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Abstract  Built on the joint perception of multi-UAVs, collaborative Simultaneous Localization
And Mapping (SLAM) can construct an incremental global environment map by means of the
interaction and fusion of local maps, which can improve the accuracy, real-time and robustness of
multi-UAV task coordination. Aiming at the problem of efficient data sharing and utilization, and
the demand of fast, accurate and large scale area in cooperative SLAM of multi-UAVs, this paper
proposes a novel centralized architecture based multi-UAV collaborative SLAM method—
DSM-SLLAM (Data Sharing Oriented Multi-UAV Collaborative SLAM), to achieve the efficient
share and fusion. DSM-SLLAM innovatively proposes: (1) a two-step relocation mechanism based

on local map sharing, which achieves efficiently loop closure detection for the global map among
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multi-UAVs; (2) a map-fusion selection mechanism based on hierarchical clustering, which

improves the speed and accuracy of map fusion. The proposed method can not only enhance the

robustness performance of single UAV tracking and localization, but also can promote the collaborative
processing capability of the multi-UAV visual SLAM system. We implement our DSM-SLAM

system based on the Robot Operating System (ROS) and perform the experimental evaluation

based on the public KITTI dataset. The experimental results demonstrate that the proposed

DSM-SILAM can achieve relocalization of single UAV quickly and efficiently, and enhance the

integrity and accuracy of global map construction by the adaptive selection of data fusion.
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past, it was usually a single UAV that performed a certain
task independently. Due to the limitation of ability and range
of perception, single UAV can only perceive its local environ-

mental information and make action decision according to
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local information and its own state, so it is difficult to ensure of data sharing between UAVs, such as local maps, key-

the correctness of decision and system security. The limited
on-board computing resources can not deal with the reposi-
tioning problem in the case of target loss quickly. With the
increasing complexity of tasks and the higher requirements
for timeliness. single UAV can no longer meet the needs of
the applications in more and more occasions, such as disaster
monitor and emergency anomaly detection. In addition, single
UAV can easily cause the system to be unable to work properly
because of sensor failure, so it is necessary to improve the
security and robustness of the whole system. Multi-UAV
collaboration can expand the scope of tasks and improve task
execution efficiency. Therefore, multi-UAV collaboration in
the past two years is becoming a research hotspot and
application trend.

Simultaneous Localization And Mapping (SLAM) refers
to the computational problem of constructing or updating a
map of an unknown environment while simultaneously
keeping track of an agent’s location within it from a steam of
sensor data. SLAM is the basis of the autonomous operation
of UAVs, especially in the unknown environment. At present,
single UAV SLAM, especially visual camera-based single
UAV SLAM, has made great progress in both academic field
and industry. But the main direction of researchers still
concentrates more on single UAV SLAM currently. Research
on multi-UAV collaborative SLAM is relatively rare.

Compared with the single UAV SLAM, the core of

multi-UAV collaborative SLAM is how to solve the problem

frames and so on. This paper makes preliminary research and
experiment on the multi-UAV collaborative SLAM based on
vision. Aiming at the problem of sharing data between UAV's
during tracking lost and map fusion, this paper proposes a
collaborative multi-UAV  SLAM {ramework-Date
Sharing Multi-UAYV visual SLAM (DSM-SLLAM) based on a

robust

centralized architecture.

Based on a central server, DSM-SILAM is enabled to realize
the interaction, sharing and fusion of the local environmental
data among multiple UAV's and the construction of incremental
global maps. In this paper, DSM-SLAM achieves two goals:
(1) Tt realizes a two-step relocation method combining rough
positioning on a server and precise positioning on UAVs to
assist the UAVs to quickly and accurately restore tracking
and positioning in the event of abnormal conditions. (2) Based
on hierarchical clustering, it proposes and implements a
method for dynamically and adaptively selecting the order of
map fusion, which improves the ability of data processing of
multi-UAV visual SLAM system. Finally, a collaborative
SLAM prototype system for DSM-SLAM is implemented
based on ROS, and experiments are carried out on the open
KITTI dataset to verify the effectiveness of the system.
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