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Motivation

1. The current trajectory Poisson multi-Bernoulli (TPMB) filter
provides the detection probability of the sensor as prior information
and assumes that the detection probability of the sensor remains
constant. However, in actual scenarios, the detection probability of
the sensor may change with the increase in usage time.

2. For filters based on random finite sets with unknown detection
probabilities, they cannot directly output the trajectory of the target
but can only output the state of the tracked target at a certain
moment.

3. For filters based on a random finite set of trajectories with
unknown detection probability, only the alive target trajectories are
considered, rather than all target trajectories.



Main idea

1. The detection probability is extended as a state variable to the
trajectory state, and the alive trajectory state transition model
considering the detection probability and the all trajectory state
transition model are proposed.

2. The recursion of TPMB with unknown detection probability is
derived.

3. The detection probability state is modeled as a Beta
distribution, and the Beta-Gaussian implementation of TPMB for
the alive trajectories and the Beta-Gaussian implementation of
TPMB for all trajectories are given.



Method

Suppose that the parameters of the TPMB density for
the augmented trajectory state are 4,_, and {r,” oL 1(X)}1 at

time step k£ —1. At time step Athe predicted density is a
TPMB density with n,, , =n,_, and
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where 1°", 9, ( | ) and p° () are chosen depending on the
case in Section 3.1 for alive trajectories and all trajectories.

)




Method (Cont’d)

Suppose that the parameters of predicted TPMB density
for the augmented trajectory state are 4, and {#x.. piu ()]
at time step t and the measurement set z, = {Z,i,Z,f,---,ZZ“}.

The parameters of TPMBM density are obtained as follows:
1. Missed detection for PPP:

e (%) = (1= e () A (X))

For each Bernoulli component ;. ; (1,2,. "a”k|k_1)’ there
are h' = m, +1 local hypotheses.

=

2. Missed detection for the Bernoulli component:
wy' =1~ 'T'i|k—1 <IJ§;|;¢—1 (X) s PDk (X)> ;

(25)



Method (Cont’d)
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3. Update for the detection Bernoulli component:

wy = 7’1|k—1 <Pi|k—1 (X) ; PDk (X) ¢ (ZEH)? )
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Method (Cont’d)

4. New Bernoulli component for the first time

Each measurement generates a new Bernoulli
component. Let new Bernoulli component be?=n,, , + J,
je(L2+,my,) , which is caused by measurement Z; .
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Major results
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Major result

RMS LP error: localisation

RMS LP error: missed targets
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Fig. 4 Decomposition of trajectory metric errors for all trajectories: (a) local error; (b) false error; (c) miss
error; (d) switch error



Major results (Cont’d)
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Conclusions

1. This paper proposes two trajectory TPMB filters that perform
robustly when the detection probability is unknown. These
filters are implemented using the Beta-Gaussian (GB) mixture
method, known as BG-TPMB filters.

2. The Poisson intensity is approximated as a BG mixture form,
and the spatial probability density of each Bernoulli component
IS approximated as a single BG form.

3. The detailed recursive solutions are derived for TPMB filters
with unknown detection probability, and closed forms for the BG
implementation of alive and all trajectories are obtained.
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