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Signhal Space

N-dim orthogonal space

Characterized by a set of N linearly independent functions

Basis functions W (t)

Independent — not interfering in detection

T
fo lPj(t)qjk(t)dt — Kjajk 0O <t <T j,k=1, - ,N

Kronecker delta 1 forj=k
functions 6jk -

O otherwise

N-dim orthonormal space K. =1

T
E, = [, wit)dt = K,
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Linear Combination

Any finite set of waveform {s(t)}] i=1, --- ,M
Characterized by a set of N linearly independent functions

51<t) = 4y lIj1<t) t dy, qu(t) + t a4, qjN(t)
52(t> — Uy qjl(t) T Ay, qu(t) + T4y, q!N(t)
SM(t) — qjl(t) T Ay, qu(t) + T dyy q!N(t)
N
s,(t) = Zaij‘l’](t) i =1, M
i=1
N < M
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Linear Combination

Any finite set of waveform (s.(t)}] i=1, - M
Characterized by a set of N linearly independent functions

N
s(t) = D a,w(t) i=1 - M
j=1
N <M
1 T
a; = ?fo sl(t)‘I’j(t)dt i =1, , M 0<t=<T
! j=1, - ,N
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Signals and Noise

Any finite set of waveform (s (t)}] i=1, - M
Characterized by a set of N linearly independent functions

4-ary PAM
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Detection of Binary Signals

Transmitted Signal

() = { s,(t)

S,(t)

Received Signal

O
IA
o~
IA

)
IA
~
IA

T for a binary 1

T for a binary 0O

r(t) = s,(t) + n(t) i=1,2; 0<t=<T
AWGN Correlator / Matched Filter
% Threshold
. Comparison
Linear
si(t) . @ n ™ Filter g\ H, [ ™
r(t) = z(t) = z(T) = g (t)
Sl(t) or Sz(t) Z(T) S S
s(t) +nfe) R ) a(T) () T
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Detection of Binary Signals

zZ(T) = a,(T) + ny(T) :> zZ = a, + n,
p(n ) = 1 exp _l E 2 p(Z|S ) = —1_exp _l Z_al d
’ OgV27 219 ' ooV 2m 21 9o
(z]s,) = ———exp|——=| 252 ’
p 2/ = 0_0\/2—3_( p 2 00
Hl
2(T) < y
H2
H
p(zls;) Zl P(s,)
p(2|52) H2 P(S1)
H
plds) L e
p(zls,) H, 2 0
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Error Probability

error e

plels,) = p(H,is,) = | pl(zls,)dz

plels,) = p(Hls,) = _fp(z|52)dz

probability of bit error Py

P, = P(els,)P(s,) + P(els,)P(s,)
= P(H,|s,)P(s,) + P(H|s,)P(s,)

equal a priori probabilities
P, = +P(H,ls,) + +P(H,ls,)

P(H,ls,) = P(H,|s,)

Py = f p(zls,)dz
Y, = (a,+a,)/2
2
= —exXp|——=|—(—] |dz
yo = (a,+a,)/2 O 27 P 2 o
u = (z-a,)lo, o,du = dz
+00 1 _u2
= ——exp du
u:(al!az)/Zo0 V27

a,—a,

=Q

A0l

complementary error function
(co-error function)

2

dx

Qlx) = [ ——exp| -

X
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Maximum Likelihood Receiver

maximum likelihood detector

P(s,) = P(s,) equal a priori probability complementary error function
p(zls;), p(zls,) symmetric likelihood Q(x) = T¢ = exp _;"2 du
(al + a2) o) 1
‘ Yo = ptimum threshold - v 2
: Z for minimizing Py = _(GL o V27 ||
the error probability Yo~ I
‘ select the hypothesis ) aé_az
with the maximum %o
likelihood
AWGN Correlator / Matched Filter
% Threshold
- Comparison
Linear
si(t) 4»@ > Filter & H, — >
r(t) = z(t) = z(T) = 2(T) >< A
Y Si(t)
i) or St o) & nft) h(t)  aft) + n(t)  a(T) + ny(T) H,
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Matched Filter Minimizes P_ by Maximizing SNR

Matched Filter / Correlator

maximize (91~ a,)’ ‘ L complementary error function
o2 minimize
0
.. (01—02)2 ‘ D = a,—a, x) = i ex —u2 Sl
maximize T p = Q Zo, Q(x) fo¢ —exXp| —
2
. . S ) CII ) 2E’ . 9
maximize |—| = e | 2| = 2E _u
2 P, = d
T Oy N T NO B yO:(alj—vaz)/Zoo \/Znexp 2 u
matched to s; — S, .
_ d
(5) _a;—a, 2E, - Q(ZNO)
N T 002 NO
AWGN Correlator / Matched Filter
% Threshold
- Comparison
Linear
si(t) 4’@ > Filter ZX H, >
r(t) = z(t) = 2(T) = > :
zZ(T) < vy $,(t)
Sl(t) or Sz(t) Si(t) + n(t) h(t) ai(t) + no(t) ai(T) + nO(T> H2
Young Won Lim
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Binary Correlator Receiver

AVL/GN Correlator / Matched Filter
Threshold
: Comparison
0> ~ o
r(t) = 2(t) = 2(T) = > :
itror s s () + nie) hE)  afe) e ) aT) e i ||
$,(t)
. z,(T) z2(T)=2z,(T) - z,(T)
2 correlators . f | AT) =
0 =
r(t) l a(T) + n,(T) H,
T . *Sz(t) > Ty =y ™
2,(T) H, $i(t)

1 correlator

H, §i(t)
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Energy Difference E_

AWGN Matched to S,(t)—s,(t)
% Threshold
Comparison
s(t) >+ > h(T —t) ™~ i N
r(t) = z(t) = z(T) = > o
s,(t) or s,(t) s(t) + n(t) alt) + ny(t) a(T) + n,(T) Z(T)HZY $,(t)

1 correlator

matched to s; — s, Energy Difference
2
S| - 4-d _ 25, E, = [ [s,(t) - s,(t)[dt
N T 002 NO
Bit-Error Probability

1a,—a 2E 1 E

-+ 1O 2 — d_ PB _ Q d

2 0 0 4 2N,

Young Won Lim
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Time Averaging and Ergodicity
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