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Elevation parameter estimation for radar altimetry using

Proximal Hamiltonian Monte Carlo
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Abstract: Conventional radar altimetry parameter estimation algorithms often suffer from overfitting
due to the high dimensionality of the parameters to be estimated. To this end, a novel Proximal
Hamiltonian Monte Carlo(PHMC) algorithm is proposed to estimate the elevation parameters in a
statistical way. More specifically, Laplace distribution is employed to characterize the sparse prior to
achieve the confidence estimation for the elevation parameters. This prior can depict the terrain scenes
with abrupt elevation changes. However, due to the non—conjugation between the sparse prior and
Gaussian likelihood function, the hierarchical Bayesian is employed to obtain the closed—form solution of
posterior distribution function. To overcome the difficulty of the Bayesian inference of high—dimensional
posterior, the Hamiltonian Monte Carlo(HMC) is utilized to solve the parameter estimation problem in
fully Bayesian inference. Since the potential energy obtained by posterior distribution does not satisfy
the differentiable requirement of HMC, the proximal operator is applied to provide the sub—gradient to
estimate parameters. Comparisons with the results using synthesis and practical data have demonstrated
the superiority of the proposed PHMC over other conventional algorithms.
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Algorithm 1:proximal operator using in Hamiltonian dynamics for Posterior distributions
1. initialize with p(0);

2. set the iteration number K, ¢, s=0

3. for s=1,2,---,§ do

4. sample q(s,0)~N(0,7,)

G(X)

5. compute q(s,%f):q(s,O) = <[p(s,0)—(prox(x)+———>)]
6. compute p(s.&)p(s.0)+q(s. 9)
7. compute g(s.£)q(s3 &)y {(pls.-(prox(y+oc))

8. for K,=1 to K;~1 do:

9. compute g(s,(K,+ 2)f) =q(s,K, &)~ gp(s AE)=(prox(x)+2Z™) 8G(x)

)

10.  compute p(s,(K;+ 1D)E)=p(s,(K &) +<q(s,(K)s 2)f)
11. end

12, compute ¢(s,(K, +2)5) q(s,(K,)<)- 2p(S AO)—(prox(x)+—

13. use MH acceptation:
min{1exp(H(p(s,K,,$), q(s.(K;)&)-H(p(s,£), q(5,9)))}

14. p*=p(s,K,,¢) and g*=q(s,K )
15. end

ad G(x) )
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Fig.2 (a) match between the simulation and the model; (b) results of parameter estimation under 100 dB;
(c) results of parameter estimation under —10 dB
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Tablel Bias of parameter estimation under different SNRs Table2 Quantitative analysis of parameter estimation under different SNRs
method bias under different SNRs accuracy improvement under different SNRs
100 dB 10 dB 0 dB -10 dB method
100 dB 10 dB 0dB -10dB
LS 0.96 0.96 1.11 2.18
MAP 0.55 0.56 0.60 0.60 MAP 47.71% 49.55% 37.5% 72.48%
PHMC 0.33 0.36 0.36 0.50 PHMC 65.63% 67.57% 70.83% 77.06%
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. . . antenna beam width/(°) 60
N 0,epage 20 > 15 22 AL AL 9P ME PRF/Hz 2 000

P 3 O 3 ol AN [ B0 3k 0 S 00 50408 6 IE B ROCR , < MERESTT

SRS EONG . M TR L PHMC 57 3 M T FC A 5 % | o
i A SR DA R A RS 0 T R R B

HA “STD at 20 Hz” Al 1T A 34 {E 4 64.68. 3R 4 N A [R5 66
TRAEALZR S BCHE AAR TEE5 R, R4 0T 0L, PHMC DL & MH /) w65
(A3 G LS (A% V145 5 0 B 0T 050 1 PHMC 5 3k 1 b o 2 M“
Sy 3 R s AR, B PHMC 5536 AL A T H S5 L 2541
FLRCHE L B S B 4 BT T, PHMC 223 A F LS ik, 1 63
BT RLAT, T HMC 28 45 P A 42 0 B0 AT 1 175 10 35448 58 40 1 6l
2 SIS N S S S

5 10 15 20 25 30 35 40 45 50

5 #ig

ARSCHR T — M A 5 5 56 A AL A8 R R g [ ) Al 3 5
o AR A PHMC 5535 AT DUAR G 3t i e AAE DG 1 B0 RE 1 pR K.
AL 38 437 8 2 A i 38 7 K 0 S RO M i v, S DL e B
fifp ALK bR K8 e 06 pR R S B A R, AT IS 6 0 A eR R
VI M 5 9% f 2 7 00 3 3 18 TE 9 HMC 3036 il 0ok A1 41

pulse number

Fig.3 Estimation of PHMC, MH and LS with the practical
airborne altimetry echoes
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