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Kinematic positioning of a LEO satellite

« Akinematic positioning of GRACE-A satellite is proposed in this
exercise as a driven example to study and discuss the different
navigation modes and modelling options for code or code & carrier
positioning of a rover receiver.

GRACE SATELLITES (A & B) GPS Omnidirectional
Antenna: Satellite Attitude
Nominal altitude: 460 km and Orbit Control System
Orbital periode: 1.5 h (aprox.)
Mass: 432 kg
Launch date: May 17", 2002
Space Agency: NASA/GFZ
Designed life-time: 5 years
Receiver pseudorange noise: 40 cm
Receiver carrier-phase noise: 8 mm
Receiver GRAPHIC noise: 12 cm
Antenna phase center: (0.0, 0.0,-0.414) m GPS 452 FOV Antenna: Radio

GPS Backup
Omnidirectional
Antenna: AOCS

Occultation Data

More details at: http://op.gfz-potsdam.de/grace/index_ GRACE.html
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Kinematic positioning of a LEO satellite

e The following “preliminary” questions are posed:

— Could a LEO satellite like GRACE-A be kinematically positioned as a
rover receiver (i.e., car, aircraft...)? Why?

— Would both Standard and Precise Positioning be achievable?

Note: The RINEX file graae800.070 contains GPS dual freq.
Measurements.

— Which model components should be set for each positioning mode?
» Relativistic correction?
» Tropospheric correction?
» lonospheric correction?
* Instrumental delays (TGDs)?
» Solid Tides correction?
« Antenna phase centre corrections?
» Others ???

— In case of successful positioning, which accuracy is expected’P
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Kinematic positioning of a LEO satellite

A The following positioning modes are proposed to be explored:

— Code positioning + broadcast orbits:
1. Single frequency: C1 code (and no ionospheric corrections).

2. Dual frequency: PC code combination (i.e., ionosphere-free
combination).

— Code and carrier positioning + precise orbits and clocks:

3. Dual frequency: PC, LC combinations (i.e., ionosphere-free
combinations).

4. GRAPHIC combination of C1 code and L1 carrier phase.

5. Single frequency: C1 code and L1 carrier (and no ionospheric
corrections).

A Data files:
A Measurements file: graa0800.070
A GPS orbits and clocks:
A Broadcast: brdc0800.07n
A Precise: ¢c0d14193.sp3, cod14193.clk, igs05 1402.atx
A GRACE-A Precise Reference Orbit file: GRAA_07_080.sp3

e gA GE/UPC
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Model: Single frequency C1 code with broadcast orbits & clocks

Example of computation with gLAB:

Code positioning + broadcast orbits: Single frequency: C1 code.

Rover (User)

RINEX Dbservation Fle: graslB00.07% (<]
FIETRTS wel Time

] AMTEX Fie:

‘Orbit and Clock Sourca
(W) Broadzast () Precse(1 fie] () Precse (2 fies)

- Select files Set calculate
.| graadd00.070
] brdc9800.07n 2

Developed by gAGE: Rescarch group of Astronoemy & Geomatics Cumrent Templte: SIv Run gLAB | | Show Qutput

(9] gLABVS.10 - 9

- gLAB
! ss — i e i oytput
Satelite Options
Flevation Mask s 0 (degrees)
(] 508 Mask.

] Al camrir phave mssremendt wilh e
[ 7] Drmcard satebtes Undar Ecipse Condition

] Discard Linheaithy Satelites (Broadcast enly)

GHSS Satellite Sebction

W) GPs | Gaeo | GLOMASS | BeDiu | GEO

A e

s | i |
Set data decimation to 30 Lot | s |
. s | e |
seconds instead of 300 to |
: _mua |
have a higher number of EE
output samples

Developed by gAGE: Research group of Astranomy & Geomatics Current Templete: spp Run gLAB | | Show Output
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Model: Single frequency C1 code with broadcast orbits & clocks

Example of computation with gLAB:
Code positioning + broadcast orbits: Single frequency: C1 code.

nlARYE 10

Set output SP3 file as

gLABVS.10

gAGE/UPC

el - = L b I LAB -
Tiput. Preproce: 5% Madeling Fer Outout Input g [ ] S p Output
Modelling Options Output inath Vs
[w] sarelite ek Offset Correction Output Fie: C:'oerrigage Decktop'\gLAB \GLAB. aut (]
7| Chedk Irandenst Transmission Tne =
] . Fie:

|| Conmder Satelite Movement During Sgnal Fight Time i

[¥] Cartader Earth Fotation Dunng Signal Fight Time

] Satefte M Cetre o Antern Phuse Certtre Offiet Correcton F ro m S P P te m I a t e MisaHe  CusrsigegeDesoohagoLal ol 1<}

|| Recetver Ansenna Phase Censre Comectin p Constelation Letter: L ) | PNNurber: 8 @)

Disable all messages except:

_* Print INFO Messages

* Print OUTPUT Messages
to avoid big output files

[ meceiver Anteria Reference Pont Corection .
iy disable:

* lonospheric

] Pa-C 1 Corn z
[ wind wp Cormestion {carrier phase enly) [ ) T h i
[ Rilativistic Path Rarge Correction

Run gLAB Show Dutput Developed by gAGE: Regearch group of Astronomy & Geomatics Current: Tenplate: Spp
74

Developed by gAGE: Research group of Astronomy & Geomatics Cument Template: spp

Run gLAB
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Model: Single frequency C1 code with broadcast orbits & clocks

e Accuracy assessment of the computed solution (from gLAB.sp3 file) with
the reference coordinates of file GRAA_©07 080.sp3:

‘9

gLAB v5.1.0

_— |

Cenverter

Show Orbits & Clo

|
J
J
J
J
18
J
J Exit

Compare Orbits & Clocks

Ctrl+P
Ctrl+A
Ctrl+MN

gAGE/UPC
wWwWWw.gage.es

Ctrl+ O
cks Ctrl+W
Ctrl+Q

Orbit File 2
() Broadcast (®) Pr

SP3File: |gLAB.sp3

ANTEX File

[] ANTEX File:

Cutput File: |dif.out

Output Messages

All

Print INFO
Frint SATDIFF

SP3File: |GRAA_O7_DB0.5p3

edse(1 file) () Pre

Options

Orbit Comparison Rate: |30

Cis

Select files
GRAA 07 _080.sp3
gLAB.sp3

[] compare satelite Clodk Correction

‘3

[ Discard satell

Discard Unhed

None

Print SATSTAT
Print SATSTATTOT

Developed by gAGE: Research group of Astronomy & Geomatics

Set: 30s
Disable: Compare satellite

P Prod 3
recseprodud clock Correction
nterpolation|
Interpolation Degree: 10 Q 0 0
Max Consecutive Gaps
4 Between Samples: 8 Q 2 o
Total Gaps Allowed: 16 (=] 4 o

Setdif.out
as output file

5

©gAGE/UPC
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[] show Concatenated SP3/CLK options

Run gLAB Show Output
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Model: Single frequency C1 code with broadcast orbits & clocks

Templates Configuration  Preferelices
Positioning Ctrl+P
. | Analysis Ctrl+A

Ctrl+N

Help

Converter

Compare Orbits & Clocks Ctrl+Q

[ ]
gAGE/UPC
= : www.gage.es
e N - - -
Show Orbits & Clocks Ctrl+W

2 ” i
Ctri+Q | Harizontal Positioning Error J | Dilution Of Precision | | Satelite Skyplot | d 1 -F O u
____________ °
J Measurement Multipath/Noise
with the GUI

Global Graphic Parameters
Title |GRACE1A broadcast positioning (C1) o | X-abel |Tlme ] o | Y-label ‘Discreuancv (m) (%] | | Clear

| B0Q |+« BY@E

| Model Components | |

Set plotting ranges
| weveswccer ||| x:[43000:67000] Y:[-20:20] |

Label Position | Ti Expand figure to margin

[] Automatic Limi. | X-min. |43000 @ | xmax. 7000 Q | v-min. |-20 Q | vmax. |20 o GRACE-A broadecast positioning (C1)
. . - Radial
15 : : - - Along-Track

3 ) £) Configuration ; ; - - Cross-Track
zl‘ Blue 7
L

Condition(s) |SATDIFF v
I R
3
20

SEC

Automatic Ticks

Discrepancy (m}

X Column

45000 50000 55000 60000 65000
Time (s}
¥=581935 y=7.32218 a

Upload file dif.out in
Plot 1, Plot 2 & Plot 3

Developed by gAGE: Research group of Astronomy & Gd
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Model: Single frequency C1 code with broadcast orbits & clocks

GRACE-A Broadcast positioning [C1]: Radial error

T SR S s
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GRACE-A Broadcast positioning [C1]: Cross Track error
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Questions

1. Isit reasonable to disable
the tropospheric and
ionospheric corrections?

2. Like GPS satellites, LEOs

are also affected by
relativistic effects. Is it
necessary to introduce an
additional model term to
account for this effect?

3.  What could be the reason

for the large error peaks
seen in the plots?

http://www.gage.upc.edu
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Model: Single frequency C1 code with broadcast orbits & clocks

A Answer to Question 1.
Is it reasonable to disable the tropospheric and ionospheric corrections?

— Troposphere:

The troposphere is the atmospheric layer placed between Earth’s surface and an
altitude of about 60 km.

GRACE-A satellite is orbiting at about 450 km altitude, thence no tropospheric error
Is affecting the measurements.

— lonosphere:

The ionosphere extends from about 60 km over the Earth surface until more than
2000 km, with a sharp electron density maximum at around 350 km.

GRACE-A satellite, orbiting at about 450 km altitude, is less affected by the
lonosphere than on the ground, but nonetheless a few meters of slant delay
could be experienced. On the other hand, as the correction from Klobuchar
model is tuned for ground receivers, its usage could produce more harm than
benefit (see HW1).

A Homework:

A HW1: Assess the ionospheric delay on the GRACE-A satellite measurements.
Compare with the Klobuchar model corrections.

©gAGE/UPC http://www.gage.upc.edu QAGE/UPC 11
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Model: Single frequency C1 code with broadcast orbits & clocks

A Answer to Question 2:

In this approach, is it necessary to introduce an additional model term to
account for the relativity effect on LEO satellite?

— GRACE-A clock is affected by general and special relativistic effects (due to the
gravitational potential and satellite speed). But this is not a problem, because the
receiver clock is estimated along with the coordinates.

Notice that this relativistic effect will affect all measurements in the same way, and
thence, it will be absorbed into the receiver clock offset estimation.

A Answer to Question 3:

What could be the reason for the large error peaks seen in the plots?

— The large error peaks are associated to bad GPS-LEO satellite geometries and
mismodelling. Notice that the satellite is moving at about 8 km/s and therefore the

geometry changes quickly (see HW?2). Also, the geometry is particularly poor when
GRACE-A satellite is over poles.

A Homework:

A HW2: Plotin the same graph the “True 3D error”, the “Formal 3D error” (i.e, the 3D-
sigma) and the number of satellites used. Analyze the evolution of the error.
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Mode 2. Dual frequency PC code with broadcast orbits & clocks

Example of computation with gLAB:
Code positioning + broadcast orbits: Dual frequency: PC

From previous
configuration, disable

(TGD):

) From previous
e P1 — P2 Correction

configuration, set:

* Dual Frequency

| *PCMeasurement

o o
T 3

Select files

Sackward Flerng

code combination.

GRAA_@©7_©80.sp3
gELAB.sp3

Setdif .out
as output file

rrrrrrr

nnnnnnn

000

Show Output

©gAGE/UPC
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Complete the steps
(from previous configuration):

1. [Modeling]:

e Disable P1-P2 correction
[Filter]:

e Dual Frequency

* PC measurement

3. Run gLAB

4. |In Compare Orbits &
Clocks mode:

 Compute differences
with reference file
GRAA 07 _080.sp3

2.

€ gAGEIUPC
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Mode 2. Dual frequency PC code with broadcast orbits & clocks

GRACE-A Broadcast positioning [PC). Radial error GRACE-A Broadcast positioning [PC]. Along Track error
! ! ! ! ! : Hd : 20 T T T T T T T T

Plotting

e Make the same plots as in
the previous case.

Questions

20y 10600 20600 30600- 40603 50600 mt;no ?0[;60 SO[;OD 90000 20 10600 zm;oo 30600 40600 sm;oo 50[;:]0 70[;00 30[;00 90000
time (s} time (s} . . ..
4. Why is the solution noisier
GRACE-A Broadcast positioning [PCJ: Cross Track error GRACE-A Broadcast positioning [PC]
20 T T T T T T T T

o— - — than the previous one with
! + + Along Track

Zoom | o an C1 code?

of the ionosphere-free
combination of codes (PC),

B S P compared with C1 code.
S N O e 1 6. How could the
W sl e e e performance be improved?

hme.;g:)oo 60000 70000 80000 90000 45000 50000 t?r?i[“g’ GO000 63000
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Mode 2. Dual frequency PC code with broadcast orbits & clocks

GRACE-A Broadcast positioning [PC). Radial error GRACE-A Broadcast positioning [PC]. Along Track error
! ! ! ! ! : Hd : 20 T T T T T T T T

Plotting

e Make the same plots as in
the previous case.

Questions

20y 10600 20600 30600- 40603 50600 mt;no ?0[;60 SO[;OD 90000 20 10600 zm;oo 30600 40600 sm;oo 50[;:]0 70[;00 30[;00 90000
time (s} time (s} . . ..
4. Why is the solution noisier
GRACE-A Broadcast positioning [PCJ: Cross Track error GRACE-A Broadcast positioning [PC]
20 T T T T T T T T

o— - — than the previous one with
! + + Along Track

Zoom | o an C1 code?

of the ionosphere-free
combination of codes (PC),

B S P compared with C1 code.
S N O e 1 6. How could the
W sl e e e performance be improved?

hme.;g:)oo 60000 70000 80000 90000 45000 50000 t?r?i[“g’ GO000 63000

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC

Research group of Astronomy & Geomatics
Technical University of Catalonia



Mode 2. Dual frequency PC code with broadcast orbits & clocks

A Answer to Question 4:
Why the solution is noisier than the previous one with C1 code?

Pc = flzpl_ f22P2 _rR-h (17 2
B R I
1 2 v

Thence, assuming uncorrelated P1, P2 measurements with equal noise o, it follows: |0, = 30

The iono-free combination of codes P1 and P2 is computed as:

A Answer to Question 5:

Discuss the pros and cons of the ionosphere-free combination of codes (PC).

— Combination PC removes about the 99.9% of ionospheric delay, one of the most difficult error
sources to model, but two frequency signals are needed. On the other hand, PC is noisier than the
individual codes C1, P1 or P2 (see HW3).

A Answer to Question 6:

How could the performance be improved?
— Smoothing the code with the carrier and/or using precise orbits and clock products as well.

A Homework:
A HW3: Assess the measurement noise on the C1, P1, P2 and PC code measurements.

. AGE/UPC
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

Example of computation with gLAB:
Code & Carrier + precise orbits & clocks: Dual frequency (LC, PC)

SPP Fl
: PP R
\ SBAS =]

DGNSS  F4

| setPPPq

gAGE/UPC

= - www.gage.es

4 Set Precise (2 files)

) 4

o .

Select files

graad800.070
cod14193.sp3
cod14193.clk
igs@5 1402.atx

©gAGE/UPC

Set calculate

nt Template: PPP

gAGE/UPC

Geometry-free {Dual-frequency)

Set data decimation to
30 seconds instead of
300 to have a higher

number of output 3

samples

GNSS Satellite Selection

® GPS Galileo GLONASS BeiDou GEO

http://www.gage.upc.edu

Show Output
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

Example of computation with gLAB:

Code & Carrier + precise orbits & clocks: Dual frequency (LC, PC)

Mode Templates Configuration [Preferences  Help

A ——_J——

Ingut Preprog C
Modelling Options
] satebte Cladk Offset Comecton
(] Chedk Broadeast Transmission Tme
[+ Consider Satelite Movement Curing Signal Fight Time.
¥ Consder Earth Ratation Durng Signal Fight Tme:

I Satelite Mass Conlre b Anberria Phass Centre OfFet Corection

alAR shcEURC
Hadeing R | ot
PR—— 1 (T
Interpolation Gplion Orbits Clocks
Intenpolation Degres: n [x] (2]
M Conserutve Gaps Between Samples: |8 O B x]
Tota Gaps Abowed: FLI < ]

[] Shew Concatenated SP3/CLE options

Receiver Antenna Reference Pont Comection

From PPP configuration, disable:
* Receiver Antenna Phase Center
* Receiver Antenna Ref. Point

* lonospheric (already disabled)
* P1 - P2 (already disabled)

* Tropospheric

* Solid Tides correction

Developad by gAGE: Research group of Astronamy & Geomatics

©gAGE/UPC

Current Ternplate: PPP

Smoothing

gLARVS.1.0

Disable

) poeudorange + Camer phase

Measurement Configuration and

Estimate

Troposphere

PC v (8 Foxed SidDev 1 T | () | L Bevabon SidDev

IC v @ FedSec 001 @ {m) | O Bevation 5t

Switch to

Parameters . .
. | Kinematic "
] Backmard Fiter
Cosrdriates 0 0 e
o] Mane. GOOP ) n 9
Recener Dack ] 0 en Olm) 0 O m
i
P iguites 1 o 3 M 3
hase hsbipl 0] Q|m 0 s
Developed by gAGE: Research group of Astronomy & Geamatics Current Terpiate: PPP Run gLAR Showr Dutpart

http://www.gage.upc.edu

€ gAGEIUPC
18

Research group of Astronomy & Geomatics
Technical University of Catalonia



Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

Example of computation with gLAB:
Code & Carrier + precise orbits & clocks: Dual frequency (LC, PC)

] Pt FILTER

[ Print OUTPUT

ermplates Configuration I = o ‘@ = ﬂ“
i LAB e
Set output SP3 file as = "hg'*' i E———— | |
== k>{ Select files —— Set: 30s
ez ~ GRAA_©7_©80.sp3 e Sntetiime Linder meteee Conien [NEY 15 o D & G S =
g LAB.sS p 3 e e gLAB.sp3 A
v - - =
Output Fle: C:luisers'gage Decking QLB \gLAS out l [} | T o f . r -:":--.:-c atea s : 3
] k. Fie: - — e —
B S setdif.out 2
as output file

Disable all messages except:

_* Print INFO Messages

* Print OUTPUT Messages
to avoid big output files

. Run gLAB

. Generate

Jesomee Set plotting ranges e I
T X:[43000:67000] Y:[-2 2] |lmmmes 2
Title GRACE-A broadcast postionmg (C1) O xisbel T () / © | risbel Ducrepancy in) [-] Cear ]-
Label Posibon xpand figure fo margn.
AutomascUmill X-mn. |4300 ©  xmax. 6200 Q von % 0 fmw 2

Developed by gAGE: Research group of Astrononmy & Geomatics

Current Ternplate: spp

Run gLAB

©gAGE/UPC

http://www.gage.upc.edu

dif.out file

. Make plots

¥ {is1esaroiee)
x/

£: Rasorch o of Asrnomy Upload file dif.out in

as before

Plot 1, Plot 2 & Plot 3

eeeeeee h group of Astrono
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

GRACE-A Broadcast positioning [LCPC]: Radial error
B + - ! - B :

18 : LS : ; S T
[ £ i — £ i
g : K

i f\"\w PN

-Z'DD 10000 20000 30000 40000 50000 60000 70000 80000 90000

20

GRACE-A Broadcast positioning [LCPC]: Along Track error

1.5

-2.0

GRACE-A Broadcast positioning [LCPC]: Cross Track error
H B B B - H [} B

“o 10000 20000 30000 40000 50000 60000 70000 80000 900
time (s)

2.0

Orbits and Clock Comparison

10

crepancy (m)

%
5 -0.5
1.0

15}

-2.0

M :
\ . i i
oo'p-_g.—-—mcayhm

-+ Radial
+ + Along-Track
« « Cross-Track

Zoom

45000 50000 55000

Time (=)

60000 65000

©gAGE/UPC
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Questions

7.  Which is the improvement
in precise orbits and clocks
accuracy, regarding the
broadcast case?

8. How do carrier phase
measurements allow to
improve the accuracy?

9. Why do large peaks appear?

10. Why does a 40-50 cm bias
appear in the radial
component?

Why do wind-up and
satellite antenna phase
center offset corrections
have to be applied? What
about the solid tides
correction?

11.

€ gAGEIUPC
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

A Answer to Question 7:

Which is the improvement in precise orbits and clocks accuracy, regarding
the broadcast case?

— Broadcast orbits and clocks are accurate at the level of few meters.

— Precise orbits and clocks IGS products are accurate at few centimeter level (see HW4).

A Answer to Question 8:

How do carrier phase measurements allow to improve the accuracy?
— Code measurements are unambiguous but noisy (meter-level measurement noise).

— Carrier measurements are precise but ambiguous (few millimetres of noise, but with
an unknown bias that can reach thousands of kilometres).

— The carrier phase biases are estimated in the navigation filter along with the other
parameters (coordinates, clock offsets, etc.). If these biases were fixed, then
measurements accurate at the level of few millimetres, would be available for
positioning. However, some time is needed to decorrelate such biases from the other
parameters in the filter, and the estimated values are not fully unbiased.

e Homework:

A HWA4: Assess the broadcast orbits and clock accuracy using the precise products as
the truth.

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 21
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

A Answer to Question 9:

Why do large peaks appear?

— The peaks are related to massive cycle-slips experienced after each revolution (about
1.5 h).

— After a cycle-slip happens, the filter has to restart the carrier ambiguity. This is not a
problem when it occurs on a single satellite (being the others well determined), as its
ambiguity is estimated quickly. But when a massive cycle-slip occurs, the filter needs
more time to converge (see HW5).

A Answer to Question 10:

Why does a 40-50 cm bias appear in the radial component?

— This is the GRACE-A antenna phase centre offset. Please notice that we are
positioning the Antenna Phase Centre (APC), while the coordinates in the SP3
reference file (GRAA_07_080.sp3) are referred to the satellite Mass Centre (MC).

e Homework:

A HWS5: Analyze the carrier phase biases convergence in this kinematic PPP
positioning.

©gAGE/UPC http://www.gage.upc.edu Ba c ku p @ QAGE/UPC 22
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Mode 3. Dual freq. LC, PC carrier and code with precise orbits & clocks

A Answer to Question 11:

Why do wind-up and GPS satellite antenna phase center offset corrections
have to be applied? What about the solid tides correction?

— Wind-up correction: Wind-up only affects the carrier phase measurements, but not

the code ones. This is due to the electromagnetic nature of circularly polarised waves
of GPS signals.

The correction implemented in gLAB only accounts for the satellite movement relative
to a receiver with fixed coordinates. An additional correction to account for the
GRACE-A motion along its orbital path could also be included, but since most part of
this effect will be common for all satellites, it will be absorbed by the receiver clock
offset estimation.

— GPS satellite antenna phase center: Precise orbits and clocks of IGS products are
relative to the GPS satellite mass centre (unlike the broadcast ones, which are
relative to the satellite antenna phase centre [APC]). Thence an APC offset vector
must be applied.

— Solid tides correction: No Earth’s Solid Tides corrections are needed because the
rover is not on the ground.

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 23
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Mode 4. Single freg. with L1, C1 GRAPHIC comb. and precise orbits & clocks

Example of computation with gLAB: Code and Carrier + precise
orbits & clocks: Single frequency (GRAPHIC)

Single frequency

[*] Note: C1C must be set due
to gLAB architecture, but it
is assigned a large sigma to
avoid the C1 code noise
and ionospheric error.

6,=100
meters
re— T 05,=0.5 meters
f oos ‘ : el
=1 s 1w | |
Select files —— Set: 30s
o samrmer GRAA_©7_©80.sp3 === Disable: Clock
e gLAB.sp3 )

as output file

=

T | e
setdif.out 3
==

Disable dual-freq detectors
Enable single-freq detector

’“”“"'”

http://www.gage.upc.edu

Complete the steps

(from PPP configuration mode):
1. [Filter]:

e Single Frequency

e C1C(C1 code [*])

e G1C (GRAPHIC)

* Set Kinematic Mode

2. [Model]:
e Disable P1 - P2 Corr.
3. [Output]:

* Set gLAB. sp3 format file.
4. [Preprocess]:

e Unable MW, LI detectors
5. RunglLAB
6. In Compare Orbits & Clocks:

e Compute differences with
reference file
GRAA 07 080.sp3

Make plots as before.




Mode 4. Single freg. with L1, C1 GRAPHIC comb. and precise orbits & clocks

GRACE-A Broadcast positioning [GRAPHIC]: Radial error GRACE-A Broadcast positioning [GRAPHIC]: Along Track error
B B B N . : : 4 B B B . . N N N

* L\,.;Mu Questions
hmémémmmmmmémémémm?m_ 12. Which is the main benefit
[4] 10;00 205)00 30000 40000 50;00 50;00 ?0;00 80;00 90000 Of the GRAPHIC

— combination?

GRACE-A Broadcast positioning [GRAPHIC]: Cross Track error GRACE-A Broadcast positioning [GRAPHIC]

| T— Zoom ETG‘JIL‘ 13. Why is the solution noisier

LC, PC?

s 5 5 | | | 14. Would the performance be
F R S S improved directly using the
i 10[;00 20[;00 3000040000 50000 60000 70000 80;00 90000} 4 “5[5300 50{5’00 55‘;[‘0 ‘50{;00 65000 in the LC ) PC Ca Se)?

....... time (s)
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Mode 4. Single freg. with L1, C1 GRAPHIC comb. and precise orbits & clocks

A Answer to Question 12:
Which is the main benefit of the GRAPHIC combination?

— The GRAPHIC combination is defined as: G :%(Pﬁ L)

— Thence, since the ionospheric refraction has opposite sign in code P, and carrier L,,
GRAPHIC removes the ionospheric error.

— On the other hand the code noise is reduced by a factor 2 (i.e., o, =1/20 ).
— However, this is an ambiguous measurement due to the unknown carrier phase bias.

— Note: Due to the gLAB filter design, a code measurement must also be provided to the
filter along with the GRAPHIC one. Nevertheless, a large sigma noise is set to this code
in order to downweight this measurement in the filter (in this way the solution will be
driven by the GRAPHIC combination).

A Answer to Question 13:

Why is the solution noisier than the previous one with LC, PC?

— Unlike the previous case (where carrier phase data with few millimetres of error were
provided), now the most accurate measure provided to the filter is the GRAPHIC
combination with tens of centimetres of error.

A Answer to Question 14: Let's see the next two exercises.

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 26
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Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

Example of computation with gLAB:
Code and Carrier + precise orbits & clocks: Single frequency (L1, C1)

. . .
From previous configuration, complete
.
the following steps:
Mode  Templates  Configuration  Preferences  Help
A
.
1. [Input]: Upload the brdc@8060.07n — (@ grcEruRe
. . . - B = G :. T =i — . . www.gage.es
fl I e I n t h e P 1 - P 2 CO rre Ctl O n . Input Preprocess Madeling Filter Output
. KUVET |USEr) A Priori Receiver Position From:
. = -
Se I e Ct D C B S O u rC e . B ro a d C a St (S p e C I fy) servation File: | C:\Users'gage'\Desktop\gLAB\graadg00.07a [x] ® Caloulate () RINEX
. [ start Time [] End Tme E“: SD::W L
. Select the start position:
2 . [MOd e l] . Set P 1' PZ COITECtIOn, se I ECt ANTEX File: c geDesktap|al ABligs05_1402.atx o ® Earth's surface () RINEX
RINEX Navigation as DCB File OIS S
.
() Broadcast () Precise(1file) (@) Precise (2 files) ["] Reference Position File:
- 5P3 File: |C:Wsers\gage\Desktop\gLAB\cod 14193.5p3 o
Mode Templates Configuration Preferences  Help
CLK Files |C:Wsers\gage\Desktop'\aLAB\cod 14193.clk o
= S e e ~=|| [seas
Input Preprocess Modeling
ModelingOptions @  ccecrous cts Data [] Reference Station (DGPS)
Satellite Clock Offset Colection Interpolation Option |:| T T eI
] Check Broadcast Transmifllion Time Interpolation Degree:
Consider Satelite Movemdlk During Signal Flight Time Mk Consecutive Gape Be Auxiliary Files
Consider Earth Rotation Difling Signal Flight Time ' o " D P1- Cl Corecti P1- P2 Correcti
Satelite Mass Centre to Anflinna Phase Centre Offset Correction TotelGaps Alowed: rrection rrection
N Ote . Satelite Antenna Phasefllentre Variation [ Show Concatenated DCB Source: | Broadcast (specify) b
[ Receiver Antenna Phase Cerfle Carrection
. [] Receiver Antenna Reference fiint Correction RINEX Nav. Fie: |c: \cton gL ABbrdc0800.07n
TG DS (I . e' P 1_P2 [¥] Relativistic Clock Correction (offt eccentricity) lav. File: |C:\Users\gage \Desktop|gLAB br Q
] Tonospheric Correction
DCBs) are needed| ™ 0 tser Added Eor .
- P1-P2 Correction RINEX Nav File ~
fo r SI n g I e Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP Run gLAB Show Output
frequency S —
ey . [ selid Tides Correction
p OS I t I O n I n g . Relativistic Path Range Correction
©gAGE/UPC O o
Research group of Astronomy & Geomatics
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: PPP Run gLAB | |Show Output Technical University of Catalonia




Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

Example of computation with gLAB:
Code and Carrier + precise orbits & clocks: Single frequency (L1, C1)

Single frequency

—

Set
Oc1p=1 meter

c,,p=0.01 meters

B 510 GABVEID = a—]'i
i :1::: w @yAGE/UPC H
_____ glLAE _—— T
Fout Preprcess - Select files e Set: 3@s
tati t; 52
= _ owarws GRAA_©7_080.sp3 i o) Disable: Clock
s [P BLAB.sp3 SR s
- . > s s
X kit smese - e - e
i o Gmpe Afowed: o L]
JI —— B | ST a
. e
e Setdif.out
as output file

e Disable dual-freq detectors
e Enable single-freq detector

wveloped by QAGE: Risearch group of Astron

ormy & Geomaties

sm =

http://www.gage.upc.edu

Complete the steps

3. [Filter]:

* Single Frequency

measurements

e L1P (L1 carrier)

e C1P (P1 code)
4. [Output]:

* Set gLAB.sp3 format file.
5. [Preprocess]:

e Unable MW, LI detectors
6. Run glLAB
In Compare Orbits & Clocks:

e Compute differences with
reference file
GRAA 07 _080.sp3

Make plots as before.

€ gAGEIUPC
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Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

GRACE-A Broadcast positioning [P1L1]: Radial error

GRACE-A Broadcast positioning [P1L1]: Along Track error

: i i i i ; ; ; a i i L H " "
0 10000 20000 30000 40000 50000 60000 70000 80000 90000 ¢ 10000 20000 30000 40000 50000 G000 70000 80000 90000

time (s)

time (s}

GRACE-A Broadcast positioning [P1L1]; Cross Track error . GRACE-A Broadcast positioning [P1L1] 15. EXplaIn Why the SOIUtlon
T T ’—‘ e has a more defined
1 e pattern, with large

16. No ionospheric corrections
3 L have been applied in this

run. What would happen if

the Klobuchar model is

H H H H H H H H = . = - = : = -
0 10000 20000 30000 40000 50000 60000 70000 80000 9000 45000 30000 |JJ000. 60000 63000 a I i e d ?
time (s} me (s} pp r
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Mode 5. Single freq. L1, C1 carrier and code with precise orbits & clocks

A Answer to Question 15:

Explain why the solution has a more defined pattern, with large
oscillations.

— This effect is due to the error introduced by the ionosphere and the broadcast
differential code biases inaccuracy.

A Answer to Question 16:

No ionospheric corrections have been applied in this run. What would
happen if the Klobuchar model is applied?

— In general, the performance will degrade. As commented before, the correction from
Klobuchar model is tuned for ground receivers, only removes about the 50% of
lonospheric delay, and its usage can produce more harm than benefit. (see HW®6).

A Homework:

A HWG6: Apply the Klobuchar model and discuss the results.

A HWT7: Generate a file with the satellite track (in a Earth-Fixed Earth-Centered
reference frame) to be viewed with :

Gotugle earth

©gAGE/UPC http://www.gage.upc.edu @ gAGE/UPC 30
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OVERVIEW

v Introduction

v The gLAB tool suite

v  Examples of GNSS Positioning using gLAB
v’ Laboratory session organization

LABORATORY Session

v’ Starting-up your laptop

v’ Basic: Introductory laboratory exercises (Ex1, Ex2)

v Medium: Laboratory Work Project (LWP):
Kinematic positioning of a LEO satellite

» Advanced: Homework
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Proposed Homework exercises

A HW1: Assess the ionospheric delay on the GRACE-A satellite measurements.
Compare with the Klobuchar model corrections.

A HW?2: Plot in the same graph the “True 3D error”, the “Formal 3D error” (i.e,
the 3D-sigma) and the number of satellites used. Analyze the evolution of
the error.

A HWS3: Assess the measurement noise on the C1, P1, P2 measurements and
the PC code combination.

A HWA4: Assess the broadcast orbits and clocks accuracy using the precise
products as the truth.

A HWS5: Analyze the carrier phase biases convergence in this kinematic PPP
positioning.

©gAGE/UPC http://www.gage.upc.edu QAGE/UPC 32
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Proposed Homework exercises

A HWS6: Apply the Klobuchar model to the L1, P1 positioning with precise
orbits and clocks and discuss the results.

A HW7: Generate a file with the satellite track (in a Earth-Fixed Earth-Centered
reference frame) to be viewed with Google earth

@ gAGE/UPC
33
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Backup slides

Homework help and answers
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

(0]

gLAB v5.1.0

‘Output Destination

QOutput File:

[] kML File:

[] KMLO File:

[[] sP3File:
[[] RefFile:

Qutput Messages

[ Print INFO

Print INPUT

Print MODEL

<

C:\Users\gage\Desktop\gLAB gl

Mot

[] Print PREFIT

p) [ Print POSTFIT

[] Print SATSEL
[] Print FILTER
[] Print OUTPUT

["] Print USERADDEDERR

Developed by gAGE: Research group of Astrol

©gAGE/UPC

INPUT messages

Input data message. It is shown after an epoch is read (and
decimated). It contains the measurements for each satellite for this
epoch

+ Field 1:'INPUT

+ Field 2: Year

+ Field 3: Doy

+ Field 4: Seconds of day

+ Field 5: GNSS System (GPS, GAL, GLO or GEQ)

+ Field 6: PRN satellite identifier

+ Field 7: Arc length (number of undecimated epochs after the
last cycle-slip)

+ For GPS:

+ Field 8: C1[C1C]

* Field 9: P1[C1P]

+ Field 10: P2 [C2P]

e Field 11: L1 [L1P] (prealigned, in meters)

e Field 12: L2 [L2P] (prealigned, in meters)
+ For Galileo (GAL):

+ Field 8: C1A

+ Field 9: C1B

+ Field 10: C1C

+ Field 11: C7Q

+ Field 12: c8Q

¢ Field 13: L1A (prealigned, in meters)

e Field 14: L1B (prealigned, in meters)

* Field 15: L1C (prealigned, in meters)

e Field 16: L7Q (prealigned, in meters)

¢ Field 17: L8Q (prealigned, in meters)
+ For GLONASS (GLO):

+ Field 8: C1[C1C]

+ Field 9: C2 [C2C]

¢ Field 10: L1 [L1P] (prealigned, in meters)

¢ Field 11: L2 [L2P] (prealigned, in meters)
+ For GEO:

+ Field 8: C1[C1C]

+ Sample; INPUT 2006 200 0.00 GPS 19 1 23119003.9020
23119002.6110 23119004.0750 23119002.7507
23115004.0925

Qutput

Configure gLAB as in Mode 1 and
complete the following steps:

1. [Output]: set
* Print INPUT Message
* Print MODEL Message

(see message content in the Tooltips)
2. Run glAB.

3. Make plots:
[Analysis] section:

e Click on the preconfigured lonospheric
combinations option.

e Complete the [Plotl, Plot2, Plot3] panels
configuration as indicated in the next
slide.

Note: This configuration will provide:

Plot 1: L1-L2 as a function of time for ALL sat.
Plot 2: L1-L2 as a function of time for PRN16.
Plot 3: P2-P1 as a function of time for PRN16

http://www.gage.upc.edu
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

)

Mode Templates Configuration _Preferences _Help

) C 9AGE/UPC
e o o e e it
Tempiates
Dhsenoferecstn sataite siot
P I Ot I e pre——
i
[ —
[ m——— O il e ) © | viebel Mebes of L1420y fm) 0 o
Labelposon TopRght = | Fractonal Text Watear [ Bxpond e o g
] Avtematetmas x| 42000 0 | xmax. 5100 © ron |1 O | rem. 15 (]
[ Automate ks
Individual Pot(s) Confguration
® Pt 1 O ptie, 2 O Pt 3 Plotty. 4
SourceFle  |C:serslgoge Deshtop ol A ABLout [<] o Crdes -
Conatenls) [peur - - ey B -
xcoidn 0 veom (-]
Aot
bode Tempiates  Corfiguraton  Preferences _Help
gAGE/UPC
- = e e, . gage.es
Templates
Dison OFFrecscn Setelte Scypot
Poeht R s Messusement Mt ise
O | Carrer phase Ambigutes O anc lok Camparson
‘Glabal Graphic|
Tibe Tonosshers comoranors @ | vaom [ ime 5 © | Yiobel Metres ofL 142 delay fm) Q| e
Labelpostion TopReht = | Fractond Text watemerk [ Esporc e tomargn
() Automate s %o, 43000 Q| xmax. smoo Q von [0 Q| rman. 15 (-]
[ Automate Tdks
Indvidual Plot(s) Conbguration
O o, 1 ® s, 2 ) Pt 3 Pt &
SowceFie |C:\servigage Pestopi AR AB.out L] Croes <
Condtont) |meuT v i v| (=TT a(ssesis) ] Gen v
XCahan O | Yooum [:]

'$10-$9

©gAGE/UPC
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Mode Templates Configuration Preferences

Templates

NEU Position

-~ _.. Plot 3

Help

gAGE/UPC
www.gage.es

zontal Positioning Error

Dilution Of Predsion

Satelite Skyplot

Model Components

Posfit Residuals

Measurement Multipath Noise

Zenith Tropospheric Delay

Carrier Phase Ambiguities

| | Orbit and Clock Comparison

Global Graphic Parameters
Title |lonospheric Combinations

Label Position | Te

[] AutomaticLimi~ X-min. 43000

Automatic Ticks
Individual Plot(s) Configuration

() PlotNr. 1
Source File

Condition(s) |INPUT

X Column EEE

Note: This plot take
some time to be
generated

http://www.gage.

o ¥abel Time (z)

o X-max.

() PlotNr, 2

C:\Users'gage\Desktop'gLABgLAB.out

-

o ¥ Column

o ‘fabel |Metres of L1412 delay (m)

0 Clear

" =xpand figure to margin

o Y-max. |15

() PlotNr. 4

o
a

s11617) @ Lelm

[1abel |PRN16 : LI=(L1-12)

$11-%$12

/1

¢ & Geomatics

upc.edu

Backup

€L1-

Current Template: spPp

/LZ

€ gAGEIUPC

Research group of Astronomy & Geomatics
Technical University of Catalonia



HW1: Assessing the ionospheric delay on the GRACE-A satellite

Metres of L1-L2 delay {(m)

Ionospheric Combinations

15

10 -

-

1m|;1—L2 delayzl'55 my, defay

e o AllPRN : LI=(L1-L2)
e « PRN16 : PI=(P2 - P1)
s o PRN16 : LI=(L1-L2) ||

.2
H

[ ]

L ]

Plot HW1-a Comments:

e The ionospheric delay (STEC) computed from L1-L2 (aligned)
carriers is shown in blue for all satellites.

e The red circles show the L1-L2 delay for sat. PRN16

e The green circles show the ionospheric delay on PRN16
computed from P2-P1 code measurements.

1 As itis shown in the plot, the STEC variations are typically at

the meter level, but in some cases they increase up to
several meters.

'\ The code measurement noise and multipath in the P2-P1

combination is typically at the meter level, but in the ends of

- i
50000 55000

Time (s)

|
60000

data arcs (low elevation rays) can reach up to a few meters.

The previous plot can be also generated in console mode as follows (see graph.py -help):

graph.py -f gLAB.out -c '($1=="INPUT")' -x4 -y'($11-%$12)"' --1 "ALL"

-f glLAB.out -c '($1=="INPUT")&($6==16)"' -x4 -y '($10-$9)' -so --1 "PRN16 P2-P1"
-f glLAB.out -c '($1=="INPUT")&($6==16)" -x4 -y '($11-$12)' -so --1 "PRN16 L1-L2"

--Xn 43000 --xxX 67000

--yn -10 --yx 15

©gAGE/UPC
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

A Working in console mode
The next commands compute the ionospheric delay from C1,L1 measurements:

1. Using the configuration file meas.cfg, read the RINEX and generate the MEAS message with

data format:
[Id YY Doy sec GPS PRN el Az N. list C1C L1C C1P L1P C2P L2P]

1 2 3 4 5 6 X x 9 10 11 xx 13 14 15 16 ]
Execute:

gLAB linux -input:cfg meas.cfg -input:obs graae800.070 > meas.txt

2. From file meas.txt, compute the ionospheric delay as h:}é@H—LQ+bms

gawk '{print $6,%4,($11-$14)/2}"' meas.txt > Il.txt

3. From previous file, plot the ionospheric delay for the time interval [43000:67000]. Show in the
same plot: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW1-b in next slide).

graph.py -f Il1.txt -x2 -y3 -s. --cl y -1 "ALL"
-f Il.txt -c '($1==16)"' -x2 -y3 -so --cl r -1 "PRN16"
-f Il.txt -c '($1==21)"' -x2 -y3 -so --cl g -1 "PRN21"
--Xn 43000 --xx 67000 --yn -10 --yx 10
--x1 "time (s)" --yl "STEC (meters of L1 delay)"

h group of Astronomy & Geomatics 38
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

lonospheric delay

10 T T 1 1 i
10— ! g g : : : e o PRN16: Klob (shifted)
| ALL N ] o e PRN21: Klob (shifted)
: ° ° PRN1G6 L ;' o oPRN16 1/2(C1-L1)
. | ° ° PRN21 $ o PRN21 1/2(C1-L1)
5_5 : _ 6—--’---@ _____________________ o S S S
3 : ¥ 3 : : : 1 :
3 3
J a
5 5
p 0 w
& ]
£ g
i g
n sl ;
10 ; ; ; ; ; 41 Large discrepancies with Klobuchar appear
45000 50000 55000 60000 65000 . . . : ;
time (s) 45000 50000 55000 60000 65000
time (s)
Plot HW1-b: Plot HW1-c:
STEC variations of few meters are typically L1-C1 iono estimate is less noisier than the P2-P1.On
experienced , but in some cases they reach the other hand, large discrepancies appear when
up to 8 meters of L1 delay. comparing with Klobuchar corrections
©gAGE/UPC http://www.gage.upc.edu QAGE/UPC
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HW1: Assessing the ionospheric delay on the GRACE-A satellite

A Plot HW1-c generation (working with the GUI and in console mode):

1. Using the gLAB configuration of exercise 1, activate the “lonospheric Correction” option in the
[Modelling] panel and run again gLAB. The program will output the file gLAB. out.

(see help and file format executing: gLAB_linux -messages, or gLAB linux -help).

2. “grep” the MODEL messages of file gLAB. out, selecting the C1P [PRN, time Klob_iono] data:

grep MODEL gLAB.out |grep C1P|gawk '{print $6,$4,$25-3}' > klob.txt

Note: the Klob_data is shifted by “-3” meters to align the curves in the plot

3. Plotin the same graph the ionospheric delays of satellites PRN16 and PRN21 from I1.txt and
klob.txt file (see Plot HW1-c in the previous slide).
Note: Both the Graphic User Interface (GUI) panel or the graph.py tool (in console mode) can be
used for plotting.

gA GE/UPC
40

ooooooooooooooooooooooooooooooooooo

©gAGE/UPC http://www.gage.upc.edu



HW?2: Plot in the same graph the “True 3D error”, the “Formal 3D
error” and the number of satellites used. Analyze the result.

A Complete the following steps

1. Configure gLAB as in Model and set Print EPOCHSAT Messages in Output panel.
(see message content in the Tooltip, or executing gLAB_linux -messages).

Remember that IONO corrections were unable in Mode 1.
2. Run gLAB.
The program will output the file gLAB. out.

3. Generatethedif.out file from gLAB.out asin the previous exercises.

Plot the results:

In the same graph, plot the “3D error” [from file dif.out], the formal error (the 3-D sigma) and
the number of satellites used in the computation [from file gLAB.out].

graph.py -f dif.out -x4 -y9 -s- -1 "3D error" -c '($1=="SATDIFF")'
-f gLAB.out -c '($1=="OUTPUT")' -x4 -y'($5*5)' -s- --cl r --1 "5*sigma"
-f gLAB.out -c '($1=="EPOCHSAT")' -x4 -y6 -s- --cl g --1 "N. sat. used"
--Xn 43000 --xx 67000 --yn @ --yx 20

Note: 3D-sigma~ o PDOP
In the previous plot, the 3-D sigma is multiplied by 5 to enlarge the image.

©gAGE/UPC http://www.gage.upc.edu QAGE/UPC a1
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HW?2: Plot in the same graph the “True 3D error”, the “Formal 3D
error” and the number of satellites used. Analyze the result.

ol W { Q.MI,,N ' W“’} " ‘]‘ i}

CR L ) .
’ il ‘ |I‘I -.I."
00 10600 20600 30600 40600 50600 60600 ?O(I)OO 80600 90000 0 45600 50600 55600 60600 65600
time (s) time (s)
Plot HW2-a Plot HW2-b: Zoom of Plot HW2-a.
Periodic error peaks appear, mostly Along the peaks associated to bad geometries,
associated with losing a satellite and/or mismodelling is also producing some error
with bad geometries. trends.

e gA GE/UPC
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

A) The next commands compute the C1 code noise and multipath:

1. Using the configuration file meas.cfg, READ the RINEX and generate the MEAS message with

data format:
[Id YY Doy sec GPS PRN el Az N. list C1C L1C C1P L1P C2P L2P]

1 2 3 4 5 6 X X 9 10 11 xx 13 14 15 16 ]
Execute:

gLAB linux -input:cfg meas.cfg -input:obs graae800.070 > meas.txt

2. From meas.txt file,

7Y
Compute C1 code noise and multipath as: [l\/lc1 =Cl- Ll_%/—l(l‘l_ |_2)] y:(@j

gawk 'BEGIN{g=(77/60)"2}{print $6, $4 , $11-$14-2*($14-$16)/(g-1)}"' meas.txt > Cl.txt

3. From C1.txt file,

Plot the C1 code noise and multipath for time interval [43000:67000]. Show in the same graph: 1)
ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-a)

graph.py -f Cl.txt -x2 -y3 -s. --cl y --1 "ALL"
-f Cl.txt -c '($1==16)"'" -x2 -y3 -so --cl r --1 "PRN16"
-f Cl.txt -c '($1==21)"' -x2 -y3 -so --cl g --1 "PRN21"
--Xn 43000 --xx 67000 --yn 8 --yx 28
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

B) The next commands compute the P1 code noise and multipath:

1. Using the meas.txt file generated before, with the MEAS message data format:

[Id YY Doy sec GPS PRN el Az N. list C1C L1C C1P L1P C2P L2P]
1 2 3 4 5 6 x x 9 10 11 xx 13 14 15 16 ]

2
Compute P1 code noise and multipath as: [I\/lPl =P1- Ll—%/_l(Ll— LZ)] y = (%)

gawk 'BEGIN{g=(77/60)"2}{print $6, $4 , $13-$14-2*%($14-$16)/(g-1)}' meas.txt > P1l.txt

2. From previous P1.txt file,

Plot the P1 code noise and multipath for time interval [43000:67000]. Show in the same graph:
1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-b)

graph.py -f P1.txt -x2 -y3 -s. --cl y --1 "ALL"
-f P1l.txt -c '($1==16)"' -x2 -y3 -so --cl r --1 "PRN16"
-f P1l.txt -c '($1==21)"' -x2 -y3 -so --cl g --1 "PRN21"
--Xn 43000 --xX 67000 --yn 8 --yx 28
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

C) The next commands compute the P2 code noise and multipath:

1. Using the meas.txt file generated before, with the MEAS message data format:

[Id YY Doy sec GPS PRN el Az N. list C1C L1C C1P L1P C2P L2P]
1 2 3 4 5 6 x x 9 10 11 xx 13 14 15 16 ]

7Y
Compute P2 code noise and multipath as: [M 0y = P2- Lz_z%_l(u_ |_2)] y :(Ej

gawk 'BEGIN{g=(77/60)"2}{print $6, $4 , $15-$16-2*g*($14-$16)/(g-1)}" meas.txt > P2.txt

2. From previous P2.txt file,

Plot the P2 code noise and multipath for time interval [43000:67000]. Show in the same
graph: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-c)

graph.py -f P2.txt -x2 -y3 -s. --cl y --1 "ALL"
-f P2.txt -c '($1==16)"' -x2 -y3 -so --cl r --1 "PRN16"
-f P2.txt -c '($1==21)"' -x2 -y3 -so --cl g --1 "PRN21"
--Xn 43000 --xx 67000 --yn 8 --yx 28
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

D) The next commands compute the PC combination noise and multipath:

1. Using the meas.txt file generated before, with the MEAS message data format:

[Id YY Doy sec GPS PRN el Az N. list C1C L1C C1P L1P C2P L2P]
1 2 3 4 5 6 x x 9 10 11 xx 13 14 15 16 ]

_ f'P - f,P, :7/Pl_Pz.
f2—f; y-1"

Compute PC noise and multipath as: [M o = PC— LC]
Lc= 'L - L _ rL-L

I -1

gawk 'BEGIN{g=(77/60)"2}{print $6, $4, (g*($13-$14)-($15-$16))/(g-1)}" meas.txt > PC.txt

2. From previous PC.txt file,

Plot the PC combination noise and multipath for time interval [43000:67000]. Show in the
same graph: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see Plot HW3-d)

graph.py -f PC.txt -x2 -y3 -s. --cl y --1 "ALL"
-f PC.txt -c '($1==16)"' -x2 -y3 -so --cl r --1 "PRN16"
-f PC.txt -c '"($1==21)"'" -x2 -y3 -so --cl g --1 "PRN21"
--Xn 43000 --xxX 67000 --yn 8 --yx 28
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HW3: Code measurements noise assessment: C1, P1, P2 and PC

C1 code measurement noise and multipath P1 code measurement noise and multipath

Coele T AL
© ‘|e ePRN16

“ALL
: |e ePRN16
.ale ePRN21

Comments

e Large noise patterns appear at the end
of each data arc. This is due to
interference cross-talk with other
components. The figure at bottom shows

the multipath map for the GRACE-A .
e P2 code is noisier than P1 or C1.

Plot,HW& b e PC code combination is the noisiest one,
as expected.
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This figure is from
P. Ramos-Bosch

PhD dissertation,
gAGE/UPC 2008].
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HW4: Broadcast orbits and clocks accuracy assessment using the IGS
precise products as the accurate reference (i.e, the truth).

Complete the following steps:

File brdc@800.07n contains the orbit and clocks data broadcast in the GPS navigation message.
Files cod14193.sp3, cod14193. clk contain the precise orbits and clocks computed in post-
process by “CODE” center (IGS precise orbits and clocks products program).

1. Execute the following sentence to compute the difference of satellite coordinates and clock

offsets between both orbits and clocks sources:

gLAB linux -input:nav brdco800.07n -input:SP3 cod14193.sp3 -input:ant igs@5 1402.atx > dif.tmp

2. Select the SATDIFF message of dif.tmp file:
grep SATDIFF dif.tmp > dif.out

SATDIFF message content is shown in the table beside.
(see gLAB_linux -messages).

The IGS post-processed products are accurate at few cm
level, thence they can be taken as the truth.

3. Plot dif.out file asin the first exercise.

Note: SISRE:\/(ARad—ACIk)2+ AAlon? + ACross?)

19
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Field Content

1 'SATDIFF’

2 Year

3 Doy (Days-of-Year)

4 Seconds of day (seconds)

5 GNSS System (GPS, GAL, GLO or GEO)

6 PRN satellite identifier

7 SISRE difference (meters)

8 SISRE orbit-only difference (meters)

9 3D orbit difference (meters)

10 clkDiff: Clock difference (meters)

11 radDiff: Radial position difference (meters)

12 atDiff. Along-track position difference (meters)

13 ctDiff. Cross-track position difference (meters)

y & Geomatics




HW4: Broadcast orbits and clocks accuracy assessment using the IGS
precise products as the accurate reference (i.e, the truth).

meters

meters

GPS Broadcast - Precise [IGS APC]: Radial error

T En
A bbbt k8@ PRNLG

time (s}

GPS Broadcast - Precise [IGS APC]: Cross Track eerror

T
af e |s ePRNIE

time (s}
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GPS Broadcast - Precise [IGS APC]: Along Track error
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GPS Broadcast - Precise [IGS APC]: Clock error

' PlotHW4d1

1] 10000 20000 30000 40000 50000 60000 70000 80000 90000
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Comments

e Meter level errors are found on
broadcast orbits and clocks.

e The bias seen in the radial component is
due to the different APC’s used by the
GPS ground segment (i.e, in broadcast
orbits) and by IGS (precise products).

e This bias is compensated by a similar
shift in clocks.

e For the Signal-In-Space-Range-Error
(SISRE), please see the plot below.

GPS Broadcast - Precise [IGS APC]: SISRE

B S S AL
Plot HW4-e1  [++me
%

ey M H e M i
0 10000 20000 30000 40000 50000 60000 70000 80000 90000
time (s}
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HW4: Broadcast orbits and clocks accuracy assessment using the IGS
precise products as the accurate reference (i.e, the truth).

GPS Broadcast - Precise [BRD APC]: Radial error

AL
& ePRN16

- Plot HW4-a2
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GPS Broadcast - Precise [BRD APCJ: Along Track error
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Comments

The previous computations have been
repeated, but using the ANTEX file
gps_brd.atx instead of

igs@5 1402.atx

This new ANTEX file contains the GPS
antenna phase center offsets used by the
GPS ground segment, not the IGS ones.

* Notice that the biases in the radial
component have disappeared.

GPS Broadcast - Precise [BRD APC]: SISRE

10 ' ' ' ' ' ' - -
: : : : : : © tALL
Plot HW4-e2 =7
) USRS ORISR SHRSSIOS FSMSS SHNUOS M A
6
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2
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HWS5: Analyze the carrier phase biases convergence in the kinematic
PPP positioning.

A Complete the following steps

1. Configure gLAB as in Mode 2 for the Kinematic PPP positioning. Activate the “Print POSTFIT
messages” in the OUPUT panel

(see message content in the Tooltip, or executing gLAB _linux -messages).

2. Run gLAB.
The program will output the file gLAB. out.

3. From gLAB.out, “grep” the POSTFIT message and generate the file amb . out, containing
the estimates of ambiguities for each epoch. Take the last estimated value of the ambiguities
for each epoch. This can be done by executing:

grep POSTFIT glAB.out| gawk '{i=$6" "$4;a[i]=$13}END{for (i in a) print i,a[i]}' |sort -n > amb.out

Plot the results: Plot the ionosphere-free bias estimates as a function of time for the time interval
[40000:70000]. Show in the same graph: 1) ALL satellites, 2) PRN16 and 3) PRN21 (see

Plot HW5-d).

Note: The GUI can be graph.py -f amb.out -x2 -y3

used instead of the -f amb.out -x2 -y3 -c '($1==16)' --1 "PRN1l6"
“graph.py” command. -f amb.out -x2 -y3 -c '($1==21)" --1 "PRN21"

--Xn 40000 --xx 70000 --yn -10 --yx 10
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HWS5: Analyze the carrier phase biases convergence in the kinematic

PPP positioning.

Carrier phase ambiguities estimations
K]

10

+ PRN16
* PRN21

0 10000 20000 30000 40000 S0000 60000 70000 BOOOO SO000
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Zoom
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Plot HW5-c
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Carrier phase ambiguities estimations
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Zoom
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Plot HW5-b
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Plot HW5-d

~3fo00

45000

50000 55000

time (s}

60000

65000 70000

http://www.gage.upc.edu

Comments

* Large peaks appear in the carrier phase
biases due to massive cycle-slips:

— Satellite tracking loses happen
periodically after each revolution.

— These satellite loses produce massive
cycle slips which leads to a global
reinitialization of carrier-phase biases
in the navigation (Kalman) filter .

— After such ambiguities reinitialization,
the filter needs some time to
converge.

e Carrier phase ambiguities converge
quickly thanks to the rapid variation of
geometry due to the LEO movement
along its orbital path.
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HW6: Single freq. L1, Cl carrier and code with precise orbits & clocks
using Klobuchar ionospheric corrections

Code and Carrier + precise orbits & clocks: Single frequency (L1, C1)
+ Klobuchar ionosphere

9] gLABV5.1.0 = =

Mode Templates Configuration Preferences He

LAB e Configure gLAB as in Mode 5 and
: e ' e complete the following steps:

Qutput

Input Preprocess Madeling Fiter

A Priori Receiver Position From:

1. [Input]: Upload the

RINEX Cbservation File: | C:\Users\gage'DesktoplgL AB\graa0800.070 [~]

e - Ene e ;‘;ei::‘?start pas\ﬁonlz.:.l o .
s * brdce8ee.e7n file to IONO
Orbit and Clock Source () Specify
7 e brdc@800.07n file to DCBs

SP3File: |C:\Users'\gage\Desktop\gLAB\cod14193.sp3

s

CLK File: |C:\Users'\gage\Desktop'\aLAB\cod 14193.ck

[ sBas

— [Model]: set
e P1 - P2 corr.
* |ONO corr.

[[] Reference Station (DGPS)

P1 - P2 Correction

DCB Source: | Broadcast (specify)

RINEX Nav. File: |C:\Users\gage\Desktop\gLAB \brdc0800.07n []

ok Tides Corercion

o PL B Corree RIEX N -
| it B e Cosnec o
v
Developed by gAGE: Research group of Astronomy & Geomatics Current Template: SPP Run gLAB Show Output:

[[] user Added Error

€ gAGEIUPC
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HW6: Single freq. L1, Cl carrier and code with precise orbits & clocks
using Klobuchar ionospheric corrections

Code and Carrier + precise orbits & clocks: Single frequency (L1,C1)+

Select files

Single frequency

—

Set
Oc1p=1 meter

c,,p=0.01 meters

gAGE/UPC

Klobuchar ionosphere

Complete the steps

3. [Filter]:

e Single Frequency
measurements:

e L1P (L1 carrier)
e C1P (P1 code)

4. Compute differences
with reference file
GRAA 07 080.sp3

Make plots as before.

,,,,, ——— et
GRAA_©7_©80.sp3 - —
SR gLAB.sp3 ,
- o < [ ot st
sl o ‘ Set plotting ranges |
| =] - R e regoterc ot =4 [Xmin, Xmax] [YminYmax] | I R
Tt Ty _— ‘Glubal Graphic Parameters | ]
St e - s o e L
Setdif.out
as output file
©gAGE/UPC s somsmss] Upload file dif.out in

Plot 1, Plot 2 & Plot 3

€ gAGEIUPC
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HW6: Single freq. L1, Cl carrier and code with precise orbits & clocks
using Klobuchar ionospheric corrections

I LE IR S
4-% Yo ‘I ;";' k!hiﬁié 5& i ”s“
§ OE... : :

B

0

GRACE-A Broadcast positioning [P1L1] + Klob: Radial error
8 T T T T T T T T

GRACE-A Broadcast positioning [P1L1] + Klob: Cross Track error
8 T T T T T T T T

time (s}

time (s}
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GRACE-A Broadcast positioning [P1L1] + Klob: Along Track error
8 T T T T T T T T
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' Y\
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Comments

e Aclear degradation is seen when
applying the Klobuchar model to the LEO.

e This is due to the large error introduced
by this model which was designed for
ground receivers, not for LEOS.

e Next plot compares the L1 delay
computed from Klobuchar with the STEC
experienced by the GPS signal.

lonospheric delay

» PRN16: Klob (shifted)
o PRN21: Klob (shifted)

© PRN16 1/2(C1-L1) '
© PRN21 1/2(C1-L1)

HE

STEC {meters of L1 delay)

45000 50000 55000 60000 63000
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HW?7: Generate a file with the satellite track (in a Earth-Fixed Earth-
Centered reference frame) to be viewed with Google earth

A Option A: GUI

© gLAB v5.1.0 = B
tion nces

gLAB =

rrrrrrrrrr Modeling Filter Output

)

b

ol
[

1. Set KML File:
e gLAB.kml

eeeee loped by gAGE: Research group of Astronormy & Geormatics Current Template: sPp Run gLAB Shows Output

A Option B: Command Line

1. Addthe header (Prefix.kml)

2. Select the satellite [longitude, latitude, height] coordinates of message OUTPUT in the gLAB.out
file. Generate a file with these coordinates (comma-separated).

3. Addthe tail (Postfix.kml) filesto the previous track data file

cat Prefix.kml > grace_track.kml

grep OUTPUT gLAB.out |gawk 'BEGIN{OFS=","} {print $16,$15,$17}' >> grace_track.kml
cat Postfix.kml >> grace_track.kml



Thanks for your
attention
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Other Tutorials are available at

File Edit View History Bookmarks Tools Help = @:E

_jll @ GINSS Tutorials | gAGE : Resear... "\_+

(' @ www.gage.es/tutorials e ~ Bing pel ﬁ» B 4+ @

& About us 4

GNSS Data Processing

Personnel GNSS Tutorials

Permanent Staff

GNSS Data Processi
N GAGE is a research group of the
. . . . Theory Laboratory
GNSS Course (associated to the GNSS Data Processing Book) Technical University of Catalonia
(UPC). UPC is a public
university located in

Barcelona, Spain.

Researchers

Former Researches About the course

GNSS Data Processing: Theory Slides (Full compendium)

gAGE upload file facility

Somnare Tools Tutorial 4: Carrier ambiguity fixing

Tutorial 5: Analysis of propagation effects from GNSS observables based on laboratory exercises

u Publications Lecture O: Introduction
w Peer Reviewed Papers Lecture 1: GNSS measurements and their combinations OAGE Brochure
° Meeting Proceedings Lecture 2: Satellite orbits and clocks computation accuracy
U Culture & Society Lecture 3: Position estimation with pseudoranges Shortcuts
Q PhD Dissertations Lecture 4: Introduction to DGNSS o GNSS Data Processing Book
Lecture 5: Precise positioning with carrier phase (PPP) GNSS Course and
: Learning Material Lecture 6: Differential positioning with code pseudoranges associated Tutorials
L Library Lecture 7: Carrier based differential positioning. Ambiguity resolution technigues GNSS Webinars |
m GNSS Books gLAB Tool Suite
GNSS Data Processing: Laboratory Exercises (Full compendium)
w GNSS Course and gAGE Products
m assodated Tutornials Tutorial 0: UNIX enviroment, tools and skills. GNSS standard file formats [Format files decription] Useful GNSS links
Tutorial 1: GNSS data processing laboratory exercises
(oY0) GNSS Format P a v Master MAST (UPC)
o Descriptions Tutorial 2: Measurement analysis and error budget Master Of Science (ENAC)
GNSS Webinars Tutorial 3: Differential positioning with code measurements

. . . o . B User login
PI'OjECtS Tutorial 6: Differential positioning and carrier ambiguity fixing
Username:
gAGE/UPC Associated Software and Data Files (Linux) jaume.sanz il
CAGENANAST CDROM zipped tar file. How to install the CODROM [Linux] Password:
L CDROM ISO. How to install the CDROM [Linux] ssessens
Q. Patents
WARTK Associated Software and Data Files (Windows) o - o
+J . . og in usin en
Fast-PPP Instalable Toolkit (gLAB + Cygwin) R' g X ap )
P . eqguest new passwor
: Iono. Corrections Data Files

Tono. Disturb. Mitig. How to install the Software

_ _ _ Who's online
Receiver orientation

Bootable USB stick (Linux live) There are currently 0 users

gAGE-GLUE (to buid-up a botable USB stick). How to burn the gAGE-GLUE. How to use the bootable USB and & guests online.
stick.

How to start-up the laboratory session.

Useful tools for Windows: Windows users can install the next ports of Linux tools (instead
of Cygwin) at gnuwin32.sourceforge.net/packages.html:
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