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Abstract: Objective Wide-area persistent surveillance is crucial for a broad range of applications, including maritime traf-
fic monitoring, air traffic surveillance, emergency response, and national security. Compared with ground-based, air-
borne, radar-based, and other observation systems, video satellites feature extensive spatial coverage and are subject to

fewer constraints in data acquisition, providing valuable observations for multi-object tracking (MOT) in complex scenes.
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In recent years, satellite video object tracking has received increasing attention, with continued advances in tracking meth-
ods and benchmark datasets. However, most existing studies focus on continuous observation by a single satellite.
Restricted by satellite orbital motion, imaging field of view, staring capability, and other factors, the continuous observa-
tion window of a single satellite typically lasts only tens of seconds, making it difficult to fully characterize the long-term
spatiotemporal evolution of objects. With the rapid development of satellite constellations, Earth observation is shifting
from independent single-satellite observation toward cooperative multi-satellite observation. Multiple satellites can succes-
sively observe the same objects at different times, orbital positions, and viewing angles, thereby improving the temporal
continuity and spatial coverage of observations. In practice, however, successive multi-satellite imaging is constrained by
factors such as constellation resource scheduling, orbital distribution, satellite overpass times, and attitude maneuvering
capabilities. Consequently, observations acquired by different satellites are generally discontinuous in time, with temporal
gaps frequently occurring between adjacent observation segments, making it difficult to maintain trajectory continuity and
identity consistency. Therefore, fully exploiting multi-satellite cooperative observation to achieve cross-satellite object asso-
ciation and long-term continuous tracking remains a key challenge in Earth observation. To support research on this chal-
lenge, we construct BatonTrackl. O, the first benchmark dataset for multi-object tracking under multi-satellite cooperative
observation. Method BatonTrackl. O is built from real successive observations acquired by three Jilin-1 video satellites
(GF03C01, GF03C02, and GF03C03) at two representative aviation hubs, Abu Dhabi Airport and New Delhi Airport,
with coverage spanning key functional areas, including runways, taxiways, aprons, and arrival and departure zones. Each
video segment lasts approximately 14 s and has a frame rate of 5 frames per second (fps). Since the satellite overpasses are
not temporally contiguous, adjacent video segments contain observation gaps ranging from approximately 1 min 44 s to 2
min 1 s. To preserve the continuity of object motion across successive satellite observations, we construct cross-satellite
multi-object tracking sequences by dynamically cropping each segment according to the locations of the objects, ratherthan
extracting the same fixed geographic area across all segments. Each sequence is annotated with both standard multi-object
tracking labels and cross-segment spatiotemporal annotations, including object locations, identity labels, frame time-
stamps, and inter-segment projection transformations. As BatonTrackl. O is constructed from real successive multi-satellite
observations, it is relatively limited in scale. We therefore construct an additional simulated multi-satellite video dataset
based on the SAT-MTB dataset for training, and reserve BatonTrackl1. O exclusively for testing to evaluate algorithm perfor-
mance under real-world multi-satellite observation conditions. We benchmark 12 representative multi-object tracking algo-
rithms that rely on motion cues, appearance cues, or both for object association. Unlike conventional multi-object tracking
under single-satellite observation, multi-object tracking under multi-satellite cooperative observation requires algorithms to
maintain trajectory continuity within individual observation segments while preserving object identities across segments. To
determine where the primary performance bottleneck lies in this task, we report results for both complete cross-satellite
sequences and isolated single-satellite video segments. Result BatonTrack1. O contains 8 multi-object tracking sequences,
with each comprising two or three satellite video segments. The spatial coverage of each segment is dynamically adjusted
according to the locations of the objects, and the segments correspond to temporally non-overlapping short-term observation
windows. All video frames have a spatial resolution of 1,000x1, 000 pixels. Together, the sequences contain annotations
for 192 aircraft, covering typical operational states such as takeoff, landing and taxiing. Existing methods exhibit favorable
performance in object localization and short-term tracking within individual satellite video segments, but struggle to main-
tain identity consistency across segments acquired by different satellites. A comparison between complete-sequence and
individual-segment evaluations shows that Multiple Object Tracking Accuracy (MOTA) , which is strongly influenced by
detection performance, differs only slightly, whereas Identity Switches (IDS) , which reflect identity association errors,
decrease substantially under individual-segment evaluation. It can be attributed to three main factors. First, temporal gaps
occur between adjacent satellite video segments, during which objects remain unobserved while continuing to move,
thereby reducing the reliability of trajectory prediction based on short-term motion continuity. Second, disparities in view-
ing angles, imaging geometry, and spatial coverage across satellites lead to significant object position shifts between seg-
ments, further complicating cross-segment identity association. In addition, aircraft appear as tiny objects with limited tex-

tural detail in satellite imagery, weakening appearance-based identity discrimination. When multiple visually similar air-
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craft congregate on taxiways, runways, or aprons, association strategies relying solely on local motion cues or appearance
similarity are prone to identity confusion. Therefore, robust and reliable identity association across video segments under
temporal discontinuities , viewpoint variations, and weak appearance representations remains an important unresolved prob-
lem in multi-object tracking with successive multi-satellite observations. Future research could integrate scene priors,
object attributes and behavioral states, long-term trajectory prediction, and inter-object relationship modeling to improve
the reliability and robustness of persistent monitoring of objects in multi-satellite observation scenarios. Conclusion We
propose BatonTrackl. 0, the first public benchmark dataset tailored for multi-object tracking under cooperative multi-
satellite observation. Derived from real-world sequential satellite data, BatonTrackl. O provides a standardized foundation
to develop, validate, and compare advanced algorithms capable of preserving object identities across spatial-temporal
gaps. BatonTrackl. O is publicly available athttps://doi. org/10. 57760/sciencedb. 46325. In future work, we will further
expand the dataset with real multi-satellite cooperative observation sequences, broaden its coverage of observation sce-
narios and object categories, and include more samples spanning diverse temporal gaps, viewpoint variations, and imaging
geomelries.
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Fig. 1 Illustration of object tracking under multi-satellite coop-

erative observation.
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Table 1 Comparison of BatonTrackl. 0 with existing satel-

lite video object tracking datasets
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Fig. 2 Two examples of multi-satellite cooperative observation

sequences from BatonTrack1. 0.
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Fig. 3 Visualization of tracking results of TOPIC and TrackTrack on two examples of multi-satellite cooperative observation sequences
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