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Aim of this tutorial

This tutorial is devoted to analysing and assessing the differential positioning with
carrier phase measurements (L1, L2 and LC). Five different receivers and three
baselines (of 7m, 18m and 15km) are considered.

This study includes ambiguity fixing with the LAMBDA method and the analysis of
different effects such as the geometry diversity and atmospheric propagation errors
(troposphere and ionosphere).

Two different implementations of differential positioning are considered:
» Using time-tagged measurements the baseline vector is directly estimated.
« Using computed differential corrections a user receiver is positioned.

The effect of synchronization errors between the reference station and the user is
also analysed for both implementations.

All software tools (including gLAB) and associated files for the laboratory session
are included in the USB stick associated with this tutorial.
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OVERVIEW

A Introduction: gLAB processing in command line

A Preliminary computations: data files & reference values

A Session A: Differential positioning of IND2-IND3 receivers

(baseline: 18 metres)

A Session B: Differential positioning of IND1-IND2 receivers

(baseline: 7 metres, but synchronization errors)

A Session C: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Night time): tropospheric effects

A Session D: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Day time): tropospheric and lonospheric effects
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gLAB processing in command line

43 Applications Places

T
..... g@g|
File Edit View Insert Format Help

.

Computer
~
# 01 2 3 4 5 & 7 89 in i1 1z 13 14 15 18 17 18
” #[MEAY Y¥Y Doy sec GAL PRN el iz N. list C1B L1E C1C LiC <70 L70 €80 LEQ]
glab's Home
# ii) Plot results:
H.o...

gawk '{if (§5=="GAL"™ && $6==16) {print §4,$11-1.42%($15-411)- (§12+1.492*(§12-516)),6.93% (§11-§12)-75.327 (§16-$16)+72.35%

Tr‘mir'lal Jfgraph.py -f gien3Z7PcilcZ.dat -x1 -y3 --1 "PCE-LC2[175]" -f gien327PcilcZ.dat -x1 -y2 --1 "PC-LC[17]"™ --cl r —--vn -

_‘.) # 1) Generate MEALS file:

|

> .AgLAE linux —input:cfg meas.cfg -input:ohs 15dtl260.0%0 —-input:nav 15dtlZ60.09n —pre:dec O] grep GPS > 15dtlZ6.09.meas|
GNSS Formats
# MNote: RINEX file UPC536Z0.080 does not provides F1 code.

[F=2 # Newvertheless, this is not a problem, becsuse gLAB works in el
8OO glab@gag (K3 S
SIS VTSR T For Help, press F1 T
To run a command as administrator (user "root"), use "sudo <command=>".

|See "man sudo_root" for details.

glab@gage:~$ [

——————
.
“command line” isearch group of Astronomy & GEomatics
r [} . L}
t University of Catalonia (UPC)
T8 9 gLAB- Version 2.0.0 =] glab@gage: ~ E | -8
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A “notepad”
with the
command
line sentence
IS provided to
facilitate the
sentence
writing: just
“copy” and
(11 paste!!
from
notepad to
the working
terminal.

€) gAGE/UPC

Research group of Astronomy & Geomatics
Technical University of Catalonia




gLAB processing in command line

o TV — The different messages provided by

?_MB gLAB and its content can be found

Cesa ="""0) PICEURG in the [OUTPUT] section.

http:/ /www.gage.es

INPUT messages

‘ Prl Input data message. It is shown after an epoch is read (and |
:l decimated). It contains the measurements for each satellite for this
Positioning | Analysis epoch

By placing the mouse on a given

— |42 H TS message name, a tooltip appears

Output Destination ¢ Field 4: Seconds of day it ] .
Output e - [guaB o | * Feld 5 GSS Sysam (685, GAL G0 o GO describing the different fields.

Field 6: PR satellite identifier

-

-

Field 7: Arc length (number of undecimated epochs after the

Messages Fie A
Print INFO Messages ast cycle-slip

+ For GPS:
- <= + Fleld 8: c1[C1C]

-

Field 9: P1[C1P]
Field 10: P2 [C2P]

Field 11: L1 [L1P] (prealigned, in meters) . (L7 | ]

Prin e-Slip) M
Print INPUT Mes: ges

UL ETINE GIE RS TVIESE 40

-

*
.
Print MODEL Messageq + Field 12: L2 [L2P] (prealigned. in meters) e ° ° glal I n n I d - t
LI Print EPOCHSAT Messages * For Galileo (GAL): . e co so e I I l e . execu e
" . File Edit View
. + Field 8: C1A
B (i FREA T e + Field 9: C18 To run a command as administrator (user "root"), use "sudo <command=".
[ Print POSTFIT Messages + Field 10: C1C |see "man sudo root" for details.

+ Field 11: C7Q

+ Field 12: caQ
Print OUTPUT Messages + Field 13: L1A (prealigned, in meters)

[ Print FILTER Messages

+ Field 14: L1B (prealigned. in meters)
+ Field 15: L1C (prealigned. in meters) |
m + Field 16: L7Q (prealigned, in meters) Run gLAB ” Show Output | |
e + 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 | @ gLAB - Version 2.0.0 glab@gage: ~

23119002.6110 23118004.0750 23119002.7507
23119004.0925

-
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P. Preliminary computations

This section is devoted to computing the reference values (receivers coordinates)
and to preparing the data files to be used in the exercises.

These data files will include the code and carrier measurements and the model
components: geometric range, nominal troposphere and ionosphere corrections,
satellite elevation and azimuth from each receiver...

This data processing will be done with gLAB for each individual receiver.

This preliminary processing will provide the baseline data files to perform
computations easily using basic tools (such as awk for data files handling, to
compute Double Differences of measurements) or using octave (MATLAB) scripts
for the LAMBDA method implementation.

Detailed guidelines for self learning students are provided in this tutorial and in
its associated notepad text file.

10
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P. Preliminary computations

P.1. Computation of reference values of receiver coordinates

Using gLAB and precise orbits and clocks, compute the PPP solution:
Note: the receivers were not moving (static receivers) during the data collection.
» Data files:
- Measurements: PLAN0540.130, GARR0540.130, IND10540.130, IND20540.1310, IND30540.130.
- Orbits and clocks: brdc0540.13n, igs17286.sp3, igs17286.clk
- ANTEX: igs08 1719.atx.
- Configuration file (to compute LC APC coordinates): gLAB_2files APC.cfg

« Computation example:

gLAB_linux -input:cfg gLAB_2files_APC.cfg -input:obs PLAN©540.130
-input:orb igs17286.sp3 -input:clk igsl17286.clk -input:ant igs@8_1719.atx

grep OUTPUT gLAB.out | tail -1|gawk '{print "PLAN",$6,$7,$8,$15,$16,$17}' >> sta.pos

P.1. Computation of reference €) gAGEwWPC
©gAG E/ U PC Research group of Astronomy & Geomatics
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P. Preliminary computations

Toulouse

0.
0 BELL
LLEl o PLAN oMARE _
. Barcelona -
...-_tj:-ﬂHE us OGARR station

#:ﬂ e IND1-IND2: 7.197 m
'EBRE IND2-IND3: 18.380 m
PLAN-GARR: 15.228 km

P.1. Computation of reference
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P. Preliminary computations

P.1. Computation of reference values of receiver coordinates

Plotting results:

graph.py -f gLAB.out -x4
-f gLAB.out -x4 -yl19 -s.- -c
-f gLAB.out -x4 -y20 -s.- -cC
--yn -.5 --yx .5 --x1 "time

-yl8 -s.- -c

"($1=="0OUTPUT")"' -1 "North error"
"($1=="OUTPUT")"' -1 "East error"
"($1=="0OUTPUT")"' -1 "UP error"
(s)" --yl "error (m)" -t "PPP"

0.4

0.2}

error (m)

T T
.| = North error

.| = Easterror []
.| = UPerror

Note: the values of "APPROXIMATE COORDINATES
written in RINEX files correspond to the precise APC
of LC coordinates.

I I I I I I I I
10000 20000 30000 40000 50000 60000 70000 80000 90000

time (s)

As a starting point, assume
the same APC for L1 and LC

13

gage.upc.edu

Research group of Astronomy & Geomatics
Technical Uni i i



P.1.

P. Preliminary computations

Computation of reference values of receiver coordinates

Plotting results:

more

PLAN
GARR
IND1
IND2
IND3

©gAGE/UPC

sta.pos

4787328.7916 166086.0719 4197602.8893 41.418528940 1.986956885 320.0721
4796983.5170 160309.1774 4187340.3887 41.292941948 1.914040816 634.5682
4787678.1496 183409.7131 4196172.3056 41.403026173 2.193853893 109.5681
4787678.9809 183402.5915 4196171.6833 41.403018646 2.193768411 109.5751
4787689.5146 183392.8859 4196160.1653 41.402880392 2.193647610 109.5743

Question:
What is the expected accuracy of
the computed coordinates?

P.1. Computation of reference € 9AGE/UPC

values of receiver coordinates

Research group of Astronomy & Geomatics
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P. Preliminary computations

P.1. Computation of reference values of receiver coordinates

Using octave (or MATLAB), compute the baseline length between the different

receivers:

« Computation example:

octave

IND1=[ 4787678.1496 183409.7131 4196172.3056 ]
IND2=[ 4787678.9809 183402.5915 4196171.6833]

norm(IND1-IND2,2)
ans = 7.1969

exit

P.1. Computation of reference

©gAGE/UPC . .
values of receiver coordinates

Results:

IND1-IND2: 7.197 m
IND2-IND3: 18.380 m
IND1-IND3: 23.658 m
PLAN-GARR: 15.228 km
PLAN-IND1: 17.386 km
IND1-GARR: 26.424 km
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P. Preliminary computations

P.2. Model Components computation

* The script "ObsFile.scr" generates a data file with the following content

i1 2 3 4 5 6 7 8 9 10 11 12 13
[sta sat DoY sec P1 L1 P2 L2 Rho Trop Ion elev azim]

* Run this script for all receivers:

ObsFile.scr PLANO540.130 brdc0540.13n
ObsFile.scr GARRO540.130 brdc0540.13n
ObsFile.scr IND10540.130 brdc0540.13n
ObsFile.scr IND20540.130 brdc0540.13n
ObsFile.scr IND30540.130 brdc0540.13n

* Merge all files into a single file:

cat ????.obs > ObsFile.dat

€ 9AGE/UPC

Research group of Astronomy & Geomatics
Technical University of Catalonia
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P. Preliminary computations

Selecting measurements: Time interval [14500:16500]

» To simplify computations, a time interval with always the same set of
satellites in view and without cycle-slips is selected.

» Moreover an elevation mask of 10 degrees will be applied.

If the satellites change or cycle-slips appear during the data processing
interval, care with the associated parameters handling must be taken in
the navigation filter. Set up new parameters when new satellites appear
and treat the ambiguities as constant between cycle-slips and white
noise when a cycle-slip happens.

©gAGE/UPC P.2. Model components computation @gAGE/ UP c




P. Preliminary computations

Selecting measurements: Time interval [14500:16500]

» Select the satellites with elevation over 10° in the time interval [14500:16500]

cat ObsFile.dat|gawk '{if ($4>=14500 && $4<=16500 && $12>10) print $0}' >
obs.dat

» Reference satellite (over the time interval [14500:16500])

Confirm that the satellite PRNOG is the satellite with the highest elevation
(this satellite will be used as the reference satellite)

b d 1 2 3 4 5 6 7 8 9 10 11 12 13
O S ° at ) [sta sat DoY sec P1 L1 P2 L2 Rho Trop Ion elev azim]

©gAGE/UPC P.2. Model components computation 18
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Session A

Differential positioning of
IND2- IND3 receivers

(baseline: 18 metres)

Research group of Astronomy & Geomatics
Technical University of Catalonia
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A. IND2- IND3 Differential positioning

A.1. Double differences between receivers and satellites computation

The script "DDobs.scr" computes the double differences between receivers

and satellites from file obs .dat. 1 2 3 4 5 6 7 8 9 10 11 12 13
[sta sat DoY sec P1 L1 P2 L2 Rho Trop Ion elev azim]

For instance, the following sentence:
DDobs.scr obs.dat IND2 IND3 06 03

generates the file

------------------- DD_{stal} {sta2} {satl} {sat2}.dat ------------------ccmmmum--
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
[stal sta2 satl sat2 DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2]

<---- sta2 ---->

Where the elevation (EL) and azimuth (AZ) are taken from station #2.
and where (EL1, AZ1) are for satellite #1 and (EL1, AZ1) are for satellite #2.

©8AGE/UPC A.1. Double Differences computation @gAGE/ UP c




A. IND2- IND3 Differential positioning

Compute the double differences between receivers IND2 (reference) and
IND3 and satellites PRNO06 (reference) and [PRN 03, 07,11, 16, 18, 19,

21, 22, 30]
DDobs.scr obs.dat IND2 IND3 06 03

DDobs.scr obs.dat IND2 IND3 06 07
DDobs.scr obs.dat IND2 IND3 06 11
DDobs.scr obs.dat IND2 IND3 06 16
DDobs.scr obs.dat IND2 IND3 06 18
DDobs.scr obs.dat IND2 IND3 06 19
DDobs.scr obs.dat IND2 IND3 06 21
DDobs.scr obs.dat IND2 IND3 06 22
DDobs.scr obs.dat IND2 IND3 06 30

Merge the files in a single file and sort by time:

cat DD_IND2_IND3 @6 ??.dat|sort -n -k +6 > DD_IND2_IND3_06 _ALL.dat

©gAGE/UPC A.1. Double Differences computation 22
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A. IND2- IND3 Differential positioning

----------------------------- DD_IND2_IND3_06 ALL.dat --------===-----cmomemmm-
i1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17
[IND2 IND3 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E1ll Azl E12 Az2]
¢<---- IND3 ---->

OUTPUT file PRNOG6 (ref)

Wl
Where the elevation (EL) and azimuth (AZ) '
are taken from station IND3 (the user)

and where, (EL1, AZ1) are for satellite
PNROG (reference) and (EL1, AZ1) are for

satellite PRNXX /7\
IND2 (ref) IND3 (user)
©8AGE/UPC A.1. Double Differences computation @gAGE/w:c 23
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

A |n this exercise we will considerer an implementation of differential
positioning where the user estimates the baseline vector using the
time-tagged measurements of the reference station.

A This approach is usually referred to as relative positioning and
can be applied in some applications where the coordinates of the
reference station are not accurately known and where the relative
position vector between the reference station and the user is the
main interest. Examples are formation flying, automatic shipboard
landing...

A Of course, the knowledge of the reference receiver location would
allow the user to compute its absolute coordinates.

€) gAGEwWPC
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

A This is a simple approach, but synchronism delays between the time
tag measurements of the reference station and the user must be
taken into account for real-time positioning.

A We will start positioning with the code C1 measurements, which is
the simplest approach. Afterwards we will focus on positioning with
L1 carrier by floating and fixing ambiguities.

A As the target is to perform differential positioning with carrier and
carrier ambiguity fixing, we will work with double differences of
measurements from the beginning (to have integer ambiguities),
although these are not needed for code positioning.

€) gAGEwWPC
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

Preliminary: Using octave (or MATLAB), and the receiver coordinates
estimated before, compute the baseline vector between IND2-IND3.

Give the results in the ENU local system (at IND3).

IND2=[4787678.9809 183402.5915 4196171.6833]
IND3=[4787689.5146 183392.8859 4196160.1653]

IND3-IND2
ans= 10.5337 -9.7056 -11.5180  (XYZ)
R=[ -sin(1) cos(1l) 0
IND3 (lat and long): -cos(1l)*sin(f) -sin(1l)*sin(f) cos(f);

cos(l)*cos(f) sin(l)*cos(f) sin(f)]
1=2.193647610*pi/180

f=41.402880392*pi/180 bsl_enu=R*(IND3-IND2)"
ans -10.1017 -15.3551 -0.0008 (ENU)

©gAGE/UPC http://www.gage.upc.edu 26
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From ECEF (x,y,z) to Local (e,n,u) coordinates

Ae Ax
An | =Ri[r/2 -] Rs[r/2+ A | Ay
Au Az

e =(—sinA, cos A, 0)
n=(—cosAsiny, —sin Asine, cos )
1 = (cosAcosp, sin A cos g, sinp)

- Ae  —sin A COS A 0 || Az ]
An | = —cosAsingy —sinAsing cosyp Ay
Au COS A COS sinAcosp  sing || Az

©8AGE/UPC BaCku p _ 27



A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

A.2.1 Estimate the baseline vector between IND2 and IND3 receivers
using the code measurements of file (DD _IND2 IND3 06_ALL.dat).

Note: Use the entire file (i.e. time interval [14500:16500]).

[DDP1]=[Los _k - Los ©6]*[baseline]

©gAGE/UPC 28

Notation
) ) __(A3_A6)T 7 r = Baseline vector
DD13163 Y P
67 7 a6\ DDP*’ = DDPI(involving satellites j and k)
por |_| (=) |, "
p" = Line-Of-Sight unit vector to satelite &
630
| DDE™ | _(ﬁ30 _p° )T p' = [cos(El)sin(Az,), cos(El )cos(Az,), sin(El,)]
A.2.1. Baseline vector estimation with 6© 9AGE/UPC
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

A.2.1 Estimate the baseline vector between IND2 and IND3 receivers
using the code measurements of file (DD _IND2 IND3 06_ALL.dat).

Note: Use the entire file (i.e. time interval [14500:16500]).

[DDP1]=[Los _k - Los ©6]*[baseline]

Notation

©gAGE/UPC

DDP*’ = DDPI(involving satellites j and k)

_( b} —p° )T | | |
DDR"’ = DR, ~DR}/
-(p7-5°) (P~ P, )~ (B, ~ P
r _( Lusr — * Lusr ) _( Lref l,ref)
~30 ~6\] p/ Measurements broadcast
_—(p —P ) | Lref  py the reference station.

A.2.1. Baseline vector estimation with
DDP1 (using with all epochs)

29
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

A.2.1 Estimate the baseline vector between IND2 and IND3 receivers
using the code measurements of file (DD _IND2 IND3 06_ALL.dat).

Note: Use the entire file (i.e. time interval [14500:16500]).

[DDP1]=[Los_k-Los ©6]*[baseline]

_(ﬁ30._ ﬁ6 )T

p’ = | cos(El,)sin(4z,), cos(El,) cos(Az, ), sin(El) |

©gAGE/UPC

\  PRNOG (ref)

A.2.1. Baseline vector estimation with
DDP1 (using with all epochs)

|8 !

I\
\ /

\ /
<

N

IND2 (ref)

IND3 (user)

30
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

Justify that the next sentence builds the navigation equations system

See file content

- lide #21 [DDP1]=[Los_k - Los_06]|*[baseline]

\
cat DD_IND2_IND3 06 ALL.dat | gawk 'BEGIN{g2r=atan2(1,1)/45}

{e1=$14*g2r;al=$15%g2r;e2=$16*g2r;a2=$17*g2r;

printf "%14.4f %8.4f %8.4f %8.4f \n",
$7
- B

-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(el)}

-cos(e2)*sin(a2)+cos(el)*sin(al),
I i A3 A6\
DDP® —(P —P) [DDP1] [ Los _k - Los_06]

r é— -3.3762 0.3398 -0.1028 0.0714

-7.1131 0.1725 0.5972 0.0691

| ~30  ~6)\] 4.3881 19.6374 0.0227 0.2725
-t |

OpAGE/UPC p' = [cos(El)sin(Az,), cos(El )cos(Az,), sin(El,)] @ gAcEUPC

Technical University of Catalonia
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

The receiver was not moving (static) during the data collection.
Thence, we can merge all the epochs in a single system to compute the static

LS solution: _ -
] (P @ - @)
DDR™(t,) RNPUIIN,
pop ey | | TP @ @)
pDR (1) | [~(B7 @)= @)
= r|=———=3 y=GX
DDR®(1,) | | (1) -$°(,))
DDPB*'(t,) <A7 N )T Least Squares Solution
-(p7,)-p°(2,))
— T -1 T
_DDPl6’3O(tn)_ X = (G G) G y
(- P=(G'G)’

oarce /b [DDP1]=[Los_k - Los @6]*[baseline] @yAGE/UPc i
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave
load M.dat bsl enu =[-10.1017 -15.3551 -0.0008]
y=M(:,1); Estimation error:
G=M(:,2:4);
x(1:3)-bsl _enu'
x=inv(G'*G)*G'*y -0.1891639885218108
x(1:3)" -0.0304617199913011
-10.2909 -15.3856 -0.6511 -0.6502684114849081

©gAGE/UPC
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

A.2.2. Repeat the previous computation, but using just the two
epochs: t,=14500 and t,=14515.

» Selecting the two epochs:

cat DD_IND2_IND3 06 ALL.dat|gawk '{if ($6==14500]||$6==14515) print $0}' >tmp.dat

 Building the equations system:

cat tmp.dat | gawk 'BEGIN{g2r=atan2(1,1)/45}
{el=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$7, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(el)}' > M.dat

©gAGE/UPC
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A.2. IND2-IND3 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

Solving the equations system using octave (or MATLAB) and
assessing the estimation error:

octave
load M.dat

bsl enu =[-10.1017 -15.3551 -0.0008
y=M(:,1); ~end =L :
B o 265 x(1:3)-bsl_enu'

-0.850763748698302
—1 LI S Xk

Xzi?;(§ G)*G" "y 0.618803236835673
H(1z3) -1.777167174810606

-10.9525 -14.7363 -1.7786

Questions:
1.- What is the level of accuracy?
2.- Why does the solution degrade when taking only two epochs?

A.2.1. Baseline vector estimation with €) gAGEwWPC
DDP1 (using with all epochs) O echmcat Univarsiv of Cotsonts
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

A.3.1 Estimate the baseline vector between IND2 and IND3 receivers using the
L1 carrier measurements of file (DD _IND2 IND3 06_ALL.dat).

Consider only the two epochs used in the previous exercise: t,=14500 and t,=14515

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding directly the floated solution
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

A.3.1 Estimate the baseline vector between IND2 and IND3 receivers using the
L1 carrier measurements of file (DD _IND2 IND3 06_ALL.dat).

[DDL1]= [Los _k - Los ©6]*[baseline] + [ A ]*[lambdal*DDN1 ]

Notation (for each epoch t)

ﬁ)T_

DDL’

©gAGE/UPC

- DDL® |

 DDL™ |

r+

A, DDN;”’

| 2, DDN;"

A.3.1. Baseline vector estimation with
DDL1 (using only two epochs)

A, DDN;”

y=GXx

Where the vector of

unknowns X includes
the user coordinates

and ambiquities
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

The receiver was not moving (static) during the data collection.
Therefore, for each epoch we have the equations system:

" DD (1,) | -(B’@W-p®W) | 1y .. 0] 4 DDN®*"

PDL (1) | (0@ -p°)) |01 .. 0 4 DDN} y, = Gl X

LPPEEEL | (prayprey | L0 LAY é11:=yc[3t[1t]1]

o] [FEF ] o0 L o oo

pOL (@) || ~(0' ) -p'w) | [0 1 . o apoNT |y, =G, X

| DDL(t,) | _—(ﬁ” (tz)_ﬁé(tz))r_ |0 0 ... 1[4 DDN> y2:=y[t2]
G2:=GI[t2]

[DDL1]=[Los_k - Los ©@6]*[baseline] + [ A ]*[lambdal*DDN1 ]



A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

In the previous computation we have not taken into account the
correlations between the double differences of measurements. This
matrix will be used now, as the LAMBDA method will be applied to

FIX the carrier ambiguities. P, - 262

a) Show that the covariance matrix of DDL1 is given by P,

b) Given the measurement vectors (y) and Geometry matrices (G) for two epochs

y1:=y[t1] ; G1:=G[t1] ; Py
y2:=y[t2] ; G2:=G[t2] ; Py

show that the user solution and covariance matrix can be computed as:

P=inv(G1*W*G1+G2*W*G2):

y=Gx; W= P; where: W=inv(Py)

. o x=P*(G1"W*y1+G2"*W*y2) ;
x=(G"WG)'G"Wy

P =(G"WG)"

A.3.1. Baseline vector estimation with

SO OUT T

DDL1 (using only two epochs)
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

The script MakeL1Bs1lMat.scr builds the equations system
[DDL1]=[ Los_k- Los_©6]*[baseline] + [ A ]*[A,*DDN1]

for the two epochs required {,=74500 and t,=714515, using the input
file DD_IND2 IND3 ©6_ ALL.dat generated before.

Execute:
MakeL1BslMat.scr DD _IND2 IND3 06 ALL.dat 14500 14515

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)
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DDL1 (using only two epochs) | = TGk

©gAGE/UPC




A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave .
P=inv(G1l' *W*G1+G2' *W*G2);
load Ml.dat X=P*(G1l"' *W*y1+G2 "' *W*y2);
load M2.dat
_ . x(1:3)"
y1=M1(:,1); -8.9463 -15.9102 -0.78636
G1=M1(:,2:11);
y2=M2(:,1); bsl enu =[-10.1017 -15.3551 -0.0008]

G2=M2(:,2:11);
Py=(diag(ones(1,7))+ones(7))*2e-4;  x(1:3)'-bsl_enu

W=inv(Py); ans= 1.1554 -0.555 -0.78556
OuAGE/UPC A.3.1. Baseline vector estimation with € 9AGE/UPC a1
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found:

Decorrelation and integer LS search solution

octave .

[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
£0=10.23e+6; afixed=iZ*azfixed;
f1=154*f0; sqnorm(2)/sqnorm(1)
lambdal=c/f1 ans = 3.31968973623500

a=x(4:10)/lambdail; afixed(:,1)"
Q=P(4:10,4:10); -8 20 -9 -8 -10 @ -8

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
-10 21 -4 -11 -4 5 -3 -8 20 -9 -8 -10 (%] -8

A.3.1. Baseline vector estimation with €) gAGEwWPC
DDL1 (using only two epochs) O echmical Unversty of cataonta
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

3. Repair the DDL1 carrier measurements with the DDN1 FIXED ambiguities
and plot results to analyze the data.

octave
amb=lambdal*afixed(:,1);
save ambL1l.dat amb

Using the previous file ambL1.dat and "DD IND2 IND3 06_ALL.dat",
generate a file with the following content:

----------------------------- DD_IND2_IND3 06 ALL.fiXL1l ------------cccmmmmmmmcmccmmaemm -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[IND2 IND3 ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
¢---- IND3 ---->

Note: This file is identical to file "DD_IND2 IND3 06 ALL.dat", but with the
ambiguities added in the last field #18.

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

a) Generate a file with the satellite PRN number and the ambiguities:

grep -v \# ambLl1l.dat > nal
cat DD_IND2 IND3 06 ALL.dat|gawk '{print $4}'|sort -nu|gawk '{print $1,NR}’ >sat.lst
paste sat.lst nal > sat.ambL1

b) Generate the "pb_iND2_IND3_06_ALL.fixL1" file:

cat DD_IND2_IND3 06 ALL.dat|
gawk 'BEGIN{for (i=1;i<1000;i++) {getline <"sat.ambL1";A[$1]=$3}}
{printf "%s %02i %02i %s %14.4f %14.4f %14.4f %14.4f %14.4f 7%14.4f 7%14.4f %14.4f
%14 .4f %14.4f %14.4f %14.4f %14.4f %14.4f \n",
$1,$2,$3,%4,$5,$6,$7,$8,$9,$10,%$11,$12,$13,$14,%$15,%$16,$17,A[$4]}"' >
DD_IND2 IND3 06 ALL.fixL1

A.3.1. Baseline vector estimation with €) gAGEwWPC
DDLA1 (using only two epochs) N echoteal Unbversiy of Caoma
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmcmceamm -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[IND2 IND3 ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
¢---- IND3 ---->

c) Make and discuss the following plots

graph.py -f DD_IND2 IND3 06 ALL.fixL1l -x6 -y'($8-$18-%$11)"
-SO --yn -0.06 --yx 0.06 -1 "(DDL1-lambdal*DDN1)-DDrho" --x1 "time (s)" --yl "m"

graph.py -f DD_IND2_IND3 06 ALL.fixL1l -x6 -y'($8-$11)"
-so --yn -5 --yx 5 -1 "(DDL1)-DDrho" --x1 "time (s)" --yl "metres"

graph.py -f DD_IND2_IND3 06 ALL.fixL1l -x6 -y'($8-$18)"
-S0 --yn -20 --yx 20 -1 "(DDL1-lambdal*DDN1)" --x1 "time (s)" --yl "metres"

A.3.1. Baseline vector estimation with €) gAGEwWPC
DDLA1 (using only two epochs) N echoteal Unbversiy of Caoma
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmccmmeamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[IND2 IND3 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- IND3 ---->

graph.py -f DD_IND2_IND3 06 ALL.fixL1
-x6 -y'($8-$18-%$11)"
-SO --yn -0.06 --yx 0.06
-1 "(DDL1-A,*DDN1)-DDrho"

--x1 "time (s)" --yl "m

g
Questions:
Explain what is the meaning of
this plot.
_0'91?500 15(;00 155i00 16(;00 16500
time (s)
A.3.1. Baseline vector estimation with € 9AGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmccmmeamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18

[IND2 IND3 ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
¢---- IND3 ---->

gr.aph.py -f DD_INDZ_IND3_06_ALL.‘FiXLl 4_ . .
-x6 -y'($8-$11)’
-SO --yn -5 --yx 5
-1 "DDL1-DDrho"
--x1 "time (s)" --yl "m"

metres
(=]
I
I

Questions:
Explain what is the meaning of 5 5 5
14500 15(;()0 155;00 15(;()0 16500
time (s)
A.3.1. Baseline vector estimation with €) gAGEwWPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmccmmeamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18

[IND2 IND3 ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
¢---- IND3 ---->

LI !(DDLl-DDNl)
graph.py -f DD_IND2 IND3 06 ALL.fixL1 T3 5 SO S
-X6 -y'($8-$18)"
-SO --yn -20 --yx 20
-1 "(DDL1-),*DDN1)"
--x1 "time (s)" --yl "m"

metres

Questions:
Explain what is the meaning of
this plot.
_EA?EOO 15(;00 t;lSE;O{O) 16600 16500
A.3.1. Baseline vector estimation with €) gAGEwWPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

1. Computing the FIXED solution (after FIXING ambiguities).
The following procedure can be applied

a) Build the equations system

[DDL1-1ambdal*DDN1]=[Los k - Los ©@6]*[baseline]

Note: it is the same system as with the code DDP1, but using
‘DDL1-lambda1*DDN1" instead of “DDP1”

cat DD_IND2 IND3 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*%g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$8-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), sin(e2)+sin(el)}' > M.dat

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave
load M.dat bsl enu =[-10.1017 -15.3551 -0.0008]
y=M(:,1); Estimation error:
G=M(:,2:4);
x(1:3)-bsl _enu'
x=inv(G'*G)*G"' *y -0.01274540575222005
x(1:3)" -0.00642705764942164
-10.1144 -15.3615 0.0031 0.00386638285676705

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

A.3.2. Using the DDL1 carrier with the ambiguities FIXED, compute the LS single
epoch solution for the whole interval 145000< t <165000 with the program LS.f

Note: The program LS. f computes the Least Square solution for each
measurement epoch of the input file (see the FORTRAN code LS. )

The following procedure can be applied:
a) generate a file with the following content;

[Time], [DDL1-lambdal*DDN1], [ Los _k - Los 06]

where:

Time= seconds of day

DDL1-lambda1*DDN1= Prefit residulas (i.e., "y" values in program LS.f)
Los_k-Los 06 = The three components of the geometry matrix

(i.e., matrix "a" in program LS.f)

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

[Time], [DDL1-lambdal*DDN1], [Los k - Los 06]

The following sentence can be used
cat DD_IND2 IND3 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$8-$18,-cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Llmodel.dat

b) Compute the Least Squares solution

cat Llmodel.dat |[LS > L1fix.pos

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Plot the baseline estimation error

graph.py -f L1fix.pos -x1 -y'($2+10.1017)' -s.- -1 "North error"
-f L1fix.pos -x1 -y'($3+15.3551)"' -s.- -1 "East error"
-f L1fix.pos -x1 -y'($4+0.0008)"' -s.- -1 "UP error"
--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "Baseline error”

Note:
bsl enu =[-10.1017 -15.3551 -0.0008]
A.3.2. Baseline vector estimation with €) gAGEwWPC
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A.3. IND2-IND3 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Baseline error: IND2-IND3: 18.38m: L1 ambiguities fixed
[ [ |

0.10
0_(}5_ .......................... ............................ ......
Baseline
estimation error ¢ |

after fixing ¢

ambiguities
O RN -
~0-12s00 15500

—— North error
~—— East error
~— UP error

A.3.2. Baseline vector estimation with
DDL1 (single epoch LS, whole interval)
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A.3. IND2-IND3 Baseline vector estimation
(using the time-tagged reference station measurements)

A.3.3. Repeat previous computations, but using the Unsmoothed code P1.
i.e., compute the LS single epoch solution for the whole interval
145000< t <165000 with the program LS.f

The same procedure as in previous case can be applied, but using the code
DDP1 instead of the carrier “DDL1-lambda1*DDN1”
a) generate a file with the following content;

[Time], [DDP1], [ Los_k - Los 06]

where:
Time= seconds of day
DDP1= Prefit residulas (i.e., "y" values in program Ims1)
Los_k-Los_ 06 = The three components of the geometry matrix
(i.e., matrix "a" in program LS.f)

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation
(using the time-tagged reference station measurements)

[Time], [DDP1], [Los k - Los 06]

The following sentence can be used
cat DD_IND2 IND3 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,%$7,-cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Plmodel.dat

b) Compute the Least Squares solution

cat Plmodel.dat |LS > P1.pos

©gAGE/UPC
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A.3. IND2-IND3 Baseline vector estimation
(using the time-tagged reference station measurements)

IND2-IND3: 18.38m: P1 code pseudorange

Basellne ~— North error
estimation error S A S . Ej‘f;f;r:“ I
with the _
unsmoothed N R S S S

code

error (m)

Questions:

1.- Discuss the results by
comparing them with
the previous ones with
DDL1 catrrier.

B S
2.- Discuss the pattern : : :
seen in the plot. 14500 15000 15500 16000 16500
time (s)
A.3.3. Baseline vector estimation with €) gAGEwWPC
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A.4. IND2- IND3 Baseline vector estimation
Geometric diversity effect

Repeat the previous computations A.3., but using two epochs more
distant in time : {,.=74500 and {,=74600 (instead of t,=714515).

Execute:
MakeL1BslMat.scr DD_IND2 IND3 06 ALL.dat 14500 14600

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

A.3.1. Baseline estimation with L1 €) gAGEwWPC
Geometry diversity effect. O echmcal universvyof Catsonta
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A.4. IND2- IND3 Baseline vector estimation
Geometric diversity effect

Solving the equations system using octave (or MATLAB) and
assessing the estimation error:

octave
load Ml.dat
load M2.dat
bsl enu =[-10.1017 -15.3551 -0.0008]
y1=M1(:,1);
G1=M1(:,2:11); x(1:3)-bsl _enu’
y2=M2(:,1); 0.3316932664829917
G2=M2(:,2:11); 0.1688471989256399
-0.0813273504816880
W=inv(diag(ones(1,7))+ones(7))*2*1le-4;
P=inv(G1'*W*G1+G2 ' *W*G2);
X=P*(G1l"' *W*y1+G2 ' *W*y2);
10.9525 -14.7363 -1.7780
A.3.1. Baseline estimation with L1 €) gAGEwWPC
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A.4. IND2- IND3 Baseline vector estimation
Geometric diversity effect

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found:

Decorrelation and integer LS search solution

octave .

[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
0=10.23e+6; afixed=izZ*azfixed;
f1=154*f0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 34.4801936204742

a=x(4:10)/lambdal; afixed(:,1)"
Q=P(4:10,4:10); -8 20 -9 -8 -10 @ -8

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
-8 19 -8 -9 -8 %) -9 -8 20 -9 -8 -10 %) -8
A.3.1. Baseline estimation with L1 €) gAGEwWPC
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A.4. IND2- IND3 Baseline vector estimation
Geometric diversity effect

Optional:
Repeat the computation taking £,=714500 and t,=715000

Questions:

1.- Has the accuracy improved?

2.- Are the ambiguities well fixed?

3.- Has the reliability improved? Why?

A.3.1. Baseline estimation with L1 @ gacewPc
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

A |n the previous exercise we have considered an implementation of
differential positioning where the user estimates the baseline vector
from the time-tagged measurements of the reference station.

A In the next exercises, we will consider the common implementation
of Differential positioning, where the reference receiver coordinates
are accurately known and used to compute range corrections for
each tracked satellite in view. Then, the user applies these
corrections to improve the positioning.

A |n the next example, a short baseline is processed (18 metres) and
the range corrections are given as the measurements corrected by
the geometric range. The differential atmospheric propagation errors
can be assumed as zero for this very short baseline.

©gAGE/UPC
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

A Unlike in the previous implementation, the synchronism errors
between the time-tagged measurements will be not critical in this
approach, as the differential corrections vary slowly.

A We will start positioning with the code C1 measurements, which is
the simplest approach. Afterwards we will focus on positioning with
L1 carrier by floating and fixing ambiguities.

A As the target is to perform differential positioning with carrier and
carrier ambiguity fixing, we will work with double differences of
measurements from the beginning (to have integer ambiguities),
although they are not needed for code positioning.
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

A.5.1 Using code DDP1 measurements, estimate the coordinates of
receiver IND3 taking IND2 as a reference receiver.

Justify that the associated equations system is given by:

[DDP1-DDRho]=[Los _k - Los ©6]*[dr]

Notation
_ 7 _(ﬁ3 g6 )T - dr =1, - T, \p;
6,3 6,3 ' : 1 1
DDP®** —DDp ] DDP"*’ = DDPI(involving satellites j and k)
6,7 6,7 (AT A6
DDH DDp _ (p p ) dr p" = Line-Of-Sight unit vector to satelite &
630 6,30 . : :

| DDF, DDp™ | __(ﬁ3o 5 )T_ p‘ = [cos(El,)sin(A4z,) cos(El )cos(Az,) sin(El)]
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A.S.

IND2-IND3 differential positioning with P1 code

(using the computed differential corrections)

A.5.1 Using code DDP1 measurements, estimate the coordinates of
receiver IND3 taking IND2 as a reference receiver.

Justify that the associated equations system is given by:

[DDP1-DDRho]=[Los _k - Los ©6]*[dr]

Notation

[ DDPI6’3 —DD,O6’3 N
DDP16,7 _DDp6,7

_DDP16,30 _DDp6,30_

©gAGE/UPC

DDP*’ = DDPI(involving satellites j and k)

o —p?) | DPRY-DDpY =D(R - pil )-D(Ri;-ri} )
ﬁ7 _ﬁ6 )T dr - |:(])1,jusr _puir)_(})lfcusr _pu];r ):| _|:(})1,jref _pr]e.f)_(})lfcref _pr];f ):|
T _ , ~ Computed corrections
‘)" PRC! = F’ . — p;,, broadcast by the
reference station.

A.5.1. Differential positioning with
DDP1 (using with all epochs)
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

A.5.1 Using code DDP1 measurements, estimate the coordinates of
receiver IND3 taking IND2 as a reference receiver.

Note: Use the entire file (i.e. time interval [14500:16500]).

[DDP1-DDRho]=[Los_k-Los_06]*[dr] | &

PRNOG (ref)
- _ __ A3 A6 ]
DDPI6’3 —DD,O6’3 (P P )
6,7 6,7 (a7 a6\
DDE" =DDp"" | _| ~(p"=p°) |
_DDP16,3O_DDP6,3O_ __(ﬁ30_ﬁ6)T_

fr

T dr = Fvps ~To.mps

p’ = [cos(Elj)sin(Azj), cos(El)cos(4z,), Sin(Elj)] IN ref) IND3 er)
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

Justify that the next sentence builds the navigation equations system

See file content _ _
Ry [DDP1-DDRho]=[|Los_k - Los_06|*[dr]

\\\\S
cat DD_IND2_IND3 06 ALL.dat | gawk 'BEGIN{g2r=atan2(1,1)/45}

{E1=$14*82P3al=$15*g2P;e2=$16*g2p;a2=$17*gzr;
printf "%14.4f %8.4f %8.4f %8.4f \n",

‘$7-$11, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(e1)|} >

— =t
| bDP* — DD | —(p —P ) [DDP1-DDRho] [Los_k - Los_REF]
DDP6’7—DD 6,7 (a7 _ A6 M 1| mm===- e e e e e e e e e mm—— = - -
1 P ||-(p7—$°)
- drf &—f [-3.3762 ©0.3398 -0.1028 0.0714
ca - -7.1131 9.1725 ©.5972 0.0691
|DDE™ —DDp™"| _(ﬁm__ﬁﬁy‘ 4.3881| |-0.6374 ©0.0227 0.2725

omceire PF = [cos(El)sin(4z,) cos(El)cos(4z,) sin(EL)] @ gAcEwrc

Technical University of Catalonia



A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

The receiver was not moving (static) during the data collection.
Therefore, we can merge all the epochs in a single system to compute the static

) .- LS solution:
-(P’@)-p°))

~(" @) -p°@))

| DDR**(t,)-DDp**(1,) |
DDR’(t,)- DDp*’(t,)

6,30 14\ 6.30 —(p° () —p° () !
DDP>7(t,)—DDp>" (1) p )—p (G

_ AT |y y = Gx
DDP*(t,)~DDp® () | | —(p*(t,)-p°(z,))
DDP16’7(tn)—DD,O6’7(t1) —(f)7(l‘ )—f)6(t ))T

| DDP*(t,)~ DDp* (1) x=(G'G)'G'y
(P -P°C)) | P=(G'G)"

Least Squares Solution

omee  [DDPL1]=[Los_k - Los_©6]*[baseline] © gacewre
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave Absolute coordinates of IND3.
load M.dat Taking into account that the "a priori” coordinates
of IND3 are:
y=M(:,1); IND3=[4787689.5146 183392.8859 4196160.1653 ]
G=M(:,2:4);
Therefore the estimated absolute coordinates
x=1inv(G'*G)*G"' *y of IND3 are:
X' IND3+ x(1:3)"
-0.1892 -0.0305 -0.6504 ans= 4787689.3254 183392.8554 4196159.5149

Note: as we have used the true coordinates of IND3 as the "a priori” to linerize the
model, the vector x provides the estimation error directly.

©gAGE/UPC
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

A.5.2. Repeat the previous computation, but using just the two
epochs: t,=14500 and t,=14515.

» Selecting the two epochs:

cat DD_IND2_IND3 06 ALL.dat|gawk '{if ($6==14500]||$6==14515) print $0}' >tmp.dat

 Building the equations system:

cat tmp.dat | gawk 'BEGIN{g2r=atan2(1,1)/45}

{el=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=%$17*g2r;

rintf "%14.4f %8.4f %8.4f %8.4f \n",

$7-%11

©gAGE/UPC

-cos(e2)*sin(a2)+cos(el)*sin(al),
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A.5. IND2-IND3 differential positioning with P1 code
(using the computed differential corrections)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave Absolute coordinates of IND3.
load M.dat Taking into account that the ”a priory” coordinates
of IND3 are:
y=M(:,1); IND3=[4787689.5146 183392.8859 4196160.1653 ]
G=M(:,2:4);
Thence the estimated absolute coordinates of
x=1inv(G'*G)*G"' *y IND3 are:
x(1:3)" IND3+ x(1:3)"
-0.8509 ©.6190 -1.7783 ans= 4787688.6637 183393.5049 4196158.3870
Questions:

What is the level of accuracy?
Why does the solution degrade when taking only two epochs?

oanGE /e A.5.2. Differential positioning with @ gAGE/UPC
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

A.6.1 Using DDL1 carrier measurements, estimate the coordinates of receiver
IND3 taking IND2 as a reference receiver.

Consider only the two epochs used in the previous exercise: t,=14500 and t,=14515.

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding directly the floated solution
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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A.6.

IND2-IND3 differential positioning with L1 carrier

(using the computed differential corrections)

A.6.1 Estimate the coordinates of receiver IND3 taking IND2 as reference
receiver, using the L1 carrier measurements of file (DD _IND2 IND3 06_ALL.dat)

[DDL1-DDRho]= [Los _k - Los 06]*[dr] + [ A ]*[lambdal*DDN1 ]

Notation

DDI** —DDp® |

DDL"" — DD p®’

DDL?,30 _DDp6,30_

©gAGE/UPC

_(ﬁ3_ﬁ6)T [ I 6,3 ]
. 1 0 .. O A DDN;

_(ﬁ7 —f)6) s O 1 ... 0 ﬂqDDNfJ

_(ﬁ30.:ﬁ6)T 0 0 ... 1] 2 Dl;]\/16=3°_

A.6.1. Estimate IND3 coordinates with
DDL1 (using only two epochs)

y=GXx

Where the vector of

unknowns X includes
the user coordinates
and ambiquities

73
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

The receiver was not moving (static) during the data collection.
Thence, for each epoch we have the equations system:

| DDL*(t,)—DDp®(t,) | _(‘A’3(t1)_f’6(tl))T (1 0 .. 0] 4 DDN® |

DDL> (t,)— DDp®*' (t,) _ —(,37(z1)—,36(z1))T dr s 0 1 .. 0|l A4 DDN®’ yl — Gl X

| DDL(t,) - DDp®*(1,) | —(,330 (tl):ff(tl))rj (0 0 ... 1[4 DDN | y1:=y[t1]
G1:=G[t1]

[ DDI*(t,)— DDp®(t,) | —(p°)=p'®)) (1 0 .. 0] 4 DDN® |

DDLY (1,)-DDp" (1) | _| =(p7(t)-p°(1,)) 4ea|0 1 O 4 DDNYT y, = G2 X

| DDL(t,) - DDp®*(t,) | —(f)”(t ):ﬁ% ))T 0 0 .. 1|4 DDN> y2'=y[t2]
G2:=GJ[t2]
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

In the previous computation we have not taken into account the

correlations between the double differences of measurements. This PR
matrix will be used now, as the LAMBDA method will be applied to
FIX the carrier ambiguities. P =252 2l

y
a) Show that the covariance matrix of DDL1 is given by P,

b) Given the measurement vectors (y) and Geometry matrices (G) for two epochs
y1:=y[t1] ; G1:=G[t1] ; Py
y2:=y[t2] ; G2:=G[t2] ; Py

show that the user solution and covariance matrix can be computed as:
P=inv(G1"W*G1+G2"W*G2);

_ ] _ p-1 where: W=inv(Py)
y=Gx W=F X=P*(G1™*W*y1+G2*W*y2) ;

x=(G'WG)'G'Wy
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

The script MakeL1DifMat.scr builds the equations system
[DDL1-DDRho]=[ Los_k- Los @6]*[dr] + [ A ]*[A,*DDN1]

for the two epochs required {,=74500 and t,=14515, using the input
file DD_IND2_ IND3 06 ALL.dat generated before.

Execute:
MakeLl1lDifMat.scr DD _IND2 IND3 06 ALL.dat 14500 14515

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

A.6.1. Estimate IND3 coordinates with €) gAGEwWPC -

DDL1 (using only two epochs) | = Saddies e
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave

load M1.dat
load M2.dat

y1=M1(:,1);
G1=M1(:,2:11);

y2=M2(:,1);

G2=M2(:,2:11);
Py=(diag(ones(1,7))+ones(7))*2e-4;
W=inv(Py);

P=inv(G1l' *W*G1+G2 "' *W*G2);
x=P*(G1" *W*y1+G2' *W*y2);

x(1:3)"
0.9484 -0.3299 -0.8996

Taking into account that the "a priori” coordinates
of IND3 are: IND3=[4787689.5146
183392.8859 4196160.1653]

Thence the estimated absolute coordinates of
IND3 are:

IND3+ x(1:3)"

4787690.4630 183392.5560 4196159.2657

©gAGE/UPC
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

2. Applying the LAMBDA method to FIX the ambiguities.
Compare the results with the solution obtained by rounding the floated solution.
The following procedure can be applied (justify the computations done)

Decorrelation and integer LS search solution

octave .

[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
0=10.23e+6; afixed=izZ*azfixed;
f1=154*f0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 4.43344394778937

a=x(4:10)/lambdal; afixed(:,1)"
Q=P(4:10,4:10); -8 20 -9 -8 -10 @ -8

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
-10 20 -4 -10 -5 4 -4 -8 20 -9 -8 -10 (%] -8

A.6.1. Estimate IND3 coordinates with €) gAGEwWPC
DDL1 (using only two epochs) O echmical Unversty of cataonta
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

Questions:

1. - Can the ambiguities be well fixed?

2. - Has the reliability improved? Why?

3. - The values found for the ambiguities are
the same than in the previous case?

A.6.1. Estimate IND3 coordinates with €) gAGEwWPC
DDL1 (using only two epochs) O echmical Unversty of cataonta
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

3. Repair the DDL1 carrier measurements with the DDN1 FIXED ambiguities
and plot results to analyze the data.

octave
amb=lambdal*afixed(:,1);
save ambL1l.dat amb

Using the previous file ambL1.dat and "DD IND2 IND3 06_ALL.dat",
generate a file with the following content:

----------------------------- DD_IND2_IND3 06 ALL.fiXL1l ------------cccmmmmmmmcmccmmaemm -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[IND2 IND3 ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
¢---- IND3 ---->

Note: This file is identical to file "DD_IND2 IND3 06 ALL.dat", but with the
ambiguities added in the last field #18.
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

a) Generate a file with the satellite PRN number and the ambiguities:

grep -v \# ambLl1l.dat > nal
cat DD_IND2_ IND3 06 ALL.dat|gawk '{print $4}'|sort -nu|gawk '{print $1,NR}' >sat.lst

paste sat.lst nal > sat.ambL1

b) Generate the "pb_INp2_1IND3_e6_ALL.fixL1" file:

cat DD_IND2_ IND3 06 ALL.dat|
gawk 'BEGIN{for (i=1;i<1000;i++) {getline <"sat.ambL1";A[$1]=$3}}
{printf "%s %02i %02i %s %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f 7%14.4f
%14.4f %14.4f %14.4f %14.4f %14.4f %14.4f \n",

$1,$2,$3,$4,$5,$6,$7,$8,$9,$10,$11,$12,$13,$14,$15,$16,$17,A[$4]}"' >
DD_IND2_IND3_06 ALL.fixL1

The ambiguities do not change. Therefore, the file DD_IND2 IND3 06 ALL.fixL1
generated in the previous exercise can be used here.

A.6.1. Estimate IND3 coordinates with
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

4. Computing the FIXED solution (after FIXING ambiguities).
The following procedure can be applied

a) Build the equations system

[DDL1-DDRho-lambdal*DDN1]=[Los k - Los ©6]*[dr]

Note: this is the same system as with the code DDP1, but using
“‘DDL1-DDRho-lambda1*DDN1” instead of “DDP1”

cat DD_IND2 IND3 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*%g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$8-$11-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(el)}' > M.dat
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave Absolute coordinates of IND3.
load M.dat Taking into account that the ”a priori” coordinates
of IND3 are:
y=M(:,1); IND3=[4787689.5146 183392.8859 4196160.1653 ]
G=M(:,2:4);
Therefore the estimated absolute coordinates
x=inv(G'*G)*G"'*y of IND3 are:
X IND3+ x(1:3)"
-0.01278982304138015 4787689.5018 183392.8795 4196160.1690
-0.00641700591386930
0.00369003097108713 Question:

Is the accuracy similar to that in the previous
case, when estimating the baseline vector?
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

A.6.2. Using the DDL1 carrier with the ambiguities FIXED, compute the LS single
epoch solution for the whole interval 145000< t <165000 with the program LS.f

Note: The program "LS.f" computes the Least Square solution for each
measurement epoch of the input file (see the FORTRAN code "LS.f")

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL1-DDRho-lambdal*DDN1], [ Los k - Los 06]

where:

Time= seconds of day

DDL1-DDRho-lambda1*DDN1= Prefit residulas (i.e., "y" values in program LS.f)
Los_k-Los 06 = The three components of the geometry matrix

(i.e., matrix "a" in program LS.f)
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

[Time], [DDL1-DDRho-lambdal*DDN1], [Los k - Los ©6]

The following sentence can be used
cat DD_IND2_IND3 06 ALL.fixL1 | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$8-$11-$18,-cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Llmodel.dat

b) Compute the Least Squares solution

cat Llmodel.dat |[LS > L1fix.pos

©gAGE/UPC
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

Plot the baseline estimation error

graph.py -f L1fix.pos -x1 -y2 -s.- -1 "North error"
-f L1fix.pos -x1 -y3 -s.- -1 "East error"
-f L1fix.pos -x1 -y4 -s.- -1 "UP error"
--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t “IND2-IND3: 18.38m:
L1 ambiguities fixed”
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A.6. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

0.10

Differential

Positioning error ;

. . 005k ...................
after fixing |
ambiguities
5 0.00 Y
Question: G .

compare this plot with
that obtained previously

IND2-IND3: 18.38m: L1 ambiguities fixed
I I I

~—— North error
~—— East error
—— UP error

0.05 ko T
when estimating the 5
baseline from the time-
tagged measurements. |
Are the errors similar? 14500 15000

A.6.2. Estimate IND3 coordinates with
DDL1 (single epoch LS, whole interval)
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OVERVIEW

A Introduction: gLAB processing in command line

A Preliminary computations: data files & reference values

A Session A: Differential positioning of IND2-IND3 receivers

(baseline: 18 metres)

» Session B: Differential positioning of IND1-IND2 receivers

(baseline: 7 metres, but synchronization errors)

A Session C: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Night time): tropospheric effects

A Session D: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Day time): tropospheric and lonospheric effects
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Differential positioning of
IND1- INDZ2 receivers

(baseline 7 metres and
not synchronised receivers)
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B. Differential positioning of IND1- IND2 receivers

A The same exercises as in previous session will be repeated here for IND1 and
IND2 receivers.

A These receivers are located in the same environment as IND2 and IND3 and
the baseline is even shorter (7 metres, instead of 18 metres).

A The main difference in the receiver clock offset: station

 The receivers IND2 and IND3 apply clock
steering and have a very short clock offset
(just a tenth of nanoseconds), while the
receiver IND1 has a large clock offset drift,
accumulating up to 1 ms.

 The effect of the synchronization errors on
the two different implementations of
differential positioning used in the previous . J
session is one of the targets of this | |ND1-IND2: 7197 m

laboratory session. IND2-IND3:  18.380 m

©gAGE/UPC http://www.gage.upc.edu 90
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B. IND1- IND2 Differential positioning

B.1. Double differences between receivers and satellites computation

The script "DDobs.scr" computes double differences between receivers and

satellites from file obs .dat. 1 2 3 4 5 6 7 8 9 10 11 12 13
[sta sat DoY sec P1 L1 P2 L2 Rho Trop Ion elev azim]

For instance, the following sentence:
DDobs.scr obs.dat IND1 IND2 06 03

generates the file

------------------- DD_{stal} {sta2} {satl} {sat2}.dat ------------------ccmmmum--
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
[stal sta2 satl sat2 DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2]

<---- sta2 ---->

Where the elevation (EL) and azimuth (AZ) are taken from station #2.
and where (EL1, AZ1) are for satellite #1 and (EL1, AZ1) are for satellite #2.

©8AGE/UPC A.1. Double Differences computation @gAGE/ UP c




B. IND1- IND2 Differential positioning

Compute the double differences between receivers IND1 (reference) and
IND2 and satellites PRNO6 (reference) and [PRN 03, 07,11, 16, 18, 19,

21, 22, 30
! DDobs.scr obs.dat IND1 IND2 06 03

DDobs.scr obs.dat IND1 IND2 06 07
DDobs.scr obs.dat IND1 IND2 06 11
DDobs.scr obs.dat IND1 IND2 06 16
DDobs.scr obs.dat IND1 IND2 06 18
DDobs.scr obs.dat IND1 IND2 06 19
DDobs.scr obs.dat IND1 IND2 06 21
DDobs.scr obs.dat IND1 IND2 06 22
DDobs.scr obs.dat IND1 IND2 06 30

Merge the files in a single file and sort by time:

cat DD_IND1_IND2_ @6 ??.dat|sort -n -k +6 > DD_IND1_IND2_©6 ALL.dat
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B. IND1- IND2 Differential positioning

----------------------------- DD_IND1_IND2_ 06 ALL.dat --------==------cmmmemmm-
i1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17
[IND1 IND2 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E1l1l Azl E12 Az2]
¢<---- IND2 ---->

OUTPUT file

Where the elevation (EL) and azimuth (AZ)
are taken from station IND2 (the user)

and where (EL1, AZ1) are for satellite
PNROG (reference) and (EL1, AZ1) are for
satellite PRNXX

\\\
~,
\\
\\
\\
\\
\\
N,
\\

IND1 (ref) IND2 (user)
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B.2. IND1-IND2 Baseline vector estimation with P1 code
(using the time-tagged reference station measurements)

Preliminary: Using octave (or MATLAB), and the receiver coordinates
estimated before, compute the baseline vector between IND1-IND2.
Give the results in the ENU local system (at IND2).

IND1=[4787678.1496 183409.7131 4196172.3056]
IND2=[4787678.9809 183402.5915 4196171.6833]

IND2-IND1
ans= 0.8313 -7.1216 -0.6223  (XYZ)

R=[ -sin(1) cos(1l) 0
IND2 (lat and long): -cos(1l)*sin(f) -sin(1l)*sin(f) cos(f);
cos(l)*cos(f) sin(l)*cos(f) sin(f)]
1= 2.193768411 *pi/180
f= 41.403018646 *pi/180 | bsl_enu=R*(IND2-IND1)'

ans -7.1482 -0.8359 0.0070 (ENU)
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

B.3.1 Estimate the baseline vector between IND1 and IND2 receivers using the
L1 carrier measurements of file (DD _IND1 _IND2 06_ALL.dat).

Consider only the two epochs used in the previous exercise: t,=14500 and t,=14515

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding directly the floated solution
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

B.3.1. Baseline vector estimation with €) gAGEwWPC
© gAG E/ U P C Research group of Astronomy & Ge(_)matics
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

B.3.1 Estimate the baseline vector between IND1 and IND2 receivers using the
L1 carrier measurements of file (DD _IND1 _IND2 06_ALL.dat).

[DDL1]= [Los _k - Los ©6]*[baseline] + [ A ]*[lambdal*DDN1 ]

Notation
- DDL® | _(‘33
DDIL’” -(p’

 DDL™ |

©gAGE/UPC

_Aé)T ] - _
P 1 0 .. 0][ 4 DDN®?
A \T

-p°) N LU A, DDN,”’
_ﬁé)T 0 0 .. 1]/ 4 DDN*

B.3.1. Baseline vector estimation with
DDL1 (using only two epochs)

y=GXx

Where the vector of

unknowns X includes
the user coordinates

and ambiquities
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

The receiver was not moving (static) during the data collection.
Therefore, for each epoch we have the equations system:

| DDL(1,) | _<f’3(t1)‘f’6(f1))T _
DDLY(6) | _| —(p7()-p° @) i
| DDL(1;) (6 -

[ DDL(1,) (P -w)
DDLY (1) | _ —(ﬁ7(t2)—ﬁ6(tz))T .
DPLTE] (59— ))

. 0
.0

A, DDN;”
A, DDN;”’

| A, DDN/ |

A, DDN;”’
A, DDN/”’

| 2, DDN/ |

y, =G, x

y1:=y[t1]
G1:=GJ[t1]

y, =G, X

y2:=y[t2]
G2:=G[t2]

[DDL1]=[Los _k - Los ©@6]*[baseline] + [ A ]*[lambdal*DDN1]



B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

In the previous computation we have not taken into account the

correlations between the double differences of measurements. This PR
matrix will be used now, as the LAMBDA method will be applied to
FIX the carrier ambiguities. P =252 2l

y
a) Show that the covariance matrix of DDL1 is given by P,

b) Given the measurement vectors (y) and Geometry matrices (G) for two epochs
y1:=y[t1] ; G1:=G[t1] ; Py
y2:=y[t2] ; G2:=G[t2] ; Py

show that the user solution and covariance matrix can be computed as:
P=inv(G1"W*G1+G2"W*G2);

— . _ p-l where: W=inv(Py)
y G Xj W Py X=P*(G1I*W*y1+GZI*W*y2) ’

x=(G'WG)'G'Wy
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

The script MakeL1Bs1lMat.scr builds the equations system
[DDL1]=[ Los_k- Los_©6]*[baseline] + [ A ]*[A,*DDN1]

for the two epochs required t,=74500 and t,=714515, using the input
file DD_IND1 IND2 ©6_ ALL.dat generated before.

Execute:
MakeL1BslMat.scr DD _IND1 IND2 06 ALL.dat 14500 14515

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

B.3.1. Baseline vector estimation with €) gAGEwWPC o9

DDL1 (using only two epochs) | = TGk
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave .
P=inv(G1l'*W*G1+G2 "' *W*G2);
load M1l.dat Xx=P*(G1 "' *W*y1+G2 ' *W*y2);
load M2.dat
x(1:3)"'
yl=M1(:,1); ( )

-8.8883 -2.2187 2.4998

G1=M1(:,2:11); bsl_enu =[-7.1482 -0.8359 0.0070]

y2=M2(:,1);

G2=M2(:,2:11); x(1:3)'-bsl _enu
Py=(diag(ones(1,7))+ones(7))*2e-4; ans= -1.7401 -1.3828 2.4928
W=inv(Py);
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found:

Decorrelation and integer LS search solution

octave .

[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
0=10.23e+6; afixed=izZ*azfixed;
f1=154*f0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 1.61389475957901

a=x(4:10)/lambdal; afixed(:,1)"
Q=P(4:10,4:10); 17 -5 -2 4 -26 (%] 13

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
10 -11 13 -10 -8 7 10 7 -22 16 -18 -3 1 -8

B.3.1. Baseline vector estimation with €) gAGEwWPC
DDL1 (using only two epochs) O echmical Unversty of cataonta
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B.3. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

Questions:

1. - Can the ambiguities be fixed?

2. - Give a possible explanation about why the
ambiguities cannot be fixed

©gAGE/UPC
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Repeat previous processing,
but using t,.=74500 and
t,=15530

B.3.2. Baseline vector estimation with €) gAGEwWPC
DDL1 (using t=14500, 15530) e i o oo
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

The script MakeL1Bs1lMat.scr builds the equations system
[DDL1]=[ Los_k- Los_©6]*[baseline] + [ A ]*[A,*DDN1]

for the two epochs required {,=74500 and t,=15530, using the input
file DD_IND1 IND2 06 ALL.dat generated before.

Execute:
MakeL1BslMat.scr DD _IND1 IND2 06 ALL.dat 14500 15530

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

B.3.2. Baseline vector estimation with @ gacewrc

DDL1 (using t=14500, 15530) |  ‘"sscscseses
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave .
P=inv(G1l'*W*G1+G2 "' *W*G2);
load M1l.dat Xx=P*(G1 "' *W*y1+G2 ' *W*y2);
load M2.dat
x(1:3)"'
yl=M1(:,1); ( )

-6.78678 -0.7794 -0.2434

G1=M1(:,2:11); bsl_enu =[-7.1482 -0.8359 0.0070]

y2=M2(:,1);

G2=M2(:,2:11); x(1:3)'-bsl _enu
Py=(diag(ones(1,7))+ones(7))*2e-4; ans= 0.3614 0.0565 -0.2504
W=inv(Py);
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found:

Decorrelation and integer LS search solution

octave .
[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
0=10.23e+6; afixed=izZ*azfixed;
f1=154*f0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 1.10192131979339
a=x(4:10)/lambdal; afixed(:,1)"
Q=P(4:10,4:10); 9 -16 22 -10 7 9 9

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
8 -17 24 -12 9 10 9 8 -17 24 -12 9 10 8
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Questions:

1. - Can the ambiguities be fixed?

2. - Give a possible explanation about why the
ambiguities cannot be fixed

©gAGE/UPC
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Repeat previous processing,
but using t,.=74500 and
t,=15000

B.3.3. Baseline vector estimation with €) gAGEwWPC
DDL1 (using t=14500, 15000) e i o oo
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

The script MakeL1Bs1lMat.scr builds the equations system
[DDL1]=[ Los_k- Los_©6]*[baseline] + [ A ]*[A,*DDN1]

for the two epochs required {,=74500 and t,=15000, using the input
file DD_IND1 IND2 06 ALL.dat generated before.

Execute:
MakeL1BslMat.scr DD _IND1 IND2 06 ALL.dat 14500 15000

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

B.3.3. Baseline vector estimation with @ gaGewpc

DDL1 (using t=14500, 15000) | el

©gAGE/UPC




B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave P=inv(G1l' *W*G1+G2' *W*G2);
load M1l.dat Xx=P*(G1 "' *W*y1+G2 ' *W*y2);
load M2.dat

x(1:3)"
y1=M1(:,1); ) ] _
G1=M1(:,2:11); 6.7640 0.7441 0.2256
y2=M2(:,1); bsl_enu =[-7.1482 -0.8359 0.0070]

G2=M2(:,2:11);
Py=(diag(ones(1,7))+ones(7))*2e-4;  x(1:3)'-bsl_enu

W=inv(Py); ans= 0.3842 0.0918 -0.2326
OuAGE/UPC B.3.3. Baseline vector estimation with €) gAGEwWPC 10
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found:

Decorrelation and integer LS search solution

octave .

[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
0=10.23e+6; afixed=izZ*azfixed;
f1=154*f0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 1.36905617725904

a=x(4:10)/lambdal; afixed(:,1)"
Q=P(4:10,4:10); 9 -16 22 -10 7 9 9

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
8 -17 24 -12 9 10 9 /7 -18 26 -14 12 11 8
B.3.3. Baseline vector estimation with €) gAGEwWPC
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

OPTIONAL.:
Repeat taking {,=74500 and t,=17000

Questions:

1. - Have the results improved?

2. - Has the reliability improved?

3. - Why it is not possible to fix the ambiguities?

B.3.3. Baseline vector estimation with DDLA1. @ gaGewpc
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©gAGE/UPC




B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

Hint:

Check possible synchronism errors between the receivers’time tags.

For instance, use the following sentence to compute the receiver clocks of IND1,
IND2 and IND3 receivers with gLAB (the last field is the receiver clock offset):

gLAB_linux -input:obs IND10540.130 -input:nav brdc0540.13n -pre:dec 1|grep FILTER
gLAB_linux -input:obs IND20540.130 -input:nav brdc0540.13n -pre:dec 1|grep FILTER
gLAB_linux -input:obs IND30540.130 -input:nav brdc0540.13n -pre:dec 1|grep FILTER

Questions:
Discuss how the relative receiver clock offset can
affect the baseline estimation.

113

OgAGE/UPC B.3.3. Baseline vector estimation with DDLA1. @ gAGEUPC

Technical University of Catalonia



B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

A In the previous exercise we have shown how the synchronism errors
between the time-tagged measurements affect the ambiguity fixing
when trying to estimate the baseline vector.

'8 |

\ PRNOG (ref)

18

PRNOG6 (ref)

h 7
\/
4/.
/il\ /I\ Adr =Tnps = Yo, mp3
IND1(ref) IND2(user) IND1(ref) IND2(user)

Computed corrections

j Time-tagged measurements PRCJ’ — Lj — A/  broadcast by the
Ll,ref broadcast by reference station . Lref ~ Pref reference station.
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B.3. IND1-IND2 Baseline vector estimation with L1 carrier
(using the time-tagged reference station measurements)

A Next we are going to repeat the differential positioning, but using the
computed differential corrections. In this case, as the corrections vary
slowly, the synchronization errors will not be an issue.

'8 |

\ PRNOG (ref)

N
\ /
\ /

X

A

IND1(ref)

IND2(user)

Lj Time-tagged measurements
Lref  broadcast by reference station

18

PRNOG (ref)

'l
/I\ m ¥ =Ypps =Yy wp3

IND1(ref)  IND2(user)

Computed corrections

J — 7] J
PRC/ = ngref — P broadcast by the
reference station.
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

B.4.1 Using DDL1 carrier measurements, estimate the coordinates of receiver
IND2 taking IND1 as a reference receiver.

Consider only the two epochs used in the previous exercise: t,=14500 and t,=14530

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding the floated solution directly
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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B.4. IND2-IND3 differential positioning with L1 carrier
(using the computed differential corrections)

B.4.1 Estimate the coordinates of receiver IND2 taking IND1 as the reference
receiver, using the L1 carrier measurements of file (DD _IND1 IND2 06_ALL.dat)

[DDL1-DDRho]= [Los _k - Los 06]*[dr] + [ A ]*[lambdal*DDN1 ]

Notation

DDL"" — DD p®’

| DDI>* —DDp%

_DDL?JO _DDp6,30_

©gAGE/UPC

_(ﬁ3_ﬁ6)T B 0 6,3 |

i 1 0 .. 0| A4 DDN/
—(p"—p°) R U A, DDN;’
I BT PP

B.4.1. Estimate IND2 coordinates with
DDL1 (using only two epochs)

y=GXx

Where the vector of

unknowns X includes
the user coordinates
and ambiquities
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

The receiver was not moving (static) during the data collection.
Therefore, for each epoch we have the equations system:

| DDL(t,) - DDp** (1)) |
DDL> (t,)— DDp®*' (t,)

| DDL(t,) - DDp®*(1,) |

| DDL(t,)- DDp**(t,) |
DDL> (t,)— DDp®'(t,)

| DDL™ (1)~ DDp*"(1,) |

—(Pe)-p°@)
~(p" @) -p°@))

(0" ()P @) |

~(Pt)-p° 1))
~(7(6)-p°@,))

(P (1) - (1))

T

dr +

dr +

A, DDN/”
A, DDN/"’

| 2, DDN;™ |

A, DDN;”
A, DDN/"’

| 4, DDN;

y, =G, x

y1:=y[t1]
G1:=G[t1]

y, =G, X

y2:=y[t2]
G2:=G[t2]

[DDL1-DDRho]=[Los k - Los ©06]*[dr] + [ A ]*[1lambdal*DDN1 ]



B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

In the previous computation we have not taken into account the

correlations between the double differences of measurements. This 1 e 1]
matrix will be used now, as the LAMBDA method will be applied to
FIX the carrier ambiguities. P =252 2l

y
a) Show that the covariance matrix of DDL1 is given by P,

b) Given the measurement vectors (y) and Geometry matrices (G) for two epochs
y1:=y[t1] ; G1:=G[t1] ; Py
y2:=y[t2] ; G2:=G[t2] ; Py

show that the user solution and covariance matrix can be computed as:
P=inv(G1"W*G1+G2"W*G2);

— . — p-l where: W=inv(Py)
y G Xj W Py X=P*(G1I*W*y1+GZI*W*y2) ’

x=(G'WG)'G'Wy
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

The script MakeL1DifMat.scr builds the equations system
[DDL1-DDRho]=[ Los_k- Los @6]*[dr] + [ A ]*[A,*DDN1]

for the two epochs required t,=74500 and t,=714530, using the input
file DD_IND1 IND2 ©6_ ALL.dat generated before.

Execute:
MakeLl1lDifMat.scr DD _IND1 IND2 06 ALL.dat 14500 14530

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave

load M1.dat
load M2.dat

yl=M1(:,1);
G1=M1(:,2:11);

y2=M2(:,1);

G2=M2(:,2:11);
Py=(diag(ones(1,7))+ones(7))*2e-4;
W=inv(Py);

P=inv(G1' *W*G1+G2'*W*G2);
X=P*(G1' *W*y1+G2 "' *W*y2);

x(1:3)"

0.3132 -0.2648 0.6237

Taking into account that the "a priori” coordinates
of IND2 are: IND2=[4787678.9809
183402.5915 4196171.6833]

Therefore the estimated absolute coordinates of
IND3 are:

IND2+ x(1:3)"

4787679.2940 183402.3267 4196172.3070

©gAGE/UPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found.

Decorrelation and integer LS search solution

octave .
[Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
0=10.23e+6; afixed=izZ*azfixed;
f1=154*f0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 2.25895684415922
a=x(4:10)/lambdal; afixed(:,1)"
Q=P(4:10,4:10); 9 -17 22 -10 6 10 7

Rounding directly the floated solution = Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az);
8 -17 22 -12 5 11 7 9 -17 22 -10 6 10 7
A.6.1. Estimate IND2 coordinates with €) gAGEwWPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

Questions:

1.- Can the ambiquities be fixed now? Why?
2.- Discuss why the synchronism errors affect the
two differential positioning implementations.

©gAGE/UPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

3. Repair the DDL1 carrier measurements with the DDN1 FIXED ambiguities
and plot results to analyze the data.

octave
amb=lambdal*afixed(:,1);
save ambL1l.dat amb

Using the previous the file ambL1.dat and "DD_IND1 IND2 06_ALL.dat",
generate a file with the following content:

----------------------------- DD_IND2_IND3 06 ALL.fiXL1l ------------cccmmmmmmmcmccmmaemm -

1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[IND1 IND2 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A,*DDN1]
<---- IND2 ---->

Note: This file is identical to file "DD_IND1_IND2 06 _ALL.dat", but with the
ambiguities added in the last field #18.
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

a) Generate a file with the satellite PRN number and the ambiguities:

grep -v \# ambLl1l.dat > nal
cat DD_IND1 IND2 06 ALL.dat|gawk '{print $4}'|sort -nu|gawk '{print $1,NR}' »>sat.lst
paste sat.lst nal > sat.ambL1

b) Generate the "pb_INp2_1IND3_e6_ALL.fixL1" file:

cat DD_IND1 IND2 06 ALL.dat|
gawk 'BEGIN{for (i=1;i<1000;i++) {getline <"sat.ambL1";A[$1]=$3}}
{printf "%s %02i %02i %s %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f 7%14.4f
%14.4f %14.4f %14.4f %14.4f %14.4f %14.4f \n",
$1,$2,$3,%4,$5,$6,$7,$8,$9,$10,$11,$12,$13,$14,$15,$16,$17,A[$4]}" >
DD_IND1_IND2_ 06 ALL.fixL1

A.4.1. Estimate IND2 coordinates with @ 9AGEWPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmcmceamm -

1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[IND1 IND2 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]
<---- IND2 ---->

c) Make and discuss the following plots

graph.py -f DD_IND1 IND2 06 ALL.fixL1l -x6 -y'($8-$18-%$11)"
-SO --yn -0.06 --yx 0.06 -1 "(DDL1-lambdal*DDN1)-DDrho" --x1 "time (s)" --yl "m"

graph.py -f DD_IND1 IND2_ 06 ALL.fixL1l -x6 -y'($8-$11)"
-so --yn -5 --yx 5 -1 "(DDL1-Ddrho)" --x1 "time (s)" --yl "metres"

graph.py -f DD_IND1 IND2_06 ALL.fixL1l -x6 -y'($8-$18)"
-so0 --yn -10 --yx 10 -1 "(DDL1-lambdal*DDN1)" --x1 "time (s)" --yl "metres"

B.4.1. Estimate IND2 coordinates with €) gAGEwWPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmccmmeamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[IND1 IND2 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- IND2 ---->

graph.py -f DD_IND1 IND2 06 ALL.fixL1
-x6 -y'($8-$18-$11)"
-SO --yn -0.06 --yx 0.06 5 5 5

--x1 "time (s)" --yl "m

g 0.00

E
Explain what is the meaning of
this plot.

_0'91?500 15600 155iOO 16600 16500
time (s)
B.4.1. Estimate IND2 coordinates with € 9AGE/UPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmccmmeamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18

[IND1 IND2 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]
<---- IND2 ---->

graph.py -f DD_IND1_IND2_ 06 ALL.fixL1
-x6 -y'($8-$11)’
-SO --yn -5 --yx 5
-1 >(DDL1-DDrho)"
--x1 "time (s)" --yl "m"

metres
[w]

Questions:
Explain what is the meaning of CR— : :
14500 15600 155iOO 16600 16500
time (s)
B.4.1. Estimate IND2 coordinates with €) gAGEwWPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

----------------------------- DD_IND2_IND3 06 ALL.FiXL1l --------------ccmmmmmmccmmeamm -

1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[IND1 IND2 @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]
<---- IND2 ---->

graph.py -f DD_IND1_IND2_ 06 ALL.fixL1
-x6 -y'($8-$18)"
-SO0 --yn -10 --yx 10
-1 "(DDL1-A,*DDN1)"
--x1 "time (s)" --yl "m"

metres

Questions:

Explain what is the meaning of

this plot.

_-112500 15600 155iOO 16600 16500
time (s)
B.4.1. Estimate IND2 coordinates with €) gAGEwWPC
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

4. Computing the FIXED solution (after FIXING ambiguities).
The following procedure can be applied

a) Build the equations system

[DDL1-DDRho-lambdal*DDN1]=[Los k - Los ©6]*[dr]

cat DD_IND1 IND2 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{el=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$8-$11-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), sin(e2)+sin(el)}' > M.dat
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B.4.1. Estimate IND2 coordinates with €) gAGEwWPC 130

DDL1 (using only two epochs) | = Saddies e




B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave

load M.dat

y=M(:,1);
G=M(:,2:4);

x=1nv(G'*G)*G' *y

X
0.01182339916366036
0.00164435938676216
-9.00799007795850631

Absolute coordinates of IND3.

Taking into account that the ”a priori”’ coordinates
of IND2 are:
IND2=[4787678.9809 183402.5915 4196171.6833]

Therefore the estimated absolute coordinates
of IND2 are:

IND2+ Xx(1:3)"

ans= 4787678.9927 183402.5931 4196171.6753

Question:
Is the accuracy similar to that in the previous
case, when estimating the baseline vector? Why?
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

B.4.2. Using the DDL1 carrier with the ambiguities FIXED, compute the LS single
epoch solution for the whole interval 14500< t <16500 with the program LS.f

Note: The program "LS.f" computes the Least Square solution for each
measurement epoch of the input file (see the FORTRAN code "LS.f")

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL1-DDRho-lambdal*DDN1], [ Los k- Los 06]

where:

Time= seconds of day

DDL1 - DDRho-lambda1*DDN1= Prefit residulas (i.e., "y" values in program LS.f)
Los_k - Los_06 = The three components of the geometry matrix

(i.e., matrix "a" in program LS.f)
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

[Time], [DDL1-DDRho-lambdal*DDN1], [Los k - Los ©6]

The following sentence can be used
cat DD_IND1_IND2 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$8-$11-$18,-cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Llmodel.dat

b) Compute the Least Squares solution

cat Llmodel.dat |[LS > L1fix.pos
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

Plot the baseline estimation error

graph.py -f L1fix.pos -x1 -y2 -s.- -1 "North error"
-f L1fix.pos -x1 -y3 -s.- -1 "East error"
-f L1fix.pos -x1 -y4 -s.- -1 "UP error"
--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "IND1-IND2: 7.20m:
L1 ambiguities fixed"
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B.4. IND1-IND2 differential positioning with L1 carrier

IND1-IND2: 7.20m: L1 ambiguities fixed
I I I

(using the computed differential corrections)

0.10
- - ~—— North error
Differential . bacterror
Positioning error - | — UPerror
after fixing |
ambiguities .
£ :
E 0.00 ke
Question: @
Discuss the accuracy
achieved and the 0.05 b ST SO SRR
possible error sources 5
that could affect this
result (e.g. Antenna _ | |
Phase Centres_ . ) _0'.1[2500 15600 tilr?15;0{g} IEUIIDG 16500
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

B.4.3. Repeat previous computations, but using the Unsmoothed code P1.
l.e., compute the LS single epoch solution for the whole interval
14500< t <16500 with the program LS.f

The same procedure as in previous case can be applied, but using the code
DDP1 instead of the carrier “DDL1-lambda1*DDN1”
a) generate a file with the following content;

[Time], [DDP1-DDRho], [ Los k - Los 06]

where:
Time= seconds of day
DDP1 - DDrho= Prefit residuals (i.e., "y" values in program Ims1)
Los_k - Los_06 = The three components of the geometry matrix
(i.e., matrix "a" in program LS.f)
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B.4. IND1-IND2 differential positioning with L1 carrier

(using the computed differential corrections)

The following sentence can be used

[Time], [DDP1-DDRho], [Los k - Los 06]

cat DD_IND1 IND2 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f
%8.4f %8.4f %8.4f \n",$6,$7-%$11,-cos(e2)*sin(a2)+cos(el)*sin(al),

b) Compute the Least Squares solution

cat Plmodel.dat |LS > P1.pos

©gAGE/UPC
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-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Plmodel.dat
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B.4. IND1-IND2 differential positioning with L1 carrier
(using the computed differential corrections)

IND1-IND2: 7.20m: P1 code pseudorange

—— North error

POSItIOnIng error Al ............................ ....................... — . Easterror N

~—— Up error

with the P1 code

error (m)
O

Question: _2
Discuss the results by
comparing them with the | | |
previous OneS With DDL1 =4 ............................ ............................ ........................... ]
carrier in the relative i i i

o - - . 14500 15000 15500 16000 16500
positioning implementation. time (s)

B.4.3. Estimate IND2 coordinates with @ gAGE/UPc
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B.4. IND1-IND2 differential positioning with L1 carrier

B.4.4. Repeat the previous computations, but for the baseline vector
estimation and using the time-tagged measurements of the reference

station, instead of the differential corrections.
That is, compute the LS single epoch solution for the whole interval

14500< t <16500 with the program LS.f

The same procedure as in previous exercise A.6.2 can be applied,
a) generate a file with the following content;

[Time], [DDL1], [ Los _k - Los 06]

where:
Time= seconds of day
DDL1= Prefit residulas (i.e., "y" values in program Ims1)

Los_k - Los_06 = The three components of the geometry matrix
(i.e., matrix "a" in program LS.f)

B.4.4. Baseline vector estimation with €) gAGEwWPC
© gAG E / U P C . - Research group of Astronomy & Geomatics 1 39
DDL1 (single epoch LS, whole interval) | ™ el Uniarsg of coton




B.4. IND1-IND2 differential positioning with L1 carrier

[Time], [DDL1-lambdal*DDN1], [Los k - Los 06]

The following sentence can be used

cat DD_IND2 IND3 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f
%8.4f %8.4f %8.4f \n",$6,$8-$18,-cos(e2)*sin(a2)+cos(el)*sin(al),

b) Compute the Least Squares solution

cat Llmodel.dat |LS > L1fix.pos
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B.4. IND1-IND2 differential positioning with L1 carrier

Plot the baseline estimation error

graph.py -f Llbslfix.pos -x1 -y'($2+7.1482)' -s.- -1 "North error"
-f Llbslfix.pos -x1 -y'($3+0.8359)' -s.- -1 "East error"
-f Llbslfix.pos -x1 -y'($4+0.0070)' -s.- -1 "UP error"
--yn -.4 --yx .4 --x1 "time (s)" --yl "error (m)" -t "Baseline error:
IND1-IND2: 7.20m: L1 ambiguities fixed: synchronism errors”

Note:
bsl enu =[-7.1482 -0.8359 0.0070]
B.4.4. Baseline vector estimation with €) gAGEwWPC
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B.4. IND1-IND2 differential positioning with L1 carrier

Bas%ILne error: IND1-IND2: 7.20m: L1 ambiguities fixed: Synchronizm errors
. T I

. : ~—— North error
. 03k A A ~— East error |]
Base“ne ~— UP error

estimation error
after fixing

. ” £
ambiguities £ ool
s | | |
Question: e
Discuss why does the
o e e e e e e -
accuracy degrades | | |
respect to the previous OO TS TS S
case. Why this large | | |
error appearS? _(&3500 15600 155|DU 16600 16500
time (s)
B.4.4. Baseline vector estimation with €) gAGEwWPC
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OVERVIEW

A Introduction: gLAB processing in command line

A Preliminary computations: data files & reference values

A Session A: Differential positioning of IND2-IND3 receivers

(baseline: 18 metres)

A Session B: Differential positioning of IND1-IND2 receivers

(baseline: 7 metres, but synchronization errors)

» Session C: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Night time): tropospheric effects

A Session D: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Day time): tropospheric and lonospheric effects
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Session C

Differential positioning of

PLAN- GARR receivers
(baseline: 15 km. Night time)

Analysis of differential tropospheric error effects

Research group of Astronomy & Geomatics
Technical University of Catalonia

©gAGE/UPC http://www.gage.upc.edu 144



C. PLAN- GARR Differential positioning

A The previous exercises have been done over short baselines (less
than 20 metres), where the errors introduced by the troposphere
and ionosphere completely cancel when making differences of
measurements. Toulouse

A In this session we will consider a
larger baseline (15 km) in order
to assess the effect of the
atmosphere on the ambiguity
fixing and positioning.

A In this session we will consider
Night time data in order to have
a lower ionospheric error.

PLAN-GARR: 15 km

©gAG E/U PC http ://WWW.gagL uuuuuuuu Research group of Astronomy & Geomatics g
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C. PLAN- GARR Differential positioning

C.1. Double differences between receivers and satellites computation

The script "DDobs.scr" computes the double differences between receivers

and satellites from file obs.dat. 1 2 3 4 5 6 7 8 9 10 11 12 13
[sta sat DoY sec P1 L1 P2 L2 Rho Trop Ion elev azim]

For instance, the following sentence:
DDobs.scr obs.dat PLAN GARR 06 03

generates the file

------------------- DD_{stal} {sta2} {satl} {sat2}.dat ------------------ccmmmum--
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
[stal sta2 satl sat2 DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2]

<---- sta2 ---->

Where the elevation (EL) and azimuth (AZ) are taken from station #2.
and where (EL1, AZ1) are for satellite #1 and (EL1, AZ1) are for satellite #2.
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C. PLAN- GARR Differential positioning

Compute the double differences between receivers PLAN (reference) and
GARR and satellites PRNO06 (reference) and [PRN 03, 07,11, 16, 18, 19,

21, 22, 30
! DDobs.scr obs.dat PLAN GARR 06 03

DDobs.scr obs.dat PLAN GARR 06 07
DDobs.scr obs.dat PLAN GARR 066 11
DDobs.scr obs.dat PLAN GARR 06 16
DDobs.scr obs.dat PLAN GARR 06 18
DDobs.scr obs.dat PLAN GARR 06 19
DDobs.scr obs.dat PLAN GARR 06 21
DDobs.scr obs.dat PLAN GARR 06 22
DDobs.scr obs.dat PLAN GARR 06 30

Merge the files in a single file and sort by time:

cat DD_PLAN_GARR 06 ??.dat|sort -n -k +6 > DD_PLAN_GARR 06 ALL.dat
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

C.2.1 Using DDL1 carrier measurements, estimate the coordinates of receiver
GARR taking PLAN as a reference receiver.

Consider only the two epochs used in the previous exercise: t,=74500 and t,=714590.

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding the floated solution directly
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

C.2.1 Estimate the coordinates of receiver GARR taking PLAN as the reference
receiver, using the L1 carrier measurements of file (DD _PLAN_GARR 06_ALL.dat)

[DDL1-DDRho]= [Los _k - Los 06]*[dr] + [ A ]*[lambdal*DDN1 ]

Notation
_ _ __('\3_'\6)T_ B - _ y=GX
DDI* — DD p®* P=P 1 0 .. 0][ 4 DDN®?
A ~ T
DDLYT =DDp" || =(p"=p°) ars|© 1 Ol ADDNC | \Where the vector of

o . o unknowns X includes

,30 ,30 ,30 .

| DDL"™ —DDp®™ _(ﬁ3o _ﬁ6)T 10 0 ... 1]|A4 DDN; | the user coordinates
- 4 and ambiquities

C.2.1. Estimate GARR coordinates with €) gAGEwWPC
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

The receiver was not moving (static) during the data collection.
Therefore for each epoch we have the equations system:

| DDL(t,) - DDp** (1)) |
DDL> (t,)— DDp®*' (t,)

| DDL(t,) - DDp®*(1,) |

| DDL(t,)- DDp**(t,) |
DDL> (t,)— DDp®'(t,)

| DDL™ (1)~ DDp*"(1,) |

(P (1) - (1))

—(Pe)-p°@)
~(p" @) -p°@))

(0" ()P @) |

~(Pt)-p° 1))
~(7(6)-p°@,))

T

dr +

dr +

A, DDN/”
A, DDN/"’

| 2, DDN;™ |

A, DDN;”
A, DDN/"’

| 4, DDN;

y, =G, x

y1:=y[t1]
G1:=G[t1]

y, =G, X

y2:=y[t2]
G2:=G[t2]

[DDL1-DDRho]=[Los k - Los ©06]*[dr] + [ A ]*[1lambdal*DDN1 ]



C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

In the previous computation we have not taken into account the

correlations between the double differences of measurements. This 1 e 1]
matrix will be used now, as the LAMBDA method will be applied to
FIX the carrier ambiguities. P =252 2l

y
a) Show that the covariance matrix of DDL1 is given by P,

b) Given the measurement vectors (y) and Geometry matrices (G) for two epochs
y1:=y[t1] ; G1:=G[t1] ; Py
y2:=y[t2] ; G2:=G[t2] ; Py

show that the user solution and covariance matrix can be computed as:
P=inv(G1"W*G1+G2"W*G2);

_ . _ p- where: W=inv(Py)
y G X, W Py X=P*(G1|*W*y1+qu*W*y2) ’

x=(G'WG)'G'Wy

P= (GTWG)'I C.2.1. Estimate GARR coordinates with
DDL1 (using only two epochs)
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

The script MakeL1DifMat.scr builds the equations system
[DDL1-DDRho]=[ Los_k- Los @6]*[dr] + [ A ]*[A,*DDN1]

for the two epochs required t,=74500 and t,=714590, using the input
file DD_PLAN_GARR_©6_ALL.dat generated before.

Execute:
MakeLl1lDifMat.scr DD PLAN GARR 06 ALL.dat 14500 14590

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

C.2.1. Estimate GARR coordinates with @ gaGewpc

DDL1 (using only two epochs) | = Saidenie.
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave

load M1.dat
load M2.dat

yl=M1(:,1);
G1=M1(:,2:13);

y2=M2(:,1);

G2=M2(:,2:13);
Py=(diag(ones(1,9))+ones(9))*2e-4;
W=inv(Py);

P=inv(G1' *W*G1+G2 ' *W*G2);
X=P*(G1' ¥W*y1+G2 ' *W*y2);

x(1:3)"

0.6879 -0.2712 -0.7924

Taking into account that the "a priori”

coordinates of GARR are:

GARR=[4796983.5170 160309.1774
4187340.3887]

Therefore the estimated absolute coordinates
of GARR are:

GARR+ x(1:3)"

4796984 .2049 160308.9062 4187339.5963

©gAGE/UPC
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found.

Decorrelation and integer LS search solution
octave [Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
£0=10.23e+6; afixed=iZ*azfixed;
£1=154*0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 1.19278115892607
a=x(4:12)/lambdal; afixed(:,1)’
Q=P(4:12,4:12); -19337 130765326 -1759092 -1498083 130765325
T ’ 130765316 130765339 122888034 130765336

Rounding the floated solution directly Rounding the decorrelated floated solution

round(a)' -19337 130765326 -1759092 afix=iZ*round(az);
-1498083 130765325 130765316 130765339 -19337 130765326 -1759092 -1498083 130765325

122888034 130765336 130765316 130765339 122888034 130765336
C.2.1. Estimate GARR coordinates with €) gAGEwWPC
©gAG E/ UPC H Research group of Astronomy & Geomatics 154
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

Questions:

1. Can the ambiguities be fixed with a certain degree of
confidence?

2. Repeat the computations taking: t= 14500 and 14900.

3. Repeat the computations taking: t= 14500 and 15900.

4. Discuss why the ambiguities cannot be fixed.
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C.2.1. Estimate GARR coordinates with €) gAGEwWPC
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C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

Hint:

Plot the differential Tropospheric and lonospheric delays (from the gLAB model) and
discuss their potential impact on the ambiguity fixing.

graph.py -f DD _PLAN GARR 06 ALL.dat -x6 -y'13'
-SO --yn -0.06 --yx 0.06 -cl g -1 "DDIono"
-f DD_PLAN_GARR 06 ALL.dat -x6 -y'12'
-SO --cl r --yn -0.06 --yx 0.06
-1 "DDTropo"” --x1 "time (s)" --yl "metres"”

C.2.1. Estimate GARR coordinates with €) gAGEwWPC
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DDL1 (using only two epochs) | = Saidenie.




C.2. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections)

0.06

¢ ¢ DDlono
5 5 e ¢ DDTropo

metres
o
(]
(=]

—0.04 |

_0'?4?50[} 15609 155IO[) 15{‘:'00 16500
time (s)
C.2.1. Estimate GARR coordinates with AGE/UPC
©gAGE/UPC 9 . 157
DDLA1 (using only two epochs) O ehaieal Univarsity of catatomn "




C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Repeat the previous exercise, but
correcting the measurements with the
nominal tropospheric correction model.

©gAGE/UPC http://www.gage.upc.edu 158
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

C.3.1 Using DDL1 carrier measurements, estimate the coordinates of receiver
GARR taking PLAN as a reference receiver and correcting troposphere.

Consider only the two epochs used in the previous exercise: t,=14500 and t,=14590

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding the floated solution directly
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

The script MakeL1DifTrpMat.scr builds the equations system
[DDL1-DDRho-Trp]=[ Los_k- Los_06]*[dr] + [ A ]*[A,*DDN1]

for the two epochs required t,=74500 and t,=714590, using the input
file DD_PLAN_GARR_©6_ALL.dat generated before.

Execute:
MakeL1DifTrpMat.scr DD_PLAN GARR 06 ALL.dat 14500 14590

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

C.3.1. Estimate GARR coordinates with @ gacewPc |

DDL1 (using tropospheric corrections) | arcliesy e
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave

load M1.dat
load M2.dat

y1=M1(:,1);
G1=M1(:,2:13);

y2=M2(:,1);

G2=M2(:,2:13);
Py=(diag(ones(1,9))+ones(9))*2e-4;
W=inv(Py);

P=inv(G1' *W*G1+G2 ' *W*G2);
X=P*(G1' ¥W*y1+G2 ' *W*y2);

x(1:3)"
0.2140 -0.1732 ©0.1535

Taking into account that the "a priori”

coordinates of GARR are:

GARR=[4796983.5170 160309.1774
4187340.3887]

Therefore the estimated absolute coordinates

of GARR are:

GARR+ x(1:3)"

4796983.7310 160309.0042 4187340.5422

©gAGE/UPC

C.3.1. Estimate GARR coordinates with € 9AGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found.

Decorrelation and integer LS search solution

octave [Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
£0=10.23e+6; afixed=iZ*azfixed;
£1=154*0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 2.47022808203678
a=x(4:12)/lambdal; afixed(:,1)’
Q=P(4:12,4:12); -19333 130765338 -1759080 -1498083 130765319

’ ’ 130765324 130765334 122888028 130765333

Rounding the floated solution directly Rounding the decorrelated floated solution

round(a)' -19334 130765336 -1759081 afix=iZ*round(az)
-1498083 130765320 130765323  -19333 130765338 -1759080 -1498083 130765319

130765334 122888029 130765334 130765324 130765334 122888028 130765333
C.3.1. Estimate GARR coordinates with €) gAGEwWPC
©gAG E / UPC . . . Research group of Astronomy & Geomatics 1 62
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

©gAGE/UPC

Questions:

Can the ambiquities be fixed now?
Discuss, why?

C.3.1. Estimate GARR coordinates with
DDL1 (using only two epochs)

Technical University of Catalonia
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

3. Repair the DDL1 carrier measurements with the DDN1 FIXED ambiguities
and plot results to analyze the data.

octave
amb=lambdal*afixed(:,1);
save ambL1l.dat amb

Using the previous file ambL1.dat and "DD PLAN GARR 06_ALL.dat",
generate a file with the following content:

----------------------------- DD_PLAN_GARR_06 ALL.fiXL1l --------------ccmmmmmmmccmmmamm -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[PLAN GARR ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
<---- GARR ---->

Note: This file is identical to file "DD_PLAN_GARR_06_ ALL.dat", but with the
ambiguities added in the last field #18.

©gAGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

a) Generate a file with the satellite PRN number and the ambiguities:

grep -v \# ambLl1l.dat > nal
cat DD_PLAN_GARR 06 ALL.dat|gawk '{print $4}'|sort -nu|gawk '{print $1,NR}' >sat.lst
paste sat.lst nal » sat.ambL1

b) Generate the "pb_PLAN_GARR_06_ALL.fixL1" file:

cat DD_PLAN_GARR 06 ALL.dat|
gawk 'BEGIN{for (i=1;i<1000;i++) {getline <"sat.ambL1";A[$1]=$3}}
{printf "%s %02i %02i %s %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f 7%14.4f
%14.4f %14.4f %14.4f %14.4f %14.4f %14.4f \n",
$1,$2,$3,%4,$5,$6,$7,$8,$9,$10,$11,$12,$13,$14,$15,$16,$17,A[$4]}" >
DD_PLAN_GARR_06_ALL.fixL1

C.3.1. Estimate GARR coordinates with €) gAGEwWPC

©gAGE/UPC H H H Research group of Astronoi & Geo
DDL1 (using tropospheric corrections)
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_06 ALL.FiXL1l =---=---------cccmmmmmcccaamm -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[PLAN GARR ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrp DDIon E11 Azl E12 Az2 A *DDN1]
<---- GARR ---->

c) Make and discuss the following plots

graph.py -f DD_PLAN_GARR_06 ALL.fixL1l -x6 -y'($8-$18-$11)"
-S0 --yn -0.6 --yx 0.6 -1 "(DDL1-lambdal*DDN1)-DDRho" --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN_GARR 06 ALL.fixL1l -x6 -y'($8-$18-$11-$12)"
-s0 --yn -0.6 --yx 0.6 -1 "(DDL1-lambdal*DDN1)-DDRho-DDTrp" --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN_GARR_©6 ALL.fixL1l -x6 -y'($8-$18-$11-$12)"
-SO --yn -0.06 --yx 0.06 -1 "(DDL1-lambdal*DDN1)-DDRho-DDTrp" --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN GARR 06 _ALL.fixL1l -x6 -y'($8-$18)"
-s0 --yn -15000 --yx 15000 -1 "(DDL1-lambdal*DDN1)" --x1 "time (s)" --yl "m"

C.3.1. Estimate GARR coordinates with € 9AGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_06 ALL.FiXL1l =---=---------cccmmmmmcccaamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18

[PLAN GARR ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
<---- GARR ---->

PLAN-GARR 15.2 km

e ¢ (DDL1-DDN1)-DDrho

graph.py -f DD_PLAN_GARR_06_ALL.fixL1
-x6 -y'($8-$18-%$11)"
-SO --yn -0.6 --yx 0.6 : : :

--x1 "time (s)" --yl "m

metres

Questions:
Explain what is the meaning of
this plot.
14500 15(;00 t;lSE;O{O) 16600 16500
C.3.1. Estimate GARR coordinates with €) gAGEwWPC
©gAGE/UPC . . . Research group of astronomy & Geomatics 107
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_06 ALL.FiXL1l =---=---------cccmmmmmcccaamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18

[PLAN GARR ©6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
<---- GARR ---->

PLAN-GARR 15.2 km

L) (.DDLl-DDNl)-DI!I)rho-DDTropo
graph.py -f DD_PLAN_GARR_06_ALL.fixL1 | |
-SO --yn -0.6 --yx 0.6 | | |
--x1 "time (s)" --yl "m" .
-
€
Explain what is the meaning of
this plot.
14500 15600 155iOO 16600 16500
time (s)
C.3.1. Estimate GARR coordinates with €) gAGEwWPC
©OgAGE/UPC . . : Research group o Astranomy & Geamatics 1 08
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_06 ALL.FiXL1l =---=---------cccmmmmmcccaamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[PLAN GARR @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- GARR ---->

PLAN-GARR 15.2 km

* e (.DDLl-DDNl)-DI!I)rho-DDTropo
graph.py -f DD_PLAN_GARR_06 ALL.fixL1 ; ; ).
-X6 -y ($8-$18-$11-$12) \ K O S R S T UL . | M. 1

-SO --yn -0.06 --yx 0.06
-1 "(DDLl-kl*DDNl)-DDRhO-DDTr‘p"

--x1 "time (s)" --yl "m

g %
Questions: Z ; : :
Explain what is the meaning of - Loom
this plot. | |
_0'94?500 15(;00 t;lSE;O(O) 16600 16500
C.3.1. Estimate GARR coordinates with €) gAGEwWPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_06 ALL.FiXL1l =---=---------cccmmmmmcccaamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[PLAN GARR @6 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- GARR ---->
15000 F'LAN-GAR!R 15.2 km

e « (DDL1-DDN1)

graph.py -f DD_PLAN_GARR_06_ALL.fixL1
-x6 -y'($8-$18)"
-S0 --yn -15000 --yx 15000 |
_1 "(DDL].'}\II*DDN].)" BO00

--x1 "time (s)" --yl "m

metres
(=]

Questions: o
E){pla/n what is the meaning of 10006
this plot.
_15094?500 15600 t;lSéO(O) 16600 16500
C.3.1. Estimate GARR coordinates with € 9AGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

4. Computing the FIXED solution (after FIXING ambiguities).
The following procedure can be applied

a) Build the equations system

[DDL1-DDRho-DDTrp-lambdal*DDN1]=[Los k - Los @6]*[dr]

cat DD_IND1 IND2 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{el=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$8-$11-$12-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(el)}' > M.dat

©gAGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave

load M.dat

y=M(:,1);
G=M(:,2:4);

Absolute coordinates of GARR.

Taking into account that the ”a priori”’ coordinates
of IND2 are:
GARR=[4796983.5170 160309.1774 4187340.3887]

x=1nv(G'*G)*G' *y

©gAGE/UPC
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X Therefore the estimated absolute coordinates
-0.00290189178833524 of GARR are:
0.00354027112026342 GARR+ x(1:3)'
0.04277612243282228 ans= 4796983.5141 160309.1809 4187340.4315
C.3.2. Estimate GARR coordinates with €) gAGEwWPC

DDL1 (using tropospheric corrections) | i




C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

C.3.2. Using the DDL1 carrier with the ambiguities FIXED, compute the LS single
epoch solution for the whole interval 14500< t <16500 with the program LS.f

Note: The program LS. f computes the Least Square solution for each
measurement epoch of the input file (see the FORTRAN code "LS.f")

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL1-DDRho-DDTrp-lambdal*DDN1],[Los k - Los 06]

where:
Time= seconds of day
DDL1 — DDRho -DDTrp — lambda1*DDN1= Prefit residulas (i.e., "y" values in program LS.f)

Los k- Los 06 = The three components of the geometry matrix (i.e., matrix "a" in program
LS.f)

©gAGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

[Time], [DDL1-DDRho-DDTrp-lambdal*DDN1], [Los k - Los 06]

The following sentence can be used
cat DD_IND1 IND2 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$8-$11-$12-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Llmodel.dat

b) Compute the Least Squares solution

cat Llmodel.dat |[LS > L1fix.pos

©gAGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Plot the baseline estimation error

graph.py -f L1fix.pos -x1 -y2 -s.- -1 "North error"
-f L1fix.pos -x1 -y3 -s.- -1 "East error"
-f L1fix.pos -x1 -y4 -s.- -1 "UP error"
--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: L1 ambiguities fixed: No wet tropo estim.”

©gAGE/UPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

0 1C'PL;r'-'uN-G;'ltF{F!;: 15.2 km: L1 ambiguities fixed: No wet tropo estim.
. T I I

Differential

Positioning error o5t akdine kil

after fixing

~—— North error
~—— East error
~—— UP error

ambiguities é 000 B 2
Question: 005 b e .
Discuss the possible 5 5
sources of the bias found
in the vertical component. |
~0-10500 15000

C.3.2. Estimate GARR coordinates with

©gAGE/UPC DDL1 (using tropospheric corrections)

i
16000 16500

Technical University of Catalonia
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Remember that the reference coordinates have been taken relative
to the Antenna Phase Centre in the ionosphere-free combination LC

Question:
Taking into account the following parameters of the PLAN and GARR antennas,

calculate the relative error introduced by the difference between the L1 and
LC APC of both receivers in the differential positioning.

According to the RINEX and ANTEX files, we have:

PLAN: TRM55971.00 (millimetres)
G01 1.29-0.1966.73 NORTH /EAST / UP

G02 0.38 0.61 57.6

GARR: TRM41249.00 (millimetres)
G01 0.28 0.49 55.91 NORTH /EAST / UP
G02 0.15 0.46 58.00

C.3.2. Estimate GARR coordinates with @ gacewpc
DDLA1 (APC error effect) N echoteal Unbversiy of Caoma
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Solution:

GARR: PLAN:
dL1=5.591 cm dL1=6.673 cm
dL2=5.800 cm dL2=5.769 cm

dLC=1/(g-1) * (g*dL1-dL2)=5.3cm dLC=1/(g-1)* (g*dL1-dL2)=8.1lcm

Then: Then:
dL1=dLC+0.3 cm dL1=dLC-1.4 cm
L1 (GARR) Then the relative error:
DL1 (GARR-PLAN) =+1.7cm
+0.3 cm
LC (PLAN
LC (GARR) ( )
-1.4 cm
o L1 (PLAN)
C.3.2. Estimate GARR coordinates with @ gAGEUPC
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Repeat the positioning error plot, but correcting for the relative
Antenna Phase Centres (APCs):

graph.py -f L1fix.pos -x1 -y2 -s.- -1 "North error"
-f L1fix.pos -x1 -y3 -s.- -1 "East error"
-f L1fix.pos -x1 -y '(%$4-0.017)' -s.- -1 "UP error"
--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: L1 amb. fixed: -1.7 cm dAPC L1: No wet tropo estim.”

C.3.2. Estimate GARR coordinates with €) gAGEwWPC
©gAG E/ U PC Research group of Astronomy & Geomatics 1 79
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

PL%I;J{-)GARF{: 15.2 km: L1 amb. fixed:
f T

-1.7 cm dAPC_L

Differential

Positioning error oo} — A — _

after fixing
ambiguities

0.00 prigid\ s’

error {m)

Question:

error sources which could
explain the error bias found

DISCUSS On the I’emalnlng —0.05 ............................ ............................ ........................... _

~—— North error
~—— East error
—— UP error

in the vertical component. ~0.29:55

C.3.2. Estimate GARR coordinates with
DDL1 (APC error effect)
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C.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

C.3.3. Repeat the previous computations, but using the Unsmoothed code P1.
i.e., compute the LS single epoch solution for the whole interval
145000< t <165000 with the program LS. f

The same procedure as in previous case can be applied, but using the code
DDP1 instead of the carrier “DDL1 — lambda1*DDN1”
a) generate a file with the following content;

[Time], [DDP1-DDRho-DDTrp], [ Los k - Los 06]

where:
Time= seconds of day
DDP1 — DDRho-DDTrp= Prefit residulas (i.e., "y" values in program Ims1)
Los_k — Los_06 = The three components of the geometry matrix
(i.e., matrix "a" in program LS.f)

©gAGE/UPC
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C.3. PLAN-GARR differential positioning
(using the computed differential corrections including troposphere)

[Time], [DDP1-DDRho-DDTrp], [Los k - Los 6]

The following sentence can be used
cat DD_IND1 IND2 06 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$7-$11-$12,-cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Plmodel.dat

b) Compute the Least Squares solution

cat Plmodel.dat |LS > P1.pos

©gAGE/UPC
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C.3. PLAN-GARR differential positioning

(using the computed differential corrections including troposphere)

Positioning error
with the

PLAN-GARR: 15.2 km: Unsmoothed C1 code pseudorange
I I I

~—— North error
—— FEast error ||
~— UP error

unsmcothed ) e e
.. f1.l | 4
| \
COde g ll".llalhll'lI 21 l!i 1|| I!" I | ! [ l' l “i l“ l 1 ll a 1||||' lir i
|
Question: Y T S S S
Discuss the results by
comparing them with the
previous ones with DDL 1 TAL
carrier. ; i |
14500 15000 15500 16000
time (s)
C.3.3. Estimate GARR coordinates @ gAGE/UPc
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OVERVIEW

A Introduction: gLAB processing in command line

A Preliminary computations: data files & reference values

A Session A: Differential positioning of IND2-IND3 receivers

(baseline: 18 metres)

A Session B: Differential positioning of IND1-IND2 receivers

(baseline: 7 metres, but synchronization errors)

A Session C: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Night time): tropospheric effects

» Session D: Differential positioning of PLAN-GARR receivers

(baseline: 15 km, Day time): tropospheric and lonospheric effects
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Session D

Differential positioning of
PLAN- GARR receivers

(baseline: 15 km. Day time)
Analysis of differential tropospheric
and lonospheric error effects

Research group of Astronomy & Geomatics
Technical University of Catalonia
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D. Differential positioning of PLAN-GARR receivers

A The previous session has been carried out using measurements
collected during the night time, when the effect of the ionosphere is
lower.

A The effect of the ionosphere over a baseline of 15km (and in solar
maximum conditions) will be assessed in this session using day-time
measurements.

A The exercise will end with the computation of the unambiguous
DDSTEC from dual-frequency carrier measurements (after fixing the
ambiguities in both carriers).

A The solutions computed using the DDL1 carrier (with the ambiguity
fixed) corrected by the unambiguous DDSTEC and corrected by the
nominal Klobuchar model will be compared.

A Finally, the solution using the unambiguous DDLC carrier (iono-free
combination) will be also computed to compare results.
@ gAGEIUPC
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D.1 Measurements selection

Selecting measurements: Time interval [39000:41300]

» Select the satellites within the time interval [39000:41300]. Exclude satellites
PRNO1 and PRN31 in order to have the same satellites over the whole interval

cat ObsFile.dat|gawk '{if ($4>=39000 && $4<=41300 && $2!=01 && $2!=31)
print $0}' > obs.dat

» Reference satellite (over the time interval [39000:41300])

Confirm that the satellite PRN13 is the satellite with the highest elevation
(this satellite will be used as the reference satellite)

1 2 3 4 5 6 7 8 9 10 11 12 13
ObS ° dat ) [sta sat DoY sec P1 L1 P2 L2 Rho Trop Ion elev azim]

©gAGE/UPC D.1 Model components computation 187
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D.2. Computing Double Differences

Compute the double differences between receivers PLAN (reference) and
GARR and satellites PRN13 (reference) and [PRN 02, 04, 07, 10, 17, 20,

23, 32
! DDobs.scr obs.dat PLAN GARR 13 02

DDobs.scr obs.dat PLAN GARR 13 04
DDobs.scr obs.dat PLAN GARR 13 07
DDobs.scr obs.dat PLAN GARR 13 10
DDobs.scr obs.dat PLAN GARR 13 17
DDobs.scr obs.dat PLAN GARR 13 20
DDobs.scr obs.dat PLAN GARR 13 23
DDobs.scr obs.dat PLAN GARR 13 32

Merge the files into a single file and sort by time:

cat DD_PLAN_GARR_13_??.dat|sort -n -k +6 > DD_PLAN_GARR_13 ALL.dat

©gAGE/UPC D.2. Double Differences computation 188
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

D.3.1 Using DDL1 carrier measurements, estimate the coordinates of receiver
GARR taking PLAN as a reference receiver and correcting troposphere.

Consider only the two epochs used in the previous exercise: {,=39000 and {,=40500.

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding the floated solution directly
and by rounding the solution after decorrelation.

3. Repair the DDL1 carrier measurements with the DDN1 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

The script MakeL1DifTrpMat.scr builds the equations system
[DDL1-DDRho-Trp]=[ Los_k- Los_13]*[dr] + [ A ]*[A,*DDN1]

for the two epochs required £,=39000 and t,=40500, using the input
file DD_PLAN_GARR_13 ALL.dat generated before.

Execute:
MakeL1DifTrpMat.scr DD_PLAN GARR_13 ALL.dat 39000 40500

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

D.3.1. Estimate GARR coordinates with @ gacewpc

DDL1 (using tropospheric corrections) | arcliesy e
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave

load M1.dat
load M2.dat

y1=M1(:,1);
G1=M1(:,2:12);

y2=M2(:,1);

G2=M2(:,2:12);
Py=(diag(ones(1,8))+ones(8))*2e-4;
W=inv(Py);

P=inv(G1' *W*G1+G2 ' *W*G2);
X=P*(G1' ¥W*y1+G2 ' *W*y2);

x(1:3)"
-0.3262 0.0268 0.09012

Taking into account that the "a priori”

coordinates of GARR are:

GARR=[4796983.5170 160309.1774
4187340.3887]

Therefore the estimated absolute coordinates

of GARR are:

GARR+ x(1:3)"

4796983.1908 160309.2042 4187340.4789

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found.

Decorrelation and integer LS search solution
octave [Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sgnorm] = lsearch (az,Lz,Dz,2);
f@=1@.23e+6; afixed=iZ*azfixed;
£1=154*0; sqnorm(2)/sgnorm(1)
lambdal=c/f1 ans = 3.54169992923790
a=x(4:11)/lambdal; afixed(:,1)’
Q=P(4:11,4:11); -1372641 1731966 2313787 592316
? ’ -878242  -401400 -475026 1855925

Rounding the floated solution directly Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az)
-1372640 1731967 2313786 592317 -1372641 1731966 2313787 592316
-878241 -401401 -475027 1855923 -878242  -401400 -475026 1855925
D.3.1. Estimate GARR coordinates with €) gAGEwWPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

3. Repair the DDL1 carrier measurements with the DDN1 FIXED ambiguities
and plot results to analyze the data.

octave
amb=lambdal*afixed(:,1);
save ambL1l.dat amb

Using the previous the file ambL1.dat and "DD_PLAN_ GARR 13 ALL.dat",
generate a file with the following content:

----------------------------- DD_PLAN_GARR_13 ALL.fiXL1l --------------cmmmmmmmccmcmee -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A,*DDN1]
<---- GARR ---->

Note: This file is identical to file "DD_PLAN_GARR_ 13 ALL.dat", but with the
ambiguities added in the last field #18.

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

a) Generate a file with the satellite PRN number and the ambiguities:

grep -v \# ambLl1l.dat > nal
cat DD_PLAN_GARR_ 13 ALL.dat|gawk '{print $4}'|sort -nu|gawk '{print $1,NR}’ >sat.lst
paste sat.lst nal > sat.ambL1

b) Generate the "pb_PLAN_GARR_13_ALL.fixL1" file:

cat DD_PLAN_GARR_13 ALL.dat]|
gawk 'BEGIN{for (i=1;i<1000;i++) {getline <"sat.ambL1";A[$1]=$3}}
{printf "%s %02i %02i %s %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f 7%14.4f
%14.4f %14.4f %14.4f %14.4f %14.4f %14.4f \n",
$1,$2,$3,%4,$5,$6,$7,$8,$9,$10,$11,$12,$13,$14,$15,$16,$17,A[$4]}" >
DD_PLAN_GARR_13_ALL.fixL1

D.3.1. Estimate GARR coordinates with €) gAGEwWPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1l =---=---------mmmmmmmmccmceamm -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrp DDIon E11 Azl E12 Az2 A *DDN1]
<---- GARR ---->

c) Make and discuss the following plots

graph.py -f DD_PLAN GARR_13_ALL.fixL1 -x6 -y'($8-$18-$11)"
-s0 --yn -0.6 --yx 0.6 -1 "(DDL1-lambdal*DDN1)-DDRho" --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN_GARR_13 ALL.fixL1l -x6 -y'($8-$18-$11-$12)"
-s0 --yn -0.6 --yx 0.6 -1 "(DDL1-lambdal*DDN1)-DDRho-DDTrp " --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN _GARR_13 ALL.fixL1l -x6 -y'($8-$18-%$12)"
-s0 --yn -0.06 --yx 0.16 -1 "(DDL1-lambdal*DDN1)-DDTrp " --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN_GARR_13 ALL.fixL1l -x6 -y'($8-$18)"
-so --yn -15000 --yx 15000 -1 "(DDL1-lambdal*DDN1)" --x1 "time (s)" --yl "m"

D.3.1. Estimate GARR coordinates with € 9AGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1l =---=---------mmmmmmmmccmceamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- GARR ---->

graph.py -f DD_PLAN_GARR 13 ALL.fixL1 | | |
-SO --yn -0.6 --yx 0.6 | § § |

--x1 "time (s)" --yl "m

metres

Questions:

Explain what is the meaning of

this plot.

39000 395iOO 40600 405iOO 41(;00 41500
time (s)
D.3.1. Estimate GARR coordinates with €) gAGEwWPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1l =---=---------mmmmmmmmccmceamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- GARR ---->

e ¢ (DDL1-DDN1)-DDrho-DDTropo

graph.py -f DD_PLAN_GARR_13 ALL.fixL1
-x6 -y'($8-$18-$11-$12)"
-SO --yn -0.6 --yx 0.6
-1 "(DDL1-A *DDN1)-DDRho-DDTrp"

--x1 "time (s)" --yl "m

04l ]

02 b

metres

0

Questions: ; ; ; ;

Explain what is the meaning of P R S S A RO
this plot.

39000 395i()0 40(;00 405i00 4l(i)00 41500
time (s)
D.3.1. Estimate GARR coordinates with €) gAGEwWPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1l =---=---------mmmmmmmmccmceamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- GARR ---->

graph.py -f DD_PLAN GARR 13 ALL.fixL1
_X6 -y' ($8-$18-$11-$12)" | | | |
-1 "(DDL1-A,*DDN1)-DDRho-DDTrp"

--x1 "time (s)" --yl "m

E 0.05
g

Questions: oo SN0

Explain what is the meaning of

this plot.

39000 395IOO 40600 405IOO 41(I)00 41500
time (s)
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1l =---=---------mmmmmmmmccmceamm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18
[PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A, *DDN1]

<---- GARR ---->

e « (DDL1-DDN1)

graph.py -f DD_PLAN_GARR_13 ALL.fixL1
-x6 -y'($8-$18)"
-SO --yn -15000 --yx 15000
-1 "(DDL1-A *DDN1)"
--x1 "time (s)" --yl "m"

10000

5000

metres
(=]

8000 b

Questions: . |
Explain what is the meaning of 10000 ] —
this plot.
_15098000 395i00 40(;00 405i00 41(;00 41500
time (s)
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

4. Computing the FIXED solution for the whole interval
(after FIXING ambiguities).

The following procedure can be applied

a) Build the equations system

[DDL1-DDRho-DDTrp-lambdal*DDN1]=[Los k - Los 13]*[dr]

cat DD_PLAN GARR 13 ALL.fixL1 | gawk 'BEGIN{g2r=atan2(1,1)/45}
{el=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$8-$11-$12-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(el)}' > M.dat

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave

load M.dat

y=M(:,1);
G=M(:,2:4);

x=1nv(G'*G)*G' *y

X
9.00224133050672853
0.00948643658103340
0.04065938792819074

Absolute coordinates of GARR.

Taking into account that the ”a priori” coordinates
of IND2 are:
GARR=[4796983.5170 160309.1774 4187340.3887]

Therefore the estimated absolute coordinates
of GARR are:
GARR+ x(1:3)"

ans= 4796983.5192 160309.1869 4187340.4294

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

D.3.2. Using the DDL1 carrier with the ambiguities FIXED, compute the LS single
epoch solution for the whole interval 39000< t <41300 with the program LS.f

Note: The program LS. f computes the Least Square solution for each
measurement epoch of the input file (see the FORTRAN code "LS.f")

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL1-DDRho-DDTrp-lambdal*DDN1],[Los k - Los 13]

where:
Time= seconds of day
DDL1 — DDRho -DDTrp — lambda1*DDN1= Prefit residulas (i.e., "y" values in program LS.f)

Los k- Los_13 = The three components of the geometry matrix (i.e., matrix "a" in program
LS.f)

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

[Time], [DDL1-DDRho-DDTrp-lambdal*DDN1], [Los k - Los 13]

The following sentence can be used
cat DD_PLAN_GARR 13 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$8-$11-$12-$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > Llmodel.dat

b) Compute the Least Squares solution

cat Llmodel.dat |[LS > L1fix.pos

©gAGE/UPC
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

Plot the baseline estimation error

graph.py -f L1fix.pos -x1 -y2 -s.- -1 "North error"
-f L1fix.pos -x1 -y3 -s.- -1 "East error"
-f L1fix.pos -x1 -y4 -s.- -1 "UP error"
--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: L1 ambiguities fixed: No wet tropo estim.”
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D.3. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

0 10PLJ’J«N-G;l'!k.F{F!:: 15.2 km: L1 ambiguities fixed: No wet tropo estim.
. I I I I

. e ¢ North error
Differential Qﬂ.‘e‘ |+ ¢ Easterror
. . . J ; iy * UP error
Positioning error oo} - TR 2y, TR
after fixing
ambiguities t
5 0.00
Question: .
Discuss on the remaining 20,05 Lo e
error sources which could
explain the error found in
the North, East and ; ; ; ;
Vertica/ Components. _0&8000 39500 40003time © 40500 41000 41500
D.3.2. Estimate GARR coordinates with €) gAGEwWPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

Repeat the previous exercise, but
positioning with the L2 carrier
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

D.4.1 Using DDL2 carrier measurements, estimate the coordinates of receiver
GARR taking PLAN as a reference receiver and correcting troposphere.

Consider only the two epochs used in the previous exercise: £,=39000 and {,=40500.

The following procedure can be applied:

1. Compute the FLOATED solution, solving the equations system with
octave. Assess the accuracy of the floated solution.

2. Apply the LAMBDA method to FIX the ambiguities. Compare the
results with the solution obtained by rounding the floated solution directly
and by rounding the solution after decorrelation.

3. Repair the DDL2 carrier measurements with the DDN2 FIXED
ambiguities and plot results to analyze the data.

4. Compute the FIXED solution.

©gAGE/UPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

The script MakeL2DifTrpMat.scr builds the equations system
[DDL2-DDRho-Trp]=[ Los_k- Los_13]*[dr] + [ A ]*[A,*DDN2]

for the two epochs required {,=39000 and t,=40500, using the input
file DD_PLAN_GARR_13 ALL.dat generated before.

Execute:
MakeL2DifTrpMat.scr DD _PLAN_GARR_13 ALL.dat 39000 40500

The OUTPUT
are the files M1.dat and M2.dat associated with each epoch.

Where:
the columns of files M.dat are the vector y (first column) and Matrix G (next columns)

D.4.1. Estimate GARR coordinates with @ gaGewPc

DDL2 (using tropospheric corrections) | arcliesy oo
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

1. Computing the FLOATED solution (solving the equations system).

The following procedure can be applied

octave

load M1.dat
load M2.dat

yl=M1(:,1);
G1=M1(:,2:12);

y2=M2(:,1);

G2=M2(:,2:12);
Py=(diag(ones(1,8))+ones(8))*2e-4;
W=inv(Py);

P=inv(G1' *W*G1+G2 ' *W*G2);
X=P*(G1' ¥W*y1+G2 ' *W*y2);

x(1:3)"
-0.2949 0.0163 0.0567

Taking into account that the "a priori”

coordinates of GARR are:

GARR=[4796983.5170 160309.1774
4187340.3887]

Therefore the estimated absolute coordinates

of GARR are:

GARR+ x(1:3)"

4796983.2221 160309.1937 4187340.4454

©gAGE/UPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

2. Applying the LAMBDA method to FIX the ambiguities.
The following procedure can be applied (justify the computations done)
Compare the different results found.

Decorrelation and integer LS search solution
octave [Qz,Zt,Lz,Dz,az,iZ] = decorrel (Q,a);
c=299792458; [azfixed,sqnorm] = lsearch (az,Lz,Dz,2);
f@=1@.23e+6; afixed=iZ*azfixed;
£2-120%0; sqnorm(2)/sgnorm(1)
lambda2=c /€2 ans = 15.3627929427384
a=x(4:10)/lambda2; afixed(:,1)’
0=P(4:10,4:10); -1075655 1343160 938718 468181
’ ’ -675593  -313616 -356299 1439836

Rounding the floated solution directly Rounding the decorrelated floated solution

round(a)" afix=iZ*round(az)
-1075654 1343161 938718 468182 -1075655 1343160 938718 468181
-675592 -313617 -356299 1439835 -675593 -313616 -356299 1439836
D.4.1. Estimate GARR coordinates with €) gAGEwWPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

3. Repair the DDL2 carrier measurements with the DDN2 FIXED ambiguities
and plot results to analyze the data.

octave
amb=lambda2*afixed(:,1);
save ambL2.dat amb

Using the previous the file ambL2.dat and "DD_PLAN_ GARR_ 13 ALL.fixL1",
generate the a file with the following content:

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 =----------mmmmmmmmmmmmmmcmcemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A *DDN1 A,*DDN2

<---- GARR ---->

Note: This file is identical to file "DD_PLAN_GARR_13 ALL.fixL1", but with the
ambiguities added in the last field #19.

©gAGE/UPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

a) Generate a file with the satellite PRN number and the ambiguities:

grep -v \# ambL2.dat > na2
cat DD_PLAN_GARR_ 13 ALL.dat|gawk '{print $4}'|sort -nu|gawk '{print $1,NR}’ >sat.lst
paste sat.lst na2 > sat.ambL2

b) Generate the "pDb_PLAN_GARR_13_ALL.fixL1L2" file:

cat DD_PLAN_GARR_13 ALL.fixL1]|
gawk 'BEGIN{for (i=1;i<1000;i++) {getline <"sat.ambL2";A[$1]=$3}}
{printf "%s %02i %02i %s %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f 7%14.4f
%14.4f %14.4f %14.4f %14.4f %14.4f %14.4f %14.4f \n",
$1,$2,$3,%4,$5,$6,$7,$8,$9,$10,$11,$12,$13,$14,$15,$16,$17,$18,A[$4]}" >
DD_PLAN_GARR_13_ALL.fixL1L2

D.4.1. Estimate GARR coordinates with €) gAGEwWPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

c) Make and discuss the following plots

graph.py -f DD_PLAN_GARR_13 ALL.fixL1L2 -x6 -y'($10-$19-$11)"
-s0 --yn -0.6 --yx 0.6 -1 "(DDL2-lambda2*DDN2)-DDRho" --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN GARR_13_ALL.fixL1L2 -x6 -y'($10-$19-$11-$12)"
-so --yn -0.6 --yx 0.6 -1 "(DDL2-lambda2*DDN2)-DDRho-DDTrp" --x1 "time (s)" --yl "m"

-S0 --yn -0.06 --yx 0.16 -1 "(DDL2-lambda2*DDN2)-DDTrp" --x1 "time (s)" --yl "m"

graph.py -f DD_PLAN_GARR_13_ALL.fixL1L2 -x6 -y'($10-$19)"

graph.py -f DD_PLAN_GARR_13 ALL.fixL1L2 -x6 -y'($10-$19-$12)"
-so0 --yn -15000 --yx 15000 -1 "(DDL2-lambda2*DDN2)" --x1 "time (s)" --yl "m"

D.4.1. Estimate GARR coordinates with € 9AGE/UPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19

PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

graph.py -f DD_PLAN_GARR_13_ALL.fixL1L2
-x6 -y'($10-$19-$11)"
-SO --yn -0.6 --yx 0.6 5 | | |

--x1 "time (s)" --yl "m

metres

Questions:
Explain what is the meaning of
this plot.
39000 395;00 40(;)00':_ ( )405i00 41(;00 41500
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

!. . (DDLZ-!DDN2)-DDrh!c:--DDTropo
graph.py -f DD_PLAN_GARR_13 ALL.fixL1L2 | | |

-x6 -y'($10-$19-$11-$12)"

-SO --yn -0.6 --yx 0.6

-1 "(DDL2-A,*DDN2)-DDRho-DDTrp"

0.2 b

--x1 "time (s)" --yl "m

g

] O N S S R S
Questions: 5 5 5 5
Explain what is the meaning of oal ]
this plot.

39000 395iOO 40600 405iOO 41(;00 41500
time (s)
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

0.15 b oo

graph.py -f DD_PLAN_GARR_13 ALL.fixL1L2
X6 -y' ($10-$19-$11-$12)" | | | |
-s0 --yn -0.06 --yx 0.16 ool e g g & ]
-1 "(DDL2-),*DDN2)-DDRho-DDTrp" :

--x1 "time (s)" --yl "m

E 0.05
£
Questions: A0 S0y
Explain what is the meaning of |
this plot. ; ; | |
=005 |+ S
39000 39500 40600 40500 41600 41500
time (s)
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D.4. PLAN-GARR differential positioning with L1 carrier
(using the computed differential corrections including troposphere)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

e ¢ (DDL2-DDN2
graph.py -f DD_PLAN_GARR_13_ALL.fixL1L2 ( f )
-X6 _y'($1e_$19)- 10000
-SO --yn -15000 --yx 15000
-1 "(DDL2-A,*DDN2)" 2000

--x1 "time (s)" --yl "m

metres
(=]

8000 b

Questions:
Explain what is the meaning of ;
. —10000 -
this plot.
_15098000 39£00 40600t' { )40;00 41600 41500
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

4. Computing the FIXED solution (after FIXING ambiguities).
The following procedure can be applied

a) Build the equations system

[DDL2-DDRho-DDTrp-lambda2*DDN2]=[Los k - Los 06]*[dr]

cat DD_PLAN GARR 13 ALL.fixL1L2 | gawk 'BEGIN{g2r=atan2(1,1)/45}
{el=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;
printf "%14.4f %8.4f %8.4f %8.4f \n",
$10-$11-$12-%$19, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al), -sin(e2)+sin(el)}' > M.dat

©gAGE/UPC
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D.4. PLAN-GARR differential positioning with L2 carrier

(using the computed differential corrections including troposphere)

Solve the equations system using octave (or MATLAB) and
assess the estimation error:

octave Absolute coordinates of GARR.

load M.dat Taking into account that the ”a priori” coordinates
of IND2 are:

y=M(:,1); GARR=[4796983.5170 160309.1774 4187340.3887]

G=M(:,2:4);
Therefore the estimated absolute coordinates

x=inv(G'*G)*G"'*y of GARR are:

X GARR+ x(1:3)"

0.00312473328403573 ans= 4796983.5201 160309.1942 4187340.4517

0.01680339170230549

0.06303852755939099 Question:

Is the accuracy similar to that in the previous
case, when estimating the baseline vector?

D.4.1. Estimate GARR coordinates with €) gAGEwWPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

D.4.2. Using the DDL2 carrier with the ambiguities FIXED, compute the LS single
epoch solution for the whole interval 39000< t <41300 with the program LS.f

Note: The program LS. f computes the Least Square solution for each
measurement epoch of the input file (see the FORTRAN code "LS.f")

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL2-DDRho-DDTrp-lambda2*DDN2],[Los k - Los 13]

where:
Time= seconds of day
DDL2 — DDRho -DDTrp — lambda2*DDN2= Prefit residulas (i.e., "y" values in program LS.f)

Los k- Los_13 = The three components of the geometry matrix (i.e., matrix "a" in program
LS.f)

©gAGE/UPC
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

[Time], [DDL2-DDRho-DDTrp-lambda2*DDN2], [Los k - Los 06]

The following sentence can be used
cat DD_PLAN_GARR 13 ALL.fixL1l | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r; ;printf "%s %14.4f

%8.4f %8.4f %8.4f \n",$6,$10-$11-$12-%$18, -cos(e2)*sin(a2)+cos(el)*sin(al),
-cos(e2)*cos(a2)+cos(el)*cos(al),-sin(e2)+sin(el)}' > L2model.dat

b) Compute the Least Squares solution

cat L2model.dat |LS > L2fix.pos
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

Plot the baseline estimation error

graph.py -f L2fix.pos -x1 -y2 -s.- -1 "North error"
-f L2fix.pos -x1 -y3 -s.- -1 "East error"
-f L2fix.pos -x1 -y4 -s.- -1 "UP error"
--yn -.05 --yx .15 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: L2 ambiguities fixed: No wet tropo estim.”
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D.4. PLAN-GARR differential positioning with L2 carrier
(using the computed differential corrections including troposphere)

PLAN-GARR: 15.2 km: L2 ambiguities fixed: No wet tropo estim.
I I I I

Differential + + North error
g . e o FEasterror
Positioning error | | e e vpermor
after fiXing 010 - =& ... ... ... ...................... ................... ....................... ..................... i
ambiguities
Question: _’:‘
Discuss the possible 0.00 e DEE
sources of the bias found
in the vertical component. '
_U'ggﬂﬂﬂ SQEiDG 40{500 40&00 41{;00 41500

time (s)
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2

<---- GARR ---->

Plot the unambiguous DDSTEC as a function of time and elevation, using Klobuchar
model (it corresponds to the field #13 of file DD_PLAN_GARR_13 ALL.fixL1L2).

Execute:

graph.py -f DD _PLAN_GARR 13 ALL.fixL1L2 -x6 -y13
-so -1 "DDIon (Klobuchar Iono Model)" --x1 "time (s)"
--yl "(m L1 delay)" --yn -.1 --yx .1 -t "PLAN-GARR: 15.2 km: DDSTEC"

graph.py -f DD_PLAN_GARR_13 ALL.fixL1L2 -x16 -y13
-so -1 "DDIon (Klobuchar Iono Model)" --x1 "elevation (deg.)"
--yl "(m L1 delay)" --yn -.1 --yx .1 -t "PLAN-GARR: 15.2 km: DDSTEC"

D.5.1. Estimate GARR coordinates with €) gAGEwWPC
DDL1 (using tropo & lono Klobuchar) el uniersiyofCotston
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

PLAN-GARR: 15.2 km: Double Difference Slant TEC (DDSTEC)
T T T T

e ¢ DDlon (Klobuchar lono Model)
Modelled DDlono .| . o T |
(Klobuchar) ; ; ; ;
aS a funCtlon Of D05 F-o ...................... ...................... ....................... ..................... i
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time 3
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

MOde”ed DDlonO PLAN-GARR: 15.2 km: Double Difference Slant TEC (DDSTEC)

e ¢ DDlon (Klobuchar lono Model)
(Klobuchar) as a T T Ml AL
" = [)_10 ................................................................................................................
function of elevation
Question: 0,05k ............. .............. .............. .............. .............. .............. ............. i
Why a larger B
dispersion is found S 000f
at a low elevation? §
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 =----------mmmmmmmmmmmmmmemem o -
i1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19

PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A *DDN1 A,*DDN
<---- GARR ---->

Plot the prefit-residuals:
Prefit= DDL1-DDRho-Lambda1*DDN1-DDTropo+DDIlon:

1.- As a function of time

graph.py -f DD_PLAN GARR 13 ALL.fixL1L2
-x6 -y'$8-$11-$18-$12+$13"
-so -1 "Prefit DDL1" --x1 "time (s)"
--yl "metres” --yn -.1 --yx .1
-t "PLAN-GARR: 15.2 km: DDL1-DDRho-DDTropo+DDIon-Lambdal*DDN1"

D.5.1. Estimate GARR coordinates with €) gAGEwWPC
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

PLAN-GARR: 15.2 km: DDL1-DDRho-DDTropo+DDlon-Lambdal*DDN1

e « Prefit DDL1

010k ]

DDL1 Pre-fit
residuals as a

4

. . ]
function of time. ¢
Question: 5 5 | 5
in the plot.
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

D.5.1. Using the DDL1 carrier with the ambiguities FIXED, and correcting from
both troposphere and Klobuchar ionosphere (DDSTEC), compute the LS single
epoch solution for the whole interval 39000< t <41300 with the program LS.f.

Note: this correction (DD) is given in file DD _PLAN_GARR 13 ALL.fixL1L2 on the
field “DDIon” (i.e. #13) in meters of L1 delay.

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL1-DDRho-DDTrp+DDIon-lambdal*DDN1], [Los k-Los 13]

where:
Time= seconds of day
DDL1 — DDRho -DDTrp + DDlon- lambda1*DDN1= Prefit residulas
(i.e., "y" values in program LS.f)
Los k — Los_13= The three components of the geometry matrix,i.e. matrix "a" in LS.f program.
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

[Time], [DDL1-DDRho-DDTrp+bDIon-lambdal*DDN1], [Los k - Los 13]

The following sentence can be used

cat DD_PLAN_GARR 13 ALL.fixL1L2 | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;STEC1=$13;printf "%s %14.4f %8.4f
%8.4f %8.4f \n",$6,$8-$11-$18-$12+STEC1,
-cos(e2)*sin(a2)+cos(el)*sin(al),-cos(e2)*cos(a2)+cos(el)*cos(al),
-sin(e2)+sin(el)}"' > Llmodel Klob.dat

b) Compute the Least Squares solution

cat Llmodel Klob.dat |LS > L1fixKlob.pos
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

Plot the positioning error

graph.py -f L1fixKlob.pos -x1 -y2 -s.- -1 "North error"

-f L1fixKlob.pos -x1 -y3 -s.- -1 "East error"
-f L1fixKlob.pos -x1 -y4 -s.- -1 "UP error"

--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: L1 ambiguities fixed + Tropo + Klobuchar"
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D.5.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and Klobuchar iono.)

PLAN-GARR: 15.2 km: L1 ambiguities fixed + Tropo + Klobuchar
I I I I

Differential  °* e Netherr
e o Easterror
e ¢ Up error
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and troposphere
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D.6. Unambiguous DDSTEC determination

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 -----------mmmmmmmmmmmmmmcccemm -
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19

PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11l Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

Using DDL1, DDL2 and the fixed ambiguities DDN1 and DDN2
obtained before, compute and plot the unambiguous DDSTEC as a
function of time and elevation. Execute:

graph.py -f DD_PLAN GARR 13 ALL.fixL1L2 -x6 -y'($8-$18-$10+$19)*1.546"

-so -1 "DDL1-Amb1l-(DDL2-Amb2)" --x1 "time (s)"
--yl "(m L1 delay)" --yn -.1 --yx .1 -t "PLAN-GARR: 15.2 km: DDSTEC"

graph.py -f DD_PLAN_GARR_13 ALL.fixL1L2 -x16 -y'($8-$18-$10+$19)*1.546"
-so -1 "DDL1-Amb1l-(DDL2-Amb2)" --x1 "elevation (deg.)"
--yl "(m L1 delay)" --yn -.1 --yx .1 -t "PLAN-GARR: 15.2 km: DDSTEC"
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D.6. Unambiguous DDSTEC determination

Unambiguous
DDSTEC

as a function
elevation

Question:

Why do we have an
elevation-dependent
pattern?
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D.6. Unambiguous DDSTEC determination

----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 =----------mmmmmmmmmmmmmmemem o -
i1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A *DDN1 A,*DDN

<---- GARR ---->

Plot the prefit-residuals:
Prefit= DDL1-DDRho-Lambda1*DDN1-DDTropo+alpha1*STEC:

1.- As a function of time R
LR s -l
graph.py -f DD _PLAN GARR 13 ALL.fixL1L2 7:(23

-X6 -y'$8-$11-$18-$12+1.546*($8-$18-$10+$19)"

-so -1 "Prefit DDL1" --x1 "time (s)"

--yl “metres"” --yn -.15 --yx .15

-t "PLAN-GARR: 15.2 km: DDL1-DDRho-Lambdal*DDN1-DDTropo+alphal*STEC"
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PLAN-GARR: 15.2 km: DDL1-DDRho-DDTropo+alphal*STEC-Lambdal*DDN1

e « Prefit DDL1

0100 i
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Discuss the noise seen
in the plot.
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----------------------------- DD_PLAN_GARR_13 ALL.FiXL1L2 =-=----=--mmmmmmmmmmmmmmeem o
1 2 3 4 5 6 7 8 9 1 11 12 13 14 15 16 17 18 19
PLAN GARR 13 PRN DoY sec DDP1 DDL1 DDP2 DDL2 DDRho DDTrop DDIon E11 Azl E12 Az2 A *DDN1 A,*DDN2
<---- GARR ---->

Plot the prefit-residuals:
Prefit= DDL1-DDRho-Lambda1*DDN1-DDTropo+alpha1*STEC:

2.- As a function of elevation

graph.py -f DD_PLAN GARR 13 ALL.fixL1L2
-x16 -y'$8-$11-$18-$12+1.546*($8-$18-$10+$19)"
-so -1 "Prefit DDL1" --x1 "elevation (deg.)"
--yl “metres"” --yn -.15 --yx .15
-t "PLAN-GARR: 15.2 km: DL1-DDRho-Lambdal*DDN1-DDTropo+alphal*STEC"
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PLAN-GARR: 15 2 km: DDLl DDRhD DDTerD+a|phal*STEC Lambdal*DDNl
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D.6.1 PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and actual lono.)

D.6.1. Using the DDL1 carrier with the ambiguities FIXED, and correcting from
both troposphere and ionosphere (DDSTEC), compute the LS single epoch
solution for the whole interval 39000< t <41300 with the program LS.f

The following procedure can be applied
a) generate a file with the following content;

[Time], [DDL1-DDRho-DDTrp+a,*DDSTEC-lambdal*DDN1], [Los_k - Los_13]

where:
Time= seconds of day
DDL1 — DDRho -DDTrp + o,*DDSTEC- lambda1*DDN1= Prefit residulas
(i.e., "y" values in program LS.f)

Los_k — Los_13 = The three components of the geometry matrix (i.e., matrix "a" in program
LS.f)

©gAGE/UPC
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D.6. PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and DDSTEC)

[Time], [DDL1-DDRho-DDTrp+a,*DDSTEC-lambdal*DDN1], [Los_k - Los_13]

The following sentence can be used:

cat DD_PLAN_GARR 13 ALL.fixL1L2 | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=%$14*g2r;al=$15*%g2r;e2=$16*g2r;a2=$17*g2r;STEC1=1.546*($8-$18-$10+%$19) ;printf
"%s %14 .4f %8.4f %8.4f %8.4f \n",$6,$8-$11-$18-$12+STEC1,
-cos(e2)*sin(a2)+cos(el)*sin(al),-cos(e2)*cos(a2)+cos(el)*cos(al),
-sin(e2)+sin(el)}"' > Llmodel stec.dat

b) Compute the Least Squares solution

cat Llmodel stec.dat |LS > L1fixStec.pos

©gAGE/UPC
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D.6. PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and DDSTEC)

Plot the positioning error

graph.py -f Ll1fixStec.pos -x1 -y2 -s.- -1 "North error"

-f L1fixStec.pos -x1 -y3 -s.- -1 "East error”
-f L1fixStec.pos -x1 -y4 -s.- -1 "UP error”

--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: L1 ambiguities fixed + Tropo + DDSTEC"
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D.6. PLAN-GARR differential positioning with L1 carrier
(with ambiguity fixed and correcting from tropo. and DDSTEC)

Diﬁerential 0.10 PLAN-GARR: 15.2 km: Ll!amblgmtles!flxed +DD'_r|ropo + DDSTEC

e o North error

POS|t|0n|ng error e o Egsterror
with L1, | | :
ambiguities fixed

with Tropo and -
S 000, &
DDSTEC removed. ¢
Question: | | | |
IS any biaS eXpeCted due tO —0.05F e ...................... ...................... ....................... ..................... 4
the L1-LC APCs, when ' ' ' '
removing the ionosphere
using the unambiguous ~0.1g | | | |
DDS TEC? 000 39500 40000 time (5) 40500 41000 41500
D.6.1. Estimate GARR coordinates with €) gAGEwWPC
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D.7. PLAN-GARR differential positioning with LC carrier
(with ambiguities fixed and correcting troposphere)

Repeat the previous exercise, but using the ionosphere free combination of
carriers DDLC, with the ambiguities fixed.

The following procedure can be applied
a) generate a file with the following content;

[Time], [DD(LC-Amb)-DDRho-DDTrp], [Los k - Los 13]

where:
Time= seconds of day
DD(LC-Amb) — DDRho —-DDTrp = Prefit residulas
(i.e., "y" values in program LS.f)

Los_k — Los_13 = The three components of the geometry matrix (i.e., matrix "a" in program
LS.f)
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D.7. PLAN-GARR differential positioning with LC carrier
(with ambiguities fixed and correcting troposphere)

[Time], [DD(LC-Amb)-DDRho-DDTrp], [Los k - Los 13]

cat DD_PLAN_GARR 13 ALL.fixL1L2 | gawk 'BEGIN{g2r=atan2(1,1)/45}
{e1=$14*g2r;al=$15*g2r;e2=$16*g2r;a2=$17*g2r;g=(77/60) **2;
L1=$8-$18;L2=$10-$19;LC=(g*L1-L2)/(g-1);
printf "%s %14.4f %8.4f %8.4f %8.4f \n", $6,LC-$11-$12,
-cos(e2)*sin(a2)+cos(el)*sin(al),-cos(e2)*cos(a2)+cos(el)*cos(al),
-sin(e2)+sin(el)}’' > LCmodel.dat

b) Compute the Least Squares solution

cat LCmodel.dat |LS > LCfix.pos
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D.7. PLAN-GARR differential positioning with LC carrier
(with ambiguities fixed and correcting troposphere)

Plot the positioning error

graph.py -f Ll1fixStec.pos -x1 -y2 -s.- -1 "North error"

-f L1fixStec.pos -x1 -y3 -s.- -1 "East error”
-f L1fixStec.pos -x1 -y4 -s.- -1 "UP error”

--yn -.1 --yx .1 --x1 "time (s)" --yl "error (m)" -t "PLAN-GARR: 15.2
km: LC ambiguities FIXED + Tropo"
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D.7. PLAN-GARR differential positioning with LC carrier
(with ambiguities fixed and correcting troposphere)

Dlﬁerennal 0.10 F'LAN-GlAF{R: 15.2 krln: LC ambigllJities FIXED I+ Tropo
Positioning error [ o ero
W|th DDLC, o t" °« Up error
ambiguities fixed. | | : |
Question: £
Compare this iono-free g 0.00 Lo a g 5%

solution with that obtained
with DDL1, removing the

troposphere and iOnOSphere _0.65_ ..................... : ...................... : ...................... : ....................... : ..................... -
using the unambiguous | : : |
DDSTEC.
Are the results the same? 0 ; ; ; ;
&8000 39500 40000 40500 41000 41500
Why? time (s)
D.7. Estimate GARR coordinates €) gAGEwWPC
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Thanks for your
attention
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