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= Water Vapor Sensing System Using PPP
= Engineering Application Using PPP
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GNSS-based PPP Software Development
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A Window-based Software System for GPS-based Precise Point
Positioning
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GNSS-based PPP Software Development

University of Calgary

Position Yourself Ahead of the Crowd

Functions Performance
Undifferenced code/carrier processing
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Static PPP: mm ~cm

7
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Different observation model Kinematic PPP: cm ~dm

implementations (traditional and UC)

X/
0‘0

Zenith Trop: mm-cm

*

¢ Precise tropospheric delay and
receiver clock estimation
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Receiver clock: 0.1 ns

K/
0’0

Static and kinematic positioning

7
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Forward and backward data
processing P3 has been licensed to
< Post-mission PPP using IGS Precise worldwide users including

ephemeris and clock products commercial product

» Real-time PPP using JPL and NRCan development
real-time precise orbit/clock products

>

0
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Easy-to-use interface
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On-line view of processing results

7
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Various utilities
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GNSS-based PPP Software Development

University of Calgary

Position Yourself Ahead of the Crowd
A Window-based Software System for GPS/GLONASS-based Precise Point Positioning
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Real-time Water Vapor Sensing Network Using PPP

Schulich School of Engineering
University of Calgary
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Real-time Water Vapor Sensing Network Using PPP o T B

University of Calgary
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Real-time Water Vapor Sensing Network Using PPP

Schulich School of Engin

University of Calgary

PWVs of Thirteen Stations on Feb. 19, 2007

Position Yourself Ahead of the Crowd
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Real-time Water Vapor Sensing Network Using PPP

Mean of ZTD comparison

Department of Geomatics Engineering

Schulich School of Engineering
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U Real-time ZDT agrees to IGS’s within ~10 mm
U Post-time shows the potential accuracy level which real-
time system can achieved
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Engineering Application Using PPP

Schulich School of Engineering
University of Calgary
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Deformation detection experiment

Two Javad Legacy receivers, 3.5 m baseline
The rove antenna was set up on the Anorad linear table

hour kinematic data with controlled movements

AR NE NN

March 23, 2007, on the roof of CCIT Building at University of Calgary

Data acquired: 3 hours static data for the base receiver, 2 hours static and then 1

Truth reference: ambiguity resolved double-difference baseline solutions

v' 6 controlled movement scenarios

v" Vibration motions al
Anorad Base v’ 20 times for each m

point in the north)

ong the North/South direction
ovement scenario (always

start at the central point but finish at the stop

www.geomatics.ucalgary.ca

# Range (cm) Speed (cm/s)
1 [-0.4 0.4] 0.1
2 [-0.8 0.8] 0.2
3 [-1 1] 0.25
4 [-2 2] 0.5
5 [-5 5] 1.25
6 [-8 8] 2
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Engineering Application Using PPP

Schulich School of Engineering
University of Calgary
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Results using IGS final orbit and JPL final clock

Test 1 ~ Test 3, Morth (cm)

Test 4 ~ Test B, MNorth {cm)
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Engineering Application Using PPP

University of Calgary
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Engineering Application Using PPP

University of Calgary

Position Yourself Ahead of the Crowd
v cm level deformation can be detected and determined by
precise point positioning method using post-mission Final
Product

v cm level deformation can be detected but can’t be
accurately determined by precise point positioning method
using real-time precise product

v Quality of precise products is a limiting factor for the
detection of mm level deformation and accurate
deformation determination

v Ambiguity resolution method should be investigated to
further improve PPP performance
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Ambiguity Resolution in PPP

University of Calgary
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Initial phase bias N, +¢r(t0’|-i)_¢s(to’|—i)

v' Residual orbit and clock errors Q@ Integer Part Receiver initial ~ Satellite initial

v" Unmodeled errors phase bias phase bias
E 1\ v J
% i § Cﬁb Fractional Part
. % Py -

OTF requires recovery of the
phase integer property

Bias

1
I d
I —
PPP Float kalibration integer A
: Solution ‘o P
! 1 Float Amb.
|

Long initialization time
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Ambiguity Resolution in PPP

JAWAD pair
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hulich School of Engineering
University of Calgary
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Ambiguity Resolution in PPP

University of Calgary
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Spatial stability of YWL bias (cycle)

1 ! ; ! L : : B P L
o ee e A PET S L el T ke,
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= W e Tt ™ 5] i"‘ PO T WL PhaS B|aS
E sl ety e i T i"’““"""—
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o s 10 15 20 25 30 35 40 45 A0
0.6
! ! Mean=0.090 cycle Std. = 0064 cycle |
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[t} ' ' ' ' ' ' ' ' '
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o 02— . I IR P SRR P R Y & T T
T % ebe P e g T gttt 8,00 ",
L ST it i, S SR T, S i
o 5 10 15 20 25 30 35 40 45 &0
Station 1D

Spatially stable (wide-lane results)

SCHULICH k
@ School of Engineering U‘f’%

, GEOMATICS
www.geomatlcs.ucaIgary.ca ENGINEERING 15/28



Department of Geomatics Engineering

Ambiguity Resolution in PPP

University of Calgary
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Daily stability of WL bias (cycle) YWeekly stability of WL bias (cycle)
1 T T T T T T T 1 T T T T T T T
' ' Mnlean = EI.BIBQ cycllle Std. F 0.006 chle i Mnlean = EI.BI?Q cycllle =td. F 0.025 chle
= DOgrezzziygez=-- S SPPEE S GERECE SOCEREE CHECEE SR o S e e = u9‘.::::1::::::I.-.-.-.------.r ...................... SFEpEeE SRRt -&
z E z P e ek
L e Rl R T - L S e B Y SEEEE -
07 | | | | | | | | 07 | | | | | | | |
1 2 = 4 5 B 7 = g8 10 1 2 = 4 5 B 7 = g8 10
0.7 T T T T T T 0.7 T T T T T T
Mean = D.éEE cycle  Std. = 0.009 pycle Mean = D.édE cycle  Std. = 0.017 pycle
D e e e s Gl s s s gy 1
= L LR WL . S - * #oon-- . = e T S A Lo W e
Eoogt----- ' .............. - RN =] SEEEEEE EEREREE SRS * ...... Aokl * ..................... -
04 | | | | | | i | 04 | | | | | i | |
1 2 & 4 5 B 7 = g8 10 2 & 4 5 B 7 = g8 10
0.3 T T T T T T 0.3 T T T T T T
Mean = D.d]?E cycle  Std. = 0.017 pycle 0 0 Mean = D.d]?E cycle  Std. = 0.023 pycle
R e oot S B SR T T e o SRt S
= . . . ke . . . . = Z Z Z Z Z Z A
o 01 'ZZZIII;I;;;;:::f==:::?:==--- E=--=::;§;::::::§:::j:j;;:iﬁj::;:::::rT o 0'11;::::1::::;‘;'::::;‘,1::::;:::;‘T‘;:::‘F:::i:::zmg """" 3
0 | | | | | | | | 0 | | | | | | | |
1 2 & 4 5 B 7 = g8 10 1 2 & 4 5 B 7 = g8 10
DOY (start from Day 170 of 2006) WO (start from Wifeek 25 of 2006)
Temporally stable (wide-lane results)
v" Dalily stability, 10 days from Day of Year 170 in 2006
v' Weekly stability, 10 weeks from Week 25 of Year 2006
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Department of Geomatics Engineering

Ambiguity Resolution in PPP

University of Calgary

Position Yourself Ahead of the Crowd

WL float ambiguity estimated by P3 after bias calibration (cycle)

1 T T T T T L3 ! ! ! ! !
e 5 e e 5 = o = M = =
09 e e T NN A A A I o : i i i :
: : : : 05 ' ' ' ' '
5 0.8 """ ' """"" B 1] 100 200 300 400 500 B00
A N S S S S S : — T
- ' ' ' L [ B W
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e e T . Ik S e . SR AEERERERRE beosoenesoas s SLCECIEEECET EEEECEEPRET EEPREREREE -
o i * % L r | I I I I
E. TR R R i TTe R R RERRE R Fa 0 100 200 300 400 500 GO0
-2 E L ] E 2 T T T T T
Eoaffo b A b B e e — - | 5 5 5 :
2 = = = 1 [——— .r . : :
g Ech ot R B Rt B Rl S b B IR A ot 0 K EEERRERI 6 RS & ! ! ! : :
% i i = il | | | | |
Z I T ) T R i S O EF N FF % [ B LSS S5 CRRSS BF S 0 100 200 300 400 500 B00
H E 3.5 : T T T T
[N EEEEE B A STl ShE EEEE] SR (b5 EE St B Bl Rk B -EFEEGE] B EEEEE B LY Sh == = '
i 1 : o
[V .
] o
1 B 11 18 21 26 55 | | | | |
GPS satellite PRM number 0 100 200 300 400 A00 GO0

Epoch, data rate 1 Hz

The integer property can be recovered after the removal of the
Initial phase bias (wide-lane results)!
@ sy )
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Schulich School of Engineering
University of Calgary

Position Yourself Ahead of the Crowd
VPpi g =0.5[VP, + V@, ]=Vp +Vdyop +0.5 A4 [VN; = Vo (15,1 )] +& (VPpi i )

VNG = Vo (tg, L)1 F7A,[VN, =V (ty,L,)]
f2—f; f2—f;

VI\Ii _v¢s(t0’ LI)
{ Satellite initial

Integer Par _
% % phase bias
L N

Removing initial phase bias to recover the
phase integer property

precise |

o BIE[S
EREEaE) “alibraion F:”te'g‘c: F’F'F’ Fixed
Solution TRLiah SdLﬁJm

OTF integer amblguny resolu@
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Ambiguity Resolution in PPP

University of Calgary
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Float v.s. Fixed Solution

Float %. 5. fixed solution

10 : : : : :
S, peg e
& 10, 1 SDiIZI BSD euiu 12iuu 15iDD Estimated | Float (after Fixed (after
= 10 ! : ; ! : results converged) TTFF )
= g Mean | Std. | Mean Std.
E . . : | (cm) | (em) | (em) | (cm)
En EDI Bt:m BII:IIII 12530 15:DIII East 0.47 0.73 | -0.01 0.48
= ; ' : : : North 0.19 0.42 0.00 0.42
g o I Up -2.43 | 1.43 | -0.06 0.90
105 0 = a0 = T 3D 2.71 1.26 0.99 0.49
£ ! M ! Trop. wet | 0.12 0.11 0.01 0.04
E st p Y % g RS e
0 300 600 900 1200 1500

Time (secand)

v' Convergence time is decreased (Converge to 5cm from more than 1000 s
-> 200 s TTFF)

v 3D position and tropospheric zenith wet estimation accuracy dramatically
enhanced
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Fifty scenarios analysis of AR with PPP

ambiguity resolution to decrease convergence time, 50 runs analysis
T T

- 2000 T T
L
= ; ; ---%-- Cornvergence time ta 8 cm +
) S Ae-- TTFF |
= i i i : X i i '
= 1000 R AR T B s Rt SECEt
IR R WAL R S 4 '
B N WA
5 M AT g

] = 10 14 20
. Run number
5
(i} 1DD T T T T T T T
£ m : : : : : : x
= R ) . H L o " om
2 . 8 B oo
= e 3a Btk I T Lk RN 1T Y
= o oM L L LS
5 50 feeeee i W - .'*“"1":"1 ------ B s e
S T T oo AT
5 o o e
o 3 00 o o i
I vy u G .
2 ool 4 & | L " | | | |
o 0 ol 10 15 20 26 30 34 40 45 a0
]

Run number

v' Convergence time reduced from 669 s to 198 s
v' Convergence improvement, average 64.7%, maximum 90.2%
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Hardware Bias
v’ Satellite hardware bias

v' Receiver hardware bias

Software Bias
v’ Satellite software bias

v' Receiver software bias

Bias in Code Measurements
v’ Satellite related bias

v' Receiver related bias

Bias in Phase measurements
v Satellite related bias

v Receiver related bias

www.geomatics.ucalgary.ca %ESM?JIN%S
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Relative
(inter-frequency bias)

= Inter-Frequency Bias (IFB)
v’ Satellite IFB
v' Receiver IFB

= Differential Code Bias (DCB)
v Satellite DCB
v' Receiver DCB

= Differential Phase Bias (DPB)
v’ Satellite DPB
v' Receiver DPB

www.geomatics.ucalgary.ca
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Inter-System Biases

Inter-system Time System Offset
(ITB)

v' GPS/GLONASS

v" GPS/GALILEO

v GPS/COMPASS

Inter-system Coordinate System
Offset (ICB)

v GPS/GLONASS

v GPS/GALILEO

v' GPS/COMPASS

&;; ’ SCHULICH
School of Engineering u(..":"” o A
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GPS Biases in Observation Equations

C, = p+c(dT —dt) +d,, +do, +dig,,0 +C(bg, —0,) +£(Cy)

P, =p+c(dT —dt) +d,,, +do, +dignq +C(0p, —bp,) +£(R,)

P, = p+c(dT —dt) +d,, +d, + g0 +C(0p, —bp,) +£(P,)

D, = p+c(dT —dt) +d,, +dyop = dignsis +C(0gy =0y ) + 4N, + £ (D))

D, = p+c(dT —dt) +dg, +dyo, — i1z +c(by, —b,,)+ AN, +¢& (D,)

C,=p+c(dT —dt)+d,, +d,,, +dig, o + (b, —02,) +£(C,)

P, = p+c(dT —dt)+d,, +dye + iz + C(bpy — b3y ) + & (Py)

@, = p+c(dT —dt)+dgy, + i, —dignsio + €05 b5, ) + LN, + & (D,)
Hardware biases are not estimable in absolute sense

@ SCHULICH &3
School of Engincering e b
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IGS Product Convention and effect of biases on IGS products

f12'|:)1_f22'|:)2 s
Pr = fz_ f2 = p+c(dT _dt)+dorb+dtr0p +C(bIFP Diep) + & (Pe)
f2 f2
D = = p+c(dT —dt) +d,, + iy +C(D1p —Birg) + AN + & (D)

ff 2

f2
f2.@ r s
D = fz—fz _p"‘c(dT"'blF(p +dorb+dtrop +& (D)
2 g2
P, = f, fP;_l;zz P, :p+c+d0rb+dtrop+g(P,F)
f*-@o -1/ @
¢IF f 2 . f 2 — ,0+ dT + bIrFP @ + dorb +dtrop
1

+C[(bjey —biep) + (Bjry, —biep )1+ AN & (D)

@ , SCHULICH L
School of Engineering u(..k‘::.,. Y
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Traditional model (Zumberge et al., 1997)
lonospheric-Free code and phase combinations

f?-P—f7 P
P. =2 f; sz 2=p++dtrop+5(P|F)
12

Receiver clock term in the estimates

fe.@ —17-@
@IF: 1 f;-_fZZ 2=,0++dtrop
1 2
CECl(Ofp ~blre) + (O =D )] + Nt & ()

Ambiguity term in the estimates

@; , SCHULICH
School of Engineering u(..”:'.‘::.,. e
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Traditional model (Zumberge et al., 1997)
lonospheric-Free code and phase combinations v based on C1 and P2

C,=p+cdT +dq, +digy/ 11 +Cbjp +C(bg, —02;) + £ (Cy )
= p+¢(dT +byecp) + oy +digys + €O —Bjecp) +—— - (DCBCl o —DCB p,) +&(C))
P, = p+cdT +d, + i, +Chyp +C(bp, —0g,) +&(P,)
= P+ C(AT +brep) + iy + digns iz + C(05p —bircp) + 1C7y (DCB, ,, — DCBS, »,) + £ (P,)

Prcp = 22 Receiver clock term in the estimates
1 12

s /
=p+ C+ dtrop — C& DCBCl,Pl + g(PIFCP)

f2-@ —f7-
deF 2 2 _p+)+dtrop . . . .
f - f; Ambiguity term in the estimates
(biro —Dircp) + (o — bf@? +& (D)

&
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UofC model (Gao and Shen, 2002)
Average of code and phase + IF phase combination

Pe1o1 = ,0+C dirop +0. 5@ +b§31 —2¢(bjep —Cbyip ) + ANJ + & (Poyo)
Po2w2 = p+C Girop +O@C b +bqsbz —20(biep —biep) + N3]+ & (Poy )

N T YA CORTRE TS -20(b}, ~b) + 7]
_ fz C(b@z_béz)_c(b b;2) 2C(b|Fpmg (@IF)

;2_4:2
1 )

IF

v L1 ambiguity term in the estimates

clbg, + b5, )-clbs, + b3, )~ 2c(bley —cbize) + AN,
v' L2 ambiguity term in the estimates

C(bFr>2 "‘bc;z)_ C(b;2 "‘b;)z) 2¢(biep —biep) + 4N, @

www.geomatics.ucalgary.ca GENE(SF[IVEI?H-II-II\I%S o 27./28
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