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* The cut-off frequencyqg = ——, where LO
The earth satellite links may in some cases bectaffieby Lo
signal scintillations due to the propagation thitoug corresponds to the bubbles correlation distance
ionosphere and more precisely due to the occurresfce i
electron density bubbles inside the ionosphere s&tsignal * The threshold value A or equivalently the valud at
scintillations affect the navigation systems perfance. In Hz

order to assess the receiver capabilities to openasuch an . )

environment it is of interest to generate signalsititing the 10 Synthesize the signal we set a value to theseeth
same random characteristics for testing receivesting. The Parameters and calculate the PSD using the foraindave,
algorithm allowing creating such a signal is thgeabof this depending on the frequency.

paper. . "
In a second step we generate a random signal wittifarm

1 Introduction PSD and get its Fourier transform

The ionosphere signal scintillations are the magpdrtant We then take the product of the second PSD by doars
around the magnetic equator ( - 20° + 20° magnatitide). 0Ot of the first one a_nd take the inverse Fou_mm_sf(_)rm of
They were the object of many measurements campaifti§ Product. Doing this we get a space domainaigith the
mainly in South America and India. In order to ass¢he required properties. Several successive fluctualimgers
capability of a receiver to work under such a sibation (mMultiple screens) may be considered with specdicdom
regime, it is of interest to synthesize time seeielibiting the Ccharacteristics. The signal on the ground is obtain

same characteristics. This is the objective ofshisly. calculating the Fresnel Kirchhoff integral whichloals
calculating to the signal diffracted by a slot with arbitrary

2 Signal SpeCtrum and SyntheSIS field distribution.
The scintillation signal has to have an equivalgotver The time domain signal at the receiver point ongraund is

spectral density (PSD). The PSD is given by thati@miship: deduced from the space dependent signal, considenin
addition the drift velocity at the ground level. &sample

duration at the ground level is related to the excrgize at the

A : groun . ; ,

r = —— ionosphere level. This last is set in relationshith several
(q + qo) P parameters: the correlation distances inside thetuating

medium, the operating frequency and the FFT nundfer
points. To generate signals of any duration, G1Sd & loop
on the signal generation.

Power densities

To characterize the scintillation strength at tmeugd level
we use the scintillation ratio S4 which correspomalsthe
intensity standard variation.
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Figure 1: intensity and phase spectrum



Due to normalization, S4 is between 0 and 1. A @dawer sigma phi (L1) = 2.63 ; sigma phi (L5) = 1.91
than .2 will correspond to low fluctuations, a alaround .5 correlation coefficient 0.
to medium fluctuations and a value greater thamo.high 600 —15

fluctuations. 400 / — 11

Other parameters of interest are: the phase sthodaration, 200 W " W{M 0 b ﬁj\ f

the probability of fades and the fade duration adef depth 0 /\J\J W l Hr W W
4 5

degrees

o

and the inter fades probability. 200 1

The scintillations level is frequency dependent. adirst 400

approximation it increases with the inverse of filegjuency. -600
However the relationship is not linear. time (s.)
3 Analysisof synthesized signals Figure 5: phase fluctuations (strong scintillatipns
Two examples corresponding to medium scintillatiare
reproduced below for the phase and intensity The simulations presented figures 2 to 5 have lndained
using the same seed for the random generator. Eldkum is
S4(L5) = 0.53 ; S4(L1) = 0.39 consequently the same for the two frequencies.

correlation coefficient = 0.6
The following plots present the correlation coeéfit
between the two frequencies and the dependencyhef t
0 WP [ sty A A A A AL s correlation coefficient on the frequency.
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Figure 2: intensity fluctuations (medium scilatilons)
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sigma phi(L5) = 0.43 ; sigma phi(L1) = 0.32
correlation coefficient = 0.48 0
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S 0 G 2 m 0 The phase correlation coefficient drops signifibamith the
-40 }5»( | . scintillations level. This is due to phase jumpsolhappear
-60 { as the scintillation ratio increases.
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Figure 3: phase fluctuations (medium scintillatijpns o, U

S4(L5) = 0.96 ; S4(L1) = 0.85 os /

correlation coefficient 0.23 /
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Figure 8: frequency correlation

dB

The frequency correlation exhibits a linear relasioip for
medium scintillations. Both values peak to 1 in tzse of
strong scintillations.

time (s.)

Figure 4: intensity fluctuations (strong scintiltats)



The fade duration vs fade depth has been plottefibare 9.
In the case of deep fades, the fade duration ishntaiger
than the pre-detection integration time of a GPE&eiker.
Consequently as regards the receiver operationep twde 10
can be seen as a decrease in the signal to naisebyathe
fade level.

Sao Paulo, UTC = 23h, all tracked satellites
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o5 The two plots below show a result of a simulatiging the
Figure 9: fade duration vs fade depth generator for testing a GPS receiver. The first plmws the
signal at the generator output and the second tme,
4 Phasejumps corresponding error due to a phase jump.

High fluctuating signals will lead to deep fades d ar B L I C]]

correlatively to phase jumps. This can be noticadfigure 8B L PP KBE B A F
10.

Sao Paulo, UTC =23h, PRN =1, S4=0.6
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Figure 10: occurrence of deep fades andeppeaks

Such an analysis has been made extensively usthgHm
signal and its derivative on GPS signals measuréesien
Brazil. This is reported on Figures 11 & 12.
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Sao Paulo, UTC = 23h, all tracked satellites Figure 13: use of time series generator for recdasing

6 Timeseriesparameters

As stated in section 1, there are three paraméteiesed the
generator: the spectrum slope, a correlation disteand a
signal strength.

abs(phase) (rad)

For the ionosphere scintillations, these three rpatars will
be deduced from the results of a measurement cgmpai
the frame of the PRIS ESA / ESTEC study. The sijaaé

normalized intensity




recorded on a permanent basis, processed and .stbned
data base is under constitution.

Figure 14: PRIS measurement campaign

The receivers locations are pointed in red. They rapstly
located around the magnetic equator correspondinghé
highest occurrence of scintillations. This is a Rans
measurement campaign.

7 Conclusion

The algorithm and the main characteristics of aetiseries
generator were presented. The input parameters begn
given. For GPS signals and scintillations, there as
measurement campaign on going which will help ggtthe
corresponding values.

We have pointed out the problem of phase jumpséncase
of very deep fades. This is of particular interfest testing
GPS receivers in a strong fluctuating environmaaditional

statistical data would be required however in tizete.
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