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Pulse & Waveform

Bit Time Slot

Codeword Time Slot

Bits / PCM Word

L : number of quantization levels

Bits / Symbol

M: size of a set of message symbols

L = 2l

M = 2k



Baseband (3A) 4 Young Won Lim
9/19/12

M-ary Pulse Modulation Waveforms

PAM (Pulse Amplitude Modulation)

PPM (Pulse Position Modulation)

PDM (Pulse Duration Modulation)

PWM (Pulse Width Modulation)

M-ary alphabet setM-ary Pulse Modulation

M-ary PAM : M allowable amplitude levels are 
assigned to each of the M possible symbol values.
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PAM

source

The amplitude of transmitted pulses is varied in a discrete manner in 
accordance with an input stream of digital data

Line
Encoder

Transmit
Filter G(f)

Channel
H(f)

Decision Receive
Filter Q(f)

{ak}{bk} s(t)

x (t )y (t )y (iT b)

Clock 
Pulse

Threshold

Input binary 
data stream

Level encoded 
signal

s(t) = ∑
k=−∞

+∞

akg(t−kT b)

x (t ) = s(t )∗h(t )

y (t ) = x(t)∗q(t )
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M-ary PAM

source

The amplitude of transmitted pulses is varied in a discrete manner in 
accordance with an input stream of digital data

Line
Encoder

Transmit
Filter G(f)

Channel
H(f)

{ak}{bk} s(t)

Clock 
Pulse

Input binary 
data stream

Level 
encoded signal

M possible amplitude level (M>2)
M symbols 
Transmits sequence of symbols

T: Symbol duration
1/T : Symbol rate

Binary PAM
Tb : Bit duration
1/Tb : Bit rate

M-ary PAM Bit Rate

T = T b log2M
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Sampling and Quantization

Analog
Information

Sampling

Quantization

Coder

Waveform 
Enconder

Format

Binary Digit

Pulse Waveform
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PAM (Pulse Amplitude Modulation)
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4-ary PAM 2-bit modulator 4 levels : -3, -1, +1, +3 volts

8-ary PAM 3-bit modulator 8 levels : -
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PCM (Pulse Coded Modulation)
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CODED

Line Encoder : NRZ, ….
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Line Encode

NRZ
RZ
...
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Signal Space
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ISI
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Autocorrelation of Random and Power Signals
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Time Averaging and Ergodicity 



Baseband (3A) 15 Young Won Lim
9/19/12

Autocorrelation of Random and Power Signals
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Time Averaging and Ergodicity 
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