o w
AUNOMIANN MITTBUAAIBIANTZ

¥ ] ¥
asanumSnadidnaseuludunssoimeleTo Tumiles lno ladygraaraiiou Gps

STUDY OF IONOSPHERIC ELECTRON CONTENT BY USING GPS SATELLITES SIGNALS

L4

WYNYIU  InaINAIN

MR. KAN LAOPIPATTANA

s ¥ . |3
InoriiwusiiduarunilswesmsfinnaumdngasSyaimnssumansumiiuda

b4
I IaInT SN Invh

, TuhaInede
(YN ,/ E ﬁﬂ'l.'ﬁ'ubmﬂjuTa?m‘:‘:%ﬂlllﬂaym]y'lﬂmﬂﬂ’]'iamﬂszﬁq
mmn;nﬁﬂu.....?;.g.ﬁ..g.ﬁ.. W.f1. 2540
34, 1aow, 2.5 34‘3 2541 ISBN 974-589-188.5

aviInsvoufudiaImerds go1dumaluladwszssunausinunmsainnseli



STUDY OF IONOSPHERIC ELECTRON CONTENT BY USING GPS SATELLITES SIGNALS

KAN LAOPIPATTANA

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
1997

ISBN 974-589-188-6



MIURINLUNUS msAnBunadidnaeulutuussanialalaluaiils
Tneledtyyruannanadfisn GPS

UNANE WBnTYAY WAL
B1ATHHAANINENTNUS TEIANARTNTEUNIA  (MANTO
STAUNSANEN AranssurnanTuTRia anarieAdanssalving
mmﬁumﬂ‘[uiaﬁwa‘m@mngﬂLf;’]amwmﬁmmn?xﬁ’q
WA 2540
UNARED
'luﬂfaf-gﬂumigﬂaﬁ?ﬂjalﬁﬂuﬁﬁouﬁqﬁcy'lums?lmsifaz‘gfamsmn ualafung

IR U mnm?ﬁﬂéjutﬁuwwujﬂu%umﬁmmﬂ‘lﬂiﬂiumﬂmf Tnenanszmniuiinans
?ﬂuum'nuw'mma‘tﬂmu AU uavwmmgﬂﬂnmﬂaﬂuuﬂmuﬂuﬂafgmmﬁmm'\m
At 'mmﬂLumwmnﬂ?mmuavmﬂﬂaﬂuuﬂmﬂ?mmﬂLanmﬂu'lwnu
ussemeleleluaiflesludusanme 4 fudelilumezaauasiadedu 4 Thansinm
'lw“mmﬁwuéﬁl,ﬂum?ﬁnmﬁnumvm?Lﬂ&"ﬂuuﬂmﬂ?mmaLﬁnm?au'lunmmwumum
Feralu u,a:.qmm Lw'aL‘Ll?auqum?uJaﬂuuﬂmmmﬁmmﬂtanmmumumuﬁu%ﬁu
7 iy T,mﬂ'lmamwmmmmumwmﬁmmm L-band ¥4 2 1RasTLUANATIEN GPS UaY
AuanusTuan Total Electron Content (TEC) AINMINARDINET AT mﬂ.ﬂaﬂuuﬂmmuqa

mMa1avLTni TEC 1131.15‘&'”?1171&] "&"JJ‘II’NVISJﬂ'lN’lﬂYlﬁﬂ‘ﬂ’ﬁ'NLl?ZN’]mLﬂ’ﬂth"Hﬂ’lﬂﬂJuﬂ"'

Bnaaals mmmﬂummﬁmumﬂ? nn 53><10 BifnAreuREMIILAT TTAEET
amq’lwmLm@uunumuuavmﬂuﬁumﬂu dennanszazsunataniuniefinguss
uu%uﬁmmmammmnui@n mun'mﬁaﬂuuﬂm&ummquuu«;mwm TEC ﬁﬁﬁ'quafj
naunszanfine Iy mmmnwam’lummﬂ?,mm 14.00 . mmwﬁmmummﬁ'm'lunm
nansduilansznns 15% naneAutlszanns 25% uavmwmnmmmouaﬁv;ﬂﬁoe 2.00-
5.00u. Uszinas 4070% SaiaarnaananAuiauliainaraten iunddnaseu
mnéqLﬂummmuﬁmmmﬂﬁmﬂﬂngmmimﬂﬂﬁﬂuuﬂmu@uﬂﬁqmﬂt}m"ﬁuﬁu uan
f-nnumﬂuﬁuwuﬁmwaumvmwwjm'hmuavnfmmwumﬁuﬂ?vﬁwﬁwmmv-nuﬂqnuqq

Y v

n|a ﬂ’ﬁ‘L‘lJ@ guLaImN LAUILNINR nuummnmmmﬁm’lum"mnmﬁ‘n NN NS

mmumLLuu'aLanmﬂu'lumunmmmvaqwmummwmeanﬂ?.,mm +1520 B9ANAING
mﬂq'luumnm'm?qmw amumadsuuaniien Reudeuinetaswuan Yunos TEC Az
fiAustasiies 1 Faund 2536 uﬂﬂmm‘luﬂ 2539 Lumu'mmgqmma:ﬂmLﬂmgf-m'mu

A 11 4 'lwm\mq ﬂq'lumfmm'z'mnmuﬂ'm@ﬁmm mmanﬁ'kummﬁmmﬁmmqmﬂmu
1u7uui*aun muuanivwnwmuﬂmmmmmumzﬂu 23 flu



Thesis Title Study of lonospheric Electron Content by Using GPS Satellites Signals

Student Mr. Kan Laopipattana
Thesis Advisor Assoc. Prof. Narong Hemmakorn
Level of Study Master of Engineering in Electrical Engineering

King Monkut’s Institute of Technology Ladkrabang
Year 1997

ABSTRACT

At present, satellite commmunications are important to use in every day communication.
But there are some effects from signals propagate through ionosphere. The types of effect such
as Faraday rotation, time delay and the important effect is scintillation, which due to the variation
of structures and electron density in each region of the ionosphere that vary on the times of the
day and other factors. This thesis presents the variation of total ionospheric electron content
(TEC) in Bangkok, Chiang mai and Phuket for comparision the variation of TEC on latitude. Using
the correlation of different time delay of 2 L-band signals from GPS satellites, the TEC value can

be determined. The results show that, the seasonal variation of TEC in Thailand, the maximum

are in May and the other are in October, TEC value is about 53)(1016 electrons/mz. The
minimum are in June and December, that corresponds to the distance between the earth and
the sun, and the solar zenith. The diurnal variation of TEC, the lowest is just before sunrise and
peak during 14.00 LT. The standard deviation (SD) of TEC data at day time is about 15%, at night
time is about 25% ,the peak of day is in the night time during 02.00-05.00 LT about 40-70%,
because in the night time electron density in ionosphere is not uniform and that maybe a factor
for scintillation. Furthermore, the comparison of TEC data between Bangkok and Chiangmai
shows the good correlation and depend on season. The geomagnetic latitude variation, the
maximum TEC value at Chiangmai is larger than Bangkok because of electron crest in the day
time are on magnetic dip latitude £15-20° which closer Chiangmai than Bangkok. The year-to-
year variations of TEC have decreased since 1993, the minimum is in 1996 which corresponded
to a 11-years solar cycle in the minimum of the cycle. At this moment, there are some strong

effects of satellite signals, but the stronger effects will be coming in the next 2-3 year.
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NN 9 anngrasaiuaaslaanudiiussesssinmminuuazianaesni
Atif0)
nesinBy = n;sind, = n,sind, = n,sind, = nsind, = ... (2.12)
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L4 3 ' ' 14 b [ LI 4 t 1 2
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