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Ccnes

Summary

Zero difference reference equations
- phase equation
- phase clock definition, general properties
- link with current approaches
- widelane biases and solutions comparison

Comparison of different igs solutions (esa, jpl, grg)
- observed code/phase bias daily mean values
- observed precision of these biases

Widelane ambiguity fixing
- formulation
- satellite widelane biases (WSB)

PPP
- some examples, day boundaries effects
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Ccnes

Rinex measurements

Phase and pseudo-range equations

L= D — (0’ [1] 50 Ps

A ANAVAVAVAVA
receiver Time satellite time .

at reception event at emission event

/

P=dr,-1)

receiver

Phase measurement

— Pseudo-distance and wavelength modulo
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écnes Phase and pseudo range clocks

AL=p, —e+cldt, , —dt }-AN

/N

receiver j clock satellite i clock
of fset offset

/
P=p,+e+cldr, ,—dt)

Continuous tracking along a pass : N integer, common for all measurements in the pass

— Possible biases between dt 1 (phase) and dt p (pseudo-range)

Questions :
- these are hardware biases (different delays between code and phase)
- stability of these biases ?
- are these biases needed to solve the phase equation ?
- do we observe these biases in the current IGS clock solutions ?
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écnes Dual frequency phase measurements

Elimination of the first order ionosphere effect integer ambiguities

—

yAlLl _}'ZLZ — )+ A d Adt — yjiN j’ N
=P wmdup
y—1 T y—1
propagation mole ‘
(with fropo, phase maps) - Lonosphere free phase clocks offsets
windup (expressed in meters)
(modulo 1)

Widelane solution : Nw = N2 — ]\f1 is known for each pass

y-1 ’
A, = e ~10.7 cm (narrowlane)
y—1
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é cnNnes lonosphere free phase equation

V/11L1_’12(L2+Nw)

= P+ Aod, gy + Adt— AN,
7_1 \
measurements propagation ionosphere free integer ambiguity
model phase clocks

grgxxxxx.sp3 at IGS
(http://igsac-cnes.cls.fr/,
poster)

Solved for the constellation over a global network
giving orbits and phase clocks

v

Main characteristic : this is amodulo A equation, due to the unknown values for each pass Nl

Infinite set of solutions (producing exactly the same phase residuals) which differ only
by an integer humber of 1 cycles bias for each clock

v

This property can be used for a continuous clock reconstruction
(example : time transfer applications)
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écnes Comparison of phase clocks solutions

For a given set of widelane biases all clocks solutions obtained for different
time intervals or different networks differ by integer multiples of the
narrowlane wavelength (10.7 cm).

At 4
/\170/_/\

[
»

Very useful property when processing overlapping solutions
no possible clock drifts, the frequency is perfectly determined

Alignment of independent analyses
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écnes Arcs overlap : integer cycle property

cy CigFFHI_2010_073.100423_0832.0 Ci9FFH1_2010_074.100423_0533.0

. day boundary

- 1 cy (10.7 cm)

ech. 900 5

-1.0 T T T T T T T T T T
0 75 a0 g5 40 95 100 105 110 =] 120 125

grg clocks solutions overlap : integer number of narrowlane cycles
on the left, problem of windup initialisation close to the beginning of the second arc (to be corrected)
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écnes Floating ambiguities solutions

Integer valued ambiguity Real valued ambiguity
M — pp + Adtf Pseudo-range
y—1
_ — AL
4h Af(le V) _ P+Ad, g+ Adt— AN, = f? =Pt Al gy + Adty — A Phose
Y= -

Usually, due to the small weight of the pseudo-range, and the use of independent daily solutions
Adt, and Adt differ mainly by a daily bias (real valued)

Remark : the floating phase equation could also be solved independently, procedure similar to the
integer case (fixing the same reference ambiguity data set).

Comparison of different orbit/clocks solutions :

esa Analysis of  Adt, — Adt
jpl >
grg Observation of the code-phase bias
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écnes Application, comparison of clocks solutions

ipl, esa, grg solutions, days 66-121 2010, 900 s samplin
JP grg Y pling
jpl, esa solutions, clocks aligned on the pseudo-range
grg solution : phase clocks, independent between successive days
globally aligned on the pseudo-range

All solutions referenced here to GPS20 (common to all solutions, without interruption)

Radial correction applied o compare the clocks
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Example, grg-jpl

direct comparison GFS02,21,30 grg-ipl

GPS 30

GPS 21

GPS 02

v

1 day

grg solution
internal jumps

D

Possible jumps at day boundaries (multiple of 4 )

Some other jumps (due to phase continuity interruption in grg solution)

F. Mercier
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écnes Example, grg reconstructed - jpl

oy direct comparizon GFS02,21,30 grg-ipl

A

»
»

1 day

GPS 30

=20 T T T T T T T T T T T T T T T T T T T T T T T dl:l!.l'
g3 G4 a5 g5 a7 fais] iz

All jumps in the grg solution seem correctly reconstructed
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écnes Example, grg reconstructed - esa

direct comparizon GFS 02,21,30 grg-esa

20 — —

15 t day 6PS 30
1y , _MNWM

This integer cycle reconstruction is validated independently on jpl and esa solutions

Possible small day discontinuities in the current jpl or esa solutions (~4 cm)
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Application, long comparisons

A )
Lcnes mean code-phase bias

The differences between the three solutions give some information
about the iono-free code-phase biases

The observed difference depends on :

- code-phase bias
- precision of the different solutions

Method :

- esa-jpl : precision, some offsets, repeatability

- esa-grg or jpl-grg : evolution of the bias fractional part
(two months of data)

F. Mercier 1GS Workshop June 2010
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jpl-esa IIR clocks difference (1)

IIF ipl-esa

5 cy

(each curve has an offset of xx cycles for GPSxx)
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IR jpl -esa

jpl-esa IIR clocks difference (2)

lcy

. pafhiy i
i W" Wi
! '| },# fl"] ,|l N I A
L i il '.:i.' I ity
S T .aﬂ*’“’-‘"&l‘iﬂ“wf.ﬂ’- i
IR Y R ) ;
] F‘ l“,' %4 ! \ !
] ’M * N |
Some systematic biases between esa and jpl solutions A common set of code-phase biases values to
. o _ ——> | recover phase clocks is not possible
Daily variations can be high (more than 0.5 cycle)
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F. Mercier
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Reconstruction of the clock integer ambiguity

(1A, GPS30, ref. GPS20, grg-esa)

GFS30 grg-esa

1cy

2]
==

T
70

T T T T T T T T T T T T T T T
30 a0 100 1o 120 130

I ley

1 Equivalent to the code-phase bias

IGS Workshop June 2010

70

T T T T T T T T T T
=] a0 100 1o 120 130

doy

doy

The code-phase daily bias is very stable, even on GPS IIA
Possible evolution of ~1 cy over 2 months observed

17



Reconstruction of the clock integer ambiguity
.
Ccnes (IR, GPS31, ref. GPS20, grg-esa)

oy GFS31 grg-esa

_ I 1cy

-20 T T T T T T T T T T T T T T T T T T T T doy
=1 70 go a0 100 10 120 130

I.Sj I 1 Cy

1 Equivalent to the code-phase bias

T T T T T T T T T T oy
B0 70 80 a0 100 10 120 130
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écnes Global characteristics of the solutions

The grg clock integer cycle jumps are clearly observed on grg-esa or grg-jpl.

There is no apparent drift between the different solutions (grg solution remains close to the
esa and jpl solutions), tbc on longer durations.

The jumps can be reconstructed (continuity and integer number of cycles)
to produce a continuous phase clock solution thanks to the high quality of the current igs solutions

The difference between phase clocks (grg reconstructed) and standard solutions (esa or jpl) shows
the possible evolutions of the daily code phase bias over the two months of data processed
(maximal evolution 1 cycle, for IIR and not eclipsing IIA)

The observed code-phase biases are very stable (~daily mean values)
a pseudo-range clock can be easily reconstructed with required performance using only daily biases

However, the difference between current solutions (jpl - esa) shows that the use of a common set of
code-phase biases to reconstruct phase clocks is not yet possible
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écnes Positioning

Present processing :

- Widelane

estimation of the widelane ambiguity value for each pass using
the reference satellite widelane biases WSBs (available at http://igsac-cnes.cls.fr)

- Positioning and narrowlane ambiguity fixing

solution of the iono-free phase equations with integer ambiguity per pass (wavelength ﬂc )

the pseudo-range equation is used to stabilize the process
small weight (10 m for 0.01 m for the phase)

This processing is performed using the igs available data (orbits/clocks, 900 s, WSBs)
the PPP software is independent from GINS (software used for grg solution)

This works for long solutions (typically one day)
for shorter solutions, pseudo-range processing must be improved

F. Mercier 1GS Workshop June 2010
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écnes Example of positioning results

One week solution, station brus , grg solution, 900 seconds

- stochastic solution (one position per epoch)
floating ambiguities
fixed ambiguities

Weeks 1574, 1575
rms results East, North, Vertical in mm

Week 1574 1575

e,n,h e,n,h
Float. 9.0 8.5 18.8 11.2 9.9 26 .7
Fix. 5.2 7.6 15.4 5.9 8.8 25.4

F. Mercier 1GS Workshop June 2010
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é cnes Time history (brus, week 1574)

m east position
020
053 East fixed
0.103 WWWWWWMWWMWWWWM
005+
0.00] MWWWWMWWW
0053 float.
-0 1 2 3 4 g B days
Exactly the same measurements orth position
for the two solutions 0207
053 North
Not sensitive to the 0.103 WW
pseudo-range errors 0.053
0.003 W\AAW
-0.05o
- R : ; 3 ; ; : ;e
Improvements with
; R S
fixed ambiguities oan" vertical position
) ) 054 Vert.
Horizontal signatures 1o M |
are minimized ' EW
0.5
. 0.003
Vertical errors e
improve ZTD models e )
00 : 2 3 7 g g 7 e
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é cnes PPP and biases

Pseudo-range Phase Bias
widelane processing meas. only meas. only daily WSB
geometry modelling precision ~ 10 m - -
ambiguity fixin * iono-free daily*

I J with fixed widelane ay

Remark :

* for short data sets, it is necessary fo use a precise pseudo-range
information to minimize the ambiguity search domain.

This pseudo-range information must be as precise as possible, this means :
- minimize errors (biases) for the pseudo-range clocks,
for example : use a specific clock for pseudo-range

(daily code-phase bias correction, different clocks for phase and pseudo-range....)

- the pseudo-range processing must be consistent with the solution used
for example see the biases present between esa and jpl solutions, more than 1 cycle

F. Mercier 1GS Workshop June 2010



écnes Combination of the phase clock solutions

Initial solutions data :

- ephemeris

- phase clocks

- daily WSBs, used in the orbits/clocks solution construction
- daily code-phase bias (or pseudo-range clock)

Solutions combinations :

- ephemeris

- WSBs differences, production of a common set of reference WSBs

- integer part correction on the phase clocks (wavelength %)

- clocks combination with modulo A, corrections y-1

- daily code-phase bias construction (only for pseudo-range processing, not critical)

Integer PPP user :

- ephemeris

- daily WSBs for receiver widelane ambiguities fixing

- phase clocks, specific processing to deal with possible A, cycle slips

- pseudo-range clocks (for example reconstructed with code-phase biases)

- ambiguity fixing, with precise pseudo-range processing for short durations

F. Mercier 1GS Workshop June 2010
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écnes Conclusion

Formulation and properties of phase clocks
- grg solution
- satellite widelane biases (WSBs)
- integer number of narrowlane wavelength in the phase clocks

Comparisons of the clock solutions (grg,esa,jpl)
- observation of the iono-free code-phase biases
- a daily code-phase bias value is suited to reconstruct
a pseudo-range clock equivalent to the present igs clocks convention

Combination of different phase clocks solutions
- WSBs combination
- phase clocks combination

Application to stochastic positioning with ambiguity fixing
- use of orbits/clocks (grg solution)
- kinematic examples without and with ambiguity fixing

F. Mercier 1GS Workshop June 2010
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Thank you
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é cnes Widelane

Widelane formulation using satellite daily widelane biases (WSB)
Example of satellite WSBs

Impact of the widelane convention on the phase clock

F. Mercier 1GS Workshop June 2010
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écnes Widelane solution

N — N. 5~ Nl is estimated using the pseudo-range and phase equations

(four observable linear widelane combination, Melbourne - Wubenna)

Expression : LZ—Ll+|(Pl,Pz):NW+TWB,j_Z;VB

I satellite widelane bias

measurements ) ) )
receiver widelane bias

Remarks : no model is needed (cancellation of the windup effect, negligible phase centre relative offsets)

it was shown that the stability of the satellite biases T;VB is excellent, and can be assumed to

be constant over a day, for the purpose of solving integer [NV ,» (Mercier-Laurichesse oct. 2007)

this is also a modulo 1 equation : only the floating part of T;VB can be observed, and the
long term evolution is reconstructed by continuity
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Y

Example : satellite widelane bias values

WSE block 114

1.07
0.3
0.6

0.4

0.2

0.0

-0.24

0.4
0.5

-0.5

-1.0
g0

Y

70 a0 a0 100 10

W3E block 1R

120

130

1.0
0.5

0.6

0.4

0.2
0.0

0.2+
-0.4
0.6

-0.5

~104
B0

70 a0 a0 100 10

120

130

Daily values for the Widelane Satellite Biases (see grg solution website http://igsac-cnes.cls.fr)
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Example :
change of ZJW convention ——— ZJI./VB +k (integer)
all corresponding widelane ambiguities are changed : Nw—> Nw +k

the phase equation is changed (for all passes with satellite i):
yjiLl_iz(LZ +Nw +k) —D+d

¢ windu,
y-1 ’

+t,—t' = AN,

the new satellite clock solution has a bias corresponding to — for satellite i
7/_
kA,
y—1

r— 4

Conclusion :

Effect of the integer part of the widelane biases

phase clock solutions must be corrected with the widelane biases differences before
comparison, to observe integer A cycles offsets

F. Mercier 1GS Workshop June 2010
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Comparison for a standard grg solution arc

Ccnes (1.5 day)

oy CISFFHI_2010_073.100423_0832.0 esa-grg
1 ESA

0.4 Ley
0.0 mﬁ%ﬁ&;ﬁ?{ﬁ _ W-‘Wﬁ‘%&fﬁi Y
-0 24 f

-0
_|:| E_

1 : : : dloy
Uos 750 735 740 745

cy Ci9FFH1_2010_073.100423_08352.0 jpl-grg

1.0
ns] JPL
0.6
0.4
0.2
0.0
-0.2
—0.4
-0.6
-8

1cy jump

~1 : : : do
Uos 73.0 735 7410 745 g

Comparisons esa-grg or jpl-grg, for a complete grg elementary arc (1.5 day, centred, one colour for each GPS)
Clocks variations (900 s sampling) between esa or jpl and the daily grg solution
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grg-esa

IR clocks differences

IR grig-esa

5cyI ]
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F. Mercier

grg-esa, lIR clocks differences
after reconstruction

gror-esa

cy
- Wmﬂmmwmwwwmmmwwwwmw
) t St A AN p AN i, o] A NANASAANAL PPN p st o
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- PP AL P AN IS gl BTN PRI AN ™
=7 e g ST PN NN [ B ASANN Yy AN AL
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Code-phase bias, esa-grg and jpl-grg

oY GPSO0b, reference GPS20
15
10~ |‘| U
. |
: | ipl
05—
A 004 |
] \ |‘
. | iﬁ || esda
1cy 7
Y -0 T T T T T T T T T T | [
B0 70 an an 100 110 20

1 cycle offset applied on the jpl result

Long term evolutions are identical (0.5 cy in 3 months)

Oscillations due to the grg solution (fo be improved...)

Observation of the local differences at day boundaries
F. Mercier 1GS Workshop June 2010
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écnes Code-phase bias, esa-grg and jpl-grg (zoom)

o
3

GPS0b5, reference GPS20

= - I
o in o

=
in
Loy o o o 1o

A 00
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g2 g4 g6 et a0 g2 94 46

Daily boundaries variations : estimation of the precision of the observed bias, better than 5 cm
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