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Conventional altimetry

P(t) = FSSR(t) ® PTR(t) ® PDF(t)

PTR PDF
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Doppler altimetry 2

P(t,n) = FSSR(t.n) ® PTR(t,n) ® PDF(t)
» 1 : Doppler band or frequency
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P(t, f) = FSIR(Z, f) x PDF(#) x PTR(t, f)
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A. Halimi et al. “"A semi-analytical model for delay/Doppler altimetry and its
estimation algorithm ", IEEE TGRS 2013, to appear.
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Multi-look echo

P(t,n) = FSSR(t,n) @ PTR(t,n) @ PDF(¢)
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@ Leastsquares estimation

1 K
argmin F'(8) = argmin — E |yr — s1(0)]
0 e

> v=(u,.... y)! 1s the observed multi-look echo

B s=(si.....sx) Isthe proposed model

p 6= (P, SWH. ) is the parameter vector to estimate

@ Levenberg-Marquardt algorithm
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Already presented at OSTST 2012
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+ ) o Pfu Cty - r
X {/ - exp {f {f}— o, (k) {]}dqﬁﬂ— /R - exp {f {E) — qr’;,E{lc)._éj”d.gﬁ}
with
SR 4 cos? (€)
f[@_@__&u.)?g] = — [1_ HEQ(R}] + bk, £)

+ a(k,§)cos (D — g"}) — b(k, €) sin® (r;} — (_f))

» ¢ and ¢ represents the antenna mispointing angles
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5 f _ | ) S o T |
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@ ¢ and o are the mispointing angles (related to £.. and &)
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@ Effects of across-track and along-track mispointing
Already observed by Gommenginger, OSTST - 2011
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@ Leastsquares estimation

@ Levenberg-Marquardt algorithm

@ Scenarios

B DDA3: 0 = (SWH, 7. P,)" et &u = Eae = 0°
B DDA4: 0 = (SWH, T, Py, &ac)’ et Eup = 0°
B DDAS: @ = (SWH, 7, Py, €uc, Eat)

fal and fac can be introduced (if known from STR) as input parameters of DDA3 or DDA4
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NRE = Normalized Reconstruction Error

@ Very good fit between CS-2 waveforms and Halimi model for all SWH

1 At the toe
O on the leading edge
J on the tail of the echo
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@ RMSEs as a function of SWH
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Parameters: [, = 1, 7 = 31 gates , £,; = 0° and &,. = 0°.

@ DDA3 and DDA4 are consistent and provide good performance
DDADS has degraded performances due to the strong Pu/&al correlation
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Results for simulated data
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@ RMSEsasa function of &,
Parameters: P, =1, SWH = 2 m, 7 = 31 gates and . = 0°.

@  Significant errors on estimations with unknown mispointing
angles
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Results for real data (CS-2, 400 seconds)

T STE':H Pu £a,c 'fal £
(m) (m) (deg) (deg) (deg)
A 0843 | 0.355 1.933 - - -
STDs DDA3 | O []S—l? 355 1 _
DDA4 | 0.0827 | 0.351 1.871 0.031 - 0.031
(20 Hz) | DDAS5 | 0.0828 | 0416 | 13.446 | 0.0413 | 0.0922 | 0.0866

Standard deviations for DDA3, DDA4
and DDAS algorithms.

@ Better results with DDA4 solution
6 = (SWH, 7, P, £..)" et €4 = 0°

@ DDAS has lower performances due to the
strong Pu/&al correlation
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Conclusions & Perspectives

Conclusions

A new semi-analytical Delay/Doppler Altimetry model has been
defined and validated (DDA3 published, DDAS5 to be published)
Delay/Doppler altimetry provides increased precision than
conventional altimetry

Accounting for antenna mispointing improves the performances of the
model especially for high mispointing angles

DDA4 more robust than DDA5

On stacked echos, along track mispointings are required to remove
ambiguity with Pu

Perspectives

To perform a full calval activity on CS-2 data and cross comparison
with CPP and other solutions ...
To improve the estimation by considering the delay/doppler matrix

instead of the mutli-look echo (al from STR or derived from the 2D
delay/doppler map)
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