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Introduction

Research objective:

* Develop an approach to leverage the cutting-edge deep learning-based 3D
classification algorithms to detect hydraulic structures (e.g., bridges and their
components) from 3D point cloud (e.g., LIDAR scans).

Challenges:

» Limited availability of data, where volume is not comparable with benchmarks.

* Imbalanced data, where classes are much unevenly distributed
This lightning talk:

» A showcase of how we address the challenges and a demonstration of the
current results



Proposed approach to mitigate

" e
the challenge of imbalanced LiDAR data W
classes:
Model I: Detect bridge froma | *Demo of outlier removal *Demo of Spatial sampling
LiDAR scan v Red are removed automatically From origin (top) to 1cm (bot)

Pre-processing to improve the quality of the data:
Step I. Outlier removal by Open3D, an open-source
python lib, to remove noise

Pre-processing

v
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Model I to detect
bridge

Post-processing to merge the prediction results from

Model II to detect

*Prediction results of IModel I brldge Components
detecting bridge from the scene

Post-processing

v

Output results

*Prediction results of Model II for
bridge components *Demo of the results by combining results from Models I and II



Class Aggregati

Datasets

« Annotated sample pool.:
* # annotated scans: 41

* # classes: 16

« Two datasets were generated from
the annotated sample pool:

* 1.Bridge-vegetation-ground
dataset with 3-categories: bridge,
vegetation, and ground

» 2.Bridge component dataset with
4-categories: wall, pier, beam,
railing

Labels in sample pool

Labels in bridge-

Beam T vegetation-ground
dataset
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Railing pos ' + Ground

Ground

High Vegetation
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Clutter X A

Footpath Roof |
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Ground Parapet Railing : " ' Beam
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Man-made road
Low-vegetation

Pipe



. Kndv'vledge Transfer
® Modell |
; 3D benchmark

* Deep neural network ConvPomt (Hackel, et al., 2017)
(Boulch, 2020) ' | |

* Dataset of Bridge-vegetation-

Model to detect ' Predict building
building _ L from scan

- ground | | | | | |
. Transfer learmng i | : veBg;*r;?:;?;n- Model to detect Predict bridge
» Parameter tuning P round dataset : bridge R B HOmSca
° Model II: _ | _ | _ |

e Deep neural network ConvPomt | Fih | | Training from Scratch

(Boulch 2020) i el e The | | |
o Dataset of bridge components | Bridge- | Model to detect WBBEIMNY .. ic: e

- components bridge

. Trammg from scratch i dataset components component
« Parameter tuning | | | | |




The proposed approach appears to
mitigate the effect from limited
availability of data and imbalanced
classes with in it. It seems to be an
adequate initial start for future
application of the deep learning-based
classification methods in 3D content.

Wall
Bridge Pier
components Beam
Railing
Vegetation

Ground
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« Cold weather and frost action have a major
effect on the design, construction, performance,
and maintenance of roadways.

Radical changes in moisture content cause
excessive deformation during winter freezing
and spring thawing.

Images: hooninverse.com|mntransportationresearch.org|nphr.org|cartwellrvpark.wordpress.com
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National recurrent annual
maintenance costs
estimated at over 2 billion
dollars

Economic impacts: Vehicle
damage, road closures, and
weight restrictions.

Image: www.fosters.com
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* Engineered Water Repellency (EWR)

* Soils are made hydrophobic using
cost-effective and environmentally
compatible polymers
(Organosilanes).

+ Varying Civil Engineering
applications; Bridge decks, Slopes
etc.

foundations

. fill slopes
containment P

< water ag
harvesting  tracks £

B \ater repellent soils as impermeable barriers or fill materials ¢g water flow (surface and subsurface)
water repellent soils as semi-permeable barriers or fill materials After Lourenco et al, 2017
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* Multi-year project funded by
the U.S. National Science

~oundation and lowa

Department of Transport

* Involves laboratory, field. ‘1 rl

numerical studies.
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So far,
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Organosilane Selection Considerations

 Environmental safety

« Toxicity

* Flammability
« Solvent Type
« Leaching

Effectiveness .

Surface Modification -
% Dosage
Duration .

Cost

Treatment
Cost/m2/m3
Shipping/Transport

Other considerations

Handling

Familiarity of Use
Fit to Existing
Methods/Machinery
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So far,

Organosilane Treatment Effectiveness

Different OS Chemical Treatment (Sand)
Effect of Grain Size
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Numerical Modelling — Coupled Processes (COMSOL)
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Also,

* Decouple the mode of water transport in freezing soils.
* Osmotic or Matric or Both?

Goal

» Scientific and engineering insights for mitigating frost

heave damage to road pavements and associated
infrastructure.
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Thank you!
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Introduction

e Scour is the erosion of
materials surrounding bridge
foundation

* |t is the leading cause for
bridge collapse in the United
States

° ObjeCtiVeS Data voids

— To fill the data voids in a
single scan 3D point cloud of
a scour using spatial
interpolation

— To find the volume of sail
eroded from the resulting
point cloud




Methodology

« Use LIDAR to scan scour surface (multiple scans such that no voids exist) [Device:
FARO S 350]

« Segment out scour from the point cloud (single scan) [Software: CloudCompare]

« Define reference plane [Software: MATLAB]

« Calculate projections

« (Calculate distances

 Remove recurring points

» |nterpolate [Software: R Studio]

» Calculate volume of scour and compare with volume from stitched scour point cloud
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Results and Discussions

* Reference planes can be defined manually by selecting 3 points or
automatically by including ground points in a different point cloud
segment

e Scour data was random sampled to 1000 points
* Average interpolation error 0.02m compared to stitched point cloud
* Volume difference of 8.3%
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Challenges and Future Work

* Input point cloud should contain only scour
* Dependent on reference plane

* Multiple points on a single projection line leads to loss of
data

* Longer processing times as the number of points
Increases

 Calculate for multiple pier/scour simultaneously

* Record progression of scour over time from LIDAR scans
of scour taken over months
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Thank you!

Questions/Comments?
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