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ABSTRACT be clearly defined if the group delay variation
(Atgy) of the receiver in the band of interest goes
In modern RF-receivers several SAW-filters are beyond 1/fir. Usually the term
used in RF- and IF-stages. The use of SAW- a =Ar, [f, (1)
filters is critical with respect to the ps#o-range i

for the d lati where ¢ is the centre frequency) of
error after the decorrelation-process. We presen ommercial SAW-filters is in the area of 1 to 20.

a new simulation technique to predict the In this context two effects have to be
decorrelation results depending on the 9roup. o nsidered:  One problem evolves from the

delay. characteristics (.Jf the fiters. This slightly different frequenciest(5kHz) of each
technique allows an improvement of the . : .
satellite caused by the motion of the satellites.

accuracy of .th.e G.PS correlation results gnd aThis will directly lead to a psslorange-error if
related optimization of the SAW-filter .
the group-delay of theeceiver depends on the

characteristics.
frequency.
The other effect arises after the decorrelation
INTRODUCTION process if the different spectral cpoments of a

The Navstar Global Positioning System (GPS)Cl:)'le-SlgnalI experiences different delays.

[3, 5] uses a spread etrum coded signal to
measure the distance between the receiver and
the satellites. The signal of each #aée is
coded with a unique pseudo-random-noise cod
to distinguish between the different signal-
sources. The public C/A-code of Navstar-GPS
uses a chiprate of baut 1Mchip/s so that the
signal bandwidth (at 1.575GHz) is about 2MHz.
Specially for highaccuracy measurements and Al =clof ﬁ (2)
in differential GPS receivers not only the phase Af

of the spreading code but also the phase of thgiith ¢ = 310° m/s: 8f = 2BkHz andAT/Af is the

carrier is used to measure the pseudoranges. Th§srivative of the group delay variatione@use
result of the pseudorange-measurement can nQb) will not take care of decorrelation process it

ERRORS CAUSED BY SLIGHTLY
DIFFERENT CARRIER-FREQUENCIES
The group delay of the filters in the RF-part in
She band of interest can usually be apratal
by a linear variation over the frequency. The
resulting pseudorange errf can be calculated
by the formula
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is only valid for smallo (<1). For the RF-filter
shown in Fig 3 we obtain a pseudorange !
variation of 1.2 mm. The resulting position o8
error depends on the slite constellation and is
about three times higher. In commercial GPS
receivers this eor can be negktted. The iup o
delay variations of IF-Filters shows much more  :.
ripples (see Fig 4). Here the calculation of the
phase has to be accomplished by integrating
separately over the frequendgr the inphase- Fig.1 deqre.asing output power in filters with high group
and quadrature component. delay variation

0 0.5 1 1.5 2 25t

fo+B/2
| = Ig(f)[l] 821|E:os(2n f, Ar(f)) df (3a) SIMULATING STRUCTURE

f,=B/2 To obtain a reliable result of the influence in the

fo+B/2 _ decorrelation process a simulation of the system
Q= [a(D)Sxl| Bin(2rr f, AT(f))df (3b) s necessary. The simulations were done in

fo7B/2 Matlab.
o (f,)= arctai2 (4a)

Ol O
madf,) =12 +Q’ (4b) - p—
Wlth generator gvrvulll]pgé\:f;y
s
£)=sin B (f - £, )0

9( ) OB ( O)D E
fo is the center frequency of the signal with
bandwidth B. The GPS-code is mixed up to an IF-frequency

Regarding a linear approximation of the group (fig. 2) and filtered by a digital FIR-filter, whose
delay over the frequency, largewill result in a  group delay charcteristics orrespond to those
significantly decreasing magnitude of the of the SAW-filter. The IF-frequency and the
correlation peak (see fig 1). The magnitude inrelative bandwidth of the filter have to be chosen
the passband 4 is assumed to be flat and the as a compromise between the order of the FIR-
shape of group delay is linear. filter and the resolution of the result. In practice
It has to be noticed that this calculation givesan IF of 1/16 of the sample rate and a bandwidth
only an approximation. The agt solution has to of 1/32 of the sample rate is adequate.
be evaluated as shown later.
After the filtering the complex signal is mixed
down to the baseband and complex catesd
with the PRN-code of the input. By shifting the
local oscillator the effect of a slight change of
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the input frequency in a GP8aeiver can be Another method is to optimize the coefficients

evaluated. of a FIR-filter directly with a Simplex algorithm

SR ot erest [4] to achieve the wanted group delay and a flat
amplitude in the band of interest. To reduce
calculation time the bandpass-characteristic is
implemented later by folding the coefficients

‘ with those of a high order phase linear standard-
} bandpass.

RESULTS
The results of a filter with two discreteogip
delays (model one) can be taken from Fig. 5. Fig
o 5a shows the ideal case with no group delay
U, variations. With small variationsx(< 0.2, Fig.
5b) an average delay will be measured. If the
| difference between the two group delays
“’0;“’ approaches the region a&£0.5 (180°) (Fig. 5c¢)
two correlation peaks appear and the power of
each decreases. An effect like this will not only
reduce the accuracy of the GPS-receiver
dramaticaly, it will also introduce problems for

araup-delay 1ns/div.

1565MI 1z freqaency 15685Ml11z

Fig. 3typical measured group delay of a RF-filter

group-delay 20ns/div.

J | the carrier-tracking loop in the decorrelation
42MHZ frequency 47MH7 process'
Fig. 4typical measured group delay of an IF-Filter The simulations with a two-level group delay

filter can be considered as a worst case. Nearly
statistically distributed @up delay variations
like the IF-filter in Fig. 4 lead only to a
degradation of the magnitude of the correlation
peak. The influence of slight frequency drifts of
the input frequency can be roughly estied by

its linear regression in the passband.

The problem lies in the uncertainty of

FILTER MODELLING
For the filterdesign [2] two models have been
evaluated. Because of stalydproblems it is
recommended to use only finite impulse
response (FIR) filters.
The first approximation is the composition of
several high-order linear bandpass-filters with

two different group delays. An additional group analy'ilctally. Clalf.u'attid : ]E:esults. ;A?.ﬁm a'th
delay in FIR filters can be implemented by compiete simuiation the Influence ot Tters wi

inserting zeros before the coefficients. If the and greatgr than one cqn .not be.predlcted. Fig.
passbands of the fiters do not overlap the6 shows filter characteristics which lead to a

complete fiter can be generated by the notch in the decorrelation peak and a phase

superposition of the partial filters. This model is uncertainty of about 140 degrees.
easy to calculate but it is only a rough
approximation of the SAW-filter.
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Fig. 5 Decorrelation-results in magnitude and phase of a
two-delay SAW-filter
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Fig. 6 Magnitude (a), group delay (b) and decorelation
results (c) of a critical filter
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