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¡ Master’s Cert in Remote Sensing and Earth Observation- Penn State (2019)

¡ Certifications/Licenses:

¡ OR PLS #94125- 3/14/23

¡ ASPRS CMS-UAS- 11/18/22



¡ Survey and Remote Sensing firm

¡ Established in 2016

¡ 6 office locations in OR, WA and AZ

¡ 14 field crews

¡ ~50 total staff

¡ 15 PLS covering OR, WA, CA, ID, MT,
NV, UT, CO, AZ, NM and AK

¡ 60% public sector and utilities

¡ 40% private development
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OVERVIEW

• What is lidar?
• How does lidar work?
• Anatomy of a lidar system
• Lidar terminology
• Mobile mount
• Workflow

• Route planning
• Data acquisition
• Office pre-processing
• Office post-processing
• Office drafting

• Accuracy assessment
• Software demo



WHAT IS LIDAR?

Light Detection and Ranging

Acronym (lidar)
vs.
Initialism (OGUG)

lidar
Lidar
LiDAR
LIDAR
liDAR
LiDar
LiDaR

LiDAR News Magazine • Vol. 4 No. 6 • Copyright 2014 Spatial Media • www.lidarnews.com
https://www.asprs.org/featured/how-do-we-spell-it-lidar-lidar-lidar.html



HOW DOES LIDAR WORK?

Li(ght) D(etection) A(nd) R(anging) is a remote sensing technology that measures the distance to an object.  A
laser illuminates the target through light pulses that move at the speed of light.  The laser then returns to the
sensor and the time it takes for the laser to return is calculated to determine the distance to the object.



LIDAR SYSTEM ANATOMY

Lidar scanner
+

Inertial measurement
unit (IMU)

+
GNSS receiver

+
On-board computer

+
Camera (optional)

https://inertiallabs.com/products/resepi-lidar-remote-sensing-payload-instruments/



HESAI XT-32M2X



LIDAR TERMINOLOGY

Point cloud- a collection of individual
data points in a three-dimensional plane,
with each point having a set coordinate
on the X, Y, and Z-axis. When each point
is placed together, it creates a three-
dimensional map or model.

.las/.laz format

LAStools
https://rapidlasso.de/product-overview/



LIDAR TERMINOLOGY

Active sensor
vs.
Passive sensor

https://reefresilience.org/management-strategies/remote-sensing-and-mapping/introduction-to-remote-sensing/what-is-remote-sensing/



LIDAR TERMINOLOGY

Wavelength (nm)- Distance between crests of a wave in the beam of light. Lidar sensors are usually either 905 or
1064 nm which are invisible to the human eye. One of the objectives of the lidar system is to emit a wave that does
not interfere with other sensors (i.e. camera, human eye).

905 nm



LIDAR TERMINOLOGY

Intensity- a relative measure, collected for every
point, of the return strength of the laser pulse
that generated the point. It is based, in part, on
the reflectivity of the object struck by the laser
pulse.

https://desktop.arcgis.com/en/arcmap/latest/manage-data/las-dataset/what-is-intensity-data-.htm



LIDAR TERMINOLOGY

Lidar range (m)- the maximum distance the laser can
detect an object.



LIDAR TERMINOLOGY

Beam divergence (mrad; millirad)- the deviation of
photons from a single beam emitted by a LiDAR
sensor. Because the total amount of pulse energy
remains constant regardless of the beam divergence,
at a larger beam divergence, the pulse energy is
spread over a larger area, leading to a lower signal-
to-noise ratio.

A Guide to LIDAR Data Acquisition and Processing for the Forests of
the Pacific Northwest by Demetrios Gatziolis and Hans-Erik Andersen.



LIDAR TERMINOLOGY

Channels- number of lasers



LIDAR TERMINOLOGY

Returns- an attribute of a lidar pulse that signifies
the order in which the energy pulse returned to the
sensor based on threshold values



LIDAR TERMINOLOGY



LIDAR TERMINOLOGY

Pulse rate- measured in pulses per second,
describing how many individual pulses of infrared
light are generated in one second.



LIDAR TERMINOLOGY



LIDAR TERMINOLOGY

https://felix.rohrba.ch/en/2015/point-density-and-point-spacing/



INERTIAL LABS IMU

Inertial Labs Tactical Grade IMU-P
vs.
Applanix (Trimble) APX-20



MULTI-FREQUENCY HIGH PRECISION
SURVEY ANTENNA

https://hyfix.ai/products/multi-frequency-high-precision-survey-antenna



MOBILE MOUNT



MOBILE MOUNT



MOBILE MOUNT COST

CostItem

$42,000Inertial Labs RESEPI

$2500/yearInertial Labs PCMaster
(includes Novatel Inertial Explorer annual license)

$95/unit x 2 = $220 w/shippingMulti-frequency High Precision Survey Antenna

$1000Mounting bracket fabrication

$45,720Total



WORKFLOW
1. Route Planning

2. Data Acquisition (Survey and Mobile)
¡ Trimble

3. Process Raw Data
¡ Inertial Labs PCMaster

4. Process Point Cloud
¡ Terrasolid

5. Extract Planimetric and Topographic Data
¡ Virtual Surveyor

¡ Carlson Point Cloud

¡ Trimble Business Center

6. Draft Final Deliverable
¡ Autodesk Civil 3D
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¡ Goal:

¡ Room for calibration routine

¡ Overlapping data
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¡ Ground:

¡ Aerial Targets

¡ GNSS base data

¡ Mobile:

¡ Laser data

¡ Imagery

¡ GNSS rover data

¡ IMU data









WORKFLOW
1. Route Planning

2. Data Acquisition (Survey and Mobile)
¡ Trimble

3. Process Raw Data
¡ Inertial Labs PCMaster

4. Process Point Cloud
¡ Terrasolid

5. Extract Planimetric and Topographic Data
¡ Virtual Surveyor

¡ Carlson Point Cloud

¡ Trimble Business Center

6. Draft Final Deliverable
¡ Autodesk Civil 3D

¡ Input:
¡ Raw lidar data

¡ Raw imagery

¡ GNSS data

¡ IMU data

¡ Output:
¡ Colorized point cloud

(.las)
¡ Smoothed Best Estimate

of Trajectory (SBET)



CONVERT TO RINEX



PCMASTER



HEXAGON WAYPOINT FILE TYPES



WORKFLOW
1. Route Planning

2. Data Acquisition (Survey and Mobile)
¡ Trimble

3. Process Raw Data
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4. Process Point Cloud
¡ Terrasolid

5. Extract Planimetric and Topographic Data
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¡ Carlson Point Cloud

¡ Trimble Business Center

6. Draft Final Deliverable
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¡ Cleanup
¡ High/low

¡ Classification
¡ Auto/manual
¡ Number of returns

¡ Output:
¡ Classified point cloud (.las)
¡ Digital Terrain Model (DTM)
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ACCURACY ASSESSMENT

ASPRS Positional Accuracy Standards for Digital Geospatial Data, Edition 2 was approved by
the ASPRS Board of Directors on August 23, 2023

Addenda on best practices and guidelines

Addendum I: General Best Practices and Guidelines

Addendum II: Best Practices and Guidelines for Field Surveying of Ground Control and
Checkpoints

Addendum III: Best Practices and Guidelines for Mapping with Photogrammetry

Addendum IV: Best Practices and Guidelines for Mapping with Lidar

Addendum V: Best Practices and Guidelines for Mapping with UAS



THANK YOU!

Josh Kowalski, PLS, CMS-UAS
josh.kowalski@sflands.com


