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Motivation 

ÅMany civilian applications can 
benefit from deploying a human-
robot team consisting of several 
small USVs and one or more 
human supervisors 

Reduces costs 

Improves safety 

Increases operational efficiencies  

 

ÅRepresentative applications: 
Remote/persistent ocean 
sensing 

Marine search and rescue 

Maritime operations in 
congested port environments 

Industrial offshore supply and 
support Unmanned Surface Vehicle (USV) 



Planning Challenges 

ÁNeed to consider and utilize underlying physics 

ÁNeed to optimize planning time 

ÁNeed to proactively manage risk 

https://youtu.be/ePDoCPi06rk?t=16s 
 

https://youtu.be/ePDoCPi06rk?t=16s


Research Areas 

Risk-aware, COLREGs-

compliant trajectory planning 

Planning for target following 

with motion prediction 

Long distance path planning Energy efficient path planning On-Line Task Decomposition 

for Collaborative Surveillance 

Dynamics-Aware Reactive 

Trajectory Planning 



System Architecture 



Overview 

ÁDevelop an optimal long distance path 
planner that uses A* on visibility graph 
defined over quadtrees 

ÁDevelop an path planning algorithm 
that uses the weather forecast and 
generate energy efficient paths in time-
varying flow fields (e.g. ocean currents) 

ÁGenerate a meta-model of USVôs 
dynamics and PID / LQR / 
backstepping controller 

ÁDevelop a global, resolution-adaptive, 
dynamically-feasible, COLREGs-
compliant, 5D trajectory planner 

ÁDemonstrate capabilities of the planner 
by performing simulation and physical 
experiments 
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Task decomposition for collaborative 
surveillance by multiple USVs 

Presented at Conference IDETC 2017 



ÁDeploying a team of robots instead of a single 

robot can improve safety, increase operational 

efficiencies, and significantly reduce costs. 

ÁCollaborative tasks involving one or more team(s) 

of robots require spatial partitioning of the region 

of interest. 

ÁDecomposition of tasks among team(s) of robots 

is a very challenging problem because: 

Imperfect information of the environment 

Changing environmental conditions 

Varying performance of the robot as a result 

of its interaction with the environment 

Risk of collision with external entities (e.g., 

civilian traffic) 

Introduction 



ÁA sample frontier based area expansion of a single USV is shown 

ÁThe cells lying inside region of interest show the values obtained from 

velocity map 

ÁThese values are used to explore the frontier cells in the next time step 

ÁBut our algorithm only focuses on generating equitable area partitions 

Task Decomposition through Frontier- 
based Exploration 

ÁThe coverage trajectories arising out 

of this area exploration technique is 

not outputted as a result 



ÁSince all USVs expand their areas, the USV that finishes last is the 

bottleneck agent 

ÁTime taken by the bottleneck USV is minimized using particle Swarm 

Optimization algorithm 

ÁThe optimization variable is only considered to be the initial placement of 

the USVs along the region boundary 

ÁSuppose USV Ὗ_Ὥ finishes in time ὸ_ὭὪ. Then we optimize the time ὸ_ὪὭὲὭ
ίὬ taken by bottleneck agent Ὥ̂z  given by 

Bottleneck Optimization 



Illustrative Examples 



Long Distance Path Planner 

Presented at Conference ICAPS 2016 

Submitted in Journal Autonomous Robots 



Topography of a complex environment 

ÁUSVs are increasingly being used on 

long missions with large operating space 

and time 

ÁThe real-world scenarios comprises of 

complex polygons  and cannot be 

represented by standard geometrical 

shapes 

ÁThe available free space in marine 

environment changes over time: 

- Low tides may make it infeasible to go 

through shallow waters 

- Environmental restrictions may present 

the USVs to go through certain protected 

marine regions for certain periods 

- Weather induced waves may prohibit 

traveling over certain areas due to high 

collision risks 

Introduction 

Quadtree representation of polygon 


