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Binary ASK (Amplitude Shift Keying)

S,(t) = \/2 Eo(t) cos(wyt + @)

T
s, (t)= ZE,;(t) cos(wyt + D) \/\N\/
<.
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Binary PSK (Phase Shift Keying)

sl(t):\/?cos(ooot+ 2;'1) /\/\/\/\
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Binary FSK (Frequency Shift Keying)

So(t) = \/? cos(w,t + D)

sl(t):\/?cos(mlt+<b) W\ANVW
T
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Coherent and Non-Coherent Detection

Coherent Detection

The Sinusoidal Reference Signal
IS synchronous in phase
with the carrier wave used in the modulator

Phase Locked Loop

Synchronous Phase
Symbol Interval

Cost

Non-Coherent Detection

Abandon phase synchronization
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Coherent Detection of BPSK signals

NRZ Line Product BPSK
source F———=> SreadlEn — Modulator —_— Signal
s(t)
Input binary data J‘ ?
stream 2
?cos(anct) \ 4
g \/
N Product 5 BPSK
Decision 4_0\04_ LPF « Modulator :  Signal

T T T

Threshold ;'"
\g cos(2nf t)
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Non-Coherent Detection of BASK signals

Envelope y BPE BASK

Decision 4_0\0 -~ Detector Signal

T T

Threshold

—h —
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Non-Coherent Detection of BFSK signals

— N e— ENvelope | | Bpp |

Detector
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- BFSK
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Threshold —— N <«— Envelope o o o
Detector
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M-ary PAM

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

source

ﬁ

1Dy

Input binary j
data stream

M-ary PAM Bit Rate

T = T,log,M

encoded signal

Line | l
Encoder
T {ak}
Clock
Pulse

Transmit
Filter G(f)

Level

s(t)

Channel

H(f)

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
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Inner Product of Vectors

E:(bl,bZ,' ,b,) a:(T, a‘z, ;4
b=(b, b, , b))
0
ab=a,b,+a,b,+---+a,b,

a= (al, a, - ,a,)

a-b =1a||b|cose

orthogonal ~ cos(=m/2) = 0

a-b=0
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Inner Product of Functions

E:(bl,bZ b,) a:(T, a‘z a,)
b=(b, b, b,)
0
a-b=a,b, +a,b, +-+a,b,
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Inner Product of Trigonometric Functions
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Orthonormal Basis (1)

@,(t)=2sin(w,t)

&, =(0,1) D (+1,+1) D (+1,+1)
e, =(1,0)
cpl(t):\/icos(mct)
e;-e, =0 (@,(t), @,(t)) = j‘m1<t)w2<t>dt=0
_’1'_é1 =1 ;
e, e =1 (o, (t), @, () = {m%(t)dtﬂ
@t olt) = [e2t)de=1
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Orthonormal Basis (2)

cos(w,t)cos(0) + sin(w,t)sin(0) cos(w,t)cos(0) — sin(w,t)sin(0)
= cos(w,t — 0) = cos(w,t +0)
¢, (t) = V2sin(w,t) ¢, (t) = —/2sin(w,t)
h ' (cos®, sino)
o, (t) =+v2cos(w,t) ), (t) =V2cos(w,t)

(cos0, —sino)
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Amplitude

i i T
v(t) = Acos(w,t +6) Symbol Time in -«  »

BPSK
= V2 A, cos(w,t +0) W\/\/
(1) NN

P(t) = =
Unit Resistance R=1
1 T
P = vaz(t)dt Average Power E = PT  Average Energy
0
2 T
= ifcosz(oot+e)(:7t
T 0
2 T
_ A f1+cos(2wt+26) dt
T Y 2
_ AT o _ _ |2E
-2 -4, W) A={2P m 4=
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Signhal Space

JZEcos(w,t +0) = cpl(t):'l-\/%cos(mct)

[Zcos(o,t)Ecos(6) — Zsin(o,t)}VEsin(o) 0alt) =~ 2 sinu, 1

¢, (t) = —|Zsin(w,t)

' (VEcos6, VEsin6)

¢, (t) = {2 cos(w,t)
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Sighal Space - QPSK (1)

7|
7

=nl/4

0(t)

3n/4

0, (t)

7|
s

Tnl4

0(t)

br/4

0,(t)

[cos(w, t)cos(m/4) — sin(w t)sin(w/4)]

cos(w t + w/4)

2E
T

cos(w,t +0,)

2E
T

[cos(w, t)cos(3n/4) — sin(w, t)sin(3x/4)]

2E cos(w, t + 3m/4)

cos(w, t +0,) =

2E
T

[cos(w, t)cos(5m/4) — sin(w, t)sin(5x/4)]

cos(w t + 5m/4)

2E
T

cos(w,t +0,)

2E
T

cos(w t + 7m/4)

2E
T

2L cos(w,t +0;)

S4(t) =
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Sighal Space - Dibit

|
© wlm|
|
N |t

so(t) = +EZcos (w t) — B/ Zsin(w,t)
s,(t) —\/%\/%cos(ooct) — \/g\/%sin(wct)
(t)
(t)

_ O O
_ = O O
_ O O

S,(t —\/%\/%cos(ooct) +\/§\/%sin(wct)
S4(t :+\/§\/%cos(wct)+ \/g\/%sin(wct)
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Sighal Space - QPSK (3)

—1, +1] +1, +1)
bit 01 bit 00 . | | | | /4
05 \ / |
; ]
051 ]
-1 : . .
19 1 2 3 2 2 ¢ 3xn/4
051 4
-1, +1) +1, +1] of
-0.5 ¢
bit 11 bit 10 1 1 1 1 1 1
10 ' 2 ? * : 8 5n/4
0.5 /\\ 4
E 3 or |
So(t) = E[cos(w,t)-(+1) — sin(w,t)(+1)] 03 | | | | -
s,(t) =y £[cos(w,t)(~1) - sin(w,t)(+1)] e 2 2 g > 7 n/4
5,(t) = F[cos(w,t){=1) - sin(w.t)-(=1)] of \ ]
-05 ]
55(t) = | FLcos(w.t)(+1) — sin(w.t)(<1)] "t . 3 5 . . ;
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S|

+cos(u) t) —Cos(oo t) —Cos(oo t) +cos( .t)
W/\/\MW (_E + g) (+E + g)

+sm w,t) —sm(m t) +sm(oo t) —sm
/\/\/\/\/\/\/\/\/A\/\ Qi AR
\/\/L/\/\/\/M\/\/ Sl
I : »T1me

11 g 00 Yoo . 10 % Data
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Sighal Space - QPSK (3)

—1, +1] +1, +1)
bit 01 bit 00 . | | | | /4
05 \ / |
; ]
051 ]
-1 : . .
19 1 2 3 2 2 ¢ 3xn/4
051 4
-1, +1) +1, +1] of
-0.5 ¢
bit 11 bit 10 1 1 1 1 1 1
10 ' 2 ? * : 8 5n/4
0.5 /\\ 4
E 3 or |
So(t) = E[cos(w,t)-(+1) — sin(w,t)(+1)] 03 | | | | -
s,(t) =y £[cos(w,t)(~1) - sin(w,t)(+1)] e 2 2 g > 7 n/4
5,(t) = F[cos(w,t){=1) - sin(w.t)-(=1)] of \ ]
-05 ]
55(t) = | FLcos(w.t)(+1) — sin(w.t)(<1)] "t . 3 5 . . ;
Baseband (3A) 29 Young Won Lim



Autocorrelation of Random and Power Signals
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Time Averaging and Ergodicity
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Autocorrelation of Random and Power Signals
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Time Averaging and Ergodicity
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