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Abstract

Assessment of damage is one of the critical problems shortly after a disaster. To
appropriately manage a natural disaster, accurate spatial data that captures the
geographic extent of damaged areas, both during and immediately after the event needs
to be accurately determined.

The effects of a tornado on a community can be devastating. It has the potential to cause
significant loss-of-life, personal injury, and property damage especially in an urban
setting. The ability for first responders and emergency management professionals to
observe damaged buildings and perform an initial damage assessment, to support a local
rapid damage assessment is critical in the first few hours of a disaster, helping Incident
Command direct the right rescue teams to the right locations at the right times. UAV and
Remote Sensing are an efficient, cost-effective, and accurate tool for rapid data collection
and monitoring of damage-affected areas during a disaster, such as a tornado.
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Introduction

September 28, 2017 was a quiet fall morning in the Town of High River, Alberta. There
had been four days of heavy thunderstorms followed by a day of heavy hail. Then, at
approximately 9:50am, an EF2 tornado struck the southern-most communities in the
town, causing widespread damage and injuries to local communities and high school.
Many people were injured, and many homes and business were either damaged or
destroyed. Due to early warnings, most people were able to take shelter and there no
fatalities as a result of the tornado.

This was the scene of a large-scale mock disaster exercise, Operation Apollo, designed
to test the townods e mdsagsiee respgnse capabilited. Mang
agencies were involved in the mock exercise, including: RCMP, Local Fire Departments,
AHS, MD of Foothills, local school division, various utility stakeholders, a number of local
emergency social services agencies, local Search and Rescue, and surrounding
Emergency Management Agencies. All the participants were tasked with working together
to: 1) Support the incident site and ensure life-safety, 2) Create an ICS Incident Action
Plan (IAP) to support activities for the 2" Operational Period, 3) Display relevant and real-
time data in the EOC, by tracking statistics and intelligence and sharing with participants
as soon as available, and 4) Begin the process of transition-to-recovery.
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For the scenario, it was quickly determined by EOC Command that there was a significant
amount of debris in the streets of the community making the streets impassable by
assessment crews. As well, manned aircraft could not be mobilized for a couple of hours,
so a UAV strike team was immediately dispatched to the scene to obtain very-high-quality
imagery that could be used to do an initial assessment of the scope and scale of damage,
and provide actionable intelligence to the EOC, to support the upcoming rapid damage
assessment being planned for the 2" Operational Period.

The UAS flight followed all applicable laws,
regulations and bylaws. The flight itself was a
VLOS flight and maintained VLOS throughout the
mission. The flight was performed at 400 feet
AGL, and a NOTAM was filed with NAV Canada.
Local heliports and aerodromes were
coordinated, to ensure deconfliction of airspace
for the mission. A radio watch and periodic
mission announcement was initiated on local
airband frequencies to ensure constant and open
communication with all local airspace users.

The Town had previously contacted all the
residents in the community and obtained their
prior permission for the flight, in addition to
maintaining ingress and egress traffic control
through local traffic signage and town staff
assistance. The Town itself also had to provide
permission for the flight as the mission included
local parks and town recreational facilities. Local
site surveys were completed and approved, as
well as all emergency communications and
procedures protocols were briefed and approved
by the EOC prior to tasking.

The flight itself covered almost 400 acres, and
was completed within one hour. The UAV used
was a fixed-wing SenseFly eBee with an optical
payload. Data processing was done using a
combination of OEM and custom technologies,
including custom algorithms designed to identify
damage from very-high-resolution UAV data.
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Initial and Rapid Damage Assessments

The initial damage assessment was performed with the UAS. Once the flight was
completed, the geo-referenced imagery was generated within 10 minutes. The data was
then passed to the EOC Planning Branch for their initial review of the imagery, to begin
their assessment of the scope and scale of the damage. This information was fed into the
planning cycle for the development of the IAP, to be implemented for the 2" Operational
Period. Essentially, the question was: where should Command expend their limited and
critical resources to perform a door-to-door Rapid Damage Assessment?

The exercise planners could not physically destroy buildings for the mock disaster, so
brightly-colored markers were fastened to the sidewalk out front of each address, to give
each manual RDA team a location to assess the mock damage. Each colored section
had an envelope with photos of the mock damage at that address and location. The UAV
was able to fly the mission and record the color of the marker in front of each home. The
color of the marker was encrypted from the manual RDA team, as each color of each
marker corresponded to the level of damage at each address.

The Situation branch for the Planning Sections used a custom, supervised GIS
classification algorithm to record the spectral signature of each marker placed outside of
each home. Then each home was classified according to the colored marker. This
machine-to-machine level classification was then compared to the manual RDA exercise
for effectiveness and accuracy.
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Figure2 ¢ Manual RDA map using ArcGIS Collector
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Results

The results of the use of UAS for IDA and RDA is very promising. The process of flight
for the quick collection of data was as-designed, and quite effective. The resolution of the
data was more than sufficient for identifying and quantifying the level of damage at each
address in the community. The process of overlaying the RDA data with a very recent,
custom, high-resolution orthographic image of the entire community was straight-forward
and resulted in increased [orer e ‘

level of situational it

awareness and decision
making that wasnd available
prior to the use of UAS. In
addition, the ability for the
UAS to provide immediately
actionable intelligence was
very well received by the
EOC and Command

The emerging discipline of
supervised classification of
UAS imagery data provided
valuable insight into a future — _ ) . _
Figure3 ¢ layeredimage with custonortho and RDA dataf decisbn-making anc
damage assessment process, .naiysis
where machines and artificial intelligence are able to freviewoan image and make its own
decisions about where the differing levels of damage are located, prior to human
factioningd This was accomplished by using spectral reflectance signatures captured
during the UAS survey process, and managed using custom GIS algorithms and high-
end data processing equipment.
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The GIS system was able,
once programmed and
supervised, to detect the types
Figure4 ¢ Sample image of sepvised classification of imagery data of subjects present in the

imagery, such as buildings,
roads, and vegetation. It is also possible to discern levels of damage based on machine
learning and programming by the GIS team
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Advantages / What Worked Well
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Mature and trusted technology with thousands of hours of flight, as the UAV used
for the exercise is a Certified Compliant Aircraft by Transport Canada

Rapid deployment to damage affected areas in less than 30 minutes, irrespective
of poor ground conditions (debris, roads, broken gas lines)

Reduction of risk to field crews due to debris field and impassable roads

Ability to assess large areas in a very short amount of time

Ability to deliver actionable data within the first hour of deployment, and continue
to deliver actionable data during, and within, the first Operational Period

Quality and accuracy of data was very high

Enabled ISR activity and provide immediate situational awareness to the EOC
Enabled accurate and trusted GIS/mensuration activity within the Planning Branch
Enabled more informed decision making by EOC Command, Planning and
Operations

Figure6 ¢ DSM Elevation Preview
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Disadvantages / What Didn’t Work Well

1 Technologies (both for flight and for data processing) used for this exercise are
expensive (>$100k) and requires on-going maintenance and significant aviation
experience to operate effectively, efficiently and legally

1 Understanding the changing regulatory environment in Canada meant that a
significant amount of time was put into pre-planning to ensure all laws, regulations
and bylaws were adhered to. The incoming Canada Gazette 1 regulations in early
2018 may help to reduce or mitigate this disadvantage

1 Technologies used for this exercise were unable to:

o Fly in inclement weather (rain, snow, fog, heavy winds)

o Providkenhover and stareo | SR capabild.i

o Provide live broadcast feed back to the EOC

o Provide optical video capability, however near-video capability in thermal/IR
was possible

o Provide ability to see through foliage (trees, bushes, etc.) as only optical
photos were taken

o Provide ability to fiseed through
assessed to a depth of around 27 3m

Summary and Conclusion

Damage Assessments need to be performed very quickly after a disaster, so valuable
resources can be mobilized, tasked and deployed in the right places, at the right times,
with the right equipment. Time is critical to the EOC Command, and timely data is vital to
making the best decisions possible. Spatial data that captures the geographic extent of
damaged areas, both during and immediately after the event needs to be accurately
determined, and can be done in very short time-windows using UAS. This can often times
be done in shorter timeframes, and with significantly less cost than manned aircraft or
helicopters.

The effects of a disaster can be devastating, and can potentially cause significant loss-
of-life, injury, and damage. The ability for first responders and emergency management
professionals to observe damaged buildings and perform timely initial assessments is
critical. UAS and Remote Sensing are an efficient, cost-effective, and accurate tool for
rapid data collection and monitoring of damage-affected areas during a real disaster, such
as a tornado, by successfully delivering quality ICS mission-based UAV data during a
mock disaster exercise.
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outsourced agriculture, land management/mapping, and aerial reconnaissance services
to clients in Canada. It is our proud mission to deliver reliable, accurate and safe aerial
data, along with outstanding customer service, for a reasonable price, to every customer.

| NAF L | GHpfovides WAS services across the Prairie Provinces (AB, SK, MB) and
in the Canadian North (YT, NT, NU), has flown over 5,000km, totalling over 1,500 flight
hours, for large major Canadian companies. IFD UAS are Transport Canada certified
compliant and airworthy, and IFD continues to maintain a zero-incident safety record.
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