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Final result, complex representation

cos(@ 1) cos(@ f + @)

—sin( 1) —sin(@ !+ @)

This can be modeled in the complex baseband as
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Final result, complex representation

BE(8) £ h(t) cos(6) + ho(t) sin(6) + s(hq(t) cos(9) — hr(t) sin(6)).

ye(t) = y1(t) + Jyo(t) m re(t) = ri(t) + jro(t)

ré(t) = y°(t) x h°(t)
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Conclusion

We can always work in the complex baseband domain with
the input/output relation

re(t) = yo(t) x he(t) +nc(t)

where

ye(t) = D arp(t — kT5)
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Matched filtering

optimal but not possible

kT + ¢

%} X Tos B By
*hc

(1) ﬂ.r

FQ(I) —9?
=

suboptimal but possible
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Matched filter output

Let z(t) denote the matched filter. The signal part of each sample r equals

= f re(r)z(t — 7)d7
i t=kT+e

= f r(m)p(r — t)dr
0 t=kT+e¢

= foo (z apv(T — ET)) p(r — kT — e)dr
oo\
= Z ag /OO v(r —€T)p(T — kT — €)dr

= Zag] p(r+ (£ — k)T —e)dr
= Y aghiy,
14

where

hn £ / v(1)p(T —nT — e)dr. s
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Examples

In "Software Defined Radio for Engineers”, by Collins et al,
different aspects of synchronization is dealt with in chapter
6-9.

Let’s now consider timing recovery after the matched filter.

Matched | ; Timing L Carrier

, ™ —| Frame sync ~ Equalization |—
filter | | recovery recovery

CFC

Source: Software Defined Radio for Engineers, Collins et al
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Synch in the project

r(t)

AR A.A.A.A.A .

MF p(t)

_ Operation of the MF: [ p(t)r(t — 7)dt
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Synch in the project

r(t)

ARA.A.A.AA.A .

i

Operation of the MF: [ p(t)r(t — 7)dt
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Synch 1n the project

r(t)

ARA.A.A.A.A .

-

Graphical interpretation:

1. Let p(-7) slide along the x-axis

2. At each position, multiply p(-z) and r(7)
3. Integrate the product

Operation of the MF: [ p(t)r(t — 7)dt
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Synch 1n the project

r(t)
PV
w

Only noise

Operation of the MF: [ p(t)r(t — 7)dt

Graphical interpretation:

1. Let p(-7) slide along the x-axis

2. At each position, multiply p(-z) and r(7)
3. Integrate the product
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Synch 1n the project

r(t)

AR A.A.A.A.A .

-

Some overlap

Operation of the MF: [ p(t)r(t — 7)dt

Graphical interpretation:

1. Let p(-7) slide along the x-axis

2. At each position, multiply p(-z) and r(7)
3. Integrate the product
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Synch 1n the project

r(t)

AR A.A.A.A.A .

-

Full overlap, max value
Operation of the MF: [ p(t)r(t — 7)dt

Graphical interpretation:

1. Let p(-7) slide along the x-axis

2. At each position, multiply p(-z) and r(7)
3. Integrate the product

Recall Cauchy-Schwarz: | [ f(x)g(x)dx| < Jf (f(x))zdef (g(x))2dx
.
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Synch 1n the project

r(t)

ARA.A.A.A.A .

-

Less overlap

Operation of the MF: [ p(t)r(t — 7)dt

Graphical interpretation:

1. Let p(-7) slide along the x-axis

2. At each position, multiply p(-z) and r(7)
3. Integrate the product
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Synch in the project

r(t)

ARA.A.A.A.A .

MF output Correct
sampling point!
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