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ABSTRACT

This thesis proposes the characteristics of C-band scintillation at low elevation angle. In
order to study the characteristics of long-term statistic of scintillation which received and
recorded the C-band satellite signal from an INTELSAT satellite above the Pacific Ocean Region
(POR) at Si-Racha satellite earth station, by the 32 meters in diameter antenna with § degrees of
elevation. The analysis included the characteristic, occurrence numbers and signal level
fluctuation (diurnal, monthly and scasonal) variations from 2000 to 2002. 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. In addition, it can be applied in the communication system
such as scintillation rate, decorrelation distance. Moreover, this research has comparison between
ionospheric scintillation and troposheric scintillation. Finally, the characteristics of scintillation
are analyzed and compared with the characteristics of scintillation signal from the India Ocean

Region (IOR) at high elevation angle.
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VINAUNT (2.1)-(2.3) anuioauuvoanNuruLUuBianasowiy AN Fedde
ATV NUMLMUUNGUBIANATOY LAZANWTINIUVDIMATIFIHIN A #

¥
WANNTNN 1A [13]



An = —40.3% @.11)

o 3 ' o w - 9y
AIUUATNIAITDURTUUDITUNIT (2.11) ﬂxulﬂ

@ = ledxio &) (2.12)
aums (2.12) awnsadouludngluuude
2 =
(An)” _ 47112 2 (A N)? (2.13)
n

Tavii r, Ao $ATlv0sB1ANATOU (Electron Radius) (2.82x10™ was)  Anflssuma

y ~ y A " 1 ol A 1 d’.d
(Phase Deviation) A¢ voenaunioundunguaNy ldaduruonilanguiiivina L fie
2z

= =1 " =
Taoh 27/ A 1Wlun1nand (Phase Constant)
Tuszezme D mdumemsunsnszniendy  smualidinguany himivawe DL
' " 3/ 1
uaznng nauvesnny himiuauelvinadeany siddideunfonauavesaudouuuma

0 Ed
(Total Mean-Square Phase Deviation) ¥03ngua1u liadwauemanil fio

: _ D(2AY o
(Ag)? = L{ 3 ) (An) (2.15)

=t = t ag P
UM (2.15) 'miJﬁﬂwﬂuclummmmﬂmﬂaﬂuuﬂmmmwumuumaﬂmau f1o

(2.16)

(Ag)” = — n IE

D [2@]2 1.624x10°(AN)? J
L

Y = q‘z’ ~ « !
DIHTUINNHHUIUDITU (D) NN Zenith (9: uagunuaunls (2.13) Tudauves

(An)? asluaums (2.16) Faiueuns 2.16) eansasmualddee 1 [14]



E
SihnoauenaN NITIDNINAIMANTZN
" il

(A@)* = 4r’ Z(AN)’LDsec@. (2.17)

] F 3 [ dl
msuasulasaszfaduldduvesnguany liaduave Tasnun uamsnldouulas
a a g ~ n’: ! o us: ot o v
maneundgavziatunsze: lnaoen hlnldsunnu laieuoiy Tasszoz & Nzl
L = cl a [} at a ‘é’ L = P
Fufaiinisldvun)awerndgaedensgiuiuanld selididuszezveoursmua
z=L/4  Tumal§iad h>z 2/2 asuinldifanmsnlasua)asueuniyasdiense-
o ar { o { 4 { =
iy [14] Taogdi 2.9 uamannwesanumeniipsvesnisilasu)aanauaznisilaou

wlaueunaga

A+ AA

Ag A

" o | 1 Y Y] =
U1 2.9 nnmesvesmsuldvunlasedienseiuiunaeundgauazime

u

¥ ¥ v
110307 2.9 (A4)? = (A¢)? 4% dnfuee ldanuduiusvesia 2 fe

[7) = (A¢)? (2.18)

1 ' ¥ ]
anudnvosmsuldounasedunsziuiumaeunige uiniiazleoauszozmai
1 ' o 3 o [ s {
InavenlUnnldnquanyliainauevesduussomeleTo Tumiles dmFumslaou
' v w ' = A o 5 = ' a g ' ! A
wlasetenseiuiumaneay 1ulltegeduds (Saturation Point) uAvziuIuedafoilo
a dy £ = T @
MuMITLYIn NuduveInsulouulasedians ey
o S A o & a g o s
HasamveInNu N Il maTessy u menuan vidunissiuiuvesnen
Usznovvesnnuduauiyldiifignsuniunaziligaiuniu swideaninnguaiiy’ly
o a g { o = {
adnruovesdianasen  nalnivhldineanuulsUsouluanuduau Iihavinoades
Aunszua Wi lnalunguanu ldaduavedwiiounsinmsannsznuve e 1w
' ¥ ¥ 0
asnnnssnamaiinnumuinunauinuseuds dniunguany limiuaueuos
ad a:y ~ = e ! =1 [ =
anaTeuiaznlivuaioumeemeanigluuumsunwinsznatuglnsieasgln 2.7 Tay

ANuANady (Beamwidih) azilszinaiiiu /L #iszey 4 1ingadunadiuaisvesngy

47544
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anuliminaue Tauh o <<z uay z Ao seozlsaua (Fresnel Distance) EHRWIZAT
.:; s E o d‘ = = 1 o ot dly
nasunawearauazmanudgouvesdinduisigane uadmiuszozng Inaoen il Wy
~ o A w g @ cg =1 A & Y a
AUDINTWRINAUIENUFOUAULNNYY  uaznatuilu@eu lyveanissuniuaane Ivinans

nlavunlaweunagaeganziuy

2.2.2.2 msilszanawed Rytov
° dy y c:‘ o a 4
nauimastassnsdvauuvesnanlusuussomaleTe Tuaiesfldalunsinsey

aa i =) [l o @ 1 aa o
neadavesnsasunlaseunagasiiansgiuuliognatengyy Iaengunauysel

[ g -

¥ [l E 4
dwmsunndou lviiuda il unmsmdmeuvesaumanfivdeldansuzmsyszainulag

1] v

[ =] =

fmuadeu luiuananduoen ) nmeldauydguind (1) fuvsenquanyhimivausves

a3

Sidnnseuiinnumuiesnalofvususzoenafinduaume hlfuase sy (2) MmMUuves
ﬂmﬂéUuuﬂaﬂuﬂq’umm"lijaaijﬂna%:%’mi'm'mnawmﬂﬁu Uag (3) VYUIAYBIN[Y
mm‘lﬁﬁﬁuﬁuaﬂ::s"fmﬁwm“lwnjﬂivmmanﬂﬁ"u MINAuMIAAUMAATS (Scalar Wave
Equation) ﬁumsmmwfﬂszﬂmﬂﬁuﬁLﬂﬁ'auﬁphumjumm"laj'c’fﬁwmnaazxﬂuﬁaﬁmﬁ

(V2 +k2n?) U@r)=0 (2.19)

Tay U szuanstesmlsznovvesnnuduaunii &, =27/4, uaz n fio ATl

@ 2 a 4 [} oo ' - o
nmuesnaw  Usinamnad U ssuaaseglusidnnmesdumus # Tunsaiimisnseia

NIzNEfa i uNse MIUsznmved Rytov Tumsmidinouvesaumsezn 1d lavdmuald
U(r)=U,(@r) e*® (2.20)
= s § A 4 { o = ' v .
Uy(r) fin easndsznevvesnduimdeuiiiiudinatsidsisnnnquanyldaduaue
g oo d = L o - .
Ty U, dlusdundoves Ur) wie U, =(U) Taemldudlendu w(r) aziluimou
) lé = 1 1 7
W aoudatia iy
w(r) =X+ /S (2.21)

i U uaz U, aunsoudasldeglugivoweuniyn 4, 4, uaz ¢, 4, 1d1a0

U(r)=A e” (2.22)
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Uy(ry=4, e (2.23)

wum i ldm X waz S Tuaums @.21) W

X =In {i] (2.24)
4,

S=¢—g, (2.25)

1 a ar iy = :-.; 1 = =Y a R
AMITe X voeduls w(r) szuamsdanmaasuuilasvesaennagariaaming

[ rg 1 v i o = 1 a -
s 4 faiudasenm X N m‘sLﬂﬁwuﬂawamammuwagﬂ AIUIUANN S VD3 w(r)

pamanamsasundasmana

2.2.3 uanvazueimsasuulasennagaedian sz MurLeWoIINY U TIEMA
lololumiles

] 1 v
AuANEULA1eY voamaiianisildsuulaweundzaednssiuiuduionndu

vssormaleTo Tua@od ewnsnagy/1a fafl [15]

2.2.3.1 msvudvduatenbuues (Sun-Spot Number Dependence)

@ @ o ar

lufinnuduwusduwasszninmanamsasundasuounigasdianseiuiuunay

Qs

d o o a
mamIal N Fuademinues ey

=1 [ s o 1 a { a T Y a o ar

ianuduiusnuasznimatanmsasuwlaweunwagasginssiuiusetl qu du
Y] o =

alentiuunssieil

= v w o a | a 1 @
‘JJﬂ'NiJﬁlI‘W‘LJ'ﬁﬂuﬂiﬁﬂ'J'NLLG3J"Wagﬂﬂﬂﬂﬂ’lﬂﬂﬁﬂuuﬂﬁﬁLlﬂﬂJWﬂgﬂ@U‘Nﬂ?ﬁﬂuﬁu U

o w ¢ 2
Fualonluues ey

2.2.3.2 M3VUAUNMN (Temporal Dependence)
L3 = “a ' @ w = =
tansainsn)doundaweuwagaedisnsziuiusietenldvundaaiiusey 11 1l
a ar o
ANTOUFUNU ANV (Solar Sun-Spot Cycle)

a & o i e da

o = = 1 [ a
Lﬁﬂﬂ15ﬂ1ﬂ13£ﬂﬂﬂu“ﬂﬂQLL@?JWE]ﬁﬂﬂﬂ’iﬂﬂ‘i&ﬂﬂﬂui']ﬂc‘ﬂqafzﬂﬂglﬂﬂmuﬂﬂa‘ﬁﬁx‘l'}u‘ﬂu
NAAUNAIT NN (Equinox Periods)

o P a ' w @ @ = cg
wamsainsavunlaaeuwayaetanisiuiuNeiugigaesinavulszuin |

& o o s o d o A
W laaonaaialeiadaninNugaueatuusTeIme o To Tuaioes
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2.2.3.3 msvunudmumdauulan (Geographic Dependence)

e Fmsumsdomsarniion msnldvunlawweundgaodiansiuiuniaNuguLT e

a a = 0 4 ' =1
waneluusnuazage +30° veuduguigaauuuiman

2.2.3.4 MIVUAUANND (Frequency Dependence)
e anudvesmsavuuilaeunagaodeansziuiy ¥399A31M3919M1 (Fading Rate)
A1N91 1 Hz A20AIWDHNIYY (Corner Frequency) Use3mt 0.1 Hz
v c; -y 1 r s = 9/ ] =Y =)
® A1 (Period) ¥oamsulavumlasupunagadanszivriv lasdndtiosndt 15 Jui
o o o o t=i o 1 o Y a
e MiduBaa)nasy (Power Spectra) voansilasuuadonnagaegnansziuiulagnd
=1 '3 { 5
#lsaaoon (Roll OFH N [
d?‘ (XY - = -n .8 as aa = L4 = a
e nsyuagiuaudasuuasny £ dMTuanNudInzEIaY NEYNILIANTEIY
L.

Adous (Weak Scattering Theory) Mueld n iy 2 ualumsnaaes [15] finnud

1 1 [~
FYMI19 4 1AL 6 GHz WuA1 n 11U 1.5

) J
2.3 HanIZNVVBITHUITENMAI NS Inales

o = n’ﬂ a g o Y =
Fuussonalng lwafosiduuinaduyssoniasov laninnuguniionilands
1 1 ¥
dszana 15 Alawes MmsfdsunlaaeunagnodanssnuiB UL INTULTTNA Ins-
=4 o a 13 & = d? = W 3 =
Tnanesifavuiioaninnsildouulasiuasvesns s siRNMYeITHYTTINANANNGA
WedludfTawes TasdumaninanuluadaueuesnnunavUssoInIe (Atmospheric

¥ ¥
= @ ] as a J
Pressure), 9NN HagAuau 18111 (Water Vapor Pressure) Tusuussoima Ins Inaiwes

A a T v o ow A o =
2.3.1 malasuu)amennagaegansznuiuduiosnnyuussenmalnslwailes

o

n': a 4:4' 1 =1 ] (] L é = [T
Tana lomauuiilaniinnugenieg ssianuvuiuy liminu deaiinaildm

3

asswilinmveseinmsinilof Tanfinnugedeg Ga1ldviidy uazadufideiugy
ussomeiiimasssiiim ldvsufstoanuiamalusinduase deussoimsaaiia
Aassaiiinmozdounlasediadhn muANuge wazdinng luszunuuuoueu s
NSLMOUYIRAR (Small-Scale Fluctuation) 4843595 nmandunianisunsnszatoiiy

a = ! v o o a o
ma Iifamsnlaoundasedenssiuiunimaiauazuoundygn  AH@01509399W DN

"
= a r

= k4 A o 79 9 = o as =
alasunladldnszaudyginvouniosy  awnsadszgad ldannz@ernununisn)dou
a " @ e W A g 5 = 1
nlaseunagaodunsziuiudtiosnnduussond lo To Tuaies ludimvosvnamsa-
4 ‘=b o o ' =
mannils waznansznyTagind ligandu (Non-Absorptive) HaziinuULAL (On-Axis)

at1alsna dei ldmilounuvesmanamandounawenniyaoiiansgiuiudiuiion



21

::J = o o‘/’ P=1 o A @ d' q‘a’
NNTUUTIeNe 1o To Tuaes uazduussonalng waios Ao HanIzNUOUILDI N
= o a :3 aq v = A .3’
1550MA 1N Inameos azmutuamua U M uNnNIY
a 7 A = a = ' a v o oa d’{ n’j [l
MsanseHmenTnansulasumlaueunagaodianssiuiuiinaiy - YuLInADa
U o n’a} =1 4 9/ = w dw
Uszinaumasssiinrue I uussona Ing Inaies laolasaads19assyHinmueINITn
£ a : = i 2 oy el
wnsan Iddlusug aunaueu tagmsnlfswnlasilnngiluduingg nwlasunwainu
1 =y y { ar 3 z a =
g4 uaznu dUNIMSIIUN1IYDInaNIYNNeEA Y TnsaadavearunIzaInDLININg
AL d Ao @ = - = 1 V) a
Aguilunansznundingyssmsnanisiasunlasueunagaeeianssiumy [2]

2.3.2 A55¥URNH (Refractive Index)
@ ! ] A a = 1 < w PEETRN
snsrduvenusweninInglundig (n Vacuo) deanuizaludanaisitldwinsan
Ed '
gnisundn assyiliam n vesdinaninu  dwmdueneudaiazein (Clean Dry Air) Tu

U?L']il!.‘ljiﬁtﬂmﬁ?él’l‘] AsTTHRNMAYUA lag [9]
n(dry) = 1+77.6(P/T)x107 (2.26)

4 = = ' a a o & S <
4% P fD ﬂ?1ﬂﬂﬂﬂ5iﬂiﬂ1ﬂﬁﬁu’3m‘ﬂu Uaau1s (mb) uay 7 fo PUUYHANYTY
P ] [~ a ' o 3 [~ [ ~
(Absolute Temperature) wmm'ﬂu AR ﬂ"Jl.l‘lJ‘ﬂﬂEl‘}Jﬂ'l‘b"UﬂﬁU'iStl'lﬂ'lﬁuutﬂuﬂ']ﬂﬁ'i’lﬁ'm
o T =) o § a 3
dumiagiienans uazawanugariloiulanis 50 Alawas  aums (2.26) Wumuin
7 o o = { o 1 ' o '

Uszygndlddmivussomaudanazetn adwmislaq vulan  edielsinmludmves

o = o
AsIFUTNINlen (Wet) ﬂ'l‘l’TUﬂ'IﬂEI

n(wet) = 375,000(e/T*)-5.6(e/T) (2.27)

£ P Y : =t 1 [~ a a o [
%3 e Ao mmm“lamwmmﬂu uaaug ’CT?NW]'E)MLI‘L!ETMF]’]S (2.27) U1T0TINNU

b
=

Lﬁ“ﬂllﬁﬂﬁﬂ’l‘iﬂ‘igu'lﬂi]lé{ﬁ\?u
n(wet) = 373,000(e/T?) (2.28)

@ o = L] ~ as QS: o
ﬂ'ﬁﬁ‘h’ﬁWﬂl‘ﬂLﬂﬂﬂllﬂml‘ﬁﬁﬁ1ﬂ1iﬂ‘i’311ﬂuﬂWﬁﬂmﬁ]ﬂ'WﬂﬁliLﬂu ATTVUHNNNNINLA 7 U1

=} o ' v o
ﬁﬂﬂﬂﬁﬁ‘ﬁun’]%ﬁiﬂﬂﬁ?NﬂuLﬂu

n-1 = (77.6/T)x(P+4810(e/T))x107° (2.29)
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LB A ]

@ AN = b ] = o Y 1
NILWOANAZAIN INTIE n WA1IAA 1 uIn (n = 1.0003) ‘NllﬂTiﬂ”lﬂuﬂclﬂﬂQGlummJ‘lim

r:ilé =1 a " . o C§ 9 (?j c; =Y = = A e‘;
N 969 N A9 #NWHIY (Refractivity) 9TUIUUHIATUATINATIVUHHUAUN UL UU

fv
n = 1+Nx10"° (2.30)
darfu
N = %ﬁ[pw,smﬂ 2.31)
n3o [16]
N = 77.6§+3.73><10‘-‘-7‘f—2 (2.32)

L Ndry aall s, Nwet—l

o =~ v o dw ¥ o o ¢ . L ' fd &
anuan 1o (e) FURUTAVANUFUTUANT (Relative Humidity) (U Tuniiiolosidud)

=

o ny a w ¢ w
uazANuAuved lothuda (e,) Awaums e=Ue, /100 e, Lﬂuﬂ&ﬂ%mjmqmwgn
TuussemAdeauMs Goff Gratch dwnsant ldInaums (2.33) HAZIINANYULNI

b
FITUPIAVDIATIVHHNN  IUNOUUTAVOIAUMS (2.32) Tuv1easasendn awmey (Ndry)

= ~ ' =1
wazlwmaunaoaFonn ammeon (N, ) [16]

5 854x10(20—2950f(273+|')) - A P
e, = = Q7311 uaaus (2.33)

& = ad 1 =1 = o ' oy a
9 t Ao guugitmboiuy waes  Tumsmuiamam N NA9ansanumesnsag
a ' v o T
AT 19aunT (2.26)-2.27) 3ausu Taolildeaunis 2.28) ad1alsiauwunaums @.31) 1%
v daa i ' o s 144 1 1
HaawinANwNEInsIegmely 0.5% fmiuynANudNINd 100 GHz M N @110
A Vo a 4 g ' g : o
navundaslanslulSinannnuazIng uazawanuEinuanaie msnldouulaswes p, T
UAZ ¢ AINITANITUINVLIAG1S 70 [17]
- [ :-‘ =1 o [ :?1’
(M) vuvwIARInann (Largest Scale) Fuussonmaing lweodgnuuaiiugug Tunug

UDW IHDININHANTENUVOUNTIN (Gravity)
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9
(V) VUYUIANAN (Medium Scale) (100 1AT 83 100 Alawas) WuaY LazgatduuIng
" Y o :i
ansone liRanmsulasuudadluszegnia waznan
4 ' ey a Jda o a
(M) YHYUIALEAN (Small Scale) (ﬁ"ﬂﬂmw 100 1H$3) NDTUUAH NS mldnanis

o

nIzianIzate uazmsilasuuaueunigaedianssiuiuy

Y o 4 o i o w gy & = =
ITU-R lduugrhaumsiferdunmsmm N dwmsuldinnugeaninTandios1un
" b4
Alawas wud a N zfdsuwnagluauanugeniniudilan (h) Arednyuznissians

HULEONYD IWILUETYA (Exponential Model) #1431 [2]

N = 315g il (2.34)

=

o Y] a [ T o

malasuudasluanwinmuinadan duruidhannilsingnisainsdiuvesgungi
o a o a { a [ s ]
(Temperature Inversion) H3ames iuau sz liinansuasunilaweuniyasiiansziuiy
m3dsznanlTnavesszaumufamaisulaueunagasdiensziuiuigauiaeingu

da q’; d o o 1 1 Ag Pl
wosiwauluduussomeains Iwaidles M1lé lasmssmuan msalaounlastuastimes
=1 ¥ 3 da 9/ =Y = oda = a
anveylugumesiuauuiee wagldmsnnsamgumeiiuan msnldoulasouna-

Vv
ynedensziuiuez 1dasi [2)

x(dB) = logr (2:35)

s @

P 9 = =1 " o o Py
1mAsuld  anuulsdsau (Variance) vosapnvesmiiasdayniun

4

271_ 7/6 |,
o’ = 42.25(7J J.sz(x) x*"°dx (2.36)
0

] : 4 o v o o & 4 2
49 C,(x) Ao MAINv0dInsaadenssyiinm, A Ao Anuerniy, x Ao s208N19aI
Y Py Y uj: =] 9 o a
WU uaz L Ao anvenvesdumaiavue  lasszmu ldihnmsilasunaweuniye
1 o Y aiv dy " Ad g 1A g v s
penIEIU Uiz uegiy C, (x) Avautlumnmldliae tazanaums (2.36) dutaas
Y o 2 d? () = = a 1 LY
Trudsmsvuegiuanud uazmsuldounlaweundyasdinsziuiulugl rms (o))
waldoumy #77 u inud 10 GHz 929909 o, ddinnszanm 0.1 09 1 edua wag

¥ "
@ 2~

NWA 100 GHz o, dziimdszanm 038 09 3.8 wAua  satiuiNenuazaInluns
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s inemainaasun)aweundyaed19an sz AU UEUITDIINFUUT TUIN A

Tns Twaiilos Tuifionfugduuusiaoaued ITU-R Report 718-3 (1990) Tauiiaums fio [9, 18]

7/12 . 1.2
Ope = O "8(x)/(sind) (2.37)
4 - Ao 1 [~ ' o
F3 / Ao anwdiimiauiu GHz, @ fle yunevesnumeeIMalnniuem, g(x)
Y 1 { 2 = 3/ [ o
Ao A1)sznEUAUNAYYDIAI0DINA (Antenna Averaging Factor) 1M1 1R inidusgudnans
= =y 1 { = é
YOI 1Az UsEANTNINUIWOINIA 1Az o, A0 ANTEULUIATTINO1DL FIN

¥V
TdnnasasstivamludunssomaIng Inadlos ludnmen v, Tas o, m1dnn

o, = (3.6x10%)+(L03x10)N,, 2.38)
=24 ¥ Ao ' 3 =
%9 N, M1 ldInaums (2.32) aunisnsamanziunseiuemanuduvesmslasy

wlaseundgaodenseiudu lugums (2.37) szeiuiglavazidoanaziilldlums

e T luuni 4

2.3.3 gadnyazveimsidsumlasenndgaediansyiuiuduiiosnntuussema
d
Tnslnailes

¥ '
VAU INYRINTNAnedIaguanyusveansilasulaeunagaeganse iy

seuze1) aauieannd 11 awnsoaslnadnyazaieg veamafansulasunlaen-

¥
o A

a 1 @ W V
wagaaganaziuriu1d A [9]

2.3.3.1 MSTHAUaMW IS (Meteorological Dependence)

3
Y = IS

=) v w do A y =) g =
e UanuduiuiiuAiuuMgiuasnNNIN Taele gauMQiige UazANNIUGINLUNANT
= a ' @ @ oa Vv
ndsuulaseunaastinssMuN UL IAAIY
v o o o 4 & - = '

e msuaasAIdNUTAUAN AN laumEIua M dounlaweuniyaedianse-
v o oA oA i w w g ' = { 4 " .
UL Anuduiusodaseus swiniaay fesndszneuIngueanannon
< o A & oA ¢ &
fvoranluuaduiesninnismiiguusuiunalusenitefimgnisalnsn/aouulag
HOUVIADUINNTENUHUGA

g o 5 % r —_ o 3

e du hiumansznuidingueinisu/foulaweundyaediansziuiuiunizims

aANaUYOUFUNIL (Path Attenuation) 11NN 5 wTLA  Alatsvesnnuddivesiiag

a a ~ ' ~ e o s o -
wamnlnasuganldswaslaody uannudvnyuuazaui Tradeovsdindlunlaoy

wlag
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@
=8 s

2.3.3.2 M3UUNUNAT (Temporal Dependence)

do oA @ @

= a  w @ aw d 1 '
UANMUTUWUTAUANUIRINTVDIHHNID (Seasonal Cycle) LLﬁzﬁﬂ'ﬂliﬁNWU'ﬁﬂUN'ﬂﬂuﬂ

i an o 4 a4 @ @ 1 a 5 y
NUIHINTVUDIIY (Diumnal Cycle) FanaduasunUsNguuYIguazANUFUge N5

U

'
o/ =1

wWasunlaweunagasdinsziuiunguuswsfaneutie wazlugienaisvengiou

a

dmSvuSnuazdgavsomadon uaglndwadoy msndvuiaweunigaediensy-

NUTUNTUUIRZATINUIAY VOIVTOIUTU

2.3.3.3 mIvududmumdauulan (Geographic Dependence)

= (IR O R ad 3 = a 3 é) o e 1 a
HUANUAUNUDIHANG ﬂ?ﬂﬁ]‘ﬂlﬂﬁuﬁﬁ”ﬂ LEﬁ$ﬂ'J"IﬂJ‘§H1’IT;I\3 AIUHUISVUNUAULNUIASA YA

= =1 = a ad 1 o = { =
Taghazagagen sziigungimaeioundy Jehlifemsudouulasweundzasti

asziuiund wioguusaieondnsnaazdgawaiou  uazlidsingiinmsalaou

é, f
a9 ufUdUNI9 (Longitude)

2.3.3.4 MIVUNUANIND (Frequency Dependence)

d'l 9/ :s'.d =Y = % a a c; = []
welrnumeoinanivuiaLas sHameINY ’Jﬂﬂ"l‘iLﬂﬂﬂ'l'ilﬂﬁtluuﬂﬂﬁllﬂil‘ﬂﬁgﬂﬂmﬂ

s Y o
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Coverage Map:

Key Parameters

Total Transponders

Polarization

e.i.r.p. (C-Band)

(Beam Edge to Beam Peak)

Uplink Frequency

Downlink Frequency

G/T (C-Band)

(Beam Edge to Beam Peak)

G/T (Ku-Band)
(Beam Peak)
SFD Range

(Beam Edge)

MANUHIN 1.

INTELSAT 802 @ 174" E (POR)

C-Band: 64 (in equiv. 36 MHz units)
Ku-Band: 12 (in equiv. 36 MHz units)
C-Band: Circular — Right Hand or Left Hand
Ku-Band: Linear — Horizontal or Vertical
Global Beam: 29.0 up to 33.7 dBW

Hemi Beam: 34.5 up to 40.6 dBW

Zone Beam: 34.5 up to 44.3 dBW

C-Band: 5850 to 6425 MHz

Ku-Band: 14.00 to 14.50 GHz

C-Band: 3625 t0 4200 MHz

Ku-Band: 10.95 to 11.20 GHz or

11.70to 11.95 GHz or

12.50to 12.75 GHz plus 11.45 to 11.70 GHz
Global Beam: -12.0 up to -7.8 dB/K
Hemi Beam: -8.0 up to -0.5 dB/K

Zone Beam: -6.5 up to +5.2 dB/K

Spot 1: Up to +10.8 dB/K

Spot 2: Up to +9.5 dB/K

C-Band: -89.0 to -67.0 dBW/m’

Ku-Band: -87.0 10 -69.0 dBW/m’
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Coverage Map:

INTELSAT 904 @ 60’ E (IOR)

Key Parameters

Total Transponders

Polarization

e.l.r.p. (C-Band)

(Beam Edge to Beam Peak)

Uplink Frequency

Downlink Frequency

G/T (C-Band)

(Beam Edge to Beam Peak)

G/T (Ku-Band)

(Beam Pecak)

SFD Range

(Beam Edge)

C-Band: up to 76 (in equiv. 36 MHz units)
Ku-Band: 22 (in equiv. 36 MHz units)
C-Band: Circular — Right Hand or Left Hand

Ku-Band: Linear — Horizontal or Vertical

Global Beam: 31.0 up to 35.9 dBW
Hemi Beam: 37.0 up to 45.5 dBW
Zone Beam: 35.1 up to 47.8 dBW
C-Band: 5850 to 6425 MHz
Ku-Band: 14.00 to 14.50 GHz
C-Band: 3625 to 4200 MHz
Ku-Band: 10.95to 11.20 GHz and
11.45t0 11.70 GHz
Global Beam: -11.2 up to -5.6 dB/K
Hemi Beam: -7.4 up to +2.0 dB/K
Zone Beam: -5.0 up to +5.4 dB/K
Spot 1: up to +9.0 dB/K
Spot 2: up to +9.0 dB/K
C-Band: -89.0 10 -67.0 dBW/m’

Ku-Band: -87.0 t0 -69.0 dBW/m’
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ABSTRACT

Thailand is located in the tropical zone and
temperature is always high, Disturbance from
ionospheric may occur because Thailand is located
near the equator. We measured the characteristics of
low elevation propagation at the antenna elevation
of 8§ degrees by receiving the beacon signal from
INTELSAT 802, then tropospheric scintillation may
occur. We found that diurnal and seasonal
differences were found clearly in scintillation
severity. Occurrence of scintillation was most
frequently in September.

1. INTRODUCTION

Satellite communications is very popular now,
many countries used satellite communications
system for international telephone link or domestic
link and also for broadcasting its TV program to
rural area. Satellite communication systems have a
lot of problems to be solved in the area of
radiowave propagation. The wusers need to
understand the characteristics of radiowave
propagation in this area.

For the design of low margin system, especially
those at high frequencies and low elevation angles,
scintillation effects must be accounted for to
complete a link budget accurately. We received C
band beacon signals from an INTELSAT satellite in
orbit above the Pacific Ocean Region to analyze
scintillation phenomena. Many researchers have
been studied on scintillation in the C band [1-2].
We received signal and analyze in C band
scintillation event from our data of low elevation
angle propagation gathered for six months from
August, 2000 to January, 2001 to determine
scintillation characteristics.

2. SCINTILLATION PHENOMENA

When signal from satellite pass through the
ionosphere and troposphere, then scintillation may
occur due to small-scale refractive index variations
in the atmosphere. These refractive index variations
are the result of temperature, humidity and pressure
irregularities called atmospheric turbulence.

Scintillation may impact on a communication
system in three ways: firstly, low-fade margin
systems may be significantly affected by periods of
deep scintillation fading. Secondly, wavefront
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incoherence may impinge upon the ability of
tracking and beamforming systems to accurately
measure the angle-of-arrival. Finally, systems that
employ power control algorithms may be adversely
affected by the rapid fluctuation of a scintillation
event.

Scintillation phenomena are classified according
to their cause:

1. lIonospheric irregularities include the Eg
layer and spread F.

2. Tropospheric irregularities include those
arising from changes in the refractive index of the
atmosphere and those caused by rain particles. The
formers are called dry scintillation and the latter
wet scintillation [3].

Tonospheric scintillation very according to the
places of observation, the equatorial, mid-latitude
and high-latitude regions. The characteristics of
scintillation occurrence also vary with solar activity.
Both ionospheric and tropospheric scintillations
have diurnal and seasonal variations.

There are two methods to measure the magnitude
of fluctuations in scintillation; one is to read the
maximum and minimum of receiving levels in any
desired time, we call peak to peak method, and the
other is to express the variance by using the
standard deviation.

To express ionospheric scintillation, the
following two methods are used in addition to the
peak to peak method [4]. The method using the S
index can be presented by the following formula:

8y = — ()

where o, is the standard deviation of received

signal power and m, is the mean value. The other
method, which employs the SI index,

8 = Il::rnax ;I;min (2)

max

where P is the third peak value counted from the
highest one, and P ; is the third lowest value

counted from the lowest level.

CCIR express tropospheric scintillation by
means of the standard deviation using the following
formula [5].



g(x)
(sind)"?
where f is the receiving frequency (GHz), & is the
a,is the wet term of the

3)

o 712
g = Jrcff

elevation angle,
refractive index N of the atmosphere, g(x)is the
antenna averaging function.

Various techniques are used to analyze measured
data depending on measuring conditions.

This paper we considered only the peak to peak
of signal level fluctuation.

3. EXPERIMENTAL SYSTEM

We received C band beacon signals from the
INTELSAT 802 satellite which was in orbit above
the Pacific Ocean Region from August, 2000 to
January, 2001 at the Si-Racha satellite earth station
of Thailand. It is about 150 kms southeast of
Bangkok. All data collected in experiments were
recorded on strip chart. Table 1 gives the
. specification employed in the measuring.

Table 1. Specification for measurement.

Satellite INTELSAT 802 (174°E)
Receiving Position | SI-RACHA earth station
Latitude 13°06’ N
Longitude 100° 56’ E
Elevation angle 8°
Azimuth angle 93.96°
Receiving frequency 3.9525 GHz (beacon)
Antenna aperture 32 mJ
Antenna gain 61 dB (4 GHz)

Figure 1 shows a sample signal of scintillation
observed in daytime that may be due to troposphere
and Figure 2 shows a sample signal of scintillation
observed in nighttime that may be due to
ionosphere. These figures recorded in October,
2000. The signal fluctuation of ionospheric
scintillation change more rapidly.

(dB)

1 =  October 7, 2000

s
€
.-— e
3

10.00 11.00 12.00 13.00
Local time (hrs)

Fig. 1 Typical pattern of tropospheric scintillation.

128

22.00 23.00 24.00 1.00
Local time (hrs)

Fig. 2 Typical pattern of ionospheric scintillation.

4. SCINTILLATION OBSERVATION
AND ITS RESULTS

We examined the level fluctuation of scintillation
that occurred in the observation period from
August, 2000 to January, 2001 in term of peak to
peak values by dividing scintillation event in to five
minutes. Histogram of the level fluctuation during
our observation has shown in the figure 3. From the
figure, the value of fluctuation was mostly about
0.75 dB peak to peak. Figure 4 shows the
cumulative distribution of level fluctuation of
scintillation during the month.
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§ 1400 i August, 2000-January, 2001 -
§ 1200 ]

LIFY
EEEEEEEY
Amplitue pesk to pesk ()

OCCLIITC['ICC‘EJ
~B2B8E

| I

0.75 mmhe—

025 mm

: =t
1.25 —
—1
8% N
]
N
1

Fig. 3 Histogram of the signal level fluctuation.
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Fig.4 Cumulative occurrence distribution of level
fluctuation of scintillation during the month.
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Fig. 5 Histogram of the signal level fluctuation by monthly
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Figure 5 shows histogram of the signal level
fluctuation by monthly. Assume amplitude
fluctuation more than 0.25 dB peak to peak
occurring over five minutes are one time of
scintillation  occurrence. From the Figure,
scintillation occurrence was most frequently in
September about 2473 times and the maximum of
occurrence was at 0.75 dB peak to peak, occurring
605 times. Occurrence of scintillation was
minimum in December about 69 times. In August,
the maximum of occurrence was at 0.75 dB peak to
peak, occurring 458 times from 1543 times of total
occurrence number. In October, the maximum of
occurrence was at 1 dB peak to peak, occurring 428
times from 1835 times of total occurrence number.
In November, the maximum of occurrence was at
0.5 dB peak to peak, occurring 162 times from 528
times of total occurrence number. In January, the
maximum of occurrence was at 1 dB peak to peak,
occurring 157 times from 954 times of total
occurrence number. The maximum amplitude
fluctuation was about 6 dB peak to peak in January,
2001. Figure 6 shows diurnal variation of the
occurrence number of scintillation. Ionospheric
scintillation mostly occurred between 1800-0100
LT but Tropospheric scintillation mostly occurred
between 1000-1600 LT.

Figure 7 shows the percentage of scintillation
occurred monthly. Occurrence of tropospheric
scintillation was more than ionospheric scintillation
only in January, 2001 about 78% of total
scintillation and the occurrence of troposheric
scintillation was minimum in December about 18%
of total scintillation.

¥§3533388

5

January

gust
i September

Pl

Tt

[ WTropospheric  Mlonospheric.|

Fig.7 Percentage of scintillation occurred

5. CONCLUSION

We analyzed and studied the characteristics of
C band satellite signal at low elevation propagation.
It was found that ionospheric scintillation
occurrence depends on seasonal variation.
Occurrence of scintillation was most frequently in
September and minimum in December. The value
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of amplitude fluctuation was mostly about 0.75 dB
peak to peak. Scintillation rarely occurred in
November and December because they are in
winter season. Occurrence of tropospheric
scintillation was more than ionospheric scintillation
only in January, 2001. This paper was analyzed just
only short-term data. Therefore, to analyze more
accurately, relates to season variation, solar activity,
latitude-longitude ~ position  and  statistical
probability. Long-term data should be considered.
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