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Section X

X. Unmanned Aerial Vehicles

A. General

This section is intended to provide guidance for UAV pilots collecting topographic data for the
creation of mapping files. For more information on obtaining the FAA Part 107 Certification, refer
to the WYDOT UAS Flight Operations Manual.

Throughout this section, unmanned aerial vehicles (UAV) may also be referred to as unmanned
aircraft systems (UAS) or drones. One of the many uses of small UAV’s is to collect topographic
data with a digital camera or LiDAR sensor. Depending on the terrain and amount of vegetation
to be mapped, UAV’s can offer a faster and safer solution than collecting data with conventional
surveying equipment on foot. The UAYV is also able to produce mapping with similar accuracies
to aerial photography. However, certain procedures must be followed to allow for a safe and
efficient data collection mission that adheres to FAA regulations.

Figure 1. UAV collecting topographic data.

Before arriving at the project to collect data, several important steps must be completed. A Flight
Planning Form and Risk Assessment Form must be filled out and submitted to the Aeronautics
Program for mission approval. Information on these forms includes date of flight, UAV model
and registration, pilot(s) in command, visual observers, mission summary, site location, standard
PPE equipment, airspace classification, distance from nearest airport, ground hazards with a
mitigation plan, and emergency response plan.

Consultants who are performing work for WYDOT must also submit a Contractor Mission
Approval form to WYDOT’s flight operations manager.
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B. Regulations and Authorization

1. Approved UAV’s

To comply with Federal restrictions, all UAV’s used on WYDOT projects, including
contracted services, must conform to the National Defense Authorization Act (NDAA).
Approved drones can be found on the Blue UAS cleared list, https://bluelist.dcma.mil, and the
Green UAS cleared list, https://www.auvsi.org/certification-training/green-uas/.

2. WYDOT Mission Approval

Prior to performing a UAV mission for a WYDOT project, approval must be received from
WYDOT’s Aeronautics personnel. The approval or denial of the mission is based on but not
limited to the following criteria:

e Airspace classification/restrictions
Pilot certification/qualifications
UAYV being used

Ground assessment

Identified risks

Weather forecast

3. Certificates of Waiver or Authorization (COA)

A COA is a Federal Aviation Administration (FAA) grant of approval for a specific flight
mission. This approval provides specific and conditional authorization to access the National
Airspace System for UAS activity. After a completed application is submitted, the FAA
conducts a comprehensive operational and technical review. If necessary, provisions or
limitations may be imposed as part of the approval to ensure the UAV can operate safely with
other airspace users.!

'https://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/systemops/aai
m/organizations/uas/coa

Use the following link for the COA application:

https://www.faa.gov/documentlibrary/media/form/faa_form 7711-2.pdf

For users within WYDOT, the COA will be submitted by a representative from the Aeronautics
Program.

4. Controlled Airspace

FAA rules apply to the entire national airspace system (NAS). Drone operators should be
familiar with the difference between controlled and uncontrolled airspace. Class B, C, D, and
E airspace is defined as controlled airspace. This airspace can be found around airports with
air traffic control towers, or those with instrument approach procedures. Authorization from
FAA Headquarters is required to fly drones in controlled airspace under Part 107.

Controlled airspace is typically located around airports and at certain altitudes where air traffic
controllers are actively communicating with, directing, and separating air traffic. Other
airspace is considered uncontrolled in the sense that air traffic controllers are not directing air
traffic within its limits.”

2 https://www.faa.gov/uas/recreational_fliers/where can_i_fly/airspace_101/
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Class G Airspace is “uncontrolled airspace” and FAA authorization is not required to fly
drones below 400 feet above ground level (AGL) under Part 107. To determine if the operation
is in controlled airspace, check the FAA’s UAS facility maps and click on “the maps™ link.

https://www.faa.gov/uas/commercial _operators/uas_facility maps

5. LAANC

UAV operators planning to fly in controlled airspace must receive an airspace authorization
from the FAA prior to the mission. LAANC is the Low Altitude Authorization and
Notification Capability that directly supports UAV integration into that airspace. Requests are
checked against multiple airspace data sources in the FAA UAS Data Exchange such as UAS
Facility Maps, Special Use Airspace data, Airports and Airspace Classes, as well as Temporary
Flight Restrictions (TFRs) and Notices to Airmen (NOTAMs). If approved, pilots can receive
their authorization in near-real time.?

Shttps://www.faa.gov/uas/programs_partnerships/data_exchange/#:~:text=What%20is%20L
AANC%20%3F.at%200r%20below%20400%20feet.

6. Documentation, Licensing, and Certification

UAYV operators must possess a current FAA Part 107 certification, aircraft registration, and
applicable waivers and authorizations during the mission. Consultants conducting flight
operations on behalf of WYDOT will also need to provide proof of liability insurance.*

* Wyoming Department of Transportation; Unmanned Aircraft System (UAS); Flight
Operations Manual - Chapter 2: Roles and Responsibilities.

C. FAA Flight Restrictions

1. Maximum Flying Height

UAVs are allowed to fly up to 400 above ground level (AGL). If the UAV is flying over a
structure, then it may operate up to 400’ above the structure and within a 400’ radius of that
structure (e.g., communication tower inspections).

2. Visual Line of Sight
Visual line of sight (VLOS) is defined as the distance that the operator can maintain
continuous, un-aided visual contact with the UAV.

a. Visual Observer

A visual observer (VO) may assist the UAV pilot by visually observing the UAS and the
surrounding airspace to ensure it does not interfere with manned aircraft. The VO is not
required to have a Part 107 certification but should have a basic working knowledge of the
UAS capabilities and limitations.

3. Flying over People

FAA Part 107 prohibits flying over people or moving vehicles. The UAV may pose a hazard
to the traveling public by crashing into or near motorists, bicyclists, or pedestrians. In addition,
loose parts or payload from the UAV may dislodge and fall. The UAV may also pose a hazard
by creating a visual distraction for the travelling public.
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The UAV may fly over people if they are directly participating in the mission, are located
under/within a protective structure, or inside a stationary vehicle that can provide reasonable
protection.’

Recent rule changes allow flights over people, provided a few rules are met and some specific
practices are observed. UAV operators are now authorized in specific circumstances to fly
unmanned aircraft over people. The new rules require that the aircraft meet specific weight
and laceration categories, along with installation of safety equipment.’

> https://www.faa.gov/uas/commercial_operators/operations_over_people

4. Flying over Moving Vehicles
A UAV must not maintain sustained flight over moving vehicles. The UAV may only cross
over a highway without a closure when the pilot and visual observer(s) can ensure that vehicles,
bicyclists, or pedestrians will not be flown over nor create a visual distraction to the travelling
public. The crossing should be performed on an approximate perpendicular path to the
highway to minimize crossing time.

The pilot shall plan the UAV operation to avoid or minimize the need to perform roadway
crossings. A roadway crossing shall not be programmed into an autonomous flight plan
without a roadway closure. Instead, designate a separate takeoff and landing zone on each side
of the roadway.

https://www.ecfr.eov/current/title-14/chapter-1/subchapter-F/part-107/subpart-D/section-
107.145

5. Flying at Night

UAVs may operate during daylight hours or in civil twilight with anti-collision lighting without
FAA waivers.> However, collecting data with digital imagery is not practical and should not
be performed when the terrain is not clearly visible.

Shttps://www.ecfr.ocov/current/title-14/chapter-I/subchapter-F/part-107/subpart-B/section-
107.29

6. Temporary Flight Restrictions

The FAA maintains the safety and efficiency of the national airspace system (NAS). In special
circumstances, the FAA may temporarily restrict access to certain areas of the airspace for a
limited amount of time. These airspace restrictions are referred to as temporary flight
restrictions (TFRs).

There are many reasons for issuing a TFR including natural disasters, major sporting events,
emergencies, or national security situations. Active TFRs are published on the FAA's website
and can be viewed in the column titled ‘NOTAM".”

7 https://www.faa.gov/uas/getting_started/temporary flight_restrictions/

7. Notice to Airmen

A notice to airmen (NOTAM) is method of communication containing specific information
essential to personnel concerned with flight operations. A NOTAM is used when the
information to be publicized by other means is not known far enough in advance. It states the
abnormal status of a component of the national airspace and not the normal status.®
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8 https://www.faa.gov/about/initiatives/notam/what is a notam/

8. Weather

All flight crews shall comply with weather restrictions as detailed in the Federal Aviation
Restrictions (FAR) Part 107 and the UAS manufacturer’s specifications when applicable. The
nearest official weather reporting station should be used as a guide when available. Other
available weather sources may also assist in determining the following:

a. Visibility

The UAS may not operate in locations where the visibility is less than three statute miles.
The UAS must also operate at least 500 feet below cloud level and at least 2,000 feet
horizontally from clouds, fog, smoke, or smog.’

These operating limitations are intended to support the pilot’s ability to identify hazardous
conditions relating to encroaching aircraft or persons on the ground and to take the
appropriate actions to maintain safety.

? https://www.ecfr.cov/current/title-14/chapter-I/subchapter-F/part-107/subpart-B/section-
107.51

b. Wind Speed

Larger drones with more powerful motors are typically more stable in windy conditions.
However, all drones have limitations with respect to wind speed and may result in a loss
of control. Refer to the manufacturer specifications for maximum wind speed.

A stable platform is a necessity for clear and accurate imagery and flying in windy
conditions should be avoided, if possible. Typically, wind speed is lower in the morning
and may be the best time to execute a planned mission.

c. Temperature Range

Drone manufacturers typically include an operating temperature range in the specifications
of their product (including batteries). Hot weather can cause the drone’s motors to work
harder to generate more lift, which may lead to shorter flight times. Some electronic
components, such as video transmitters and sensors, may not operate properly in extreme
temperatures. Batteries are also at risk of overheating and sustaining permanent damage.
Regular breaks between flights allow the drone time to cool down and regain a stable
temperature.

Before flying the drone, check the recommended temperature range for its battery based
on the specifications of the drone manufacturer. Ensure that the battery stays well within
this range to avoid long-term damage. When left unchecked, a very hot battery may fail
and lead to a drone crash.

The biggest problem when flying a drone in cold weather is the effect on battery life.
Battery life may be reduced by 50% in extremely cold weather. Before launching the
drone, turn it on and let it warm up for a couple of minutes before takeoff. Bring extra
batteries to swap out more frequently. The batteries in the controller will also use power
faster.
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d. Rain/Snow

Flights during sustained precipitation and/or nearby lightning strikes should be avoided as
risks to the UAS and/or pilot are significantly increased. Rain and snowfall will also reduce
visibility.

Manufacturers typically do not design drones to be operated in the rain. Electronic
components on the drone or controller may be damaged if they get wet.

Aerial photography will be degraded if there is water or snow on the ground. This may
result in voids in the mapping that have to be filled in by conventional survey practices or
a subsequent flight. The best practice would be to wait for better weather, with increased
visibility, and clear, dry terrain.

9. UAV Launch and Recovery

It is recommended that UAV operators designate a takeoff and landing area within the
WYDOT right-of-way when possible. If the flight mission, including takeoff and landing,
occurs on property outside the right-of-way, then the operator must obtain permission to survey
from the landowner. In addition, UAV operation should not fly over private property without
obtaining permission from the landowner or lease holder.*

On the day of flight and prior to any flight operations taking place, the mission site shall be
fully inspected by the pilot. The purpose of this inspection is to confirm hazards identified
during flight planning and to identify other hazards such as public access points or previously
unseen obstacles. The operating frequency of the UAS must be considered when conducting
the site inspection, and any possible sources of interference must be identified and noted on
the Risk Assessment Form. This may dictate a change to the operating area.

Figure 2. UAV with landing pad.
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The Risk Assessment Form must be filled out detailing the new findings. For all risks
identified, a thorough assessment of the mitigations required should take place. For any risk
deemed too great, the done operator must not operate and inform the flight operations manager
(FOM) within one week.

The initial ground assessment may be completed through desk-based solutions such as Google
Earth or in combination with a site visit. All information must be recorded on the On-Site
Assessment Form.

https://form.jotform.com/202945416359057

10. Operating Area Site Survey
Take-off and landing points (TOLP), as well as an alternate landing point (ALP), should be
identified. The following guidance is provided to select the best locations:

Area — The size of the TOLP should be large enough to allow for slight deviations in all
directions. A larger area will compensate for deviations due to wind, pilot error, or aircraft
malfunctions.

Perimeter — It is recommended that the TOLP be cordoned off by utilizing materials to signify
a clearly identifiable perimeter and should be established to avoid surrounding obstacles.

Surroundings — When establishing a TOLP, it is imperative to be cognizant of any surrounding
obstacles. When possible, select an area free of nearby trees, telephone poles/wires, ridgelines,
etc. The operator should be familiar with their immediate surroundings before launch.

Surface — The surface characteristics of the TOLP should be clear of debris. Hard surfaces
such as pavement or concrete are recommended for multirotor aircraft. Aircraft requiring a
runway or elongated landing area - a softer landing surface, like a level grass surface clear of
debris, 1s recommended.

Slope — The slope of the TOLP should be as level as possible. It is not advisable to utilize a
surface with a steep grade. In environments where a level surface cannot be found, it is
recommended that a TOLP platform be built and utilized instead.

The TOLP must be appropriate for an automatic return to home (RTH) when in failsafe mode.
If this is not possible, then an alternative RTH landing point should be selected.*

D. Vertical Accuracy

General topography collected with a UAV shall meet a root mean square error (RMSE) of less
than 0.30’ in vertical accuracy (or meet 0.40° at the 90% confidence level). In general, accuracy
is a factor of photography resolution, or ground sample distance (GSD), which is based on the
pixel size of the camera, focal length, and flight height. GSD is the spatial resolution of a sensor
and 1s the distance measured in centimeters between the centers of two neighboring pixels in the
image. It will be up to the operator to determine the ideal flight height based on the sensor
characteristics.

The vertical accuracy will be verified by a minimum of 10 randomly collected check shots for
every 10 acres of collection area throughout the survey area. The check shots may be collected
with total station or RTK methods.
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1. Ground Targets

To achieve the above vertical accuracy, the use of ground control points/targets or RTK
enabled UAV’s will be required. A minimum of four targets located in the corners of the
mapping limits should be used. If the mapping limits exceed 40 acres, then a fifth target should
be placed in the approximate center. Larger areas will require additional UAV flights and a

new target layout.

The four (or five) target configuration works well for approximately square areas; but for long,
narrow highway corridors place targets no more than % mile apart (1,320 ft).

=

Figure 3. Ground control point.

2. Real-Time Kinematic

An RTK-enabled UAV is equipped with an on-board GNSS unit that receives data from
satellites and a base station. The base station shall be set on a WYDOT controlled project
control monument. Ground control points may be reduced or eliminated with the use of RTK,

but ground check shots are still required.

E. Aerial Photography
To create 3D models from aerial photography, a minimum of 60% forward overlap and 30% side
lap is necessary to create stereoscopic views. However, most manufacturers recommend a 70% to

80% overlap and 30% to 40% side lap.

The aerial photography should be taken with a nadir angle (vertically downward). Specific
features such as vertical walls or overhangs in a mountainous or canyon environment may be
collected with an oblique angle.
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Figure 4. Aerial imagery.

At a minimum, flight lines should utilize a “back and forth” pattern to ensure complete
photography coverage. To increase coverage, multiple grid flight paths, flying at differing heights,
and using oblique camera angles may lead to a more complete collection. These photography
techniques may improve topography collection in areas with significant terrain variation, cliff
faces, or heavy ground vegetation. It should be noted that ground vegetation might prevent
complete mapping of the underlying topography.

F. Safety in WYDOT Right-of-Way

All WYDOT and non-WYDOT employees working within the right-of-way must wear high-
visibility reflective vests during operations. In addition to the reflective vests, WYDOT employees
must wear high-visibility orange headgear per Personnel Procedure 19-7.

Advanced warning signs (“Survey Crew Ahead” or similar) are also required for both directions
of travel in advance of the survey area. Refer to Section IX — Traffic Control in the Survey Manual
for the proper placement of warning signs.

G. Deliverables

If collecting aerial photography, the P&S Section will require delivery of the imagery to be able
to process in-house. If collecting aerial LIDAR from a UAV, then P&S will require the raw and
bare earth point clouds with RGB values in an LAS format and the aerial photography. Ground
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targets and check shot coordinates will be required in a csv format with the point (number/name),
followed by the northing, easting, and elevation values. The check shots will be used to determine
if the imagery matches the vertical accuracy requirements previously discussed in Section D of
this chapter.

All deliverables to P&S must be accompanied by a signed and sealed cover letter from a registered
Professional Engineer or a Professional Land Surveyor. The cover letter should state that the
survey has been completed under the direction of a PE/PLS and has been reviewed by the PE/PLS.
Other information such as project name, section, number, a brief description of the survey, and
any other pertinent information should also be included. Refer to Chapter 8 in the Data Collection
Manual for more information on submitting survey data.
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