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Motivation
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Ô Autonomous Exploration and Inspection
of even unknown or partially known
environments .

Ô Autonomous complete coverage 3D
structural path planning

Ô Enable real -time dense reconstruction of
infrastructure

Ô Consistent mapping and re-mapping of
infrastructure to derive models and
detect change

Ô Long -endurance mission by exploiting the
ground robot battery capacity

Ô Aerial robots that autonomously inspect
our infrastructure or fields, detect
changes and risks.



Motivation
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Known Model to Compute Global 
Inspection Path

Unknown Model ðexecute 
Autonomous Exploration



The Basic Robot Loop
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Ô The environment and the structures to be inspected may be fully known geometrically :

Ô Perform optimized inspection path planning mission: find an optimized coverage route .

Ô The environment and the structured to be inspected may be unknown or only partially
known :

Ô Perform an efficient autonomous exploration mission.



The Basic Robot Loop
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Ô Methods to be presented :

Ô Optimized Inspection :

Ô Structural Inspection Planner via Iterative Viewpoint Alternation and Tour Optimization

Ô Rapidly exploring Random Tree-of -Trees

Ô Uniform Coverage Inspection Path Planning

Ô Autonomous Exploration

Ô Receding Horizon òNext-Best-ViewóPlanning



Basic Concepts of the Inspection Planner

Ô Main classes of existing 3D methods :

Ô Separated Approach (AGP + TSP or

Control)

Ô Prone to be suboptimal

Ô In specific cases lead to infeasible paths
(nonholonomic vehicles)

Ô Firstattempts for optimal solutions via a

unified cycle

Ô In specific cases can lead to the
optimal solution

Ô Very high CPU and Memory
Requirements & Time

Ô Structural Inspection Planner (SIP):

Ô Driven by the idea that with a

continuously sensing sensor, the number

of viewpoints is not necessarily important

but mostly their configuration in space .

Ô Not a minimal set of viewpoints but a set

of full coverage viewpoints positioned

such that the overall path gets

minimized .

Ô 2-step paradigm with viewpoint

alternation

Ô Guaranteed feasible paths for both

holonomic and nonholonomic vehicles
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First solution

Structural Inspection Planner (SIP)

Ö Load the mesh model

Ö k = 0

Ö Sample Initial Viewpoint Configurations (Viewpoint Sampler )

Ö Find a Collision -free path for all possible viewpoint combinations (BVS,RRT*)

Ö Populate the Cost Matrix and Solve the Traveling Salesman Problem (LKH)

Ö while running

Ö Re-sample Viewpoint Configurations (Viewpoint Sampler )

Ö Re-compute the Collision -free paths (BVS,RRT*)

Ö Re-populate the Cost Matrix and solve the new Traveling Salesman

Problem to update the current best inspection tour (LKH)

Ö k = k + 1

Ö end while

Ö Return BestTour, CostBestTour

Available 
Time

Optimized solutions
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SIP: Supported World Representations

Meshes [possibly downsampled ]

Octomap [possibly enlarged voxels]

Sampling -based and Collision -checking implemented

Not currently open -sourced

Supported in the open -sourced SIP

Same type of 
representation for both 
the inspection manifold 
as well as any obstacles
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SIP: Viewpoint Sampler

Ô Optimize Viewpoint Configurations

Ô Admissible viewpoints are optimized for distance to
the neighboring viewpoints

Ô To guarantee admissible viewpoints, the position
solution g = [x,y,z] is constrained to allow finding an

orientation for which the triangular face isvisible:

Ô Account for limited Field o f View by imposing a
revoluted 2D-cone constraint . This is a nonconvex
problem which is then convexified by dividing the
problem into Nc equal convex pieces .

Incidence angle 
constraints on a 

triangular surface

Camera constraints 

and convexification
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SIP: Viewpoint Sampler

Ô Sample 1 Viewpoint/Triangular face

Ô Minimize the sum of squared distances to the

preceding viewpoint gp
k-1, the subsequent

viewpoint g s
k-1 and the current viewpoint in the old

tour g k-1.

Ô The heading isdetermined according to :

While ensuring visibility, try to align 
the vehicle heading over a path

Incidence angle 
constraints on a 

triangular surface

Camera constraints 

and convexification

QP + Linear 
Constraints
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