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Introduction:

Structural health monitoring systems currently
operational are pushed to their limits due to the need
for safer, faster, and more cost-effective solutions to
the challenge of high-mobility sensing for rapid SHM
applications.
SHM traditionally involves dedicated equipment and
highly trained personnel.
Challenges of sensor deployment in remote areas,
hazardous conditions, or on damaged structures
causes delays in SHM.
Tasking humans with sensor placement can be costly
and dangerous due to unstable nature of decaying
structures.
Rapid structural health monitoring:
« Real-time data-driven process by which insight
into a structure’s health state is acquired.
« Safe And rapid means of sensor delivery
» Effective wireless systems for command and
communication.
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Introduction:

Challenges in UAV Sensor Deployment
* UAVs are often piloted by line of sight, which is not
always feasible in all SHM scenarios.
Sensor placement may occur in locations with limited
pilot visibility during navigation.
Spatial awareness is crucial to avoid collisions and -
ensure successful sensor delivery.
Deliverable is a rapid aerial sensor deployment system
* Incorporates wireless video streaming and
Electropermanent magnetic technology.
Redundancy measures to increase safety and _
reliability of aerial deployments. tim(::o(s)
Recovery cone to guide sensor packages into a i ,
magnetic docking station.
Offers multiple camera views for docking and
navigation.
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Ceiling effect:

Occurs when a rotating propeller is in
close proximity to a barrier such as a
ceiling

Pressure drop above propeller due to
impeded airflow

Registered to the UAV operator as a
sudden increase in lift or lack of (a)
adequate control propeller in open air propeller under ceiling effect
CFD simulations indicate the

formation of low pressure region
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Ceiling effect: '
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e Sensor deployment challenges in SHM:
* Rapid change in ceiling effect
* Pilot-induced isolations
* Degraded signal around metal structures
* Hazardous objects in flight path
* Lack of a clear line of site
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Elecropermanent magnet technology:

Single magnetic field
Two magnet fields

* South-South

* South-North
Magnet array field

Magnetic field is manipulated through
doping metal alloy

EPMs consume no power in either on
or off state.
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Sensor deployment system

Hexacopter UAV
Integrated EPMs for sensor mounting
Sensor recovery cone

Camera system for navigation and sensor alignment

& sensor housing

recovery cone

navigation camera

EPM #2

recovery cone

4| protective cover

EPM #]

deployment camera

sensor package

navigation camera

hexacopter UAV

deployment camera
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deployment surface

Experimental setup sensor package ——

* Structure is setup to simulate an I-beam of deployment C% /,-"’4——’-ﬁe?d Of\"lew (FOV)
a br|dge navigation camera

recovery conce \

Camera views are streamed into displays
views by the UAV operator

Sensor deployment period is recorded for
line of sight vs. streaming cameras . e e SCTISOT

package

Test is repeated to get an average time for

e Approach
* Deploy

* Retreat

Motion picture is used to track
e Structure
* Sensor package

* UAV

deployment surface
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Sensor delivery procedure

* UAV approaches the structure (a)

* Contact structure and deploy sensor (b)

* UAV disengages structure and retreat (c)

lEPM #2

m Off ON
m ON ON Off

z-axis position
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= Test Structure
=== Sensor Package
UAV
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On-board camera view Tdcpmymem Surtace
sensor package :
.’

* Navigate to structure deilosiiient caii ' _«——field of view (FOV)

* Locate sensor package /navnganon camera

recovery cone \

* Alight package with recovery cone

* Initiate EPM recovery sequence
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Sensor delivery timing

Trials indicate an average of 38% increase in sensor '

delivery speed. line of sight
camera-aided
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UAV operator indicate more special awareness during
approach

LI
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time (8)

Experiment showed significantly less failed
approaches

3
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No accidental contact with structure when cameras
are in use

approach deploy retreat
deployment stages
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Future work

« Automate delivery procedure
« Sensor network delivery
« Enhance streaming quality

deployment surface
sensor package

deployment camera 14—"" field of view (FOV)

navigation camera

recovery cone\
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