Rui ZHOU, Yu FENG, Bin DI, Jiang ZHAOQO, Yan HU, 2020. Multi-UAV cooperative
target tracking with bounded noise for connectivity preservation. Frontiers of
Information Technology & Electronic Engineering, 21(10):1494-1503.
https://doi.org/10.1631/FITEE.1900617

Multi-UAV cooperative target tracking with
bounded noise for connectivity preservation

Key words: Multi-UAV cooperative target tracking; Network
connectivity; Kalman consensus filter; Bounded noise; Connectivity
preservation

Corresponding author: Jiang ZHAO
E-mail: jzhao@buaa.edu.cn
ORCID: https://orcid.org/0000-0002-9873-156X


https://doi.org/10.1631/FITEE.1900617

Motivation

1. In the multi-UAV cooperative target tracking problem, each UAV
in the network fuses others’ information through multi-hop
communication, so it is crucial to preserve network connectivity.
2. In multi-UAV cooperative target tracking, appropriate motion of
UAVs can increase the network’s information about the target; in
turn, the information increase would also affect the UAV motion
control.

3. Coupled estimation and motion control framework and
algorithms for mobile sensor network flocking were studied by
Olfati-Saber, but the coupled system was analyzed without taking
the input noise into account and the network connectivity was not
considered explicitly.



Main idea

1. The distributed Kalman consensus filter is presented, and the
boundedness of the estimation errors is analyzed.

2. With the estimation of the target state, we design a potential
function based distributed UAV controller that drives the network
to track a mobile target and also ensures communication link
maintenance and collision avoidance.

3. The stability and convergence of the coupled estimation and
motion control system are analyzed.



Method

1. The distributed Kalman consensus filter
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2. Motion control design of unmanned aerial vehicles
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Method (Cont’d)

3. Analysis of the coupled system

$.3' = Uy
v;i = —Vg. V(x, xp)
gt 9
i —|—F;Eag;1'1( Y o (v —wv ))
-Egn\'ri-ﬁgnﬂ'rc}
—C1Ly; — CaV; T+ 0 o

) qc. = P«
. . —
Pec = —c1(qc — qe) — c2(pe — pe) + 0,

Ye:mi=FEn +~PF; Z n; —ni) + Liw;

_?E.'\'E



Major results
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Fig. 1 Trajectories of the target and UAVs in Exam-
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Fig. 2 Inter-UAV distances in Example 1
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Major results (Cont’d)
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Fig. 5 Trajectories of the target and UAVs in Exam-
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Fig. 6 Inter-UAV distances in Example 2. Dashed
lines represent that there exist initial communication
links between UAVs, while solid lines represent that
there do not exist initial communication links between

UAVs
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Conclusions

1. The distributed potential-based UAV motion controller for
target tracking, connectivity maintenance, and collision
avoidance has been designed.

2. The analysis of the multi-UAV target tracking system which
iIntegrates estimation and motion control showed that the
network connectivity and collision avoidance can be
guaranteed, and that the estimation errors would converge.

3. For a mobile target with bounded noise as acceleration input,
the group of UAVs would track the target stably.
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