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Research Title: GPS Receiver Position Error Analysis System Suvarnabhumi Airport

and Display Software

ABSTRACT

In this project, We develop software which computes the location determination
and dilution of precision bases on the global positioning system (GPS). Then we analyze
the accuracy of GPS receiver near the Suvarnabhumi airport by using GPS data in 2012 at
King Mongkut’s Institute of Technology Ladkrabang (KMITL) station. We convert raw data
to the RINEX format which gives the parameters as pseudo range, satellite positions, clock
errors of satellite and the Klobuchar coefficients, for instance. In addition, the research
team has developed a GUI software suite to analyze location determination and dilution

of precision. The GUI is used to show the graphs and results.

Keywords : Location determination, Dilution of Precision, GPS receiver
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P = (- X2+ - Y)Y+ (Z- 2 + o(di— dT?) 2.7)

(2.8)

pr =% +Hy -y - 2) s c(dr—aT?)
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2.7.2 leffnaesdgn (geodetic longitude, 1)
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° 1 S 1@ A o £ a a EIICELRY o
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2.7.3 AU (geodetic height, h)
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d Y
2 12 i3
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P+ebsin® @
s (2.11)
cos(/atitude)

= a T ! )
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U
v
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a=6,378,137 (m) (2.12)
b =6,356,752.314244518 (m) (2.13)

P )
. et (2.19)

a

2 s
e = £ bzb (2.15)
P=~NX?+Y? (2.16)
0= arctan—zg (2.17)

Pb

N a (2.18)




12

o L Q‘; s 17 I s = U
Taevia fis mugnvessadluwuitilan, b Ao mmmﬁﬂﬁ‘tuummumwuquanmﬂaﬂ, e Ap A

first eccentricity uay e’ il A1 second eccentricity

2.8 yun21a (Azimuth) uazyuwse (Elevation)
Teluntsuendunswesinguuiiesitidy suvdeniiiey viadundsnmuurissiiy
TnuBnungaieiasiudyn ooy
2.8.1 yunm (Azimuth)
Huspnsurunududwweuih fuanfimmdandamumunduninsunduund
frmilodnas fifn 0 ds 360 a3t AmnIndt 2.9
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Dilution of precision (DOP) +Juwisnditnesuiisiusiuansienaninvosnadns 7
' Yo ° 1 d  w oaa = o 1 Vi R | 1
matazlesunfienIassuitioatanudian Inerwes DOP tuduasnsidiusening
AMAIUGNABIVINE ALY UaTAIAINGNABITBINTITINTEEZa1NLATasUd ey aifemaliion n1s

o | a o o 1 o L A vy dovvwe <
ﬂiziﬂ&](ﬂqLLWU\?“UEN@W’JLWUNV]UiqﬂQUUV]aQWWW\TWQJﬂ QJNaGlaﬂ']ﬂ?']llfﬂﬂﬂa\jvnﬂlﬂﬂ\?uam\ﬂUﬂqWW

211

v

& ’

i
UL

' - -
N * 5 '

i° "

.

& 4

.

. S .
. .

.

Poor (high} DOP Good (low) DOP
Dilution of Precision

»
UM »
Lo L)

AN 2.11 Snvairrean1snsraneR e o
flan : GPS Simplified, Tim Stombaugh et al., 2002



15
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Tulassnsideiasvinis Soulusunsy MATLAB wgrglunisesnuuuuasidey
WsunsunisdnasumisaasiunasnisAuind DOP vasniisndfiea Ins9sidauny
vdanlaezunsudaning 3.2 Tneiisulng RINEX Tiniadessundatungudn TunisdruAdneg i
atfieuszydumisdanliiaiossulneseazionsieg 1y F2a 9 5ureyannaudisy
ssznaeInsiudeya diduvesmaiien Su weu U fisudeya 1udu rnduthundiuaam
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TUsunsu Inalu MATLAB 9efiflsndunisasns Guide user Interface (GUI) tialsaaniuumnting g
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3.2.1 MIAUIUAITEEENITIBY (Pseudorange)
lunmsszusumdsanaiiautu lned (x,y,z) A AundsRdnreunsesiuinies
¥ o I aw = ct' o v ¥ . . -
WABMIIAMNUIRIATaI ALY Fsaunsadiuanlaeindeya Ephmaris Ty Navigation file

F991989MUNNA ECEF (Earth-Centered, Earth-fixed) lnganunsaideuninudunudsynineei

Ao vy d0 Wiy o ' dihur g v g
pseudorange NinlsianniaTossudnyaadioauasiumisenniosiudyaialdsad

p® = pW L p® | 10 L 7B | o ® (3.1)

p® = PO+ c(dt—dT®) + 1% +e® (3.2)

Tnegit p® fa A1 pseudorange MimldTARIATEL (k = 1,23,..N) (m), PX Ao fiszesnienie
neTessuiimudiend k b e ARARANA AT ARIT Ry IRIRAT (M), ¢ Aa AT LAY
(m/s), dt e AAuRawatdyg IaRnvenAiesudyaa, dT® Ao Aanudanain
fuanauninuesnaiey, 1 fe Arsseznieiiiinannismsweaiailusuusseinialele

uafles (m), ¢® fe AmuRananTivesniony

3.2.2 MSMAISZESNIINDTY
INATNT 3.2 15181HNTAILIUNIAITEEEN9954 LA 91 NS UE LML BRI T e

wazAIULMiN AT RS U A uAalAnELnlsT 3.4

P =x®- 37y~ y) +z"- 2) (33)

3.2.3 MIAUIMAMiTauAIssi Uiy i ded
NNAUNTN 3.2 Uas 3.3 Lamnsalauauntsiiegluniin ECEF (Earth-Centered,

[
Y o

Earth-Fixed) lasafl

PP +cdT® — 19 = \[&P-x) + ({¥= y)* + (2= 2)* +cdt® +£% (3.4)

NNaUMSH 3.4 du sdiudsnlinsuaegvionun 4 dauds Toun xy,zuay dr Iaglunism
1w 9 ' > ool VL el Py o ' ) & o )
ARUInsnauy Inludeeda pseudorange Minana1ufisuas1etioy 4 awdulyd wialu
19 g aunslunsmaswls Wesainaunisi 3.4 Wuaunsildludady delunisuiaunis

Uuilenld38uo9 Newton-Rapson method lagagussuimmaunisliduaunisdadulasly



19

: o (5(7) a v { e e v o (YY)
aynTU Taylor AazAmUAAITILUIEuGUAIIIEEY (nitial guess) TR asud QI dRa

AMMTUAWUINLUNTIUALALA Xo, Vo, Zo WY dt 221997

X-x,
pO=p =G| 7 7% 4o (55)
z-2z,
dt
ox
o
Sp=G 7 e e® (3.6)
oz
dt

1w

I | (k) & 1 :11 v o ' a o v & e P
YN P, e A1 pSEUdorange i G]VI']ﬂ’I‘iﬁUﬂ’]ﬂ’J']ﬁJNﬂwa'lﬂau‘]LLa’J,Gﬂa Lumiﬂqumuag U

AN aIn I TgLLaATe s UA g GNSS Tneaundnluwninzdsenaulumennaduils

vielunui line of sisht szwiraAsasSuUAya I GNSS wasa1Liley

CLOY  codi
Qpeeanlo]
(GLagcsioar (3.7)

|(AL®Y eedr

Tnerdi
. " ® _
GLe) - -2 (mxo -2 (k)yo - (1:)20 k=123 N (3.8)
lO 10 IO
s ;\/(Xk“xo)z—(Yk“yc)z'(zk—zo)z k=123 N (3.9)

MIIINTUSTUUIRIINTIWMAIREUTRANN1ST 3.6 LUUIUET Barmeuresdunisiuazgidian
o o 1 ] [ ada o ) 1} I
vosmulsillanadnly dwsulunsdinfidn pseudorange fifnarnmnitenunnnia 4 saiiu ag

° a o W L4 4 ° A n‘ o
linsmdmeuuuuiinsfdsassiesiian (least square) lunsmdmeauimnsauiigayasd

w3 ezldmmauvesaunisvenadesiudyauifeani
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=(G'G)'G%p (3.10)

3.2.4 mMsAuamANURanaInd gy 1auIRnIaiey
NIANNAUIAIAINRANA RS IR TN (dT) 38 satellite clock

error WU lagnmsAuannsiiinessneglu navigation file fiaun sy 3.11

dI ()= a;,+a,(t—t,)+a,(1—1,)" + At

rel

VAV (3.11)

lnefl a,, fia clock bias (sec), @, 8 clock drift (sec/sec), a,, fie clock drift rate(sec/sec),
{ A8 second of date, 7 fla time of clock, @9y At A Relativity correction Auaalaain

aunsi 3.12

—2\/uAesin E

CZ

At = (3.12)

Tnesil 1 #8 Earth's universal gravitational parameter (m’/s2), A #e Semi-major axis (m), e

Ag Eccentricity, E fle Eccentric anomaly uag ¢ fig light speed (m/s)

Group delay correction Auialdainaunisd 3.13

=1= :forl |
At =<yl for L2 (v~ £2/f2) (3:13)
0 Jfor LC

3.2.5 NsAuuAIAunuNYesdaalutuussenidleleluailies
nmMsAuINAIAInYesdyyalutuusseinidleloluaiiles (ionospheric
delay) lal4rves Klobuchar model Falulunatign broadcast dwiudlifldinsassuinioan

pe HMow 5 P 5 v o o At a
NUALAET Lazuuuduuseansluiu Rinex file WisanAud1daulunisaiuin Selunadasauys
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11amnkduresdiuiudianaseuluduusssnialelaluaiesianuvuinduluduuieg

<
i
o

130

Augs 350 Alatumsainiulan @91 slant delay gnAuIaIn vertical delay

lonospheric Pierce Point (IPP)

T =5 |ONOSPHERIC PIERCE POINTS
S Tt (1PP)

0" s = e
60° ‘: > kg

50" - -

40

— £ s
!

Sy

-

1w —
310" &0 ' 847 380° 0" 18' 207 37 40° S0’ &0

PPs trajectories Vertical Delay

o)

T, . S ey i . B e
o & AR TE — —— R o
Elevs'on narls tder)

Al 3.4 lonospheric pierce points (IPP)

i1 : Kiobuchar lonospheric Model, European Space Agency, 2555

Tunsmuinazuundu 10 Fumeu el Tnadl E A elevation angle, A #a

Azimuth, ¢ A8 Latitude ey A fle Longitude

1. AUIMLNYBY earth-centred

W=M—0.022 (3.14)
E+0.11

2. AUASAIAY899A PP

¢, =¢+wcosA ;if ¢ >+0.416 the ¢, =+0.416,if ¢, <-0.416 the ¢, =—-0.416 (3.15)

3. AUIAABIIIATBIA (PP

4 g end (3.16)
cos ¢,
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4. AuIMaLA mammmmaﬂ‘uamm PP
9, =¢, +0.064 cos(1, =1.617) (3.16)
5. fuaaiasfiudiaa IPP
1 =432004, +1,,(seconds) ;if t >86400 the t = t—86400, t<Othet=t+86400 (3.17)

6. AMUIULBNUATAYE lonospheric delay
A =D if 4, <0the 4, =0 (3.18)
7. AuaLIaIes lonospheric delay

3
P =>B.¢r  iif B <72000the P, = 72000 (3.19)

n=0
8. Aunauanas lonospheric delay

27(t—50400)

X, = (3.20)
5
9. @A slant factor

F =1.0+16.0(0.53-E)? (3.21)

10. AiTuuAn lonospheric delay

X2 X
5102 + " (1- +—— <tlu577

B [ Zo e )J | (3.22)

5.10° . F
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3.3 mMandAanuRanatnlunTIzymumiNgEningaaaIgauuiiig Lat/Lon
Lﬁamwﬁﬁ"nmﬂwauﬂ%"aﬁ'uﬁcgtwuﬁﬁtaaﬁm“aag’a%mawi’umﬁaﬁﬁmmlﬁu,a”a
aﬂﬂﬁumzﬁwﬁ']ﬁiﬁwadmLﬂuﬁﬁmaxﬁgmuazaaﬁgﬂ Weiflsudusuminieanissiudyga
ifiea iileviArrudanatalunisssysumislagldaunts Haversine Formula Tunasmn

! PN <
SSEJSVI’Ni%W’]Nﬁ]Iﬂﬁﬁ]\‘l‘\]ﬂUUﬁUN’JVﬁ\?ﬂﬁﬂJC‘WQJﬁNﬂ’I‘JVI 323

d =2Rarcsin \/ sin’ (@—2?‘—) +cos(¢,) cos(¢, ) sin’ (—/172—/1“—) (3.23)
4 b= ! Qy a
lneil d Ao ssgsnesEnIngaaogauUiuRImMsINaL (4ms)
a d‘ v a :J o v
¢, Ao azAyavadATaITUAYg IR eaLazasAgRTiAuIld (a9r)
2, fo aasigmreninsiudygaiioawazaadgaisiuals (aarn)

R fa Safivealan dA1uUsEana 6335.439 Alalums

3.4 MIAUNUAIAUTIWBANULLUEA (Dilution Of Precision : DOP)
MINIAIAINTB1BIA NI udATsTUd i fiiea aursassuislnaly
covariance matrix Ingfl 62,077,067 e A1 variance ludhuuiwewnu X, ¥, Z uag o fle

3 ] . a o 1 < (Y Vs i
variance U83t1a1 AYUU covariance ‘U@\‘iLilﬂiﬂi{fﬂWLLWUQLF’IiaQanﬁgQ?m QSIG\QQHNHW?VI 3.24

5

o
o =6.(G'G)' =¢’H (3.24)

oz

|55

Famandeuwanuatiieylugivess lanwaunsi 3.25

= i
Gx Xy xz Gxdt
2
(o) (o) o (o}
2 . 2 dl
oH—oiliZ V. o (3.25)
O.zx O-zy o-z O-zdt
2
_O-db: O-dz)» Ot Ou &l
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JagUuszuussyiumisienaiieniusuliedruniuarontniu s DoP Sutanids
anvaznILsIAdaTEnIiurre A s uF YL AR UR WYIe I L Tiey DOP uddlg 5
Ussiaw il

1. VDOP (Vertical dilution of precision) A1A1utda319989A 3l ug lunusg

2. HDOP (Horizontal dilution of precision) A1Autiaa1wesmnuusiugrluuuisiu

3. PDOP (Position dilution of precision) A1A313ti 891909k uETluwuIE suas
WIS

4. TDOP (Time dilution of precision) AALiaaoIr gl uvaan

5. GDOP (Geometrical dilution of precision) AT MYBIALLLI L TULLIS
LUV LaBLIaN

annsevAaild s ndves H 1deeuniss 3.26

VDOP = \/H,,
HDOP =+[H,; + H,,

PDOP = [H,, +H,, + H,, (3.26)
GDOP =\|H\\+ H,,+ H;+ H,,

TDOP = /H,,

! alQ a 1 $ = a
lasAilenfiarsande A1 GDOP Hauan diean13nszare90em1afionvnaisaiads
\lad1 GDOP A1 ANiananlunsIyuiuudedaialudygafileniaianainuin

LAY

3.5 N1788NUUUYBHAKISUAAINARE GUI
nsBenlUUTeWALITLARINASY LoldduRnadansiindugld (Graphical User Interface
: GUI) wealusinsy MATLAB Lﬁat,ﬁmmmazmn’lﬁaﬁcﬂ%ﬁu Fauvau 2 Ussuan
1. Medasiietaelunisidounie Graphical User Interface Development Environ-
ment (GUIDE)
2. WynAnds vdeilaidulunisardlag ild GUIDE
Filasimsideiasnuuurenduaiuaniwalngld GUIDE dsagunnguiivinediadd

o
AWAINN 3.5
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N ——
SRR sBhd D% >

e LE
O

[

S

B
(%]

Lt

Curreﬂ! Point: [319 145] PMISZO 3&) 560 lZOl

P 35wmmmumums‘lmm GUIDE
NN 3.5 n1nudeilovamiaeegd Tngeeq %Lﬂuﬁ’maéauﬁmﬁaﬁucﬂﬁam
(User interface control object : Uicontrol) 151a111150a379 GUI Talngnisadas Uicontrol #14¢)
Imammauu‘]avwmum'mmLﬂauIUiLLniuiﬂaanLLuulq
3.5.1 Uicontrol
Ty MATLAB 92l Uicontrol agamnutavateuuy Fausiasuuvazilynsimnefiazli

Alalddenldiineg fu Uicontrol Aifldlu MATLAB wiaswuusigeralud

¥
e

1. Check boxes szfinsfimuasilwiinasiaudislsndonldmlundss aUnsalild
sylyl Lwa’[.wﬂ“maaﬂmﬂamsmmwaﬂﬂmn‘suLLuuquqlﬂaaﬂaaaiu n13fiae 1 check box
vnmuﬁwz’lmmanmiﬂwummnaaauu anmznisidenuioliidonAmuiinunazianidy
2. Edit text 1Ju field ﬁg’ﬂ%’amwsnﬁwu,f'ﬂwﬁ"aé’ﬂu'sﬁu*ﬁqaginwlunéaaﬂu’ulé'
L3919zl Edit text Lﬁamé’aamﬂﬁ’cﬂ%’ﬁmumﬁwﬁ’aé’nmtﬂu input
3. Static text (Ju field ﬁl*?fuam’b’aﬂmw%aﬁ’mﬂ'dﬁaﬁé‘lﬂﬁmmsn‘ﬁ"a}::LLﬁL*U‘Lﬁ
LLﬁLSﬂ%@Lﬁuﬁtﬁau“wﬂmsummsaLLf'ﬂ“uIv*T dufulnetluisddilunsdousmtdedevenisde
YIAIUAN Y Y30
4. Panel {usUuuuresituiidindey %'qwuﬂwﬁwﬁwgﬂmwaameua"Juq
Frames wsansaussiiiliigfldannsaudsdaudrequasmiiesnldietu vlwfldhidani
Fuaulunsadliifl uicontrol ﬁﬁaqﬁmuﬂﬂ'wmaq BULUMENNGYT WSIzIsaansatuicontrol

da v o o ! Y] 1 vy [y ° v o v W ) £ o
mimnmsviauludnudieriusaungulisety Linuﬂumau?mmmmmqmmuu‘tqumm
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LAzAeIia130id uicontrol uusseglu frame udagn frame VivegunedIy AmnLsIfednig
19 frame U5393nq 157198dBeais frame Tunneuwdidsringasly
5. List box 1unisuanssnentsiifidoulusunsudmuniy deasiinualag
- £ 2 o ] o $ 1
AauANUR String wazazeeuligldamnsafiazidensonisiuldfiasuiinenisutonnniile
e a - - ) da ¢ a
6. Pop-up menu LUun1silasnanisvasdaientiundsainidnisnaiduiion
wiy vialig el densenslasenisuis 4 3ensvesidanazimuniieauan® String win

muuulu“tmwm“uu m‘luLuua“uammﬂmaumﬂawu Pop-up menus uuUszTafdu"lumstlww

L4
@

’l"&‘l.maanml,aaﬂmwmaammmhmmmﬂmﬂaauuawuuwmmasﬂmw Li’HHLU‘UV]’ﬂuMG\‘i

ﬂ’l‘MUﬂﬂ'lF]ﬂJﬁﬁJ'Uﬁl String A

dumummasniigldidannadui Tagvily

a

7. Push buttons agvinlwiAndAi&es

fltagldiandlunisnatu Push buttons

,,m Layout Tools oy
EEETCES E Y T

Current Point: [103 418] Position: {520, 380, 560, 420}

Al 3.6 Uicontrol A9 Tu GUIDE
8. Radio buttons axiidnuaizni1mviniuadieiu check boxes uddaunnsaddsy
Analnasiluuds n1sld Radio button uumwm‘lmﬂunamaqmman wazlunguves Radio

button tugsd mtaanwaﬂmmaﬂLaafﬂ,m‘wmﬂiaasmmm’luﬂamuu Tuns7alef radio button
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Y O v v 2 v a 9] P
viren tsaglandneluiingidy Adsulusunsuagdondudimuangiinssuvdniniiinnsne

4
wndaduludngil
9. Sliders Lﬂumiﬂauﬁﬂéfuaﬂﬂwﬁé’l’mmmﬁauﬁ AMUauay ﬂﬂﬂWUﬂIﬂawmau

IUsLLnsuLLachlmumnﬁmwummimamﬂ‘mu'lanmLa'JLaauLmuuu slider w3aldundnausiie
anﬂsma’lmamaaqtaau”LULUuamu Aumsvesdndauuuuriasfuddiavmudadiures
szavUUILEoUT wazAny lmiumimmmuaammmwaaaﬂmma mmmmm“mmaaaﬂ
sngn uazAilagtues stider 14

10. Toggle buttons Wutuiivimihiiuiiouainginiugovsisniy on %38 off
LLasLﬁag’g‘lﬁLﬂé‘lauFhﬂu"l,mnﬁnmmﬁmlﬂ“luu%nmwmi’mqﬁ wiun1nien callback Wvinenly
wSouriu Toggle buttons fuszluwilun1asae toolbars

11. Axes wingdwiuldlunisuanansifin wwu nsa aam vde S5le

3.5.2 viann1si3sulusunsusig GUIDE
N3lABU GUI fae MATLAB 2gfidfauds handles Lﬁa‘l‘zﬂuﬂﬁé'wﬁai'mg, AIAMELTR

1933 veIusazing uazilaidusSonngy

L. #uds handles iflusiuusuuu structure U333 handle vosnningfagly
GUI uazazfiulilusaudsde handles mamﬁn’meuUsumﬁuauaman handle wammam\? q
Tu GUI U7 callback mauwsammnsumau‘] Tu MATLAB 161 udhl4 Tag Tunisi3enld 9y
handles.edit1 \{ugu

2. Apnautivesing mamﬁmUaauuﬂammmauumlﬁ’f[maﬂﬁﬂuLua anil
amnwmamnmﬂaauuﬂaqmﬂmauum Wy edit text AagUsinguiisng mspector Fundanmd

37 mmmmuﬁlmmamummwﬂm L font, yuaiviida, Aduls wiede Tag (Tusiu
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| & BackgroundColor (33
| BeingDeleted
BusyAction

ButtonDownFcn

CData
Callback
Clipping
CreateFcn
DeleteFcn
Enable
Extent
FontAngle
FontMName
FontSize
FontUnits
FontWeight
+ ForegroundColor
HandleVisibility
HitTest
HerizontalAlign...
Interruptible
KeyPressFcn
ListboxTop
Max
Min

Ik SelectionHighli...
I & SliderStep

off

queue

[0x0 doub...
| ma funct..
on

| fx1 funct...

S VS NS

on
[0091.462]
normal

MS Sans S...
8.0

points

GO RWY Y

normal

8 VSN e

00 i
[8.8 28.84520..... - §
cn :
10.01 0.1]
Edit Text
edit

editl > -

glunisudlunmaniivesing

o
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¢ @ 9 / Iz v o
3. WeaAdUTBnNaY (callback function) [WuiledduiianiZanlyany IR uUAUDY

wmnsalusiaziiantsal lwu n1sedn, n1snm;, nasdeunnd Wudy |

U
1

fiefinsasnainglagaslu GUI

W& GUIDE 9#314 subfunction fide ObjectTag Callback Fuun 1y editl_Callback n15a514

o Qs U 4 o a In./ JV Q‘J’ ¢ L7 H
MriduSsnndudie GUIDE vildlasrdnuilingiidesnts andiuiden View Callbacks dan i

3.8

T



| File Edit View Layout Tools Help

DEd smoc s BEd GuY >

%
f—
i Push £ Bring to Front
i 5 Send to Back
@ f Object Browser
Editor

I
| View Callbacks
|

Property Inspector

e
5 m | ; Edl'.rm : 7] Check Box

axes?!

:jj"7 E :‘: JetPrope: ﬂ.v.

Current Point: ‘l!ﬁ?. 385]

Position: (50, 376, 101, 25)

MW 3.8 nsiSenilaney View Callbacks
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fagUsIngmiineng subfunction Fusin Fuduldmivmmvesitsidusenndunosing Manwil 3.9

[

{!

[

|

f %
f 72 it nopject
[

|

I

I

|

handle To ed1.1 (:ee GCBD)

il 79 | ¥ eventdata reserved - to be defined in a future varsion of MATLAB

" 80 ~% handles Strucrure with handles and user data. (see GUIDATA)

i 81

M 82 % Hints: gec(hObjecrt, ‘String') returns contents of editl as. text

?‘ 83 % acr2double (gaz {hObject, *Stying')} returns contancs of edizl as a doublas

T T T

& o Y v [y v oo & 4 o 4 € U ¥ s
laolanduiennduasgnaineludnuasieaudedl ¥o19g(Tag)_Fofandu(iausitn 3 duds)
function edit1_Callback(hObject, eventdata, handles) lagfuusia 3 fs1easdensad

mvm 3 9 subfunctaon waaﬁan‘uuﬁaﬂnawaﬂm

i (Y] a/ kg £ 4 v LY & o [
- hObject LUufauus handle vidadadvestngiisldidusontterdusonndy Taely

Fag19diAnAeIAU handles.editl
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g =g ) W 5 @ ! a.u) 4 v
eventdata Aaudstlazgnldluunsitesdduannduunsilsdfuviiiu eifudeya

]
= w oA <l

UNEN WU nsadn wiedudeniigniden 1udu
handles \Juduusiiddyiigalulusunsy GUI @dluntsifiu handles wae¥ageneg

|

FILAUNIUA
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WNaN1INA[DY

4.1 ArauRawatalumsseyiumiaaasssudy e
4.1.1 AnuinuiawaalaedinisysuanueelunsSudyyaified (elevation
mask)
Annamanuanainlunssyysumls Inelddoyavosiud 4 fusreu a.a.2012
IngAmunlyid1 elevation mask 1391 5 way 15 sam asduaaiudidanudanainlunis
szysumisresiadasfudanaifieainiddu Wedmua elevation mask winnit 5 s AN

muRana1alagalvnalliAtasnit elevation mask 110091 15 8467 S9nWA 4.1

100 T T . r
elevation mask 15
elevation mask 5 ]

90

80 d

Position error(m)

Time (UTC)

A 1 a o ) A o 1
MW 4.1 ArAuRAnaAluN1TIBYAIUTIINT elevation mask 11nA91 5 wag 15 a9

5 =] LR a o 1 = v W o a <
NANINA 4.1 azuladiAanuianaialunisssydunisresaiesfudygiaifiead
& 1 1 a 1 o 5
elevation mask 110171 5 8971 fIAIAURANAINBETININ 5 - 68 LURT LasT elevation mask
! a1 a 1 1 1 a Sa & a
WA 15 83N IMANURANAINDYITEVINN 5 - 98 LA AerAuAanaIaffiawand faquwg
o 1 :" N 1 @ d a ﬂ.:
wamlumsAnadszesmaiieudu SliauAeudanainiiinanduusseanialelelua

Wles, nslnadles UarALRANAINDU A uvioat
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4 o 4 a o 1 4 o < .
Waummudawanlunisssysumiwesniesudygainiead elevation

! dlil a I <~ a
mask 171127 5 uay 15 a4 M???ﬂﬂ‘ﬂwwﬂﬂLL‘\NF]’J'11Jﬂ£°'1?ULLNUQNLLWQM?@@EIWLLWSN

(Histogram) A4n I 4.2 uag 4.3 auaisu Pnduiuaidudenuuninggiu (o) uase

ATUEANAIANINGATEY 95% YaaAATIUAANAINTILA

800 T T T T

700+

(2]

[~

o
T

Number of Samples
5
=]
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-
[=]
L=}

a

20 30 40
Pasition error(m)

0 10

_ elevatior; mask?l

50.1632 wng

50 60 70

= a 1 a o e i 1
ATNU 4.2 ﬂi'lW‘é’!E’fIGlLLﬂ‘a‘llﬂ']Fl’J’l:JNlea1ﬂ1Uﬂ1Sﬁ¥Qﬁ’thMu0ﬁ elevation mask 411N71 5 RNGR

NN 4.2 Ltamﬁqﬁnwmzmsnixmam"wadﬂ'wmmﬁﬂwam’lumsszqﬁf"n,mﬁdﬁ elevation

! $ ! A a n‘j 1 o A
mask 411N11 5 89A7 %amLaawaaﬁhmmwmwmmmwmmmu 27.6619 Lung LLa&fﬁ,’JULUENLUU

N IFIUYEIAIANUAANE AT IRURIIA YA 11.2507 iR lagfidnulinnaiauinanves

95% aIAIAMURANAINVIUAYIIAY 50 1632 LIRS
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700 T T T T

l L- eleva'tion ma\'sk 15 |

600
68.0150 Wwn3

Number of Samples

200+

100

0 1020 30 40 50 60 70 80 90 100
Position errar(m)

d a 1 a o 1 J e !
A i 4.3 nsmidalounsuriaRanainlun1sssyshiunisd elevation mask 19nn31 15 e

371ANNN 4.3 LLamﬁaﬁ'ﬂwmsminismaﬁmmﬂ'ﬂmmﬁmwam’lumsisqﬁumﬁaﬁ elevation
1 : I 4 U =Y I’j i L% 1
mask 411111 15 831 PALRABYBIAIANNEANAIAVRMNALYIINY  36.8413 WUAS LaZAIY
o ' a o EA oW 0 a
WaUuIIATEIUYeIMATINRANA MITUATANYIAY 15.5869 Wns InafiArnulanaiauingm
984 95% VBIAIAIURANAIATIVUAWIAATY. 68.0150 LUmS
4.1.2 A uianatalasiin1sgattenn lonospheric delay 9nkuusass

KiQbuchar

o ' _ A‘Lu o %) Y

ATWIAAT lonspheric delay lnaawuuataes Klobuchar lngldveyavasiui 4
Mueneu A.A.2012 Tnafuualial elevation mask 49A31 5 4ag 15 a9AIRINEIGU Saa7
lonspheric delay JuAidyaradmeangnuiadll Tnemildiudus stant delay vos

' ) P
M IALULARE AN 4.4 LAy 4.5
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A 1 . =) :J % 1
MNAMN 4.5 A1 lonospheric delay 18IA1NBUNNAN N elevation mask 41NN 15 89A1 AL
o’ @ 4 J . dl [ y:’l a1 lal Q!l =B 1 < L
dunsufiudnan lonospheric delay iAInlatuazdaninglunaziaianadudasianfieiiu
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' 1
sziliAgagnegnUszuia 21 wng
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AuAIANRANAIAlUNTIEYALaliadinsyalte s lonspheric delay 7
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Aurailanuuuitaes Klobuchar lnalddeyauasArduussansuos Klobuchar vo1iud 4
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function varargout = gui(varargin)

% GUI MATLAB code for gui.fig

%  GUI, by itself, creates a new GUI or raises the existing

% singleton*.

%

% H = GUI returns the handle to a new GUI or the handle to

% the existing singleton®*.

%

% GUI('CALLBACK',hObject,eventData,handles,...) calls the local

% function named CALLBACK in GUL.M with the given input arguments.
%

%  GUICProperty',Value',..) creates a new GUI or raises the

% existing singleton*. Starting from the left, property value pairs are
% applied to the GUI before gui_OpeningFen gets called. An

% unrecognized property name or invalid value makes property application
% stop. Allinputs are passed to gui_OpeningFcn via varargin.

%

% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
% instance to run (singleton)".

%

% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help gui
% Last Modified by GUIDE v2.5 27-Dec-2015 21:30:29

% Begin initialization code - DO NOT EDIT

gui_Singleton = 1;

qui_State = struct('sui_Name, mfilename, ...
'gui_Singleton', gui_Singleton, ...
‘sui_OpeningFcn', @gui_OpeningFen, ...
'gui_OutputFcn', @gui_OutputFen, ...
'gui_LayoutFen', [, ...
'gui_Callback', [);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});
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end

if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

% — Executes just before gui is made visible.

function gui_OpeningFcn(hObject, eventdata, handles, varargin)

% This function has no output args, see QutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB
% handles structure with handles and user data (see GUIDATA)

% varargin command line arguments to gui (see VARARGIN)

% Choose default command line output for gui

handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

% UIWAIT makes gui wait for user response (see UIRESUME)

% uiwait(handles figurel);

% — Outputs from this function are returned to the command line.
function varargout = gui_OutputFcn(hObject, eventdata, handles)

% varargout cell array for returning output args (see VARARGOUT),

% hObject handle to figure

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
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varargout{1} = handles.output;

% -— Executes on selection change in day.

function day_Callback(hObject, eventdata, handles)

% hObject handle to day (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,'String")) returns day contents as cell array
% contents{get(hObject, Value')} retums selected item from day

input_day = get(hObject,'String); %%%day
%msgbox(input_day{get(hObject, Value")});

% — Executes during object creation, after setting all properties.
function day_CreateFcn(hObject, eventdata, handles)

% hObject handle to day (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject,BackgroundColor), get(0,'defaultUicontro\BackgroundColor)
set(hObject, BackgroundColor', white’);

end

% — Executes on selection change in month.

function month_Callback(hObject, eventdata, handles)

% hObject handle to month (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject, String")) returns month contents as cell array

% contents{get(hObject,'Value)} returns selected item from month
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input_month = get(hObject,'String); %%%month
9%6msghox(input_month{get(hObject,Value")})

% -— Executes during object creation, after setting all properties.
function month_CreateFcn(hObject, eventdata, handles)

% hObject handle to month (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackgroundColor’), get(0,'defaultUicontrolBackeroundColor")
set(hObject, BackeroundColor', white');

end

% — Executes on selection change in mask.

function mask_Callback(hObject, eventdata, handles)

% hObject handle to month (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: contents = cellstr(get(hObject,'String)) returns month contents as cell array
% contents{get(hObject, Value")} retums selected item from month
input_mask = get(hObject,'String"); %%%elevation mask
msgbox(input_mask{get(hObject, Value")})

% — Executes during object creation, after setting all properties.
function mask_CreateFcn(hObject, eventdata, handles)

% hObject handle to month (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white background on Windows.

% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, BackgroundColor), get(0,'defaultUicontrolBackgroundColor')

set(hObject, BackgroundColor', white);
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end

9% -—— Executes on button press in pushbuttonl.

function pushbutton1_Callback(hObject, eventdata, handles)

% hObject handle to pushbuttonl (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

d = get(handles.day,Value'); %%%get day value

dfile = num2str(d);

m = get(handles.month,Value’); %%%get month value
mfile = num2str(m);

y = 2012,

yfile = num2str(y);

ma = get(handles.mask,'Value')*5; %%%get elevation mask value

%%% convert day to date of year (DOY) %%%
date_vector = [yfile ' ' mfile ' ' dfile];
v = datevec(date_vector);
V0 = v;
v0(;,2:3) = 1;
doy = datenum(v)-datenum(v0)+1;
if doy<10
doy = ['00' num2str(doy)l;
elseif doy<100
doy = ['0' num2str(doy)];
else
doy = num2str(doy);
end
%%% convert day to date of year (DOY) %%%

%%% check and read RINEX file %%%
Obs = [KMIT' doy '0.120_';
if exist(Obs,'file")



progess = waitbar(0, Please wait...");

else
warningMessage = sprintf('Waning : file does not exist %s/%s/%s\n Please changelll’,

dfile,mfile,yfile);
uiwait(msgbox(warningMessage));
return;

end
Nav = [KMIT' doy '0.12n';

% Read RINEX Observation Files

[epoch_obs time_obs types_obs units_obs sats_obs rcv_obs data_obs index_obs revpos_obs

antdel_obs anttype_obs comment_obs] = readrinexobs(Obs);

% Read RINEX Navigation File

[sats_nav rcv_nav eph_nav index_nav ionprm_nav dutc_nav comment_nav] = readrinexnav(Nav);

%%% check and read RINEX file %%%

%%% compute receiver position %%%

% Constant

fl = 1575.42*10/6; % fl=1575.42 MHz (L1)

f2 = 1227.60*10A6; % 2 =1227.60 MHz (L2)

c = 299792458, % light speed = 299792458 m/s
lambdal = ¢/f1; % wave length of f1

lambda2 = c/f2; % wave length of f2

We = 7.2921151467e-5;

% Initial position
X0 =0; Yo =0; Zo = 0;

Time = 0:30:86395;
ele_mask = ma; % Elevation mask angle

%rcv_xyz=rcvpos_obs';
rcv_xyz=[-1158319.0082 6087918.9276 1503747.4442]; %KMITL Station
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rev_lla = ecef2llalrev_xyz);

%%% load Klobuchar coefficients %%%

load(‘ coefficient_2012.mat’) %%% load Klobuchar coefficients %%%
dcoeff = str2num(doy);

for i=1:4

alpha(i) = coefficient_2012(dcoeff,);

betali) = coefficient_2012(dcoeff,i+4);

end

%%% load Klobuchar coefficients %%%
for ii=1:length(Time)
Sats = index_obs(time_obs==Time(i));

ele_sat = NaN(length(Sats),1);
azi_sat = NaN(length(Sats),1);

for k=1:length(Sats)
[sat_xyz sat_clock] = satpos xyz(Timeli),Sats(k),eph_nav,index nav); %%% satellites positions
and satellite clock errors
[ele_sat(k,1) azi_sat(k,1)] = get_eleazilrcv_xyz,sat_xyz); %%%elevation of satellites
iono_delay(k,1) = klobuchar(Time(ii),azi_sat(k,1),ele_sat(k),rcv. xyz,alpha,beta); %%%ionospheric
delay of satellites

end

Sats = Sats(ele_sat>ele_mask);

iono_delay = iono_delay ele_sat>ele_mask);

C1 = data_obs(find(time_obs==Time(ii)),find(ismember(types_obs,'C1")); %%% get pseudorange

Cl1 =Clfele_sat>ele_mask);

Xs = zeros(length(Sats),1);
Ys = zeros(length(Sats),1);
Zs = zeros(length(Sats),1);
d

=

= zeros(length(Sats),1);



for k=1:length(Sats)
[sat_xyz sat_clock] = satpos_xyz(Time(ii),Sats(k),eph_nav,index_nav);
Xs(k) = sat_xyz(1);
Ys(k) = sat_xyz(2),
Zs(k) = sat_xyz(3);
dr(k)
end

I

sat_clock;

rho = sgrt((Xs-Xo0).A2 + (Ys-Y0).A2 + (Zs-Z0).A2); %%% rho value
sagnac = (We*(Xs.*Yo - Ys.*Xo))/c;  %%% Sagnac effect (m)

b =C1+ c*dT -rho - sagnac;

Ax = ~(Xs-Xo)./tho;

Ay =-(Ys-Yo)./rho;

Az =-(Zs-Z0)./rho;

A =[Ax Ay Az c*ones(length(Sats),1)];

h =A"A

H =invh);

X = H*(A*b);
Xo =Xo + x(1);
Yo = Yo + x(2);
Zo =Zo+ x(3);
dt(i) = x(@);

Pos_xy=z(ii;)-= [Xo Yo Zo];
ewl(ii,) = rcv_xyz(1)- Xo;, %%% X axis errors %%%
ns(ii,:) = rev_xyz(2)- Yo,  %%% Y axis errors %%%

ud(i,2) = rov_xyz(3)- Zo; %%% Z axis errors %%%

Error_poslii,:) = sqrt((rcv_xyz(1)-X0).A2+(rcv_xyz(2)-Y0).A2+(rcv_xyz(3)}-Z0).A2);



Pos_llalii;) = ecef2la(Pos_xyz(ii,)); %%%convert ECEF to LLA

Re=6371000; %%% radius of the earth (m)

%%% Haversine Formula for computing horizontal errors %%%

dlon = rev_la(2)-Pos_l1a(ii,2);

dlat = rev_Wla(1)-Pos_a(i,1);

a = (sind(dlat/2))A2 + (cosd(rcv_a(1)) * cosd(Pos_lla(1)) * (sind(dlon/2))A2);
cc = 2 * atan2(sqrt(a),sqrt(1-a));

horizon_error (i) = Re * cg;

%%% Haversine Formula for computing horizontal errors %9%%

R = [-sind(Pos_lla(1)) cosd(Pos_Ita(1)) 0 1;
-sind(Pos_la(2))*cosd(Pos_la(1)) -sind(Pos_la(2))*sind(Pos_la(1)) cosd(Pos_la(2)) 1;
cosd(Pos_Wa(2))*cosd(Pos_lla(1)) cosd(Pos_a(2))*sind(Pos_Lla(1)) sind(Pos_Wa(2)) 1;
1111 %%% R Matrix %%%

%%% Compute DOP %%%
dop= R*H*R};
vdop(i)) = sgrt(dop(3,3));
hdopl(ii) = sgrt(dop(1,1)+dop(2,2));
pdop(ii) = sgrt(dop(1,1)+dop(2,2)+dop(3,3));
gdoplil) = sqrt(dop(1,1)+dop(2,2)+dop(3,3)+(dop(4,4);
tdoplii) = sqrt(dop(4,4));
%%% Compute DOP %%%

NSAT(i)) = length(Sats);
waitbar(ii/length(Time),progess,sprintf(Please wait...%2.0f%9%ii/(length(Time)/100)));

end

horizon_error (1)=nan
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horizon_error (2)=nan

horizon_error (3)=nan

h=handles.axes2;

axes(h);

% plot(Time/3600,vdop,'b")
% xtim([0 24])

% hold on

%

% plot(Time/3600,hdop,'r")
% hold on

%

% plot(Time/3600,pdop,m’)
% hold on

plot(Time/3600,gdop,'y")

hold on

plot(Time/3600,NSAT,'s")

xlabel('Time (UTC))

ylabel('N of Satellite/DOP")
legend(GDOP'/NSAT)
%legend('VDOP',HDOP',PDOP", GDOP', NSAT")
hold off

error_m(;,1)=Pos_lla(;,1)}-rcv_lla(1);

error_m(;,2)=Pos_\a(;,2)-rcv_Ua(2);

height=rcv_lla(3)+Re;

error_m(;,1)=tand(error_m(;,1)).*height;

error_m(;,2)=tand(error_m(;,2)).*height;

h=handles.axes1;

axesth);
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plot(error_m(:,2),error_m(:,1),*")
xlabel(Longitude error (m))
ylabel('Latitude error (m))

hold on

plot(0,0,7*")
grid on
hold off

h=handles.axes3;

axes(h);
plot(Time/3600,horizon_error,'b’)
xlabel(Time (UTC))
ylabel('Horizontal error (m))

close(progess)

handles.edop = gdop;

handles.error = error_m;
handles.NSAT = NSAT;
handles.horizon_error = horizon_error;

%%% compute receiver position %%%

guidata(hObject,handles);

function data_hour_Callback(hObject, eventdata, handles)
% hObject handle to data_hour (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String) returns contents of data_hour as text

% str2double(get(hObject, String")) returns contents of data_hour as a double
svalue = getthObject,'String);  %%% get hour %%%

nvalue = str2num(svalue)

if nvalue > 23

nvalue = 23;



set(hObject, String','23");
elseif nvalue < 0

nvalue =0

set(hObject,'String','0");
elseif nvalue == [J

nvalue =0

set(hObject,'String','0");

end

mvalue = get(handles.data_minute,'String);
mvalue = str2num(mvalue);
nvalue = ((nvalue*3600)+(mvalue*60))/30;

%set(handles.slider1, Value',nvalue);

if isfield(handles,'sdop")
hm = handles.gdop;
hm = hm(nvalue);

hm = num2str(hm);

set(handles.Gdop,'String,hm);

ERROR = handles.error;

nsat = handles.NSAT;

h_errorl = handles.horizon_error;
x = ERROR(nvalue,1);

y = ERROR(nvalue,2);

X = num2str(x);

y = num2str(y);

n = nsat(hvalue);

n = num2str(n);

h_e = h_errorl(nvalue);

h_e = num2str(h_e);
set(handles.error_x,'String'x);
set(handles.error_y,'String',y);
set(handles.no_sat,'String',n);
set(handles.h_error,'String’,h_e);

end
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% -— Executes during object creation, after setting all properties.
function data_hour_CreateFcn(hObject, eventdata, handles)

% hObject handle to data_minute (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.

% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, BackgroundColor), get(0, defaultUicontrolBackgroundColor')
set(hObject, BackgroundColor', white');

end

function data_minute_Callback(hObject, eventdata, handles)
% hObject handle to data_minute (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB

% handles structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of data_minute as text
% str2double(get(hObject,'String") returns contents of data_minute as a double
svalue = gethObject,'String); ~ %%% get minutes %9%°%
nvalue = str2num(svalue)
if nvalue > 59
nvalue = 59;
set(hObject,'String','59");
elseif nvalue < 0
nvalue =0
set(hObject,'String','0");
elseif nvalue ==
nvalue =0
set(hObject,'String','0");
end
mvalue = get(handles.data_hour,'String);
mvalue = strznum(mvalue);

nvalue = ((mvalue*3600)+(nvalue*60))/30;



%set(handles.slider1, Value',nvalue);

if isfield(handles,'¢dop")
hm = handles.edop;
hm = hm(nvalue);

hm = num2str(hm);

set(handles.Gdop,'String,hm);

ERROR = handles.error;

nsat = handles.NSAT;

h_errorl = handles.horizon_error,
x = ERROR(nvalue,2);

y = ERROR(nvalue,1);

x = num2str(x);

y = num2str(y);

n = nsat(nvalue);

n = num2str(n);

h_e = h_errori(nvalue);

h_e = num2str(h_e);
set(handles.error_x,'String',x);
set(handles.error_y,'String’y);
set(handles.no_sat,'String',n);
set(handles.h_error,'String',h_e);

end

9% —— Executes during object creation, after setting all properties.
function data_minute_Creatchn(hObject, eventdata, handles)

% hObject handle to data_minute (see GCBO)

% eventdata reserved - to be defined in a future version of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
% See ISPC and COMPUTER.
if ispc & isequal(get(hObject, BackeroundColor), get(0, defaultUicontrolBackgroundColor’))
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set(hObject, BackgroundColor',white');

end
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