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Multi-robot Task Assignment for Aerial Tracking
with Viewpoint Constraints

Aaron Ray1, Alyssa Pierson1, Hai Zhu2, Javier Alonso-Mora2, Daniela Rus1

Abstract� We address the problem of assigning a team of
drones to autonomously capture a set desired shots of a dynamic
target in the presence of obstacles. We present a two-stage
planning pipeline that generates of�ine an assignment of drone
to shots and locally optimizes online the viewpoint. Given
desired shot parameters, the high-level planner uses a visibility
heuristic to predict good times for capturing each shot and uses
an Integer Linear Program to compute drone assignments. An
online Model Predictive Control algorithm uses the assignments
as reference to capture the shots. The algorithm is validated in
hardware with a pair of drones and a remote controlled car.

I. INTRODUCTION

We wish to develop algorithms for coordinating heteroge-
neous systems of aerial and ground agents when the ground
agents are not cooperating with the aerial vehicles. One class
of problems within this broad scope is following a ground-
based moving agent (e.g. robot or human) with an aerial
vehicle, subject to constraints such as �keep a certain feature
of the agent in the �eld of view while avoiding environmental
obstacles�. This problem is challenging because it requires a
real time adaptive solution for the local control with global
objectives and constraints. Practical and robust solutions
will enable new applications such as autonomous drone
videography that go beyond today’s recording capabilities.
Current drone videography can follow an actor. In this paper
we describe a solution that supports �ner-grain speci�cations,
such as �keep the actor’s face in the �eld of view�. The
solution has to combine real-time local response with global
planning to accommodate the presence of obstacles (e.g.
avoid bridges).

More speci�cally, we enable a team of videography drones
to autonomously track and capture a sequence of desired
shots of a moving target such as a ground robot or a
person. Framing a scene for videography is a complicated
process that depends on a range of aesthetic preferences of
the videographer. However, many of the important framing
primitives can be distilled into a small set of parameters that
de�ne the camera’s desired viewpoint, such as size of the
target in the frame, position of the target in the image, and
position of the camera relative to the target. We would like
for a videographer to be able to specify a set of desired
shots based on these parameters, and have the team of drones
determine the best trajectories for capturing the video of the
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Fig. 1. Viewpoint from a videography drone looking at a target (red).
Another drone (yellow) optimizes the capture of a different shot while
avoiding occlusions from obstacles (blue).

subject as it moves through the environment. We assume
access to a good prediction of the subject’s motion, as
otherwise there is little use in pre-planning long sequences
of shots.

We present a two-stage viewpoint optimization pipeline
that enables a team of drones to capture a series of shots
that match desired aesthetic qualities. A high-level planner
uses a visibility heuristic and an Integer Linear Program
(ILP) optimization routine to choose when each drone should
capture which shot. This assignment results in a reference
trajectory that can be tracked by an online Model Predictive
Control (MPC) algorithm with a cost function based on the
speci�ed viewpoint parameters. The controller can locally
optimize the drones’ trajectories to account for stochastic
target motion. We demonstrate a videography scenario with
a pair of drones assigned to capture several shots of a remote
controlled racecar in the presence of ellipsoidal obstacles.

Related work A large body of literature exists related
to de�ning shot aesthetics for a videography drone [1].
These works explore parameterizing desired shot qualities
and controls [2][3][4][5], feasibility of dynamic shots [6],
and assigning sequences of shots [7][8]. Other work as
focused on algorithmic frameworks for helping directors
achieve desirable aesthetic qualities of their shots[9][10].

Drone videography requires precise motion planning and
control algorithms to achieve the de�ned aesthetic objec-
tives. One common approach solves a constrained nonlinear
optimization in a receding horizon fashion [11], [12], [13].
Other approaches optimize for trajectory smoothness [14],
focus on a series of static landmarks [15], or use deep
reinforcement learning [16]. More generally, the problem of
tracking multiple subjects is similar to persistent monitoring
[17], [18]; patrolling and surveillance [19], [20], [21], [22];
and pursuer-evader games [23], [24], [25] .

Contributions We build upon the authors’ previous work
in [12] and focus on the problem of optimizing sequences
of shots from multiple cameras and perspectives subject to
constraints. In contrast to [12] and other recent work [16][26]
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