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Outline

PSK (phase-shift keying) modulation
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PSK signal has its equivalent low-pass signal

Phase-Shifted Keying (PSK) Modulation

where

PSK signal is in the form of 

um(t) = gT (t) cos

✓
2⇡fct+

2⇡m

M

◆
, m = 0, 1, . . . ,M � 1, 0  t  T

= <[sml(t)e
j2⇡fct]

sml(t) = gT (t)e
j✓m , m = 0, 1, . . . ,M � 1
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4-ary PSK or (QPSK)

✓m =
2⇡m

M
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fc = 1, T = 1 fc = 2, T = 1

um(t) = gT (t) cos

✓
2⇡fct+

2⇡m

M

◆

m = 0, 1, . . . ,M � 1, 0  t  T
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0

um(t) =

r
2Es
T

cos

✓
2⇡fct+
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◆
, m = 0, 1, . . . ,M � 1, 0  t  T

1 0 0 0 1 1 1 0 0 1 0 0 0 1Bit stream:
s3s1 s1s2 s2s4 s4
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PSK signal waveform

um(t) =

r
2Es
T

cos

✓
2⇡fct+

2⇡m

M

◆

= <[sml(t)e
j2⇡fct]

where

sml(t) = gT (t)e
j✓m , m = 0, 1, . . . ,M � 1

✓m =
2⇡m

M

where

sml(t) = gT (t) cos(✓m) + jgT (t) sin(✓m)

s(t) = x(t) cos(2⇡fct)� y(t) sin(2⇡fct) sl(t) = x(t) + jy(t)if

Recall
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Then

um(t) = gT (t)Amc cos(2⇡fct)� gT (t)Ams sin(2⇡fct)

Amc = cos

✓
2⇡m

M

◆
, m = 0, 1, . . . ,M � 1

Ams = sin

✓
2⇡m

M

◆
, m = 0, 1, . . . ,M � 1

where

Geometrical representation 

um(t) = sm1 1(t) + sm2 2(t)

where

 1(t) =

r
1

Es
gT (t) cos(2⇡fct)

 2(t) = �
r

1

Es
gT (t) sin(2⇡fct)

sm =

⇣p
Es cos 2⇡m/M,

p
Es sin 2⇡m/M

⌘
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PSK signal constellations

p E s p
Es

M = 2 M = 4 M = 8

BPSK QPSK 8-PSK

dmn =

p
||sm � sn||2

=

s

2Es
✓
1� cos

2⇡(m� n)

M

◆

Euclidean distance

Minimum Euclidean distance

dmin =

s

2Es
✓
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M

◆
= 2

p
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⇡

M
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Demodulation of PSK signals

X

Z t

0
(·)

Detector

X

Z t

0
(·)

r(t)

r(t) = um(t) + n(t)

 1(t)

 2(t)

y1 = y1(T )

y2 = y2(T )

y1(t)

y2(t)

yk = yk(T ) =

Z T

0
r(t) k(t) dt, k = 1, 2

= smk + nk

12년 11월 19일 월요일



Prof. Young-Chai Ko Communication System II Korea University

Noise components

E[n1] = E

"Z T

0
n(t) 1(t) dt

#
=

Z T

0
E[n(t)] 1(t) dt = 0

n1 =

Z T

0
n(t) 1(t) dt, and n2 =

Z T

0
n(t) 2(t) dt

Mean of 

Variance of 

var[n1] = E[n2
1] = E

"Z T

0

Z T

0
n(t)n(�) 1(t) (�) dtd�

#
=

N0

2

n1

n1

In a similar way, we can obtain

E[n2] = 0 var[n2] = E[n2
2] =

N0

2
and
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Independence between 

E[n1n2] = E

"Z T

0

Z T

0
n(t)n(�) 1(t) 2(�) dtd�

#

=

Z T

0

Z T

0
E [n(t)n(�)] 1(t) 2(�) dtd�

=
N0

2

Z T

0
 1(t) 2(t) dt

= 0

Output of two correlators 

y = sm + n

=

⇣p
Es cos 2⇡m/M + n1,

p
Es sin 2⇡m/M + n2

⌘
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Optimum detector

Choose the signal which gives the maximum correlation metrics

Equivalently, we select the signal from the set           whose phase is closest to     , where

C(y, sm) = y · sm, m = 0, 1, . . . ,M � 1

{sm} ⇥

⇥ = tan�1 y2
y1
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Assume       is transmitted. 

Received signal vector

Joint PDF of 

Probability of Error for Phase-Coherent PSK Modulation

s1

s1 = (
p

Es, 0)

y1 =
p
Es + n1;

y2 = n2.

y1 and y2
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✓p
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◆
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✓
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◆

�2
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2
where

fy(y1, y2) =
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2⇡�2
y

e
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2
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Transformation of 

Joint PDF of

Marginal PDF of 

y1 and y2

V =
q

y21 + y22 ,

⇥ = tan�1 y2
y1

.

V and ⇥

fV,⇥(v, ✓) =
v

2⇡�2

y

e�(v2
+Es�2

p
Esv cos ✓)/2�2

y .

⇥

f
⇥

(✓) =

Z 1

0

fV,⇥(v, ✓) dv =
1

2⇡
e�⇢s sin

2 ✓

Z 1

0

ve�(v�
p
2⇢s cos ✓)2/2 dv

⇢s =
Es
N0

where                     is the SNR per symbol.
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Symbol error rate

PM = 1�
Z ⇡/M

�⇡/M
f⇥(✓) d✓.

⇡

M

� ⇡

M

decision region for s1
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BER of BPSK

SER of QPSK

P2 = Q
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2Eb
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Approximation of SER for large Es/N0

f
⇥

(✓) =
1

2⇡
e�⇢s sin

2 ✓

Z 1
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p
2⇢s cos ✓)2/2 dv

⇡
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ve�
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2 dv = m

Note

For high SNR per symbol, 
p
2⇢s cos ✓ >> 1

−5 0 5 10 15 20
0

0.1

0.2

0.3

0.4

Z 1

�1
ve�(v�m)2/2 dv ⇡

Z 1

0
ve�(v�m)2/2 dv =

p
2⇡m

12년 11월 19일 월요일



Prof. Young-Chai Ko Communication System II Korea University

PM ⇡ 1�
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⇡
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M for large M

u = 2
p
⇢s sin

2 ✓

change in variable:

where
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