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Intfroduction

* |ncrease in use of SLAM
on MMRP sites STENCIL 2-16

Real-time, high fidelity 3D mobile
scanning and generation

» Opportunity to utilize
point cloud data for QC,
streamline gap

annotation, and

APEX integrated improve data review
with SLAM




Creat LAS

Classify LAS Dataset

Prepare point
cloud data

Dataset
(ArcGIS Pro)

(CloudCompare)

{ArcGIS Pro)

Workflow Overview

Steps 1 & 2

.PLY files

MRS Boundary
and Grid .shp files

Align > Merge
Clean (SOR, Noise Filters, Remove Duplicates, Segmentation)
Export as LAS

LAS files (one per grid)

Create LAS Dataset

LASD file

Build LAS Dataset Pyramid

LASD file

Classify LAS Ground (Standard Classification)

LASD file (classified ground)

Classify LAS Ground (Aggressive Classification)

LASD file (classified ground - modified)

Classify LAS Height
(set desired height steps)

LASD file (classified ground/non-ground)

Legend

process = [Name

input/output = [Name

Esri Geoprocessing
Tool =|Name

Cusotm Python
Script =|Name

Predict gaps

(ArcGIS Pro and Python)
All feature class layers are stored in an Esri File Geodatabase within the ArcGIS Pro Project

Steps 3 & 4

Extract Objects From Point Cloud
(use desired codes that represent height steps)

2D polygon feature layer

Split By Attributes
(split on class code)

Polygon feature layers

Pairwise Buffer
(0.4 meters)

MRS Boundary
layer (feature
class)

MRS Grids layer

(feature class)

APEX_gaps_field
(coverage gap
polygons from
field) (feature

class)

_—

Buffered polygon layers

clip_gaps.py
(clip all predicted gaps to the study area)

Clipped polyogn layers

union_gaps_clean.py

Unioned polygon layers with GridID attribute

aggregate_by_distance.py

Aggregated polygon layers

min_geom.py

Minimum bounding geometry polygon layers

spatial_join_gaps.py

from intersecting APEX coverage gaps

Minimum bounding geometry polygon layers with joined attributes

similarity_comparison.py

APEX predicted gaps layers
(modified input layer, with an overlap score calculated for each

polygon)

Perform QC

checks on
observed gaps

Assess predicted gaps and select
gap layer

Extract images from point cloud

from field

Steps 5 & 6

Evaluate predicted gaps using visualization and analysis of overlap
score results
calc_summary_stats.py
calc_summary_stats_categories.py
compare_fp_fn.py
graph_overlap_score.py
graph_overlap_score_categories.py

Tables and PNG plots

select the desired predicted gaps layer

APEX_gaps_predicted (feature class layer)

Qc_flags.py
flag APEX_gaps_field polygons that 1) intersect with more than one
predicted gap, 2) where 0 > overlap score < 0.50 and 3) observed
gaps do not intersect with predicted gaps

Input layer with QC flags for review

Feature to Point

Point layer representing polygon centroids

3D Scene (ArcGIS
Pro) with '::>
adequate data
displayed (ex.
point cloud, gaps)

3D Screenshots (script tool)
screenshots3D.py
extract images from the point cloud where gaps are observed

PNG files

Store images in gap database




Step One: Prepare Point Cloud

Align and Merge

* Clean
SOR/Noise
Filters, Remove
Duplicates,
Segmentation)

« Export as LAS




Step Two: Ground Classification

Why is it important?

Classification Methods Tested
« CSF Filter
 ESRI Classify LAS Ground (Standard)
 ESRI Classify LAS Ground (Aggressive)
» LidarGroundPointFilter (Whitebox Tools)
CloudCompare"* » Manual Classification

ArcGIS Pro

Whitebox Geospatial Inc
Innovative geospatial software built on open-source




Step Three: Predict Gaps

APEX Dimensions

100cm x 80cm plate

160cm wheel to wheel

* 0.15m sensor to ground offset (cart mode
« 80cm swath of coverage

Key Parameters
« Classify LAS by Height
o 0.15m,0.25m, etc.

» Buffer Gaps
o 0.2m,0.3m, 0.4m

* Aggregatle Gaps

o gaps <l.Ilm apart




Step Three: Predict Gaps

e S = 2D polygon | | aggregated gaps
representing slice of (gaps < 1.1m apart)
object at specified -
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", buffered polygon layers
e ¥ representing gaps

point cloud classified
by height (tree)



Step Four: Compare Gaps

MRS, Grids,
and Observed

Gaps

« Split predicted gaps by MRS grid

« Spatially join with observed gaps

B4 Predicted Gap
C4 Predicted Gap




Step Four: Compare Gaps

Jaccard Index of Similarity

AUB |A U B|
ANB |A|l+|B|—-|ANnB|

J(A,B) =

similarity

score =0.39

similarity
score = 0.89 _ Predicted Gap



Step Five: QC Review

T Python Script designed to flag  observed gaps

check spacing; check geometry

e s o v (APEXcoverage gaps)that:

||||||

l.intersect with more than one predicted gap

||||||

Q 2.where 0 <overlap score <0.5

3.observed gaps do not intersect with

O Q predicted gaps

Key for identifying areas where infill is
needed, or field annotation is hecessary.



Step Six: Generate Outputs

» Extract images (python script) from point cloud
where gaps are observed and store them in a gdb
» Export layers to AGOL web app for viewing/sharing

3D scene with detection data can aid in QC and
identifying EM anomalies associated with
infrastructure (ex. guardrail)

example screen
capture









Conclusions

« Streamlined, automated approach to gap prediction and identification improves
field efficiency and promotes faster delivery of completed grid packages

« Advanced QC testing ensures MQOs for 100% coverage are met
* Tools for improved visualization and data interpretation
* Ground classification and parameter insights

* Field data collection recommendations
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