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What is Acquisition?

Timing Acquisition : Process of synchronizing the receiekrck to the
transmitter clock

s(t)

\( s(t- T) + nois:
Transmitter \(

Receiver

Crucial for system performance in digital communications
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Typical Acquisition System
Received
Signal Correlator Energy Decision Verification
- = detector device stage
Hypothesized
Reference phase Control |
signal ogic =
generator

Transmitter sends known periodic signal

Receiver tries to guess the timing/phase of the receivedhalg

Noise causemisses and false alarms
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Typical Acquisition System

Impulse Train

Time-hopped signal

i u Y N

Reference signal 1

i u ] |

Reference signal 2




Wireless Communications Laboratory

The Ultra-Wideband Channel

UWB channel is a dense multipath channel

Considerable amount of energy available in multipath comgats




Wireless Communications Laboratory

Equal Gain Combining

Equal gain combining : Practical method to utilize energy the
multipaths
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Key Features

Receiver need not lock onto the LOS path to perform adequatel

LOS Path Received Signal
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Signi cant reduction in mean acquisition time
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Typical Hit Sets

True Phase

True Phase
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Mean Acquisition Time vs.
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What Is the best search strategy?

Hit Set

e PPl
p

123 N

Serial search is no longer optimal in the case of a multipkeskt
Mean acquisition time is chosen as the metric
Restrict our attention to permutations of the search space

In the low SNR region, the probabilities of detection of allet hit set
elements are very close

Reasonable assumption: They are all equal
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System Model

Search space can be represented3y= f1;2;:::;Nsg

The hit setS;, iIsH consecutive phases in the search space
p is the position of the rst element of the hit set

P4 Is the probability of detection in a hit set phase

P:a IS the probability of false alarm in a non-hit set phase

T 1s the dwell time andTl, Is the false alarm penalty time




Wireless Communications Laboratory

Example

3.

Let the permutation beR =(1;4,7;2,5;8; 3;6)

Consider the case wheds =8 andH

1 4 7 2 5 8 3 6
14 7 2 5 8 3 6
14 7 2 5 8 3 6
14 7 25 8 3 6
1 47 2 5 8 3 6
1 4 7 2 5 8 3 6
1 4 7 2 5 8 3 6
1 4 7 2 5 8 3 6

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

1 2 345 6 7 8

1 2 3 45 6 7 8
1 2 3 4 56 7 8
1 2 3 4 5 6 7 8
1 2 3 4 5 6 7 8




Wireless Communications Laboratory

Mean Acquisition Time Calculation(1)

Letfti(p):1=1;2;:::;Hg are the positions of appearance of elemen
of hit set elements in the sequential search.

Total acquisition time for a particular acquisition evert i

T(p;i;sk) = ti(PT + JNsT + KT¢a;

where an acquisition event is de ned by the positigip) where we have
a hit, a particular number of missgsof S, and a particular number of
false alarmk in the elements evaluated which do not belong $g.
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Mean Acquisition Time Calculation(2)

The mean acquisition time conditioned on the fact that thest element
of the hit set is in positionp of the search space is given by

XX X UK, < kel o
Tacg(p) = T(p;i;); k) K Pia (1 Pra) Py Pn(1)
i=1 j=0 k=0
P4 _
— (T+Pfana) i=1tpiPh(|)
1 Pwm

P _ .
INsT +(Ns H)PtaTra]lPm Pia Tia iH:1 IPh(l).

1 Pwm
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Mean Acquisition Time Calculation(3)

The mean acquisition time is then given by

1 Xs
Tacg = N Tacq(p)
S p=1
P, Py |
T+ PraTra) 21 p2y toi)Pn(i)
Ns(l PM)

P _ :
INsT +(Ns H)Psa Tra]Pm Pra Tia :_I:]_ IPh(1)

1 Pwm
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Minimizing the MAT

We want to minimize

XI .
a(s) = SiPn(i);
i=1
wheres = (sy;Sy 1;:::;S1) ands; = Sj’l tpi, over all permutations
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Properties of Schur-concave functions

We say thatx is majorized byy or x vy if and only if

Xk Xk
X yi, k=1;::H 1
1=1 =1
and
X X
Xi = Yis
1=1 1=1

wherex;;y; are non-decreasing in

If x vy, theng(x) g(y).
Thus the MAT Is minimized If there 1Is maximal vector i.
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Finding the maximal vector

P _ .
A lower bound of ik=1 si over all permutations of5, is Nk(N‘{'l) AN

Li=(i 1H (mod Ng)+

wherelL; is the element in itath position andh is the greatest common
divisor ofNgs and H.




