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##4470450721 : MAJOR SURVEY ENGINEERING

KEY WORD : GPS/PRECISE POINT POSITIONING / ABSOLUTE POSITIONING / IGS
PHAKPHONG HOMNIAM : DEVELOPMENT OF GPS CARRIER PHASE-BASED
PRECISE POINT POSITIONING SOFTWARE. THESIS ADVISOR : ASST.PROF.DR.

CHALERMCHON SATIRAPOD, 58 pp. ISBN 974-17-6007-8

In recent years, GPS surveying method has become widely integrated in surveying works
because of its advantages over traditional surveying methods. The GPS positioning can be classified into
two techniques, namely Single Point Positioning and Relative Positioning. The Single Point Positioning
(SPP) technique permits one GPS receiver to determine the absolute coordinates of a point with respect to a
coordinate system such as WGS84. The relative positioning technique requires the use of two GPS
receivers, one as a reference station and the other one as a user station, to determine the coordinates of the
user with respect to the reference station. Thus, the need of having to operate two GPS receivers
simultaneously during data acquisition makes the later technique less desirable for many applications.

The objective of this study is to develop GPS Precise Point Positioning (PPP) software, which
mainly uses carrier phase measurements from both frequencies (L1 and L2), with post mission satellite
clock and ephemeris information and error mitigation models in the estimation procedure. The data used in
the subsequent analysis were collected in static mode on the roof of the Vidhayanives building, at
Chulalongkorn University between the 25" and 30" October 2002, using a Leica SR530 GPS receiver. The
accurate absolute coordinates of the receiver’s station were obtained by submitting the data to the automated
GPS data analysis service, the so-called AUSPOS service. The 6-day data set was segmented into 5-min, 10-
min, 15-min, 30-min and 60-min sessions. Each-session data sets was then processed using the developed
PPP software, and the results were compared with the reference coordinates. At the 95% confidence level,
the horizontal-accuracy of the results obtained from 5-min, 10-min, -15-min, 30-min and 60-min sessions is
1.92 m, 1.79 m, 1.66 m, 1.39 m and 1.07 m, while the vertical accuracy of the results is 4.93 m, 3.92 m, 3.08

m, 2.28 m and 1.80 m respectively.

Department Survey Engineering

Field of study Survey Enngineering Advisor’s signature

Academic year ____ 2004
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5¥NINYoYa L1 wag L2 A9¥l (Rizos, 1997; Leick, 1995)

2 .P(L1) =1, - P(L2)

(3.4)
=
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(3.5)
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(Wet and Dry Components) a@aufuiuegiuanunaauveslotilueomaivualszuna
1 o 4 :JI I o
10% v d,,, uvviaesnnuaaandeulusuussamaing Ineilesivarouuusiaes
9 9
N4 Hopfield Model, Modified Hopfield Model Li01¢ Saastamoinen Model wanniidaling 1%
. . £ g do A v o & ' X o
mapping function FUYUNINTUNLAAIANVTUNUTIZHIN Elevation angle Glﬂ“] N1 dtrop
Tag mapping function Aoy lgiuiivateyia ldun Marini Mapping Function, Marini&Murray
Mapping Function, Chao Mapping Function, Lanyi Mapping Function, Davis Mapping Function,

[

Herring Mapping Function 161 Niell Mapping Function Taefiuyyudiaos d Al

trop

z z
dtrop = ddry 'mdry - dwet 'mwet (36)
Taen
A A A a z 2
dy, AOATMAMAARDUIAA TUFUUTTNIAINS TnaTles
d, A9 dry zenith path delay
d’.. D wet zenith path delay

Y
mg, Ao mapping function vovaulsenoudu

A . 3 ! y
f1® mapping function Yo IUYTLNO UL

4
[ =1 Y o

Tuauiveiigen1¥uuns1ang Saastamoinen model < 11a2 Niell mapping function

A ¥ Ay y D) i add a d‘
(NMF)  tifosainaugnassi laninmsly NMF  ldduduguvgiiniudiTanluvaeh

v 9 1
9 = @

. . 1 A Y Y AY o o A PYE ' A
mapping function A14 €] VIﬂﬁTJﬂJ'IGUWQ@]uN‘lJ@ﬁ)'lﬂﬂlu’éNzﬂ']ﬂﬂ'J”Iilgjﬂﬂﬂﬁﬂu],ﬂmua‘gﬂﬂqmﬁam

=L

WuR Tan(Niell, 1996)

3.3.1. Saastamoinen Model
A AUIVIU S normal mid-latitude ‘conditions 1NUVLIIAVI Saastamoinen ILHIAIAIN

amanaou lusu Tng Ineaiwes 1uNnAN1 zenith 18@991 (Hofmann-Wellenhof et al., 2001: 113)

7.5(T, —273.15) ]

e, = 0.0611 -RH[BM +T,-273.15 (3.7)

1255

T, =0.002277 -|P, +( +0.05 J ‘€, (3.8)

0
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Taeh

T Ao aAnuaatanaou IUAANIN zenith (1WAT)
A @ a [ ~ a A J.
P, Ap AnuAueIMAUINUT DTy Moy (Tading)

T

[

QUNHNVTNUTUTYY VAN (DIAUADIU)

=)
o

A A .
€, f® water vapor pressure (WAA1L1T)

[ [

f
A
f
A
f
RH 70 relative humidity ™ UFIUTY a;aul1mﬂwagﬁﬂu (%)

3.3.2. Niell Mapping Function (NMF)

NMF Ml naunsestl (Niell, 1996)

m(E) = iC£ (3.9)

sin(E)gf sin(E) +c¢

Tgi
m(E) oA Niell Mapping Function & elevation angle 7199)
E A9 elevation angle
a.buay c Aomdnlszans

=

J % a QJ § a U d'
19U hydrostatic NMF function mMaulseans a NazAIN @; W VUSIATt INIUN

0.0 159% UnIAN Guiluszuy UT) Timeail
a( t)y=a, (0o)+a,_ (p.)-cos ﬂ27r (3.10)
(pi’ avg (pi amp (pi 36525 .

Taeh

= a

A 1w a J !
a(@,,t) AMANLIZANT a NazAyn ¢, v VAt

A o . wﬂwao"d'wa
8, (0,), 2, (¢;) ADAaverage 1ag amplitude VOIANUITANT a NATAYA ¢,
o w UR' 4 L:'
aday 1 19a1na3 199 3.2
t Aot uiunndull (day of year)

v
L=

T,  ApIuiiNans adopted phase A uUMINY 28
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dm5um a(e,t) wrldnnmsdsznaualumuungadulasldn a(e ., t) Neglndifes

o [ a J Y ) 1 1 v v o a
T udus2ans b uag ¢ Gl%ﬁﬁﬂﬂ"liﬂ']l!')ﬂ!ﬁ']ﬂ"lﬂfulaﬂ?ﬂﬂﬂﬂﬁ'ﬂﬂi%ﬁﬂ

4

Pa

51N 3.2 mMdulszanivos hydrostatic NMF mapping function (IBID, 1996)

Latitude @
Coefficients
15° 30° 45° 60° 75°
Average
a 1.2769934¢e-3 | 1.2683230e-3 | 1.2465397¢-3 | 1.2196049¢-3 | 1.2045996¢-3
b 2.9153695e-3 | 2.9152299¢-3 | 2.9288445¢e-3 | 2.9022565¢-3 | 2.9024912¢-3
c 62.610505¢-3 | 62.837393e-3 | 63.721774e-3 | 63.824265¢e-3 | 64.258455¢-3
Amplitude
a 0.0 1.2709626e-5 | 2.6523662e-5 | 3.4000452e-5 | 4.1202191e-5
b 0.0 2.1414979¢-5 | 3.0160779e-5 | 7.2562722e-5 | 11.723375e-5
c 0.0 9.0128400e-5 | 4.3497037e-5 | 84.795348e-5 | 170.37206e-5
Height Correction
a 2.53e-5
b 5.49¢-3
c 1.14e-3

4
113U wet NMF mapping function mdulszand a, b uag c m1annmslszanaam

1 a 1 o a o a { o v {
TugrwnuFadunnaidullszantvesazagaiiog Indifowaaasluaised 3.3

ASNN 3.3 A1auseansuoe wet NMF mapping function (IBID, 1996)

Latitude @
Coefficients
15¢° 30° 45° 60° 75°
a, 5.8021897e-4 | 5.6794847e-4 | 5.8118019¢e-4 | 5.9727542¢e-4 | 6.1641693¢-4
b 1.4275268e-3 | 1.5138625e-3 | 1.4572752¢-3 | 1.5007428¢e-3 | 1.7599082¢-3

4.3472961e-2

4.6729510e-2

4.3908931e-2

4.4626982¢-2

5.4736038e-2
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3.4, HUVABINNAUAFIAAT

3.4.1. Kalman filter and Extended Kalman filter
I~ a oA 1 A Y
Kalman filter 1Humadamsiszanamimunzaylumsiszuannaianasuiios

. . [ v w A @ I v o J
qe Iﬂﬂmﬂ%}recurswe algorithm ﬂﬂ(’fljaiqllaﬂ’liﬁ\jjﬂ‘ﬂﬁ@ﬂﬂ'g@\‘]ﬂﬂljanlaglL]JUﬂ'J'uJailwu‘ﬁ

'
A o w

Fudu ManmInd1Aued Kalman filter 1AuA Filtering AoN31szanme state vector o

yuznalegiudledoyanissedia w vauznaInount uaz Prediction  AoNTUTZIIMA

o Yy 9 o = A I
state vector @ mmznamﬂllﬂmaﬂmy,a ] mmznaﬁ]mquu Iﬂﬂ‘ﬂ state vector 19 1INIADINUY
a 3| % 1 A Y Y A 1 =\ = A 1Y)
ﬁﬂJ']GIfﬂHJ'Ll@’JL!‘lJﬁth“I/IiTUﬂ'W\LiW]fNﬂ13LLﬂﬁ'Nﬂ1iLW@W1ﬂ1 UQSUTUNITINYIUUDINULIN

v

=
U
Xy = O Xy + W, (3.11)
Y Y 1w [ dy
ADANADINUVININDITANTINN (measurement vector) Z AU
z, =Hx, +v, (3.12)

Taud
w, ~ N, (0,Q,) 1® system noises
v, ~ N, (0,R,) 70 measurement noises
k Ao 1 s vy

ﬁﬂ transition matrix

=) . .
H f1®. measurement connection matrix

o Jd 1w { o .
Mol H-AD OUNUTYDY(partial - derivative) vosauMsadananiinue 13 (predicted
1 4
measurements) 1AgUA VAT FIABIRIUIUNNY VRUZIIAT k THADUNITAIUINUAIY Kalman
filtering 9210890911 Kalman Gain (K) , covariance update( Py ) ttag prediction (P, ;) Tu

Y v
YUABDU time update LIAE measurement update muﬁm“lugﬂﬁ 3.2



Initial Estimates of X, and P,

Measurement Update (Filter or correct)

(a) Calculate Kalman Gain
Ky =P Hy (H, P Hy +R,)™
(b) Using measurement to update estimate
X=Xy + Ky (7 —HXy)
(c) Update the error covariance

P, =(1-KH )P

Time Update (Predict)

(a) Project the state ahead
X =Dy Xy
(b) Project the covariance ahead

P, = CDkqu)l]; +Qy

3 1/ 3.2 The Kalman filter computation recursive scheme (Witchayangkoon, 2000)

H g1 oW (] [ @ @ a o
Tunsainnnmesaidanauay state vector 14 TaNANMNFURUT pULVIFUFY 1 ld
a A % I A ) Y] 1 a a
1NAI5 Extended Kalman Filter (EKF) #adluisndrenas lusudauuanlszansnmlums

[ o ~ Q1A 9 =\ = A o o dy
i]ﬂf‘l”liﬂ‘iJiz‘]J‘]Jﬁ‘JJﬂﬁVllliJGlGIﬂ“b'QLﬁu IﬂEJ State vector (x) ITUFAUNTINYAUUDINULIAIAIU

9
[ 1o Y
ﬁ'@ﬂﬂé}@\‘iﬂﬂﬂﬂ!ﬂ@iﬂWﬁﬁmﬁ z A1

22
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z, =h(x)+vy (3.14)
Mldaums G.13) uaz 3.14) Wuaumasaduy $ai
Xpp = D X + W (3.15)
(3.16)

J aSJl [ [
197 X VUADUNITATUIUAILTAN

_—
Aag s

<)
_ —
-
4
sHos

AONUUINYUINNS )
RN ITNINENAY



Initial Estimates of X, and P,

Measurement Update (Filter or correct)

(d) Calculate Kalman Gain
Ky =P Hy (HPCH, +R;)™
(e) Using measurement to update estimate
X=Xy + Ky (2 —h(xy))
(f) Update the error covariance

Pk 7 (I —Kka)PlZ

Time Update (Predict)

(c) Project the state ahead
Xpap = DXy
(d) Project the covariance ahead

- T
P =@ POy +Qy

3 1#'3.3 The EKF computation recursive scheme (Witchayangkoon, 2000)

3.4.2. MsmAeyRuTEeoved Extended Kalman Filter

Tumsiszunanadeyatmuald state vector (x) Aodausfdosnisnsiwar laun

[ [ [

® AMNNAYDUATOIT VTR (X, y, 2)
® Ambiguity VoI NNIULUAAZ A N)

® ANMUAAANADUITIDININUINAUATEITY (dt)
v

Y
a 4 [
IUNDUVD AN NF H 92 LAINI
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HP(P) =| =L

xi - X} yi Y oz -7
py pY py
XP oy =Y oz -7

P! pr pr

PP =/(x; = XP)? +(y; —YP) +(z ~2D)

Xy, .z, femNnAueuNTod

(% [

VAUV Y VUSIAT i

XP,YP, ZP  Aomlnauedatiiion p al yaznan i

3.4.3.

M muaausuanlu EKF

~ ' g ' = % o VY ax Yy ° '
mﬂg‘ﬂ‘ﬂ 33 WU'J1{11«!61]14!@@uﬂf’]uwlwnﬂ']ﬁﬂﬁllllﬂﬂ'lf]?ﬁ EKF 32a93UN1TN1MUARANN

Sudunsea lnelszanal@numasnd Q, R, P uaz x Iag Witchayangkoon(2000) 1duziin

1 Q' 9 o [ a d o 1 1Y Y d‘
ﬂTLiﬁJﬂuﬁWWi‘Um@]ﬁﬂ“]fﬂ\iﬂﬁTJﬂ\‘Iﬁ?ﬂll’JhlaniNﬂ 3.4

ST VAT ULV IANNAIIARAD UL BININUINNUAT 0I5V IUNAT AT x T 1WTON

A Tasszanalddail (IBID, 2000)

Taeh
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1

PP —(pP —cdtl)
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A0AUANIAAADUUDIUINN AN p o VRSN (fimﬁ)
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o [ .. . Ay Ao Y 3 a [ s A
#1131 transition matrix (D) Tunuvetimmualiidumasndendnyaliioaan
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MISUdy U UTIN

0 1 (3.17)

(3.18)



26

H A a 4
A13190 3.4 uaaaasuduluwasng Q, R, P 1ag x

Foruasng FiiAUoIToYa miimmuald

miitaveuATe UFyY I 0.0003 (AT
Q AMUAMIAIAABLYBIUTINIAT OIS 30 1WAg
Ambiguities 0tuag
Carrier phase ionosphere-free combination 0.02 tueg
: Pseudorange ionosphere-free combination 0.20 1913
mitaveunIessuduan 11593
P ANUAMIAIATBL VBTN UATOISY 500 1193
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X
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WIANANNT (3.18)
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