
PRECISION LIDAR 
& TERRAIN 

MAPPING WITH 
UAVS

Chris McMurtry, president

Presenter
Presentation Notes
We are focused on the higher end of the commercial inspection business. This means, super high resolution visual surveys, thermal and UV inspections, and Lidar. We are one of the most experienced UAV companies in flying lightweight LiDAR systems on unmanned aircraft



established in 
2013

Presenter
Presentation Notes
AIR was established in 2013 – doesn’t sound like a lot, but in this business…We are focused on providing services for the power and gas industries – a niche we are developing a leadership position in.  The technology and skills also translate well into the natural resources management field, which is the project we are going to focus on today.



established in 
2013

a full service 
UAV solution 
provider

Presenter
Presentation Notes
We are focused on providing a range of solutions featuring UAS technology. Yes – we want to do the field work to inspect assets with the most advanced systems available. But we’ll also sell our systems, provide training and consult to help you take advantage of this technology. In short, we’ll partner with you to experience and technology to your organization today. 



established in 
2013

a full service 
data solution 
provider

collect data 
& provide 
data analytics

Presenter
Presentation Notes
Collecting field data is only half the battle. We have been working on solutions to help manage. “Big Data” is not just a buzz word. Capable of capturing multiple gigabytes per day. 



Photographic 
evaluations of 
elevated 
structures

UAV DATA
OPTIONS

Presenter
Presentation Notes
Here is the kind of thing we more regularly work on – super hi resolution visual inspection
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Here is the kind of thing we more regularly work on – super hi resolution visual inspection



Calibrated 
digital infrared 
thermography

UAV DATA
OPTIONS

Presenter
Presentation Notes
Getting in close using the mobile capability of UAV improves the performance of all types of sensors. IR works better the closer you get. We like digital IR that stores the radiometric data on a per pixel basis.



Daylight 
UltraViolet
“Corona” 
photography

UAV DATA
OPTIONS

Presenter
Presentation Notes
Escaping high voltage ionizes the air, creating UV light. Cameras that can block the UV of the sun and work during the daytime are expensive and heavy. Another example of what you can do when you can lift several pounds of sensor.



High accuracy 
aerial LiDAR 
scanning

UAV DATA
OPTIONS

Presenter
Presentation Notes
LiDAR – essentially Radar using lasers instead of radio waves. This is why people say the acronym means “Light Detection and Ranging”. This is where we started to overlap with people like you at Western Forestry. This is a point cloud, made up of millions of very exactly georeferenced 3D points. 



Presenter
Presentation Notes
Smaller, high value targets are perfect application for UAV’s and Lidar. Excellent for creating DTM and engineering models for construction projects



Presenter
Presentation Notes
UAVs capable of carrying Lidar systems come in a range of configurations. Fixed wing aircraft stay aloft longer than rotary wing, but no VTOL and they have to fly faster – not as good for creating high density point clouds 



Presenter
Presentation Notes
Here is a VTOL aircraft with long flight times by virtue of being gas. Same sensor being used in Ireland for a forestry survey. Not sure if this would be under our 55 lb. limit or not. Single rotor aircraft are far less smooth in the air – not as good for image collection. And that large single blade could be lethal.



AIR READY COPTER
Wingspan: 5 Feet
Weight: 14 lbs.
Payload: 20 lbs.
Flight Time: 15 to 25 Minutes

AIR “READY COPTER”

Presenter
Presentation Notes
AIR Ready Copter: this is custom designed, heavy lift, long endurance. Very smooth platform for almost any image sensor you would care to fly.



Presenter
Presentation Notes
This is the project I am going to talk about specifically today. The Skagit River System Cooperative is trying to restore salmon habitat by removing berms, dikes and dams. 
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Presenter
Presentation Notes
Barnaby Slough is one of the primary targets. There were three separate plots to be surveyed.



Presenter
Presentation Notes
A closer look at the inspection target area. Not the ground control points (blue markers)



Presenter
Presentation Notes
Here is another of the Lidar target areas. You can see from this view why there is such importance in creating a true ground model. People live in the area and are rightfully concerned about any changes flow of water through the area.



AREA: 459 total acres in 3 separate parcels

DELIVERABLES:
1) Surface Elevation Model of the first return 
surface. 
SEM.* as ASCII and Raster
SEM_GRID.* as ASCII and Raster

2) A Digital Elevation Model (1m cell size) of 
the bare earth surface. 
DEM.* as ASCII and Raster
DEM_GRID.* as ASCII and Raster

Skagit River System Cooperative LIDAR SURVEY

Presenter
Presentation Notes
SRSC Lidar Specs 1



• lightest lidar system 
available: 2.2 KG

• 8 laser system with multi-
return capability

• better than 35 cm 
accuracy

Presenter
Presentation Notes
YellowScan – Built for forest surveying applications. Pretty simple to use, does not use RTK GPS so the data does need to be post processed.



MULTI RETURN LIDAR SYSTEM – can process 
“echoes” from a laser pulse penetrating foliage 

Presenter
Presentation Notes
Multi return lidar – can process the echoes of a single pulse penetrating through semi transparent material like plant leafs. Amazing that this works considering you are dealing with the speed of light 



Presenter
Presentation Notes
Very helpful in creating a bare earth model and classifying trees in foliage. This project was all about creating a very accurate ground model. This was the primary reason – along with weight – that the YellowScan system was chosen. 



SRSC LIDAR SURVEY: MINIMUM SPECS

• UAV Maximum AGL 50m (25m optimal)

• 100 degree field of view

• YellowScan at 80,000 pulses per second

• Nominal pulse spacing 0.4m

• 50% sidelap between LIDAR strips 

• +/- 35 cm vertical accuracy

• +/- 60 cm horizontal accuracy

Presenter
Presentation Notes
SRSC Lidar Specs 1 – PRE PLANNING IS CRITICAL



Presenter
Presentation Notes
Flights were planned autonomously. Pre planned flights as much as possible, but once you get on location you discover a lot. Main concern is how you are going to be able to maintain line of site. In this example, 15 flight lines were used to cover this area. 5 separate flights. 



Presenter
Presentation Notes
Lidar system mounted on the AIR Ready Copter



Presenter
Presentation Notes
AIR Ready Copter taking off with Lidar – one of approximately 40 separate flights. 



Ground Control Points

Presenter
Presentation Notes
In addition to conducting flight operations, we had a crew out collecting ground control points. Collected with the CHC 900 + GPS. 



Ground Control Points

CHC 900 + Dual Frequency GPS

Presenter
Presentation Notes
John Aschenbach from Resource Supply rented us the gear. Used handheld computer with Carlson’s SurvCE software. Collected 72 survey points. Some issues with the RTK data were encountered in post processing and some were thrown out. Client provided 25 points mostly collected with their Total Station. These were used in the post processing



lidar postprocessing handled by a partner 
company – portland based XGEOS

Presenter
Presentation Notes
Partnered with a local firm XGeos to handle the post processing of the Lidar data while AIR handled the flight operations. We know how to expertly fly to collect ideal lidar data. Post processing software very expensive and the expertise to run it is beyond AIR’s core competencies. 



Presenter
Presentation Notes
Used high lifts to help maintain line of site with the UAV



Presenter
Presentation Notes
Example of the point cloud created at the site
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Example of the point cloud created at the site



Point density across all sites came in at 
approximately 70 points per meter on average

SRSC LIDAR PROJECT – Final Statistics

Barnaby 1 = 6.7 cm
Barnaby 2 = 9.7 cm
Barnaby 3 = 8.5 cm
Barnaby 4 = 8.5 cm 
Wiseman Creek = 5.2 cm 

Relative point accuracy:

Presenter
Presentation Notes
Accuracy – very good relative point accuracy – about 3 times better than the project spec.Point density also met spec, but was a bit less than we were hoping for



When beyond visual line of site is available to UAS, 
these ratios will most likely invert.

COST COMPARISON – Fixed Wing vs. UAV Lidar

Presenter
Presentation Notes
Cost example of UAV vs Fixed wing lidar. This information is not from this project. Actual confidential customer prices paid for fixed wing Lidar. UAV is 5 to 10 times more expensive on a per acre basis. However, look at the totals – the UAV project basically ¼ as expensive in total. If all you need is a small area very carefully done, UAV Lidar can make sense now. And after beyond line of site is available, these numbers will invert with the UAV being the remarkably less expensive option on a per acre basis.



THE FAA & THE 
REGULATORY 

ENVIRONMENT

Rules for 
commercial use of 
UAS:
JUNE, 2016?

Presenter
Presentation Notes
The regulatory environment is a critical topic when talking about UAV applications. Notice of Proposed Rule Making (NPRM) came out in Feb of this year. Tremendous pressure on the FAA to get the market regulated. FAA missed September, 2015 deadline. Recently said the would be issued by June, 2016? People widely feel that these rules need to include more industry oriented regulations – Beyond visual line of site (BVLOS) and night flying are especially important.



 Grants flight 
exemptions to UAS 
that are deemed 
low risk

 First exemptions 
issued September, 
2014

THE “333”  
EXEMPTION

FAA Modernization and Reform Act of 2012, Feb. 14 2012

SEC. 333. SPECIAL RULES FOR CERTAIN 
UNMANNED AIRCRAFT SYSTEMS

“…the Secretary of Transportation 
shall determine if certain 
unmanned aircraft systems may 
operate safely in the national 
airspace system …”

Presenter
Presentation Notes
‘‘FAA Modernization and Reform Act of 2012’’ Section 333PUBLIC LAW 112–95—FEB. 14, 2012 126 STAT. 11First exemptions issued 9/25/14 to a group of 7 motion picture cinematography companies.When AIR received our 333 exemption, we were number 287 issued, 5th in Oregon and the 1st in Portland



THE “333”  
EXEMPTION

 Less than 55 lbs
 Under 400 feet (200 feet for “Blanket COA”)
 Line of sight only
 Daytime flights only
 Clear weather only – 3 miles visibility
 Away from urban areas
 2 miles from uncontrolled airports
 3 miles from airports with Instrument rules
 5 miles from airports with control towers
 500 feet from nonparticipating people, 

structures and vessels 

Even with a 333 
Exemption, you 
must also hold a 
COA. A “Blanket 
COA” allows for 
flights without filing 
more paperwork

Presenter
Presentation Notes
Even with a 333, you still need a COA to fly.A “Blanket COA” allows for flights without filing more paperwork



Presenter
Presentation Notes
Even with the missed deadlines, the FAA is not joking around. October 6th – FAA put some teeth in the enforcement of airspace rules. Proposed a record $1.9 M fine for SkyPan from Chicago.



 Only available for 
public agencies

 Allows UAS flight 
for specific 
purposes

 Must specify 
location, time 
frame, etc.

CERTIFICATE OF 
AUTHORIZATION 

AND WAIVER

Presenter
Presentation Notes
Of specific interest to this group – the COA process for public entitieshttp://www.faa.gov/news/fact_sheets/news_story.cfm?newsId=14153



 Rules to be drafted 
by November 20

 Final rules in place 
before the holidays

 Expecting 700,000 
UAS sales by during 
the shopping 
season

FAA TO REQUIRE 
REGISTRATION OF 

ALL UAS

Presenter
Presentation Notes
New rules are coming out that will require all drones to be registered



Reports of 
drones 
causing 
mischief 

multiplying

DRONES IN 
THE PRESS

Presenter
Presentation Notes
At the convention, people have been asking about registering drones. It’s a good idea. We all have been hearing more and more about drones causing problems in a variety of way. In these cases, the people who operated the drones were known…June 1 2015 Enrique InglesiasSeptember 3rd drone crashes into the US Open Tennis center during playSeptember 15th piece flying from a drone crash slightly injured a baby



Seattle City 
Light has a 
Bird on a 

Wire

DRONES IN 
THE PRESS

Presenter
Presentation Notes
But in these cases, the flyer is unknown and there is currently no way to track them down. May 31 st 2015, Seattle City Light spent $35K on removing drone stuck in power lines



Hollywood 
power outage 
caused by a 

drone

DRONES IN 
THE PRESS

Presenter
Presentation Notes
On October 27th – 200 customers loose power because of a drone hitting power lines. In a lot of cases, it is the hobbyist that is causing the problem.  



IN HOUSE 
OPERATIONS 
OR HIRE UAS 
SERVICES?

The price of the UAS is not the total cost – you need 
spares, repairs and training

The UAV is simply a platform to carry imaging devices 
and sensors. The payload is the important piece

The pilot’s skill and confidence level need to be higher 
for larger and more complex systems

Companies need to spend time on compliance with FAA 
regulations

Liability and insurance are important issues to discuss 
and verify

UAS: THINGS TO KEEP IN MIND

Presenter
Presentation Notes
Whether you are going to use UAVs in house or hire services from a company such as AIR, keep in mind:Hardware $1,200 to $35,000. Nav systems, spares batteries repairs and most of all sensorsFocus on the payload. The UAV specs are driven by the requirements of the payloadPeople need more skill than is generally acknowledged to operate successfullyComplying with FAA regulations is far from trivialMany companies may approach you – make sure they are legal to operate and have proper insurance



For more information:
Aerial Inspection Resources, Inc.
4380 SW Macadam Ave, Suite 515
Portland, Oregon 97239
www.aerialinspectionresources.com

Chris McMurtry
503-519-1432
chris.m@aerialinspectionresources.com

Presenter
Presentation Notes
Please contact Chris McMurtry for more information. Thank You! 
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