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Hi, thank you for reading my presentation !

| am presenting in this document the 2020 upgrades of
the OLTC tables performed on nadir altimeters, and the
benefits for altimetry users.

* This work was performed by a great team of several
individuals from CNES (my colleagues Frangois Boy and
Nicolas Picot), LEGOS (Denis Blumstein and Léa Lasson),
Noveltis (Simon Boitard) with the support of Pierre Féménias
from ESA/ESRIN.

e All these people worked really hard during this very special
year and we managed to perform 4 OLTC upgrades and
uploads while mainly teleworking from home !

Thanks to this great team |
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Background on OLTC for inland waters

Section 1 of this presentation :

Some useful reminders on the principles of the altimeters
Open-Loop Tracking Command (OLTC), also known as
Diode/DEM mode, and its use for inland waters measurement




. i Background on OLTC overinland waters @O ) cnes
. Altimetry over inland waters : principles
) Radar altimeters provide accurate range measurement
between the instrument and the surface.
& The range estimation R results from on-board operations

(tracking) and on-ground post-processing (retracking) of
tho wauo farmec

Vwavoiviiiio.

Waveforms are acquired in the altimeter reception window,
which is set by the on-board tracking mode :

« Closed-Loop » mode aka autonomous mode

« Open-Loop » aka Diode/DEM

Hs = Altitude of satellite above ref. ellipsoid
Hw = Altitude of water surface above ref. ellipsoid

The size of the reception window of the altimeter is 60 meters by design o
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=>» Defining on-board a priori water body average elevation H, is key to acquire measurementsin

all terrain configurations l "‘"| I

* Here are some reminders of how altimeters work over
hydrology (already presented in previous meetings)

 The Open-Loop mode uses onboard OLTC tables which
contain a priori information elevation. It is used by the
altimeter to control and center the waveforms reception
window.

* The a priori information H, contained in OLTC tables is key
to acquire measurements in all terrain configurations.

 If this H,is not correctly set, no signal is recorded. No
signal, no data...
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o . Altimeter onboard optimization : OLTC tables
= A database cf hydrological targets serves as input for on-board OUTC tables

" generation :

Only for water bodies located under the satellite ground track (nadir altimetry)

Define water body center position and size (along-track width)

Define average elevation command H, with a possible variability of about +10 m to fall in
the tracking window and allow retracking

el [T P
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Reception window gates Reception window gates Reception window gates

~
- Q ~ The website https://www.altimetry-hydro.eu allows you to view onboard elevations and contribute to

P— @ " the virtual stations database !

* Hyused by the altimeter is stored in the onboard memory
* A database of hydrology targets is used to compute the OLTC
tables.

* All users can view the elevation information contained in
current OLTC tables (Sentinel-3) through the OLTC web
portal : https://www.altimetry-hydro.eu.

* Anyone can also contribute by submitting new targets !
(login required)

* For more details on the generation of the 2020 hydrology
targets databases, please refer to Blumstein et al.
presentation (this OSTST)
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Overview

OLTC upgrades 2020

Switch to section 2 of this presentation :

Description of OLTC upgrades performed in 2020
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OLTC upgrades in 2020 : context

5_. ‘ All nadir missions have been upgraded with new onboard OLTC tables in Spring-Summer 2020
: No changes over ocean to ensure continuity
Addition of numerous hydrological targets (see next slides) to maximize the capability of nadir
altimeters to acquire measurements over inland waters
Addition of transponder calibration sites

Organlzatlon
LEGOS team and hydrology users provide targets to be included in OLTC tables
NOVELTIS generates and validates the new OLTC onboard tables

CNES coordinates the delivery of unoradprl OLTC tables to the operational agency

oA missions project teams
CNES/NOAA for Jason-3
S3MPC/Eumetsat and ESA for Sentinel-3

NOVELTIS provides CNES with first validation results (successful acquisition score —see next section)
I EGOS scientists nrovide scientific validation in the frame of Volodia nroiect (ESA JCNES nroiect)

LSV S SULIC 5 PIUVIUT SUICH vailgatl VUIUUIG PIUJTLL (E3A7 wiveS i UjoLy)

All hydrology users are invited to dive into the new data !

cv and renorting to the
and reporting to the

* This year, all nadir altimeters have been updated with new
OLTC versions !

* The main challenge of these upgrades was the addition of
numerous targets over inland waters to enhance the
capability of nadir altimeters to acquire measurements
over hydrology.

* | provide in the « Organization » section some information
on how new versions of OLTC are generated, uploaded and
validated, and who is involved.
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OLTC upgrades in 2020 :

. Jason-3
w

Aug. 31,2017
cycle 57, pass 160

\
/ \
|v ||

Sep.3,2020 | 31,473
cycle 168, pass 109 . ) A

total number of hydro térgets
Sentinei-3A

cycled2, pass317 \ 33,401 f

Nov. 27,2018
cycle 19, pass219

cycle 40, pass 277,
V’v‘
{
\

// \\\
Aug. 27,2020 |
cycle 62, pass244 ‘\\ 74'050 )

> Ty

& Jason-CS / Sentinel-6A cf:/31,sos:)

s [CNBS &

Sentinei-3B

8325515

Jun. 18,2020 _—

~——

| present here some key figures of the 2020 OLTC upgrades for

inland waters : the total number of targets taken into account
to build OLTC tables for each altimetry mission.

IN grey : number of hydro targets in previous OLTC versions

In green : number of hydro targets considered in 2020 OLTC

versions for Jason-3, Jason-CS and both Sentinel-3 missions
o On Jason-3 we have increased the number of targets by a factor of almost 7 !!
o On Sentinel-3 we have increased the number of targets by a factor of 2 !
o NB: Jason-CS / Sentinel-6 OLTC tables have been computed using the same
hydrology targets database than Jason-3 (very few differences)
- this will ensure comparisons during the upcoming S6/J3 Tandem Phase

database contents and activation date.

Next slide you will find detailed information on OLTC targets
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| | OLTC upgrades in 2020 : detailed numbers
BN o oo oaicotacmation o pas toun - dentited e suchtor OUIC dcintion
A 4 version | Date of activation Cycle / Pass total identified as such for OLTC definition |area
3 ."“. ..,“ 33
N

V3.0 August 31, 2017 cycle 57 pass 160 4,721 4,366/355/-/0 Global

V2.0 November 27, 2018 cycle 19 pass 219 32,515 17,016/ 14,245/ 1,231/ 23 Latitudes inside +60°
V5.0 March 19, 2019 cycle 42 pass 317 33,261 17,409/ 14,427 / 1,386 / 39 Latitudes inside +60°
V3.0 lune 18, 2020 cycle 40, pass 277 73,899 21,719/ 47,738/ 4,419/ 23 Global
V6.0  August 27, 2020 cycle 62 pass 244 72,050 20,100 / 47,637 / 4,262 / 51 Global
L DN V4.0 September 3, 2020 cycie 168 pass 109 31,473 8,602/ 21,393/ 1,478/ 0 Giobai
Vil TBD 78D 31,805 8,655/ 21,666 /1,484 / 0 Global
LAKSUKN  RES jcg ags .‘c: 1;:; Ice
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Jason-3v4.0 Sentinel-3A v6.0 Sentinel-3B v3.0

e Please zoom in to better see the table and charts

* The table describes the previous (grey lines) and new (blue
lines) OLTC versions and contents, and associated activation
dates.

* The pie charts indicate the proportion of each type of hydro
targets (top row = before, bottom row = 2020, for Jason-3,
Sentinel-3A and Sentinel-3B (left to right, respectively)).

— Besides the major increase of the total number of hydro
targets used for OLTC definition, the pie charts indicate a
major increase of the number of lakes and reservoirs
targets. River targets still represent a great part of the total
number of hydro targets.

- More information on the generation of this hydrology
targets database is detailed in Blumstein et al. presentation
(OSTST 2020)
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2L ] OLTC upgrades in 2020 : maps of targets EER

e By e~ I —— 5
% - hydro targets de;inetji & o '

in $3 OLTC tables

S3A + S3B
(Before)

* This is a map of the hydro targets for pFEViOUS versions

(up until Summer 2020) on both Sentinel-3A and Sentinel-
3B
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‘ hydro targets defined N

.;:‘ ug in S3 OLTC tables

| S3A+S3B
A New!

* This is the NEW map of hydro targets considered for OLTC

tables on Sentinel-3A and Sentinel-3B
* (click back and forth to see the before/now effect)

e Asyou can see the network of hydro targets has been much
densified everywhere and also extended

above 60°N to ensure a global and dense coverage of
Sentinel-3 over land.
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* Jason-3 hydro targets before
(Aug. 31 2017 — Sep. 3 2020)

LEGOS
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OLTC upgrades in 2020 : maps of targets o ' "l'i"f}
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:

. hydro targets defined

Jason-3
New!

Jason-3 hydro targets NMOW
(since Sep. 3, 2020)

The database of targets has been highly densified (by a

factor of almost 7 !) everywhere, for rivers and lakes at
all latitudes covered by Jason-3.
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First validation results

Switch to section 3 of this presentation :

First validation results after new OLTC tables upload on-board

14
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2020 OLTC first validation results

First validation is performed through a performance indicator

* This indicator is based on the 20 Hz waveforms analysis
(position of the maximum, leading edge detection, signal to
noise ratio)
Performance indicator > global rate of successful acquisitions
OK indicates that the OLTC elevation a priori information is
correctly defined and a relevant WSH can be retrieved
NOK indicates that the OLTC elevation command needs to be
adjusted, or that the observed surface is complex with several
water hodies, or that the altimeter was not able to acquire

signal (calibration, platform manoeuver,...)

More details in

Le Gac et 2
ASR 2019

This slide explains how we proceed to validate a new OLTC
version.

The acquisition indicator (OK/NOK) is used to evaluate if
the received waveform is exploitable, thus indicating that
the OLTC elevation command is correctly set. This is a first
quality indicator (not representative of the quality of the
water surface height performance).

More details on how this indicator is computed from the
waveforms can be found in Le Gac et al. ASR 2019.

15
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2020 OLTC first validation results

Warning : A fiiter on the targets is appiied
Results based on analysis of all hydrology targets located :
* below 60°N

Jason-3

- CNes -

All hydro 91,8 % 84,1% 84,8 %

Cycle 169 Cycle 63 Cycle 41

Lakes 90,1 % 82,5% 83,0%

Reservoirs 88,7 % 78,4 % 79,0 %

Rivers 96,2 % 89,9 % 90,1 %
%

NOVELTIS

We present here global results (score, in %, of OK acquisition

indicators) for the three new OLTC versions :
o Jason-3 cycle 169 (first full cycle after upload during Cycle 168)
o Sentinel-3A cycle 63 (first full cycle after upload during Cycle 62)
o Sentinel-3B cycle 41 (first full cycle after upload during Cycle 40)

Acquisition indicator is computed for targets centers located
below 60°N for all missions : this is to make sure that all these
targets are measured in Open-Loop mode (the Open-Loop
mask on Sentinel-3 is defined up to 60°N).

Global results (upper table) show a very satisfactory overall
acquisition performance of 92% for Jason-3 and 84% for
Sentinel-3 (A&B) | ©

Detailed results by type of targets (bottom table) reveal some
differences between Jason-3 and Sentinel-3. Waveforms are
correctly acquired over ~“90% of the river targets, whereas this
score slightly decreases for lakes and reservoirs.

Jason-3 scores are better than Sentinel-3 scores, see next slide
for some explanation

16



All hydro targets
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91,3% 91,4%

2020 OLTC first validation results - I I 1

Warning : A fiiter on the targets is appiied
Results based on analysis of all hydrology targets located :
*  below 60°

S38

—___
95% 93,2% 93,4%

. 90,7% I I All hydro 92,7 % 91,3 % 91,4%
\ Cycle 169 Cycle 63 Cycle 41

Lakes 90,7 % 93,2 % 93,4 %
Reservoirs

o s9.6% Reservoirs 89,6 % 84,8% 85,3 %
90%

| 84.8% 85,3% s R S -
8% ¢ Rivers 96,2 % 89,9 %0 90,1 %
80%
— I l NB: All river targets are defined at nadir (i.e. same score than previous slide)
0% 4'

3 s3A 538 NOVELTIS

RESS M RES necle May 14, 2019

* One possible explanation about the « lower » scores (still >80%) on
Sentinel-3 than on Jason-3 is that some lakes and reservoir targets are
defined « off-nadir », meaning that the position used to define these
targets is not located at the nadir of the theoretical ground track (i.e.
further than 1 km). We believe the altimeter is capable of measuring
these off-nadir targets (large antenna footprint, cf. Blumstein et al.),
deeper analysis is in progress.

Jason-3 Sentinel-3A Sentinel-3B

About 30-35% of lakes targets
are defined off-nadir =

Jason-3 Sentinel-3A Sentinel-3B

About 15% of reservoir targets
are defined off-nadir =

* The overall performance when considering nadir-only

targets reaches 91% - 92% success on all three missions
 When considering nadir-only targets, the acquisition
performance is >90% over lakes and ~85% over reservoirs

17
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Other applications linked to OLTC

Switch to section 4 of this presentation :

Other applications linked to OLTC

-« CNEeSs -
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Other applications linked to OLTC

i |
~ OLTC are also used for other applications:

* Altimeter calibration activities using on-ground active
(transponder) and passive (corner reflector)
instruments, as weii as fieid campaigns (UAV-based,
GPS/GNSS profiles)

* (a) Range calibration using transponder (e.g. transponder s"ﬁ*?- ;
in Kantanos, Mertikas et al., Tech. Univ. Crete)

* Sigma0 calibration using transponder (ESA experiment,
cf. Garcia-Mondejar et al. OSTST 2020)

* (b) Range calibration using corner reflector (CNES
experiment)

* (c) UAV-based lidar altimeter measurement campaigns

lan o \Ualladani ot
\C.B- vdiiduTau TL

* Continental glaciers surface elevation measurement
(cf. Le Gac et al. LPS 2019, Taylor et al. LPS 2019)

€& Fedchenko Glacier

19
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Overview

Perspectives

Switch to the last section of this presentation :

Conclusion and perspectives

-« CNEeSs -
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Conclusion and perspectives
rs chserv

e Onen-loon trackinog madae ic kav ta inland wate
n b tracking mode is key to Inland wate! rv

1l SO S

*  Onboard OLTC tables are used to set the echo reception window

-
‘ * Adatabase of inland water targets is used to generate OLTC tables over land
Targets are defined with elevation H, and width of the water body (lake, reservoir, river, glacier...)

ation
ation

G‘ s
‘ +  See for details on this 2020 database
f g« All nadir altimeters OLTC tables have been recently upgraded
/ * No changes over ocean and coastal zones
¥ 7“ * 74,000 inland water targets on Sentinel-3B (x2) since June 18, 2020
[ * 72,000 inland water targets on Sentinel-3A (x2) since August 27, 2020

/ * 31,500 inland water targets on Jason-3 (x7) since September 3, 2020
*  Jason-CS/Sentinel-6A will share the same targets database than Jason-3 during Tandem Phase

First validation results show very good performance of this 2020 OLTC upgrades !
ring analysis (acquisition score)

*  Performance is evaluated thanks to waveform shape and cente

xi‘r“‘lf‘; *  Global performance is >90% on Jason-3 for all inland water targets

/' ' = *  Global performance is “85% on Sentinel-3 for all inland water targets

g% - *  Detailed results show best results for nadir-only targets : >91 % for Jason-3 and Sentinel-3A&B
/{ . ¥ 7\

(Please read the slide)
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Conclusion and perspectives

* OLTC Web portai open to users: https://www.aitimetry-hydro.eu
View onboard elevations
Contribute to new virtual stations !

¢ A massive amount of altlmptrv data is now availahle aver inland waters worldwide

The altimeters capability has been greatly enhanced over land thanks to OLTC tables optimization
Scientific data analyses and studies are required (see, for example, Taburet et al. OSTST 2020)
These OLTC upgrades and inland water measurements will provide quality data for SWOT cal/val

o

6-
L L
round calibration mea -based measurements campaigns
Potential for cont nental glauer measurement

* OLTC and targets database as inputs for innovative ground processing and services

Fully-Focused SAR processing
Monitoring of inland waters through dedicated services e.g. Hydroweb/Hysope

(Please read the slide)

Thank you for your attention !

If you have any questions related to OLTC tables management
and contents, please reach out to us !

Sophie Le Gac : sophie.legac@cnes.fr
Denis Blumstein : denis.blumstein@cnes.fr
Simon Boitard : simon.boitard@noveltis.fr

And don’t forget to visit the OLTC web portal :
https://www.altimetry-hydro.eu
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