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ABSTRACT

In communication involving links between satellitesd
ground stations the most serious effects on trans-
ionospheric radio signals iscintillation. By using
satellite Navigation Systems such as Global Pgsitio
System (GPS) receivers, we can probe the struaifire
electron density in the ionosphere and thus monitor

scintillation of trans-ionospheric signals along fme of
signal path in real time. In this study we showt tfa
alone positioned navigation system such as the B&IN
system in Nairobi, multipath errors arising fromedliites
tracked at lower elevation angles can  contribute
significantly to radio scintillation rather than eth
ionospheric conditions along the signal path. Nbaith
errors inflate the scintillation values and falsetdicate
ionospheric scintillation activity. For a quiet msphere,
scintillation is proportional to the signal path dan
elevation angle of the satellite being tracked. WByng
data for the entire solar quiet period of 2009 (&ay-
September), we created a fitting of the data tibcate
the multipath effects as outliers in the data awelo
elevation. A separate plot for these outliers wasnt
generated for every satellite track against elewasingles
between 10 and 20 degrees.

Key words: Scintillation, Super-imposed multipath,
quiet ionosphere, lower elevation.

INTRODUCTION.

The sun emits electromagnetic radiation over a wide
spectral range by a continuous stream of plasméarst

of energetic particles. When the solar ultravidight
impinges on the earth’s atmosphere, it ionizesaatifsn

of the neutral atmosphere. At altitudes about 80km
above theearth’s surface, collisions of neutral molecules
results in rapid recombination and permanent iahize
population of free electrons and ions called th®gphere
[Whitten, 1971]. The ionosphere is divided into edar
layers named D, E, F, with each layer referrintgtel of
ionization within a given region. The ionospherethie
medium responsible for radio propagation and
consequently, quality of radio communication,
radiolocation and radio navigation. The density &nel
state of electron-ion component of the ionospheedd
very strongly on the degree of solar and geomagneti
activities, especially intensely increasing durisglar
flares. Intense solar activity level leads to disainces in
the ionosphere and which in turn leads to distortid
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transionospheric signals. Irregularly structured
ionospheric regions can cause diffraction and egag of
transionospheric radio signals when received at an
antenna. Such signals have random temporal fluotuat
in both amplitude and phase. This is mainly atteduto
turbulences and irregularities of electron dengitythe
ionosphere [P.Doherty, 2003]. This phenomenon lisaa
scintillation.

Scintillation is strong at high latitudes, weaknaiddle
latitudes and intense in the equatorial region ftie
Fozzani and Nina, 2006]. During solar maximum qoeri
scintillation is more frequent and more intensealit
latitudes as the F-region of ionosphere ionizese Th
magnitude of scintillation during solar minimum is
greatly reduced mainly because of decreased baskdro
ionization density. At high latitudes, scintillatiois
mainly associated with large scale plasma strustuire
the equatorial region it occurs at the time of stimkie to
the effect of abrupt change in the ionospheric cotidity
along the magnetic field lines which are nearlyizmntal
around this region. Large scale plasma bubbles are
formed in the bottom side of the ionosphere ana tise

to great height causing intense scintillation oans-
ionospheric radio signals [Groves K., 2007].

Monitoring of scintillation in real time can be aehed
using the Scintillation Network and Decision Aid-
GPS(SCINDA-GPS) receiver, which is a ground based
receiver that can monitor scintillation at and lrbda
frequencies caused by electron density irreguéarith the
equatorial ionosphere [Carrano, 2007]. The SCINDA
ground stations are generally positioned between th
ionization crests of the Appleton anomaly, as these
locations experience the strongest global levels of
scintillation [Carrano, 2007]. In this work we shdhat
during quiet ionospheric conditions, the diurnatiagon

of ionospheric scintillation is very minimal. Wefie a
quiet ionosphere as that ionospheric condition wlitleere

are no external disturbances arising from external
magnetic fields such as magnetic storms. We caallgqu
refer to this period as quiet magnetic times.

PECULARITIES OF LOW-LATITUDE
IONOSPHERE

In the day side ionosphere, the neutral wind ndsnsats
up a polarization electric field which points intbe
eastward direction. At the magnetic dip equatornetibe
magnetic field is exactly horizontal, this electfield
results into ExB drift. This then leads to genenatof a
negative charge at the top and positive chargehat t
bottom of the ionospheric E-region. The resultifeceic
field prevents a further upward drift of electronstead
they are propelled westward by the eastward etefigdid.
This westward movement of electrons constitutes an
eastward electric current which is called the eopuit
electrojet [Heelis, 2004]. The motion of the ioaddrgely

inhibited at this altitude due to their collisiongith
neutral gas. A way from the magnetic dip equatoengh
the geomagnetic field is not quite horizontal thectic
field associated with the equatorial electrojet is
communicated along the magnetic field to the Fargi
where it drives the plasma upward by day and dowdwa
by night. This phenomenon is the so called
electrodynamic lifting. Since the lifting operatasross
the field lines rather than along them, the plagrable to
descend again along the magnetic field. This edees
characterize the low latitude ionosphere(equatorial
ionosphere) and is best known as the equatoriahatyo|
Groves K., 2007, P.Doherty,2003]. The anomaly is
characterized by a trough at the magnetic equaitso
humps at 15 degrees on either side of the magnetic
equator. The persistence of the equatorial anonmaty
the night depending on the season and solar aciivit
known to be produced by the evening enhancemethiein
eastward electric field generated by the F-regipmadho
action resulting from the eastward component of the
thermospheric wind blowing in the region of the
decreasing day and night E-layer Pederson condiyctiv
distribution[ Heelis, 2004, Zhao Bet al. 2009]. The
development and decay of equatorial anomaly produce
large latitudinal disturbances of F-region plasmathe
lower latitude belt in the post sunset hours. Tdfiect
contributes to the enhanced ionospheric scirititat
effects produced by the plasma bubble irregularibe
trans-ionospheric radio wave propagation| ZhaoeBal.
2009].

For this period of 2009, scintillation of the i@phere

has not been very common but a few occurrences have
been noted especially at the early hours of the day
between 7-9 hours Local Time. From our observatibn
daily ionospheric profilers such as TEC and S4 xndee
ionosphere tends to maintain the same patterntevber

over this period of solar quiet moment. We descthme
solar quiet ionosphere as the state of the ionagsphe
during low magnetic activity levels.

MULTI-PATH ERROR IN SATELLITE SIGNAL
TRACKING

Multipath refers to the phenomenon of a signal mesg

an antenna via two or more paths. Typically an ramde
receives the direct (i.e line of sight) signal amuk or
more of its reflections from structures in the mity and
from ground. A reflected signal is usually delayaud
weaker than a direct signal. This can thus traesiato
errors in measurement of such signals. This worksdo
show that alone positioned system is most vulnerabl
errors related to multipath effect especially atvéo
elevation angles. While by tracking only satellisgsove

20 degrees such errors can be limited, this work ha
shown that for alone positioned system the number
satellites tracked above 20 degrees reduces in ewumb
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thus limiting the understanding of spatial disttibo of
scintillation effects on signal tracking by the imphere.

SCINTILLATION MEASUREMENTS BY SCINDA-
GPS SYSTEM.

The Scinda-GPS receiver measures the scintillatidex

on both L1 and L2 signals, never the less when & GP
receiver is tracking the encrypted P(Y) code using
codeless or semi-codeless techniques the measurefnen
carrier to noise on L2 is compromised [Carrano, 7200
Hence computed scintillation intensity on L2 ist no
reliable and is usually ignored except when using a
military GPS receiver that has been keyed to im&trihe
encrypted P(Y) code. lonospheric scintillation is
characterized by rapid fluctuations in the ampktuehd
phase of trans-ionospheric radio signals due t@trans

in the local index of refraction along the propagatpath.
The SCINDA-GPS system measures the intensity of
amplitude scintillation given by the scintillationtensity
index S as [Carrano S, 2007, Groves K., 2007]. Values of
scintillation index greater than 0.3 are considess
ionospheric scintillation.

0)-07
) O

Where | represents the signal intensity (amplitude
squared).

S, =

DATA ANALYSIS.
This analysis does show that while tracking a €ingl
satellite in the entire day on quiet time ionosgher
scintillation seems to be occurring on satelliresked at
lower elevation angles as indicated below. We tifien
scintillation events at s4 values greater thanah@ are

marked with red pops on the plots below.
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Figure 1: superimposed multipath error shown along
individual satellite (signal) path at lower elevatn
marked in red pops.

From the satellites shown in figure 1, scintillatio
occurrences which have been marked in red were all
captured only at lower elevation of below 20 degree
Satellites tracked at angles above 20 degreesafishow

any form of scintillation occurring as shown. Takiall
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the satellites tracked for the entire day and jplgtscatter
chart of scintillation versus their position asythise and
set over the Kenya Airspace, then the distributafn
scintillation index at elevation angles less th@nd2grees
broadens considerably while the absolute value rbeso

larger as shown below in figure 2 below;
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Figure 2: Average Scintillation activity for the ertire
day the whole month of March, 2009 .

Considering only scintillation measurement at nigint
day time separately, the picture does not charthewih

the atmosphere is expected to be more turbuleright.
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Figure 3: Scintillation during day time btw 7am-7pm
Local time for entire month of March 2009.
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Figure 4: Scintillation during nighttime btw 8pm-6am
Local time for the entire Month of March 2009.

To eliminate the multipath at lower elevation wesider
now tracking satellite only above a minimum elevati
angle of 20 degrees. While this reduces the ensaged
to multipath, with alone positioned system the Ifitde
tracked reduces significantly as shown below inrfég6
and the error arising from multipath effects is ueed

significantly as illustrated in figure 5 below.
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Figure 5: Scintillation for satellites captured abwe 20
degrees
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Figure 6: Number of Locked Satellite above 20 deges

CALIBRATION OF SCINTILLATION INDEX
VALUES AT LOWER ELEVATION TO
ELIMINATE MULTIPATH ERRORS AS
OUTLIERS IN THE DATA.

The main source of errors which affect the sitatitbn
index at lower elevation in a loned positioned SOCMA
system such as the one used in this study is sopesed
multipath errors which inflate the scintillationluas and
falsely indicate ionospheric scintillation activiag can be

seen in figures 1 above. Based on our plots irrdéig2, 3

and 4, scintillation varies with the angle of eliwa

exponentially in the form of the equation (2) beldkiis

equation has been generated by the raw data frem th

Scinda system.

aexp(—bx) +c

(@)

Where a, b, c are fitting parameters and x is thstion

of the satelliete as they rise and set over thgsore Based

on this relation and using data for each and esatgllite,

we created a fitting of the data to calibrate thdtipath

effects. We implemented this fit on every satellite

eliminate multipath effects as outliers as showiffignre

7 below:
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Sattelite #18, date: 27/03/2009
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Figure 7: Eliminating multipath effect as outliers

The procedure is as follows: we make the assumjhiain
the ionospheric scintillation is proportional tcetsignal
path and the elevation angle of the satellite b&iagked.
Thus the fitting parameter ¢ in equation (2) above
signifies the base scintillation of satellite whénis
directly overhead (elevation about 90 degrees)|entiis
equivalent to the attenuation coefficient (which wen
now refer to as scintillation coefficient). If wat fthis
equation to all scintillation data above 20 degrebsre
we can neglect multipath errors we get the mageitofd
the coefficients as well as their incertitude. Takithe
worst (which leads to maximal estimated scintitia)i
incertitude value and extrapolating towards smallegles
(dashed line in figure 7 above) we can estimate the
magnitude of multipath contribution as well. This i

shown in figure 7 in the plot of outliers.

CONCLUSION AND RECCOMENDATION

Studies in ionospheric scintillation using a singteeiver
GPS system can be complicated at lower elevatientalu
the

superimposed multipath effects which inflate

scintillation index values and falsely indicating

ionospheric scintillation activity. While by consgidng

only satellite constellation above lower elevatioih 20

degrees could eliminate multipath error; for a Eng
receiver such as our station in Nairobi, the cdladien of
satellites reduces thus limiting the understandifg
spatial distribution of ionospheric conditions. ifioprove
on studies of ionospheric irregularities using alon
positioned navigation system, we need to consitler t
elimination of superimposed multipath errors at dow

elevation angles.
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