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Light Detection and Ranging (LIDAR)

Remote Sensing Technique

Uses Laser Light Pulses
(>150K pulses per second)

&= full scan angle

Single laser shot

Product is a Point Cloud T

See through Vegetation

Source: https://coast.noaa.gov/data/digitalcoast/pdf/lidar-101.pdf


Presenter
Presentation Notes
LiDAR or Light Detection and Ranging is a remote sensing technique that utilizes laser light pulses. Sensors measure the time it takes for reflections of these pulses to return to the sensor. Based upon the calculations involving these sensors, distances can be determined to objects. The densely spaced network of highly accurate georeferenced elevation points or point cloud is used to create 3 dimensional representations of the earth’s surface and features. The high density point cload allows LiDAR to “See Through” vegetation. This is highly useful in areas of dense forest.
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LIDAR Platforms

* Airborne Tl

 Fixed Position Terrestrial

Source:

https://www.nps.gov/nps-audiovideo/legacy/wrst/D1904B2A-B8F9-EAC1-0354579500F3C43F/wrst-Geo-1918Cusickmovie3_854x480.mp4


Presenter
Presentation Notes
The platforms for LiDAR are airborne and Fixed Position terrestrial. Airborne LiDAR includes planes and helicopters for large scale data gathering, but also UAVs “Drones” for smaller areas. 

Fixed position LiDAR scanning is used for high accuracy detail recording of structures – bridges, buildings. It has also been incorporated in archaeological cultural resource preservation work to take high detailed high accuracy recordings of historic buildings, archaeological site recording, or recording damage to archaeological resources caused by looting. In the video you can see an example of terrestrial LiDAR to create very detailed animated videos of the Kennecott Mines National Historic Landmark in Alaska. 

https://www.nasa.gov/sites/default/files/thumbnails/image/p1010945_0.jpg
https://pubs.usgs.gov/of/2008/1384/images/coverphoto.jpg
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LIDAR Data

e LAS - Laser File Format

e (Classification

e Point Spacing

Source: https:/prd-wret.s3.us-west-2.amazonaws.com/assets/palladium/production/s3fs-
public/thumbnails/image/Denver_Pointcloud.JPG


Presenter
Presentation Notes
LAS – Laser File Format used to share the point cloud data. 

Classification – processing done on the point cloud to define the object the point is of: buildings, vegetation, bare earth

Point Spacing – How close the points are to each other. The closer the better – This enables high resolution outputs.
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USGS LIDAR Base Specifications

Table 1. Aggregate nominal pulse spacing and density.

Quality level | Aggregate nominal pulse spacing (m) | Aggregate nominal pulse density (pls/m?)
QLo | <0.35 | >8.0

QL2 | <0.71 22.0
3 |

|
e LiDAR Quality Level * '

° Q L O Table 2. Relative vertical accuracy for light detection and ranging swath data.

Quality level | Smooth surface repeatability, RMSD, (m) | Swath overlap difference, RMSD,, (m)
° Q |_ 1 | Qo [ = <08 [ 0 <004 0|
e QL2
° Q L 3 Table 3. Land cover classes.

Land cover class or description Previous reporti Current reporting
group group
VA NVA

Clear or open, bare earth, low grass; for F
example, sand, rock, dirt, plowed fields,
lawns, golf courses

Urban areas; for example, tall, dense man- SVA NVA
made structures

Source: https://prd-wret.s3.us-west-2.amazonaws.com/assets/palladium/production/atoms/files/Lidar-Base-
Specification-2021-rev-A.pdf


Presenter
Presentation Notes
USGS has the standard specification for LiDAR. Need to use at least QL2 LiDAR in order to see detect linear features. May not be able to detect linear features from QL3. Lidar Base Specification Online (usgs.gov)
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Presenter
Presentation Notes
The data that are derived from the point cloud include:

DEM (Digital Elevation Model) – surfaces created from the elevation point data. Specifically the bare earth DEM. This is created by only using the  “Last Return” ground return.

Contours – Topographic Contours

Hillshades – created from the bare Earth DEM, these are digital representations of the earth’s surface with a specific light source direction and angle. These hillshades can mimic low sun angle photography.

There are many different applications for LiDAR data and derivatives including:
Vegetation Studies – Tree Canopy height, vegetation density, fire risk
Built Environment – creating 3-d building data
Hydrology – Mapping water ways and analysis of water flows
Archaeological Resource Detection – Past Human alteration of the natural landscape can be detected from the hillshade data. 
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Hillshades


Presenter
Presentation Notes
Low sun angle aerial photography has long been used for linear feature detection. Recently, the usefulness of hillshades to mimic low sun angle photography has proven very successful at detecting cultural resource linear features including prehistoric trails, “roads”, raceways, walls, water control features, and historic trail trace including swales and ruts. Using perpendicular sources of light to the trace and low light angles approximately 10 to 20 degrees, the linear trail trace can easily be detected.
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Why Use LiDAR Derivatives?

Detect Features that May Not be Discernable From:
« High Resolution Imagery - Historic Aerial Photography

Bare Earth
Removes Vegetation

S Jn
4 s

High Accuracy

Georeferenced Data

* Allows for Trail Digitization
e Classification in the Field


Presenter
Presentation Notes
LiDAR Hillshades can detect linear features where other methods may not be able to detect or see them. In some cases high resolution imagery due to vegetation or other factors may not display the linear feature in a way that can be detected. Similarly, historic aerial photography may also be obscured. In some cases, field recording or pedestrian archaeological survey may miss these linear features due to the very subtle nature of the feature in the cases of erosion or deposition that has occurred. LiDAR hillshades can showcase very subtle elevation changes that may not be recognizable in the field. 
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Application to MET Mapping

LIDAR Hillshades are Another Type of Evidence to

Support Verifying Trail

. May help focus mapping efforts in areas where the
trail is unknown

. Display physical linear features that may represent:
- Historic trail trace
- Swales
- Ruts

. Used in conjunction with other evidence, LIDAR
Hillshade data can be ground truthed and verified.
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LiDAR Coverage

https://coast.noaa.gov/inventory/

C 5 hitps://coast.noaa.gov/inventory/

U.S. Interagency Elevation
Inventory

Start searching to begin.

bity, county, state, address | Lat, Long | GeoJSON | WKT | HUC

Topographic data last updated May 202 1. Bathymetric data are dynamically updated using map services.
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USGS TNM Downloader

https://apps.nationalmap.gov/downloader/#/
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3DEP LiDAR Explorer

https://prd-tnm.s3.amazonaws.com/LidarExplorer/index.ntml#/
ZUSGS

3DEP LidarExplorer
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USGS HillShade Viewers

https://apps.nationalmap.gov/viewer/

&) %) https://apps.nationalmap.gov/viewer/
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Some Other Ways to View
Hlllshade Services

& (3 https://apps.nationalmap.gov/viewe 6 % ©= @ .
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https://gis.dogami.oregon.gov/maps/lidarviewer/

@ DOGAMI Lidar Viewer

Layers Currently Shown

Layers

v[]

Downloadable Lidar Data

| Project Areas
| Canopy Height Hillshade
Bare Earth Slope (degrees)

: High=est Hit Lidar Hillshade

Bars Earth Lidar Hillshade

Department of Geology and Mineral Industries

100mi -+ 41.734-131.012 Degrees

Vancouver
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Seattle

Olympia

Portland

Salem

Medford

Sacramento

Oregon Lidar Consortium

Spokane
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Kennewick
Billings
Lot Idaho Falls
Salt Lake
City
Carson City

County of Crock, State of Oregon GEQ, Esri HERE. Garmin, FAO, NOAA USGS, EPA | County off
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National Trails NHT Viewer

0608086060608 ‘ National Park Service - National Trails

= National Historic Trails & Routes National Historic Trails Viewer

Explore National Historic Trails

National Historic Trails are designated to protect the remains of
significant overland or water routes to reflect the history of the nation.
They represent the earliest travels across the continent on El Camino
Real de Tierra Adentro National Historic Trail; epic migrations on the
Mormon & Oregon Trails and the development of continental
commerce on the Santa Fe Trail. They also commemorate the forced
displacement and hardships of the Native Americans, on the Trail of
Tears. There are currently 19 National Historic Trails in the National
Trails System, and the National Trails office administers nine. The

Natinnal Trailz nffice alen includes the Ronte AR Carridar Precervatinn
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Hillshade Creation and Digitization

Hillshade Creation

GIS Software Needed but there are open source free
options available

Potential Historic Trail Trace Digitization

= A number of GIS software/platform depending on the
input data (TNP, ArcGlIS, Google Earth, ArcGIS Online,
QGIS)
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Why This Matters

LIiDAR Hillshade

Allows for identification of potential trail trace
before field work

Makes field recording potentially faster
Ildentify previously unknown trail trace

More importantly, LIDAR Hillshades are another way
to fulfill the purpose of the National Historic Trails
under the National Trails System Act by identifying
and protecting for public use and enjoyment.
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Source: https://npgallery.nps.gov/GetAsset/816df4bc-537d-4bbd-8378-4dc965c8d591/original.jpg?
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