COPERNICUS POD SERVICE

ABSTRACT

Single-receiver GPS ambiguity resolution methods are started to be deployed for precise orbit determination (POD) of the Copernicus Sentinel satellites. Previous analyses from other groups showed the improvement of the orbit results of Sentinel-3A when applying ambiguity-fixing (Montenbruck et al. 2017 ,
Otten et al. 2018, Mercier et al. 2018, Simons et al. 2018). Prerequisites for these methods are the GPS wide-lane bias product together with the corresponding orbit and clock products. Currently, these necessary inputs are and will be made available from different analysis centres of the International GNSS Service.
The Copernicus Sentinel-1, -2, and -3 orbit products delivered by the Copernicus POD Service to the PDGSs (Payload Data Ground Segment) of the individual missions are not yet based on fixed carrier phase ambiguities. Effort is taken to develop and implement corresponding interfaces and ambiguity fixing
strategies. The aim is to be able to deliver ambiguity-fixed Sentinel orbits in the operational environment of the Copernicus POD Service in the near future.
The impact of the ambiguity-fixed carrier phases on the resulting Copernicus Sentinel orbit products is analysed. Due to the different latencies of the orbital products it has to be carefully investigated for which product lines dedicated bias products are available in time. Backup procedures for those cases in which the
necessary information is missing have to be developed as well. Additionally, Sentinel-1 and -2 do not provide observations at multiples of 10 seconds. This might complicate the applicability on those missions.
This study will give an overview of the work done at the Copernicus POD Service to follow up recent developments in the frame of single-receiver ambiguity resolution for POD of the Copernicus Sentinel satellites. It also includes the assessment of current and potential future sources of the clocks and biases needed.

OVERVIEW OF THE COPERNICUS POD SERVICE
Copernicus program facts:
- A joint initiative of the European Commission implemented in partnership with the ESA
and EUMETSAT, among others
- Monitoring, recording and analysing environmental data and events around the globe
- Different families of satellites (Sentinel-1 to -6)
- The first three families are the subject of the Copernicus POD Service
Copernicus POD accuracy and timeliness requirements:

Copernicus POD Service facts:
- Part of the PDGS Ground Segment of the Sentinel missions
- In charge of the generation of precise orbital products and auxiliary
data files
- Developed and operated by a GMV-led consortium
- Location: Operated on GMV premises (Tres Cantos, Spain)
- S-3 POD IPF, an Instrument Processing Facility developed by GMV,
integrated in S-3 PDGS to generate NRT orbits and platform for the
Sentinel-3 mission

Operational ambiguity-fixing facts:
- The CPOD Service requires new inputs to perform ambiguity-fixing based on single-differences: the so-called wide-lane satellite
biases (WSBs) and consistent orbit and clock products
- CNES/CLS provides these inputs (referred to as GRG) with a timeliness of 5-12 days
- Due to the latency of the different operational solutions and the timeliness of the GRG inputs, ambiguity-fixing algorithms are only
applicable for the NTC products
- CODE produces signal-specific phase bias products which can be used to fix ambiguities in undifferenced ambiguity-fixing applications.
This approach is still to be explored by the CPOD Service
- If applicable, other bias products becoming available for single-receiver ambiguity-fixing will be explored as well

VALIDATION OF THE RESULTS

OTHER POD METRICS AND PARAMETERS

The CPOD Service is supported by a number of associated entities: AIUB, DLR, ESOC, TU Delft, TUM, CLS, CNES, EUMETSAT
(last three for S-3 only)
 A combined orbit is generated from the solutions provided by the external entities (Fernández et al., 2019)
 Three in-house solutions have been considered:
- CPOD is based on IGS final products + floating ambiguities (operational configuration)
- CPOP is based on GRG final products + floating ambiguities (prior to fix ambiguities)
- CPOF is based on GRG final products + integer ambiguities (fixed ambiguities configuration)
 Daily comparisons against the combined orbit conclude:
- The best agreement is related to the CPOF solution. The overall improvement with respect to the operational solution (i.e., CPOD) ranges
from 0.1 mm in the worst scenario (SEN-1A) to 3.5 mm in the best one (SEN-3A)
- Comparing CPOF against CPOP, it is observed that fixing the ambiguities always results in an improvement of accuracy
the
implemented algorithm is consistent with the GRG processing

Phase residuals of the POD processing are larger for the CPOF solution than for the
CPOD solution
biases related to the phase ambiguities are no longer absorbed by the
estimated orbit



Larger dispersion for the CPOF phase residuals than for the CPOD
ones
the CPOF solution absorbs lower levels of noise

Due to the SAR instrument and the widely-deployed solar panels, the dynamics of
Sentinel-1 is strongly influenced by the radiation pressure. The estimation of its related
coefficient during the POD processing is much more stable for the CPOF solution than for
the CPOD one

Because of the timeliness of GPS
biases, orbits and clocks used,
ambiguity-fixing algorithms can
only be applied for the NTC
products

During the POD processing, empirical accelerations
in along- and cross-track directions are estimated to
absorb the uncertainties of the physical modelling.
It is clearly observed that both components diminish
in the case of Sentinel-3

SINGLE-RECEIVER AMBIGUITY FIXING IN PRECISE ORBIT
Precise orbit determination processing:
- Measurements filtering and ionosphere-free linear combination between GPS codes L1 P(Y) and L2 P(Y) and GPS phases L1 and L2
- Generation of an initial orbit by applying the Bancroft algorithm over the code measurements
- Orbit determination based on phase ambiguities estimated as floating numbers. It relies on the proper modelling of the orbital dynamics at which the
measurements are fitted in a least-squares sense
- Application of single-receiver ambiguity-fixing algorithms to fix the phase ambiguities as integer numbers and generate consistent ionosphere-free ambiguities
- Orbit determination once the ionosphere-free ambiguities are fixed
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Single-receiver ambiguity-fixing algorithm:
- GRG orbit, clock and wide-lane satellite bias (WSB) products routinely generated by CNES/CLS are prepared to be used in
undifferenced/single-differences ambiguity-fixing applications
- Averaging pass by pass the single-differentiated (i.e., differences between two GPS satellites and a single receiver) Melbourne-Wuebbena
combinations,
, before adding the corresponding WSBs, , allows to fix the single-differentiated wide-lane ambiguities ,
,
to the nearest integer value as (being
the wide-lane wavelength)

Main configuration of the POD processing during the ambiguity-fixing validation campaign:
provided that the fixing probability lies above a given threshold (probability g.t. 0.94 for the POD processing)
- Using
together with the pass-averaged single-differentiated ionosphere-free floating ambiguities, , the
integer narrow-lane ambiguities,
, can be rounded from (being
and the narrow-lane and L2 signal
wavelengths, respectively)

as long as the fixing probability is above a given threshold (probability g.t. 0.94 for the POD processing)
- From the fixed
and
, a set of pass-specific constraints over the single-differentiated ionosphere-free
ambiguities of the form

is applied in a subsequent iteration of the POD processing. After two iterations, the number of fixed ambiguities gets
steady around ~98% with a narrow dispersion
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Sentinel-3 satellites are equipped with a
LRR instrument
external validation
based on SLR observations�
The SLR residuals show lower
levels of dispersion for the CPOF
solution than for the others
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CONCLUSIONS


Ambiguity fixing capabilities have been implemented into the operational tools of the CPOD Service



A description of the single-receiver ambiguity fixing algorithm has been introduced, showing its high performance in fixing ambiguities
for the Copernicus Sentinel missions



The validation of the results has been proven by comparing the resulting solutions against a baseline solution generated from the
combination of the orbits provided by the CPOD QWG



Direct comparisons between the estimated parameters of the operational solution and the ones estimated after fixing the ambiguities
have revealed interesting characteristics of the physical problem which lies beneath



Further ambiguity-fixing methodologies are still to be explored by the CPOD Service
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