e Inspections Utilizing
S - Implementation
Program

r Wells, PE - Minnesota State Bridge Inspection Engineer



entation OQutcomes

lerstand Benefits and Limitations

rn current and future drone technologies that are effective fo
ge inspection

erstanding of how to successfully implement drone technolo

erstand the costs associated with implementing drones and 1
- savings that can be realized compared to traditional method

lerstand drone data needs
lerstand how to utilize drone data into digital twins



essment of UAS Technology

1spection-specific UAS |
)bject Sensing

apable of looking up
ly without GPS, under bridge decks
hoto, Video and Thermal Imaging

onfined Space %




ssment of UAS Technology

ymercial Drones (520,000 -
000)

tel Falcon 8+
| Matrice 210
yability Elios
ofits

nsor Size

liability

Dual Batteries

irability
Irpose Built for Inspection



ssment of UAS Technology

isumer Level Drones (S500
000)

Il Mavic

Object Avoidance

arrot Anafi Limitations
Thermal - Non-professional perception
efits - Reliability

- Small sensor sizes
- Less sophisticated flight
planning

)W COSt
nmall size
lore risk tolerance
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ssment of UAS Technology

veller Aeropoints

itomatic Ground Control
ints

ovides precision ground
ntrol

Ids ability to accurately
olocate assets and
spection results




lge Inspection Goals

nspection Planning

detect Conditions and Deficiencies
Jocument

“ommunicate



spection Planning with UAS
ht Planning

Project  Flightplan  Data Help

s g o ; S 4 4 Project: High Bridge &b

Building_2019-06-09_17-33-02 ¥ @

Add area of interest

~ Summary
E Timetofly:  Distance: Images:
00:50:49  4.93mi 1555 ¢

& wx ~ Building 1 w
: : - Height of object:
")“‘* 0F o [~T=]
-_— Resolution

e ==

¥ Distance from object
o | |‘\'\433h ‘v‘ ~ ‘@

Flight direction:

\||“| IH""" { Tlcn “‘""‘

i \
[T : >
ST - Set direction
L ;
| o .
) F
Pr I

Area:
20.057 ac

| Done ‘ ‘QEd\(ad\ran(Edparame[Ers

S > General plan settings
> Take-off position
> Hardware

‘_ Save flight plan - Export...
ol croc ]




etection of Defects and Deficiencies

se UAS as an access tool

aditional Access Tools

Aerial Work Platforms (AWP’s)

Rope Access and Structure
Climbing

Ladders

Binoculars




ocument Conditions and Deficiencies

ality Modeling Software
Pix4D
Context Capture

out
Images

Ground Control

Itput
Orthomosaics
GeoTIFF, DSM, DTM
Point Clouds
Classified by Al

3D Mesh

CAD

L —




scument Conditions and Deficiencies

verables — Orthomosaic

= @ Dunwoody Bridge 27831A Deck BB Fies € DOWNLOAD <« SHARE

Q Layers ADD ANNOTATION LAYER Inspection

Q, Filter by name ortag... DSC02398_156129... |:] ! =

W Annotations 2
b M Element 300
/ Line 181
/ EastJoint
/ Pier 15A Joint
/ Joint Filled with Debris
v [0 W Delamination

M 11 Poly

. R e Polygon 5
[/ SAVE INSPECTION AS ANNOTATIO
. 0 We found 19 images matching the
5 & selected point of the model. They will
/| be included in the inspection
o . ;
_ oy annotation.
[V Iy >
. KX Q
¢ - 4 Name
I 4 M) - I 44.97134° N93.29724° W Elevation: - Q Inspection

PenStreetMap [Improve this map




ommuhnicate Conditions and Deficiencies

aditional Reporting

BR 3459 -- Span #3 Field Notes

Location

Morth (upstream) Truss

South (downstream) Truss

L0-L1 Bottom Chord
(4 angles, 5" x 3-1/2"
® 5‘;1 E_ll:-'

[2004] Bottom chord angles reinforcad
(bolted plates) at LO, L1 and at the
center,

[2008] Thera is pitting and section loss
(painted over) just west of the center
section reinforced im 1994 - the
horizontal legs of the two exterior
angles have rusted through.

[2011] Mo change.,

[2015] Through corrasion top horzontal
leg of bottom exterior angle west of
retro fit.

[2017] Pitting on the upper legs of
the chord inside the panel point.
(Phato 20)

[2008] Upper angle iz bent at mid-
panal. [2008] The horizontal legs of the
Iruss bottom chord anales have pack
rust (minor section loss) at LO. [2008]
The vertical leg of the bottom interior
angle has pack rust (section loss) along
the edge of the interior L0 gusseat plate.
[2011] Mo change.

[2015] Pitting 316" deap at LO, Through
corrosion an bottom interior angle
honzontal leg inside panel point LO.
Pitting 4" deep on top interior
horizontal legs inside L1.

LO-L1 Lower Lateral
Bracing

[2004] Lower lateral bracing members replaced.

[2011-2015] No deficiencies noted,

L1 Gusset Plates

[2004] Repainted - LO/L1 & L1/L2
connections reinforcad (bolted plates),
[2011] Mo deficiencies noted.

[2004] Repainted. [2010] Minor
COrrosion.
[2011] Mo change

(172 thick) [2013-2015] 1/8° bow on EGP from PR. | [2013-2015] IGF has 1/4” PR distortion
over upper angle of lower chord, E side.
[2008] Vertical has minor section loss at | [2011] Mo deficiencies noted.
L1. [2015] Paint failure throughout.
L1-U1 Vertical [2011] Mo deficiencies noted. [2013] NC
(4 angles, 3" x 2-1/2" | to section loss @ L1.
x 1/4”) [2013-2015] Paint failures over upper

half of W face of both flanges.
[2017] 3/16" pitting at L1N (Photo 21)




ymmunicate Conditions and Deficiencies

W Tettegouche Bridge 3459 /' BB ries @ DOWNLOAD <

9 L2-1.3 Bottom Chord (4 angles, 6" x 4™ x

L2-1 3 Bottom Chord (4 angles, 6" x 4" x 7/16")

[2017] 1/4" pitting on the upper leg inside L3S.

Measurements
47.33714°N91.19981° W
3095750.224770546
639215.0043449402

639.4789887666702

639.469 ft

{ B =
47.33732° N91.20030° W Elevation: 682.382 ft

e




fits

ty Improvements
spectors

iblic

lity Gains

- Savings

enges

ning Curves
Hands On

ptance
s and Regulations

) Storage



>ty Analysis

2move inspectors from harms way

Heights

Traffic

>duced traffic control improves safety for inspectors and publ

undreds of Inspection Flights with no incidents or close calls
lork zone accident occurs every 5.4 minutes in the United Sta
2014 669 Fatalities in Work Zones

AS are a way to remove personnel from the ROW

\A is focused on airspace safety but need to look at overall ris



t Savings

st Savings up to
Yo

)st cost savings
ere traffic

trol and

ess equipment
1 be reduced or
minated.

Savir

Traditional UAS Assisted

Structure Inspection Cost Inspection Cost Savings +/- Percer!
19538 $1,080 $1,860 -780 -72
4175 $15,980 $13,160 2,820 18¢
27004 $6,080 $4,340 1740 29¢
27201 $2,160 $1,620 540 25¢
MDTA Bridges $40,800 $19,800 21000 518
2440 $2,160 $1,320 840 39
27831 $2,580 $540 2040 795
82045 $2,660 $1,920 740 28¢
92080 $2,580 $1,350 1230 48
92090 $2,410 $1,570 840 355
62504 $3,660 $1,020 2640 72
82502 $3,240 $2,400 840 26

Average
Savings 40°



lge Candidates

orks Well
Large Bridges
Bridge in open areas

Bridges that depend on traffic control and UBIV’s for
Inspection

oes hot Work Well

Bridges over high ADT roadways
Bridges in heavily wooded areas



a Storage

oer Computer
oer Storage

urity

oneData

Name

co

D1

D2

D3

D4

D6

D7

D8

METRO

System Volume Information




. Digital Twins

crosoft HoloLens
dge Digital Twins

™ Microsoft |
. HoloLens

loLens and conduct normal inspecti
Iditional hardware required on-site.



verse

ual space where we
isit, meet and
oorate

ared around a digital

measure, annotate
hare

rm virtual inspections e
e for design and load

J
D




r Data Collection

es collect data orders of
litude faster than humans

es utilize sensors and input
GPS, Inertial Measurement
(IMU), compass, cameras,

sonic to fly with only directiong
- from pilot

es and robots can now collect
‘data almost entirely
romously




e Rehabilitation UAS Workflow

il

\S Field Data Capture
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gital Twin Creation

e T
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|d Inspection
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y Model with Field Notes
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>d Reality Inspections

IRSIssue

SUBJECT:

DESCRIPTHONS Span 15

ntley — Microsoft Hololens 2
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Arch Bridge Digital Twin Benefits

roved Data Quality
uced Risk for Designers
uced Risk for Contractors

er Collaboration/Inclusion

ty Improvements

3 Increase

litional Bridge Report 6
gabytes

tal Twin Bridge Inspection
ort 2 Terabytes

,333 x more data




clusions

1ow your intended purpose for the drone — “off-the-shelf” U/
3s limited inspection capabilities

sing UAS for access is important but documentation and
ymmunication of results is more compelling

AS can supplement inspections as a tool
oes not need to replace entire inspection

bllaborate with other owners to share knowledge and promot
ture advancement

1ow where to store data and how to utilize it effectively



litional Information

se Il Report Published

://www.dot.state.mn.us/research/reports/2018/201
.pdf

se IV Report Published

rs://www.dot.state.mn.us/research/reports/2021/20
3.pdf

DOT Office of Aeronautics
> Policy/Info

://www.dot.state.mn.us/aero/drones/index.html

m DEPARTMENT OF
TRANSPORTATION

Research Projects

‘We put your ideas in motion

Home Abowt Mews Publicaions Projects RFPIConfracts Resources  Contact

Search

Projects:
Browse by:

Year

Catzgon
Fesearchens)
Technical Lisison(z)

Improving Quality of Bridge
Inspections Using
Unmanned Aircraft Systems
(UAS)

Status: Complete
Report Date:
oBRZz018

Summary:

MnDOT completed 3 v
small research project " b
in 2015 to study the
effectiveness of UAS
technology applied to
bridge safaty
nspections. The project team inspected four bridges at
wvarigus lecations throughout Minnesots and evaluated the
UAS' effectiveness in improving inspection quality and
inspector safety based on field results. A second research
effort demonstrated LAS imaging on the Blatnik Bridge and
imwvestigated UAS use forinfrared deck surveys. Additionally,
= best practices document was created to identify bridges
that are: best suited for UAS inspection. It is the goal, based
on this research, to implemant 3 statewsde LIAS bridge
mspection plan, which will identify overall cost effectiveness,
mprovements in quality and safety, and future funding
sources for both state and local bridges. The project
nwestigator will also investigate a collision tolerant drone for
confined space inspections.

Final Report: Project Personnel:
» Report #2018-28 Principal Inveatigator: Dot
Lovebos
Rel ated Technical Liglson: Jennifer Wells
Materials: Project Coordinator: Dera Fick
» City Lab (Atlantic)
- [Video/Wiebinar)
» Unmanned Aircraft Systems (UAS} - Metro District
Bridge Inzpection Implementstion - [Related R j]

Mew Project: Phase 3 of Drone Bridge Inspection

Research Focuses on Confined Spaces - {Article/Blog
Fost)

& Phase ? St Phasa Twn nf Drmnall lnmannad Aaria




nifer L. Wells, P.E.
2 Inspection Engineer
DOT Bridge Office
Hadley Avenue North
ale, MN 55128-3307
one: 651-366-4573
ar.Wells@state.mn.us

QUESTIONS?



