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UAV Platforms i

Research Institute

Multiple platforms have been tested
T Focus on flexible, lower cost platforms

Bergen Hexacopter & Quad-8

i Price: $4,500 to $6,200
i Flight time: 20 min
T Payload: up to 4.5 kg (~10 Ibs)

T Hexacopter first tested on USDOT OST-R CRS&SI project on
Unpaved Road Assessment project http://www.mtri.org/unpaved/

Aerostat / Tethered Blimp
i Test system: $1500 (higher winds version ~$4,500)

Imaging small quadcopters (<s1600)
i DJI Phantom 3 Advanced i '
i 3D Robotics IRIS+
i Mariner, Splash2 (waterproof)
T DJI Mavic Pro

Micro-UAS quadcopters
I Confined space imaging
i <$500
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= Optical Sensor

reseschmstitate ) 106 Structure-from-Motion (SfM) photogrammetry

June 15 2017
| Nikon D810 Orthophoto
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ISTR 7587
Built 1965

Length = 169.0 ft
\Width = 42.9 ft
Spans =3

Creating 3D data from overlapping images

Nikon D800, D810 i full-sized (FX) sensor, 36.3 MP, 4 fps - $3,000
50mm prime lens - $700

Collect stereo overlapping imagery to create cm-resolution 3D surfaces
I Structure from Motion (SfM) photogrammetry
I AgiSoft Photoscan

T MTRI SfM software workflow

Demonstrated on USDOT unpaved roads project (CRS&SI i C.Singh)
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</>7»5l Optical SeNsSOor. small quadcopter cameras for

basemap & corridor imaging, bridge components, &
Research Institute trafflc VldeO

Small cameras on board DJI l.lll_

Mavic Pro & Phantom small
guadcopters + Mariner series

Provide 12-20 mp images &
up to 4K video

Useful for making basemaps
of sites

Imaging fascia & undersides
of bridges

Recording traffic V|deo for
anaIyS|s g B
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Thermal Sensors

Research Institute

- Sensitive to 7.5 - 13.5 pm,
within 5% of reading

FLIR Tau 21 640 x 512
sensor

FLIR Vue Pro & Pro R -640 x
512 sensor (Pro R -
Radiometric version, ~$5400)

FLIR Duo i 160x120, $999
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LIDAR for 3D bridge & road models

Research Institute

Velodyne LIDAR Puck (-sski now $4k) B :
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Example sensing data sets & results
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UAV Data - Beyer Rd Bridge | [ |~
12/30/16 Orthophoto

Focus on corridor & bridge e S
data in s. Michigan il | weal e I

Collected data from 5
bridges, 2 highway
corridors in Phase Il project;
2 bridges in Phase |

Demonstrated both
overhead (nadir) and offset i =aser |
(oblique) data collections o ;

i UAS deployment more practical
with oblique data collections

i Current FAA rules do not allow
operation of UAS over moving
traffic, people (Part 107)

I Waiver process possible




T Seven standard geospatial outputs for
UAS sensing of bridge decks
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] Orthoimage Hillshade Thermal Spalls  Delaminations ~ Point Cloud

Detected

Optical Thermal Hillshade Detected Spalls Delaminations Point Cloud
— — — > > =
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Automated spall detection
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Automated spall detection
algorithm (developed by
Brooks, Dobson, Aden,
Graham)

Applied to high-resolution
3D elevation model (DEM)
of bridges created from f
UAS images US 31 Bridge Deck

Time Comparison
Merriman East: 4.4% i
spalled (150.0 ft?)

US-31/White River: 79.2 ft?
(1.1%) spalling in 2017 vs.
33.6 ft? (0.5%) in 2014
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Thermal Algorithm for Delamination Detection

Thermal delamination analysis tool
i Developed an ArcPy tool based on the thermal-visible algorithm
i User friendly (i. e. through standard ArcGIS Tool GUI)

ArcToolbox

[ ArcToolbex
@ 3D Analyst Tools
@ Analysis Tools
&9 Cartography Tools
@ Conversion Tools
@ Data Interoperability Tools
&9 Data Management Tools
&3 Editing Teols
&3 ENVI Tools
& Geocoding Tools
&3 Geostatistical Analyst Tools
= B GIS-TISSA

E GIS-TISSA
&3 Linear Referencing Tools
@ Multidimensicn Tools
@ MNetwork Analyst Tools
&9 Parcel Fabric Tools
@ Schematics Tools
% Server Tools
&9 Spatial Analyst Tools
m Spatial Statistics Tools

= g’ Thermal delamination analysis tool # Vi

Z" Thermal delamination main analysis = | B |d S

K fl Thermal delamination main analysis p2=a

&3 Tracking Analyst Tools

|
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soxes\The
liew En - . . -
% Thermal raster Thermal delamination
main analysis
® Visible raster )
This ArcPy Toolbox can be used
to detect delaminations in
% Thermal window size in pixels concrete based on thermal and
visible imagery. See the manual
@ Visible window size in pixels for a description of all the tool

inputs. Further questions can be
directed at Rudiger Escobar
Wolf (rpescoba@mtu.edu)

Michigan Tech University.
% Mumber of standard deviations above mean for thermal October 2017

% Mumber of standard deviations above mean for visible

® MNumber of adjacent pixels in visible

% MNumber of adjacent pixels in thermal

% Area threshold for small areas

[ oK ] l Cancel ] [Envirnnments... ] [ << Hide Help ] [ Tool Help
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Analyzing thermal results

UA
STR# 9293 Sa¢

Total Area of Sounding
Survey Polygons
=313sqft

Sounding Survey Polygons
(likely delaminations)

==

Nikon D800 Imagery
11/14/16

Compare results to traditional
hammer sounding & chain drag methods
(NDT)

Beyer Road Bridge Delaminations

FLIR View Pro 640 and
Thermal-Optical Algorithm Results

+

Thermal-Optical Algorithm Results
Compared to Sounding Survey

UAV Data

Uncle Henry Rd Bridge
STR#9289 Saginaw, M|
November-December, 2016

Total Area of Sounding
Survey Polygons = 188 sq ft
[ sounding survey polygons ikely delaminations)

11/14/16

FLIR View Pro 640
Thermal Data
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FLIR View Pro 11/14 &

Delaminati pped from the bined thermal-optical Del
algorithm shown on the FLIR View Pro 640 Thermal

Data (11/14/16) on DJI Phantom Imagery (12/30/16)

pped from the |-optical
algorithm compared to results from the sounding survey
(likely delaminations) on DJI Phantom Imagery12/30/16
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Quantitative thermal analysis results

UAV Data

Uncle Henry Rd Bridge
Thermal - Optical Algorithm
Derived Delaminations
Sounding Survey 12/30/16
Thermal Imaging 11/14/16

STR#9289 Saginaw, Ml

- Area Excluded From Analysis
‘ 1 Thermal - Optical Algorithm Delaminations

1 2 4 Meters

Existing thermal method: ASTM D4788 - 03(2013)

Infrared Thermography
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Beyer Rd Bridge quantitative results
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UAV Data - Beyer Rd Bridge | % ¢
Sounding Survey 12/30/16 ; o N e
Algorithimic Delaminations : |

Thermal Data 11/14/16
Str#9293 Saginaw, Ml

0 10 20

9
Total Area of Sounding Survey
Polygons = 313.28 sq ft

Total Area of Delamination
Polygons = 92.73 sq ft

|:| Sounding Survey Polygon

Detected Delamination

- Exclusion Zone

Warm Delamination
l Polygon Area Sounding Survey
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<R US-31 White River Bridge & corridor -
Nikon D810 DEM + Hillshade

US 31 White River Bridge
June 152017
Digital Elevation Model i
+ Hillshade Ry
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US-31 White River Bridge - Spall
Progression
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US 31 Bridge Deck e
Time Comparison (2%

Bridge Area - 7,250ft2

Spall Areas N o 50 100 Feet
2014 - 33.6 t2 (0.5% of the bridge deck) A : ; . L -

2017 - 79.2 ft2 (1.1% of the bridge deck) 0 15 30 Meters
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<72 US-317 crack comparisons (Nikon D810

WehigenTeeh ) imagery)

US 31 Surface Cracking
Nikon D810
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<72 Underside of US-31/White River bridge i
VIERERER ) Splash2 drone

Application worked, but Splash2 needs further development
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Cost-Benefit Analysis results
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Distress: Delamination NDT Technique
sq ft

Calculated Net Present UAV CD and HS
53.59 e 188.0
Value (NPV) of treatment 92.73 313.28
COsSts
UAV-enabled thermal
. . Bridge Uncle Henry Beyer Road
analysis techniques are _ Road
finding smaller areas of R
delamination distress than s | roor | Ry [ Feor
. .
NDT technlques (Chaln $10,438  $35,614 $18,061 $61,016
dragglng-CD/hammer Concrete Overlay $1,184 $4,152  $2,048  $6,919
sounding-HS) T
] ] Asphaltic concrete overlay without $447 $1,569 $774 $2,615
Better estimation of
. . Asphaltic concrete overlay with $723 $3,364  $1,250  $4,224
amounts of distress using
U AVS can he|p |Ower $1,337 $4,688  $2,313  $7,813
maintenance costs
I Repair smaller, more Patching - $10,438 vs. $35,614 1 70% less

precise areas

19



Managing Processed Datasets:
Collected vs. final sizes
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8 GB
(total data collected)

Beyer Rd.

37 MB
(merged scene)

1.72 GB
(total data collected)

Uncle Henry

54 MB
(merged scene)

25 GB
(total data collected)

Holton Road

6 GB
(merged scene)

285 MB
(total data collected)

120 KB
(merged scene)

220 MB
(total data collected)

120 KB
(merged scene)

Vue Pro
600 MB
(total data collected)

730 KB
(merged scene)

Vue Pro R
540 MB
(total data collected)

660 KB
(merged scene)

US31 / White River

Gordonville

17 GB
(total data collected)

5 GB
(merged scene)
70% less space

5.8 GB
(total data collected)

64 MB
(merged scene)

Vue ProRi AM
1GB
(total data collection)

2.5MB
(merged scene 1
corridor)

20 KB
(merged scene T
bridge

Vue ProRi PM
500 MB
(total data collection)

4.5 MB
(merged scene 1
corridor)

25 KB

(merged scene i
bridge

315 MB
(total data collected)

675 KB
(merged scene)

20
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ASPRS & NCHRP Accuracy Statements

Research Institute

Datasets are documented
using both ASPRS and
NCHRP accuracy standards.
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