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Abstract

The Track-Before-Detect (TBD) filter banks is proposed for the processing
of noise object that are additive to the background noise. Spatio-Temporal
TBD algorithm uses the preprocessing of measurement. The modified
moving standard deviation filter is applied. The correction of the results
for the selection of the highest possible filter banks window is proposed.
Monte Carlo test shows that all filter banks allow the tracking if the stan-
dard deviation of the background is below 1.3.
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Bank filtrow sledzenia przed detekcjg do sle-
dzenia obiektéw szumowych

Streszczenie

Algorytmy $ledzenia przed detekcja, stosowane sa do przetwarzania
sygnatéw jedno, dwu i wigcej wymiarowych w celu detekcji obiektu oraz
estymacji jego trajektorii (la-1c). Cechg tej klasy algorytmow jest mozli-
wos¢ $ledzenia obiektow, ktorych sygnat jest ponizej poziomu szumoéw tla.
Konwencjonalne podejscie bazujace na detekeji a nastgpnie sledzeniu nie
moze by¢ wykorzystane z uwagi na niemozno$¢ dobrania poprawnego
poziomu progu w algorytmie detekcji. Specjalng klasa sygnatow sa sygna-
ty szumowe, ktdre facza si¢ z szumem tla, wigc ich jest utrudniona i wy-
maga analizy statystycznej danych pomiaréw. W publikacji [9] zapropo-
nowano rozwigzanie polegajace na wykorzystaniu estymacji odchylenia
standardowego lub wariancji lokalnej, z wykorzystaniem przesuwnego
okna o stalej szerokosci (2). Zaproponowano rozwiazanie polegajace na
wykorzystaniu banku filtréw o zmiennym rozmiarze okna (Rys.1). W celu
poréwnania wariancji dla réznych dtugosci okna zaproponowano wyko-
rzystanie $redniej z calego sygnatu, w celu eliminacji wplywu zmniejszo-
nej ilosci probek. Do banku filtréw dodano wagi (3) majace na celu wybdr
wyniku z preferencja filtru o wigkszej dhugosci okna, poniewaz rozmiar
obiektu jest staly, ale nieznany. Na Rys.2 przedstawiono wyniki testow
Monte Carlo w celu okreslenia $redniego biedu estymacji potozenia dla
przyktadowego sygnatu na podstawie 1000 testow dla réznych poziomu
szumu dla kazdego z filtréw banku z osobna. Najwicksza efektywnos¢ jest
dla szumu tta ponizej 1,3 odchylenia standardowego.

Slowa kluczowe: Sledzenie, Estymacja, Obickt szumowy, Sledzenie przed
detekcja

1. Introduction

The tracking algorithms are very important in numerous appli-
cations. The air, space, water surface, underwater surveillance
applications are important for example. The tracking systems are
very sophisticated. The main parts of systems are related to the
detection, tracking and assignment. Most systems are related to
the multiple objects tracking, so all parts of the signal processing
parts need careful design and implementation. Typical tracking
systems are based on the mentioned detection and tracking scheme
[1-3]. The detection is based on the threshold algorithm (fixed or

adaptive threshold level). The detected positions are processed by
the tracking filters that are used for the signal-to-noise ratio (SNR)
improvement. The noise measurement gives quite low SNR values
so multiple false detections and missed detection occur. Tracking
filters use the knowledge about the motion model so reduction of
the influence of the noise could be obtained. The assignment
algorithm is applied to the tracks maintenance. The observation
should be assigned to the appropriate track, new tracks should be
created if a new object is in the range and the removal of the
tracks for objects that are outside of the range is necessary.

Conventional approach fails if the noise level is high and the
signal values related to the object are low. The object is hidden
inside the noise floor and the tracking is not possible. Alternative
approach, based on the opposite scheme is necessary. The track-
before-detect (TBD) approach allows the tracking of such objects,
even if SNR<<1 [3,4,10]. The number of computation is huge,
because all hypothetical trajectories should be verified, even if
there is no-one object in the range [8]. The cost of conventional
approach is linear function of the number of observed object, quite
often. Accumulative approach applied in TBD algorithm allows
the filtering of the signal related to the every trajectory [4].

2. Spatio-Temporal Track-Before-Detect Algo-
rithm

The Spatio-Temporal TBD algorithm is recursive algorithm
for multidimensional signal processing [6-9]. The formula (1a) is
the initialization of the state space. The formula (1b) is the motion
update responsible for the prediction and noise suppression. The
formula (1c¢) is the information update responsible for the balance
between new measurement and predicted values.

Start
P(k=0,5)=0 (1a)
For k >1
P (k,5) = [qy (s | s, P(k = 1,5, )ds (1b)
)
P(k,s)=oaP (k,s)+(1—-o)X(k,s) (1c)
EndFor
Stop
k — iteration number, s — particular space,
qr — Markov matrix, X - preprocessed data,
P — predicted TBD output, P — TBD output,
o — weight (smoothing coefficient), range: 0-1.

This algorithm allows the suppression of the zero valued noise
and enhancement of positive or negative signals. The noise object
is special case of signal — the mean value is zero and values are
random. Such signal cannot be processed by this algorithm. The
stealth technologies are quite often applied to some objects, so
weak signals are observed. The noise difference between object
and the background should be applied for the tracking of such
objects. High differences between object and the background
cannot be observed, unfortunately. Long time measurements and
special TBD algorithms allow the detection and tracking.

The application of the variance/standard deviation estimator
for the preprocessing of measurements is proposed in [9]. Fixed
size of the object (number of samples) and the fixed size of the
moving window are applied.



X(k,s)=std(M(k,s—L)..M(k,s+L)) @

The measurements M are preprocessed using window size
2L+1. Another solution is proposed in [5], based on the chi-square
statistic for the detection of the difference between global and
local distributions of the noise.

3. Filter bank TBD

The standard deviation is an interesting estimator that could be
applied for Gaussian background noise and the additive object
Gaussian noise signals separation. The size of the object could be
variable, so detection should be based on the variable window
size.

The computation of the standard deviation is based on the
computation of the local mean value. The correction constant is
necessary for the comparison of standard deviations for different
number of samples. The standard deviation is related to the radius
of hypersphere, where the number of samples is the dimension.
The smaller number of samples is related to the subset of the
hypersphere in lower dimension, with the same radius. The most
important problem is that signal is random. The computation of
the standard deviation is based on the local mean value, so subset
has not identical mean value. It is a result of the radius change.
The proposed technique is based on the computation of the mean
value for higher dimension (longest window size or all samples).
The mean value is applied for the computations of standard devia-
tion for the smaller sample sets. It is also computationally impor-
tant. Instead formula (2), new proposed formula is applied:

1 L )
K (k> 8) = Ky |57 D (E=M(k,s+i))
i=—L

©)

The ky,ni correction constant is the value dependent on the fil-
ter. The value E is the mean value for all samples, not only inside
the moving window. Each filter is assigned to the different win-
dow size so longer window size filter should be preferred. The
following relation should be applied:

ky<k,<..<ky 4
for example:

k, =2L+1 (5)

as a weight value dependent on the window size. The Spatio-
Temporal TBD is linear transformation of signal, so correction
constant could be added not to the input measurement transforma-
tion, but for TBD output result. The selection of the maximal
value could be used as data fusion operation, but other approaches
are possible also.
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Rys. 1. Schemat banku filtrow
Fig. 1.  Filter banks schematic
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4, Results

The Monte Carlo test is assumed for the performance analysis
of TBD filter banks. There are 1000 positions and 11 velocities.
The 1D signal is processed and the standard deviation of the ob-
ject is 1, the standard deviation of the background noise is variable
(0-2), but fixed for single test. There are 1000 tests for every TBD
filter. The signal has correct window size equal to the 7. Mean
distance error is depicted in Fig.2 after 80 iterations, for a=0.95.
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5. Conclusions

The proposed filter bank allows the processing of the signal of
noise object with unknown length. The filter banks response for
all TBD filters gives very good results (mean position errors about
a few samples or pixel). The threshold value is about 1.3 of the
standard deviation of the background noise. The size of the object
is rather small. The Monte Carlo test allows the estimation of the
performance of TBD filters.
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