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Project Team Introduction

= Regional Transportation Commission of Washoe County
(RTC)

= University of Nevada, Reno (UNR)
= Texas Tech University (TTU) (subcontract)



Data Requirements to Address

HSM

Highway Safety Manual

Accurate, up-to-date road feature
data for multimodal traffic planning
and data-driven traffic safety
analysis

Model Inventory of Roadway
Element (FHWA MIRE)
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NDOT Mobile LIDAR Data

= All NDOT routes In both directions.

= The GPS corrections are applied for
accurate linear referencing length and
position.

= Mobile LIDAR data on a total of 10,854
miles of road

» Linear Referencing

= LAS format, each point includes location,
aser reflection intensity, and elevation
iInformation.

= Manual data extraction using LIDAR data
operation software for review and
measurement.
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Mobile LIDAR Data | . 4/ s LIDARIntensity

LAS (LASer) is a file format for
the interchange of 3-dimensional .
point cloud data B Y
* X, V, z (elevation), laser intensity

" B Elevation

= ArcGIS supports LAS cloud point
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data, often as a LAS dataset - = S —

8.75 million pointsinarangeof .
1000-ft length and 650-ft width

* High-density in the central 60-ft
width

* Max density - 178,500 points per
square meter




Automatic Road Feature

Mobile LiDAR Data
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Convert LAS Cloud Points to Raster Flles

» ArcGIS support LAS cloud points
data, but efficiency is low.

= Redundant data with hundreds and
thousands of points in each square
feet

* The raster data format (pixels of
iImages) is more efficient for ArcGIS
and Al algorithms and avoids
redundant information.

= The key information of elevation and
Intensity can easily be represented
by raster files.




Convert LAS Cloud Points to Raster Files - Filter

» Filter low-LIDAR-density zones

= [ilter roadside infrastructure,

Ike streetlight poles, and other B S

= 3-channel RGB raster files are
created

= R-channel — elevation (z-range)
G-channel — intensity

»  B-channel —reserved for
classification
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Road Feature Clustering Raster Data (Pixels)

= The key information in roadway |
data extraction from LIiDAR is the 4 T
lane markings, curbs, guard rails,

= Clustering (or sometime Is named
segmentation) is to identify and
group pixels related to road
features, without feature
classification information for this |
Step i Filtered & Clustered
» |nteresting line features are with Raster Pixels - Striping
high intensity values or high
elevation difference (z-range) values
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Classification Linear Clusters

= Based on properties of each cluster:
= Count of points
= Distribution direction
= Average elevation-change
= Deviation of elevation-change
= Average intensity
= Deviation of intensity

= C(Classification tools
= Calibrated thresholds for each property
= Artificial Neural Network
= Random Forest
= Random Undersampling Boost (RUSBoost)
= Adaptive Boosting for Multiclass Classification (AdaBoostM?2)



ARFEL Tool Interface
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~ Cluster Road Features

ted
Processing
Status
. [ Close this dialog when completed successfully
WIndow CIUSTEIINng tne Ii1le: L:\CESNAO\AKILEL lool\oamplelata\oampieGisvactabase

N\

\140WA_ - LAS\140WA-032//seg
Clustering the file:

\140WA_-_ LAS\140WA-032//seg
Clustering the file:

\140WA_ - LAS\140WA-032//seg
Clustering the file:

\140WA_- LAS\140WA-032//seg
Clustering the file:

Completed script ClusterRoadFeatures...
Succeeded at Fri Sep 10 11:54:56 2021 (Elapsed Time:

|m|eu <
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9 minutes 49 seconds)
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\léOWA \léOWA - LAS\léOWA 032\140WA - 032140WA100RGB tif
Folder exists: C: \ceshao\ARFEL Tool\SampleDat:a\SampleGISDatabase\14OWA -

C:\ceehao\ARFEL Tool\SampleData\SampleGISDatabase
\140WA_-\140WA_ - LAS\140WA-032\140WA - 032140WA200RGB.tif
Folder exists: C: \ceehao\ARFEL Tool\Sa.mpleDat:a\SampleGISDatabase\JAOWA -

C:\ceehao\ARFEL Tool\SampleData\SampleGISDatabase
\140WA_-\140WA_ - LAS\140WA-032\140WA - 032140WA300RGB.tif
Folder exists: C: \ceehao\ARFEL Tool\SampleDat:a\SampleGISDatabase\léOWA -

C:\ceehao\ARFEL Tool\SampleData\SampleGISDatabase
\140WA_-\140WA_-_LAS\140WA-032\140WA_-_032140WA400RGB.tif
Folder exists: C:\ceehao\ARFEL Tool\SampleData\SampleGISDatabase\140WA -

C:\ceehao\ARFEL Tool\SampleData\SampleGISDatabase
\140WA_ -\140WA - LAS\140WA-032\140WA - 032140WASOORGB.tif

Four-Step ARFEL
ArcGIS Toolbox

@ @ 3D Analyst Tools
=@ Analysns Tools
@) ARFEL
= & 1_Network_To_Buffers
5" Network To Buffers
= & 2_LAS_To_Raster
' LASTo RASTER
& & 3_Cluster_Road_Features
5 Cluster Road Features
= & 4_Output_GIS_Layers

_____N
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% - Drawing~ K (<) #5 | [J~ A ~ (< l,ﬁ]Anal ¥ viggru
(4 () - | LAS Dataset~ || || & - |8l - Fitters~
! ArcToolbox
2 [§) ArcToolbox

\ ; Output GIS Layers /7
@ _Cartogr;hﬁ ools -
@ @ Conversion Tools =
& . Data Interoperability Tools =
w @ Data Management Tools 1c
# ‘ Editing Tools FZ
& @ Geocoding Tools sy
& @ Geostatistical Analyst Tools cu
& @ Linear Referencing Tools e
® ‘ Multidimension Tools -
@ @ Network Analyst Tools :i
i @ Parcel Fabric Tools c;
@ &P Schematics Tools oF
& @ Server Tools Sr
@ EP Space Time Pattern Mining Tools Re
=@ Spatial Analyst Tools v | =

L - mC
@l Ar cToolbox | m Catalog | () Search | -
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Step 1 - Input

3.' Network To Buffers

& NetworkCenterline

I

&l

¥ GeodatabaseRootFolder

I

=

RouteIDInLIDARData

[ 190wA_-

Sregmnﬂntuvdl-'l'

100 |

BufferRadiusFT

100 |

[ ok ]| concel

' Environments...

Show Help >>
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Output of Step 1

Wil o it
LT T T T
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Step 2 - Input

& LAS To RASTER - o X

¥ LASRootFolder ~

l |

 GeoDatabaseRootFoider
| | &

ﬁﬁm ]
RouteIDField

[Routen |

[Frtesere |

ToMeasureField
[Tomesare |

rm&u -
fam: ;]
fgﬂmm =
Fgmm 5

v

[ ok ] caxel | Enwonments.. SwwhHep s>
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Output of Step 2

Convert LAS LIDAR data into raster format (I|ke 2D Images) data in
each buffer . o
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Step 3 -

Input

%' Cluster Road Features

RTC Washoe, UNR, and TT\

& LASDataRootFolder

I

el

¥ GDBDatabaseRootFolder

I

1=

RouteIDInLIDARData

[ 190w _-

- SDI Safety Tool Peer Exchange Part 2

[ ok ]| cancel | Envionments... | showhelp>>
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Output of Step 3 — DDBSCAN Clustering Results
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Output of Step 3 — Classification

Classify and exclude noise objects
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Output of Step 3 — Average Z-range Feature

Classify and keep guard rails
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Step 4 Input

RTC Washoe, UNR, and TTU - S

% Output GIS Layers

& LASDataRootFolder

I

=

¥ GDBDatabaseRootFolder

I

RouteIDInLIDARData

B

[ 140wa_-
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[ ok | cancel

| Environments...

Show Help >>
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Output of Step 4 — Raster Pixels to GIS Feature
(Guard Rail Sample)
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Guardrail GIS Output Examples

O Sreet View

Y NV-SL7

=
S o b - 2

» : o Vb

Mite Shrewt Varn = ot waitie m oll wress ¥ 3 Heck soem s thown Shest'/mw m oot aemlete uaL?

ToReferentOffset <null=

created_user <null= 1_G ua rd ra iI
created_date <null=

\ _ last_edited_user <null O-NO—Ga rd ra i I
> : .‘ last_edited_date <null=
\ Shape_Length SDM
\ GuardF.ail 1
\ Guardrail_value 1 N um ber Of

|dentified 1 feature
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from LiDAR raster
analysis
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Lane Number & Lane Width GIS Output Examples

View Bookmarks Insert Selection Geoprocessing Customize Windows Help

8% N8 X Db [ R EEE0 =,
iles E-U (@B NSS st
k ~ About = 3D Analyst~ [ =1
lents 8 x
B
-
\reehao\ARFEL Workspace\ 140WA_- gdb
| nﬂwo,‘m;
-
| integr Identfy from: [ <Top-most layer>
o = network_L40WA lane
orld Imy (25156486 113179062, 4377445.6306272405)

&0

Locaton: 252,153,138 4,377,327.3656 Meters

Field value g
DataYear 2017
HPMEDataltem L

f Rirdge
h : : Receptions

LocError NO ERROR

Number of FromReferentiethod <>

FromReferentiocation <null>
I : FromReferentOffest <null>

anes in two el s
ToReferentlocation  <null>

directions R i

Note: Street iew is not svaidable in ofl sceas If @ black screen 15 shown Streef\iew s not avaslable URL?

created user <redl> »

TR P Point feature

last_edited user <ndl> e » [[F1 show help

last_adited date <rudl> f cCurrent curso

Shape _{ ength 30.480953 rom Strlplng [{1ocation.

rumberOfLanes 2 H F2 check the

eetste raster pixels | Do
current line

code block 1f

mulciple line
mode) .

Roadway ‘ “th’;;!‘:ceu ©

Identified 1 festure

Lane widths

. opezaTLon.
centerline
Rezurn will o
{lmuleiple line
Ay | jmode . To i
RS @ ArcToolbos | [ Catalog | [ Search ::::;;u 1::0
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Road Features to Extract

* Implemented functions
 Number of vehicle lanes
 Lane width
 Guardrail
e Curb
 Sidewalk

 Now we are calibrating the tool for:
* Maedian type
 Median width



