
ESA UNCLASSIFIED - For Official Use

Sentinel-3 tandem phase

C Donlon, B. Seitz 
ESA/ESTEC  01/06/2018



ESA UNCLASSIFIED - For Official Use S3 Tandem Phase| 01/06/2018 | Slide 2

Sentinel-3 is a multi-Satellite 
mission

To meet Mission 
Requirements

The Sentinel-3 Mission 
is composed of two 
identical satellites

Flown together in the 
same orbital plane
separated by 140°

Follow-on Satellites 
(Sentinel-3C and 

Sentinel-3D) are now 
being procured.

Sentinel-3A: 2015-

Sentinel-3B: 2018-
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Multi-satellite Climate data Records

• The S3 mission includes 4 satellites
• Even though S3A and S3B are practically 

identical in design, it is anticipated that 
differences in performance of payload 
instruments will exist

• It is essential that relative (absolute) bias 
between S3A/B/C/D instruments are 
known properly for Climate Data Record 
construction

• GCOS Climate Monitoring principles request 
this approach for the climate data record.
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S3 cross-satellite calibration (linking error): 
S3A/B Tandem flight feasibility

• A tandem phase for the S3 Mission was studied at the Sentinel-3 Preliminary Design Review (PDR)
• There is a significant correlation between end-to-end mission measurement uncertainties:

• Uncertainty due to geophysical ocean space and time variability (especially in regions 
dominated by mesoscale structure, 1-10 days, <10-50 km)

• Uncertainty due to atmospheric space and time variability

• Flying S3A and S3B close (eg. 30s) on the same ground track (+/- 1km) together minimizes both of 
these aspects and maximizes the correlation between mission measurement errors

• GCOS Satellite Climate Monitoring Principles (GCMP) requests a tandem flight for all satellite 
instruments

• This is exactly the approach adopted routinely by the JASON altimeter time series and stabilizes the 
Sea Level data set (S3 uses a transponder for range but not sigma-0)

• Exploratory studies to investigate the possibility of a limited duration (3-6 month) calibration tandem 
between S3A and S3B during Phase E1 verified feasibility

• All teams working with Sentinel-3 including the European Commission fully supported the 
S3 Tandem phase.
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Sentinel-3 Tandem Rationale

• A tandem phase operation of the A/B pair with ~30 s separation in time between satellites on 
near identical ground-track for ~4-5 months will be flown during Phase E1 (S3B Ahead of S3A)

• There is a significant correlation between end-to-end mission measurement 
uncertainties:

• At ~30s, the atmospheric and oceanic time-space variability will be reduced to negligible levels 
à reduced uncertainty when comparing data. 
• Especially in regions dominated by mesoscale structure, 1-10 days, <10-50 km

• At ~30s, more dynamic targets such as convective cloud tops and hot deserts can be included 
in verification work. 

• multiple coincidences extracted across a full range of atmospheric conditions at all latitudes 
will give the statistical power to characterize relative calibration to the precision required. 

• We are interested in new science aspects of the Tandem phase that can be used to improve 
our understanding of many different aspects .

~30s in time
~210 km

S3B S3A
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Launch S3B higher than S3A. The Launch of S-3B will already initiate the drift to arrive 
close to S-3A. 
Drift phase1: S-3B to fly ahead of S-3A: drift ~1.5 months. While still in sufficient safety 
distance from the S-3A position, SIOV/LEOP and commissioning of S-3B command and control 
can be performed. S-3B data commissioning can start. 

Tandem Phase: Once S3-B command and control commissioning is confirmed to be OK, the 
approach to the actual tandem position will be initiated. A Tandem phase of maximum 5 months 
then follows:

S-3A maintains normal operations.
S-3B flys ahead of S-3A with a time distance of 30 seconds (separation in position of 
210 km)
S-3B continues commissioning activities

Drift phase2: S-3B to move away from S-3A and arrive at its baseline position at +/-
140 deg to S-3A. Typical duration of this phase ~1.5 months. Nominal operations start.

Sentinel-3 Tandem Implementation
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Sentinel 3B Commissioning: Phase Logic
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Sentinel-3B: initial Tandem phase
• Tandem phase keeping: 

a. In the tandem phase the orbit maintenance of S-3B shall follow the S-3A manoeuvres to keep 
the satellites on the +/- 1 km ground track. In this way the relative trajectory between the 
two satellites is maintained.

• Drift phase of S-3B
a. Both positions at +/- 140 deg to S-3A are feasible
b. Selection of final position can be done before end of commissioning, depending on actual 

situation

SENTINEL-3A

Orbit 
direction

-30 s

-140 deg

+24.3 s

SENTINEL-3B
SENTINEL-3A

Orbit 
direction

-30 s

+140 deg

+15.5 s

SENTINEL-3B
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Sentinel-3B: initial Tandem phase
• In conclusion the Tandem Phase has been implemented with the following effects

a. No im pact on m ission duration

b. No im pact on orb it in jection strategy
c. Sm all im pact on fuel budget, still w ith in  a llocated orb it in jection budget m argin
d. The interference study confirm s 

– No S-band downlink interference for a separation distance above 8 seconds,

– For interference free S-band uplink a separation of at least 20 seconds is required
e. Orbit contro l for S3-B w ill requ ire

– To apply the EUMETSAT S-3A orbit control strategy to minimise the number of OOP manoeuvres, 

– To synchronise S-3B with the initial inclination and LTDN of S-3A 
– To synchronise the OOP manoeuvres (no more than 2d delay)
– To synchronise the IP manoeuvres only on best effort basis

f. On FOS side stations usage analysed and dem onstrated to be com patib le
g. On PDGS side

– Additional antenna in Svalbard implemented 

– Procurement, integration and testing of an additional DFEP unit
– Procurement and integration of PDGS duplicated pre-processing chain in Svalbard with associated testing

h. On Project side

– Postponement of one minor Commissioning task (OLTC upload verification) after the end of the commissioning phase
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Sentinel-3B orbit acquisition

Preferred day 1

day 
2

day 3

NoGo
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Sentinel-3B orbit acquisition
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Sentinel-3B orbit acquisition
The manouvre plan

Date Manoeuvre type Delta-V (m/sec) 
02/05/2018 Test IP  (Thruster set 2) 0.655 
04/05/2018 Test OOP 0.283
08/05/2018 IP (Thruster set 2) 2.020
10/05/2018 OOP 1.700
24/05/2018 IP (Thruster set 1) -2.129
28-29/05/2018 IP (Thruster set 1) -2.100
30/05/2018 IP (Thruster set 1) -1.350
04-05/06/2018 OOP -1.497
06/06/2018 IP (thruster set 1) -0.205

Total delta-V is 11.939.  This is an estimation. It is not a final value but it should 
be a good approximation. 
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Sentinel-3B orbit acquisition
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S3 Tandem for Climate (S3C): KO 15th June
The aim  of the Sentinel-3  Tandem  for C lim ate (S3TC) study is:

Perform  a first end-to-end assessm ent of m easurem ents from  SRAL, MW R, OLCI and SLSTR instrum ents aboard S3A and 
S3B during the Tandem  phase and subsequent 6 m onths of m easurem ents.

The Objectives for the S3TC project are:

OBJ-1: Docum ent, justify, and prioritise scientific and engineering analysis that can be used to address the S3TC aim .
OBJ-2: Develop an im plem entation p lan to prepare and perform  analyses to address the S3TC aim .

OBJ-3: Com pile, quality contro l and docum ent a m ulti-sate llite  and on-ground Fiducial Reference M easurem ent (FRM ) data set to  
address the S3TC aim  and objectives.
OBJ-4: Docum ent and reconcile d ifferences in  the relative calibration of the S3A and S3B SRAL, MW R, OLCI, SLSTR instrum ents 
while respecting the known instrum ental d ifferences (ie. dem onstrate harm onisation).
OBJ-5: Confirm  and assess radiom etric and geom etrical d iscrepancies for S3A and S3B SRAL, MW R, OLCI, SLSTR instrum ents 
and investigate their orig in  to reduce uncertainties.
OBJ-6: Confirm  and assess perform ance discrepancies for S3A and S3B SRAL, MW R, OLCI, SLSTR data products and investigate 
their orig in  to reduce uncertainties.
OBJ-7: Dem onstrate novel products/m easurem ent strategies based on jo int use of S3A and S3B in  Tandem .

OBJ-8: Prepare and subm it Scientific Journal artic les.
OBJ-9: Coord inate activ ities, resu lts and outcom es from  the study w ith MPC, EUMETSAT, S3VT and other re levant bodies during S3TC
project cycle.
OBJ-10: Develop lessons learned and advice on potentia l S3C and S3D  tandem  activities to ESTEC Project, MPC, EUMETSAT, S3VT and 
other re levant bodies.
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Summary

• A tandem phase has been implemented for the Sentinel-3A and Sentinel-3B 
satellites

• This provides a unique opportunity for inter-calibration and assessment of the 
S3A and S3B instruments

• A direct response to 3CS and Climate requirements expressed by GCOIS climate 
monitoring principles

• Tandem configuration will be reached by 7th June 2018
• A dedicated project called Sentinel-3 Tandem for Climate (S3TC) is in progress 

and will deliver all data sets for the Tandem phase pus 6 months of data in the 
nominal 140deg orbit configuration.

• Discussions have started as to what the approach might be for S3C and S3D 
tandem operations.
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Thank You –
any Questions

Contact: Craig.Donlon@esa.int

mailto:Craig.Donlon@esa.int

