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ABSTRACT

This thesis describes about the characteristics of L-band ionospheric seintillation. In order to
study the characteristic and performance of satellite communication when satellite signal
propagating through the ionospheric irregularities; and to increase the availability of
communication through scintillation, the statistical analysis of scintillating signals is required.
The observation has been taken at KMITL during solar maximum, 2000-2001, by receiving two
L-band signals from INMARSAT satellites located at the India Ocean Region (IOR) and at the
Pacific Ocean Region (POR). Scintillation signals received from both satellites are compared
together. Two parts of scintillation characteristics are considered. Firstly, the short-term
amplitude scintillation analysis is presented such as probability density distribution, cumulative
distribution, and also time-frequency structure of amplitude scintillation using autocorrelation and
power spectral density respectively. Moreover, long-term amplitude scintillation is characterized
by using Moulsley-Vilar model. This model can be determined by weighting the short-term PDF
of fluctuating signals with the PDF of scintillation intensity values, o » - The distribution of these
values can be obtained by the transformation of In 0‘; function, which is tested by Chi-square
goodness-of-fit test to determine the appropriate distribution that fits best with the distribution of
scintillation intensity; consequently, the function of scintillation modeling statistic can be
determined. Secondly, using PDF of this modeling function then the theoretical estimation of the
average probability of bit error for communication links under scintillation can also be presented

for the binary NCFSK and CPSK modulation.
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3
o a oo @ o &L W
ﬂ'ﬁ‘ﬂﬂﬁﬂ%vlﬁy‘ﬂ"lﬂﬁﬁﬂﬁ\i'l]']"uﬁ"]Eli)'lﬂ’lﬁ'i‘ljﬁﬂjuﬂ.lu’lmﬂ’l?lﬁﬂll INMARSAT-F3 BITU

dygrudy L vinumaymsnddin (POR)  sazviumiee mMaAsudy uaiion
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maas anniumalulatwszveundudgunmsaianszlls (100.8° E Longitude, 13.7° N
Latitude) 99ya IOR 11az POR ﬁﬁwmsﬁuﬁnﬂzagﬂm}mﬁauﬁmﬂu WA 2543 Dafeu
WOHNIAY WA, 2544 HZIABUTILIAY WA, 2543 DUROUANNIRUS WA, 2544 Ay Fuilu
$29m 713039039502 (Solar cycle) TiFMG4AA 3 WAZBIAYBITLUDUAAIAIAITN 3.1 IAY
vitenlaezunsulugi 3.1 swamueluaswdl 3.1 msamsednnumaueniaen
smvemalldanguanu liminawevesdiinasey Tasninaunish vl oz v.2 imua
Tamgeveanguany luminanevesdidnaseutszain 350 nw. dattuey 18namenas

YBIMITUARYYIUING U IOR A POR (M101 494 Y. 4AZ1917 NY. AINEIAY

M15197 3.1 TUAZDUAVDITTVUNTNAADY

anifioni 19unsnanes INM2-F3 INM2-F1
AnnrIaIMoy 178°E (POR) 64.5°E (IOR)
ﬂ'ﬂ&lﬁ' 1539.52 MHz 1539.44 MHz
Tnanlsiwsu RHCP RHCP
ANUIVDINIUEIDIMATL 13.45°N , 100.48°E
naFuAIUgUINaNYIIUTY 1.8 1UAS 1.2 1UA5
DA INTVIIVDINIUN D INIATY 27.38 dB 23.86 dB
YUY 4° 45°
YUDLTYN 97° ¢
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ms1en 3.2 nlefiFuanaimsunisvaaeniaganszauaing

seduneufagn I0R @B) | WofiSudinm | szdunenifiga POR (dB) | - wedidudnm
2 < Amplitude < 4 36.37 % 2 < Amplitude <5 65.60 %
4< Amplitude < 6 32.34% 5 < Amplitude < 8 28.93 %
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10 < Amplitude 7.84 %

= ‘; = 1 L% L 1 :I

3.3 msinsanmanfasumlasendagaedansziuiulurianadu

msilasundaseuddaeiianseiuiuilszneudionizuiunsgy (Random Process)
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= et ar o g/ P - ¥ s
Sneiiimandsiu lumalfiaanuduvesnszuiumantasunlasenlagasinnssiu-
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Wuazisfuamnmsadeyanuiduvesnszuaumstivzgminnfinsanlumsmamn

- re i ¥ = < y a
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¥ ] ¥
AAIEAIN (quasi-stationary) Tasiadimsnlavumlasueilagaiidlunszuumsquuuuas
n::i = 9 - 1 :5: < .si - v ] "
N (stationary) laminfinrsanlugrsnafiduiisanefivzaunsoie 1d3nquaiiu

; =g ] n’: 1 o :.
minaysvesddnasoulusrwaniuiinsnlasundandesun dniumiasanaas

o - o L n’: dy - v 9/ d'
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33.1  anwazaNurnua iy
a9 :f U “S o o a " 1 = &
Tudetinanisdnyarilanduanumununiuaiinineiu  (Probability Density)
¥ "
vosdyam Tur9NMTUg (Shortterm)  p(x,0,) foarninziluvesa y Taviil
n& L= " [ ci - ¥
souluily o, Tasnginsanihnnminaiuvesmsnasunlamenligasdnse
ar Y 9 ] n’: de . o o ¥ " A - a
nuriuveateyalutianaduqiiidnyuzvosienduniuniuiuedils wedivi
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1 s 1
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3 IOR - IOR
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_-35 ool _§ 1R§ N s 'l: B o =
4 B
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[-» A \
0.001 0.001 " :
=0 0 10
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1 2 o I ¥ e : T
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£ e
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® o0.01f — 2 o.0o1f
[~ 9 1 B
\ J
, ].ryl | 1y , )
0001 e : 5 0.0015
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(M) 22 WU 2543 (V) 16 AN 2544 (R) 22 1UBI0U 2543 (3)28 IWHI0U 2543
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MNANMS (3.13) annsnidmededeyaumdsansarmuuniuaiuninaiiun
=4 = ot -t ' v - o 1 s a
nlfsudsusunanguiaaninadunuudeg  Tasmsidendediunamssinisinans
ﬂl - L) ar o’ z Al ol as d'
nfasumlaaenagaesnssiuiuvessassdiumsialuiun 22 , 28 Wy 2543 uaz
o A = " a ) - o d ] Y '
Juil 16 Huaw 2544 Fanauiauu 10 Ui Taogdi 3.4 wiilunsmlindeadisuiuszning
9 s [ o o ' ° o o a gt 1
Foyavesdyyruduienduninninaiy  Tasiimsuesuualaddyguliiisnmaiu
fud unzewnuisaunasgu o, vosilanduszaunsasnnu ldnndeyamuaunsi
é s = as = ]
(2.28) #0031l 3.4 (n), () naz Q) anvuzvesns ez lndifssnumsuvnusannuilsnd ua
A L] d' L] Al [.v3
vngdl 3.4 () Fadurumgmsoinimsunisediegunse Wsznw 28 dB,,) ANNUTYEN
AIMMIIAIUNITINIBVOIT YN IY (Signal Fading) 92 1ndIRBanUMNINILIILLUIAINTG

HUY m (Nakagami-m Distribution) [8] ¥Andinisusnieiuuysnd Tashar m Iauniny

23 (m:%)

S4
3.3.2 mIusnuasazanvesnNuhazily
TumsesnuuuszudeNAeMsToaNTANINGN (Earth Space Links) W Suifudeeman
A o 3 & A A B
iHed QY IUVIAMIY (Fade margin) MetiszudilammsdesasuesgunimmsiFoudesuile
mnnnsfasumlawenagasdnsyiviu  lumalfiidszdunsnldounlaaeuaga
voadyauezgnaulsnazinniivisanluszyumsdomsdmsvmaudedygmviane
U s < o @ e ' ' = e 1 g
audesizuanmvessraudyuiud g luniagadiuaniianuauloazlglums
NITUIZVVAUTU WAYIYA (Maximum peak), ANIIVNNITYIYA (Maximum fade), Fi1 AAN
¥
5% (5% peak) HAZAINITVNHIY 95% (95% fade) TINNIAIANMVUANANTEHINITZAVAYYIN
H & - oo LY 4 [ A "
N 5% 00 95% Faand IADINTonaIAveunTediy (Receiver Dynamic Range) [9] Tae
annsne a1 189 nnsmn1sIInuL AL A (Cumulative Distribution)
vinilsnFunrmmumivamnhsfusnannsehwmilidsunguimsuenussazay

. = = a o o & ar =
waztinnlSvumsuiunsuenusazauvesteyaszavdyaudeilansunguim lden
X
Flx)=P(X <x)= j p(t)dt (3.1)
N30 P(X 2x)= Ip(t)dr (3.2)
X

o ' ' =
p(r)ﬁ'aﬁaﬁwmmﬂumuummuwuﬁwmi’f&ua aums (3.1) uanstalesiFua

o U 55 @ ' - L. J -:; 3 . .
NANUBIAIVYNUBINITUIANINUAINNIHUA (Percent time of value not exceeded specific
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b 22/04/43 normal oy =125

28/04/43, normal oy =18

000 T
16/ 04/ 44, nakagami m =23

+4++ —_—

50

-10 -5 0 e 10

Percent time signal exceeded mean level

Signal level (dB)
(")

22/04/43 normal o4 = 1.84
(el e Re] e (e
28/ 04143, normal oy = 1.34

+4+4

Percent time signal exceeded mean level

10

Signal level (dB)
(V)

3N 3.5 Aredinsminisuenuatazauyesmsifasunlasenagaediensesiuiy

M3 3.3 AnnadavesnmsuInueUazauvesntsnifoulawemligantis

NILNUNY
S s anudy | Arfiagege | Mimsvune | iiiadl 5% | minaniod
Tuing ;
ATZUIUMS (dB) Aga(dB) (dB) 95% (dB)
I0R22/04/43 1.25 5.7 -3.6 2.3 -1.8
I0R28/04/43 1.8 6.5 -6.1 3.2 2.8
IOR16/03/44 2.3 7.6 -21.6 4.5 -5.9
POR22/04/43 1.84 5.9 -6.2 3 -3.1
POR28/04/43 1.34 4.8 e 2.3 =24
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. e o " oda e I ¥
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Correlation coefficient
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3N 3.7 nslilandudaenduiusunsday o I0R ez POR
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Fluctuation frequency (Hz)

i 3.8 anumnuivanlnasudasesdayene TOR tas POR

miﬁ'ﬂvmﬂmﬂﬁﬂuuﬂmmwmmﬁnﬁ”uﬁgnﬁm1ﬁmsm Tassadramanawaganuives
dygpaiinezgminnfinsendis vnglit 3.6 wnsanydeyaszeznamafaniigiu
zituddanmsasussduvesdyuzuandieiu Tasguidnvasiuandieiiamise
uonuoz TdTuSinafiGenhnar i . (Coherent Time) fivaas nnisiivgamunsantld

w o

o o w o ? " ~ o w
1NMINAANS AN FUDAaNTUAUT R_ (Autocorrelation Function) a1, 1a1fisivoailarsy

4 I 4 1} J d o 1 ) -~ q‘ o L] 1
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o v w d an ) { = 4 {
daanduiusvesdoyantaoalaves ldnadansmlugii 3.7 Assangii 3.6 uazgli 3.7
W W : w ad L) & LWL
dyaaw I0R szdidasimsuldoumlasseduidnndyaia POR Fvziuim 7, voq
Ay I0R ifoondives POR wieetnan lahilsidusaanduiuseeiinanouauns
AudasimsnlaouszdunSemunavesdygin [11,12] 9I0MARUIN 2. MAFUAILMIN
1 e w a o . L o
winfduFaenlnniu PSD ( Power Spectral Density) aiugyTiwsvesilandu R uazon
a o - w i &4 o ¥ o =t '
71U 3.7 9zmun v IOR NanvazuAUNI1vee POR Favzih Iialnaiuves IOR Hmsum

nhananenaiuves POR fagii 3.8 [13]
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Standard deviation
N

Standard deviation
N
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(M) (v)

| v @ d - [ ' ' 1 @
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1107 7 110 ¢
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g £ 02/01
S ] = i Fpa
g 100 §_ 100K i 03/01
z z
g g
g 101 E 10+
0 0
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1] 3
Ui 3.10 Swauadimsihavesnmimislundazifouvos dayana IOR taz POR

o g = e o 1 o =
unzvinmnifoya o, wwdeaiouiudoyan peak to peak 1Az 7, 9z 1dnsmidagali 3.9

4 v w " 1 o ' 4 - e = 24
Taugalin 3.9 (N) ANUAURUTTZHIM peak to peak fUM o, N IdveiidnuaziuFady ¥



25

o A A 1 ' 3 =t CN A 3 ¥
AUUIBANIUNBNNITUNTIDENTUIS (peak to peak §a9)) Nuziiwalim o, tingaiuday
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MINN 4.2 MIAMIUTIMTUNTNATDVAIIUNDA

$u VeUALLSUATMATY
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nszuIunmsmsinanisnlasunlaweinlfgasdienssnuiusziinisunannudues
4 - 4 4 4 4
nszurumsnlasunlasmenilagassnlasunilasmuanasvesdesuniuninavuansaiud
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() = [ plo,) p(x,0,)do, (43)
0

] ' o o 4 :’ o 2 5 v '
FaM1oA1NIRNTY P(x,0,) wYNDNUMUN (weighting) fumnniniy
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p(x,04) = 508 exp( 2"1) (4.49)
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Vo4 lnafr (p(lncri,)) I¥danwduiusae il (18] Taoit y = g(x)

_E®)
Py (y) = [g,(x)|

(4.6)

Taw P, (y) = fhadummnivziluvesdunls y ndeansm

Py (x) = lengummninziiuvesduns x finswdeguds (udiiide p(no )

o o

o ar o ar "
o) = m;wuwmﬂaﬂwmmﬁnwuﬁszmw x uagy



34

s s o : as ° s u‘:
1AANNANRUT VI IaeInlsAe x=Ino; dunimualdiy=0, auiu

R N

X
= In y? Faez18

y=ve* = ¥/2 4.7)

E dy e
== 4.8
g'(x) i (4.8)
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x:]Olog/—q.?

=10log(L) (5.10)
Yo
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TAsnInM3AT IS UTIMINZ AN TA (Optimum detection) vosdaygnauu luing M y v

L o 1 o oA J ar E M o -
MINUIATIAIUNAINUABUAADATYIUIUNIU —]V_b ‘il'lﬂﬂ’)'mll'lil:l‘ﬂu‘llﬂﬂﬂﬂi"I‘UﬂF\lﬁ'ﬂﬁ"lﬂ
0

yoensueuaAIUY FSK 11115 3uniy (Non-Coherent Frequency Shift Keying, NCFSK)[12]
1 Y
Bix)= ECXP(_ 5) (5.12)

nazanheziluvesdandafanaanstiueganuy PSK HUVTINUY (Coherent Phase

Shift Keying :CPSK)[12] ifludsaumsi (5.13)

P = —erfo(fy) (5.13)
2
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aimﬁ’mum"m:ﬁ'lﬂﬁnwaNmuﬁufimmfﬁﬁ\:mﬁ'fymmﬁﬁmswmu [12, 19, 20] Feonay

msves p(x) Tuaumsf @.11) v 14

= £
(BY=[B(,10")p(x) dx (5.14)
.4
- 10
. @M3U NCFSK (Pb> = % j(exp(— ﬁ-lzo—))p(z) dy (5.15)
. 1% 3
dm3u CPSK ()= ; I (erfe({y,102)p(x) dx (5.16)

Tushmeafsadusunaoves y sxiiu

PR &
()= [r01010 p(2)dx (5.17)
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MANUIN U

31]11 .1 Aumisariiiounas mmﬂnmmnm‘umﬂmn1ﬁll1lmnqnmm‘luﬂmmna

A INIANINAINENID L, ninnumeeimaldainguad himivaue Tadeaunis
£ d
ao lii Tasnonifuasansdife

Tunsdin @ = 5° 0214

= km 9.1
( sin & ) (2

Tunsdis 6 <5° 014

L = Z(hR _h.l)
: 20, =)
[sin2 8 + ———"-‘—R—‘J +sin @

km (v.2)

HURIUDINUIEDINA ( ans )

@ =
h 111’(1'\1‘11'00%111?1'1!]?)']711?{1“1485"‘?\111117]“?1 (km)
hR

mmqwmnnum1u"luﬁmmuamuasmuumzm (km)

';c

= Saillszaninavealan (8500 km)
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daetalysunsy MATLAB #l¥lumsnsesnimnvesszaumanfasunlosaryau Taw

HiauUeIMIFNAIA8E1NINY 2 Hz

clear

load D:\scndat\scn2001\Dscn0501\scn0501i\D0505011
x=D0505011(

n=length (x);

£fs=2; %sampling rate

fhz0=[0 0.008 0.01 1];
ml0=[1 1 -0 0];
mh0=[0 0 1 1];
f0=£fhz0/ (fs/2);

[bl,al]l=yulewalk(35,£0,ml0);
[bh, ah]=yulewalk (35, £0,mh0);
fhzl=linspace (0, £s/2,500);
oml=2*pi*fhzl;

z=exp (sqrt (-1) *oml/£s);

ml=abs (polyval (bl,z)./polyval(al,z)):
mh=abs (polyval (bh, z) . /polyval (ah,z));
yl=filter(bl,al,x); % low freq. component
y2=filter (bh,ah;x); % high freq. component

s ERG

A
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NAFRUIN 4.

lumsnanesiadygramuionTavlfindesiudyara seghimsiadyaia i
nsq,uﬂmqmmﬂummmsmuquﬂmmﬁmmtmniuun (Automatic Gain Control: AGC) Y03
130951 ﬂtyimm"lﬂnmmmamﬂﬂaﬁuuﬂmwmmmzﬂuumﬁftyfgmmamun M3iis

zmmﬂﬁzﬂvf?'rgzym'lﬂnszuamaﬂmunmmmmummuswmmgtymnmmmauu
srdostimItiuuauiomanuduiusvesnswasuassenisedu Inssuansavos
inJesfuiuseRmdnuvesdyaa Tﬂammﬁnﬁuﬁifamﬂué’ﬂym:mmwmmiazm?m
5 lumsifuuas (Calibration) ﬁ"uﬁﬂﬁssmsm“lu'mmxuﬂ'szﬁ’mmﬁ'igmmmﬂﬂﬁa
AIWITONIATLAVYDITYY IUTUAIY Tﬂﬂﬁ'ﬁgtymmmuf:ﬂzn’fmﬂuizuuIﬁuﬁwma
qunsal sasanthado Tyl

ar

1. MAAVAUAIMTUNIY

dnavdaaasunIu (Noise Figure: NF) ifuanuduwutsznsasidmdyaiude
sxdudanEunY (SNR) AdunavresTnsstn (Network) fumidnsdaudygudesssy
FoygnasunuimdnavesTnsais  NE suiludaianmsannsvessdandaudyiane
szdudyamsunIuiiessinlassty inﬂ;ﬂﬁ .1 udasfiam SNR  Tawgil (n) namsdam

< aa { {1 A @ @
SNR 711510 NBUNAVII¥0 (SMR); NaNuBA NS Tassedugiqauosdyg e

(SNR)out=30dB

(SNR)in=400B |

5
(=)

s 3
g s
g g 60 |
& ;'
-S =] |
j=3
2 3 -100} :
2 2005 201 2 2.005 2.01?
Frequency (GHz) Frequency (GHz)
(n) V)

3U7 1 szdudyganazszdudygrusunuiniwdlan () o Aumidunauediaes

YOI (V) W AWHUADIANAUDIIIITULY
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ar "

yavInszdudaInsunIued 40 dB 3U7 4.1 (V) naaeA1 SNR fisngie1dnavedises
Y010 (SNR) out szvuennmesvneszuszaudnudulY 20 dB 18 (310 —60
aB i —40 dB) NsvwFURLTER YTy RTUNMUTNENY T FsrAudynuiierdna
W9INsEAUAYNUTUNIULGIA 30 dB Tasa1 SNR vesdygududunallduerdnana
a4 10 dB Fahdudumsefueinesveeiimduavdyaiusuniu 10 dB Tavs NF 12

Wudaaums

_ (SNR)n

= (SVR) out e

o ar =] o
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o o

bd o
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ﬁ’lll'l‘iﬂﬁ‘)")il%illlﬂ !lﬁﬂﬂ:“ﬂﬁﬂu'lﬁ‘ljﬂx‘l SNR ﬂﬂﬁ\iﬁ’m

2. Mm3d5unaamveaniinaasy

Tunsdfunasmnnuduiusszniuawsuadou Idibiimdwaveansoaiuiuszay
ar : o ﬂ' J ar e a '
Fyanummhiu aisvzditistamsiiniusessdudygnusunausuiiioannnglnsaives

t 4
sEUUAe mMoeIMA Mnhdyg ImIaz993v08 1A vl fiatiseeezavinedyiusy
muswiisannnmeama ieilunsaanugaon lumsdivuae 14
ar ' 9/ o g n AR ' Jd ' [ = a J
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Signal generator
Indoor unit
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i =lamy
P I T EITELTEEFTITLIET IR Data acquisition
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a il
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v ¥ » "
Taanudr lAseznaasdsgli 42 sngilinezdinnudveuniesiuiiadaa m (Signal
H 1 3 T A s 1 @
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o

uazan [22] ldanmduiuivessyaudyam, NF v933995a9umi (front end noise

o 9

figure) tazeas ey

E

& = (RSL) - (10log /, +10logkT +30+ F) (1.3)
(dB) (dBm) (dBm)
Taofi RSL = s:ﬁuﬁmmﬂ’nmﬁ%’u'lﬁ' (dBm) (ﬁaummﬂ?mﬁnﬁﬂﬁtymm)

£, = 893110 (bls)

k= 138x107% JK

T = 290K 138 17°C

kT = -174'dBr/Hz # 17°€

30 = ilmmesmsnasugtoin dBW 910 dBm

F = @unud gy wsuniu (dB)
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MANHIN 0.

1. msmmanurnsiua NIy
snmsiinsanmsiamaummivamniiuvesiiededeyaiituin 18§ vue

nalaqiissdiediufed x(7) 1uni=mumsfiumhamﬁ (Stationary (Ergodic) Random

Process) {x(7)} mamninziluil x(@) inweulagaegszninam x = /2) lugeny

NA1T ufe

Px, W)= Prob[(x' %J s [x < %ﬂ

1 I
== — A[,:—x 1.1
T,Z 53 (v.1)

Tagit Az fleshenanit x(¢) Sewenfdgadusi i thmolugasmenlagaiinmualy
waz 7, = At seasd 7,/T fordadInABna AR X(7) uweulagaey
Tuss [x— (7 72), x +(#72)] siufe 7. sxihuiledduvouomlfgn x mmmuninuiui
w18 B, ] ariiduBusnminuiiueie Plx ] e 7 — o sorlsfiamsnn

wheiudivs s 185 Tawsemen 1das stuaninsiihiei a8 dadu
A R e B
Plew]= EPpewi= im Pl ]= fim —= (1.2)

Harduanumuiniuainingdiu pix)

Pl _ Plx, W]

p(x)=lim —_— ! ggg = £% p(x) (0.3)
Taoi
3 Pw] T |
p(x) = e 7] =& (v.4)
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ar U 4 o o ' v v |
{Hudetemsmm p(x) TumeveailanFunimmuuniuaminzily p(x) MANy

nzifuves x(7) AilAegizninaesnilaques x uaz x, vlag

Prob[x, <x< xz] = J-p(x)dx (0.5)

X

Taovia il

W W x+(W 12)
Plx,w]= Prob[x - x() < x+ ?} = j iy PO (v.6)
d ar ] 1
2. HanFuanumnuuanmhoxnily
u‘faﬁmmﬁ’fﬂgn Narued fr,} Tavhin=1,2,...N nngadeya x(1) %m’flmgﬂ
Y

1 " o o = o 7 o o '
VIYAUVUNDYNAIN ummamﬂuguu x =0 NauMs (3.6 ) WNFUANUHUMUUANY

Wnzdues x(2) mildnn

= N
p(x)=—= (2.7)
NW ‘
1 ' RN ] { ° 14 4 ' '
Taoh W Wusrauqiismnenaisi x N, fesuaudeyanidegluge x +(W/2)
¥ ¥
aatuAnlsznm p(x)  Seamnsamilaninmsdmuudataea Taoniaraimuaves x
auinuiinmnzaiinnun s e edivansiaudeya luudazsraninnmsdloka
¥ 1
AUIENINTNAINAIN F dusnaudedn N awlszina p(x) Hhilssunmziienn
A -3 rer o ] o ¥ o A l.!l o & d
p(x) YUBYNUIIUIUFINAZANIININVDIFIINGBN Fdmivamae
1 1 L
nnd Idnan Bihadu Amuald K Aeswaurien ldiden iaseuaquesaidoyana
= [ l: ' | 1 o ] dy
MUANIN @ D45 ANTUAIAIILNTIVBIIAD ¥ IIAIAL
b-a

e 8
X (.8)

1 = < =
HAzYAYANIEYBIFIN i thie

d=a+W =012, K (2.9)
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Tagh d, =a woz d, =b mdwuswau K+2 i N, }i=0,1,2, . K+1 aw

" E 4
ou'luasae Tl

N, = [$wuves x 1 x<d, ]

N, = [$wuves x Nd, <x<d, |

®

L ]

[ ]

N, = [$muves x Nd,_ <x<d, ] (2.10)

®

[ ]

L ]

N, = [$Muved x N d, , <x<d, ]

N, = [$1UUY0N x 7 x > dy ]

K+1

d’ o = o _ o . & =) @
nszIuMIHs MG sadAudeyaves x N uufeaunsomyadidvves , } Tay

K+l

N=>'N, (9.11)
i=0

snTimsnilsiieshnsSoadiduTassnnunndtasaneuiiames ufemsmudazdives
x, ;n=10\ 7 Fatuneude i
1 x, <a Miusdwoudunising ¥,
2. Ma<x, <bdwam I=(x,-a)/W @one i fidumdnouduiinniqed
fanfesndmieniny 7 ududium N, Sowilem
3. 1 x, > b i Ny, 80 11
mit Idnndidudoyn (V. 31 4 pliuudFagminnld uwuusniedalaunsy Fuiun
l¥madudeyn (V,} dwuiinesdeslesidudmedindoyalundazgiadmiy

i=0,12 . .K+1 Taoh

=

P =Probld_, <x<d]=— (9.12)

|

H o o ' 1 ar " & o "
sUnupiimwdedduanumminainziuuvesdtededeziinmsszunus,

* H J " H v " L
{p,} Nyanenaevesrde K niimegluyas [a, 5] Tas



&=£"—=(ﬂ}(—]{] i=12,..K
w \N \b-a

slnuugamsAemanuvesdlsdumsnsznealnninuiuves

9 Taoh i=0,1,2, .. K +1 fdsaums

P() = Prob[~-wo<x<d =P =W
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(2.13)
P figadugaves
(0.14)
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MONUIN A,

1. mlnasuANHHINUUME
ﬁmmgmﬁmﬁu“luxfumqﬁ'tgq;mﬁwﬁ'umﬁ‘]ﬁﬁﬁmwiwmmﬁnmﬂ'1m'ﬁ‘tjmnnmum

WA9UAN$IHA (Finite Time-Average of Energy) vosdayanos 18 AunAsAImNAWeINENT]

zqniondaiidunis (Average Power) ua:ﬁ’igmmﬁvsqm‘%’uni‘uﬁmmmﬁwﬁ’a (Power

Signal) MMAaRAsAmMVesdIY (A Tiaud NN 1 Tew) fe

: 1 T/2
P=lim - [ 1f@fa (n.1)

=

ar

(Mean-square value) YDIATYNYIW

o w

s:{ -~ U ai s o & o nl: 1 4’d =t " " n:l g
AUNITN (0.1) ABAURABUBIAYLIM F(F) MAIADI AIUUATUINTINIIAURNALNIAIADY
Medydnunine £2(1) wieawnanldnmidunisam
IAWBIF Y IM (Time-average power) ABA1 mean square value YBITYYIUIUID
4 v g as J ' - 1 - % ; e |
dioidlunisdedelatimsimuaiedsuvunlmiludnnun Tasiflssuiivzdiudnie
cfd o [ o o o é a0 o o : - ar ] o |
FoeanuduRurveeidenuianuda g Hedsutiufemnasunnumuiniuiing
- o J’ ' P [ w |w
S, (@) (Power Spectral-Density function, PSD) Henduiivziimirailuids (wu ad) e
¥
Fyad mssudinsaiansuiisg I idsouludyana @) Tavedonguiiihiivena

i
(Parseval * s theorem )amns nouiduauns ladail (23]

A
b EIE " 5, (@) do ®.2)

Wndumlaasuaumunniuids S, (@) szvendemsnsznevesiaanulundaz
i 511¥mslsznusde Wi lumsmamdniuives S(@) fu f(t) Tavauydld
duanuide £ fudalugd w.1n) 51ns1a=ﬁﬂ1sm1ﬁm“mu1mf;‘lwﬁw (=T/2,T/2) 1
vz Iddygna Inidegy n.1(v) %w:a;j”lu;ﬂum f()yrect(t!T)

swzaugald £(0) fmiialusae (-7/2,7/2)fafuileddu £(e)rect(t/T) o

s

Amdsnuisnadas nazmsulaaiios F, (o) vesilsidudail

Fo(w)= F{f@)rect(t/ T} (R3)



f(t) T

0 t
(n)
(v T
ok
T3 0 T: 2 t
(%)

65

;ﬂﬁ a1 (n) dyanwiine f () @) dygruiias f(t)ARosanlugn (-T/2,7/2)

- o o o d’d
noguunyenhiiwena veslinguaniine

/2 2 1 2
[Clr@fa= s [LIF©)de

T/2

ar n’: ' o ci o ' g s ﬁ
AUU AINIAIRAY P NANATOUATIUATUNIU 1 Iﬂﬂﬁﬂzl U

-5 /2 2 N 27 2
P=jime [l d=time— [ |F@)fdo

aums (9.2) uaz (8.5) 520y 14

1 e v 2
E[;Sf(w) do =}1_rg;§ [;IF,(m)| do

»
o

Tasfinruduiusiansodluly1dluudazanud daiuauns (w.6) sty

! o
G,(m):E;[”wa(u) du = Jim — [ | of du

(n.4)

(Rn.5)

(R.6)

R.7)
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K]
e dd

G (0) femwesidsazanvesesiszneuaiuanenuanisldainimus o domg
E
i G (o) %ﬂgﬂl?ﬂﬂ’«l"lﬁ!ﬂﬂﬁ%'uﬁmﬁﬁxﬁu (Cumulative Power Spectrum) ¥83 f(f) uazan

aums(e.7) wld

s o [B@)f
J@)=]" S @) du=] lim Ly (n.8)

-0 T 3w
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value of -z for all P < 0.50. 7 s the standardized normal variable, z < (x -~ p)o. Read down the first col-
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The number at the intersection is the value of P.

Source: Adapted from Table | of Pearson. E. S., and H. O. Hartley, Eds.: Biometrika lables for
Staristicians, vol_1. 3d ed. Cambridge Univ. Press, Cambnidge, UK., 1966. Reprinted by permission ol the
Biometrika Trustees.
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Observation of L. band equatorial scintillation
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19/1 Petchakasem Road , Nongkhaem Bangkok 10160 , Thailand

Abstract — This paper studies on lonospheric scintillation at
1.5 GHz. The observed scintillation data received at
Bangkok were taken during this solar maximum cycle and
covered two ionospheric scintillation locations, POR and
IOR. The study includes the cumulative distribution
function of the signal and also signal statistics such as the
decibel levels of maximum peak, 5% peak, maximum fade
and 95 % fade, in addition, compared with scintillation
index S, This paper also presents empirical relation
between fading level and Sy and the power spectrum. of
scintillation event.

Keywords: L band scintillation, Tonospheric scintillation,
scintillation index S4

1. INTRODUCTION

Satellite radio system has a problem on loss of
information in low frequency band during period of
intense ionospheric scintillation activity when the
received signal undergoes rapid and deep fading. In
order to assess this problem and increase the probability
of communication through scintillation, information on
statistics of signal variability of scintillation is required
and also, for spectrum planning and predicting the
system performance. The goal of the study of
scintillation is to predict the effect of scintillation on
communication signals at a given site and for a particular
frequency of the operation, antenna diameter and
elevation angle. The scintillation data is extremely
interesting since it can be used to examine the various
statistical properties of the ionospheric scintillation

signal, on the other hand, it can reveal physical and'

dynamical characteristics of small-scale structures that
cause the scintillation.

In this paper, L band scintillation observation
presents the relation between signal fluctuation levels
and scintillation index S, every 1 minute. Moreover, the

correlation function of the scintillation index and signal
fluctuation level are also examined. The last section of
this paper involves power spectrum of fluctuated signal
during scintillation effect.

Our observation has been taken in Bangkok (100°
46' E Longitude, 13° 45' N Latitude) near the
geomagnetic equator during the 23rd maximum solar
cycle. The measurement covers (wo ionospheric
locations, Pacific Ocean Region: POR receiving 1539.68
MHz satellite signal from INM2-F3 satellite at the
position of 178° E. Anether is Indian Ocean Region :
IOR receiving signal from INM2-F1 satellite at the
position of 64.5°E with received frequency of 1539.44
MHz. Table I shows the more detail of the measurement
system. These two scintillation events from both
locations are compared together. In regard to the
morphology of the observation, the results described
about the scintillation phenomenon and S, the
classification of fluctuated amplitude levels in each
month and the histogram of fluctuated levels were
presented in the recent study 1].

Table 1
L band scintillation observation system

Satellite INM2-F3 INM2F1_|
Satellite Position | 178°E (POR) | 64.5°E (IOR)
Frequency 1539.68 MHz | 1539.44 MHz
Polarization RHCP RHCP

Received Ant
- e 13.45°N , 100.48°E

Position
Antenna Diameter 1.8 m." 1.2m.
Antenna Gain 27.38 dB 23.86dB
Elevation Angle 4° ! 45°
Azimuth Angle 87° [
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Figure 1 The cumulative distribution function of (a) IOR scintillation and (b) POR scintillation

Table 1

Cumulative Distribution Function Statistics

5% Peak

Rt Maximum Peak  Maximum Fade 95% Fade
Scintillation event S84 Index
(dB) (dB) (dB) (dB)
I0OR22/04/00 1.43 P -3.6 o -1.8
10OR28/04/00 1.87 6.5 -6.1 3.7 -2.8
POR22/04/00 1.83 59 -6.2 3 -3.1
POR28/04/00 1.34 4.8 -5.5 25 2.1

II. DISTRIBUTION AND STATISTIC

OF SCINTILLATION SIGNAL

When the scintillation occurred, the fluctuated
amplitude signal is analyzed. The cumulative amplitude
distribution of both 10R and POR scintillation events
are compared together with the scintillation index. These
cumulative distribution function can be used for
determining the fading margin in each categories of S,
to overcome the degradation caused by ionospheric
scintillation in this region[2]. Figure la and 1b show the
amplitude cumulative distribution of fluctuated
amplitude of IOR and POR scintillation events
respectively. The amplitude cumulative distribution
shown in this figure is analyzed on 22nd April 2000 and
28th April 2000 using 30 minutes scintillation data.
According to the graph, maximum peak, maximum fade,
5% peak and 95 % fade are determined and described in
Table II. In comparing the signal statistics obtained
from cumulative distribution function curves of
scintillation events with the S, index, it becomes
apparent that there is strong correlation to the depth of
fade, or peak enhancement with increasing of
scintillation index. The statistics studied, maximum peak
and maximum fade, are shown as S, index increases.
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Moreover, when comparing the S, index between
the maximum peak and maximum fade, the sets of
scintillation data observed during 22-30 April 2000 are
considered. The relation of S, variation and the
maximum peak, maximum fade ovegsl0 minutes time
interval is expressed in the best linear regression fit as
shown in Figure 2. The results are also summarized in
Table I[I. The regression fit of the correlation between S,
and both statistics is given in the linear relation [3];

y=mx+b (1)

where y is the variable of maximum peak or
maximum fade in decibels, x is the S, index, m is the

slope and & is the intercept. This relation provides the
empirical formulae to determine fading levels or peak
enhancement when scintillation index S; is known, or
vice versa, the severity of scintillation, indicated by S,,
can be predicted when fading level or peak enhancement
is known. However, this observation results used just
only short-term data, therefore more long-term
observation data can present better empirical relation
between the statistical signal parameters. This relation
can be used to study system performance in the
ionospheric communication. ;

Ve
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Figure 2. Correlation of S, index between maximum peak and maximum fade

Table 1.

Summary of data sets and relation detail

IOR POR
Scintillation Events 22-30 April 2000 22-30 April 2000
Occurrence time 2030-0300 LT 1930-0020 LT
Occurrence numbers 309 339
Syrange 0.1-1.9 0.11-2.13

Mean scintillation index 0.48 0.67

Maximum peak 1.8 2.16

Maximum fade -1,69 -2.19
Maximum peak to peak 3.49 4.36
Maximum Peak Versus S, Index

Slope 3.83 2.95
Interception -0.04 0.16
Correlation coefficient 0.96 0.95
Maximum Fade Versus S, Index

Slope -2.97 -3.17

Interception -0.25 -0.04
Correlation coefficient -0.96 -0.96
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Figure 3. Spectrum of ionospheric scintillation events
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I1I. SPECTRAL CHARACTERISTIC OF

THE SCINTILLATION SIGNAL

For some scintillation events, Fourier analysis was
conducted to reveal the power spectrum of the
scintillation. In this way, the frequency components of
scintillation signal can be identified and assessed their
potential impact on communication channel. The
spectrum is the tool for determining the basic physics of
the phenomenon [4]. Figure 3. shows the spectrum of
scintillation events comparing between IOR and POR
occurred on 22nd April 2000 at different S; index and
fluctuated amplitude. The signal was sampled with
sampling frequency 2 Hz over 10 minutes. The transition
between the low—frequency and high-frequency slope is
quite complex, however, and is called the Fresnel
frequency or corner frequency [4]. From Figure 3, at
IOR, thé comer frequency at both S, index values is the
same, about 0.1 Hz. On the other hand, the comer
frequency of POR is less than JOR with the frequency
about 0.07 Hz. In addition, if concentrate on the severity
of scintillation, more higher value of S, index more
higher peak of spectrum is. From Figure 3(a) and 3(b),
although, with the same value of S;, the maximum level
of spectra amplitude of IOR is less than POR and also
the same when comparing Figure 3(c) and 3(d).
Moreover, the noise floor [2] is rarely observed well in
this figure. When considering the value of spectra
amplitude between the starting and ending level of the
roll-off part and comparing with the S, index, the
relation between these components is described in Figure
4. The figure is plotted between relative level with
variation of S; of all scintillation events occurred on
22nd April 2000, as shown by spectrum analysis in
Figure 3. during short time periods. For more high level
of S,, the relative level between 2 levels is so high
simultaneously.

IV. CONCLUSION

In this present study the signal statistics of some
scintillation events at L band observed in 23rd maximum
solar cycle is estimated. The results are in the form of
the cumulative amplitude distribution function, power
spectrum and some correlation with S, index. From the
results we found that;

- According to the cumulative amplitude
distribution function, peak enhancement and maximum
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fade can be determined. This leads to the estimation of
fade margin in the communication system.

- There is strong correlation to the depth of fade, or
peak enhancement with increasing scintillation index S,
Moreover, the empirical relation between fading levels
and scintillation index S, expresses in linear relation.

- In frequency domain, some scintillation events are
presented in spectrum. The Fresnel frequency or corner
frequency of IOR is about 0.1 Hz, on the contrary, the
corner frequency of POR is about 0.07 Hz. In addition,
the relation between S, and relative level of spectrum
that growing in the same way is observed.
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