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ABSTRACT  

This paper examines the use of unmanned aerial vehicles (UAVs) as 
platforms to capture imagery at the neighborhood and individual building level for 
use in post-disaster field studies.  Applications of UAVs in recent disasters as 
described in the literature are reviewed, and a case study investigating UAV 
capabilities for imagery collection following the EF-3 tornado impacting northern 
Alabama on March 2, 2012 is presented.  Topics addressed include the multi-rotor 
UAV equipment and setup, imagery devices, flight considerations and capabilities, 
and imagery and metadata collection capabilities of the unmanned aerial system 
(UAS).  Sample post-tornado imagery of building damage is shown, demonstrating 
the order of magnitude improvement in imagery resolution compared to typical post-
disaster aerial photography. 
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INTRODUCTION 

 Assessments of conditions following disaster events are often performed 
using imagery acquired through satellite, aerial, and ground based (vehicle-mounted 
and handheld) platforms. These images can be analyzed using visual, spectral and 
photogrammetric techniques. Satellite and aerial imagery can cover large 
geographical areas but are of limited use for detailed investigations of individual 
buildings and neighborhoods due to spatial resolution limitations.  Additionally, 
while such imagery is usually available following large disasters such as Hurricanes 



 

Katrina and Ike in 2005 and 2008, respectively, and the 2011 Joplin, Missouri 
Tornado, may not be readily available following smaller events.   

Imagery for use in studies of the performance of individual buildings and 
neighborhoods has mainly been obtained by handheld and, more recently, vehicle-
mounted cameras.  A significant limitation of vehicle-mounted systems is that they 
are best at collecting images of the street facing side(s) of the building.  Side views 
may or may not be available depending on proximity of adjacent buildings, and views 
of the rear face of the building are generally not available unless the neighborhoods 
have alleys.  Trees, shrubs, and fences also create interference for vehicle-mounted 
cameras. These elements can also create interference for handheld cameras, but less 
so since the photographer has more flexibility for picture locations.  When access to a 
damaged building is possible, handheld cameras are often used to acquire imagery 
inside the building and from the roof of the building, to help get a much fuller 
understanding of the damage.  Imagery from the roof, especially roofs of taller 
buildings, can show damage to adjacent buildings other buildings in the 
neighborhood as well.  However, in some instances, buildings are too damaged to 
enter safely.  Ground-based imagery acquisition (both handheld and vehicle-based) 
can be hindered by site access limitations due to: downed trees, power lines, and 
other debris blocking the roads; roads washed out by storm surge or inland flooding 
(e.g., see Figure 1); law enforcement roadblocks; private property and privacy 
considerations; physical security considerations for the ground-based damage survey 
team; and other causes. 

  

 
Figure 1. Limited access for damage survey vehicles in A) Galveston, Texas 

following Hurricane Ike where a road has collapsed due to scour and B) Baton 
Rouge, Louisiana following Hurricane Gustav where tree limbs have blocked road 

access. 
 

The limitations of the existing satellite, aerial, and ground based imagery 
platforms also create difficulties when assessing different types of building damage 



 

due to different hazards.  For example, storm surge damage to the walls and interior 
of a building in cases where the roof remained intact may not be visible from nadir 
(vertical) satellite and aerial imagery. Earthquake induced collapses where the roof 
remains largely intact may similarly be difficult to identify from nadir imagery 
(Gerke and Kerle, 2011). Wind damage to flat or low slope roofs may not be 
observable from ground based imagery. Additional information on capabilities and 
limitations of the different imagery platforms are discussed by Adams et al. (2010).   

Recent advances in UAV flight and flight control capabilities and in digital 
camera technologies, coupled with substantial reductions in the costs of both, have 
positioned UAVs as platforms of interest for post-disaster studies. UAVs provide a 
user-controlled means to collect imagery from multiple angles at neighborhood and 
individual building scales. UAV-mounted camera systems have the capability to 
capture still and video, and vertical and oblique imagery, at much higher resolutions 
than currently available from commercial satellite and aerial photography. UAVs also 
have capabilities to overcome common site access and image collection limitations of 
ground-based platforms. UAV platforms can thus potentially fill a significant gap in 
current imagery collection methods for use in assessing and studying the performance 
of individual buildings and neighborhoods following disasters. 

 
USE OF UNMANNED AERIAL VEHICLES (UAVs) FOR DISASTER DATA 
COLLECTION 

UAV applications in post-disaster situations are demonstrated in recent 
deployments following hurricane, earthquake and tsunami events.  Post-hurricane 
uses reported in the literature include structural damage inspections for several multi-
story commercial buildings impacted by Hurricane Katrina in 2005 (Pratt et al., 2006) 
and inspections of seawalls and piers damaged by Hurricane Wilma (Steimle, 
Murphy et al., 2009).  For the Hurricane Katrina inspections, a rotary-wing miniature 
UAV was deployed to take high-resolution imagery and thermal imaging from a 
distance of 2 to 5 m from the building envelope. A point-of-view camera was also 
included on the UAV for pilot navigation purposes. Three operators including a pilot, 
flight director, and mission specialist were present during for assessment needs. The 
Hurricane Wilma assessments utilized a rotary-wing, small/micro-UAV (i.e., 
weighing less than 25kg), equipped with a visible-light camera which transmitted 
imagery to a camcorder for real-time visualization and recording purposes. The UAV 
had an allowable wind tolerance of 15m/s and was operated by a pilot and mission 
specialist.  

Recent earthquakes have also seen UAV deployment for post-disaster 
imagery collection in L’Aquila, Italy in 2009 as referenced by Quaritsch, Kruggl et 



 

a 0.25m diameter body, which encased controls, transmitters, and two lithium 
polymer (lipo) batteries. Three, 0.75m carbon-fiber arms with brushless motors 
mounted at the ends, extending from the UAV body; thus, equating to a total UAV 
dimension of 1m in diameter with a maximum height of 0.15m.  The flight weight of 
the UAV was approximately 3kg and consisted of a 1.75kg UAV body and frame, 
1kg battery (0.5kg each), 0.175kg still camera and 0.10kg video camera. The custom 
UAS (UAV, ground control station, and sensors) cost less than $6,000 with the UAV 
and batteries totaling approximately $1000, sensors $600, ground control station 
components $2,500, and an eight-channel remote control $1,000.  A Mikrokopter 
Oktokopter XL (see Figure 2), a commercially available UAV with similar 
capabilities to the custom UAV, was also planned for usage but was not deployed due 
to its recent assembly which limited flight experience in significant wind 
environments. The Oktokopter XL almost ready-to-fly (ARF) base model cost less 
than $6000 and can be assembled by experienced technicians in less than a week. The 
addition of a $250 Zigbee telemetry kit and YellowJacket video imagery receivers 
and transmitters, in which both are as little as $150 each, enable the use of a computer 
or smartphone for real-time, UAV-based imagery review, dynamic flight plan 
monitoring, and autonomous flight plan alterations.  

The battery-powered custom UAV has a 20 to 30 minute flight time 
depending on payload weight, wind, and flight plan. Wind tolerance of the UAV is 
below 12 m/s for semi-autonomous and fully-autonomous flights and up to 15 m/s for 
manually operated flights. The UAV has the ability to fly at over 500 m above ground 
level (AGL) and can be remotely controlled from more than five kilometers away; 
however, Federal Aviation Administration (FAA) regulations govern acceptable 
flight parameters for public entities through a required, individually issued Certificate 
of Authorization or Waiver (COA). COAs define specific airspace available for each 
public entity’s UAV usage, as well as the permissible tasks for airworthy UAVs. The 
airworthiness designation is performed by the public entity, using discretion; 
however, every UAV’s specifications, including lost-link procedures, must be defined 
in the COA.  Emergency responders with large, yet finite districts such as a county 
sheriff’s agency can apply for a COA to encompass the entire district; however, a one 
hour notice to the FAA for usage outside of typical training airspace (as defined in 
the COA) should be followed. Emergency responders that address issues in various 
locations must first receive a COA that defines a training airspace, and then contact 
the FAA for permission to use an airworthy UAV in an emergency response capacity 
outside the COA-defined, training airspace (FAA outlines a 24 hour timeline for 
approval). For this study, hobbyist UAV guidelines requiring line of sight operation 
and 122 m AGL flight ceilings (FAA, 2011) were observed.  
 



 

 
 

Figure 2. Unmanned Aerial System (UAS) consisting of: A) Multi-rotor UAV; and 
B) Ground Control Station. The UAV is equipped with eight rotors, lighting for 

orientation purposes with the red arm indicating the forward face of the vehicle, and a 
camera mount capable of pitch and roll maneuverability. The ground control station 
includes a point-of-view camera viewer to aid in flight control and a photography 

camera viewer for instantaneous imagery acquisition review. 
 

 For the post-tornado case study, two severely damaged residential buildings 
were selected as the primary structures to investigate the capabilities of the UAV 
platform.  Figure 3 depicts the flight paths of the UAV for imagery acquisition. The 
somewhat erratic nature of the flight paths can be attributed to manual control of the 
UAV, as semi-autonomous and fully-autonomous flight abilities were not pursued 
due to the high variability and strength of the wind gusts. Average flight elevations 
that enabled the UAV to vertically clear the structures at a comfortable distance, 
while maintaining a close operator-to-UAV proximity (preferable in high wind 
environments) were pursued. Structure 1 was a two-story home with considerable 
damage to the roof and second story. Ground access to this structure was limited due 
to a wooden fence as illustrated in Figure 4A and the unstable nature of the damaged 
structure (particularly considering the relatively strong winds occurring at the time of 
the site visit). The flight path chosen, which initiated in an open field nearby, 
included three ellipsoidal passes of approximately 8 minutes each, was conducted at 
an average flight elevation of 15 m AGL. During the Structure 1 flight, a deviation to 
investigate a neighboring structure with significant roof damage was made to 
demonstrate the distance capability of the UAV (Structure 3, approximately 200 m 
from Structure 1).  Figure 4B shows Structure 2, a one-story home with considerable 
roof damage. Numerous passes during the 20 minute flight duration were taken to 
provide imagery from multiple viewpoints at an average flight elevation of 10 m 
AGL. 



 

Figures 5-7 show a singular image of the house identified as Structure 1, at 
different zoom levels, collected via the nadir-mounted digital camera on the UAV 
during the case study. The image was collected at an altitude of approximately 15 m 
AGL and has a ground sample distance (GSD) of approximately 0.007 m (i.e., 
distance between centers of adjacent pixels as measured on the ground).  Figure 5 
clearly shows the debris field surrounding the structure, as well as a severely 
damaged section of the second-story and roof. A partial floor plan of the structure can 
be determined as a bedroom, bathroom, and two closets can be identified from this 
vantage point.  Figure 6 provides a zoomed in image of the top left roof corner of the 
structure. The construction materials used are easily seen; individual bricks, 
sheathing, and roofing materials can clearly be identified. The bathroom’s roofing 
materials are absent from the image, indicating a removal of the roof structure as 
opposed to an inward collapse of the roof.  Figure 7 shows an even further zoomed in 
view of the same damaged area, demonstrating the very high level of detail 
observable with this UAV-based system.  Individual bricks are clearly visible.  The 
remains of red chalk lines on the roof sheathing (used for locating ceiling joists for 
deck nailing) are visible in areas where the roofing felt and shingles have been 
removed.  The roof decking material on this part of the building can clearly be 
identified as oriented strand board. The level of detail available in this imagery not 
only provides in-depth information as to building condition, but can also assist with 
determination of failure mechanisms and sequences. For example, in Figure 6, the 
face brick from the second story bathroom wall (in the center right of the picture) fell 
onto roof sheathing and ceiling joists of the adjacent first story roof, indicating that 
the first story roof damage occurred first. 





 

 
Figure 4. Ground-based imagery of tornado-damaged structures of interest: A) 

southwest facing elevation of Structure 1, a heavily damaged two-story home. The 
fence and unstable nature of the significantly damaged structure prevented close-

range ground-based investigation.  B) West facing elevation of Structure 2,  a 
severely damaged one-story structure. The extent of damage beneath the roof line is 

difficult to quantify based on this ground-based imagery. 
 

 
Figure 5.  UAV-based still image of Structure 1 taken by the nadir-mounted digital 

camera, with GSD approximately 0.007 m. 
 



 

 
Figure 7. Further close-up of the southwest  corner of Structure 1.  This is from the 
same image file shown in Figures 5 and 6, displayed here at an even higher zoom, 
which demonstrates the full resolution capabilities of the UAV-mounted camera. 

Construction materials and damage to the roof covering, roof sheathing, and ceiling 
beneath the roof joists are clearly visible. 

 
 In addition to the significant opportunities for qualitative image analysis 
described previously, UAV-based imagery can potentially be used for quantitative 
analysis as well.  Overlapping images such as those shown in Figure 10 can be used 
for stereophotogrammetric analysis.  The principal of metric photogrammetry states 
that stereographic photography, specifically photographs with at least a 60% overlap 
of distinguishable objects within each picture, can be used to quantify object 
parameters (Li, Shen, et al., 2010). In this case study, the UAV operator was 
instructed to fly a pattern conducive for such imagery acquisition.  However, 
significant winds during the UAV flights hindered acquisition of images with optimal 
overlap.   Utilizing a pre-defined flight plan as well as an automated flight and/or 
camera operation could aid in achieving optimal imagery overlaps. 
 



 

 
Figure 8. Sample post-disaster aerial (NOAA, 2008) and ground-based imagery of 
Galveston, Texas following Hurricane Ike. A) Neighborhood level NOAA aerial 

imagery (GSD=0.5 m) indicates widespread damage to the area through debris fields. 
B) Per-building zoom of the NOAA imagery depicts some type of roof damage as the 
southwest portion of the roof is discolored; however, the degree of damage is difficult 
to determine for this multi-level roof and the photograph provides no information on 
the façade damage. C) Ground-based image of the house shown in (B) taken by the 
lead author.  Details of wind damage to the roof not visible from the ground, and 

storm surge has destroyed the stairs, so no access to enter the structure and 
investigate from the inside. 



 

 

 
Figure 9. Sample UAV-based stills from video imagery of A) Structure 1 and B) 

Structure 2. These video-stills depict oblique views of the damaged structures. The 
stills provide a three dimensional visualization of the structure that illustrates object 

heights in more readily understandable manner than typical nadir views.  Surrounding 
terrain, buildings, and infrastructure are also visible. 

 





 

resolution of the UAV-based imagery allowed identification of specific building 
materials; and individual bricks were clearly visible.  Use of readily available digital 
cameras with even higher resolutions than the 12 megapixel unit used in this system, 
combined with lower flight altitudes above ground level, could easily improve the 
GSD to approximately 0.002 m.   Wind gusts as high as 14 m/s during the UAV 
flights provided challenges for manual operation of the UAV and image collection, 
particularly as related to capturing images with suitable overlap for 
stereophotogrammetric analysis. As costs for UAVs and digital cameras continue to 
drop, UAV flight and flight control capabilities continue to improve, and given the 
demonstrated utility of these platforms, their use in post-disaster data collection is 
very likely to expand in the near future. Evolving FAA regulations governing UAV 
operations will play an important part in the speed of adoption of this technology; 
however, there is a 2015 target date for publication of regulations to better integrate 
UAV operations into the US airspace.  
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