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Contributions

» Elaboration of an analytical model for Doppler altimetry

» Link between conventional and Doppler altimetry

Advantages of Doppler altimetry ?
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Proposed analytical model

Double convolution model

Conventional altimetry

P(t) = FSSR(t) ® PTR(t) ® PDF(t)

Flat Sea Surface Response (FSSR) o

Response of the radar to a pulse reflected on

a flat surface (sea without waves). wn
PTR

Radar Point Target Response (PTR) AJAA

Probability Density Function (PDF) e

Probability density of height specular points

(assumed Gaussian for the Brown model )

1. G. Brown, “The average impulse response of a rough surface and its applica-
tions”, IEEE TAP, Jan. 1977
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Proposed analytical model

Double convolution model

Conventional altimetry

P(t) = FSSR(t) ® PTR(t) ® PDF(t)

Doppler altimetry 23 04D
PDF
P(t,n) = FSSR(t,n) ® PTR(t,n) ® PDF(t) / \

» 1 : Doppler band or frequency D

2. Y. Shuang-Bao and al., “The mean echo model and data process of SAR
altimeter”, IEEE IGARSS, Vancouver, Canada, 2011

3. L. Phalippou and al., “Re-tracking of SAR altimeter ocean power-waveforms
and related accuracies of the retrieved sea surface height, significant wave height and
wind speed ”, IEEE IGARSS, Barcelona, Spain, 2007
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Proposed analytical model

FSSR for conventional altimetry

. FSSR [y
i [>Oq '(along-track)
| ! >
S R A 3k4/;--__> 1 ) i(cross—track)

E k 3k

8 /24



An analytical model for Doppler altimetry and its estimation algorithm

Proposed analytical model

FSSR for Doppler altimetry

Band "7z + 7

Doppler bands
A

N
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Doppler bands
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Gate number

9 /24



An analytical model for Doppler altimetry and its estimation algorithm

Proposed analytical model

Analytical model for FSSR (3 parameters)

x
____________________________ > N

(cross-track) (cross-track)
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Proposed analytical model

Analytical model for FSSR (3 parameters)

toy

> k=1,---,104 (gates) ! alongtrack)
> n=1,---,64 (frequencies) /\ 2

v

th %+kT—7fork>% .
. _Yn i k,n—l“‘-l . X
d)(k’ n) = arctan (m) ----- ( ------------- | \ Vs (crossitrack)

hA :
T I \\ | /
p(k) : '
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p(k) =/ (8)7 — b2 —

v

v
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Proposed analytical model

Multi-look echo*

P(t,n) = FSSR(t,n) ® PTR(¢,n) ® PDF(t)
64

s(t) =Y _ P[t—dt(n),n]

n=1

Doppler band
MultiHook echo

20 40 60 80 100 120 20 40 60 80 100 120
Gate number Gate number

4. K. Raney, “The delay/Doppler radar altimeter”, IEEE TGRS, Sep. 1998
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Retracking

Retracking

Optimization problem (least squares)

N
1
argmin F'(0) = argmin — E [yi — 5(0)]?
o o 2

where

> y= (yla"'7yN
> s =(S1,..., sN)T is the proposed analytical SAR model

)" is the observed multi-look echo

6 = (P,,SWH, 7)" is the unknown parameter vector

v

v

N = 104 is the number of samples

Possible algorithms

» Newton-Raphson algorithm (MLE) : used by CNES
» Levenberg-Marquardt algorithm : used by ESA (in SAMOSA)
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L Validation (synthetic data + Cryosat waveforms)

Validation on synthetic data (1)
Conventional and Doppler altimetry

LRMEcho [—

Analytical

FSSR
\ Doppler processing | —

(Mutti-look Echo)
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Validation on synthetic data (2)
Conventional and Doppler altimetry

—LRM i — LR
o11) —Anal. Doppler —Anal. Doppler
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Standard Deviation (Epoch) Standard Deviation (SWH)
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LvValidation (synthetic data + Cryosat waveforms)

Validation on synthetic data (3)
Comparison between CNES and analytical models

Generation using
0 —— CNES
Doppler model

.

—

Estimation using N
the proposed |—> @
Doppler model

Red curves : § — 0

Epoch bias

—— Theoretical bias

« (Anal. Doppler) - * (CNES Doppler)

» Constant bias for 7 (= 6 cm)

SWH bias

—— Theoretical bias

8 @

H

5

‘SWH (Anal. Doppler) - SWH (CNES Doppler)
P . B ¥ § G

s
2

4 5
SWH (m)

» Small bias for SWH
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LvValidation (synthetic data + Cryosat waveforms)
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LvValidation (synthetic data + Cryosat waveforms)

Validation on CRYOSAT Echoes (2)
Comparison between CNES and analytical models (Bias)

Estimation using ~
the proposed |—> (91

/ Doppler model
» August 2011 data L

Estimation using ~

» Processed by CPP-CNES Cryosat echo cNES  |—— 6,

Doppler model

blue curves : él — ég
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LValidation (synthetic data + Cryosat waveforms)

STD(SSHA) (m)

Validation on CRYOSAT Echoes (3)
Standard deviations for the estimated SSHA parameter.

o

o
s
R

* Pseudo-LRM (CNES)
+ Anal. Doppler
T R,

Pseudo-LRM vs Anal. Doppler

STD(SSHA) (m)

4
SWH (m)

CNES Doppler vs Anal. Doppler

» The Doppler cloud is below the LRM cloud (gain ~ 1.27)
» Similar results for analytical and CNES models
> > 94% of the data have SWH < 4 m
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LvValidation (synthetic data + Cryosat waveforms)

Validation on CRYOSAT Echoes (4)
Averaged standard deviations for the estimated SSHA parameter.

— Pseudo-LRM (CNES)
—— Anal. Doppler
0.09[ —— CNES Doppler
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Pseudo-LRM (CNES), Anal. Doppler and CNES Doppler
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Conclusions and perspectives

Conclusions and perspectives

Conclusions

» An analytical model based on a geometrical approach

» Good agreement between the analytical and CNES Doppler
models

» Fast waveform generation and parameter estimation

Perspectives

» Use the proposed model and estimation algorithm to analyze the
performance of Doppler altimetry (versus the number of Doppler
bands, ...)

» Validate the proposed model by using additional real datasets
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Conclusions and perspectives

End

Thank you for your attention
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Appendices

Analytical model (3 parameters)

FSSR(k, n) = P, <Zz)3exp {_i [1 ~ (ZZ)Z] } V)(k,n) —f(k,n ~1)

P, : is the amplitude of the
waveform

h : is the altitude of the satellite

v

> k=1,---,104 (gates)
> n=1,---,64 (frequencies)
tk:%+kT—7fork>%

v
v

> c: is the speed of light
> ¢(k,n) = arctan (m) > 7 :is the antenna beamwidth
parameter

v

vg : is the satellite velocity
o\ 2

pk) =/ (%°)" — b2

7 : is the epoch

v
v

fn : is the Doppler frequency

v
v

A @ is the wavelength
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Appendices

Levenberg-Marquardt algorithm

Optimization problem N

arguin F/(6) — 5 D" F2(6), with £(6) = [y — 5:(6))

Levenberg-Marquardt algorithm
» Descent algorithm in a direction b, i.e., 0%+ = @)  h;

» Elimination of the nonlinearity by the use of a first order Taylor
expansion of f leading to

F(0+ h) ~ L(k) = F(8) + hTJ(0)f + %hTJ(B)TJ(G)h

where J is the gradient of f according to 6.
» h is obtained by minimizing L(h)
(J(O)TT(0) + ul)h = —J(0)"f
where p is a regularization factor.
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Appendices

Analytical model for oy blooms ®

FSSR(t) = A(o1) exp [f(t,€)] Lo [g(t, &)]

+B(§,01,02) {Io [g(t, &)] arccos (V%) + Z % .. }

-:-‘—\-- —--\-{;a

S Y

!

5. A. Garcia, G. Brown and al., Study of the origins of the o Blooms, Master
of science, Virginia Polytechnic Institute, June 1999.
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