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Introduction

« GPS signal is attenuated significantly in an indoor
environment, resulting in failure of signal acquisition and
tracking by most conventional receivers.

 In order to track weak GPS signals longer coherent
iIntegration is required.

« Many factors limit the coherent integration time.

« To overcome these problems several techniques are
proposed in this paper.
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Increasing Integration Time

« |f COH integration periods include a data bit boundary, the
possible phase reversal may negate the positive effects of

extended integration.
/Navigation data bit transition

| Coherent Integration Interval |
< >

« The extension of COH integration time proportionally reduces
the tolerable frequency error due to the sinc pattern in signal
after Accumulation and dump process.

sIn(7ZAST) S
[ = AT \/2 N T R(7,)D, cos(AP, )+77,

o
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Increasing Integration Time

« Traditional GPS tracking loops are based on digital approximations of
analog loops and these approximations break down as integration time
Increases.

* The product between loop noise bandwidth and integration time (BT)
should remain near zero.

Mapping
4 9.
H(S) H(2) :
—é
0 Linear DPLL Model : n; H(z) l
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Different NCO Schemes

Phase rate and Phase feedback Phase rate feedback
Integration Interval
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Percentage of increase in desired bandwidth

Limitations of Classical Loops
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Limitations of Classical Loops

~ Peles and Z@[f’@@ H@@@ﬁu«»@@ of [l(z)
For a fixed given 1r [—7=ioms, Br=015].omivn®C -
bandwidth how | ‘== me. pT-06 -
much could we f
increase the
integration time? o4} % -

T=400 ms, B=3 Hz

Imaginary Axis

BT=1.2 0.6 % 1
T=20 ms, B=35 Hz 08- _

ﬂ ] | | | | i X| | | | |
-1 -08 -06 -04 -02 0 0.2 04 0.6 0.8 1

BT=0.7 Real Axis

8/17 Increasing Coherent Integration Time for Weak GPS Signal Tracking



Limitations of Classical Loops
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Loop Design in Digital Domain

« Other techniques which are more versatile against low update rate (long
integration time) should be used.

* H(z) can be designed completely in Z-domain.

= For a given NCO type and its transfer function, what is the optimum filter to
minimize the noise at the output of the NCO?

F(z)N(z)

H(z)=
1+ F(z)N(z)

« The desired (target) bandwidth will be equal to the effective bandwidth.
» The loop remains stable for very long integration times (up to BT=3) .

 As it is shown in paper even in this case the usage of the phase and phase rate
feedback NCO is preferable.
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Stand-alone Tracking Architecture

Qg

> Tms

Probability of wrong
decision:

P, = %erfc(\/ SNR cos(@,))
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Tracking Results (1/4)
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Tracking Results (2/4)
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Tracking Results (3/4)
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Tracking Results (4/4)
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Conclusions and Future Work

« This paper for the first time presents performance of a DPLL in very
long integration times.

« Phase and Phase-rate feedback NCO is introduced for GNSS
applications and some of its advantageous are discussed.

« Assisted and stand-alone schemes are considered and it is shown
that in assisted scheme the phase lock can be achieved down to the
10 dB-Hz for static scenarios.

« Optimum tracking loops in Z-domain, show about 5 dB
improvements in comparison with conventional techniques.

- Addition of frequency rate to the DPLL architecture will be
considered
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