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ABSTRACT

This paper presents a distributed optimization method for informative trajectory 
planning in multi-target tracking problems. The purpose of such problems is to 
optimize a sequence of waypoints/control inputs of mobile sensors over a certain 
future time step to minimize the uncertainty of targets. Existing local trajectory 
optimization based algorithms focus on non-myopic planning of mobile sensors rather 
than solving task assignment problems. In contrast, two-phase approaches were 
developed for the purpose of scalable task assignment rather than non-myopic 
trajectory planning. Such approaches approximate the original cost function or use 
intuitive values that can be indirectly related to the estimation performance for task 
assignment. Thus, they can provide a local optimal solution even in the myopic 
trajectory planning problems. Moreover, the two-phase approaches use the information 
of targets at the planning time to assign tasks, making them unsuitable for 
non-myopic trajectory planning problems that require consideration of changes in target 
states over time and mobile platform mobility. This work aims to bridge the gap 
between preliminary work on non-myopic trajectory planning and task assignment. In 
the trajectory planning problem for multiple target tracking, it is necessary to 
determine which mobile sensors should track which targets, in what order targets 
should be tracked and how much time should be devoted to on each target. To the 
best of our knowledge, no attempt has been made to handle both non-myopic 
trajectory planning and task assignment in multi-target tracking problems 
simultaneously while considering constraints of the sensor platform mobility and a 
change in target states over time.

The main contribution of this paper is two-fold. First, we propose a new informative 
trajectory planning algorithm for multi-target tracking problems by combining a local 
trajectory optimization method and the alternating direction method of multipliers  
(ADMM). To circumvent solving task assignment problem that is hard to even 
configure in the non-myopic trajectory planning problem, we reconstruct the trajectory 
optimization problem for multitarget tracking as a trajectory optimization problem for 
each target and use ADMM to couple subproblems for each target. The coupling 
based on ADMM not only enables the results of each subproblem to be reflected in 
the trajectory optimization process of the other subproblems, but also guides the 
results of the subproblems to converge to the same solution. Specifically, the 
trajectories resulting from the subproblems for each target are deformed to improve 
the estimation performance for the target as well as the overall target during the 
specified planning time. In the process, the targets are automatically assigned to the 



mobile sensors. Consequently, our distributed framework enables decision making to be 
integrated into the trajectory optimization process, which means that task assignments 
and non-myopic trajectory planning problems can be solved simultaneously without the 
aid of any task assignment algorithm. Within our distributed framework, we use a 
second-order local trajectory optimization method to optimize trajectory, which is 
known to be more stable and faster than a first-order local trajectory optimization 
method commonly used for trajectory planning. We also devise an initial guess 
generator for fixed-wing Unmanned Aerial Vehicle (UAV) dynamics with directional 
sensors to improve the solution quality and convergence speed of the local trajectory 
optimization algorithm. Second, we propose a receding horizon control (RHC) scheme 
and an edge cutting method for real-time implementation of the proposed algorithm. 
Our RHC scheme makes it possible to plan the future trajectory taking into account 
the computation time of the trajectory optimization algorithm, which includes motion 
estimation of the targets. The edge-cutting method serves to reduce the dimension of 
subproblems during the optimization process. If the tuning parameters are set 
appropriately, the edge-cutting method reduces the computation time of the algorithm 
while yielding the same result as when it is not applied.

  


