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Project Title GPS Precise Point Positioning Software
Name of the Investigator Assistant Professor Dr. Chalenmchon Satirapod
Month and Year October 2006

Abstract
This research aims to develop GPS Precise Point Positioning software. The GPS data collected
from the geodetic GPS receiver were used to assess the level of performance of the developed
software. The precise orbit and precise satellite clock corrections were introduced into the
software to reduee the orbir and satellite clock errors. For single-frequency users, ionosphere-free
code and phase observations were construcled to mitigate the ionospheric delay, while
ionosphere-free phase combinations were used when the dual-frequency data are available. The
remaining errors (1.e. receiver clock error, ambiguity term) are estimated using Extended Kalman
Filtering technique. Tested GPS data were cul into :S-min, 10-min, 15-min and 30-min data
segments. Each data segment was individually processed with the developed PPP software 1o
produce final coordinates. With the use of only 15-min data spans, results show that horizontal
posilioning accuracies obtained from single-frequency and dual-frequency data are 2.27 m and

0.95 m, respectively.
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1997; Teunissen and Kleusberg, 1998)

P(lLi)=p*c(dl -dl)+d  +d,  +d

dvaar [

+E (1

®(Li)=p+e(dl -dT)+d,, +d, —d
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+Mi-Ni+g (2)
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A1 171910 Saastamoinen (1971) 31 Miell Mapping

Function 300210
X
01 nosphere-free phase combination HoY
lonosphere-fice code combination 1AUNTS A3 11AUNMTVUVINMIATURTINAUTE M TG00
L1 uaz, L2 dail {Lad 2004 Rizos, 1997; Tedmssen and Kleusberg, 1998)
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M(L3) =

Taoy
P(L3) fo alasusi lAninmisaaummudusaninsoyamsiasiavonauds L1 uas L2

(lonosphere-free code combimation) (1Wag)
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(lenesphere-free phase combination) (1M#73)
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- ) = ¥ & [
unsdifil¥deyannuiiderszidonldunudiana §1a04 lonosphere-free code and
L] L L] J L) a.'
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ginms 1EuDu§anmnunanasuRTina AU v uaYn 1 aunsofsamen dr |

d,.d,uagd,, 2onnauns ()uas (2) moyiimde 14un AnavTaunvenn
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avBuamiuAy 1N Strang and-Borre, 1997 uae Wetch and-Bishop, 2006)

Kalman filtering il umaiinmisds sunasifivnnzaylunisdsanumnaamisulsogs
Taun15 1% recursive algorithm Audayanmisiviaiiaeandeatunaaziliunuduiugid
iU MANMINA AU Kalman filtering 1AUA Filtering AoN13152010017 state vector ot Yz

parilaptiudrodonanisiada w vnznainoumii uag Prediction Aon13UTEHINAT state



veciar &1 vz TUAwdewa v vz lagiu Ao state vector Ao AMBI N MITN

dusaus lins s e smsudmmstoniat wosiioumsfouiiosunaiai

g = 0%, +w, (7
manﬂmﬁunmﬁn"ﬁ‘uﬁuﬂn (measufefica vector) z A7

z, = TN, (8)

Taudi
W, fio syslem noises
Vi 18 measurement noises
kAo o v
i fi0 transition matrix

i b Y
H 18 measurement connechon matrix

'
A &

meu H Ao oyfubtou(partial  derivative) woamunsmduaningll  (predicied
4 - - 4 L] : -
measuremenis) mUUﬂﬂﬁTilﬂﬁ@iiBQETH'}ﬂiﬂﬂﬁ YREINT k ﬂilﬂﬂuﬂ'l'ﬁﬂ'l'll".lﬁlﬁ"ltl Kalman
: - * . ] o - H
filtering 921M0I904MY Kalman Gain (K) , covariance update( I, ) unz prediction (P, ) Tudiu

ADU 1ime upddte DL measurcment update ﬁdllﬂﬂﬂuiﬂﬁ 1



Initial Estimates of X and P,

b

Measurement Update (Filter or correct)

i fa) Calculare Kalman Gain
Ky = PrHR(H P HY + Ry )™
{b) Using measurement to update estimale
X, =X, + K, (zp —H X))
{c) Update the error covariance

Py ==K H)P,

Time Update (Predict)

(a) Project the state ahead
Xia =Py X,
(b) Project the covariance ahead

Pry=O,P®] +Q,

51N 1 SUABUNIIAIIN Kalman filtering (Witchayangkoon, 2000)

e o 1 v v A o W o @ W m

Tunsd@ificmans Adunnuas state vector W IALANLFURUTALUUMF T Wi lHiRaTE
B ) . - e o oae = P [

Extended Kalman Filtering (EKF) Faihi i idwuas hidudouuaiilssanionmlumsdanis

fussuvaunsi i lsiFuadu Tao State vector (x) 3xilaunisifonilpafunaidiail

Xio) = Pypxy +wy (9)

ABANABANUNMADS AITUNA 2 Aail



z, =h{x,)+v, (10)

wldeuns (9) uaz (10) WuaumsFadudail
(1

(12

Xpat = ®pX, + Wy

F wr i i e & [+ s -
e H fio ll{'ﬂu{ﬂﬂﬁﬂ@nnmﬂlﬂ"lﬂﬂmﬂ Zz mtJUﬂ‘IJnnt‘i{x PUADUNTTATU IR LT A

Tuglii 2

Inittal Estimates of % 0 and P

Measurement Updale (Filler or correct)

(d) Calculate Kalman Gain
dn AT - -
Ky =PeHp(H, PEH, +R,)
(e) Using measurement 1o update estimate
Xy = Xy + Ky(zy —h(x,))
() Update the error covariance

P =(1-KH )Py

Time Update (Predict)

(c) Froject the staie ahead

X SDypx,

(d) Project the covariance ahead

Pr,y =D P Dy +Q,

;‘IJ‘?I 2 YUADUNITAININ Extended Kalman filtening (Witchayangkoon, 2000)
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sUuuvoynlva RINEX Observation
RINEX VERSION 2.10 FORMAT DEFINITIONS AND EXAMPLES

| GPS OBSERVATION DATA FILE - HEADER SECTION DESCRIPTICN

fmmamam——— mmmsmmm———— B e ettt bl tmmmmmm——m—— &
| HEADER LRBEL | DESCRIPTION | FORMAT

{ (Columns 61-80) I ) I
fmmmmmmncme o ———— B e e T R e +
|RINEX VERSION [ TYPE| - Format wversion (2.10) | F9.2,11%,

| | = File type (0" for Observation Data) | AL, 19%,

| = Satellicte System: blank or 'G': GPS | AL, 19%

I I 'R': GLONASS I

1 1 'S': Geostationary |

i 1 signal payload |

1 | s "T': MR53 Tramsit |

| | "M': Mimed |
e ——— e — e e — e m e L
IPGH [/ RUN BY " DATE | - Iume of p:o;ra- creating corrent file | A2O,

| [/~ Wame of agency creating current file | AZO,

1 | = Date of file creation | R2Z0
L e | e i e i e e e e e e *
* |COMMENT | Comment lil‘laiu} | ABD
Frmmmm—m———— -u-—-——:l-—-1-4-——-————4'-—-14-1---—--!——-#——-—- ———————————————————— FrmEm— e ———— +
|MARKER whuﬂ | wame of ancenna marker I RMED

LE L E L LR LR Lt T o e *
* |MARKER NUMBER I ‘Rumbex Sf antenna marker | AZD
dmmmmcmnome m——— e me R e e T TP e B e e +
|OBSERVER f AGENCY | Name o!fobaerve: r agency | AZO,Ad0

e e T T B e e dmmmmmmm e =
IREC @ / TYPESY VERS™} ﬂectiUtr—ﬁulHt:. typs. and wersion ! Jazo

| | tﬁersion‘ .g. Intermal Scoftware Version)|

B et e e L L ] e it B +
{ANT @ / TYPE |- Antenna n and Lype | ZA20
#ommm—mm—m—————— - e e it e TP Fommmmm— == *
TAPPROX POSITION XYZ T ipp:aaimmatker position (WGSD4) I IFl4.4

B e ettt et Y .._.,“._._‘.....‘..... ———————————————————————————— hr e mm -
| ARMTERNA: DELTA H/E/H| - Antennaiheﬂ;ht H.t;gh'l: of bottom [ IFL4.4

| [ surface of antenna above marker I

i } = Eccentricities of antenna center t

I I relative to marker to the east I

i | and north (all units in =eters) ]

o v o e - &
|WAVELENGTH FACT L1/2) - Default wavelength factors for |

1 | Ll and L2 [ 216,

| | 1: Full cycle ambiguities |

I | 2: Half cycle ambiguities (squaring) |

| | 0 {in L2}: Single frequency instrument |

| | !

I | = zero orf” blank | 16

| | |

| | The default wavelength facter line is |

1 | reguired and must preceed satellice- I

| ICspecific Linest |
e e e e e B e e s b b i B T SR ——————— e ————
“|WAVELENGTH FACT L1#2|v-"Wavelength factors for Llvand L2 | 218,

| | 1: Full cycle ambiguities |

! | 2: Half cycle ambiguities (squaring) |

] i 0 (in L2): Single frequency instrument |

1 | = Humber of satellites to follow in list | 16,

I 1 for which these factors are valid. ]

I | = List of PRHs (satellite numbers with | T{3%,Al, I2]

| i system idencifier) !

] i I

! | These cpional satellice specific lines |

I | may follow, if they identify a state |

] | different from the default values. ]

I | Repest record if necessary.

P e e e . e e T T T L T —— s
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A
I 7/ TYPES OF OBSERV

ITIME OF FIRST QB3

*
!
I
I
I
I
I
I
I
I
I
1
{
I
I
I
I
I
!
|
b
1
I
f
|
I
I
i
I
i
I
I
+
I

i!'\— ------ i 1 o e —mm—m——

B
"="Tim& S?IIII" GP5 [=GP5 time system)

= Humber of different observation types
stored im the file
- Observation types 804X, A2)
If more than 9 observation types:
Use continuation line{s)
The follewing observation types are
defined in RINEX Versiom 2.10:

63, 9 (4%, A2}

L1, L2: Phase measurements on L1 and L2
cl : Pseudorange using C/A-Cede en L1
Pl, P’i. Fieudorange wsing P-Code on L1,L2
D1, 02: Doppler frequency on L1 and L2
Tl, T2: Transit Integrated Doppler on
1500 (1) and 400 MHz (T2}
51, 52: Raw signal strengths or SHR
values as given by the receiver
+ for-the E1.L2 phose cbservationsa
maer-‘.rations collected vnder Antispoofingl
ate converted to “Li® or “PFZ" and flagged]|
with bit 2 of loss of leck indicator
{see 1‘,::1;. AZ) .

] ) o, s oy s ] e, sy e . s

Units : Phase : full cycles

" Pseudorange : meters

boppler 1 'He

“Transit : cycles

q&ﬂl;el:c : receiver-dependent
The sequence of the types in this record
has to correspond Ce the sequence of the
ohsetwtﬁ.}:ﬂs j.n the ebseérvation records

Qbservauf in:erul in seconds
= TL1me nf,fhj observation record 516,F13.7,
(1-gdigit-year, month,day, hour,min, sec)

© GLO (=UTC time system)
cnwulm&y in mixed GPS/GLOWASS files
Defaults: GPS for pure GPS files

1

1

5K, A3 i

I

I

I

GLO for pure GLOMWASS Files |

*IRCY CLOCK OFF5, AFPL
I

o
*| LEAP SECQNDS

I

o e e s
*I# OF SATELLITES

]
R ——
*IPRN / # OF OBS

|END OF HERDER
e ————

o o —— e a  f EPEED o o S S

e

Time of last observaticn record
[4=digit=-year, month,day, hour,min, sec)
- Time system: Same volue as in

TIME OF FIRST QDS record
Epoch, code, and phase are corrected by
applying the resltime-derived receiver
Clock OffSek ) l=yes," 0=no¢ defzolt: O=ng
Record required if clock offsets are
reported ‘in the EPOCH/SAT records
Humber of leap seceonds since 6-Jan-1980
Recommendsd for mxt:l GPSYGLOWASS) files
Humber of satellitesy forlwhich
observations are stored in the tile
PRN (sat.number), number of observations
for each cbservation type indicated
in the “i f TYPES OF OBSERV" - record.

516,F13.7, 1*

5X, Al i

A T e e I T I L

3%, AL, 12,9I6]1"

If more than 9 observation types:
Use continuation line{s}
This record is (these records arce)
repeated for each satellite present in
the data file

1
|
|
6%, 916 |
|
i
|

- -
i
[
1
1
L]
1
i
L]
1
L]
1
Ll
-
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Phase wvalues overflowing the fixed format Fld.3 |
have to be clipped into the wvalid interval le.g.
add or subtract 10**9), set LLI indicater.

Loss of lock indicator (LLI). Range: 0-7

0 or blank: OK or not known

Bit 0 set : Lost lock between previous and
current observation: cycle slap
possible

Bie 1 set : Opposite wavelength factor to the

fmm e m e m——- e e e e T A T A T ST T A e R TS - EE T e EE - o m - ——— +
| CBS. RECORD | DESCRIPTION | FORMAT
femmemme == o B o +
| EPODCH/SAT | = Epoch : I
| or I = year (2 digits, padded with 0 if necessary) | 1X,I12.2,
| EVENT FLAG | = month,day, hour,min, I 401X, 12),
| i = sec 1 Fl1.7,
| | |
| I = Epoch flag 0: OK | 2¥,11,
| I ! ‘gouu failure between |
| I ,B?v' w3 and current epoch 1
1 1 1 l)f)lag |
| | - Humber of satellipes in current epoch | 13,
I | - List of PRNS i:a’t.aﬂ&g;’: with system I 12(AL, 12},
| | identifiery see 5,11 in current epoch |
| "I = receiver clock offset (seconds, optionall ] Fl2.9
| — |
| | IF re than 12 satellites: Use continuation | 32¥,
I nels) | 12{Al,12)
| | |
| 1f/epoch fla 2% 5 i
I I / p— | 1
| ent flag: | 12%,11,)
I I i start mowving antenna I
| | mew 515 occupation (end of kinem. data) |
| [at least MARKER NAME record follows) |
I 1 :}‘hea‘der§ntﬁmtion follows I
1 I : pxEECn event (epoch 13 significant, |
I same time frame a3 observation time tags) |
i e s7As 4 |
I - “Number of satellites” contains number of | 113}
1 special re s to follow. |
I Maximum nu&yﬁ records: 999 I
I AT = !
I 1 eer-events ﬁﬁ:’fiﬁ& significant ecpoch the 1
| I epoch fields can be left blank |
| | _F SRS =N !
i N | If €poch flag = 6:° i I
| ) | ] 6: cycle slip records foll.cruﬁu optionally |
| - i report detected and repaired cycle slips |
| 5 o records; |
I - I slip instead of observaticon; LLI and I
1 ™ 1 signal strength blank &t zero) I
o B e — i e T D T S
|OBSERVA’ 5 | - Observation [ rep. within record for | m(Fl4.3,
| 1 - LLI | mach obs.type (s5ame seq | Il,
IN=r5ignal strength | as giwven in header) | Il}
I |
| Ifimore chan/3 obsetvation types’ (=80.char): |
| continue observations in next record. |
f |
| This record.is {(these records are) repeated)for |
| each satellite given in EFCCH/SAT - record. |
i |
| Cbsgrvations. |
| PRase - "Units in whole cycles of Carrier T
1 Code : Units in meters |
| Missing observations are written as 0.0 |
| or blanks. |
| |
| |
| |
i |
| |
1 |
| |
I |
I |
| |
i |

|
|
1
|
I
|
I
|
|
1
i
1
|
1
1
|
|
1
|
i
|
I
1
I



Bit

I
|
1
I
[
]
]
I
I
I
I 5
|

o e e ——— -

A R ———

2 3et :

Bits 0 and 1 for phase only.

Signal strength projected into interval 1-9:
1: minimem possible signal strength
threshold for good 5/H ratio

9:; maximu o
I 0 or bl !

one defined for the satellite by a |
previocus WAVELEMGTH FACT L1/2 line.|
Valid for the current epoch enly.
Observation under Antispoofing

[may suffer from increased noise)

sible signal strength
own, don't care I

o

I

[
I 1
I I
I 1
I 1
i !
| |
| I
| I
| I
! |

I

+*
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