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. Getting Started with LiDAR

. Using GIS and LiDAR for trail
design in the office and field

¢ Questions? .




Free GIS Software Tools

\ETORVATSIEIES
Google Earth

ArcGIS Explorer

Desktop GIS
Quantum GIS

GPS Utility
DNR GPS

View Imagery, USGS Topos, GPS points
and other shapefiles.

Digitize new features, measure
distances, and areas. Print, or share
maps on-line.

Working with your data

More advanced editing

Terrain Analysis: Hillshade, Slope,
Contours, stream lines...

Print Maps

Download tracks and waypoints from
GPS to Desktop or vice versa.
(Formerly DNR Garmin)


http://www.google.com/earth/index.html
http://www.esri.com/software/arcgis/explorer/index.html
http://www.qgis.org/
http://www.dnr.state.mn.us/mis/gis/DNRGPS/DNRGPS.html

Google Earth

Data SIO, NOAA, U.S. Navy, NGA, GEBCO

© 2012 Cnes/Spot Image oy h | Googlevearth



Google Earth

What is it good for: Limitations:
Fast Hi-res Imagery symbology
Load KML, GPS points labeling
web and photo links analysis
Easy sharing online no map layout

low-res print maps



ArcGlS Explorer Online

ESRI’s Free GIS data viewer
ArcGIS Explorer Online

Easy access to Imagery, Topo and other Basemaps
Upload GPS points, shapefiles

Add notes and annotations

Save and share maps


http://www.google.com/url?sa=t&rct=j&q=arcgis explorer online&source=web&cd=1&sqi=2&ved=0CDUQFjAA&url=http://explorer.arcgis.com/&ei=bu9YT7i0OsPniAKW75i_Cw&usg=AFQjCNHfyn8-pDVseU8mmmSfp0YKBKNynA

ArcGlIS Explorer

What

is it good for:

Imagery
USGS Topo
GPS/Shapefile viewer

Simp

and o

e Information
ueries

Limitations:
labeling
export layers?
analysis

no map layout tools
poor printed maps



Quantum GIS + GRASS

For PC or Mac, QGIS offers a full-featured
desktop GIS application

Open Source: developed, updated and
supported by the GIS community

(Universities, Federal Agencies, ACOE, users)



Spatial Analysis with Free Quantum GIS Software

USGS 10m DEM

Stopes EIR 1013 2000, Little Creek Watershed near Davenport, CA |
= e Slopes Exceeding 60% 57%3'1%




Quantum GIS + GRASS

What is it good for: Limitations:
Multi-purpose learning curve
diverse file types some tools will fail
Basic and Advanced some gaps in
Spatial Analysis functionality

It can get the job done but you've got to put
some timein...



Why GIS?

Planning and Design process is often
collaborative and iterative, and yes, spatial

Create, share, use, edit, update...
GIS is an organizational tool

Access to high quality data, take advantage



Light Detection and Ranging

Survey Aircraft

Laser Rangefinder
Differential GPS
Inertial Measurement Unit

~3,000 ft.

elapsed time:
3 microseconds




Multiple Returns

One pulse, many returns

Typically 1-4 returns per
pulse

Provides vertical profile

Last returns used to
determine the ground
surface

):,Ground

R—

Energy

http://www.ensisjv.com/Portals/0/lidarimage002.jpg



Point Cloud: Profile View

S







Bare Earth DEM

data must already be filtered

. .




Digital Surface Model (DSM)

Highest elevations




nDigital Surface Model (nDSM)
DSM - DEM = height above ground




Intensity Image
LiDAR reflectance




Hillshade and Imagery
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Where is LIDAR Available?

USGS the National Map

€ ¢ nationalmap.gov. : B - qgis set map scale Pl ¥ #

2 Most Visited @ Getting Started Latest Headlines Import to Mendeley B3 Scholar 3 Bookmarks
s 6 Tho Mationa! Moy rSean.:h < y . Download OO | & | ¢ | Help
VleWer — CMr i X Data Clear | Hide Toolbox
Overlays | Selection Cart < Standard = Advanced = Annotation | Active Tool: None (Map Navigation) 7
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FAQ | Accessibility | FOIA | Privacy | Policies and Notices



Where is LIDAR Available?

NSF Opentopography.org

€ sdsc.edu B - qgis set map scale P&+ A

2 Most Visited @ Getting Started Latest Headlines {_ Import to Mendeley [ Scholar 3 Bookmarks

-

' y - Salt Map | Satellite
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Where is LIDAR Available?

NOAA Data Access Viewer

www.csc.noaa.gov/dataviewer/index.html?action=advsearch&qType=in&qFld=id&datareg=1&qVal=59#

18 Most Visited @ Getting Started &/ Latest Headlines [ Import to Mendeley [ Scholar

& DIGITAL COAST

B - qgis set map scale 2l & A
B3 Bookmarks

Data Access Viewer

Enter Location d @ Redding
California, state, United States Go | or ) . Draw Area
Baluciing s sullewt of Hisdula wel i Covarage sren Closa
will return additional results for the area of interest.
25 mile buffer v

Chico
Refine Search 1
Data T

Results (97)

Cart (0)

#f zoom @ share Clear Sort by| DataType (A-2) | v |

| 2009 Humboldt Bay CA Habitat
NOAA |

Benthic @ Dovmload ZIP

2009-2011 CA Coastal Conservancy Coastal Lidar Project: Digital
Elevation Model

CA Coastal Conservancy

DEM 4,201,839 MB [

2004 CA IfSAR Digital Terrain Model

NOAA

DEM 69,689 MB

2004 CA IfSAR Digital Surface Model

NOAA

DEM 69,689 MB

2002-03 CA IfSAR Digital Elevation Model

NOAA

DEM 79,082 MB i +

2012 Stockton, CA IOCM Natural Color Imagery

NOAA
Imagery 13,766 MB i &= 300 km
.
[ 1
s 200 mi
2012 Redwood City, CA IOCM Natural Color Imagery v
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Accessing High Resolution
Topography Data



Select Area of Interest

Horizontal Coordinates: UTM Zone 10 N NAD&3 Meters [EPSG. 26910] - Vertical Coordinates: NAVDSS [EPSG: 5703]
Data Selection Coordinates: Manually enter selection coordinates (in the horizontal coordinate system listed above)

Xmin = 741806.621 Ymin = 4335052.97 Xmax = 747547.89 Ymax = 4339170 466

The selection area contains 35,294 346 points.

1b. Choose Return Classification: 9 Ground Unclassified Water All

2. Point Cloud Data Download:

Point cloud data in LAS format Point cloud data in LAZ format Point cloud data in ASCIl format

3a. DEM Generation (Local Gridding):

Gridding Method Gridding Parameters Grid Format Arc ASCIl Grid E|
Calculate Zmin grid Grid Resolution (Default = 1 meter):

Calculate Zmax grid Null Filling None [~ |

Radius value (Default = 1 meter):
Calculate Zmean grid

Calculate Zidw grid

Calculate point count grid

3b. DEM Generation (TIN):

Gridding Method Gridding Parameters Grid Format GeoTiff EI

v| Calculate TIN Grid Resolution (Default = 1 meter):

Max. triangle size (Default 50 units):

4. Derivative Products:

¥| Generate hillshade and slope grids in grid format: GeaTiﬁE

5. Visualization:

¥| Generate hillshade images and Altitude of the light, (in degrees) /] Generate additional color-relief
Google Eartn flies from DEMs Azimuth of the light. (in degrees): and colored hillshades




es later, delivered to email

Job Id Dataset Title Submission Completion Duration Num points Status
13677930513982002562215 TAHOE Granlibakken Conference Center 2013-05-05 2013-05-05 395secs 35,294,346 Done
15:30:51 15:37:26

Download Job Metadata: ©

metadata-136779305139820025622

DEM Results:

- Download compressed DEM results: dems.tar.gz (TIN)

Derivative Product Results:

- Download compressed Hillshade & Slope Products: viztar.gz (TIN)

Visualization Products:
Download KMZ file: viz tin.crhs.kmz

. Download KMZ file: viz tin.hs.kmz
Ztin DEM:
View with Google Earth browser plug-in View with Google Earth browser plug-in




Open Source Mapping Software



OSGeo4dW your Open Source Compass

l W Search

Login = Help/Guide About Trac = Preferences

| m' Timeline - Roadmap " Browse Source " View Tickets " Search

Start Page Index History Last Change

0SGeodW Table of Contents

Quick Start for 0SGeo4W Users
® Japanese [ Il French wm Polish ™ Deutsch 05Geo4W User Information ,
05Geo4W Packager (Developer) Information
Communication / Coordination

This is the web site, wiki and issue tracking database for the 0SGeo4W project. 0SGeo4W is a binary distribution of a broad set of open
source geospatial software for Win32 environments (Windows XP, Vista, etc). 0SGeo4W includes =* GDAL/OGR, =*GRASS, MapServer,
OpenEV, =ruDig, =*QGIS as well as many other packages (over 150).

This project is under the umbrella of the Open Source Geospatial Foundation, = http://www.osgeo.org/.

Only authenticated (logged in) users can submit and edit tickets, and modify the wiki. Use your =* OSGeo userid/password to login.
About licenses

Quick Start for OSGeod4W Users

Note: Step 2 must be run on a computer with internet access as the installer downloads individual packages as needed. You may also need to enable your software firewall to allow
the installer to have outbound access.

1. Download the = 0SGeo4W Installer (for users that currently can't access download.osgeo.org for unknown reasons beyond our control, there is an ~* 0SGeo4W Installer that

references the mirror download2.0sgeo.org)
. Run the installer.
. Select Express Install, and Next.
. Pick one or more packages to install, and Next.
The selected packages and their required subpackages will be downloaded and installed automatically.

bk wN

After installation:

e Desktop applications will be found in Start -> All Programs -> OSGeo4W
e Commandline applications will be available in the 0SGeo4W Shell command window.
e Web applications will be available at =* http://localhost/
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DEM, Hillshade and Slope
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Tm Contours
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Hydrology... Imagery...

File Edit View Layer Settings Plugins Vector Raster Analysis Database Help

T mEd s RRPEPFPPOURMBP ~ &L Y T

'L L1 L EE L RCEEeN: ' Pt DB DR R T

Layers e 5% SRS ‘ 5 A REET S ¥ A
X \;\ contours_1m_smoothed : : : s 3
S‘\ g_contour_1m
\t\ contour_1m
Gran_slp E
X
tahoe_acc
X g_slp
X 7 Gran_dem_hs
¥ n_acc
. tahoe_dem

-

\ s
R ¢
EAbh

A
’wu‘
1
N "
‘k\" :
-
N Vs

X' Control rendering order
3078368 of 3078368 bytes of map downloaded.

Render H EF



Map Composer
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Why GIS?

Powerful software (and not always expensive)
An aid to organization

Access to high quality data, take advantage



Using LiDAR data for trail layout




General trail design process

Determine trail purpose and develop specifications.
— Trail type, user types, start point, destination
— Traffic level and season of use
— Soil characteristics
— Grade, width, trail character (primitive, manicured)
— maintenance requirements and resources

— construction method (hand built vs machine built), paid labor
or volunteer labor

— budget.

%
@& Angel’s Landing Trail

% Zion National Park
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General trail design process

Develop and refine potential trail corridors,
trying to connect positive control points

and avoid negative control points...

while meeting grade requirements and staying
within the construction budget.




There is no perfect alignment
and there are almost an
infinite number of ways to
connect two points with a
trail. Good trail design is
mastering the art of
compromise. Primarily
balancing ease and cost of
construction, user enjoyment
and experience, and future
maintenance requirements.

Emma McCrary Trail
Santa Cruz, CA



How can LiDAR be used as a tool?




We will design an imaginary trail to
demonstrate how LiDAR data can
be used in this process

Specs:
Multi-use, two way
Maximum corridor grade 6%

Obey “half rule” (trail grade never steeper
than half sideslope)



We will design an imaginary trail to
demonstrate how LiDAR can be
used in this process

The trail will start right here at
Granlibakken
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Step 1: Scouting
Main tasks: Learn the terrain and
identify control points

Cliffs, view spots, rock out crops, wet areas,
switchback locations.

Still need to hike around to field verify and
learn the terrain, but LIiDAR can make our
field work more efficient.



1 DEM (Terrain models)

Make slope map

Inpuk File (DEM rasker] | aukput,kin
Cukput File ITahoe_PercentSlope, HF

Band
aThorne formula (instead of the Horn's ane)
Slope L

as percent (instead of as deq

QGIS>Raster>Analysis>
DEM (Terrain Models)

#lratio of verk, units to horiz.) | 1.00

Creation Options

M arme Yalue Add

Remove

Load inka canvas when finished

Conference/LDAR. Dat:
|:||: |._'ITiH:
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= Scouting Map.pdf - Adobe Reader E]@
*
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Avenza PDF Maps

Get the app, get the map.™

Currently cannot create geospatial PDF
in QGIS. Can with ArcGlS.

.51 a NO Service % 10:53 AM 97 90% ([}
8:51 Al ‘_ . i - ‘ ‘0““\- FREE

iPad =

Maps

Tip: Make maps at high
resolution to allow sufficient
zooming in PDF Maps App.

10:29 AM
couting Map HS
- N e €gend
X \N”é PropertyBoundary
X =" ﬁ contours_3m_smp
UNIVERSITY OF, CALIFORNIA" .
SANTA| CRUZ >
A ~
AN L :- i
i — S UG
37.08969, 1277 \

7 9 " 3701289, -122.06721 | 9=

Probably will be implemented
soon in QGIS.
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Step 2: Identify potential corridors
(30m wide

Thunder Mountain Trail, UT




Target maximum average grade = 6%

Contour interval = Iim

1% 300 m
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Next steps...

BOOK o IN THE TRAILS BY DESIGN SERIES

Natural Surtace
Trails by Design

Physical and Human Design Essentials of
Sustainable, Enjoyable Trails

TROY SCOTT PARKER
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Step 3: Corridor flagging
Main task: Identify review corridor

Once you have identified the ideal corridor, now it
is time to get out your flagging.

Now working
towards corridor
10m wide

(My favorite is Texas Brand GloPink)
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Flagging in heavy brush

Leave the clinometer

at home if.. 80 —E0evas
SaveR
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Montafa de Oro State Park, San Luis Obispo County



Step 4: Reviews and approvals

A good map and terrain data usually can help
this process as well!
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Step 5: Fine flagging (1Tm wide




Conclusion

Very useful LiDAR data and
analysis tools are available for
free in many locations in the
state, and coverage is
expanding quickly.

LiDAR data provides a rich
topographic dataset that
allows a trail designer to work

' " Y £
e XUV

more efficiently and make Greg and | wishing we had LiDAR data at

better decisions. Montafia de Oro State Park
(which actually became available to the
public last month)



