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Abstract. Multi-object tracking (MOT) endeavors to precisely estimate
the positions and identities of multiple objects over time. The prevailing
approach, tracking-by-detection (TbD), first detects objects and then
links detections, resulting in a simple yet effective method. However,
contemporary detectors may occasionally miss some objects in certain
frames, causing trackers to cease tracking prematurely. To tackle this
issue, we propose BUSCA, meaning ‘to search’, a versatile framework
compatible with any online TbD system, enhancing its ability to persis-
tently track those objects missed by the detector, primarily due to occlu-
sions. Remarkably, this is accomplished without modifying past tracking
results or accessing future frames, i.e., in a fully online manner. BUSCA
generates proposals based on neighboring tracks, motion, and learned
tokens. Utilizing a decision Transformer that integrates multimodal vi-
sual and spatiotemporal information, it addresses the object-proposal
association as a multi-choice question-answering task. BUSCA is trained
independently of the underlying tracker, solely on synthetic data, without
requiring fine-tuning. Through BUSCA, we showcase consistent perfor-
mance enhancements across five different trackers and establish a new
state-of-the-art baseline across three different benchmarks. Code avail-
able at: https://github.com/lorenzovaquero/BUSCA.

Keywords: 2D Tracking · Multi-target tracking · Online

1 Introduction

Multi-object tracking (MOT) entails the process of locating and identifying mul-
tiple objects over time within a scene. It is a crucial task in computer vision with
applications spanning various domains such as robotics [15], autonomous vehi-
cles [18, 62], and video surveillance systems [38]. The prevalent MOT paradigm
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Fig. 1: Due to occlusions, detectors fail to locate many relevant elements on a scene
(e.g., the woman in red). Accordingly, online multi-object trackers may lose track of
some objects. With BUSCA, we propose a fully online framework that can be integrated
into any online TbD tracker to persistently track those objects missed by the detector.
Box colors represent object identities.

is tracking-by-detection (TbD) [8], where object trajectories are obtained by
(i) �rst detecting objects and (ii) then associating detections. Although alter-
native frameworks have been proposed in the literature [1, 29], TbD has sur-
faced capitalizing on signi�cant progress in object detection. Notably, over the
past few years, center- [61,72] and Transformer-based architectures [48,61] have
emerged. More recently, the MOT performance has been further improved thanks
to the adoption of YOLO-based detectors [17,39] coupled with a straightforward
intersection-over-union (IoU) matching. This simple yet e�ective approach has
even contributed to the renewed popularity of SORT [6,13,39].

Meanwhile, signi�cant e�orts in the community have been also dedicated
to improving identity consistency within a trajectory. This is achieved by de-
vising better association schemes [6, 13, 67, 73] or through re-identi�cation (Re-
ID) [40,45]. However, these methods remain highly dependent on the availability
of detections, which makes them susceptible to trajectory fragmentations.

Current state-of-the-art detectors are not perfect and fail to detect all the
objects in a video. To have an idea, 17% of the detections in MOT17 [30] valida-
tion set are still missed by the YOLOX detector [17], and the extremely occluded
objects (visibility = 0, provided in the ground-truth annotations) contribute
11.0 points to the MOTA score based on the standard MOT evaluation [10,30].
Meanwhile, modern online trackers pause or terminate the tracking process dur-
ing these situations where an object fails to be detected, leading to suboptimal
results. We argue that more care should be taken in this regard, avoiding pre-
mature terminations of objects that genuinely exist. In this work, we introduce
BUSCA (B uilding U nmatched trajectorieS Capitalizing on A ttention), which
helps online TbD systems handle those objects, often highly occluded, overlooked
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by the detector. BUSCA propagates unmatched tracks and, by design, can be
applied to the outcome of any online TbD track assignment process.

Some works in the literature [11,35,44] focus on repairing fragmented tracks
and improving trajectory continuity. However, these have so far been imple-
mented through o�ine methods, as they alter decisions made on previous time
steps (e.g., interpolating a trajectory after re-detection) and/or leverage future
information. Thus, despite some of them claiming to be online, they should
be considered as o�ine according to the widely accepted de�nition of 'online'
in MOTChallenge [10, 30] where�the solution has to be immediately available
with each incoming frame and cannot be changed at any later time�. The of-
�ine fashion makes them impractical for certain real-world applications and not
comparable to online methods. Conversely, BUSCA is able topersistently track
undetected objects in a fully online setting5.

As an example illustrated in Fig. 1, some objects are missed due to low vis-
ibility even by a highly performant detector [17], causing the tracker to lose
them. With BUSCA, we can enhance any TbD online tracker to continuously
track those undetected objects without resorting to o�ine methods. To this end,
BUSCA is built on a multi-choice question-answering Transformer that �nds
undetected objects given (i) candidate generated with a motion model (inde-
pendent of the detector), (ii) contextual information derived from neighboring
objects, and (iii) previous observationsfrom the object of interest. These inputs
are composed of visual and spatiotemporal information. The visual component
characterizes object appearances while the spatiotemporal element encapsulates
the size, center location, and timing of the object in a condensed format using
an innovative spatiotemporal encoder.

In summary, the main contributions and novelties of this work are as follows:

� BUSCA is a general framework to persistently track those objects missed by
the detector, in a fully online manner, without (i) modifying past tracking
predictions (ii) or accessing future frames.

� BUSCA entails (i) a novel Decision Transformer inspired by multi-choice
question-answering tasks, (ii) aProposal Generator that relies on neighbor-
ing tracks, motion, and learned tokens, and (iii) an innovative Spatiotempo-
ral Encoder that captures the size, location, and time of the objects. The
network is trained independently from the underlying tracker and using syn-
thetic data [14], without any �ne-tuning on real MOT sequences.

� BUSCA can be seamlessly integrated on top of any online TbD tracker,
as demonstrated in our comprehensive experiments where we systemati-
cally enhance the performance of �ve distinct trackers on standard bench-
marks [10,30], de�ning a new state-of-the-art among online trackers.

2 Related Work

End-to-end MOT methods model detection, tracking, and their implicit match-
ing within a uni�ed architecture. The most common approaches tackle this
5 BUSCA strictly respects the `online' de�nition, thus `fully online'.
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through identity embeddings [57], regression [1,53] or the recent use of attention
mechanisms [5,16,29,66,73,74]. Nonetheless, this holistic design can create chal-
lenges during the joint training process [16] and, prevent these methods from
being applicable to other trackers and leveraging leading-edge detectors. Conse-
quently, these models have not yet superseded TbD techniques.
Tracking by detection (TbD) is an e�ective paradigm that decouples the
MOT task into object detection and data association. This decomposition en-
ables TbD methods [19,45,48,60,61,67,70,72] to bene�t from classical [39,41,60],
more advanced [23, 67] or self-constructed [48, 61, 72] detectors, coupled with
diverse association processes such as hierarchical clustering [70], graph neural
networks [19] or geometric cues [67].

In particular, center-based methods like CenterTrack [73] and TransCen-
ter [61] alleviate the ambiguity in bounding boxes by predicting object center
heatmaps in a CNN-based or Transformer-based architecture, respectively. Re-
cently, ByteTrack [67] showcases remarkable results using a meticulously tuned
YOLOX detector [17] paired with a simple IoU-based matching mechanism. This
powerful detector has also revived SORT [3] with a stronger association mecha-
nism in methods such as OC-SORT and StrongSORT [6,13]. Nevertheless, these
TbD trackers remain highly vulnerable to missed detections. This issue moti-
vates us to introduce BUSCA, a framework designed to improve any online TbD
tracker by persistently tracking those objects overlooked by the detector.
Improving trajectory consistency , i.e., maintaining consistent object iden-
tities over time, is one of the main challenges of online multi-object trackers.
Most of these methods rely on frame-by-frame association of detections solved
via Hungarian matching [25]. However, pure motion-based associations [3,4,67]
often encounter di�culties in crowded environments or moving-camera scenarios.
As a result, other works turn to appearance-based techniques [24,37,40,46,51,58],
hybrid cues [13,26,45,50], or Transformer solvers [66,73]. Notably, GHOST [45]
redesigns the use of a ReID model and builds a simple yet strong baseline. In
e�orts to lessen the impact of occlusions, some methods aim to predict an ob-
ject's visibility in order to adjust its detections' con�dences [21] or re-weight the
association matrix [69]. On the other hand, some strategies improve associations
by hallucinating object trajectories [49] or by prompting re-detections in areas
where occluders are present [27].

Nonetheless, unlike BUSCA, these more advanced association processesre-
main heavily dependent on the detector as they operate on available detections.
[26] is a rare exception but at the cost of MOT performance drop.
Ensuring trajectory continuity is a non-trivial task that attempts to repair
the trajectory of an object from the instant it is lost until it is re-identi�ed
again. Thus, most current trackers perform an extrao�ine post-processing step
based on linear [67] or Gaussian-smoothed [13] interpolation. Some more so-
phisticated methods involve implementing a probabilistic model to retroactively
insert missed detections [44], learning an additional Re�nd Module [35] to bridge
these gaps, or 2D-to-3D lifting and performing motion forecasting in a bird's eye
view [11]. Nevertheless, these strategies remaino�ine [10,30] as they either al-
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ter predictions on past time steps or take into account future frames, limiting
their applicability in certain real-world scenarios. We introduce thus BUSCA, a
framework that can be built on top of any online TbD tracker to enhance its
continuity and consistency in a fully online fashion.

Fig. 2: The bottom-left panel depicts the tracking-by-detection (TbD) paradigm
(Sec. 3), where a track is paused when the detector fails to locate the object. To
address this issue, we integrate BUSCA into the online TbD tracker (Sec. 4) as shown
in the top-left panel. This allows for the extension of trajectories of undetected objects
by pairing them with proposals comprising candidates (B), contextual information (C)
and learned tokens (L ) (Sec. 4.2) via an innovative decision Transformer (Sec. 4.1).
Comprehensive details about the components of BUSCA are showcased in the right-
hand panel. The track observations and proposals fed to the decision Transformer are
made up of both appearance features (extracted with a convolutional backbone omit-
ted here for clarity) and spatiotemporal cues for time, size, and distance encoded in a
compact embedding through our novel spatiotemporal encoding (STE, Sec. 4.3).

3 TbD in a Nutshell

In the tracking by detection (TbD) paradigm, at a given frame a detector
�rst produces a set D = f X1– •••– X" g of " detections, with each detection
X8 = f 08– 28– l 8g is de�ned by its appearance08 (i.e., features of the image con-
tained in the coordinates), coordinates28 (object size and center location) and
con�dence scorel 8. These detections are used to propagate the position of a
set T = f g1– •••– g# g of # active tracks, each represented by a time-ordered set
g9 = ¹>9–1– • • • – >9–/º of observations>: = f 0: – 2: g over the past / frames.

D is compared with T , using coordinates and geometric cues [3, 67], ap-
pearance information [58], or both [45], yielding a cost matrix of size# � "
whose optimal assignments are determined through Hungarian matching [25].
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