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ABSTRACT

This thesis presents the location error reduction in GPS system due to atmospheric
irregularity by using GSV4000 receiver installed at KMITL. The study employs S, index and
cr’(6ﬂsec) being the servirity of amplitude and phase scintillation indicators, respectively, to
analyze the relatioship between these phenomena and the ionospheric total electeon content. From
the observations, we found that amplitude and phase scintillation trend to occur at the same periods
of time about 19:00 — 01:00 (local time). These phenomena occur due to the appearance of the
ionospheric electron irregularity which forming from the electron variation. Since the satellite signal
propagate through these irregular patches, the received signal would scintillated. When consider the
monthly variation, these phenomena are strongly occurring on March and September because of the
sun extremely radiation on the northern side of earth in these periods of year. Futhermore, this
thesis applies the regression analysis to reduce the error on the positioning of the GPS receiver by
using the ionospheric parameters. From the results can demonstrate that the regression analysis

procedure is able to reduce the error on the GPS about 5 meters.
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manmisvesanizemwin aouidudlalemalimaenrunasmidvaua1eg 4305V

ll =)

w a - ° 0 ¥ y = ¥
ﬁigiy‘lﬁl'ﬂﬁ\‘l 'il'lﬂﬂ'I']l‘lﬂﬂlllli‘lzu'lll11‘51ﬂiﬂtl‘lli)3;llﬁﬂﬂﬂﬁ\‘m\11l'lmﬂﬂ'l'lmm.l i)‘::'l.l‘i:ﬂﬂ'l)ﬂ’)!l

¥

ar = o (9 o’: - o
deyaarnidneds, foyaninvafiuaslavsaraiion, ﬂnqﬂﬁnwwwuussmmﬂ"laTaTuﬁwlm
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2.1.1 awmlseneuvesszuy GPS
s2u1 GPS Us5noudin 3 daufie @218 (Space Segment), dIUAMTIAIUGY

(Control Segment), 112 a21¥83F 1937 (User Segment) Aauaaalugiii 2.1
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2.1.1.1 @IU8INA

[ 9 - o

d2u0IMAYBIsEUY  GPS UsznoudlsssuuaanionuIianti (Navstar:
¥ [

. . . . . o ¥

NAVigation System using Time and Ranging) 24 A3 ﬂ‘if)‘ljﬂqnﬁu‘ﬁ'n’ﬂﬁﬂ Taul¥arunoy
. ¥
21 a3 lumsveniifa uaz 3 arsfimdssziiumaufiondises MURLNIMUAILYNINAT
Tu 6 szuaalnes Taoudazszuiveziiaaiion 4 a9 uazinpdes 55 Auszunuidy
o - a o A ¥ .

gugas Tan Inasiinnugalszana 20,200 Alawasmilenu Tandiu211a93u0Y Medium

Earth orbit AauaAalugi 2.2

31 2.2 23Tnvsvesmaiion GPS [7]
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2.1.1.2 @MaoIHAIUAN
dauaaiinIuAuYesszuy  GPS Uszneudivaniindugundn (Master
L4
Control Station) 1 011 HAXA0FUNANIB (Monitor Station) fuaaITinIARUAY (Ground

Antenna) AnszawRLAMILTHMUANA M Tandn 4 dofl dwaasluguii 23

Falcon AFB~
Colorado Spt}'__;l}gb

i
Master Control

H atm Monitor Station™

Moenitor Station -
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519 2.3 a0 unAweIAMlAIUANYBITTUY GPS (8]
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Joyagumqil, ANUAUUITOINA azAALFIMT 7 189 1nnsugATunIng1veansy
Lﬁ‘ﬂﬁ1m‘5ﬁﬂﬁﬁmﬂﬂ’mﬂuﬂﬁﬂﬁ¢{m§ﬁ3WHﬁWEl‘lmﬂ Falcon, Colorado Spring, Colorado
msdnnamaRanmanazmdeyaiideldlunmsud ludygranimvesmadion,

o ¥

¥ a a ¥ 3 - v @ v A e = A a A
VDUADANLIUR, ﬂﬂy’ﬁﬂﬂmﬂiﬁﬂlﬂgﬂﬂm %]ﬂuu‘]:ﬂqq}ﬂﬂ"ﬁlﬂa‘luvlﬂuq'ﬂﬂ’lun_]ﬂwuﬂulwa
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dafnd, doyanisiises uazdoyadun fiSun31 TT&C (Telemetry, Tracking and

¥ . v
Command) nauldsaauiouuaazaa A1uaaunud S-band Tavazririuas 2 a3 [9] lu
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2.1.1.3 gy
1 )’19 = i A o W @ o U <
daufld fie dauveunseaiudygy i GPS Taosudryg i ludmnud L-
band Mgndaninarafionluszuy Gps 0613100 3 A2 motideyai ldufimium
° ] aa o A ar 1 a wa 1
grunualunuy 358 (x,p,2), AN UATIINIVOUATDIIY ualunialfinaesly
4 A o = 4 o
aafion 4 909 iieudlunnunamnde I Id g mATITioy [8] Feluilegiums
" " ¥ . " ]
TH#amszuy GPS f‘hnmm%'ﬁ'ﬂﬂﬁﬁ'luwaﬁauﬁmﬂuwuunamqmn iieanmiluuimsi
"luﬂ'nmmumqﬂﬂu“luﬂﬂmmms uazluilegiuiniessy Gps nnwmuﬂnuwman
4zaInTUNITNAN m‘lﬂmwuuagnwmu11nﬁ1miﬂ"lm1usmﬂu PDA, 10309
ADUNUADT, YIUNINULAINY doldlunsdrsaeindt, muduih, lumsihieunieaii

4 9 = a
2o nazsoous uazms 1iuuRnmdass

2.1.2 é’numz&'qmum?;a'amnﬂmﬁuu GPS

arunouluszuy GPS ﬂvﬁmﬁmamﬂmmmﬁxﬁuu (Rubidium) 2 1A309 HAZHYY
FFoW (Cesium) 2 1304 Al¥awAawaadoTu lihu 10 i mvﬁumwmmmm
ifiwensaga Wliszun GPS mminuanmlmuwmLﬂsmsu"lﬂaummum Tavsuusn
mamumﬂﬂmmmmn"lﬂmnmwmamﬂummmﬂummnwujm 10.23 wAnz1dsad
UAINWAIY 154 Az 120 iudyanunnuinme 2 Anwud Ao L, vy 1575.42 wnne
{3 uay L, BN 1227.6 IANZIBIAT { PmiussihinsueganaunmzAwItalsa
a1lAnsy  (Spread Spectrum) nmﬂﬂﬂauﬂamﬂ's:nau'lﬂmummuﬁtym‘nmmﬁ PRN
(Pseudorandom Noise) Fiuendnuaivosaifivuusazaanazdeyatnmsmsihiesdu
18un Yoyaitinvafualnesaruiioy anmmdunssomelele Tumdlos anmmsldan
Yo TioN ATy Fyanmnavesaaiion udu Taofidayausvia PRN 52

siuyufe

] ]
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s¥el C/A (Coarse/Acquisition Code) 1A 1.023 wnnudsad lavdygusia
CIA nzgnnagmnﬁumm?ﬁwmz L éalﬂuﬁmjmmﬁawm“lﬁqﬂﬂav'i";'hﬂ%'am iy
dyudmsuuIMIUeNANINUUIIATIIU (Standard Positioning Service: SPS) 1124
il aensmansansgeminezaiunuInszAUYed SA (Selective Availability)
(nAtin SA Humaiinfiiinsaasinawgndesvesdeyalasldiinnuianaia
pseudorandom Error) iieliisinamgndesegluszos 100 mas uazaaamaouniana’hi

AU 337 ns [2]
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U auUUA eafie 3 P (Precision Code) HRIMAMIAY 10.23 wnnziFsnd
Ay s P i’ruzgnuaqmnﬁ'ummﬁwmwfa L uay L, dapildmsszydumiall
AVUNUEININNTT §alﬂuﬁ'iyty1wﬁm%’uu?msuanﬁnmﬁmuuﬁuustﬁ (Precise
Positioning Service: PPS) IWmauamamnasuieonInlszunal 16 WA HAZANUAANAIA
nara1 liifiu 100 ns 'lwat:‘fimmgnﬁm'lummanﬂ'nut?waam‘iim%'mmmﬂaau'lﬁ
i 0.2 wasAum quf:ifuaﬂﬁummmmswmm?aa%’u FelWuSmsuvy pps 9zii13
ﬁm%’mj‘h’inu'ﬁ'lé"'s'un‘lmqﬁﬁmnnizﬂnqnnﬂnwmmﬁjam?mwiufu MISUDALYT
(Access) Yoynsz1#maiinnTulansAln (Cryptographic) 2 8619 Ao MATIA SA WMINS
aAfIANYNADIVEITOYD ATINALA AS (Anti-Spoofing) wihdyausia Pundhsva
(Encrypt) Wiludgygalusvia v dmiug1¥i185uoya Azl Encryption Key naziins
idieya P(Y) uu L, wag L, yrmaTinmmzaug efiez 14deyaiiiisenseenin 2]

TasanyMUTMINDYPAATYYIUVDITIUY GPS uerRIRegUn 2.4

. L2 Signal
s [ i,
" P(Y) code @ dataor
P(Y) code or CIA code
o 38 1
Modu.hlor -+ LlStlul
MM. 157542 MHz
L1 BPSK
"| W Modulator |
T faclock
"{ Limiter } w1 P{Y)Cods \ F(Y) code @ data
__| Generator '\1/
= . Ao o switch
- 10 10 clock CIA Code /T CIA code® data
= Gengrator f\.‘
Handover
G e 1000 Hz
o B
£, = 1022999999543 MHz S0 Hz 50%ps data
+SA dither
Other | D
[ T
e Generator

Ui 2.4 SnpazmauegEadyyIuvesszuL GPS [10]

o .
s¥a P uag 3va C/A 1 WRgnoonuuuyuie bhildiimssuniuiu Tao P-code 92

o . ar § o W 4 { a | d
gnuegiaRfuAaUNIMENT DU MU C/A code fignuegraiudyguvenaunImsignina
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1 " v »
el oo Taodyguvesndunimeiignuegianluaaeaiiezsauiudauis Phase

] ¥
Quadrature tazdoyaiignaIvINAIRINTLIZgNIBRIANAIUY P-code NTB C/A code

213 3TUVVBNTIAULNUTANYeIA TN GPS (The Global Positioning System)

38UU GPS 1Js::naué"mszuummﬁuumﬂﬂm{ (Navstar: NAVigation System using

Time and Ranging) Yanua 24 A9 Tﬂtﬂumsﬁm'zmﬁmwﬁwmm?aﬁuﬂgu Tuduusn
m’nﬁumwiazma%quﬁmmmﬁﬂs:naua"w%’agaﬁﬁui'lu'Iumsf'nmmﬁnmﬁmuﬁu
Tamiufie Joyadumisvesnuiisnudazas waznafisudadya unnaIfisuidaz

arvaandanu Tan dwaaaluglin 2.5

P a
AUNBUAIIN 2
Xy, Y2:22:0
- -
ATANHUAIIN 1

; ."b o L.F!, MANBUAIIMN 4
X4 w s > [
EP4EEIEL -w ﬂ‘ x4,y4,z4,[4
j e
’ ‘1
“ i 1.'
' 1
LY [ !
P! P/ ¢

= 4
MANBUAIIMN 3
X3, V352351

o 1T & Z
Auvuannauunulan

Ui 2.5 Gumisnuiiounoziniodiu GPS

wanmsi 1 lumssnnudumisveunisdy Gps Ae Mmasudyamnneuioy
GPS ptharien 4 a2 Mo lFdMTVUATUMIMIRMNUL x,y.z VBUATDISUAILITD Least-
Squares Solution [11] TasrumsilFlumsinnauaasiddsaumsi 2.1, 22), 2.3) uaz

(2.4)

(x, —-x)2 +(y —y)2 +(z - z)2 + error = p|2 (2.1)



2 2 2 2
(x, = x)" + (¥, =y) +(z,—2) +error = p,

2 2 2 2
(% =x)" + (3 —y) +(2,,—2)" +error = p;

(5, = %)% +(y, —y)* +(2, = 2) +error=p}

P -
Taun ) fo
=
X, Y.z o
-
P o
error o

AN UIVDIANINUUUADZAI
AUNUIVDAATDITU GPS

sTUTMANONINATANBUDAATDISY GPS

12

(2.2)

(2.3)

(2.4)

L] A H - J L) 4
ANNUAAIANADUNAATY 1L AUAMAIAADUIIN Clock bias

¥ =4 < = & o 4 o
fl p Lﬂuizuzmamun (Pseudo-Range) 1NA1UNVUDAUATDITY GPS mmmm'ﬁ'inn

quMsn (2.5)

p = c(Ar)

=)

Taun ¢ o

d - o a
AT LTI UAUNINY 2.9979x10° mm/’Jmﬁ

A Ao pafidyanuAuNannAionNiunI sy

(2.5)

" b
TuMsAILIUNIA LN 1D AT BITY GPS i Bancroft [12] 1AeSuromsufaums

' td
WA 4 A INTUNST 4 AT A% Least-Squared Solution fatl

v

° Ao 9 - a ) s -
NW'EJI.I‘ﬂW:i‘LI"lﬂilmﬂnmmlﬂ’lim 1 u’lﬁi’Niﬂul'}ﬂlﬂﬂsuﬂjlﬂU’)

“u

x|

Loy
Il

=
Il

v P

Fowan 1d5unMaiouaaN i)

@umian linsmueunieasy)

52UZM4 Pseudo-Range 9INANUALY i AAZANDANTOITY

J& —xP + -y +(z,-2) +b=p,

NI ﬂ’ﬂ'lﬂtﬂﬁﬂu b Tueruns

o

(Foyai 1dsunnaaiouaei i)

(2.6)

2.7)

(2.8)
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(x, = x)* +(y, = y) +(z,-2)" = (p, - b)’ (2.9)
X-2xx+ x4yl -2y y+yi 4zl -2z242" = pl—2pb+b? (2.10)
-yt +zi—-p)-2xx+yy+zz- pb)+(x*+y* +27 -b*)=0 (2.11)

9IN1AAB3 Loren Inner Product
(i1,7) = v, +uyv, + U303 — UV, (2.12)
o Y 4
waanawesvesauns 1oy lugUvennes Loren Inner Product

(5,,5)-2(s,a)+(u,u)=0 (2.13)

L5,5)~(5.8) + 2 {@.a) =0 @14)

o8

o v .:: 3 =) " o Y (4
Wi ldnnaniisuudazaranialvegluglvesnnnes

BN | (E“E') 1]
X, N &L P | (3:2'52) 1 |
B=|x, ¥y z p| a=3 5.5) |, &=, A=5(ﬁ,ﬁ (2.15)
Xy Vs 24 Pa (54,§4> 1
HE S i : ! 5]

ie B Ao waSnd nx4 annsovzadauaingn AUMINTOUT AUNNANMIN (2.16)

Taomstihauns 2.15) unulu 2.14) 92180

G- Bii+ Aé =0 (2.16)
Bii = (a@ + A&) (2.17)

wiswedausi limswann
i’ =B (a+Ae) ile B =(B"B)'B' (2.18)

Sagdaums mildidu
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A= %(B‘ (@+A€),B"(a@+ Ae)) = %(B*&,B’&) " A(B*&,B’a) + -'2-/\2 (B'e,B'e) (219

A*(B'e,B'e)+A2((B'a,B'¢)-1)+(B'a,B'a)=0 (2.20)

4

daumseglugilaumsidades (Quadratic Equation) voadauils A Audulszdnd

voaaunisiu (B'e,Be), (( "&,B"é)—l) uax (B'a,B'a) Faudusineit duiuis

ansaudauNSINENIMIYeIIAAGY 4 i, UATMAUNIIVBUNTBITY (x,y,2) DO

14

2.1.4 TUNAVBIANUAANDIATUMTVBNAWNUIVEIIZVY GPS

MINTN 2.1 AUNRUBINNUAANAIA TUMTVBNAMNUIVBI5Z U GPS [2]

" N szEEman
ANHUZVINNNHANDIA AUNG 4
AanINaeU

AMUAANAIANINA N U inasnmsim llvearalnvsaaiion Taviln@d | >2.1 was

VOIM ALY vegnud lv Tavamitinduguuan

(Ephemeris Data Error)
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YEARLY MEAN AMERICAN SUNSPOT NUMBERS

Sunspot Sunspot Sunspot
Year Year Year
Number Number Number
1945 323 1965 12.1 1985 16.2
1946 99.9 1966 38.7 1986 11
1947 170.9 1967 86.3 1987 29
1948 166.6 1968 97.5 1988 100.9
1949 174.1 1969 104.6 1989 162.2
1950 103.7 1970 107.4 1990 145.1
1951 64.4 1971 66.5 1991 144.3
1952 30.5 1972 67.3 1992 93.5
1953 1215 1973 36.7 1993 54.5
1954 3.4 1974 323 1994 31
1955 34.6 1975 14.4 1995 18.2
1956 125.9 1976 11.6 1996 8.4
1957 168.3 1977 26 1997 20.3
1958 172.1 1978 86.9 1998 61.6
1959 145 1979 145.8 1999 96.1
1960 102.1 1980 149.1 2000 1233
1961 44.7 1981 146.5 2001 1233
1962 29.8 1982 114.8 2002 109.4
1963 222 1983 64.7 2003 65.9
1964 7.4 1984 435 2004 433

#30: ftp:/ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SUNSPOT_NUMBERS/

AMERICAN_NUMBERS/YEARLY
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MANUIN V.

51002108AIN 835U GPS M GSV4000

The GSV4000 (GPS Sillicon Valley) consists of three major components: a GPS
Antenna (NovAtel’s Model 502 GPSAntenna), a GPS receiver (NovAtel’s 3951R GPSCard)
and aGSV-3003A 10 MHz OCXO Reference Board with various interconnecting cables. The
latter two components are designed to plug into a standard IBM-compatible desktop personal
computer (PC). The GPS receiver, which is a GPSCard with modified software, can track up to
11 GPS C/A signals at the L1 frequency (1575.42 MHz) and measure phase and amplitude (at
50-Hz rate) and code/carrier divergence (at 1-Hz rate) for each satellite being tracked. (The 12
channel is used as a noise reference.)

The primary purpose of the GSV4000 ISM system is to collect ionospheric scintillation
data for all visible GPS satellites (up to eleven satellites) and store binary data logs, called
ISMR, on the PC hard disk for post processing. These data may also be output to a serial port on
the GPSCard (COM1) in either binary or ASCII format. The GSV4000K.EXE program is used
to control the GSV4000 operations. You can program GSV4000K’s Data Logging operation to
collect the ISMR data logs that are generated every minute. Another off-line PC-based program,
ISMVIEW.EXE, may be used to review the ISMR data.

The programs (GSV4000K.EXE and ISMVIEW.EXE) run on IBM PC or compatibles
with 640 k bytes of conventional memory. It works with a monochrome, EGA, VGA, or SVGA
monitor. A math coprocessor is not required.

The GPSCard PC Series modules are composed of two major sections: an RF section
and a Digital section. In order for the GPSCard PC module to function as a complete GPS
positioning system, it must be installed into an IBM-compatible desktop or laptop computer and
connected to an external. A brief description of each section follows.

1) GPSAntenna

The purpose of the antenna element is to intercept the radio waves emitted by the GPS
satellites. The signal is then coupled to the low noise amplifier (LNA) where it is amplified to
overcome the losses incurred by the interconnecting coaxial cable between the antenna and
GPSCard. NovAtel offers a variety of GPSAntenna models. All use low profile microstrip

technology with built-in LNA and bandpass filtering. The antenna you choose will depend on
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your particular application, ranging from precise geodetic surveying to avionics, marine, and
mobile.
2) GPSCard RF/IF section
The GPSCard receives the filtered and amplified RF signal from the GPSAntenna via the
external interconnection coaxial cable. The RF section of the GPSCard serves the following
primary functions:
- Filters the RF signal to reduce noise and interference
- Down-converts the RF signal to an IF (intermediate frequency) range that is
suitable for the A/D converter
- Amplifies the GPS signal to a level suitable to drive the A/D converter in the
digital section
- Accepts automatic gain control (AGC) input from the Digital Signal Processor
(DSP) to maintain the IF signal at a constant level
- Supplies DC voltage to the antenna RF input connector which is used by the
GPSAntenna as power input for the LNA.
3) Digital section
The GPSCard digital section consists of three major subsections: Signal Processor, CPU,
and System 1/O.The Signal Processor contains two NovAtel custom ASIC correlator chips, an
analog to digital converter (A/D), and performs the following primary functions:
- Converts the IF signal to a digital format (A/D conversion)
- Independent satellite channel tracking (up to 12 channels)

- C/A code and carrier phase tracking

L] Eanmacs

CGM1 DB-37
Connector

UGE ANTLETATIC
> - H ; B
NovAtel Communications Ltd :I |

Fig.1 GPSCard PC Series-System Functional Block Diagram
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The CPU is the heart of the GPSCard. All of the system control, processing, and

positioning intelligence is performed in the CPU. It consists of both hardware and software

components. The CPU is summarized below:

A 32-bit microprocessor

Custom Real Time Operating System (RTOS)
Database management

/O control

Position filtering

Channel/loop control

Navigation software

The /O section allows two-way communications and timing strobes between outside

devices and the GPSCard. Pinout descriptions for /O connections are provided in the Hardware

Installation section of this manual. A summary of I/O functions is listed below:

Provides two serial communication ports for interfacing with outside data
communications equipment (DCE)-EIA RS232

Selectable baud rates up to 115.2 Kbaud (defaults to 9600 baud)

Provides input and output timing strobe lines

Allows user command input (COM1, COM2, or host computer console)

Provides a means of output logging of various data types and differential

corrections
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ISMR Data Log

Both the SIN and the DIV data logs contain only raw measurements (phase, amplitude,
code/carrier divergence and C/N,). They are available for diagnostic or analytical purposes. You
will have to supply your own data analysis and reduction program. However, the receiver
automatically reduces these raw measurements every minute on the minute and stores the results
in the ISMR data log (see Table A). You will get continuous data when you specify ONTIME
trigger with 60.0-second period and 0-second offset. Each log contains data blocks for the all

satellites being tracked (in number of SV observations).

Table A: ISMRB Data Log-Message ID=124. Message byte count = 32+(n*84)

(n = number of SV’s being tracked)

1 Sync char N/A 0
Checksum char N/A 3
Message ID integer N/A 4
Message byte count integer bytes 8
2 Week Number integer Weeks 12
3 Time of Week (TOW) double Seconds 16
4 Number of SV observations integer N/A 24
5 Receiver status integer N/A 28
For First SV observation
6 PRN integer N/A 32
) SV Azimuth angle float Degrees 36
8 SV Elevation angle float Degrees 40
9 C/N, float dB-Hz 44
10 Total S, float dimension-less 48
11 Correction to total S, float dimension-less 52
12 1-second phase sigma float radians 56
3-second phase sigma float radians
10-second phase sigma radians




72

15 30-second phase sigma float radians 68
16 60-second phase sigma float radians 72
17 Average of  Code/Carrier float cycles 76
divergence
18 Sigma of Code/Carrier float cycles 80
divergence
19 Phase Spectral strength T float dB 84
20 Phase Spectral slope p float dimension-less 88
21 Amplitude Spectrum KO0 float dB 84
22 Amplitude Spectrum K1 float dimension-less 84
23 Amplitude Spectrum K2 float dimension-less 84
24 Amplitude Spectrum K3 float dimension-less 84
25 Lock time integer seconds 92
26 Channel status integer N/A 96
2 For Next SV Observation
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A: Ellipsoid and projection constants

Shape and size of biaxial ellipsoids used in the UK

Semi-major Semi-minor Associated datum
Name
Axis a (m) Axis b (m) And projections
Airy 1830 6,377,563.396 6,356,256.910 0OSGB36,National Grid
Airy 1830 modified 6,377,340.189 6,356,034.447 Ireland 65, Irish National Grid

International 1924

Aka Hayford 1909

GRS80 aka WGS84

Ellipsoid

6,378,388.000

6,378,137.000

6,356,911.946

6,356,752.3141

ED50, UTM

WGSS84, ITRS, ETRS89.

The ellipsoid squared eccentricity constant e’ is computed from a and b by equation (B1)

Transverse Mercator projections used in the UK

Scale factor on

Map coordinates of

True origin
Projection Central meridian true origin (m), Ellipsoid
@, and A,
Fy e, and N,
National Grid  0.9996012717 Lat49° N E 400,000 Airy 1830
Long2° W N -100,000
Irish National ~ 1.000035 Lat 53°30' N E 200,000 Airy 1830
Grid Long 8° W N 250,000 modified
UTM zone 29 0.9996 Lat 0° E 500,000 International
Long 9° W NO 1924
UTM zone 30 0.9996 Lat 0° E 500,000 International
Long3° W NO 1924
0.9996 Lat 0° E 500,000 International
UTM zone 31
Long 3°E NO 1924
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B: Converting between 3-D Cartesian and ellipsoidal latitude, longitude and

height coordinates

Converting latitude, longitude and ellipsoid height to 3-D Cartesian coordinates

Values are required for the following ellipsoid constants: the semi-major axis length a and

eccentricity squared e’ . The latter can be calculated from a and b or the flattening f* by

&= T2 = 2f-f BI

The Cartesian coordinates x y and z of a point are obtained from the latitude ¢, longitude A

and ellipsoid height H by

a
3 £ m B2
x = (v+ H)cosgcos i B3
y = (v+ H)cosgsin i B4
z = ((1-€)v+H)sing B5

Converting 3-D Cartesian coordinates to latitude, longitude and ellipsoid height
Again, we need the defining constants of the ellipsoid. Longitude A is easily computed from

Cartesian coordinates, remembering to be careful about the quadrant of the resulting angle;
A = arctan(y/x) B6
The latitude is obtained by an iterative procedure. The initial value of latitude is given by

¢ = arctan[ B7

—
p(l—e*)

where p = \}xz +y*

¢ is iteratively improved by repeatedly computing v from equation (B2) (using the latest

value of ¢ ) and then a new value for ¢ by

2 .
4 - armn(iiﬂ} B8
P

Until the change between two successive values of ¢ is smaller than the precision to which you
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want to calculate the latitude. Ellipsoid height / is then given by:

H=-L__y B9
cos¢

Here’s a worked example using the Airy 1830 ellipsoid. Intermediate values are shown here to

10 decimal places. Compute all values using double-precision arithmetic.

X 3,874,938.849 m ¢ 52°39'27.2531"" N
y 116,218.624 m A 1°43"45177"" E
z 5,047,168.208 m H 24.700 m

e’ 6.6705397616E-03

Initial ¢  9.1904799045E-01 rad
v 6.39105062630E+06
27 ¢ 9.1904797796E-01 rad
v 6.3910506260E+06
3¢ 9.1904797793E-01 rad
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