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Cargo delivery using unmanned aerial systems 

(UAS) is a promising new mode of 

transportation. To materialize the benefit, a 

large number of vehicles need to be deployed, 

forming a dense traffic in a limited space.

This project produced a trajectory planning 

algorithm based on nonlinear optimization 

techniques to centrally coordinate 

trajectories for all vehicles traversing a 

shared two-dimensional space. 

INTRODUCTION

Å Provided an exact characterization of 

separation bounds in the discrete time

Å Developed an NLP-based algorithm for 

uninterrupted trajectory planning with 

feasibility guarantee

Å Proposed a set of 2D traffic flow metrics

KEY CONTRIBUTIONS

Figure: A snapshot of a simulated 2D traffic scene. Key 

challenges include: (1) Sustaining a continuous, safe and 

efficient traffic flow, (2) Quantifying the system's 

instantaneous and long-term efficiency.

PROBLEMS ADDRESSED RESULTS

Å Dynamic space layerization and management

Å Distributed schemes for trajectory computing

Å Robustness, resiliency and uncertainty 

management

FUTURE WORK

Trajectory planning (TP) model to minimize 

detour:

Figure: Density v.s. traffic efficiency indicators. 

The complexity of a system -wide trajectory planning 

problem is of the same order as the complexity of planning 

for the densest region of the entire space.

ÅExact bounds for discrete-time constraints

ÅCollision-free, deadlock-free trajectory with 
feasibility guarantee

ÅAccommodating new vehicle entry

ÅSpatial decomposition for large-scale 
applications

A deadlock occurred due 

to one-shot optimization

Deadlock is removed by 

successive optimization

A 30 vehicle circular 

layout

A dense traffic scene 

consisting of 70 vehicles.
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A small nonlinear model to solve for the 

optimal entry point:

Figure: Illustration of the new vehicle entry process

Figure: Computational efficiency v.s. traffic density


