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ROLE oF LONOSPHERE IN MODERN RADIO SYSTEMS

Part -~ B

GHz SCINTELLATION STUDIES TO ESTIMATE DEGRADATION
IN SATELLITE RADIO SYSTEMS

ABSTRACT

The intervening ionosphere can be a nuisance for satellite-based radio
systems. Usually, with increasing frequency the problems become less serious;
but they are significant even at 10 GHz. With present day technology, it
is not advisable to go beyond 10 GHz, especially in the tropics because
of tropospheric phepomena. Thus one has to model the jonospheric effeclLs
and optimise system performance. The more important ionospheric effects
are phase and amplitude scintillations, group path delay, RF carrier phase
advance, Doppler shift, Faraday Rotation and Angular Refraction. A des-
cription of these processes is not possible here; but T will show one or
two examples to drive home the point that unless we understand, estmite
and account for these ionospheric effects, the sophisticated satellite
systems will be in jeopardy. Scintillations is one such example and our
group at NPL has been working on this problem for 30 years now using many
satellites of opportunity. A system designer would require information
on' signal statistics as well as on morphological aspects of scintillation
to be mble Lo assess the problems and to determine the preoper fade margin
for the links.

Tonospheric scintillation activity is particularly severe around the
geomagnetic equator, which passes through the southern part of India. Qur
observations at 28.6°N latitude shows that the signal at 4/1.5 GHz has
faded several times beyond 15 dB peak to peak, and once beyond 24 4B p-p
at 4 GHz. Any system engineer would recognise that for a practical digital
communication system, a 24 dB fade can severely disrupt communications
both digital ana analog systems. This report, in addition to describing
the morphology of scintillations at 4 GHz, also gives information on signal
statistics such as cimularive amplitude distribution, fade duration distri-
bution and signal reliability for different message lengths for some periods
of intense scintillations at both C and L Bands. The main objective of
this report is to highlight the usefulness of deriving such information
from observed data on ionospheric scintillations for radio communication

system applications.

TLINTRUDUCTION

The ionocupheric scintillation phenomenon i1s one oy Lhe mosl delelerious
faclors, atleast uplto a frequency of &7 GHz, n communtcation systems
ufulising the earth space palh. Such events cause pertormance degradalicon
to Lhese links when the signal fades below lhe specified fade margin 1.e.
below tlhe amount of gain allocated in Lhe power budgel of Lhe system to
overcome the effect. Mot only the links using analog modulalion lechmiques
are effected but also the digitally modulated ones experience a disruplion
in communicalion, as & drop in signal intreases Lhe bil error rate. The
increased bit errar rate leads to either full or partial less of a
message, depending on the level of degradation. The regions of the earlh
that are particularly affected by Lhis phenomenon are Lhe subauroral tlo
polar latitudes and & belt surrounding the magnetic equator and Lhe effect
is more seveére in Llhe later, In order 1o assess Lhe problem of
degradation taused by scintillations and prepare a syulems analysis for a
user in the ;bova mentioned regions, tlwo Lypes of dala are essential,
namely, Lhe signal statistirs and the morphology of scintillatighs
Cutlautl, 19741, The morphology gives us information abnovul the occurrence of
scintillations with specific characteristics as & function of latitude,
lime of the day, ssasoh, sSunspol and magnetic condilions which in  turn
helps in forming the scintillation theory. For assesssing Lhe etfecis of
ionospheric irregularities on jonospheric communication, whal are usually
requirad are suitably averaged values of relevanl fading paramelers as  a
function of degree of disturbance exasting in Lhe ionosphere. This 1s the
information Lo which the scintiliatian theory 1:s capable of conurikuting
CHooker and Tagy; 19871. On the oiher hand Lhe signal stawiwtics desceibes

Lhe wvarialion of amplitude of scintilletions and the rale ol which  Llhey



cceur.  The signal statistics along wilh the morphology aims at presenting

the designer of the systems with an evaluation of the problems associated

wilh Lhe propagation paih which are likely to be encountered bLy an

operational or a planned salellite link, 1t also helps to supply the

electronic designer with the characteristics of the fading patterns which

deleriorate the infprmation flow. Signal statistics in the form of

cumylative amplitude distribution, fade rate distribution, message

reliakility, power spectra and autocorrelation of evenis corresponding to

perieds of irlense scintillations, gives the system designer perlinent

informatien for implementing schemes to offset the degradation caused Ly

scintillations and to design the specific modulation technigues necessary

for the system.

At VHF/UHF  frequencies, MWhitney and Basu C197731, analysed some

stintinllation evenls observed in Huyancao, Peru and Narssarssuyaq,

Greenland in order to design and evaluate the performance of satellite
communicalion links. Alss Mollen et al. C198873, have established emperical

relationships between the scintillation deplh represented by S4 and

peak/fade decibel levels, based on eighteen months of data recorded at

0 ]
Hongkong (2.2 N, 114 E,
o
from INTELSAT (&3 )} at 4GHz.

10.52 Geomagnetic N (GMN)) using transmissions

Since the geomagnetic equator passes through
India and most part of it falls wilhin equatorial scintillation beltwidth,
communicalion via the satelliles are severly effected by scintillations,
and  hence it is essenlial to have & data bank of scintillation morphology
and  statistics “rom here. Lakshmi et al.[ 19883 have reported the signal
statislics pertaiming to engineering applications af the scintillations at
{40 Mz ophlained from ATS -4 al Belhi (2&.6P0N, TT.ZDE. 18.9o GMN) along

wilh the norphology of the scintillations at the same frequenty far the

Indian zone.

The future earth—space links planned far our counlry are going Yo use

higher and higher frequencies in the GHz band a3 well as digital

modulation techniques for reliability, filenible traffic handling and

increased communication within a given bandwidth. Keeping this in view, we

have briefly presented in this paper, the morphology of seintillations at

4 GHz and signal statistice of some of the intense periads of

scintillations, hased on the telemetry Lransmissions recorded from the

o
Indian geostalionary satellite INSAT 1B (74 E! from July 1984 to January

a =]
1990 at Sikandarabad (SKD) satellite garth station (ER.4AB N, 77.71E,

o

24.2 N Mag.lat.) near Delhi, signal statisltlics of some of the

In addition,

scintillation events at 1.5 GHz, recorded from The Russian salellite Volna

o
(83 E£) at the National Physical Laboratary, New Delhi during March-April

198% and September-October 1989 have also been analysed. This we hope will

help in predicting the limits of future salellite links designed for our

country.

2. RESULTS AND DIBCUSSION
2a.Marphology af scintiliations

4 GHz recorded at SKD remarkable

The scintillations at displayed «

dependence on solar aclivity. The years 1984 and 198%, corresponding la a

low solar activitly period, retorded scintillations which never extended

beyond 2 dB peak to peak (p-pl). The events during these years generally

midnight. They

started just after the local sunsel and conlinued bLeyond

developed over tens of minutes and the fade rale Jecurded was of Lthe order

of 3-4 fades/min. Analysing the duala on o diurnal bauis, 1l was noted that

the activily peaked around 2000 te 2100 LI and a second més: na also

Seasonal analysis showed lthat the

occured between Q200 LT and 0300 LT.



maximum percenitage otcurrence of scinlillations was in Lthe summer months
(May-dJdune), followed Ly a maderale activity in the vernal and aulmnal
equinoxes. Almesl no scintillations were recorded in the winter months of

Movember, CL19871 nhave already

December and January. Banerjee el al.
published a detailed reporl of lhe observations made during 1984—-1985. As
the solar aclivity decreased furlher in 1985, np scintillatlion evenls were
recorded which had a deplh beyond 4 dB p-p and hence caused no problem to
the satellite communication systems as Lhe fade depth was covered by rhe
ususal fade margin of such systems. -

The wvernal eguinox of 1987 again displayod a perceplible increase in
scintillation activity and depth. The data analysed for 1987, 1988 and
1989 {(details of which are reparled in Dabas et al.C1990al), showed that
as the sunspol number increased from 63 in septembar 1787 to 179.4 in
seplember 1989, the monthly occurrence of

averags percentage

scintillations increased beyond five times (sem figure.1). The
characteristics and the tlime of maximum ns:ﬁrronco of scintillations
during these years underwenl a drastic changl:"Tho scintillations during
1987 to 1989 generally occurred in palches o;. or two hours after the
lotal sunsel and continued upto midnight, with peak accurrence around 2000
to 0Q00 LT, The onset was always very abrupl and daveloped fully within a
few seconds. The fade rale recorded was generally of the order of 14-15
fades/min. The activily became more fregquent and intense i1n lhe equinoxes
with the maximum ocurrence percentage recorded during the autmnal equinox
(September-{lcteber) of 1989, The signal during Beplember—October 1989,
more than oflen faded beyond 15 dB's p—~p and once Lhe fade deplh exceeded
24 dB p-p. The winler monlhs (November, December and January of 198%-1990)
1.e. Uhe winter solslice also recorded an enhanced percentage occurrence

of scintillations as comapred Lo Lhal in the low solar activity period.

L

The activily during the summer monlhs remained same A, 11 was In 198455,
Fig.2 gives the seasonal percenlaye occcurrence of  weanbillationy  of

different Jeovels (namely - idbB, 5 db and 10 dB) fuo. January 1987 o

January 1990. During periods of inlense scinbillations whenever ihe fade
depth exceeded -8 dB, the antenna Lrackiny SysiLBm ol SR sounded an alarm,
leading to tracking 7. T... _od dazruplion in ve oo, oot oaf lelevizion
picture at S—-Band. In general,
were suppressed during geomagnel:ic disturbancew. However, for the cases
when the recovery of phase starled belween midnight to dawn local tLime
.
sector Lhen the scintillations were found 1o be enhanced.

Simultaneosus observalions carried out on a campaign mode atl SKD {(a low
o
latitude statian) and at an equatorial station Chenglepel (12.&67 N,
o o
79.92 E, 5.3 N mag.lat) during September—Oclober 1989, showed Lhal no

scintillation evenis at 8Hd started witlhout Lheir oprior octurrence at

1L was observed Chab Lhe wcinlillation.

s

Chenglepet (CHPT) confirming a definite association of the low lalitude

scintillations with the equatorial ones during Llhe period of uhservatlan.F

The abrupt shooting up of the scintillalion depth at the onset iself, at
both the statians, 1na1catad that the irreguiarily causing them was bubble
like. Also it y‘! noted that the depth of scintillations at SKD was much
higher as compﬁr.d to that in CHPT. Generally lhe gresence of high
electron density at the anomaly cresls is associaled with the hign  level
uf scintillations observed over

Lhe earlh-wpace palhs ¢rossing  Lhem

CAarons et al. 1981]. Though SKD lies far asove the day Time anomaly

crest, put the simultaneous IEC and VHF ccintillaligns oboervalioans atl -

different stations by Garg et al. C19831 and Lakha Gingh et
suggests that during years of high solar aclivily deep scinliliation

fadings at VHF are associaled wilh tne poslsunscl huur  shift  of Lhe

g

al L1990l -

=



anamaly «c¢resl tp low latitudes with a simultanegus electron density

depletien at the equatorial stations. This in a way inditates that the

high level of scintillations observed at 4 GHz at BKD are associaled witlh
the follawing scenario! As per the fieldline caleulations for INSAT-1B ray

path geometry [Dabas el al,, 1990b3 the bubble like irregularities

generated at the magnetic equator after Lhe local sunset must rise abave

1200 kms for them to map along the field lines to lower latitudes. Since

the background electron densiltly at the low latitude étntion remains high

due to octurrence of the posisunset hour anomaly, the plume associated

electron density fluctuations are also high in this region and hence the

deeper scintillation fadings observed at 8KD as ¢omparwed to thal at CHPT.

This reasoning has also been found to be true for the obhservations made at

the same frequency by Fang and Liu [1283] at Hongkong.

Zb.Signa)l Statistics
(i) Cumulative amplitude distribution functien

Engineers designing the earth-space links must determine the fade margin
necessary 1o overcome the degradation caused by' scintillations, under

various conditions of ihe ionsphere and for IL particular electronic

configuration. The percentage of time that the signal fades below

different decibel levels as a funcltion of local time, latitude, season,

solar activity and magnetic aclivity 1is reguired for the complele

evalualion of the expeclted performance of the proposed system. The

tumulative amplitude distrihution function (cdf), a first order

statislics, 1s wuseful in defining the fade margin requirements for

communicalion systems as 3l expresses the probability that the signal

level will equal or exceed a given decibel level. Whitney et al.C19721,

developed a cd#'s for

methad of vrepresenting different different

scintillation depths (Lhe szintillation depth have heen represented by him

as scintillation index §1 [Whitlney,19691),which can be used for praclical

systems of satellite communication and navigabion tn the VHF  and UHF

ranges.

The basic procedure for obtaining a cdf from Lhe raw data corresponding

1o a certain depth of scintillation is to digilize the data first. Then by

applying the criteria of stationarity, a particular segemeni of the data

is finally chosen for estimating the cdf corresponging to ilt. The 5S4 index

{Briggs and Parkins, 1943), dependent on the rms value of lhe power of Lhe

signal and hence also & measure of depth of scintillation, has been

calculated far every one minute interval of the scintillation evenl under

consideration. JIdeally the conditiun for stalieonarity implies thal the s4

index should be time invarinl, which is praclically net possible.

Therefore we have chosen a criteria for stalionarity according to  which
the standard deviation of the 84 index should always be less than twently
percent through out the duration of the segment CQuinn, 12801. The date and
some of the events that have been given in

duration of analysed are

Table—~1 for both L-Band and C-Band.

TABLE-1
Frequency Date Duration (LT) Mumber of ane min.
inlervals
Sth Oct.198% 2054 - 2148 54
4 GHz 4tk Oct. 1789 2030 -~ 2200 Q0
14th Oct. 1989 2218 ~ 2Z0L5Y 3z
14th Apr. 1789 2152 - 2319 ¥4
1.9 GH:z )
30th Sep. 17289 2107 - 2937 30

t



Depending on ihe condition of siatioinarity, the sample lengihs which

have been used for our analysis range from a minimum of 3 minutes to a

maximum of 7 minutes. Two compuler ploltled gcintillation samples al 4 GHz,

one strong and one weak, wilh s4 indices 1.2 and 0.31 are shown in

figure.3a and figure.3b respectively. Infact the sample carresponding lo

s4t 1.2, carresponds to the maximum fade dupth recorded so far al this

frequency. The respeclive cdf's are shown in figure.3c. Il can be seen

from the cdf's thal there is a strong correlation between lhe deplh of

fade and peak enhancements with increasing s4 index. The level of

scintillations which are of parlicular interesl to & syslem engineer and

can be read from the cdf are the peak snhancement, maximum fade, 5% peak

and 95% fade. These statistical signal levels in decibel magnitude

corresponding Lo the cdf's in figure.3¢. are given in Table-IXl. Similarly

two samples of scintillations at L-Band with scintillation indices of 0.85

and ©.34 are shown in figure.4a and 4b respectively. The cdf's of tLhese
samples are presented in figure 4c and the corresponding decibel levels
given in Table-Il.
IABLE 1l
Frequency 54 Peak Maximum - Five Percent Ninetyfive
Index Enhancement Fade Peak Percent Fade
(GHz) (dB) a8y w0 (dB) (dB)
1.2 12.90 -i2.6 8.0 -8.2
4.0
0.31 3.8 -5.4 2.0 -1
0.85 2.0 -11.8 6.2 - -8.4
1.%
0.34 3.0 -4.4 2.2 -2.4

According to Rufenach C1975] scintillation model, the irregularities in

the ionosphere acl as a screen Lo the incidenl wave front and changes its

phase when 1l passes through Une layer. After Yrom  Lhe

eI g Lng

tanosphere, phase disturbed waves lurn gradually Lo anglitude nodulaled

waves while propagating along Lheir palhs due ta Uhe duifrraction  effect

and finally the wave at & poinl sufficrenlly {Yar From Lhe Lunosphere  can

be regarded as% the sum of the unperturbed f{1eld 1.e. Lhe couherent

companent and the perturbed field, the incoherent component. Based an Lhis

discussion, Lhe tlheoretical cumulative probacility distribulion of Lhe

ionospheric scintillations resulls 1n Lhe Nakagami-Rice disleibution

CHarasawa al al.,19857, Various researchers, on Lhe olherhand have shown

.

2

that, the cumulative distribulion functiion of the ionospherlc;
scintillations follw the Nakagami-m distributian, where m=1/54
CWhitney, 1972y Crane, 1977y Yeh and Liu, 198257 Mollen et al., 19884, Since

the Nakagami~Rice dilribution is similar to Lhe Nakagami-m distribylion

for all values of m>1, discussion on the comparative merits of the two is

FY

pf little significance from the pracltical point of wview. Comparison
between the observed cdf and theoretical Nakagami-m and Log~Nurma1‘
distlribulions  were evaluated for our data. It i1s seen thal the Log-Normal

scintiliation events with s4

distribution is a hetter fil for the values

less than 0.5 i.e.

the

Nakagami-m distribution clearly appears Lo be the best fit. This 1s

true for both L-Band and C~Band as can be seen from figure.3c and

figure.d4c respectively. Therefore our observalions also establish that for
all practical purpose the Nakagami-—m distribution for various values of s4

can be used by engineers for defermining Lhe fade maryg:n of a system.

The scintillation recordings obtained &l Sitandarabad ol 4 GHzx and ="
GHz thave been grouped into Lhree caltegories accavrding Lo o4 values. The
first category comprises of several recuordings uf one mincle inltervals

for weak scintillation cases, whereas for slrong ones, |

o

e
-



with 1lhe s4 index in the range of 0.3-0.%%, 0.6-0.79 and 0.80-1.0. A
minimum of fifteen to lwenly recordings are cansidered in each of 1lhe
categories for obtaining a model amplitude distribution curve for tlhat
range of &4, Cumulative amplitude dilirlbutinn function was oblained
individually for all the one minute rncufdlngl similar to that shown in
figure.3 and figure.4. A model cdf was obtainad for mach of the tateqories
by datermining the median of al) the distributions in that category.
Figurl}5 shows the median model distributions f;r the three calegories

mentioned above.

(1i) Fade duration distribulion

Information on distribution af fades :ﬁ?i‘%ﬁ!rint durations or lhe fade
rate distribution for various lcvcll of fndo‘.n;;iﬁ ll needed in order to
fully characterise the effects of scintulauuﬁtm the communication
channels, specifically for chosing Lhe chiug or diversity techniques Lo

annqkﬂittnn. problems aras the

combat fading. For high speed dtgitaiﬂ
statistics of duration of fades below a pl;ﬁ@qulﬂ{hluvul. 1f the duration
of fades is longer compared Tu the infurnitlnn yulie length (spacing
betweean successive pulses in dxgxtll trlnsntilton) jnd the fade deplh Lo a
value helow syslem sensitivily, infnrmltion bt‘ﬂ coqld be lostl. The fade
rate distribution can either be produced by thc lnvnl crossing tlechniques
or by Fourier techniques which gives & power spsclra and time correlation
function. In this paper we have firstly oblained the fade duration
distribution by making use of the level crossing method [Whilney and
Hasu,19771, The level crossinhg data gives measurement of distribulion of
the fades and enhancements at various levels wilh respetl to the median
level. The duration of separation of the fades are counted at each level

for every 1 dB change. Similarly the separation intervals can he counted

for all lhe levels 1n order Lo hase a  s1gnal enhaniemenl  duralion
distribulion.

Figure.ba and figure.&b show Lthe distribulion of fades below several
levels for both C-band and L band corresponding Llui ULhe seantillation
samples shown in figure.3a and figure.4a respeclively. Lnatervals shorler
than 0.5 seconds at 4 GHz and 0.05 secands at 1.5 GH:  could not  be
resolved as the C Band data was digitised manually from a strip chart
recorder run at a speed of 12 cm/min where as lhe L Band dala was recorded
via a microprocessor basad data acgquisition syslem al Lhe rate of ilwently
data peints every one second. 11 can Le seen ftrom figure.3 lhat at 4 GHz
when the fade margin i1s -2 dB, the cumulative number of fades correspnding
to a duration of 5 meconds or less is 14. Similarly at 1.5 GHz the number
of fades with durations 3 seconds or less al -2 db fade level are 68. This
confirms the fact thal even at frequencies as high as in Lhe GH2 range the
fade vrate has decreased wilh the increase in frequency. #According le our
ahservations tho fade rate has decreased Llwo to four times for all tLhe

i

fade levels whln the frequency has increased from 1.5 GHz lao & GHz.

tiii) Message rnllnbiitty

The 1loss nf"lnforaéﬁicn due to ionospheric scintiilations 1is also
dependenl on th; mollng.tlcngth. A perfecl mezsaje 15 received unly during
Lthose intervals when the signal level is greater than Lthe f{ade margin.
Figure.7a and figure.7b show plols of message reliability at C and L
Bands for the scintillation evenls shown 1n figure.3a and figure.daq
respetively. This gives an eslimate of Lhe increase 1n warqgin which 13
required over the value specified by the cdf 1o oblain a given probabilily
of receiving perfect messages. Message reliability was esbimaled by

determ:ning the number of time intervals or windows Lhal complelely fal



withhin the signal enhancemenls or increases above certain specified

calibration level compared with the tetal possible number in The entlire

sample segment under conslderalion [Whitney and Basuy 19773. As Lhe time

interval of the message lenylh approaches zero, the meskage reliability

approaches Lhe percentile given by the c¢df at that fade level., This means

that Lhe c¢df gives the maximum value of message reliability for a

particular fade level. It can be seen fram fig.7 that for a given fade

margin the message reliabilily decreases as the message lenglh increases.

Far € Band at -8 dBE level, seventy five percenl of the messages are

perfectly received if Lhe message length is of ten seconds, whereas for L

Band fifty percent of the messages are perfectly received for the same

message length. If the fading raie is se fast that the separation 1lime

intervals are lesser than the message length, then no messages will be

received wilhoul error. Also we observe from figure.7 Lhat the message
reliaphility curves fall aoff more rapidly as the fading rate increases from

%5 fades per minute in C Pand to 14 fades per minute in L Band.

(iv) Power spectrum and autccorrelation analysis :

The power speclrum of the scintillation .v.ntl_:nﬁtlin‘information about
the spectral contenl of the irregularities which cause scintillations when

the radio wave passes Lhrough it. It generally consist of a low frequency

flat portion and a high frequency roll off. Tha break frequency belwasn

the Lwo partls corresponds Lo Lhe fresnel frequency. The fresnel freguency

is defined COLLy 19771 as approximately equal to the velocily of Lhe

medium Lransverse Lo Lhe radioc ray path devided by the radius of the first

fresnel zone, and is represented as
1/a
f =v /®B(Az2) (N
c
where v is Lhe wmean drifl velocily of Lhe scintillating medium Llransverse

tu  the radio palh, 14 Lhe wavelunglh ard & 3o Lhe mean heighl  of Lhw

fed 1uin. Bepenazng on  Lhe geomelry helween Lhe radio ray palh  and  Lhe

motion of the irregularities, oscillabions may appear 1o Lhe speclbrum wy

il decays. The study of power speclrun s valuable Lo Lhe physioisl  who

wishes 1o identify parameters like scale sires, elongations and drift

velocilies of the irregularities which will help Lo delermine Lhe physical

origin of the scintillations. Irregularities of ihe size corresponding Lo

the fresnel scale contributle most Lo Lhe amplilude scintillalians observed

on the ground far weak scintillations. Fresnel zone sice also delerminey

the correlation distance of the signal received on The ground. The slope

of the rolloff portion aof the spectrum is imporlant because it is related

le the dissipation rate ef the ionospheric irregularilies causinyg Llhe

scintillations LCMellen et.al.y)19881., If the amplitude spectra fall off

wilh constant slope, estimates of the spectral power in the higher
frequency componants (short time periods) may be obtained E£O0tt, 19771,
These higher frequency .t}tmntns are extremely applicable to high-data

rate syslems where the intaresl is in determining if scintillations occur
on a macro—to—-nanoseceond time scale. Whitney {19741 has observed a cloff

frequency for pow ':jplctrl for intense scintillations al 137 and 340 MHz.

He defines a banddtdth in terms of Lhis culoff frequency for use in coding
techniques. Alsa Lhe mean duralion of fades i% proporiicnal le the averaye
fade rate and thus to the width of the fading power spectrum ( Lhe width
between Lhe fresnel fregquency and Lhe frequency al which the noiswe level
starts). Communication engineers who realize Lhal a 24 dU fode completely
bhlanks out a digital Ltransmission {such as the four phase MoK/ TUMAR) as ihe
increased fade depth causes inlense phase

scallering/j1iler leading Lo

pulse broadening. Therefore Llhe inlerpulse spacing 1: dislurbed resulling

in a message being lransferred al an unacceplably high Lib error rale.

14
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Whnen the scintiliation strenglh increases, Lhe signal is presumed lo have
undergone multipte scallering or refractive scaltering. Broadening of the
spectrum is observed hecause the multiple scaltering, that comes into play
decorrelates the scintillating signal CYeh,1975) Basu and Basu, 19813 Rino
and Owen, 17811 and as such the association of the break frequency with the
fresnel frequency is notl very clear. The spectral shape corregspondingly
therefore should not show any sharp break arcund the expected fresnel
frequency. Our resulls ( see fig.8) show, that the width of the spectrum
has increased with the increase in scintillation strength at (—Band,
whereas it is not the same in C-Band. The dashed and the solid wvertical
lines in figure.8 correspond to the theoretical fresnel frequency and the
starting of lhe noise level of the spectrum. The slopes of the speclrums
so far calculated show a variation between -2.35 and -3,3. Table IIl
specifically gives Uhe values of the slope corresponding te the power
specrums in fiqure.8.

The autocorrelation analysis of tlhe dtgjltzed scintillation data
establishes a correlation interval t, which is defined as the time lag for
which the level of correlaltion of the signal d;c'.lllﬁ to fifty percent of
its maximum value. The autocorrelation analysis is another way of
characterising the scintillation .fading and is an effective means of
acheiving Lime diversily improvemenis. For scintillations the correlation
interval of the signal is approximately related lo the Fresnel zone by

= (A z)wz/v (2)

The correlation interval multiplied by the velocity transerve lo Llhe ray
path will always give the decorelalion distance on the ground. This is
same as lhe Fresnel scale size in case of weak /diffraclive scaltering.

Whereas 1in Ulhe strong cases the actual scalesize of tlhe \1rregu1arities
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cannot be detemined from acvtocorrelation analysis. However the ground
decorrelation distance cblained from Llhe correlalion inlerval in bolh Lhe
cases can be used for antenna diversity 1n critical applicalions. Also by
taking the inverse of the fifty percent correlation time Lhe fading ratle
can bhe estlimated, The correlation interval, in general, decreases faster
in case of strong acintillations. Fig.9 shows - Lthe lag time VS
auvlocorrelaltion function for the evenls in fin.3 and fig.4. For all the
events analysed, the fifty percent decorrelation time 1a rvanyging from 0.5
seconds 1o 2 seconds in C Band and from 0.5 to 1.0 seconds in L Band
respectively., Table IIl illo gives the ground correlation distance
corresponding to the autecorrelation intervals oblained frem figure.%9a and
figure.%b by taking a median drift velocity of 90 m/s lransverse 1o lhe
ray palh [(Dabas et al.,1990b1. We find that as expected CUmeki et
al.,19772 the broadening of the spectra is closely related to the
coerrelation interval. It is seen thai, smaller the fifty percent
decorrelation time is, more the speclrum has broadend.

A comparison of fade rates obtained from the three methods, namely the

mean crossing melhod, power speclrum analysis and the autocarrelaton

i method is given in Table IV. All these values pertain to the scintilltion

patches shown in figure.3 and figure.4.

IABLE 1i}

Frequency s4 slope Fresnel Theorelical Fifly Ohserverd
(GHz) index frequency ground percent graund
{mHZ) decaorrelation corr. decorr.
distance(mir.) timei(sec) distance(mtr)
1.26 -2.60 320.0 B3.4 2.00 -
4.0
G.31 ~4 .50 230.0 &7.5 0.58 144.0
Q.85 -3.85 —-—— e U.tS ———
1.3
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0.34 -2.40 250.0 8.0 0.48 79.0

TABLE 1Y

Frequency Average fade rate in Mz

(GHz )
Mean Power 1/e
level speclrum correlation
crossing analysis time

4.0 0.25 0.48 o-%o

1.5 O-2 046 oS a

(v} Frequency Dependence

The frequency dependence of ihe ionospheric scintillationsg is also of
interest to the designgr of communication aystems. Often data is nol
available for a specific frequency band that is of interest. Some means of
extrapnlating fading information from other frequency ranges in a wusable
form is8 valuable. The frequency dependence can  be determined by
relating the ratio of amount of power in the !cintillnting component to
the frequency ralio. Whitney et al. C19721 hl#a shawn that the tLhe
speaciral index or Lhe frequency dependence can be related to Lhe Nakagami-
m parameler by the relation )

. -2 n = Clag (m /m » 3 / log (f /7 ) 1 : (3

1 2 1 2

where n is the spectral index and m and m are the Nakagami

4
Moreover this frequency is.valid as long

paramelers

measured at the two frequencies.
as 5S4 is constant power law of freguency. A log-lag plot of 54 ve § will

give us & straight line with a slope equal to n. If n can be evaluated
from simultaneous distributions for two frequencies from the same source,
then 1the prediction of the expected distribution at a desired frequency

can be made as long as lhe scintillation index and the nakagami-m

17

"which fits

parameler remains a constant power of freguenuy. Whilney el al. 0197721

showed Lhal if Lhe experimental cdf's at lwo frequencies at Lwo different
m values are known then hy using eq(3) we can find n. Un assuming Lhal n
1% constant within the frequency range, we tan find oul the odf tour  an

inhelween frequency for a given m by using Lhe theoretical distesbulion

Lhe experimental ones for a given region. Since we have not
been able to record the two frequencie 4 and 1.5 OHz simulilaneously from
the same salellite, Lhe frequency law could nolt be verified for our case.
Also if strong scattering is observed 1.e. S4 > 0.5, then a constant power
law relaliovnship may not hold, and inlerpolation or extrapelalien for a

distribution al other frequencies may not be feasible.

4.FUTURE STUDIES

It is suggested that simultanecus observalions should be taken at
different latitudes., (nol only two, as done in our ¢ase) starting from the
equator and al two different frequencies from the same source, in arder Lo

provide wuseful parameler for global scintillation modelling, which 1is

urgently required for our region. The scintillatiaons at two fregquencies

are necessarry 1o determine the frequency dependence. The experiment

should be planned in such a way %o thatl all the observation stalions

should be aiong the same geomagnetlic meridian. A receiver should also be

installed beyond the anomaly peak, in order to know how far tLhe high

intensity scintillalion bellt shifis 1o the MNorth during the equinox
periods of high solar activity years. To siudy the longitudanal variation
in Lhe occurrence of scintillations, a fourlh receiver should be installed
al Lhe anomaly peak bul separated in longitude wilh respect to the oiher
statiaons.

In the present study we have

eslimated 1he wanplitude  .and [T

18
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characteristics of intense scintillat:ions at C/L Bands from a large

collection of data for about half a solar cycle. The results are in the

farm of cumulative amplitude distribution functien, level «c«rossing
tabulations, power spectra and correlation datla. The Nakagami=-=m
distribution was found to be the best distribution fer describing the

percentage of time the signal faded below & level with the Rayleigh

distribution as the limiling case, which is in agreement with the spectral

index characteristics which indicates that fading of the most intense

samples is almosl independent of frequency CWhitney and Basu, 19771. The

autpcorrelatian and the power specltra data defined the fade rates and

provided a base for the evaluation of time diversity tlechniques. Much

remains tobe done 1Up characterize the intense scintillations that are

observed in this region. Multifrequency observations are necessary Lo

determine the frequency dependence and the wavaluation of diversity

techniques.
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Fiaur Captions
Fig.1. Variation of monthly mearn nighliime scintillations with the monthly

mean sunspot number from January 1987 to December 1989,

Fig.2., Percentage occurrence of nighttime scintillations (peak to peak
deviations >t dB, »% dB and »10 dB}) for the period January 1987 to January
1990.
th

Fig.3. Computer plotted scintillation samples in C-Band: {(a) 5 Dctober
19893 $4:1.2 and (D) 14Lh April 19893 $4:0.31. The corresponding
cumulative distribution funclions are shown in (c).

ih
Fig.4. Computer plotted scintillation samples in L-Band: (a) 30
Septembuer, 7. 0% () BOth September 1789, 410.34. The corresponding

cumulative distribution function are shown in (c).

Fig.5. Cumulative fade duration distribution for three &4 groups as

mentioned within the graph(ﬁn { M( f}“\"'—"/? A"E‘PL )

Fig.&. Fade duration distribution for different fade levels corresponding

toe the two scintillation samples shown in fig.i, and fig.;?.

Fig.?. Graph for percentage of messages perfectly received as a function

pf message length and fade margin for dala corresponding to fig.ib and

Flg.é?.

Fig.8. Power spectrum curves for the sscintillation samples at 4 GHz and
1.5 @Mz as shown in fig.3 and fig.4 respectively. The dashed vertical
lines ctorresponds Lo the Lheoretical fresnel freguency and the solid lines

to the starting ot the noilse floor.

Fi13.7. Autocorrelalion curves of Lhe samples shown in fi3.3 and fig.4.
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