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B 6-8 Matched filters

A general representation for a matched filter is
Illustrated as follows:

r(t)=s()+n(t) | Matched filters | r,(t) =s,(t)+n,(t)
. h(t) .
H(T)

Matched filters design criterion:
To find h(t) or, equivalently, H( f ), so that

(gj _ S (1)
N Jou g (1)

Is a maximum at a sampling time t=t,.
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B 6-8 Matched filters

‘ r(t)=s()+n(t) | Matched filters | r,(t) =s,(t)+ n,(t)

h(t)
H(T)

s,(f)=H(f)s(f) so(to):TH(f)s(f)ej“’tOdf

o0

g (1) = [[H(F)[ p,(F)df

TH(f)s(f)ej“’tOdf

(gj _Solt)
N out ng(t) T‘H(f)‘zpn(f)df
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B 6-8 Matched filters
b General results

Theorem

The matched filter i1s the linear filter that maximizes

(gj _ So (1)
N Jouw g (t)

And that has a transfer function given by

S (1) i
H(f)=K joto
(=K
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B 6-8 Matched filters

Results for white noise

Theorem

When the input noise is white, the impulse response
of the matched filter becomes

h(t) = Cs(t, —t)

Where

C iIs an arbitrary real positive constant, t, Is the time
of the peak signal output, s(t) Is the known input-
signal waveshape.
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B 6-8 Matched filters

Results for white noise
An Important property of matched filters:

the actual value of (S/N)_, can be obtained form
the matched filter.

[3) _ T&df
N 2 P (f)

(sj '[‘T\I(fl)‘z ﬂs(f)\ " __js Dt

A
N out NO

The result states that (S/N),,, depends on the signal energy
and PSD level of the noise, and not on the particular signal
waveshape that is used. 7 Your site here @ 3AALE
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B Matched filter realization

(I7 Integrate-and-dump matched filter

Example 6-11 =
1 y t S t S t {a) Input Signal
S(t) = { 1 2
0, others | :
h(t) =s(t,—t)=s(-(t-t,)) ... ... e

S(t,~t)=1 0<t<T
h(t) =
0, others

ty

rh(t) = [r(2)dA

to—T




r(¢) = s(t) + n(r) | Integrator ro(t) Sample Output

TR B "l wdbold T o
Reset
Integrator resets to
zero initial condition at
clocking time.
D

Viatched
fi I te r Clocking signal

(bit sync)

realization

B i
( 1 ) and noise) W | | r/ﬂ
Integrate-and-dump /\,/"'“J [\/\/wx\/\} w
matched filter / /

Example 6-11 : g \L\]
— I 2=

Waveform at C

(output ) | l |

—_— R oo

Waveform at D ‘ ‘ ‘ ‘ | ‘

(clock)
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B Matched filter realization

2 ) Correlation processing
For the case of white noise

o (to) = 1 (to) *h(ty) = [ r(2)h(t, — 2)dA
h(t):{s(tg—t) 0<t<T

0 others
)

o(to) = [ r(2)slt, - (t, — A)1dA

to—T

Integrator

|
| I
r(t) = s(t) + n(e)! fo | ro(to)
i ’?— frrmscrnd: . o
I Iy — i I
I |
: :
I I
|

—— " ——— —— —— —————— —— — i —— — — 2]



B Matched filter realization

(2) Correlation processing

Theorem:

For the case of white noise, the matched filter may
be realized by correlating the input r(t) with s(t),
that is,

ty

r(t,) = jr(t)s(t)dt

to—T

Where s(t) is the known signal waveshape and r(t) is the
processor input.
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B Matched filter realization

r(t) = s(t) + n(z) QOutput
i TR

and hold

- here 5(1) PQK:: Integ (1) Sample (nT)
Example 6-12 | % i e F

E Clock Clock
Matched filter gt

(from carrier sync circuit) Clocking signal

fo r d etecti O n Of a (from bit sync circuit)

BPSK signal e 00 MNmALoanndMnan0l anmAnn
SUWYY sybeepuy puuguey puo. —
|‘_-‘(I: ~ SRR ~ ~ N

D

S(t) - +Acoset  for'1t ﬂrﬂ
 |-Acosemt for"0" il

nT <t<(n+D)T ; P
Waveform at B / /I/I
t W \ e

rh(to) = [ rt)s(t)dt (11 0% ..

Waveform at C
to—T

Waveform at D

(bit sync) I I I I I I I I I I




B Matched filter realization

(3) Transversal matched filter

A transversal filter can be designed to satisfy the matched-
filter criterion. .. -..) o

| Delay | Delay | Delay |_....ep| Delay
T T I T

i ¥

\%# v
DeSign goalj ro(t) = so(t) + ng(e)

To find the set of transversal filter coefficients
{a;, 1=1,2, ..., N}suchthat s?(t,)/n’(t) IS
maXimized 13 Your site here O“r’“i}ﬁ
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B Matched filter realization

(3) Transversal matched filter
S,(t,) =a;s(ty) +a,s(t, —T)+a,s(t,—2T)+----- +a,S[t, — (N -1)T]

N ") S Delay »| Delay »-| Delay ... | Delay
=238t~ (k=1)T) g AR
k=1 N Na/ a \ o
N Y /
n,(t) = > an(t—(k-1T) L dhene o
k=1 heyd
N N \]/ ro(t) (1) (£)
- a.a nt—(k—1T) n(t—(1-DT)
k™~
k=1 1=1
N 2
a s(t,—(k-1T
i (t LZ St — (k=1) )}
N N
O 3 Y aa R, (K -IT)
=1 1= T Your site here Ot; MH-;
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B Matched filter realization

{Zaks(t (k—l)T)}
% Zzaka,R(kT—lT)

k=1 1=1
Using Lagrange’s method of maximizing the numerator

M(a,a,---a,)= {iaks(to —(k —1)T)} ﬁZZakal R, (KT —IT)

k=1 1=1

2? =0 = —a—Z{iakS(to (k- 1)T)}s(t0 (i—-DT)- 2/12 a,R (KT —iT)=0

Because: Z a,5(t, — (k =1)T) = 5 (t,)
k=1

. N
Furthermore, let: 2 =s,(t) = gt —(i-)T)= > &R, (KT ~iT)
15 =



B Matched filter realization

We define: i = s(t, —(1=1)T)
I’-ik — Rn(kT _IT)

st,—(i-DT)=Y aR,(KT-iT) - s=Ra

S - . d
1
Iy I, N
S a
S = 2 R — r21 r22 r2N a= 2
_SN ] BRI Fun | _aN_

The coefficients for transversal matched filter are given by

1
a= R S OIILL oY
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ematched filter is a linear filter that maximizes the
Instantaneous output signal power for a given input
signal waveshape

eFor the case of white noise, the impulse response of the
matched filter Is n(t) = cs(t, - t)

e The matched filter can be realized in many forms, Such
as the integrate—and—-dump, the correlator, and the
transversal filter
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