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On-Off Keying

B An OOK signal is represented by

s, (t)=Acos(wt+6.), O<t<T (binary1)
s, (t) =0, 0<t<T (binary 0)
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B The bandpass noise is represented by

n(t) = x(t)cos(a,t +6,) — y(t)sin(wt +6,)

Where the PSD of n(t) is Pn(f) = NO/2 and 0, is a uniformly
distributed random variable that is independent of 6.

B In the case of LPF, assume that the equivalent bandwidth of the
filter is B>2/T.
The baseband analog output will be
A, O0<t<T, (bi 1
(1) = < ( _mary ) LX)
0, O<t<T, (binary0)
Where x(t) is the baseband noise. The noise power

X*(t) =n*(t) =2(N,/2)(2B) =2N,B
Because s,;=A and s,,=0, the optimum threshold setting is V;=A/2.

2
The BER is PGZQ[ A J (501_302)2
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B In the case of matched filter, the energy of the difference signal at
the receiver input is

' > dt = AXT /
E, = |, [Acos(at+6,)-0] dt = AT /2 P_Q£ Ed]

2N,
<ol ol

Where the average energy per bit is E,=A%T/4.

The BER is

The optimum threshold value is Ex 6.12
v, =0 % _ S =1r 2Acos? (.t +6,)dt = AT /2
2 2 2

Note that the performance of OOK is exactly the same as that of
basedband unipolar signaling.



Binary-Phase-Shift Keying

B An BPSK signal is

s, (t)=Acos(wt+6.), O0<t<T (binary1l)
S,(t)=—Acos(wt+6,), 0<t<T (binary0)

nvnatadnamiling
JUU JUUBE U O

§ —




B In the case of LPF, assume that the equivalent bandwidth of the
filter is B>2/T.

The baseband analog output will be

A, O<t<T, (bi 1
o0~ eyl
—A, O0<t<T, (binary0)

Where x(t) is the baseband noise. The noise power

The optimum threshold is V;=0

A2
Pe_Q( 2NOBJ

The BER is




B In the case of matched filter, the energy of the difference signal at
the receiver input is

E, —j [2Acos(a,t +6,)] dt = 2A°T

el o)

Where the average energy per bit is E,=A%T/2, V=0

The BER is

Note that the performance of BPSK is exactly the same as that of
basedband polar signaling.
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Frequency-Shift Keying

An FSK signal is

s, (t) = Acos(amt +6.),
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O0<t<T (binary 1)
S, (t) = Acos(aw,t +6,), O<t<T (binary 0)

Receiver

N “
i U i
where (1) Lower chaniel

|
|
I
H
1
1
2 1
1
1
1
H
|

[(ah Receiver

Low-pass flter raled Sample ralfp)
or nad -
marched flter | il
Hir) |
| |
HBaseband

analog output

Thresheld
device
{oomparalor)

1

Spectrum of 5000 ig:u:rmrn af (1}
T 247 -

Specorum ol nafi) [ Spectrw el my(r)

8 el

1
|
A . A ‘
[k Power Spectea for Posilive Frequencies H." =28

Fipure 7-%

Coherent deteetion ol e FRK signal




B In the case of LPF, it is equivalent that there is dual bandpass
filters — one centered at f1 and the other centered at f2, where

each has an equivalent bandwidth Bp=2B

The input noise that effects the output consists of two narrowband
components n;(t) and n,(t).

n(t) = (t) +N, (t)
n,(t) = x (t) cos(at + 6,) -y, (t)sin(ot + 6,)
n,(t) = x, (t) cos(aw,t +6,) -y, (t)sin(w,t + 6,)
The input signal and noise that pass through the upper channel is
s, (1), (binary 1)
t)=<" t
20 {o, (binary 0)}+ n(1)
The input signal and noise that pass through the lower channel is
0, (binary 1)
t) = t
(1) {52 (t), (binary O)} 1)
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I’(t) =h (t) +1, (t)
The noise power of n1(t) and n2(t) is n’(t) =n>(t) =2N,B

The baseband analog output is

A 0<t<T, (binary1l
n(0) = (binary 1o
—A, O0<t<T, (binary0)

Where sy;=+A, S5,=-A and n,y(t) = x;(t) -x,(t). The optimum
threshold setting is V=0

The resulting baseband noise processes x1(t) and x2(t) are
independent, and the output noise power is

N (t) = 05 = X7 (t) + 5 (t) = n7 () + 7 (t) = 4N,B
The BER is

B A’ P — (301 — Soz)2
Pe_Q( 4NOB] i Q[\/ 4o7

J
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i N
B In the case of matched filter, the energy in the difference signal is

E, = JOT [ Acos(at +6,) — Acos(ayt +6,)] dt

= [ [ A* cos? (@t + ) ~ 2A cos(at + ) cos(,t + 6,) + A* cos? (w,t + 6,) ]t

- % AT — AZIOT cos’ [(@, —w,)t+ (6, - 6,)]dt +%AZT

Consider the case when 2AF=f1-f2=n/(2T)=nR/2. Under the
condition the integral goes to zero.

The BER is
[ AT E,
Pe:Q[ ZNO]—Q( N—OJ

Where the average energy per bit is Eb=A2T/2

The performance of FSK signaling is equivalent to that of OOK.



On-Off Keying

B The bandpass filter output is

0 (), O<t<T (binary1l)
r()_{rz(t), 0<t<T (binary 0)

I (t) = Acos(aw,t +6,) +n(t)

=[A+Xx(t)]cos(aw.t+6.) - y(t)sin(wt +6.)

r,(t) = x(t) cos(aw,t + 6.) — y(t)sin(w t + 6.)

B The envelope detector output is

e () = LA+ X + Y2 (1)

o (8) = X2 () + Y2 (1)

| Besciv
i
i Firy = g0t + i)
dunml
TR, - |
phas | | i [
noise N CiLh: Tty | Sample
; Hundpass Faller N et Ervelope ek
i {8, = eauvalent Bandwidill derecies | Lild
f I
|
o oulp

%

Threshaolid
device

| _r

B o—

13



N
. 1 Vi 1 ©
m The BERis P = j_oof(ro|sl)o|ro+E [, £ 1s,)dr

f(r,|s,) :%e‘roz’@“z) Rayleigh distribution
f lh _(2em)i20%), [ oA : T
(o [s0) =—7¢ g g Racian distribution

. 27 1c0s0
|o(z)_§j0 e?’d g

the modified Bessel function of the first kind of zero order

2
P, :1[1—Q(\/§,b)]+1e‘b2’2, r= A > iISSNR, and b _Vr is normalized threshold
2 2 20 o

X? + o’

Qa, p) = f; XEXP(— jlo(aX)dX Marcum Q function
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T
B To obtain the optimum BER,

%E =0 — r=in IO(\/?bOpt)

IfSNRr >>1

If SNR r <<1
bopt:\/z

1 r 1 -r/4
P, =Zerfc 71735°¢ r—oo, the lower bound

p _Lgre_ 1 wemueEm)
©2 2
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BER vs. Threshold
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FSK

B For the signal alone at the receiver input, the output of the summing
junction is rO(t) = +A when a mark (binary 1) is transmitted, and
rO(t) = -A when a space (binary 0) is transmitted.

B Because of this symmetry and because the noise out of the upper
and lower receiver channels is similar, the optimum threshold is

V+=0.
! f(I’O|Sl): f(—l’0|82)
B The BER is

1 0 1 Y Q0
R :E.Lo f(r [s)dr +E-[0 f(r |s,)dr :jo f(r |s,)dr

Bandpass filter

: |

l 1

]

. centered at f, —- Ed""cl_(’pe |

! | (B,=effective bandwidth) g &

1 : ro(fo) | Threshold

Tl IR T I T, T A iy device
+¥_roft) \

! Sample =~ m
2% il L2 R
\ hold o

e Lower channel (space) .= = = == == —, % | e "0—| output

| ' L it

: Bandpass filter i : A _|I| ,

- centered at f; || Envelope | ey b s

|| (B, =effective bandwidth) detector |1y (1)

! I

' I

________________________________

17



rO(t) is positive when the upper channel output v, exceeds the lower

channel output v,
P, = P(VU >V |32)

V
v Is,)=—e e
o)

\Y; 2, 2 2 Vv, A
YL (v +A%)/(20°) L
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a2 2y oV 2 2 Vv, A
—p A“/(20°) _|_2e vi (20 )IO( |_2 JdVL
0 o o

2 V A V2 (262
Pe = J‘ Vo e ~(Vf+A%)I(20° )| ( jj’ _2e VG /(2 )dVUdVL
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N
B The BER for these DPSK receivers can be derived under the
following assumptions:
The additive input noise is white and Gaussian

The phase perturbation of the composite signal plus noise varies
slowly so that the phase reference is essentially a constant from the
past signaling interval to the present signaling interval.

The transmitter carrier oscillator is sufficiently stable so that the

phase during the present signaling interval is the same as that from
the past signaling interval.

B The BER of LPF is

P _Q (Eb/NO)
* TI\1+(BT/2)(E,/N,)

B The BER of MF is
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Homework

mLC7/-18, 7-20, 7-26
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