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Motivation

O It is difficult to obtain the optimal association result using heuristic
association algorithms, but a multiple-hypothesis algorithm can
solve this problem. Traditional track-to-track association (T2TA)
methods depend heavily on prior information and assumed motion
models, but a heuristic algorithm can solve this problem. The
impact of various uncertainties results in inaccurate T2TA, but a
heuristic algorithm can solve this problem.

O We extend the widely used multiple-hypothesis algorithm in MHT
to T2TA problems and combine the multiple-hypothesis algorithm
with deep learning. This can alleviate the dependencies on prior
information and assumed motion models, reduce the impact of
various uncertainties, and obtain optimal association results.

O We propose an attention-based network and a contrastive learning
architecture to achieve the spatial-temporal registration of tracks
from different sensors. A spatial-temporal mixing block is
proposed to estimate track scores by sufficiently mixing spatial—
temporal features.



Schematic of MH-T2TA
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Multiple-hypothesis generation

O The aim of multiple-hypothesis generation is to generate all possible
track association matrices in one association cluster, with no
association conflicts in each track association matrix. It includes
gating and coarse association, association cluster, and hypothesis

generation.
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Spatial-temporal registration module

O The aim of the spatial-temporal registration module is to eliminate the
effects of errors and inconsistent update periods and obtain the
unified registration track.

Contrastive learning Attention mechanism



Loss function

O The different sensor contrastive loss L,
® For different sensors, it is used to make the tracks from the same target close to
each other, and the tracks from different targets move away from each other.
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O The same sensor contrastive loss L
® For the same sensor, it is used to make the tracks from different targets move
away from each other.
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O The score loss L,
® |tis used to make the track score estimated by the intelligent track score
network as similar as possible to the real track score.
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Contrastive experiments

Table 3 Association results of contrastive experiments

* F1
Method AF1 3 s 30 50 90
WD (Kanyuck and Singer, 1970) 0.4949 1 0.8036 0.8069 0.6452 0.4311
MLE (Sun et al., 2023) 0.6858 1 0.9463 0.9144 0.7994 0.4799 D M H -T2TA
REF (Qi et al., 2018) 0.7779 1 0.8704 0.7626 0.7896 0.7524 .
FDT (Du W et al., 2013) 0.6155 1 0.8490 0.8518 0.6670 0.4506 aCh I eveS the
ADB (Xu and Fang, 2021) 0.7254 1 0.9891 0.9740 0.7765 0.5554
IF (Jin et al., 2023) 0.4665 1 0.9454 0.8228 0.4658 0.2507 beSt AF 1 a nd the
HD (Hausdorff, 1914) 0.6059 1 0.8490 0.8118 0.6575 0.4492 . .
FD (Alt and Godau, 1995) 0.6055 1 0.8490 0.8069 0.6642 0.4456 beSt aSSOC|at|0n
LCSS (Vlachos et al., 2002) 0.8257 1 0.9463 0.9208 0.8508 0.7513
ERP (Chen and Ng, 2004) 0.5502 1 0.9278 0.8404 0.5151 0.3989 pe rfO rmance .
EDR (Chen et al., 2005) 0.7609 1 0.9546 0.9306 0.7779 0.6528
I MH-T2TA (ours) 0.8888 1 0.9848 1 0.9451 0.7946 I

" AF1 is the weighted mean F1 value of all fix testing scenarios
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Conclusions

O Aiming at the ubiquitous problems of errors and inconsistent update
periods in the track data, we designed a spatial-temporal registration
module based on self-attention and a contrastive learning architecture
to eliminate errors and unify the distributions of asynchronous tracks.

O Focusing on the suboptimal association results and the
dependencies on prior information and the assumed motion model,
we combined the multiple-hypothesis algorithm with deep learning to
construct an intelligent track score network for estimating the track
score of a pair of tracks.

O How to further reduce the time required for hypothesis generation to
enhance association efficiency and how to improve the interpretability
of the intelligent track score network are key points for future research.
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