University Defence Research Collaboration (UDRC)

Sensor Signal Processing for Defence (SSPD) 2015

Maximum likelihood signal parameter estimation
via track before detect

Murat Uney!, Bernard Mulgrew!, Daniel Clark?
Edinburgh Research Partnership in Signal and Image Processing
1 The University of Edinburgh
2 Heriot-Watt University

09/09/2015

dstl .




University Defence Research Collaboration (UDRC)

Sensor Signal Processing for Defence (SSPD) 2015
Introduction

@ Active sensors locate objects by transmitting pulses and finding
the range and angle of reflectors using received echos.

@ The received signal is filtered and sampled, then each sample is
tested to be identified as noise, or a reflection.

@ In this work, we are interested in finding the parameters that
describe these samples.
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Problem Definition

Tk(ivj): e
Tj’k(_tl m —A%Wl(ivj)vrj,k(t—iT) > K —

@ The sampled complex signal is modelled by

(i.J) Eel% + n, Hy : If a reflector exists.
i\, = .
J n, Hp : otherwise.

where n ~ CN(0, 52).
@ The SNR is 10log;y E2/beta?.

@ The modulus zx(7,j) = |rk(i,j)| is as the intensity value in the
range-bearing bins.
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Problem Definition

Ti(i,J) = .
Tj,k(_tl m —A%m(ivj)yrj.k(t—iT) > ,

o

@ Conventional algorithms, e.g., constant false alarm rate
(CFAR) detectors, require 3°.

@ Tracking algorithms require the probability of detection of
targets which can be calculated only if E is known.

@ Track-before-detect algorithms often require both model
parameters.
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ML Signal Parameter Estimation

@ The maximum likelihood solution is given by

N

E,p?) = log /(z1, - ,zk|E, B?).
(E, 5%) arg max log (21, ,z«l|E, 5%)

@ The log-likelihood has a recursive form

log I(z1.4|E, B?) = log I(z1.k-1|E, B°) + log p(zk|z1.k-1, E, B?)

v

~
The log-likelihood update term

@ Most of the algorithms in the literature (e.g., CFAR
algorithms for estimating 32) correspond roughly to the
assumptions that the update term factorises

@ without z7.4_7 incorporated into the update at k, i.e.,
p(zklzik—1, E, B%) = p(z«|E, 5?).

@ using “hard decisions” to split the bins in
Zj = Zk noise Y Zk target: ie.,

p(zk|E7 52) = p(zk,noise|ﬁ2)p(zk,target|E7 ﬂz)
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Proposed Solution (1/4)

e A Bernoulli random finite set (RFS) model allows us to have a
single Hidden Markov Chain, and, a joint likelihood:

Xk = {Xk},Xk ~ Sk(Xk), with prob. ry
Xy = . (1)
Xk =, with prob. 1 — Fk|k—1-
. =,
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Proposed Solution (2/4)

o Facilitates a joint likelihood that incorporates the information
from time 1 to k:

p(zk|z1.k-1, E, B?) = JP(Zk Xk, E, B?)p(Xx|z1:41, E, B) 5 Xy

i
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Proposed Solution (3/4)

e The score function (at E, 32) is also recursive and derived in
the article

V log (21| E, 5°) = Vlog I(z1.4-1|E, %)+ V log p(zk|21.k_1, E, 5°)

@ The Bernoulli track-before-detect filter in the article evaluates
V log p(zk|z1:4—1, E, %) along with the posterior for Xj.
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Proposed Solution (4/4)
1: procedure MLParameterEstWithTBD(z1.4, Eo, 53)

2: m«— 0, Ep, < Eg, B2, « 33
3: while 0 do
4: Using TBD evaluate V log p(z1.k|Em, %)
{[0, 1]7,ifm=0,2,4,..
5: Find e, =
[1,0]7,if m=1,3,4,...
2. T
6 Find dm = [55(€ s Ter
7 (Em+1, B,QnH) = LineSearch(zi.,(Em, 82),dm)
6 i€ [[Emet. 52 117 — [Em 827 < 6 then
9: break
10: end if
11: me—m+1
12: end while

13: end procedure
10
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Example (1/2)

@ Target with near constant velocity motion.

@ Range and bearing resolutions of 10m and 1° yielding a
40 x 20 range-bearing intensity map.

o True values Et =2, % = 0.1 ( 16dB SNR).

@ Measurement history z1.x—200.
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Figure: Log-likelihood surface for the example scenario evaluated over a grid

with a typical measurement history.
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Example (2/2)
@ We used the proposed ML estimator for 200 Monte Carlo
realisations.
@ Convergence on the average of 3.6231 steps.

@ Empirical average of the squared errors for E and ,6A’2 are
found as 1.78 x 1072 and 1.7 x 1075, respectively.
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Figure: ML iterations. Initial point (blue circle), final estimates (red crosses),
and intermediate results (green crosses).
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Conclusions and Future Work

@ We considered matched filter outputs at the receiver front-end
of active sensors.

@ We proposed a Maximum Likelihood scheme for jointly
estimating signal amplitude and noise power.

@ The gradient of the joint log-likelihood is computed using
track-before-detect on the measurement history.

@ Its Hessian can similarly be found leading to Newtonian
maximisation iterations.

@ Other possible extensions include accomodation of other
Sweling target types and multiple targets, in this framework.
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