a 
line code:

Self synchronization
Low probability of bit error
A spectrum that is suitable for the channel
Transmission bandwidth
Error detection capability
Transparency
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Binary Line Codes
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A digital signal (or line code) can be represented by
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Unipolar NRZ
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Unipolar NRZ
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Unipolar NRZ
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Sa Waveform NRZ
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Polar NRZ
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Unipolar RZ
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Bipolar RZ

PSD for bipolar (also known as pseudoternary or AMI) RZ 
signaling
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Manchester NRZ
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Multilevel NRZ
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In general, for the case of  a multilevel polar NRZ signal with 
rectangular pulse shape
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Multilevel signaling is used to reduce the bandwidth of a digital 
signal compared with the bandwidth required for binary signaling.
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Spectral Efficiency
The spectral efficiency of a digital signal is given by the number 
of bits per second of data that can be supported by each hertz of 
bandwidth. That is,

(bits/s)/HzR
B

η =
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Homework
LC 3-20, 3-23, 3-26, 3-32, 3-36
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