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 Forward  

 
Gene Robinson is miles above anyone else in the real world application of small-unmanned 
aircraft technologies for search and rescue (SAR), firefighting, and law enforcement purposes. 
An anomaly, he appeared out of the commercial sector designing and manufacturing his own 
wing systems when everyone else said it just could not be done. The pioneers had few choices, 
as the industry was almost non-existent. 
 
Gene found a calling and followed it by forming the not for profit, RP Search Services. Over the 
better part of the last decade, his dedication and acumen have continued to inspire and amaze not 
just those of us in this emerging technology sector, but those whose lives he has touched. 
 
Many of their efforts read as if they were scripts written for TV; some of these inspirational 
accounts brim with joy, others tempered with sorrow, but many feature the common thread of 
closure for grateful families who’ve had to endure the unthinkable. 
 
Correctly integrated, this technology can and will augment existing capabilities supporting the 
mission of safeguarding the lives and property of those served. This book is full of empirical 
knowledge and should serve as the definitive “how to” manual for the public safety professional 
considering unmanned aircraft systems for their departments. 
 
 
-- Patrick Egan 
 
 
Patrick Egan served as a full member on the FAA’s sUAS Aviation Rulemaking Committee. 
(Order 1110.150).  As a full member, and as Director of Special Programs for the Remote 
Control Aerial Photography Association. (RCAPA), he represented the “silent majority” or small 
business users of small Unmanned Aircraft System and their concerns regarding airspace 
integration.  He also is a member of the International Coordination Council, which inputs to the 
WG-73 and the AUVSI Airspace Advocacy committee.  He has spent many years applying and 
collaborating on uses for unmanned aircraft technology.  Patrick is currently supporting a United 
States Army Space and Missile Defense Command, Future Warfare research project. In the past 
he has trained LTA (Lighter Than Air), ISR systems deployment teams for a OSD, U.S. Special 
Operations Command, Special Surveillance Project. 
 
 

 

 



 Preface  

 
Search and rescue (SAR) has been a component of man’s survival since he started living in 
groups as a cohesive unit.  Granted, some in the group were considered expendable and not a 
second thought was given to their well being or their absence.  But there were always those who 
contributed significantly enough that their absence would trigger a party to go in their last known 
direction to retrieve them, if gone for longer than expected.  It was worthwhile for the group, if 
that individual’s special skill was returned to contribute to the overall unit’s wellbeing and 
perhaps their very survival. 
 
As man became more civilized and structured it became a moral imperative to help those that 
became lost and needed help.  Everyone is familiar with the stories of the St. Bernards in the 
mountains of Europe and the monks that made them famous.  Armed with a cask of brandy, they 
were sent forth as one of the first recorded K-9 units organized specifically for the purpose of 
search and rescue.  The Swiss Alps have their legends of Barry, the Saint Bernard that is said to 
have saved between 40 and 100 people.  The existence of the breed as a specific rescue asset is 
well documented as is the efforts of Bernard of Menton, the 11th century monk who established 
the mountain station.  As is the case today with many search and rescue units, the monks were 
true volunteers of the time and actually did it as an aside to their normal ministries. 
 
Take a giant leap forward and find that volunteer groups have been utilizing animals and tools 
that have made SAR efforts more efficient, quicker, and easier on the searchers.  Horses, scent 
dogs, automobiles, aircraft, two way radios, cell phone tracking, and the progression continues.  
Unfortunately, these new technologies are not always available to those who could make good 
use of them.  And sometimes technologies are misused or underutilized from lack of training or 
proper application.  On the darker side, law enforcement officers are increasingly faced with 
sophisticated and well funded criminals.  Criminals who have been educated by reality programs 
and the streets are convinced that long range and large caliber firepower are essential to 
maintaining their turf.  For law enforcement, getting up-close and personal with these guys can 
be deadly. 
 
The introduction of the unmanned aerial asset has begun to change the face of civilian search and 
rescue in a profound way.  Migrating from the military theatres of international operation back to 
the soil of the U.S. is a natural progression and is one that is common place for war technologies.  
While search and rescue is certainly a driving force in this book, it is not an exclusive discipline 
to take advantage of aerial imaging using unmanned aerial vehicles – or drones, as the media has 
taken to calling them.  While the Predator and other large unmanned aircraft garner the lion’s 
share of news, there is a smaller cousin that can play a crucial role in the future of public 
services, which is the focus of this book.  Although we discuss search and rescue/recovery very 
specifically, we also give examples of unmanned aircraft use by law enforcement, first 
responders, and fire departments as well.  We explore many other possibilities for the unmanned 
aerial systems (UAS) and even remotely piloted vehicles (RPV), also referred herein as remotely 



piloted aircraft (RPA), that are just now becoming available to the civilian agencies – which can 
indeed make good use of them in their duties. 
 
There is a seemingly endless alphabet soup of acronyms that are spelled out in their entirety 
throughout this book along with parenthesized initials to help the reader as we progress.  For 
good measure we include a glossary of acronyms as an appendix as well.   This book does not 
contain a great deal of theory, it describes the types of aerial assets we have actually fielded, 
sensors employed, and techniques perfected to develop UAS procedures.  These have been 
developed to dovetail with current SAR techniques and offer assistance to both the professional 
and volunteer SAR team.  This book is titled First to Deploy because I predict that some form of 
unmanned aircraft will be the first asset called upon by law enforcement, SAR, first responders 
and fire departments, in the near future.  
 
Here’s to your successful searches and finding those in need. 
 
 
-- Eugene ‘Gene’ Robinson 
 
 

 

 



 Section 1  

 
History:  Our “Ground Zero” With Unmanned Aircraft and SA R 

 
Very early on, we, a group of remote control aerial photographers, saw the handwriting on the 
wall. Rick Connolly and I formed the Remote Control Aerial Photography Association (RCAPA) 
to build an association of like minded APer's (Aerial Photographers) and structure a guideline 
much like the Academy of Model Aeronautics did for self governance.  Today, Rick continues as 
the acting president of RCAPA.  In the early days, we resisted any suggestion of federal 
regulation; yet, we were lionized by hobbyists wanting to become professional aerial 
photographers as trying to instigate that very thing.  In lieu of federal regulation, we at RCAPA 
put together a consensus based operational and safety guideline along with a prototype online 
testing system for self certification.  I wrote a downloadable database log book software, that is 
still available, in order to keep track of how many hours were safely flown, and of course, the 
number of crashes too.  This association carried enough clout to get one of our own 
representatives, Patrick Egan, on the first Agency Regulatory Committee (ARC) established by 
the Federal Aviation Administration (FAA) to start defining regulations for the use of small 
unmanned aircraft in the national airspace (NAS).  And yes, as predicted, aerial photography was 
no longer just a small business opportunity; it was to be regulated, if allowed, by the FAA.  
Patrick had his own fledgling aerial photography business and became the RCAPA’s program 
director and membership chairman.   
 
With our businesses stagnant (as the FAA process of defining regulations continues for years), 
some of us looked at SAR as a way to use the UA tool we believed in.  We knew this tool could 
make a difference – it would just take our time, definitely some passion, and usually our own 
money to volunteer.  RCAPA had grown a membership approaching 1,500 strong when I 
proposed we host a SAR competition to leverage the knowledge and equipment the members had 
developed.  We organized the event originally to be a mail-in search as a contest, at RCAPA, to 
promote positive use of UA and advance the technology for SAR.  The RCAPA moderators were 
going to supply a kit with a missing person, our own Lost Joe, to each of the participating teams.  
RCAPA’s Lost Joe was going to be a full size cutout of a person wearing blue jeans and plaid 
shirt so every team would have the same size, shape and color of the target to be located.  After a 
safe site was selected, a third party was supposed to plant Joe lost somewhere in parts unknown 
except for a general geographic area.  The UA team was to fly the mission in an effort to find 
Joe.  They were to document where they started, the start time, equipment used, search plan, 
altitude, how long it took to find him (IF they found him), how they located him in the image, 
and all other details gathered.  The main differences with our challenge was the teams also had to 
geo-reference or somehow mark Joe’s location so a ground team could go in and actually locate 
him and bring Joe home.  Those results were to be sent in to RCAPA and a panel would judge 
each entry and review it under several different parameters for awarding prizes.  We had several 
really nice prizes lined up; the first prize was a complete, ready to fly lighter than air (LTA) 
system! 



 
The concept gained momentum quickly and after a date was set some nine months in advance, 
we started to attract some attention outside RCAPA membership.  At the same time we were 
heavy into our discussions with the FAA concerning the use of small unmanned systems in the 
national airspace.  When the FAA caught wind of the contest, they quickly stopped the entire 
effort.  We had quite a few teams geared up and ready to go, and as it was relayed to us, the 
Boeing Company was very interested in how this could be accomplished.  
 
We tried to adapt.  My partner at the time was Myron Smoorenburg who had some contacts in 
central Texas and proposed bringing teams into a 3,000 plus acre private ranch.  The ranch was 
well within Class G airspace, allowing us to more strictly control the flight zone, mitigate safety 
risks, and make sure all the teams operated under similar conditions.  After many attempts to 
satisfy FAA management and staff, the FAA said it was NOT going to happen on the continental 
United States (CONUS), so forget it. Lo and behold, a short time later it was announced that the 
Outback Challenge would take place in Australia and was sponsored by Boeing Company as a 
research endeavor.  This contest invited universities and private entities to utilize unmanned 
aircraft to locate Outback Joe and drop a bottle of water to him.  Hmmm… sounded pretty 
familiar to us.  The Outback Challenge has been a great success in that it generated much interest 
and has teams attend worldwide.  It is well that some forward looking country could see the 
benefit of such an effort, as much as it is unfortunate that the U.S. is relegated to leading from 
behind again. 
 
 

 



 Section 2  

 
SAR Background and Applied Technology 

 
The science of search and rescue/recovery is an ever expanding study of the behavior of people 
when they become lost, or in the case of criminal involvement, the psychology of a criminal 
mind in the attempt of hiding their misdeeds.  A fully mobilized search effort can be a highly 
managed and efficient machine of the people and the technologies that some agencies have at 
their disposal.  Team members these days are typically volunteers and are multi-disciplined 
through training offered as an adjunct to their regular duties, whether they are a fire fighter, 
medical technician, or sheriff’s deputy.  Specialized skills such as swift water or high angle 
rescue, search dog training, and water searches are examples of courses that are taken by these 
dedicated public servants.  Often times at their own expense!  If a person is reported missing, it 
may trigger a cascade of progressively increasing intensity.  Full scale helicopters are certainly 
the first asset that would be called upon if at all possible (and available) to effect the quickest of 
searches.  A hasty search can also include a rapidly deployed team of boots on the ground that 
may use GPS, grid maps, night vision goggles, and brute force to forge into areas labeled with 
Probability of Detection or POD.   
 
The Federal Emergency Management Agency (FEMA) has developed the National Incident 
Management System, or NIMS, that gives this humanitarian marvel a command structure and a 
way to manage assets and make determinations as to where to search next.  Because NIMS is 
infinitely expandable it can start with a single entity, say the Incident Commander, and grow 
from that one person into a larger organizational structure.  NIMS knowledge is a minimum 
requirement for the understanding of how the chain of command works in emergency situations, 
be it a search and rescue or even a disaster mitigation process.  It is not unusual for the search for 
a single individual to continue for days if there is the possibility of rescue.  If more than a few 
teams of specialists are called in, then NIMS protocols are the most likely to be followed.  NIMS 
orientation and initial certification can be found on-line and is free at 
http://www.fema.gov/emergency/nims/NIMSTrainingCourses.shtm.  This training course is 
mostly common sense but it outlines how the chain of command can be expanded or reduced as 
the need dictates. Since unmanned aircraft are so new to the scene, there are currently no 
provisions for use of this asset into the chain of tools in an emergency situation, but this is 
changing.  Those of us that have been flying our small UA in these situations are forging the 
procedures for effective use of this tool. 
 
Between the NIMS system and the continuing science of SAR, there are many acronyms that are 
used.  Several important acronyms used with the application of unmanned aircraft when 
following NIMS protocol are:  
 
IC - Incident Command - this is the nerve center of the operation and can take on many forms.  It 
can be as simple as a small pick-up truck, an office in a local fire station, or as elaborate as a 



large bus type mobile command unit.  This is where all the decisions are made and resources for 
a search effort are marshaled and applied based upon KNOWN and DISCOVERED facts.  There 
is typically only one Incident Commander, who may have Asset Coordinators/Managers under 
his or her command, but it could be just a single individual running the whole show.   

POA - Probability of Area - This is a very human and subjective process of assigning a 
probability of where an individual may be found, based on several parameters such as terrain, 
subject age and fitness, mental health, etc.  Assigning POA’s is an extremely important part of 
the initial planning process.  In practice, search coordinators have to consider all factors before 
making a decision that will be the basis for initiating a search operation.  This is part of the 
magic of divining the lost human being in the wilds; yet, many times it ends up being a best 
guess consensus. 

POC - Probability of Coverage and POD - Probability of Detection - These two are very closely 
related and I’ll explain why.  From a human standpoint, it is easiest to say “If there were 100 
clues in a given area, how many would you find given a certain size of area or of coverage?”  
The latest definition of POD is a bit more sterile in that it states “At a given speed, what is the 
probability of the sensor detecting the object desired, if it is within that area?”  For example, let’s 
take ten ground searchers (sensors) and ask them to cover an area of one square mile.  Without 
regard to terrain, those ten searchers could cover a flat piece of geography in two hours of 
thorough searching.  They could increase the speed of the search, but then their probability of 
detecting a high number of clues would go down.  If the team reduced its speed and did a very 
thorough search it might take them twice as long to cover the same one square mile but their 
probability of detecting clues would go up.  Unfortunately, a SAR team on the ground has to deal 
with many other factors that come into play.  A highly trained hasty team understands that they 
may need to go through the thorn bramble in front of them because a disoriented, dehydrated, 
delirious individual may do the same.  A civilian volunteer team may look at the obstacle as too 
much of hazard and choose to go around it, leaving that area questionable when answering the 
‘100 clues’ question.  
 
In a typical lost person scenario, the emergency response team could initiate a hasty search if 
there is a strong probability of detection because of credible eyewitness accounts or evidence 
that may lead directly to the missing person’s discovery.  This scenario is often used when 
there is a lost child or even an elderly person and time is of the essence.  Either of these two 
groups of missing people typically do not have the strength or stamina to travel far and fit a 
very well documented psychology for searchers to follow.  This hasty search could be 
performed by a very small team of foot searchers, perhaps even a helicopter, or now, an 
unmanned aircraft with a live video feed! 
 

 



 Section 3  

 
Introducing Unmanned Aircraft to SAR  

 
Mainstream media has landed on the term drone to describe an aircraft that has no pilot.  This 
was a term used for unmanned target aircraft in the military for years, and somehow this title has 
stuck.  There is a big difference between those drones used for military target practice and what 
has evolved in the era of miniature electronics.  In the very early days of unmanned flight, target 
drones were little more than a stabilized, unguided craft with a limited amount of fuel, so it 
would not escape the restricted airspace of a gunnery range.  The hapless aircraft would fly along 
ready to receive a fusillade of bullets, a rocket, or some other more sophisticated piece of 
ordnance.  If the target drone was missed, it continued on its merry way to an aeronautic end in 
the desert somewhere, when it ran out fuel.  Obviously, there is a great leap between those early 
drones and the sophisticated aircraft we use today. 
 
For the purposes of this book, we should define the type of aircraft to be discussed.  First, we 
will not be discussing large unmanned aircraft such as the Predator or Reaper or the Beast of 
Khandahar – but the types of small vehicles that the military has called tactical UA.  This 
unmanned aircraft might be anywhere from one pound up to 25 pounds in weight and one that 
the local law enforcement agency would have the funds and manpower to operate. Generally, we 
will be speaking of two types of control systems.  Small unmanned aerial systems (sUAS) are 
computer controlled and have some form of inertial guidance and stabilization system.  Remotely 
piloted aircraft (RPA) are flown manually by a skilled pilot within a line of sight.   
 
The small unmanned aircraft system or sUAS is exactly what the name implies – a system.  This 
system consists of an aircraft that has an onboard autopilot capable of not only stabilizing the 
aircraft, but also navigating by way of a GPS waypoint system, ground based computers and 
software, communications, and a ground based aircrew.  The aircraft will generally have a 
telemetry system that reports the health of the aircraft and its position back to a ground control 
station (GCS) which is typically a laptop computer.  The GCS will also have some form of 
moving map, visible on the monitor, showing the relative position of the aircraft to the operator 
and giving the operator the ability to alter the path in flight.  It may also have some contingency 
planning built in for various system failures (because there will be!) such as lost radio link or lost 
GPS satellite fix.  This platform can and will usually be operated beyond the line of sight 
(BLOS) of the operator on the ground. 
 
A remotely piloted aircraft or RPA could be the same airframe, but without the autopilot or other 
features normally associated with sUAS.  An RPA can be used in GPS denied areas where GPS 
and cell phone service cannot be obtained, but obtaining an aerial view is still an advantage.  An 
RPA may have a flight stabilization system consisting of something as simple as an infra-red 
horizon detector, to keep the aircraft flying level, or as sophisticated as electronic gyros and 
accelerometers.  The main difference in using the RPA is that the pilot in command has full 



control of the aircraft and does not have the autopilot brain between him and control of the 
aircraft.  This aircraft is almost always operated within visual line of sight (VLOS) of the 
operator and pilot in command, but there are new developments in the ability to fly from a first 
person view standpoint via video transmission.  One might initially think that visual line of sight 
(VLOS) could not cover an adequate area; however, a good pilot can easily operate an aircraft of 
medium sized wing span from a half a mile away!  In a flight consisting of one-half mile in 
diameter, you will cover a distance circumferentially of three miles! 
 
Now let’s look back again at the sterile definition of POD or Probability of Detection.   “What is 
the probability that the specified sensor (in this case a ground searcher), moving in the way it 
did, would find the specified object given that the object is in the area?”  The next question 
would be “How could an unmanned aircraft impact this statement?”  Well, say you are one of the 
boots on the ground.  Using a digital camera on the ground you would have little to no advantage 
over that of a searcher using the standard issue Mark-I eyeball that God gave us – even with 
binoculars.  The search area could be heavily wooded, mountainous, or have features that could 
camouflage a missing person.  The same constraint to field of view would apply for both – you 
and the camera.  However, if that same sensor, the camera, had a vantage point directly above 
and with a finite field of view in nadir (or vertical angle to the ground), its advantage would 
become evident quickly.  Unlike a foot searcher, an RPA does not have to contend with terrain or 
go around obstacles.  Obstacles such as boulders, cactus or palmetto fields are major contributing 
factors in why clues and objects are NOT detected by ground searchers.  The RPA or UA can 
also cover the example of one square mile in about ten minutes given reasonable flight 
conditions – and collect a permanent record that can be reviewed by any number of people 
(squints) both near and far.  The unmanned aircraft can also geo-reference each and every image 
it collects.  At the very least, allowing placement of a search team within the field of view of the 
image, utilizing GPS coordinates weighted near the image’s center.  There are new sensors being 
developed every day, small enough to meet payload restrictions, with capabilities far beyond the 
human senses.   The advantages of unmanned aircraft are adding up quickly. 
 
Shortly after the turn of the century, my own company began development of a purpose built 
aircraft that would fly a camera (sensor).  It was easy to build and would fly in a wide variety of 
conditions.  The flying wing platform was dubbed Shaker and was a small, relatively easily used 
platform capable of taking aerial images of the geography below.  The operator on the ground 
guided the aircraft to the approximate search location and hopefully took images of the desired 
area.  The aircraft was landed to view the images and discover a) whether you even got any good 
pictures, or b) whether you flew over the area of interest.  Digital photography was coming of 
age, and laptops were commonplace. Both of these tools were invaluable in the fledgling use of 
aerial imagery for searches.   
 

On Scene with the Technology 

A small UAS or RPA can make a significant difference in the decision making processes of an 
Incident Commander in any situation, whether a search, wild land fire, or natural disaster.  A 
smart person said “knowledge is power” and knowledge is built of data collected and retained.  
The high resolution images obtained by these aircraft should be considered data since it gives a 
factual visual perspective of an.  Unlike Google Earth, or any of the other online terra servers, 
this data is only minutes old.  That data or image can provide critical details valuable in 



determining a number of things.  Ingress, egress, resources required, dangers involved, and other 
information can be derived from a single frame by an image analyst with basic skills.  It is the 
first responsibility of the Incident Commander to protect the safety of his people and be able to 
asses the risk extent in any given situation.  We have imaged open pit mines in the western desert 
that were nearly concealed and large alligators in southern swamps – both examples of potential 
dangers or important safety details an IC would want his ground crews to know before they were 
deployed!  A certain finding recorded and viewed in an image may dictate that a specialized 
discipline be called upon to enter an area, where before aerial imaging, an advance scout would 
need to enter blind and report back via radio or in person. The latter, obviously, could take up 
valuable time when a life could hang in the balance. 
 

 
 GATR Technologies provides satellite connectivity for internet 

communications during a U.S. Border Patrol exercise. 
 
One might argue that the same sensor, (a trained ground searcher) could be placed in a full 
scale aircraft and perform the same tasks with the same result.  To a degree this is true, but we 
have discovered that even the best trained observer in an aircraft does not have the advantage 
of persistence of vision that a high resolution still image provides.  Indeed, the current search 
paradigm does use full scale helicopters when they are available, but that is not always the 
case, and not always successful even when utilized.  In rural areas, sometimes an air 
ambulance helicopter will be pressed into service to assist in searches and they do respond, 
but this is not their first responsibility.  Their first priority is that of air ambulance and if they 
get a medical emergency call, they will immediately break off and respond.  In Texas, the 
Department of Public Safety has helicopters that are sometimes used but even they are 
restricted by budgeted hours of service and may not be available for missing person searches 
if other large operations are planned.  There are several items that are universal for both these 
responders that must be considered:  a) it is likely that the ground teams will be in place well 
before the choppers can arrive since the choppers will usually be based in the major 
metropolitan areas, b) choppers are expensive to operate, c) most choppers have a short on- 
station duration and require refueling, and d) most are not equipped with digital imaging 
systems – although this last item is changing.  Even with a helicopter, we have seen evidence 



of how important the still image and persistence of vision can be when following behind 
search helicopters and discovering victims in areas that were previously declared cleared.  On 
a recent search, a helicopter with a digital imager shot a series of photos for a case, but both 
the pilots and the detectives on the case didn’t have training nor experience utilizing the 
images to their advantage.  They had been trained to use the equipment, but parsing the data 
was another story completely!  
 

 



 Section 4  

 
Aircraft Platforms – Three Broad Categories 

 
There are wide selections of Tier I sUAS platforms that are beginning to show on the market 
today.  The designation of a Tier I aircraft has several meanings in the military but the emerging 
civilian standard places a Tier I in the 55 lb and under class of aircraft.  As a baby step, the FAA 
has stated they intend to allow a subgroup of Tier I aircraft that weigh less than 4.4 lbs.  These 
are purported to be allowed to fly in the national airspace because of their reduced mass and 
presumed reduced risks to full scale aviation.  The U.S. market has been slow to develop because 
of regulatory tribulations but there is a stalwart band of entrepreneurs that are carrying the torch 
forward and developing economical counterparts to their large contractor brethren.  For most 
SAR or civil work we can break aircraft type down into three broad categories.  In order of 
applicability and market penetration, the types are fixed wing, rotor wing, and lighter than air or 
dirigibles.  We discuss all the categories but we focus on mainly on fixed wing and rotor wing 
aircraft. 
 

Fixed Wing 

The small fixed wing unmanned aircraft can come in many different configurations.  For many 
years, most developers stuck with a tried and true model aircraft and adapted their hardware to 
work with that model.  For the electrical engineer interested in getting an autopilot built, this was 
the most expedient way to approach the problem of trying to develop something to place in a 
vehicle that was outside his skill set.  In my experience, I have met many an autopilot designer 
that didn’t have the first clue what made an airplane fly, yet they were furiously coding Kalman 
filters and performing other electronic wizardry to make a conventional motor, fuselage, wing 
and tail airplane fly.  Scaled down versions of the venerable Piper Cub was a capable if slow 
moving platform that has proven out many software control loops, followed closely by the 
Telemaster line of R/C aircraft kits.  The second could be highly modified to carry cameras and 
sensors of all different configurations which made it immensely popular in the development 
field.  The problem with these aircraft was that they required a relatively smooth, large takeoff 
and landing area, not to mention a nice long glide path for both take off and landing.  These two 
factors alone prohibited any serious use of these platforms as a rapidly deployable unmanned 
asset. 
 
RPFlightSystems, Inc. tackled that problem by developing an airframe that reduced the quantity 
of anything breakable in the field.  The solution to our type of guerilla flying was to use a flying 
wing.   Full scale flying wings have earned a reputation for control issues, lack of stability, and 
essentially widow makers of the first order since Northrop Grumman Corporation came up with 
the design.  Our design did nothing but change the airfoil and configuration a bit to remove some 
of those bad habits.  It also allowed a smaller aircraft to carry a useful payload in the form of a 
camera or video system.  In the early 2000’s my peers had little good to say about the prospects 
of such an aircraft, but perseverance has been rewarded.  The flying wing made a comeback in 



military use with the advent of Lockheed Martin Corporation’s F117 Stealth Fighter and now 
numerous unmanned aircraft such as the X-47, the so called Beast of Kandahar (surreptitiously 
acquired by the Iranians in December of 2011).  These aircraft are making a strong showing in 
the defense marketplace.  There is no doubt that the on board flight computer did much to keep 
the flying wing from getting into flight conditions that could be dangerous, and admittedly, the 
F117 is not a pilot’s aircraft that can be flown manually.  
 

 
 Jacob Elson, Gene Robinson and Mike Hennig and the RPSS MCU at missile search area 

near Crosby, Texas. 
 
 
In the SAR field, we have found the flying wing provides the optimum configuration that will 
serve in the widest array of environments and produce results while absorbing a significant 
beating in the process.  We have reduced the amount of electronics and physical attributes to the 
lowest denominator possible.  Two wings, two control surfaces, two servos, one avionics 
package can fly a wing.  Compare this with up to six control surfaces, six servos, and multiple 
electronics for an airframe that looks like a conventional aircraft.  The wing design is just that, a 
lifting body with a pod in the middle to carry a payload.  The fuselage on a conventional aircraft 
is there to carry the payload too, but it also has to hold the wings, the motor, the horizontal 
stabilizer and the vertical stabilizer (rudder) as well.  Oh, and it causes more drag! 
 
It is quite obvious to even the casual observer that the military is realizing the benefits of the 
blended body, flying wing design, by the number of both small and large aircraft designed with 
this configuration.  The envelope of operation is so much wider using a UA flying wing than that 
of a conventional aircraft.  While full scale aircraft can be grounded to weather conditions (WX), 
a small UA could be in the air and on patrol with no risks to its operators!  We have flown our 
Spectra flying wing design on the Texas Gulf Coast as a hurricane was making landfall.  It was 
wet and it was windy!  A hand held anemometer showed wind gusts in excess of 50 miles per 
hour, and a 5 lb Spectra was imaging the coast as flooding was taking place!  It tends to be the 
nature of UA field work that a UA pilot is called upon to fly out of a difficult area such as a 



small break in a forested area and be expected to get the UA back on the ground to retrieve the 
data collected.  Or he/she could be called upon to fly in winds whipped by fire and visibility 
hindered by smoke.  The fewer parts you have to rely upon to complete your mission, the less 
likelihood of those parts suffering a catastrophic failure that could cause a crash with all your 
precious data. 
 
Launching and landing in a SAR situation can present some pretty unique challenges.  Each 
mission is different and you never know where you’ll be asked to fly.  Because you may have to 
hike in, use an ATV, or generally pack very light to get to a search zone, it is best to have a UA 
that can be hand launched.  Unless you happen to have a major league pitcher on your SAR team 
this will limit your UA to around 6 lbs all up weight.  After that it gets difficult to get up to the 
necessary flying speed to climb out of the hole you just hiked into.  That all up weight comes 
into play on the other end of the flight as well.  The law about kinetic energy applies.  The more 
weight you have the more energy bled off or absorbed by something before it comes to a 
complete stop.  In every unmanned aircraft it’s not the stop that is important, it is how abrupt that 
stop is and against what!  Trees, boulders, power lines, canyon walls and waterways are just a 
few of the obstacles that can stop a UA from completing a mission.  It should be simple logic to 
figure that 4 lb airplane flying at 17 miles per hour is easier to get on the ground safely than an 
8 lb plane flying at 30!  Luckily all the sensors that we care about are getting smaller and lighter 
which allows us to pick the optimum platform without a lot of thought about the type of payload 
we want to fly. 
 

Rotor Wing  

Full scale rotor wing aircraft have long been recognized as a SAR workhorse and the go to asset 
for some dramatic rescues.  In no way will a small unmanned aircraft diminish that role when it 
comes time to pluck that hiker off the mountain or out of the ocean.  But they are also known for 
the high expense, complexity, and maintenance requirements.  But what of their smaller 
counterparts?  They perform just like their big brothers, have a very high number of mechanical 
parts like their big brothers, and they fly EXACTLY like their big brothers.  The conventional 
flying model helicopter can be just as complex and difficult to learn to fly as their big brothers as 
well.  We have seen several police departments opt for the larger helicopters with five-foot rotor 
spans, some with real turbine motors in them.  And while they do seem familiar, they are one of 
the hardest of the small aircraft to learn and fly from outside the cockpit.  A person needs to have 
a strong affinity towards them to make a really good pilot. That, a lot of training, and a good 
supply of main rotor blades.  Since unmanned helicopters have some of the same demands for 
maintenance as the full scale choppers, those tasks need to be carried out as well and repairs 
from any unscheduled landings need to be contended with.  All but the best pilots will cause 
some sort of (expensive) damage to a heli in a motor out, dead stick situation.  One might assume 
the author has a disregard for the rotor wing, but that is not the case.  They do have their place in 
civilian work, but helicopters of this nature have a more difficult time when asked to perform in 
the field under perilous conditions due to their own complexity.  In a very windy situation, even 
the full scale heli pilots will back away from certain maneuvers during flight.  You guessed it, 
the same applies to the scaled down birds as well, but they don’t have the benefit of the pilot in 
the right seat to feel when correction is needed to exit a hazardous flight condition.  Their 
applicability in the field is probably the biggest question one should ask oneself when selecting 
this tool for data collection. 



 
Among the newest entries on the market is the line of multi-rotor copters.  This configuration 
does indeed address the mechanical complexity issues normally associated with a conventional 
heli and delivers a flight system that is programmed to fly.  In configurations of 3, 4, 6, 8, 12 and 
16 individual motors, these aircraft are impressive in their ability to utilize off-the-shelf gyros to 
stabilize and right themselves when its pilot becomes disoriented.  These multi-copters appear as 
a “Y” for a tri-copter and either an “X” or “+” for a quad-copter.  The others with higher number 
of motors are called hexa- or octo- copters.  These copters have been developed over the past two 
years or so by very bright and intelligent hobbyists bent on changing the face of hovering flight.  
Gone is the complexity of swash plates and linkages that are required by conventional 
helicopters.  All replaced with solid state electronics that control the speed of each motor which 
is directed by a gyroscope embedded in a solid state chip.  There are also more and more flight 
control computers being produced by hobbyists that will stabilize and correct for errors 
introduced by the pilot on the ground, and in general, make the system easier to use.   
 
The real limitation for a multi-copter today is its very short flight duration.  As with any rotor 
wing aircraft they are not very efficient at flying, and their main attraction of hovering requires 
the most power.  As you add battery capacity, you add weight, which requires more power to lift, 
which reduces flight time, which becomes a circle that reaches a point of diminishing returns.  
The average flight time for a fully laden multi-copter is in the 10-18 minute range.  This is plenty 
of time to provide law enforcement with a significant improvement in situational awareness in a 
static situation and it is much more effective than a conventional UA or even a full sized aircraft 
in this situation.  Granted, there could be times when a multi-rotor could be brought into play in a 
SAR situation – especially in a disaster situation where damaged structures need to be assessed 
before entry by a SAR team.  Again, it just boils down to selecting the right tool for the right job.  
As battery technology improves and durations go up, more and more multi-rotors are likely to 
see service in urban environments under control of law enforcement.  It should be obvious that 
covering wide expanses of geography will not be the strong suit of this platform. 
 

Other Aircraft Possibilities for SAR 

Lighter than air ships, blimps or LTA’s, as they are now called, are gaining popularity because of 
the significant advances being made in the ability to control these aircraft and their efficiency 
since they use very little of their on board power to achieve flight.  A properly set up LTA is 
actually designed to be neutrally buoyant in the air – it doesn’t really go up, but it doesn’t sink 
(drop) either.  An efficient electrically driven airship can remain in the air for hours simply by 
changing its attitude to nose up, while applying a burst of power from the motors.  New designs 
in the shape and structure of the airship have increased its ability to fly in something above dead 
calm winds as well.  Obviously, something this big will be affected more by the weather 
conditions it encounters, and great care needs to be taken when opting for this asset.  Payloads 
can be lofted that are several times the weight of that manageable for a conventional small UA or 
multi-rotor, simply by changing the volume of helium in the bag.  This platform is also arguably 
the easiest to fly and would require the least training to actually perform the duties of a pilot.  
The largest portion of overhead would be in the maintenance of the ground support equipment 
and the helium required to fill the bag. 
 



The most obvious drawback when using a LTA is the fact that they can be rather large, which 
is necessary to accommodate the amount of helium needed to achieve adequate buoyancy to 
loft a payload and maintain flight.  This makes them difficult to transport to a search site in a 
ready to fly state.  They are generally set up and inflated with helium on site.  This can be a 
slow process when time may be of the essence.  On the other end of the flight, break down 
and deflating requires a careful methodical approach, as well, to protect the envelope from 
punctures.  This is not an asset that you would want to deploy in a heavily wooded area or in a 
zone where you could damage the airship.  
 

 



 Section 5  

 
Cost of Unmanned Aircraft and Their Operation 

 
There are many who will look at the table of contents and come straight to this section of the 
book for obvious budgetary reasons.  Almost all Tier I unmanned aircraft can be outfitted with 
the most popular sensor packages of electro optical/infrared (EO/IR) and video.  As stated in the 
following Section, there are wide differences in costs for individual sensors. The same is true 
when talking about the flying portion, the body, of the UA.   There are many factors to consider 
when it comes to the cost of unmanned aircraft.  The first question is what capabilities do I need 
in this platform?  Do I need to fly in high winds?  Would I benefit more from a hovering 
platform, or one that could cover some ground quickly and loiter?  Of course, there is the initial 
purchase cost, but one also needs to consider maintenance, personnel/labor costs, parts, 
expendables, and continued training.  This all adds up to a cost per hour of operation of the 
unmanned aircraft.  Some may think it unwise that I even go here since the market for unmanned 
aircraft is likely to fluctuate wildly over the next few years.  I can take this walk on the slippery 
rocks because there is a very easy answer on how much an unmanned aircraft costs.  And that 
answer is “it depends.”  Don’t despair; we will get to some numbers because I don’t intend to let 
you down completely on this subject.  But I do need explain what it depends on.   
 

On Who Makes the Airframe 

There are very capable unmanned systems being built by small operations with little overhead 
that can make a profit even while selling at significantly lower prices than the larger aviation 
related Department of Defense (DoD) contractors.  It would seem obvious that, for instance, 
Boeing Corporation would have a much higher overhead rate for management, facilities, 
research and development, and labor costs than RPFlightSystems, Inc., who has a handful of 
employees and a single facility.  The labor costs of performing a single wing lay-up for a large 
company could easily be ten times that of a smaller aviation related company.  Granted, perhaps 
the larger company could produce it in less time because they have likely spent millions of 
dollars in automating the process through the use of computer numerically controlled machining 
and robotic assembly.  But that cost is passed directly through to the end product and the buyer 
pays for it.  A company called AeroVironment, Inc. sprang from a DARPA project funded by tax 
payer money and now provides 85% of the unmanned aircraft to the DoD and armed forces.  
Their Tier I fixed wing system, the Raven, has had a quoted cost of up to $250,000 for a 
complete, ready to fly system.  The Raven is built to MilSpec and is a capable flying machine, 
but is it what is needed for civilian applications?  Most all of the manufacturers that supply 
unmanned aircraft to the DoD have designed their craft around the need for counter insurgency 
(COIN) operations or asymmetrical warfare.  Many believe these are capabilities do not need to 
be visited on U.S. citizenry, or paid for by tax dollars to be introduced into a civilian 
environment. 
 



Another major factor looming on the horizon is the Asian manufacturing factor that is as 
important as any when it comes to cost of the airframe.  In 2008, Patrick Egan from RCAPA 
predicted that the Republic of China would have a sub-$10,000 fully autonomous aircraft 
available for sale in the very near future.  The very near future happened in 2011 as a company 
called Feiyu Tech introduced a flying wing with a full inertial navigation system for just under 
$10K.  Mr. Egan is now predicting an Asian manufacturer will produce a small autonomous UA 
for under $1,000 and I am afraid he will be correct again – to the detriment of US business 
profits.  As most of us know, the people of the Republic of China are very, very good at copying 
products that other countries have developed, not just the USA.  They have capitalized on 
European and British technology and reverse engineered it to a high degree.  This practice has 
been going on for years and just about everyone is familiar with the poor quality of the first few 
attempts; but each successive model gets better with each run after buyers point out where the 
shortcomings are.  Aside from the patriotic ramifications, as a small business owner here in the 
U.S., it is often painful to view some of the very slick product pictures and find their associated 
price to be pennies on what one in the U.S. would normally pay to manufacture or purchase.  
With that said, it brings us one step closer to the aircraft being “expendable” so damn the 
torpedoes, fire, or weather, the mission will go on! 
 

On the Complexity of the Airframe 

It is easiest to look at this factor in terms of mechanical simplicity.  The simpler a design = the 
easier to build = the less labor costs involved.  Take the few general types of aircraft discussed in 
the previous chapter – a fixed wing aircraft has fewer moving parts than say a conventionally 
configured helicopter.  A lighter-than-air ship has the same propulsion, flight, and navigation 
controls of the simple airplane, but it also has this expansive airbag that is generally a bag within 
a lightweight envelope that requires large amounts of helium to operate.  Within each of these we 
can then ask “Who is going to fly it?”  If a member of the UA team is going to take the time to 
learn how to fly any of these aircraft, you can reduce the complexity by removing the autopilot 
and navigation system.  This one factor alone could reduce the cost by as much as $10,000!  You 
have just gone from an unmanned autonomous system (UAS) to a remotely piloted aircraft 
(RPA).  The tradeoff to this approach is that your pilot in the loop has no backup if he should 
lose orientation or be bitten by a snake in the field!  You can rest assured that most people will 
forget controlling an aircraft when a hazard such as fire, weather, or a snake presents themselves.  
This leaves your costly investment to fend for itself in the air against the inevitable effects of 
gravity. 
 
To continue the comparisons between a conventionally configured rotor craft (helicopter) and the 
newer, computer controlled multi-rotor craft, the price of producing an electronic chip to hold 
programming for the multi-rotor is much less expensive than machining a swash plate linkage for 
the conventional copter.  They both hover, they both will carry cameras or sensors and both have 
roughly the same flight envelope.  It’s the reduction in mechanics that gives the multi-rotor the 
price advantage over its more mechanically complex hovering brethren. The added bonus is that 
most of these computer controlled multi-rotors will have a stabilization system built into them, 
reducing the load on the pilot and his or her training curve.  
 

On Level of Commitment 



Assembling a good UA team requires a commitment from several different levels.  Management, 
team members, and peers, all must commit to the continued use and development of the UA as a 
tool to be integrated into operations where it is appropriate.  If management views the UA as a 
novelty, only to be brought out during photo opportunities, then it will never see its full potential 
as a life saving piece of equipment.  If the UA team is not given the support by management to 
continue training, develop and practice scenarios in the field, and actually use the UA on a 
frequent basis, then they will never be fully capable of acquiring or utilizing the valuable data the 
UA can provide.  Frankly, this level of commitment requires funds to pay the salaries of those 
individuals who directly support and fly the UA.  Maintenance and spare parts are required to 
ensure the UA is 100% operational, 100% of the time.  For now, we have watched as unmanned 
aircraft have been relegated to part-time duty with poorly trained personnel and several flights 
ending in a debacle.  When the time comes to really utilize the unmanned aircraft, the team is 
neither comfortable nor capable with the unit and the missions have a low completion rate. 
 
As an example, an East Texas law enforcement agency purchased a very high end, milspec 
rotor winged unmanned aircraft.  They appeared to have the commitment and support they 
needed from upper management to use the tool effectively.  After much media attention, an 
aircraft, similar to the multi-rotor aircraft purchased, was rolled out for an exercise with the 
SWAT detail.  With most of the SWAT team watching, the aircraft took off and for some 
reason drifted into an armored Bearcat tank also participating in the exercise.  The impact 
between the two vehicles caused no damage to the Bearcat.  However, the aircraft was slightly 
damaged and put out of action.  The media of course pounced on this as an abject failure and 
ballyhooed the fact that the $275,000 aircraft “crashed into the Bearcat.”  Although the 
damage was slight and easily fixed, several of the SWAT members were quoted as being 
skeptical of the asset and questioned whether they could rely on it in a critical situation.  The 
only way to change this perspective is to get it repaired quickly, get in more training, and get 
the asset back out into the field so the officers can see the benefit of the system.  
 

 



 Section 6  

 
Sensors 

 
Most small UAS in the 4 - 6 lb range have the capability of carrying multiple sensors that will be 
useful to the SAR or law enforcement team engaged in their duties.  Camera sensors fall into two 
categories of electro optical or infrared, usually just shortened to their initials of EO/IR.  Electro 
optical is really just another name for digital photography and can be captured using a relatively 
inexpensive point and shoot camera – all the way up to very nice digital single lens reflex 
(DSLR) cameras.  Infrared or IR is a form of an electro optical device but it is actually a thermal 
imager and picks up heat signatures, which in certain circumstances will come in useful for SAR 
work.  There is one other bandwidth we will touch on and this is near IR which is not a heat 
related imaging system, but shifts the spectrum more towards the red and has some promising 
uses.  For our purposes, we will discuss mostly the smaller point and shoot style of camera, but 
will touch on the newer 4:3 format cameras.   
 

Electro Optical Imaging - Resolution vs. Lenses vs. Altitude vs. Megapixels 

Most users tend to judge a camera by how many megapixels (MP) a camera has on board, and 
most are familiar with the 10MP or 12MP cameras available today. Just about all name brand 
makers, including Canon, Nikon, Fuji, Olympus, Panasonic (and on and on), make their own 
version of a digital or EO camera that can be used in an unmanned aircraft.  What most people 
don’t know is that even though a camera may claim to be 10MP the lens and software inside the 
camera will only make use of, say… 8MP of that chip depending on the format selected for the 
picture.  The standard of the good old 35mm film camera shoots pictures in a 4:3 ratio format. 
This ratio is basically a definition of the width and the height of the image.  So whether it is 
expressed in millimeters, inches, or pixels this image will be 4 units wide by 3 units high– which 
mimics the view of human eye sight.  
 
As more advanced technology increased the number of pixels that could be packed on a digital 
chip, higher resolutions allowed for a wider, cinema style of picture that is popular today.  That 
ratio is the 16:9 HD or high definition that most digital cameras offer as standard.  It stands to 
reason then, that if you shoot an image that is to be formatted for 4:3 ratio on that same chip, the 
effective number of megapixels will go down because the format cannot utilize the wider area 
under that format.  For example – a 10MP Panasonic Lumix LX series camera shooting in 16:9 
ratio will produce a picture that consists of roughly 10MP per image.  If you change the format 
to 4:3, that same image will contain only 7.5MP!  It is to our advantage in SAR work to use all 
the pixels available to us, the 16:9 ratio gives us the added bonus of covering more geography 
with a single image without losing any effective resolution.  As hi-def or 16:9 ratio standard has 
emerged, the manufacturers of monitors and flat screens conveniently built their panels to 
display this format in an optimum configuration.  The extra geography gained from the wide 
screen cinematic dimension of the display allows us to cover more ground at the same high 
resolution from corner to corner.  There are an increasing number of cameras offering higher 



megapixels that we are able to fly in Tier I unmanned aircraft.  As a general rule, if the optics 
keeps up with the sensor resolution (the higher the megapixel count) the more resolution will end 
up in the image.  It is not unusual to find a 16MP camera these days by several of the major 
players in the market.  We have not done any extensive testing of these in a SAR environment 
but hope to remedy that in the near future. 
 
As important as the number of pixels used is the glass or lens that the image comes through.  
Although most cameras claim to shoot in 16:9, their lenses can cause distortion or blurring at the 
edges of the frame, which effectively renders that portion of the picture useless.  Just about all 
cameras exhibit this behavior but some are worse than others.  You should opt for the best name 
in lens to get the most out of the megapixels.  We use cameras that have Leica lenses.  Leica has 
been world renown in the photography industry as the most precise glass available.  The clarity 
of the image coming into the imaging chip relates directly to the ability to drill down or zoom 
into the image before it begins to get blocky and pixelate. 
 
Since all the cameras we have flown in our UA have been of the consumer grade point and shoot 
category, there were several other features we needed (and many we did not) to make life easier 
for us and help in obtaining clear images.  All these cameras now come with an auto focus mode, 
and many of them have several methods of determining when the camera is in focus – as long as 
you are within 15 feet of your subject!  Since we are flying at altitudes of 400 feet, this feature is 
not only useless to us, but it also takes precious time to figure out how that lens’ focus can to be 
set to infinity.  Consequently, any camera we use has a manual focus mode or setting so we can 
select the infinity setting.  One would think this would be a no-brainer but it is surprising how 
many digital cameras do NOT have this capability. 
 
Another feature that at the outset sounds good, but is really not when in an UA, is the Optical 
Image Stabilization or OIS to remove camera shake when the camera is hand held.  These 
systems were designed to absorb large movements of the camera to reduce blurring.  
Unfortunately, a camera flying in an UA is subjected to higher frequency vibrations than are 
created by large movements.  Because of this, the stabilization systems in most cameras will 
actually make the image WORSE if there is any vibration, rather than better.  It is important to 
be able to disable this feature completely when flying.  Obviously, the source of the vibration 
should addressed by balancing propellers and checking motor mounts. 
 
One of the most overlooked items in our sensors is the amount and type of data storage that can 
be utilized.  Many people do not realize the SD cards that cameras use have a speed rating on 
them.  With the advent of higher quality video and bigger imaging chips, the slow write speed of 
standard SD and stick memory cards was upgraded for faster recording.  As with anything, the 
faster you can go the higher the price and it is no different with this memory tool.  The camera 
recording the images should contain a card that is as fast or faster than the camera can record the 
images.  This ensures that you get the highest possible frame rate on your camera when shooting 
one image after another while mapping an area. 
 

The Need for Speed 

Another very important factor for a small UA camera is its ability to shoot rapid fire images at 
full resolution.  For our purposes, rapid fire means a shooting rate that will at least allow for 



some overlap between images while the aircraft is flying at cruise speed.  There are many digital 
cameras that will shoot several frames per second, but this feature generally compromises the 
resolution at which the images are recorded, in order to obtain multiple images quickly.  We 
need to be able to shoot images rapidly over and over again to ensure we get complete coverage 
of an area at the highest resolution possible.  The UA’s ability to cover a wide area rapidly is due 
to its speed and location.  Obviously we need to maintain the necessary speed for flight, but we 
also need to fly at the optimum rate of speed for the camera to record and collect images.  As an 
example, let’s say our aircraft flies at 60 miles per hour, or 88 feet per second.  At 400 feet 
altitude, our camera takes a 16:9 ratio image that is 600 feet by 320 feet.  If a camera can only 
shoot one RAW formatted image every five seconds that means the aircraft will have traveled 
440 feet in those five seconds – meaning that we did not image almost 100 feet!  Luckily most 
cameras can collect compressed images faster than this, but there are some RAW formatted 
pictures that take an unacceptable amount of time to be written to the memory of the camera. 
 
To ensure that we get 100% coverage on a given area, we could also increase our altitude.  By 
increasing our altitude we effectively increase the field of view of the camera.  An increase in 
altitude to 500 feet above ground expands our coverage area to almost 900 feet by 500 feet. Well 
within our example of a 5 second per shot limitation.  The trade off in this scenario is the loss of 
resolution of the ground in the image. You need to zoom into a target on the ground and still 
have clarity.  This clarity is often given as a measurement either in feet, inches, centimeters or 
meters.  The online mapping providers typically claim a resolution of one meter, or in English, 
you can see anything that is at least a meter in size.  For SAR and law enforcement work we 
need to be able to collect data that has inch or centimeter resolution.  Most 10MP to 12MP 
cameras we use gives us a 2” resolution at 400’ above ground level (AGL) which is sufficient for 
finding a human sized victim.  A white tennis shoe will easily show since it is usually between 
six to 12 inches, and will alert a sharp image analyst as something that doesn’t belong in a 
picture.  Indeed, there are two cases highlighted later where a tennis shoe was a key to recovery. 
 

Thermal Imaging - Infrared 

Thermal imaging is done with an infrared camera that can detect heat, differences in temperature, 
or even a temperature range.  The technical name for the device is an uncooled microbolometer.  
These cameras use a lens that is typically made of a material like quartz or germanium because 
these do not block heat energy like other optics.  The acronym FLIR stands for forward looking 
infra-red and has become the brand name of camera, manufactured by FLIR Systems, Inc., that 
will produce thermal images whether it is looking forward, backwards, or straight down.  Most 
people think of FLIR as the standard to use when looking for someone, but it is not the only one 
available – and all are not without their own limitations. 
 
Most small microbolometers have pretty poor resolution to begin with.  The most affordable 
options these days have a screen resolution of 320X240 pixels – that’s not even one megapixel!  
This resolution is easily transmitted via most all video systems available to small unmanned 
aircraft.  These cameras may run from $3,500 upwards to $9,000 depending on lens and software 
options.  These imagers are very handy at night when a SAR team is looking for someone lost in 
the woods.  It is possible to pick up a target image as long as the victim continues to emit heat.  If 
the search is in very cold weather and the victim has been subject to exposure for any length of 
time, or has expired, then the FLIR will produce little if any results of note.  As a rule of thumb, 



an expired victim will lose two degrees of body heat per hour upon expiring – with adjustments 
made dependent upon clothing worn.  There is a term that is called skin temperature zero that 
refers to the temperature that human skin emits in a normal, healthy human being.  This is 
typically around 89 degrees Fahrenheit (32C); so, in a warm environment the body could match 
the ambient temperature of the surroundings in a matter of hours.  In colder temperatures, the 
temperature differences will remain dependent upon the clothing worn.  In all instances though, 
if it is raining, or snowing, all bets are off since water is a significantly better conductor of heat 
than air and the body will be robbed of heat much quicker.  A drawback to the microbolometer is 
its limited range of detection.  Most will only detect a heat signature if it is within 1000 feet, any 
further, and detection requires a pretty big heat source like a magnesium flare.  Most searchers 
would likely see a mag flare from a mile away with the naked eye. 
 

Near Infrared 

All digital cameras are sensitive enough to gather a much wider range of the spectrum than the 
human can, which is one of their advantages over the human eyeball.  This ability can be utilized 
to benefit in searching for missing people, especially those that have been missing over longer 
periods of time.  The same digital cameras used to take normal pictures can be utilized to see the 
near infrared in the 780 nanometer (nm) to 900nm bandwidth.  This ability to see outside the 
visible spectrum of light is especially beneficial in the analysis of vegetation and soil.  It is very 
easy to discern areas of vegetation that have been recently trampled, although they look perfectly 
normal through standard color imagery.  Areas where the compaction of the earth has recently 
taken place will be evident in the imagery.  These very subtle changes can be enhanced using 
off-the-shelf software to shift colors and contrast.  By changing contrast and hue, we can 
enhance and bring out features we sometimes look for in image analyses. …more on that in a 
later chapter.   
 

When “Red” is Not Really Red – a SAR Side Bar 

Most camera manufacturers state that their cameras produce true colors as a sales point.  This 
feature is generally referred to as saturation of colors.  This means that if an object is truly a fire 
engine red, as the human eye sees it, the camera will record and display the closest shade of that 
red.  Unfortunately, that true color can be a very subjective measure.  If this were not the case, 
there would not be so many versions of photo retouching software available on the market.  
There is a scientific way to measure light and color.  It is given in a scale called Kelvin 
temperature.  The definition from Wikipedia is: 

“Color temperature is a characteristic of visible light that has important applications in 
lighting, photography, videography, publishing, manufacturing, astrophysics, and other 
fields. The color temperature of a light source is the temperature of an ideal black-body 
radiator that radiates light of comparable hue to that of the light source. Color 
temperature is conventionally stated in the unit of absolute temperature, the kelvin, 
having the unit symbol K. 

Color temperatures over 5,000K are called cool colors (blueish white), while lower color 
temperatures (2,700–3,000 K) are called warm colors (yellowish white through red). 
 This relation, however, is a psychological one in contrast to the physical relation implied 



by Wien's displacement law, according to which the spectral peak is shifted towards 
shorter wavelengths (resulting in a more blueish white) for higher temperatures.” 

This is certainly all well and good, but when it comes to identifying an object in an image, there 
may not be a very large difference between maroon and fire engine red.  Add to that the potential 
of color shift being brought on by the monitor used to display the image and you can have quite a 
difference in color rendering.  I’m sure that most readers have walked into a big box store and 
looked at the wall of various plasma, LCD, and LED flatscreen televisions and noticed that some 
not only produce a sharper image, the colors just look better as well.  
 

Live Streaming Video 

The last imaging technology we will cover is that of live streaming video.  We see the movie 
industry make good use of live video on spy films and action adventure films using unmanned 
aircraft.  The honest truth is, it works great for obtaining situational awareness, for example, in a 
wild land fire situation.  However, the resolution available today, on the smaller cameras, is still 
insufficient for very detailed work.  Even a high definition (HD) camera has only five mega 
pixels of still image resolution.  This is much lower than what we expect to use in SAR work 
where we use 10-12MP or greater images.  There are indeed higher end video systems that do 
work “just like the movies,” but when you start looking at a DragonEye camera unit, for 
example, the cost is significantly more than even a small autonomous airframe. The comparative 
perspective quickly comes back into focus.  No pun intended.   Most video feed is transmitted 
over the amateur radio microwave frequencies of 900 Mhz, 1.2Ghz, 2.4Ghz or 5.8Ghz and these 
are generally unencrypted and easily viewed by anyone having a receiver set on the proper 
channel.  This can be a boon to the search captain on the ground because the UA can provide him 
with a broad view of the area the team is moving into through a simple, battery powered, hand 
held unit.  For law enforcement work, any responding unit that has a video receiver can begin to 
receive data miles before they reach the actual scene. 
 
The consumer frequencies have helped to prove the concept of video transmission from an 
unmanned aircraft and will work well in many situations.  The use of other bands may be better 
suited by specific application or need and those should be considered as well.  The military uses 
L, S, Ku and C band microwave radios for both telemetry and video and they have been 
battlefield proven.  Our ability to use the fringes of these frequencies is expanding with the 
advent of micro-transmitters and receivers that utilize these bands which can be encrypted to 
carry all our telemetry and video needs securely.  Their cost is proportionately higher but then 
again, the old saying “you get what you pay for” comes to bear.  A simple rule of thumb is – the 
further a system can safely transmit video, the higher the power requirements and the higher the 
price of admission to get it in the air.  If most of your work is going to be within five miles of the 
receiving ground station, then the commercial off the shelf (COTS) based systems in 900Mhz, 
1.2Ghz, 2.4Ghz and 5.8Ghz will be perfectly suitable for your needs.  There are ways that each 
of these can be boosted and specialized antenna be utilized on the ground to increase range.  For 
tactical small UA use, we are considering the options readily available for purchase as system 
components are evaluated.  
 
I do not intend to say that that video cannot be of assistance in SAR work. However, the 
limitations of the medium should be understood before it is relied upon in a life or death 
situation.  As an adjunct to boots on the ground and sound SAR practices, it can enhance and 



improve management decisions required in the field. Quite the contrary, in a wild land fire 
situation, video would be the first choice since it can easily be transmitted real time and give 
the commander (and the flight crew) an idea of the conditions in front of an advancing fire.  It 
is very easy to pick out a structure the size of house and determine if it is in jeopardy.  
However, it is more important to have either a stabilized airframe, a stabilized camera gimbal, 
or both to make the video image something that people will want to view.  From past 
experience, the roller coaster ride view of an unstable aircraft will make you want to look 
away just to stop the spinning you may feel trying to keep up with aerial visual twists and 
turns!  
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Image Analysis – Human vs. Computer 

 
The Human Factor 

Image analysis is probably one of the most important aspects of using the data collected from 
small UA during a search.  A single flight can produce anywhere from 100 to 500 high resolution 
images that require some method of detecting potential targets.   Obviously when there are 
people missing, time is of the essence.  Therefore, instead of one set of eyes you may need to 
gather several personnel to become squints as we call them.  A squint’s only job is to perform a 
detailed study (or squint at) the images and determine if there is anything of interest to be 
reported.  There are several tools that are already available on all Windows based computing 
systems.  The simplest is the Windows Fax Picture Viewer which allows a squint to flip 
sequentially through images.  Each image can be zoomed or drilled down digitally with a click of 
the mouse.  Each progression reduces the viewer’s scope by an 1/8 of the original size while 
increasing the detail that can be seen.  To perform what we call a hasty aerial search, each image 
is zoomed until the top left quadrant of the picture fills the entire screen.  This zoom setting 
divides the picture conveniently into four quarters and provides enough detail that something like 
a person or vehicle shows up well and can be reviewed in context of the entire image.  Clicking 
on the lower slider bar jumps the picture over to right and displays the upper right quadrant for 
study.  Clicking on the side slider bar drops the view of the picture down to the lower right 
quadrant; then again clicking the lower slider bar finishes the view of all four quadrants.  An 
easy scan of each quadrant allows the human eye to take advantage of persistence of vision to 
thoroughly scan each area until satisfied.  By satisfied I mean the quadrant is viewed by running 
your focus of vision in a grid pattern, typically left to right and top to bottom, looking for 
anything that doesn’t belong.  This is something that an observer sitting in a helicopter cannot 
do.  The chopper is moving at all times and there are many distractions.  Once an area is passed 
over, the observer typically does not say “I don’t think I viewed that area very well, let’s go 
around and do it again.”  Being able to look at this zoomed portion of the image over and over is 
a very efficient way to glean information from the data collected by the unmanned aircraft. 
 

The Making of a Squint 

Over the years we have profiled (yes, that bad word) the type of person that makes a good squint 
for viewing images.  We will cover the traits of this individual and practical application, we 
think, will bear out our findings of what the “best” candidate should be to view our images.  
These are the traits of such an individual, based on our findings in the field, of what the best 
candidates bring to this important task. 
 
First – Those of the female persuasion have turned out to be excellent image analysts. The 
primary reason for this is completely physiological.  It’s just that males have a 10 times greater 
chance of being color blind to some degree than a female.  When you are looking for someone in 



a red shirt, you don’t want someone who is red/green color blind (like me) looking through your 
images.  The probability of missing that single occurrence of red in a field of greens, yellows, 
beiges, and blacks is significantly higher using all male squints in your lineup.  Other minor 
considerations are that females don’t generally let their ego get in the way like males do and 
competitiveness is not the main motivator for making the discovery.  They have no preconceived 
notion of what is to be expected in the image.  Cold, hard truth but it has proven itself many 
times.   
 
One of the most striking things that we have learned in our SAR work is that many people 
interpret colors in a very different and individual way.  Some of this has to do with physiology as 
stated in the color blind condition.  What is described as a maroon shirt may in fact be a fire 
engine red dependent upon who is viewing it.  This is another very good reason to have a cross 
section of people reviewing images during an active search. 
 
Second – Law enforcement or search trained specialist.  Since they have other formal training 
concerning the psychology of lost persons, it helps them discern whether the path up the hill or 
down the hill would be a likely path to search.  When they see a barrel or box in the image, they 
don’t think it’s just a barrel or box, they think the victim may be in that container.  Other training 
concerning dementia, criminal patterns, and avoidance techniques allow these individuals to 
project that training into the images. 
 
Third – Mission oriented persons.  Regardless of whether male or female, mission oriented 
individuals recognize that every image they view could be important to a successful recovery.  
They recognize their participation in the mission is just as important as the person that walks up 
to that lost soul and extends their hand in assistance.  A mission oriented individual understands 
that the squinting process is integral to the success and execution of the SAR operation.  In 
addition to finding a missing person, a squint could identify and report a potential danger in the 
image, thereby contributing to the safety of his or her own team! 
 
The job of analyzing the hundreds of pictures can be a tedious and boring process and focus must 
be maintained.  It is important to utilize at least two individuals that are willing to perform the 
task because each personality will come to bear in the search process.  The driven person will sit 
for hours going over and over and over many images, while the meticulous one will look over an 
image for many minutes before moving on to the next.  Each of these individual methods is what 
increases the confidence level that an area is cleared to the best ability of the data collected and 
the personnel reviewing it.  This comes full circle to the discussion of Probability of Detection 
(POD), covered earlier, and whether those 10 items would be found. 
 

Computer Analysis 

A digital image is nothing more than ones and zeros in a file that defines a mosaic of tiny tiles 
(pixels) of different color depth that are assembled to reflect or project light in such a way that 
produces an image that the human brain can recognize.  So why not use a computer to scan 
through those millions of pixels and find the ones we are looking for?  The short answer is 
“we’re getting close” but as you might expect there is much more to it than that.  We have 
utilized computerized image analysis software one time in eight years of SAR work, and even 
that was after the fact.   



 
The example I always use was the very first search for a missing person where we flew an 
unmanned aircraft.  Although we did not actually find the victim in our pictures with our eyes 
(more on that later) we actually had an opportunity to utilize a computer scan that worked 
under a very simple presumption as a starting point.  The software was a micro-biological 
software that looked at virus growth and would detect color, frequencies, and shapes as 
defined by the user.  The landscape we were imaging was a monotonous set of beige and 
whites of limestone with browns and greens of vegetation interspersed with some wild flower 
foliage.  Our first presumption was that the individual might be wearing blue jeans since just 
about every American under the sun wears blue jeans when they go out into the wild.  Given 
this information, a small set of 5MP images was submitted for scanning, and within minutes 
we got a hit on one of the images.  I need to explain that this software had a threshold that 
would only detect a cluster of pixels that was AT LEAST 25 pixels deep.  Out of the 5 million 
pixels in one image this software scanned through, it managed to find 40 pixels arranged in 
the shape of an “L” in the lower left of this image that were some shade of blue.  It was the 
victim!  Not only that, the software shifted the color of the background to black, intensified 
and changed the blue color to red, easily identifying the location of the cluster.  As a computer 
professional in a past life, I thought I had found a solution from a source that was completely 
unrelated to the problem we had encountered scanning images.  Indeed I had, but the cost of 
$50,000 per seat made it economically unfeasible for us to utilize. Undaunted we have been 
soliciting universities and geeks from one end of the nation to the other to assist with this 
search for economical software to aid in this effort.  New terms have been introduced to me 
such as change analysis software and I have learned many things about their effects on the 
images that we use.  Such as compression is NOT your friend!  The most common use of 
image compression is the JPG or JPEG form of image manipulation.  The acronym stands for 
Joint Photography Experts Group and they are the inventors of the standard, which by the way 
is called lossy compression.  While it does make it easy to send images over the internet 
because it reduces the file size, it will also cause losses in image quality that could hamper 
your efforts.   
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Geo-Referencing Images and Accuracy 

 
It is all well and good that we can send out unmanned aircraft and collect images that could 
potentially locate a victim.  When we do happen to locate something of interest in an image, how 
do we tell our ground or air teams how to get there?  First, if there are good land marks you can 
use dead reckoning to get there, but that’s neither scientific nor efficient.  The obvious choice is 
to use GPS and geo-reference each individual image.  When this is possible, the marriage 
between unmanned aircraft and full scale assets such as helicopters becomes very evident.  Once 
a victim is found via imaging, a manned chopper can be dispatched directly to the victim.  Even 
if images are not directly geo-referenced there are still ways to get your team close to the target. 
 

Manual Time/Date Synching 

Almost all autonomous unmanned aircraft will carry a system that can record the path it has 
flown and keep a very accurate log of the time, GPS coordinates, altitude, and heading.  Some 
will even record the latitude/longitude (lat/long) when there is a trigger event sent to the camera.   
In the early days, we could just throw a handheld GPS into the payload bay with the camera and 
have it record the trail the aircraft took and get the same GPS information that would be 
downloaded to a computer.  The camera’s internal time and date stamp clock could be 
synchronized to the GPS time stamp which would be used to manually match images with GPS 
coordinates.  While there could be a second or two difference between the match-up, it would 
still typically put a team within a hundred feet of the intended target.  The team armed with GPS 
coordinates and an aerial image can typically go straight to an area and easily locate a target on 
the ground. 
 

Software GPS and Image Merging 

There is computer software available that does much of the work described above.  The camera 
still needs to be synchronized to GPS time.  We have successfully used a package called 
PhotoLink software from a company called Geo-Spatial Experts 
(http://www.geospatialexperts.com).  This company also lists a variety of GPS enabled cameras 
that are compatible with their software.  There are more and more cameras that carry their own 
GPS receivers in them and record the lat/long directly to the header of the pictures (EXIF data).  
Although we have not tried them, it appears as though they could be a complete package for 
SAR uses.  The track of the aircraft can still be segregated into a data file (typically easy to do) 
but the software will merge the list of images with the proper GPS coordinates.  The obvious 
advantage to this method is that it is much quicker and may be more accurate.  You should do 
your homework on specific cameras though; one camera manufacturer stated their GPS accuracy 
to within 200 to 300 meters!  That’s not a very specific area when you are in a swamp or heavily 
wooded terrain.  Another bonus is that most software of this type will also produce a track map, 
and if internet service is available, will download TerraSat and topographical maps and associate 



each image with a corresponding topo map.  Having a visual heads up on the terrain is obviously 
a big help to a ground team about to strike out and may help them in preparing specialized 
equipment appropriately. 
 

Image Overlay Method 

With several mapping services available on the internet, another method that can be used 
inexpensively is to manually overlay images collected from an unmanned aircraft.  This is a 
very slow method and relies on the observer’s ability to match land marks to those in the 
image.  When done correctly, it can produce a large mosaic image that is very helpful in 
indicating percentage of coverage of a given area.  With good landmarks and ground 
references, GPS coordinates from the map base can be very accurate.  Again the major 
drawback to this method is the availability of internet in the field.  There are more and more 
methods coming available that completely negate this drawback but again they can come with 
a higher price tag.  
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Mission Planning 
 

Mission Risk Analysis 

Regardless of when, where or how an unmanned asset may be utilized, there will always be a 
certain amount of risk involved – and there are several types of risks.  Risk to the victim, risk to 
searchers, risk to the public, risk to property, and finally risk to the aircraft itself.  The UA 
operator needs to take a position closely with our medical and EMS friends in that first and 
foremost we should DO NO HARM.  So in planning a mission our credo should be written in 
this order: 
 

1. Minimize risk to the victim. 
2. Minimize risk to the public and property on the ground. 
3. Minimize risk to searchers on the ground. 
4. Minimize risk to the aircraft. 
 

Risk to the Victim 

One would wonder what sort of risk an unmanned aircraft might pose for the intended subject of 
a search.  The likelihood of aircraft of any size falling from the sky and actually landing on a 
victim is probably less than that of being struck by lightning.  However, the sight or sound of a 
low flying aircraft could cause a victim to panic and run blindly into an area that could be 
dangerous to them.  Imagine a small child that has been lost for some period of time, hungry, 
frightened and in a state of panic and being approached by a buzzing eight armed octo-copter.  
For all they know, it’s a large alien insect that inspires the flight instinct.  And to make it worse, 
it could be perceived by that child that this monster is actually chasing him!  In the instance of 
autistic individuals, the site or sound of an approaching aircraft could cause them to hide to avoid 
being detected.  This scenario could also apply to those with dementia, or those under the 
influence of hallucinogenic substances. 
 

Risk to Searchers 

Using trained searchers who are used to seeing UA would be the obvious answer to mitigating 
risks to searchers, but many times the public are called in as volunteers to cover large areas of 
geography quickly.  Any group of civilian searchers should be briefed of the possibility of 
unmanned aircraft in their area and what to expect.  Should an unmanned aircraft inadvertently 
make an unscheduled landing in the vicinity of civilian volunteers, the desire to go over and see 
if everything is okay could over ride their original task.  An untrained searcher that picks up a 
UA could trigger an onboard system that would attempt to get the aircraft airborne again, 
subjecting themselves to a propeller spinning at thousands of RPM’s.  This unpleasant 
combination of circumstances could produce a new crisis to the situation with an individual that, 
depending on the size and configuration of the UA, could have injuries requiring medical 
attention.   



 
Risks to Public and Property 

There could always be the risk of damaging property and injuring someone not even related to 
the search effort. There are many factors that come into play on this assessment.  Population 
density, structure density, flight path of the aircraft, weight and speed of the aircraft are some of 
the most important.  The aircrew must examine how much exposure they will have in the 
designated search area.  While most think of SAR missions out in the wilds, with little in the way 
of civilization to worry about, the use of UA in populated areas will become more and more 
commonplace.  
 

Risk to the Aircraft 

Granted, there is always a risk to the aircraft when you send it up in the air, but in this context we 
examine external events that could cause damage.  Assessing risks to the aircraft before a flight 
even takes place could cause concerns to become moot if the aircrew comes to the conclusion 
that a safe take off and recovery cannot be achieved.  An unmanned aircraft aircrew will initially 
have to assess whether they can safely launch and recover the aircraft in the designated area.  
The aircrew must also assess and weigh the risks to the aircraft with regard to the benefit that can 
be derived from the successful gathering of data.  For example, if the pilot in command comes to 
the conclusion there is a high degree of confidence of finding a lost person in an image or video 
feed, but a low chance of survivability of the aircraft, then his choice is clear – as long as the 
flight doesn’t unduly endanger individuals on the ground or other manned assets in the air.  This 
scenario is possible if one can launch the aircraft and collect the data successfully, despite less 
than optimal landing conditions, possibly causing damage to the aircraft itself.  In certain 
situations, such as wild land fires, the decision to launch could be made knowing that the mission 
would be one way, but the information the aircraft transmits would make a difference to the 
application of resources, possibly saving lives.   Under these types of scenarios, if conducted 
under a structured chain of command, the decision concerning these risks would land squarely on 
the shoulders of the Incident Command.  It is up to the aircrew to effectively communicate the 
probability of success and risks at the same time so that an informed decision can be made. 
 
Finally, because this is an unmanned asset and the only factor to consider is the dollars required 
to replace it, the UA could be considered expendable in the above situations.  The unmanned 
aircraft could be ordered to go on a mission where survivability is not an issue.  In the event 
where a human life could be saved, without causing greater risks to others while performing 
those duties, there should be no question and the mission should be attempted.  Of course, if the 
UA team should successfully complete this mission, save the life, AND return their aircraft 
safely, their reputation as skilled UA operators would precede them wherever they went!  The 
aura of an air “ace” may be long gone, but the efforts of a skilled pilot will always be recognized. 
 

Proximity to Search Area 

The aircrew of a tactical small UA should make every practicable effort to get as close to the 
area to be searched as possible.  Incidentally, since the UA aircrew may be the first in on an 
incident, it is advantageous for the aircrew to have training in other disciplines as well.  It would 
not be the first time an aircrew located a victim while performing recon for flight ops!   
 



The distance your aircraft is required to fly before reaching the search zone is called the offset.  
Under this premise, the smaller the offset, the more time you will have to perform the search.  In 
areas of heavy cover, it allows the aircrew to recon the geography from the ground before a 
flight.  The launch and landing zones will likely dictate the proximity to the search area.  If the 
aircrew has more than one aircraft offering different methods of launch and retrieval, it is more 
likely they will be able to set up operations in proximity of the search area.  For example, a small 
fixed wing UA with a good power-to-weight ratio can get out of a very small area, but it will also 
need a retrieval method that allowing it to get back in as well.  This would dictate either a net or 
parachute retrieval.  If there are roads nearby, then the aircraft could easily be flown back down 
this ready made landing strip, but in a manual flight mode rather than a fully autonomous landing 
mode. If the team has both a fixed wing and a vertical take-off and landing (VTOL) multi-rotor, 
the need to reduce the offset becomes even more important as the endurance of the VTOL is 
short and it is better utilized near the search than using precious fuel to fly a kilometer or two to 
get on station.   
 
Many back wood, heavily forested areas have, at the very least, a logging road or some dirt road 
that can be utilized.  At times though, there are 80’ high loblolly pines flanking both sides of the 
road.  These can be daunting when a pilot is required to fly out of what is essentially a narrow 
tree lined canyon.  The point being is that every good SAR pilot should be very familiar with the 
capabilities of their aircraft, and more importantly, very good at flying it as well.  Regardless of 
how well the autopilot flies the plane, there will never be a substitute for good piloting skills 
when the unexpected arises.  In SAR work, the easiest thing to expect is the unexpected!   
 

Camera Use and Testing  

Over the past eight years as we have developed our systems we have tested cameras from the 
simply cheap to the stupidly expensive.  “Stupidly” because most people thought so of us for 
putting a camera of that price up in a small unmanned aircraft!  But the only way we could prove 
out what we have been using is to set a standard and test each imager against that standard.  As 
discussed in the sensor chapter, most of the still imagers we use are the consumer grade point 
and shoot type of compact cameras.   We have used the Panasonic Lumix DMC-LX line of 
cameras starting with the LX1 and are now using the LX3.  These cameras have the balance of 
features that are required along with the good Leica lenses and have served us very well.  We 
have bounced several of these cameras and they are still taking pictures.  Of course, there are 
several that are not.  We try to test as many imagers as is economically practical, but they change 
from year to year with very few real benefits other than gadgets like shooting modes and scene 
selections to assist those with no photography experience.  In actuality, the best imager for our 
purposes would be one that had the LEAST number of gadgets on it.  For example, we don’t 
need auto focus since all our images are shot from at least 300-400 feet AGL, which is 
essentially “infinity” for all lenses we would use.  This auto-focus process also takes up precious 
time we need to capture the image.  We do not need 32 scene selections either.  We generally 
want to use the highest shutter speed possible for the lighting conditions available.  After that, it 
is good glass, fast shooting, and lots of storage. 
 
To determine what sort of imaging capabilities we could get from an imager, we tested cameras 
in a field environment that was relatively easy to duplicate.  In a large field we placed “targets” 
in waist high grass that were dressed in several different colors of clothing.  We made several 



passes over this field at varying altitudes and examined the photos to determine what mode to 
place the camera in for typical conditions encountered.  The images also served as training 
material for getting other “squints” acclimated to what sort of signature a target could present. 
The following is a test we performed on the Panasonic Lumix DMC-LX3 shortly after it came 
out.  We were interested in the new software “engine” that compresses the image into a JPEG 
format and writes that compressed image to the on board SD card. 
 
The test images shown below are a relatively easy test of the camera’s capability. This is one that 
we use often because it easy to do, and shows clearly what one might encounter.  These images 
actually have three potential “victims” in the waist high foliage.  One could easily walk within 
10 feet of a target and miss them completely because of the brush density.  We have used several 
different colors with each victim becoming progressively more difficult to image based upon 
color.       
 

 
Original image of the victim. 

 



 
As identified and located by the author 
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Environmental Factors 

 
Weather is the single most significant factor to be considered when it comes to planning a 
successful unmanned aircraft flight.  We intend to send an aircraft up into the ocean of 
atmosphere and hopefully navigate through conditions – some we can foresee and some we 
cannot.  Thankfully, a little on the spot divining and a briefing from an automated weather 
service, for the environment to be flown, can make the observant airman appear to be a magician 
at predicting weather factors that effect the performance of the aircraft.  On extended missions 
where the team may be on location for days, it is very useful for a UA pilot to assess the weather 
situation more frequently.  The UA team does not want to be caught unawares when a front 
blows through or a shift in wind direction alters fuel use and the ability to return to base.  
 

Sources for Weather Briefings and Information 

The Federal Aviation Administration provides a wide range of data that can be helpful to the 
unmanned aircraft pilot. There is a document called “General Aviation Pilot’s Guide to Preflight 
Weather Planning, Weather Self-Briefings, and Weather Decision Making.”  Even the lengthy 
title suggests that it will probably have more information than you need but it is certainly a good 
start for the pilot just starting out.  As the opening paragraph suggests, if you have little 
experience, then this document is for you. 
 

“This guide is intended to help general aviation (GA) pilots, especially those with  
relatively little weather-flying experience, develop skills in obtaining appropriate  
weather information, interpreting the data in the context of a specific flight, and  
applying the information and analysis to make safe weather flying decisions.” 

 
Granted this guide is for manned aviation and focuses on weather around specific airports 
manned aircraft depart and arrive.  It also refers to weather at much higher altitude than we will 
be flying.  Since we typically fly in the lowest level of the atmosphere, it is more important for 
us to be able to do some on the spot predictions of the micro-weather we will likely encounter.  
There is a passage in the above mentioned guide that states, “the most important tool you can use 
is your eyes, just look up.”  Without belaboring the obvious, they got that part right.  The 
unmanned aircraft PIC will have to make his own weather prediction, on the spot, before the 
flight begins. 
 
To aid in that immediate weather forecast, the pilot has several automated broadcast systems 
available to help determine the weather for a given period.  A standard National Oceanic and 
Atmospheric Administration (NOAA) weather radio gives good weather information, but not 
always as detailed as we need.  If the pilot has a handheld aviation radio, the Air Terminal 
Information Service (ATIS) can be picked up, if within transmission range of a large airport.  
There is also the Automated Weather Observation System (AWOS) but again it is geared more 



toward manned aviation.  These systems are available, and the information is typically more 
current, however, using these services requires some education in the terminology used. 
 
For teams just starting, who do not have the benefit of a certified pilot, or have not taken a basic 
ground school, it is incumbent upon you to become familiar with the FAA’s standards for visual 
flight rules (VFR), which are followed by full scale general aviation.  The FAA regulation is 
Section 91.155 14 CFR Part 91 - General Operating and Flight Rules – and it states:  
 

“Visual flight rules (VFR) are a set of regulations under which a pilot operates 
an aircraft in weather conditions generally clear enough to allow the pilot to see where 
the aircraft is going. Specifically, the weather must be better than basic VFR weather 
minimums, as specified in the rules of the relevant aviation authority. The pilot must be 
able to operate the aircraft with visual reference to the ground, and by visually avoiding 
obstructions and other aircraft.” 

 
This is pretty common sense stuff, yet, it is surprising how many pilots find themselves suddenly 
in instrument only conditions because they didn’t get the weather right.  Factors that few weather 
services take into consideration are land features that influence the base meteorological data we 
get from these services.   
 
We can easily distill our UA requirements down to just a few topics – first and foremost being 
wind.  Since the UA is a small flight vehicle, wind has the greatest effect, second only to rain 
which affects both the aircraft AND the pilot!  Each search area must be analyzed to identify 
important site specific environmental factors to consider for safe and successful unmanned 
aircraft operations. 
 

Terrain  

Being able to scope the terrain your aircraft will fly over goes a long way in ensuring success of 
the UA mission.  Many fixed wing applications for search and rescue are likely to be in wide 
open areas that could consist of forests, hills, mountains, swamps or along rivers and streams 
where it is difficult for personnel to conduct searches.  This is where the low flying UA can shine 
and produce data that targets specific areas and keeps personnel out of harms way. 
 
Heavily forested areas can be problematic when launching a small unmanned aircraft out of the 
canopy.  This launch challenges the limits of either the autopilot controlling the launch, or the 
pilot manually trying to fly out a green canyon.  Then of course, the return trip can be equally 
problematic if the aircraft inadvertently ends up in the top of a tree.  We have done our fair share 
of tree top extrications and it’s always good to have a young, strong, limber person on the team!   
 
Some search organizations will suggest that aerial imagery of these areas is wasted because most 
views are presented in an oblique configuration.  The term oblique refers to an image captured at 
an angle and this opinion would be correct when the camera is positioned to take oblique images.  
Looking at rows of trees from an angle will only show – well, trees.  However, shooting images 
from nadir, or directly down, at nigh on a 90-degree angle, shows that trees are spread further 
apart than one would imagine.  There are very clear areas that can be seen in spaces between the 
trees, and even some visibility through the canopy of leaves where one might detect something 



of interest.  For these reasons, RPSS uses interchangeable pods in its UA’s that positions the 
camera for nadir images, which is usually best.  A pod designed to hold the camera for oblique 
images is available if necessary.  Obviously, in old growth woods, with heavy ground cover, the 
only real way to clear an area is by boots on the ground performing a methodical search. 
 
Mountainous and very hilly terrain will challenge the pilot to design a flight plan allowing the 
best coverage, while avoiding some of the pitfalls, when flying in such terrain.  As discussed in 
the next section, wind and turbulence in these regions is the most important consideration.  The 
next consideration is these areas typically have very few areas suitable for long, gliding landings.  
The pilot will be required to stick it in a relatively small area or possibly on a logging road.  
Outside of these areas, the landscape is likely to be covered with rocks and other hard objects 
that could damage the plane or worse yet, the sensor the plane is carrying. 
 
Desert areas can be challenging due to hills, valleys, and gulches, along with searing heat or 
strong winds, depending on the season.  We have been in the desert during 120 degree days and 
it becomes a real concern for both equipment and operators.  Most electric aircraft utilize the 
popular lithium polymer packs and these have a temperature range that runs from around 40o F 
up through about 160oF.  At the low end, the battery may not produce as much power as it would 
if were 70oF.  When run in an electric UA, the lithium polymer battery will produce heat, easily 
reaching 150-160 o F.  If you reach or exceed 160 degrees, your battery could become damaged.  
The worst consequence is the battery could experience a thermal runaway situation.  This is a 
chemical reaction in the battery and can cause the battery to continue producing heat until it 
bursts into flames.  So if you are flying in extremely cold conditions, warm your battery by 
placing it in your coat until it is warm.  If it is very hot, make sure you ease off the throttle and 
try to minimize the current draw to as low as possible, to keep the battery from overheating.   
 

Density Altitude 

Density altitude is one of the first things a pilot learns about flying full scale aviation – and it is a 
very important lesson.  As an aircraft moves up in a column of air, the air becomes thinner, or 
actually the air molecules are spaced further apart, since there are fewer of them.  If the aircraft 
moves through fewer air molecules, less and less lift is produced until, at some point high up in 
the atmosphere, the aircraft can no longer fly.  It has reached its service ceiling and all aircraft 
both small and large have a service ceiling.  Density altitude is something that can change every 
day on your favorite flying field based on barometric pressure, temperature, and even humidity. 
 
There are charts and calculations available that will produce figures you could use to tweak the 
flight performance of your vehicle.  The performance impact for our purposes is usually 
relatively small.  The important thing to remember is that as temperature goes up and pressure 
goes down, your small aircraft may have to work harder to lift the same load it did on a cooler 
day with higher pressure.  This manifests itself in a UA by seeming a bit more sluggish on the 
controls and requiring a high throttle setting to maintain level flight.  This also could reduce the 
amount of flight time due to increased battery draw.   
 
For those missions conducted in high elevation areas, density altitude is a bigger 
consideration.  Obviously, if your search for a missing hiker means you launch from a 12,500 
foot mountain top to fly a high valley, you must factor in the altitude in your mission 



planning.  Unlike an internal combustion engine, a small UA with an electric power plant will 
produce the same power as it does at sea level.  The difference is, at altitude, the propeller 
does not have as much air to bite into and will produce less thrust at the same RPM.   In these 
cases you would want to prop up and make sure you are getting peak efficiency from your 
power plant.  Propping up means you move up in propeller diameter or pitch (or both) to get 
the same thrust you would normally get at lower altitudes.  If you are flying an internal 
combustion engine, you will need to run a leaner fuel setting since there is less oxygen for the 
combustion process, which means, of course, less power output.  Propping up will also help in 
this situation. 
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Weather 

 
Wind – A River of Air 

The wind affects a UA the same, if not more so, than a full-size manned aircraft.  There will be 
conditions you will fly through that will completely overpower a small aircraft and force it into 
an unscheduled landing – with dire consequences to both the airframe and the success of the 
mission.  Most of these times, with a UA you can bring out the repair kit (tape, spare camera, 
prop, etc.) and fly again, if at all possible.  
 
Wind is really just a river of moving air caused by pressure gradients.  The steeper the pressure 
gradient, the higher wind it produces – just like water running down a hill.  The steeper the hill, 
the faster the water runs.  Small unmanned aircraft can have some amazing capabilities and may 
be able to fly in wind conditions that would ground full scale aircraft, or at least make it unsafe 
for full scale aircraft to fly.  But the kind of wind makes a difference on many flight factors.  For 
example, a sUAS is fairly easy to fly in a strong but steady wind because once in the air, the 
autopilot (or ground pilot) can easily guide the aircraft using the control surfaces as designed.  
However, the direction the aircraft must take relative to the wind could affect HOW LONG it 
can stay in the air.  If we launch and have to fly directly into the wind, mission endurance will be 
shortened because ground speed will be reduced, and throttle will be increased.  When the 
opposite is true and we are flying with the wind, the groundspeed of the aircraft greatly 
increases, meaning more turns or passes will be required to attain 100% coverage of a given area.  
The mission will still be shortened because after the flight downwind, the aircraft still must fly 
directly into the teeth of the wind to return home, requiring more power. 
 

What Creates Turbulence? 

Rocks in the “River” of Wind  
As a UA pilot, one should be aware that everything that rises up from the ground affects the way 
the wind flows.  An unmanned aircraft pilot working in a SAR, or first responder position, may 
encounter several different types of ground turbulence that can be a concern.  These types of 
ground turbulence can easily be created in an urban environment or rural environment.  
Mountains, hills, canyons, buildings, and trees all create a different sort of pattern that the pilot 
should be aware of.  The turbulence can also manifest itself in different ways.  It could be a 
vertical component causing violent pitching in an aircraft.  It can be horizontal and overload the 
roll and yaw capabilities of the aircraft, and finally, it could be rotor turbulence which would 
affect the UA in all the control axes at once!   We will go over each one of these different types 
of turbulence and where each could be found. 
 

Vertical Component Ground Turbulence 



A straight line of tall trees will create a barrier to the wind and cause the wind to go up and over 
the trees to continue along its path.  The going up part is not much of a concern to us flying small 
UA, but as the saying goes, “what goes up must come down” holds true here.  As the wind flows 
over the trees, it rises up and over them.  Directly behind that wall of trees the wind will swoop 
back down to the ground with the same speed downward component as it had going up!  This 
can be catastrophic to a small UA because that downward component can easily exceed the 
aircraft’s ability to overcome the force of the wind.  The higher the wind, or higher the barrier it 
must go over, increases the danger to small unmanned aircraft that fly in the wind shadow of this 
barrier.  The wind shadow is an area of relative calm behind the barrier or structure, as the wind 
is essentially blocked, but it is typically too small to really be considered a safe haven.  Granted, 
in mountainous regions where the obstacle (mountain) could be thousands of feet high, one can 
take advantage of this shadow under the right conditions.  However, because one must pass 
through a boundary layer of relatively calm air into conditions that could exceed your aircraft’s 
capability, great care should be taken to prepare for that event.  We have been using trees and 
mountains in this example, but you must also consider that tall buildings will produce the same 
effect.  If an obstacle is not a one piece, same height obstacle, it can produce new tricks that we 
must anticipate. 
 

 
Example of Vertical Component Wind Turbulence  

 
 

Horizontal Component Ground Turbulence 
Because more and more UAs will see use in urban and city areas, horizontal component wind 
blocks will be encountered more often.  Think of several multi-story buildings in rows or blocks.  
They are neither the same shape nor height, and there are spaces of varying widths between 
them.  Since air is a fluid, it will try to go around an obstacle before building up enough pressure 
to go over it.  Just like a column or large rock planted in the middle of a flowing river, the wind 
produces a bow wave and a wake around a building.  This creates a wind component that splits 
in two directions to go around a building creating the horizontal component just described.  
There likely will be another building in proximity with only a street width separating them 
creating a narrows or chute that your aircraft may have to navigate.  Like the hapless camper 
paddling a canoe in a swift river, just because you miss one rock doesn’t mean there isn’t another 



waiting, while riding the outflow down stream.  The horizontal component almost always 
produces an increase in winds through the chute and is readily apparent whenever there is wind 
blowing through the concrete canyons of a city lined with skyscrapers.  Surprisingly, it doesn’t 
take very much wind to produce this effect.  In a slight 10-15mph wind where just about any 
good UA would fly normally, the chute effect could easily double the velocity of the outflow and 
overcome the control capability of the UA.  This type of turbulence will have the most impact 
during use of smaller multi-rotors, as they become more commonplace in urban areas. 
 

 
 
 

Rotor Turbulence 
Any obstacle in the wind stream can create turbulence that has a rotational component.  This is 
covered in great detail when training for mountainous flying using manned aircraft because it is a 
very real and present danger.  Like our bigger winged brother, we have to pay attention to this 
detail when there is wind of any magnitude exacerbated by obstacles.  In our first example, using 
the line of trees, the rotor turbulence would most likely be produced near, and just behind, the 
tops of the trees.  In the skyscraper example, the rotor turbulence would likely be on the far, 
down-wind sides of the building, as this structure is usually more defined with a squared roof.  
The velocity of the wind dictates how far the reach of the rotor will be – and it is surprising how 
far that reach can be even in a light wind.   
 
Approaching this type of turbulence at a perpendicular angle will produce a pitching moment in 
the aircraft that could be disastrous depending on altitude and the direction entered.  If the 
aircraft enters the rotor from downwind, passing over the obstacle first, then the nose will pitch 
downward in a fixed wing aircraft.  In a rotor-wing, the descent rate would exceed the downwash 
produced.  If the aircraft is approaching from the upwind direction toward the obstacle, this 
sudden downward change, with forward momentum, could cause the aircraft to impact the 
obstacle.  A parallel approach to the rotor turbulence would result in a roll moment in the 
aircraft. 
 

Turbulence in General 



The advantage of the small UA in the SAR field is that it can fly low and hopefully see more in a 
shorter period of time.  Heavily wooded areas, or of a mix of open space and woods, can produce 
turbulence just from the texture of the landscape and environment.  It is important for the small 
UA pilot to understand this, and know that turbulence can be encountered in just about any part 
of the mission – from takeoff, to mission execution, and landing.  There may be less concern for 
turbulence during mission execution, but the concern increases significantly during takeoff and 
landing.  This is when the pilot must be the most vigilant of turbulence factors because the 
aircraft is flying low and slow and may not react as quickly as when it is at cruising speed.  If 
you suspect that you will run into turbulent conditions, then speed is your best friend.  Keep the 
airspeed up on fixed wings and the rotor speed high on heli’s. 
 

Fire Influenced Weather 

More and more UA are being used as a forward fire observation platform, especially in wild land 
fires.  We have flown several in Texas and can attest that the video received from an aircraft 
positioned forward of the fire, has been useful to incident commanders in dispatching equipment.  
But with this new environment comes new conditions that the UA pilot will have to plan for and 
manage.  These conditions include rapidly advancing walls of fire, fire tornadoes and a 
phenomenon called pyrocumulonimbus clouds.   
 
Almost everyone knows that heat rises and the heat from a burning stand of cedar (think 
Christmas trees) can be considerable, while rising at very high rates.  As the air is being pulled 
into the fire, it not only fuels its intensity, it causes different types of wind to develop.  Anytime 
air is rapidly moved out, replacement air must move back in.  A large fire can cause hurricane 
force winds to be generated on the ground, along with generating all the different types of 
turbulence mentioned, on a magnitude order!  The boundary layer for this wind effect may exist 
for only a short distance from the fire where the hazard may cease all together.  However, terrain 
and elevation all play key roles.  
 
In weather parlance, a cumulonimbus is a thunder cloud caused by the rising of warm air into 
cooler air.  A pyrocumulonimbus (PyroCuNim) is similar as it is caused by the chimney-like 
updraft of heat from the fire.  The big difference is that ash is also pulled into the column and can 
rise for thousands of feet into the air.  This ash acts just like raindrops in that it can collect static 
electricity and can produce lightning, while blocking out sunlight and causing darkness over the 
burn area.  These PyroCuNims are always attached to the fire – and the fire’s intensity 
determines how much ash gets carried into the air and how high it travels.  For the UA team, it is 
important to keep an operations base as clear of this hazard as possible.  At times this can be 
difficult considering that lightning may strike as far away as five miles from its origination point.   
Since it is typical for an ops base to have antennae and metal objects, it is important to make sure 
all grounding wires are installed and the tallest antenna has the proper arrestors in place. 
 
This very same situation is what makes the small UA such an important player in these 
conditions.  Such weather conditions may preclude the flight of manned assets since the danger 
could be too great to the human pilots.  An unmanned aircraft could be considered expendable if 
the information it can provide is critical to help the incident command make informed decisions.  
Smoke is not a deterrent to an infrared camera so even it were enveloped in thick smoke, it could 
still return useful, actionable data in the video stream. 



 
 

 
Wildland fire near Austin, Texas 



 Section 12  

 
Command and Control – The UA Team Environment 

 
Depending upon whether the location is urban, rural, or wild land, the incident command center 
could be as simple as a tent or as complex as a full blown emergency operations center (EOC).  
The UA aircrew should be prepared to fit into any one of these scenarios by having a working 
internal action plan for each possibility.  If the UA team is centered in a major metropolitan area, 
it is likely they could be interfacing with a larger EOC or at the very least a command vehicle 
specially designed for remote operations.  Communications protocols between the UA team and 
the EOC should be established through interoperability training and close coordination of things 
like radio frequency control.  A conflict of radio frequencies between the control system of your 
aircraft and the voice communications used by IC could cause significant problems for one, or 
both of you!  If the unmanned aircraft are to be relied upon heavily to provide an eye in the sky 
for this operation, it is recommended that the UA team should enlist the aid of their own internal 
information officer (IIO).  This position operates very similarly to the public information officer 
(PIO) but it is strictly internal to incident command.  Even though unmanned aircraft attract a 
considerable amount of media attention, there should be no direct interface between the UA team 
and media while a mission is underway.  The incident command PIO should run interference to 
allow the team to remain on task. 
  

Facilities 

The beauty of a tactical or man pack-able unmanned aircraft is that it does not necessarily require 
an elaborate structure to run its operations.  With proper coordination and training, the base unit 
could start with a simple Pelican case and a method to get it to the scene.  The other end of the 
spectrum could have the UA team in their own mobile command unit (MCU) that is completely 
self-contained. It should have all the facilities to service aircraft, communicate with IC, and 
analyze data returned from the unmanned aircraft.  In between these two, the most common 
approach is to utilize a 4X4 pick-up with camper top to house and transport the equipment. This 
unit can be built in such a way to keep all the equipment the pilot at controls (PAC) and the pilot 
in command (PIC) require near at hand.  Some protection from the elements is always 
recommended as it puts much less stress on the aircrew if they can get out of the baking sun or 
drizzling rain while waiting for flight instructions.  This can be something as simple as a portable 
pop-up awning with side walls. 
 
As an example, RPSearch Services has successfully converted several shuttle bus type vehicles 
into capable MCU’s.  These have been used as Incident Command centers in both fire and SAR 
incidents.  The list of equipment for this particular unit consists of: 
 
1 - File server and three workstations to act as pilot’s console and image analyst consoles 
1 - 42” flat screen LCD to provide a broad view of images  
1 - 15,000btu roof air conditioner 



1 - 7Kw generator to provide both internal power and external power  
1 - Weather station and remote sensors. 
1 - Communication console 
 
These converted shuttle buses have been built using funds from grants, FEMA funds, and 
donations from corporate entities in the community that have programs to give back a little and 
show good will.  And a tax write-off at the end of the year is commonplace for charitable 
donations. 
 
For gaining access to the search area, a 4X4 vehicle or quad is helpful for covering long 
distances to remote areas where the full size vehicle will not go.  The bonus derived from using 
the small tactical unmanned aircraft is that a two man team can go miles into deep wilderness, 
but once aloft the data can easily be transmitted back over even longer distances as long as the 
receiving equipment is up to the task. 
 

 
Mobile Command Unit (MCU) converted shuttle bus 

 
 

Interfacing with Incident Command 

In a full-fledged incident or search requiring an Incident Command Post and a management 
structure over three levels, communications with the IC can be trying at the very least.  Relaying 
information back and forth from the IC works best when communications are funneled through 
the fewest people.  For the UA team, one-person maintaining communication with the IC gives 
the UA team the ability to remain on task without interruption or distraction.  This structure  
requires the UA team to retain some autonomy to perform tasks as they see fit and pass through 
the safety vetting process of the UA team commander.  Since the UA team should strive to 
reduce its offset as discussed previously, they may set-up a distance away from the emergency 
operations center.  The team should be given a call sign and a compatible mode of 
communication (or at least one that does NOT interfere) for the radios required to operate the 



UA.  In many instances, cell phone communication is sufficient.  In remote areas where cell 
service is denied, or sporadic, a backup form of communication should be in place.   
 

Communications Considerations – Radio Mash Up 

The UA unit will be more concerned over frequency control than other units on a search or law 
enforcement mission.  The search teams, incident command, officers, and fire fighters are more 
frequently using a designated single communication band on a scene.  The unmanned aircraft 
crew should have access to this main frequency to communicate with their point of contact, a 
secondary frequency to communicate with their flight crew and observers, a command and 
control frequency for the aircraft, a video frequency, GPS frequency, and optionally a telemetry 
frequency.  Many times these radio frequencies play nice and there is not a problem with any of 
these getting along – at a distance.  When you are in proximity to a command center that is 
bristling with its own set of antennae pumping out RF, it can lead to swamping weaker 
frequencies regardless of bandwidth separation.  The pilot in command needs to monitor all 
frequencies they require and ensure they are getting solid signals before launching.  If there are 
swamping issues, resolution may be as simple as moving the flight command center a few yards 
away and reorienting the receiving antennae.   Regardless of what it takes, these issues have to 
be resolved or you could easily have an auto-pilot aircraft entering a fail safe mode and returning 
to the launch point after it gets a few hundred yards away.  This is typically the case when a UA 
suddenly has a lost link with the ground control unit (GCU).  The weakest link in the frequency 
mash up is almost always the GPS signal, which happens to be one of the most important when 
navigating an unmanned aircraft! 
  

Protocols for Aircraft 

Regardless of the incident size or complexity there could be an Air Operations Director assigned 
to handle all airborne assets.  The UA team will report to this position, or their deputy.  As a 
Single Resource Boss (SRB), this position may direct the UA team as they see fit, within the 
internal safety guidelines of the agency deploying the UA team.  The UA team will still be 
primarily responsible for maintaining the risk standards as set forth earlier, and at no time will a 
UA occupy the same airspace as a full scale manned asset! If a full size manned asset should 
enter the airspace, the UA should ALWAYS defer and get on the deck as soon as possible.  
Regardless of whether one is authorized or not, it does no good to end up with a pilot in the air 
maneuvering to avoid an unmanned aircraft.  As the new kids on the block there are already some 
strong feelings from full scale pilots having to share their airspace with something that could be a 
potential threat to their livelihood.  While much could be written on this topic alone, suffice it to 
say that we should ensure that our UA does not hinder operations of manned aircraft.  Through 
professionalism, trust, and adherence to procedures, UA will be accepted for the jobs that it can 
do well.  We have flown our aircraft in the vicinity of manned aircraft in exercises with careful 
separation and strict control, so it can be done. When controlled in this fashion, the pilot in the 
air does not feel the need to be on the lookout for a small UA and can focus on the mission at 
hand.    
 

Data Transfer 

Data collection is what the unmanned aerial platform is all about, but data does no one any good 
if it cannot be disseminated to the folks that need that data.  There are several ways to get the 



data back to the IC and each can be modified to suit the means available to the team.  For 
example, most high resolution digital stills (10-12mp and up) are difficult to transmit 
electronically.  However, the important pieces of that image can be carved out and sent easily.  
For those teams that rely heavily on digital imagery, it would be wise for them to have a means 
to process them on the spot – such as a laptop.  There are several commercial packages that 
allow an image analyst to crop the photo to a more manageable size.  In a search situation, if the 
UA team should find something of interest while flying, the actual minimum amount of data 
required would be the lat/long of the target.  This could be transmitted via a cell phone or 
handheld radio back to the IC and a ground or air team could be deployed to investigate.  
Expanding upon that, the particular portion of the image that is of interest could be cropped and 
be sent via a slower method of radio transmission.  One may ask why you would need to send the 
entire picture.  There have been situations where the rescue team requires explicit directions to a 
site, or they must be advised of hazards or conditions that may require additional equipment (i.e. 
repelling gear for cliffs, or guns for gators!).  Remember, knowledge is power and power is 
capability.  You want to give as much power and capability as you possibly can to the support 
teams in the search structure.  If the data set is large, such as batches digital imagery, then the old 
fashioned “tennis shoe” network protocol has to be used.  Gathered images are copied to a flash 
drive or SD card and one of the team runs off to deliver them to the Incident Command.  Either 
that, or an IC runner comes to the UA team to collect the data, either way works. 
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Building the UA Team  

 
Getting the “Right Stuff” - Aptitude – The military has known this for many years, but we 
have raised a generation that has become very comfortable operating in a “remote” environment.  
It is second nature for them to use eye-hand coordination in a third party role that is completely 
removed from the real action.  Video games have been around for many years and from the first 
Pong game to the most sophisticated “first shooter” games the training has begun at a very early 
age.  Eye-hand coordination has increased, spatial thinking has increased, and multi-tasking has 
become standard in the vernacular of the video game.  Simulators have been a big part of flight 
training, of which, most all commercial flight endeavors require their pilots to complete some 
hours.  Granted, some of the full motion flight simulators can result in a calm, collected pilot 
coming out bathed in sweat after an hour’s worth of problem solving in the cockpit.  These are 
the people that have the aptitude for juggling several balls while maintaining control under 
pressure.  These are the people who make good UA pilots and aircrew.  They can easily relate 
what they see on a screen to the action they provide through a control pad or a joystick. 
 
Physical Requirements - An agency would do well to seek out this sort of “volunteer” for their 
UA team.  This ingrained “gamer” experience coupled with a passion for flight, or a passion for 
excellence in the performance of their duties is the ideal candidate.  From early experience with 
the Federal Aviation Administration, the recruit will also be required to pass a flight physical that 
shows they have 20/20 vision and no other medical conditions that would preclude them 
operating an aircraft.  Herein is a bit of controversy because this “pilot” is not really flying an 
aircraft in the air and some of the flight physiology is taken away.  For example, pulmonary 
function, does the candidate have the capability to breathe easily at altitude?  No asthma, 
emphysema, COPD, or other pulmonary restrictions.  This section of the physical obviously does 
not seem to fit since the UA pilot will never leave the ground to perform his duties.  The FAA 
regulations take a serious amount of time to change and modify, and it is unlikely the current 
medical standards will be changed anytime soon.  One hopes that the waiver process will remain 
in effect or there will become a “unmanned aircraft” type certification that will preclude some of 
these medical qualifications.  As agencies across the U.S. recognize the usefulness of the UA as 
tool, the certification process will streamline to something more reasonable.  It is amusing to tell 
certified flight instructors what is required to fly a small UA and watch as they shake their heads 
in disbelief because common sense dictates that less would be more in this situation.  As a 
veteran, I would personally hope that a veteran returning from either of the current theaters of 
operation would be given as much consideration as possible especially if they have UA 
experience at any level.  In a very forward view of disability, there is no reason an individual 
who is confined to a wheel chair due to spinal chord injury should be denied the opportunity to 
pilot an unmanned aircraft from a remote location.  If other than mobility, that individual can 
meet the requirement of obtaining a 2nd class flight physical it could place some very dedicated 
people in the position to become productive aircrew members.   



 
Training Requirements – Another aspect of becoming a UA team member is the actual flight 
training portion that will likely be required by the FAA.  Each aircrew member will likely have 
to pass the written private pilot examination as required to attain a private pilot’s license.  While 
this does not qualify them to serve on an actual aircrew because they do not have the proper 
flight training, it does familiarize the aircrew with the current “rules of the road” for general 
aviation.  Small, general aviation aircraft will be the most likely encounter a small UA operator 
will experience.  Aside from the fact that the UA operator will ALWAYS defer to the manned 
asset, knowing traffic patterns around airports, radio communications, and types of control areas 
is valuable knowledge as they are deployed to different areas.  If the team will be primarily 
confined to their own county for operations, they will become very familiar with the aircraft 
operations areas and how to plan around them if the situation arises.  Continuing education will 
be required to keep up with the rapidly evolving industry and perhaps may generate fields of 
specialization much like swift water or high angle rescue within the unmanned aircraft industry 
itself.    
 
 
Fire, Law Enforcement, or First Responders 
Search and rescue/recovery or SAR has become a recognized discipline with the three main 
categories of agencies.  Even the military has their own very specialized rescue teams such as the 
Air Forces’s Pararescue Jumpers (PJ’s) that are trained specifically for the task of retrieving 
injured comrades in all sorts of conditions both weather and combat related.  The civilian SAR 
team is becoming just as specialized even though they may have started out as a deputy sheriff, 
fireman, or an emergency medical technician.  There is no reason to think that the tools they use 
would not be specialized to their specific needs as well.  The funding bill for the FAA very 
specifically states that in these three categories of UA users, a “first responder” could easily be a 
sheriff, a fire fighter, EMT, or hazmat team.  This section will focus in on and look at what could 
be utilized in each of these unique positions and in some unique situations particular to their 
jobs. 
 
Fire Departments 
The general trend across the U.S. is that fire fighters make up the biggest population of SAR 
technicians over the three disciplines.  These guys plan on getting into some very dirty and 
dangerous situations when faced with structure fires, wild land fires, or car wrecks.  And they 
train for each of those contingencies.  The UA team comprised of fire fighters would prefer an 
aerial platform that will stand up to a considerable amount of abuse and fly into the conditions 
they would normally expect to place themselves in.  The urban fire department could utilize a 
multi-copter equipped with both electro optical and a thermal imaging system to give them visual 
and thermal data on multi-story structure fire engagements.  This same system could also be used 
as fuel surveys along right of ways and locate hot spots in high tension wires, transformers, and 
other electrical equipment that produce fire hazards. 
 
Wild land fires are always a seasonal event in several parts of the country.  California, New 
Mexico, Texas, and Florida have all seemingly been on fire at the same time at one time or 
another.  These fires destroy countless billions of dollars in property.  A fixed wing unmanned 
aircraft equipped with streaming video could provide quick situational awareness in this 



scenario.  When the fire is finally contained there is a constant threat of “re-kindle” in the burn 
field which requires quick intervention.  Again the thermal imaging system could be called in to 
play to begin a pro-active detection of smoldering hotspots for small teams of fire fighters to deal 
with easily.  In truth, a fixed wing unmanned aircraft system could remain on “patrol” and 
automatically detect any re-kindles and sound an alarm at the ground station.  This capability 
alone would greatly reduce the need for manpower and reduce the cost of fire monitoring for 
days after containment has been declared. 
 
Firefighters, by and large, respond to chemical spills and other hazardous materials (HAZMAT) 
clean up and containment duties.  A fixed wing aircraft could carry a “sniffer” or a chemical 
detection system, sampling the air as it follows a preprogrammed course. Very recently, 
unmanned aircraft were dispatched to take high resolution imagery of the Fukushima Nuclear 
power plant in Japan and proved a perfect example of how an unmanned aircraft could collect 
data without endangering more personnel in the effort.  We participated in a plan to fly self 
contained dosimeters in proximity of the plant to measure radiation in the atmosphere.  Although 
not deployed, it was developed in conjunction with San Diego State University and was ready to 
fly within days of the request. 
 
Under these the scenarios, the type of unmanned aircraft a fire department might select would be 
predicated upon the largest portion of activities they are involved in.  In urban areas where most 
calls may be for structure fires, a rotor wing is a prudent choice.  In open areas with lots of forest 
and wild lands, then the fixed wing with its ability to cover longer distances on a battery pack 
would be the choice.  There is no question that all three of the most popular sensors could be 
used at one time or another, but the priority of one over the other may be significantly different.  
One fire department may find they use their FLIR equipped quad-copter 90% of the time, while 
another may use a fixed wing Spectra flying streaming video for situational awareness most of 
the time.  
 
Law Enforcement 
There is no doubt the unmanned aircraft in many different configurations would be a boon to law 
enforcement.  However, already, we are already experiencing the paranoia of the “Big Brother” 
syndrome within the civilian populace.  To be certain, any technology or procedure can be 
abused to the point of causing backlash within the population you desire to serve.  Just a few 
years ago, a flight demo that was to be done ”behind the scenes” just outside Houston for a group 
of law enforcement agencies went terribly wrong when the hosting department denied access to 
the media, both on the ground and in the air.  The officials stated incorrectly that airspace had 
been temporarily reserved and what’s known as a Temporary Flight Restriction (TFR) had been 
issued by the FAA.  If a real TFR had been issued, incursion of unauthorized aircraft into this 
area would have indeed been in violation of FAA regulations.  This ended up being a public 
relations nightmare for the chief of the hosting department and the mayor’s office.  Uninformed 
statements made by technology officials concerning the use of UA as traffic monitors, equipped 
with cameras that could read the newspaper you held in your lap only made a bad situation 
worse.  As the public protested, the mayor’s office suspended all unmanned aircraft operations 
indefinitely to quell the uprising.  This unfortunate situation played into the hands of the 
Orwellian conspiracy theorists that “drones” are made to be spy on unsuspecting civilians.   The 
American Civil Liberties Union (ACLU) has also weighed in on this subject and stated that a UA 



could indeed be used as a tool to invade privacy.  We have engaged the ACLU in debate and 
have settled upon a standard of recognition that would not constitute this invasion by limiting 
camera resolution so that facial features cannot be sufficiently clear to make identity of the 
subject.  Which, for the time being serves our purposes.  Real time video data allows for a real 
time response leading to a capture of criminals by “boots on the ground” officers.  Catching them 
with “the goods” so speak.  
 
Like the fire departments, the law enforcement agency needs to look at their demographic and 
what platform would best serve them in serving and protecting the public.  We have used our 
fixed wing in a metropolitan area with great success, but the multi-rotor system would work 
well where situational awareness was required prior to an insertion into a potential crime 
scene.   Perhaps a combination of both aircraft might be utilized as well.  It depends on the 
nature of the call and the terrain features, structures, and hazards.  
 

 



 Section 14  

 
Missions 

 
The intent of this section is to outline some of the many missions that we have flown with the 
Spectra and how the process and procedures developed for using an unmanned aircraft for search 
and rescue/recovery work.  There are some missions where the Spectra never even took to the air 
but are included because they are an example of how NOT to complete a mission.  I do not wish 
to come across as macabre, cynical, or hardened because there are real people in these chapters 
that either lost or took their own their lives and deserve the respect due the dead.  In the bigger 
context of how operations unfold there are situations and circumstances that are undeniably 
humorous.  Had they been around they would have likely laughed at some of our “bloopers” as 
well.  Who knows, perhaps they were. 
 

Margaret Black – Ground Zero 
 
This case was one of the first missions that introduced us to the many facets of how and why 
people go missing, how they can be overlooked even by a trained eye, and how sometimes only 
the hand of God can provide guidance.  Margaret had gone missing not far from our town.  She 
had been on her way to Houston which is approximately 3-1/2 hours drive.  Her van was found 
abandoned on the side of the main road out of town near a large ranch and private school.  Her 
personal effects were inside and intact, and nothing seemed to indicate foul play. On the second 
day of her missing status, a state helicopter was brought in to an aerial survey and a ground 
search was organized by the county sheriff’s office.  Volunteer fire department and sheriff’s 
personnel combed through some very rugged Texas country covered with prickly pear, cedar 
trees and rattlesnakes in 104 degree heat and came up empty.  The S.O. had begun their 
investigation and started putting the pieces together, even questioning an itinerant that was found 
sleeping near her van.  By the fourth day the family was pressuring for more action, but with the 
search concluded the sheriff was looking for other clues that indicated her whereabouts. 
 
Initial Plan:  The aircrew consisted of myself and Myron Smoorenburg and using the 
conventional SAR wisdom we would fly the area around her vehicle (LKP) and expand from 
there.  At that time we were flying 5MP imagers and had really no idea how high to fly to get the 
best image quality.  We knew we wanted to cover as much area as possible and estimated an 
altitude of 500’ above ground level would get us the best coverage. 
 
Risk Assessment:   The area was largely rural/ranch land with a busy farm to market road.  There 
were no foot searchers on scene and the only home was a ranch house approximately two miles 
away.  There was sufficient unobstructed space for launching and retrieving the Spectra with the 
only safety factor being to the aircraft in that all landing zones had rocks and prickly pear.  We 
estimated that there was a 95% probability we could successfully collect data and cover the 
intended area in multiple flights.   



 
From each launch position we knew could easily fly one half mile in each direction under 
manual control giving us a one mile box as a mission range.  The field of view of our imager 
allowed us a 500’ offset from the busy ranch road for the first flight with all subsequent flights 
well inside the ranch.  Based on this information we could cover a two mile Probability of Area 
(POA) which would expand the original search by a small amount.  The weather for this effort 
was extremely hot, well over 100oF. The aircraft had enough power to overcome this density 
altitude handicap and performed as designed with being no worse for the wear when done – 
which was not the case for the pilots – after three flights that lasted approximately 15 minutes 
apiece.    Moving to different positions and discussing flight plans kept us in that environment 
for a little over two hours.  This is another consideration for the aircrew of unmanned SAR 
mission.  The need to stay hydrated and keep the aircrew as comfortable as possible was a 
necessity.  One other factor is the wildlife in the area included rattlesnakes, which would be a 
distraction to anyone at the controls of an unmanned aircraft.  We enlisted the aid of the armed 
deputies to escort us and act as our “eyes on the ground” as we moved from each area and set up 
to fly. 
 
Conclusion: All images were turned over to the investigating detectives for review.  We were 
called to identify a few landmarks but it seemed that little was found on the images.  After 
another three days, another search was mounted by volunteers and the area was combed yet 
again on foot and with four wheelers.  As one of the four wheelers was returning to incident 
command post, he happened upon the remains of what was finally determined to be the victim 
we were looking for.  As the news broke, we immediately contacted our local fire Chief, Carroll 
Czichos to learn the exact location.  Chief Czichos described the area and it was one we knew 
that we had flown and imaged.  After some post flight analysis we began the process that we 
now call “squinting” images.  This function has turned out to be the key in our subsequent 
operations because as we pored over the nearly 200 images we discovered that the victim was 
visible in 14 of those images!  We can hardly blame the detectives in this effort because the 
images of cedar trees from 500’ AGL looked like so much broccoli and the rocky areas were like 
staring at a pebble strewn beach from a standing position.  Out of these, one was supposed to 
find a blue speck!  
 



 
Original image with victim’s body 

 

 
Enhanced Image with gamma shift 



 
Mission Summary 
 

1. Our one mile box was a comfortable search pattern for line of sight operations 
2. 500’ above ground level is too high for a 5MP camera with that focal length lens 
3. We will always do the analysis of our images unless we train others to do so correctly 
4. A mobile office with working air conditioning would be a better environment for image 

analysis 
5. There is software available to analyze images quickly and efficiently – it’s just expensive 

 
Mission Conclusion 
 
We were a bit shocked, and the computer nerd in me determined that we needed to bring 
computing power to bear on this problem and get some science involved.  Some digging on the 
internet found a medical image analysis software that could scan an image and do change 
analysis, count the number of items of say, a certain color and enhance them in the image.  The 
company that developed the software was contacted and they agreed to scan one of our images.  
We emailed the image with instructions to pick out anything blue in the picture.  Within minutes 
the image was returned to me and it was completely black with the exception of a single, small 
“L” shaped object in bright red in the lower left quadrant.  The technician went on to explain that 
with a digital picture of 5 megapixels (that’s 5 MILLION pixels in one picture!) their software 
will pick out a cluster of only 25 pixels.  What now clearly appeared on the picture were the 
victim’s bent legs in blue jeans.  The cluster in our picture had only 40 pixels of blue!  This 
software sold for $50K in 2005.  There may be alternatives out there, but we are still looking for 
an affordable alternative application. 
 

Extreme Elements Part I – Mt. Hood 
 
In December 2006, three climbers preparing for some advanced climbing attempted to attain the 
summit of Mt. Hood in Washington State.  The winter date was chosen to more closely 
approximate what they would encounter in the higher elevations they had planned to tackle in 
their future climbs.  Unfortunately, those conditions turned significantly worse than any had 
suspected and the climbers got into trouble.  After a few days of severe gale force winds and 
snow, search teams were called in from all over the U.S. to assist in the effort.  A team utilizing 
the Spectra was asked to lend their assets in the effort and the Spectra was included in the 
Certificate of Authorization issued by the Federal Aviation Administration.  Our pilot was Greg 
McNair from Alabama as he had experience flying the wing and was ready to test the platform 
for the conditions and altitude they were to encounter. 
 
Upon arrival, the conditions remained extreme to say the least.  Winds of up to 50mph, driving 
snow, high drifts, and low temperatures challenged everyone’s constitution and the equipment 
they brought.  The effort focused around getting manned assets up on the mountain as soon as 
possible.  All travel was done via SnowCat and had to be planned in shifts.  The obvious 
selection for the first team in would be the Air Force Para-rescue Jumpers (PJ’s) but the weather 
would not cooperate so that full scale aircraft could operate.  High altitude choppers were on 
standby but grounded due to visibility and wind.  Because of the relative newness of unmanned 



aircraft to the search community, the unmanned aircraft were considered an “experimental”, 
although hopeful, addition to the equipment arsenal.  Because of this, Incident Command gave 
the UA teams a very small window to make their flights in considering the weather was bad, 
really bad, or worse than expected.  The unmanned aircraft included eight TacMav’s brought in 
by the military and then the Spectra.  The TacMav is a small birdlike electric UA that carries 
only a video system on board and is a capable flier in calm conditions.  In the very short window 
of opportunity given the unmanned aircraft, all eight TacMavs attempted flights but crashed on 
takeoff and were disabled. 
 
As suggested earlier, everyone kept the LiPo batteries inside their jackets until the very last 
minute so they would deliver full power when required.  With everything powered up and 
preflighted, the Spectra was launched and successfully cleared the tree line and headed into the 
stiff wind blowing toward the mountain.  To his credit, Greg had never flown in conditions 
anywhere near what he was encountering. The Spectra was gaining altitude and making headway 
into the high winds and the team was encouraged by the performance.  As the downwind turn 
was made toward the mountain, the high wind caused the Spectra to lose lift because it could not 
accelerate fast enough to compensate.  Full throw on the controls made no difference in the 
trajectory and she was driven into the trees short of the goal.  Although damage was slight and it 
could have been easily made ready to go again, IC called the UA effort in preparation of sending 
in manned assets when the weather cleared.  
 
Mission Conclusion 
 
Teams of climbers finally located one member of the three missing climbers in an ice cave.  He 
had been injured and his fellow climbers tried had carefully prepared and placed him a snow 
cave while they went for help.  The other climbers have not been located as of this writing. 
 
From a platform performance standpoint, it was disappointing that the Spectra could not have 
ventured further up the mountain when given the opportunity, but this was new territory for all 
but the most experienced mountain SAR teams.  It was encouraging that the Spectra could make 
headway in the wind and new procedures were developed for this sort of flying.  We discovered 
that in very high winds, the plane could actually be flown backwards, keeping the nose pointed 
into the wind and maintaining control authority and navigation with throttle management. 



 
Greg McNair, Mt. Hood – 2006 – SAR for climbers 

 
 

David Pettiet – Lost Close to Home – Grandfalls, Texas 
 
This case was the first case that we actually flew for Texas Equusearch, simply because one their 
staff, George Adlerz was reviewing emails and asked the question “What about using these guys 
and their airplane?”  It had been several months since we had contacted TES offering our 
services, and had really given up hope of ever hearing from them.  We were surprised when 
George called us and asked us if we’d be interested in assisting him the search for David Pettiet.  
It didn’t take us long to get Myron’s pickup truck loaded with an aircraft, computers, flight gear 
and cameras and we were on the road for the five hour trip to far west Texas by 10 a.m. in the 
morning.  The 8-9 hour drive from Houston was cause enough for George Adlerz to be flown 
down in a private aircraft, as he was to be the search coordinator for this mission.  The original 
plan had called for us to head there on Thursday morning and hopefully get some flying and 
aerial photography done before sunset.  George would meet with the family and the S.O. 
Thursday afternoon when he arrived and coordinate with them what our activities would be for 
the next two days.  Hopefully with the information we collected, we could organize a large 
orchestrated ground search on Saturday when we could get more volunteers out to assist.  The 
same scientific approach mentioned earlier would be used but this time we would include the 
additional information of very fresh digital images with potential targets for search teams to seek 
out and clear. 
 



As arranged, we arrived at the Monahans airport Thursday afternoon to meet George and as we 
stepped out were confronted with something we hadn’t counted on.  The West Texas wind!  We 
knew we could fly in a pretty healthy wind, but this wind was REALLY healthy.  The pilot 
estimated the wind at 30 knots on the ground but it was steady. We had to put those thoughts 
aside as we made our introductions and went right to the planning stage of the search.  The last 
person we needed to contact was the sheriff and he was soon in route to our location and would 
be there in minutes.  While we waited we used the cab of the truck as a windbreak and decided to 
start with the last known place (LKP) of our missing victim; his own house.  From there we 
would figure a circular probability of area (POA) and see what that presented us in the way of 
potential areas to be photographed from the air. 
 
By the time we had completed this process, the sheriff had arrived on the scene and approached 
our vehicle in typical Texas style.  He had on a cowboy hat, boots, and a very large plug of 
tobacco in his cheek.  We all shook hands and traded names and I made sure to position myself 
upwind of his position near the truck, as we explained what our plan of action was to be.  This 
gentleman took a long look at our small planes and us and with a well timed spit between wind 
gusts, explained we were wasting our time.  He had it from good sources that Mr. Pettiet was 
likely on the run to Mexico just a short distance down the road.   
 
Mr. Pettiet’s two sisters had driven in from Houston to help in the search effort on the previous 
Saturday, and so despite the S.O. obvious ambivalence we felt it necessary to continue our 
efforts in good faith in the event that this could have been a case of mistaken identity, and again 
made our intentions clear to the sheriff.  His increasingly defensive response was that we could 
help ourselves but the area we intended to start photographing had been “searched with a fine-
toothed comb”, punctuated with yet another spit of tobacco juice just outside of the circle of feet 
standing there. 
 
Monahans was an oil boom town back in the 80’s and at one time had the appearance of a neat 
little town with blocks upon blocks of frame houses.  Now, it was closer to a ghost town than 
anything with most buildings boarded up and many without boards were also without windows 
since they had long ago been broken out.  The Pettiet house was situated on the edge of town, on 
the last neighborhood road before you found yourself in scrub prairie.  In reality there had been a 
search performed by some horseback riders the day before we arrived and they had come up with 
nothing.  Our POA included several large open pastures directly across the street from the Pettiet 
house, just diagonal from a small baseball field.  This plan essentially cut our POA in half as the 
neighborhood had enough families left in it that someone would have likely discovered him in 
the 5-1/2 months that he had been missing.  It was rough country though, the chest high huisatch, 
hackberry, and prickly pear lent itself more to a horseback search.  That asset had been tried but 
was unsuccessful and we were here to do something a bit different. 
 
The street our victim lived on ran roughly southeast to northwest and our intended flight area 
was generally to the north.  We could easily fly the two miles on either side of the house in two 
flights.  A long unused sports complex broke up the area just west of the house reducing the 
searchable area yet again.  As noted early the wind hadn’t let up any and the light was fading so 
it was up to the Spectra to do its job and do it soon .  The aircraft was prepared with a high 
resolution camera only, the video gear was removed to forego the weight and extend the flight 



duration.  We would be within easy line of sight of the entire search area because if you’ve ever 
been to West Texas, it is so flat you can easily see to the horizon.  Flight crew was again myself 
acting as spotter/observer and Myron Smoorenburg at the controls.  A quick preflight showed the 
bird was ready for launch and with a skeptical sheriff, an open- minded search coordinator and a 
very surprised full scale pilot we launched into the northeast wind.   
 
The pattern we attempt to fly is very little different than that of mowing your lawn. The aircraft 
is taken to the edge of vision with the naked eye and then returned with the path offset enough to 
photograph new area with approximately 20% overlap on the previous pass.  This does two 
things for us, first we can be assured that we have covered 100% of the area in question, second, 
it sometimes gives us a different angle on images taken in the first pass.  The second reason can 
be very important in confirming whether a “target” is something that is valid and if manpower 
should be expended to investigate further.  We learned from our first search of Margaret Black 
that if there is any question whether coverage is complete, an additional flight can be taken to re-
shoot the area but positioned at ninety degrees to the first flight path.   
 
Extra care was taken on this search because of the wind so it took us a little over 15 minutes to 
cover one square mile with digital imagery from an altitude of approximately 400 feet above 
ground level.  The Spectra would tend to “skate” sideways in the quartering wind and we knew 
that we would have to view the images at an angle to the forward flight path.  With the first flight 
complete, we quickly moved to the next location, changed out flight pack batteries, SD cards for 
the camera and re-launched.  We had arrived late in the afternoon and time was not on our side 
as the light from the setting sun makes for long shadows.  It may seem intuitive but as an 
explanation, the higher the sun is in the sky, the deeper it penetrates into vegetation with less 
shadow.  Shadows tend to swallow and washout colors and obscure objects that could be 
important.  With the baseball fields in this section, Myron could extend himself a bit further out 
and covered the same area minus the playing fields.  The area was photographed in the same 
amount of time and Myron circled in for what appeared to be a “hover” landing.  A hover 
landing is accomplished when the Spectra can match the speed of the wind and continue flying 
steadily while descending into a very small area. 
 
Our move to the next area had to be completed quickly , we loaded the equipment into the 
vehicles and circled around several miles to the field to the north of our search line.  The best 
access was to fly from a farm to market road and the launch again came off without a hitch.  
Myron tends to be a fairly conservative pilot and once in the air, calls his turn back toward us a 
sooner than I do, but he still gets the job done.  The flight pattern continued as per plan and in 
another 10-15 minutes we landed.  By this time, the light had gotten to the point that I felt it best 
to call flight operations for the evening and get into our hotel rooms and begin the process of 
“squinting” the several hundred photos we had taken. This ended up being a good call because it 
was only then that we discovered we would have to drive an additional 45 miles or so to even get 
to a hotel!  
 
One thing we have gotten used to in the SAR game, is that if we find a clean room that has air 
conditioning be thankful!  After an hour or so of driving we managed to get some very nice 
rooms and unlimbered the laptops to peruse images.  The family had joined us and wanted 
desperately to help us view the images but we just weren’t comfortable with that.  We knew that 



even if they did make their best effort to “squint” the images we would be compelled to go over 
them again anyway.  We hadn’t even considered if one of the family members had actually 
found David, but that hind sight was to be profound.  We explained to them that the wild west 
Texas wind had blown a significant amount of debris into the imaged areas, and the images had 
to be manipulated to “drill down” into them to see if that red blob was a shirt or perhaps a water 
cooler.  They were satisfied with providing us food and drink and keeping us provisioned while 
the “squinting” operation dragged on into the night.  Most of the targets could clearly be seen as 
being common household items but the trend was interesting in that most of the debris hadn’t 
blown very far from a fence line near the street.  The further you got away from the street, the 
less debris and the more credible the target became.  There were some targets located past the 
baseball fields that caught my eye and I made a note to check those areas first.  Our “science” of 
looking at the aerial images was starting to develop.  We were starting to get good at finding 
things that didn’t belong in the photos, thus identifying suspicious targets. 
 
Morning came early and we were eager to get back to Grandfalls to begin our search.  The TES 
search coordinator George Adlerz started the search nearest the house, using conventional 
ground search science and that is where we began.  Since we had good coordinates and 
landmarks the half dozen or so people we had as searchers began clearing things quickly and 
checking them off the list.  While that was underway, I followed my first inclination and headed 
out behind the ball field looking for a target consisting of the two white specs that we had seen 
the night before.  After the first 100 feet, it was very easy to see why they had sent searchers in 
on horseback.  The chest high huisatch bushes, prickly pear and mesquite thorn bushes made for 
some slow, careful going.  There were times you could not see ten feet in some directions.  
Working in a careful search pattern I crossed into a hollow and saw two white tennis shoes 
through the thorn bushes.  In a bit of surreal mental processing I wondered to myself why 
someone would throw a mannequin out here in the thicket, before realizing that I had just found 
the two white specs in the picture.  They were the tennis shoes that David was wearing and I had 
found him.  After hearing the family tell of his struggles and the trials he had faced, it became 
apparent that David had pushed his way into this thicket to end the pain he had felt for many 
years.  The effort to find him took 45 minutes with the information gathered the previous day by 
the Spectra unmanned aircraft. 



 
Original image of the victim. 

 

 
As identified and located by the author 

 



Mission Summary 
 

1. The wind had not affected the search to a large degree, which gave us more confidence 
for future missions where the weather was less than optimum. 

2. The reduction in altitude by only 100 to 400 feet AGL aided in the discovery of many 
more likely “targets” with the 5MP camera we were using. 

3. Even though someone tells you the area was searched with a “fine toothed comb”, fly it 
again anyway.  You may find something that was overlooked.  

4. In just over 20 hours, aerial imagery solved a case that had been open for almost six 
months.  The efficiency of this tool was becoming apparent. 

5. Imagery can be taken in less than ideal lighting and still be useful. 
 
Mission Conclusion 
 
We flew several more times to capture images for aerial forensics, including the position of the 
victim, and his relation to where he was last seen.  The sheriff was notified and I’m sure he was 
eventually pleased that the case was closed but the tone of his voice and words used concerning 
our “toy airplane” indicated otherwise at the time.  As it turns out, David Pettiet was only 1800 
feet from his front door.  We were satisfied that our mission was completed successfully but still 
saddened that the family would have to bear the bad news.  We met with the sisters as we were 
packing to leave and they hugged us and thanked us so much for finally giving them closure on a 
painful period.  I hung on to those final words, because no one likes to be the bearer of bad news.  
It would allow me to continue doing this service, to provide that closure, without thinking too 
much about what we had done to impact their lives.  It would also cement a relationship with 
Texas Equusearch that continues today. 
 
Tara Grinstead – Disappearing Beauty Queen – Irwin County, Georgia 
 
Although this is still an open case and unresolved, I felt it should be included in this as it had 
much to do with developing the procedures we use today.  As with many cases in our files, there 
was a significant amount of work performed from both a ground search standpoint and an aerial 
search standpoint.  We were called in on this case by Texas Equusearch.  We made a total of 
seven trips and spent 45 days in Irwin County working on this case.  Our initial visit had us 
flown in on a private twin engine aircraft just after Thanksgiving some time after the original 
search had been completed.  Attesting yet again to the portability of an unmanned aerial 
imaging/mapping system even in 2005.  We were accompanied by George Adlerz of Texas 
Equusearch,  we arrived and commenced immediately to fly and image the area around the 
Grinstead house.  Largely a rural area, we encountered open, uncultivated fields, granaries, 
irrigation ponds and wooded areas.  The original plan was for the aerial imaging team to go in 
first and image likely areas of interest – areas where perhaps law enforcement may have not 
searched or searched as well as they would have liked.  With that said, let me say that Tara 
Grinstead was well loved in this small town.  The townspeople turned out in droves to assist in 
efforts to locate this young woman at the request of the Irwin County Sheriff’s Office.  Many 
searches had been organized and executed by the S.O. and it was obvious that many leads had 
been followed up on.  As with any small town, the rumors that swirled around her disappearance 
made a soap opera look tame by comparison.  There could have been so many things that could 



have happened to her.  Many leads had come in and were continuing to be investigated by law 
enforcement.  As we reviewed the areas that were searched and the efforts made by so many 
prior to our arrival, I could only hope that meticulous imaging from the air might be a factor in 
solving this case. 
 
When the Texas Equusearch (TES) team of search coordinators arrived several days later, we 
had a volume of images reviewed and areas identified to search.  This effort began a formulation 
of what would become a standard for search efforts in our future.  We had collected several 
hundred images based on the direction of the Irwin County S.O. and the team began to assemble 
those images into packets that could be handed over to the search leaders.  The packets contained 
the images that we had analyzed, road directions to the area, a sheet listing team members, and a 
sheet for team leaders to report any findings that corresponded to an area on the larger county 
map.  It was labor intensive, but we knew then that a database could be built that would show us 
what areas had been imaged, the potential targets in each image, the search team deployed, and 
what they ended up finding.  At the end of the search, there were many old abandoned wells that 
were found and GPS tagged, items of “interest” pertaining to other cases, and things no one ever 
thought we’d find as well. 
 
This was early on in the civilian unmanned aircraft world when this search began yet the Irwin 
County Sheriff’s Office supported and embraced everything we brought to the table.  The term 
“southern hospitality” was coined here as they provided us with lodging, food, and just about all 
that our emerging technology demanded.  We never went without computing power, supplies, or 
transportation.  They cooperated with us to keep our operations “secret” and out of the public eye 
as much as possible.  Not because we were concerned about the public knowing, but that the 
public would try to help so much as to become a hindrance in trying to do that very thing!   As a 
side note, a day after we had arrived and begun work, a pre-production team from a television 
show notified the sheriff that they were coming to do complete coverage of the effort, which we 
all new would slow us down.  When they arrived, the dispatcher told them that the TES team was 
due to arrive at an airport in Fitzgerald some 70 miles away that afternoon.  The TV people 
headed to Fitzgerald and waited there all day for our arrival, little knowing that we were busy 
flying and imaging the first areas of interest for our search.  We understand they were not happy 
with us about that little “misdirection.”  We did allow one production crew to follow subsequent 
efforts with using the UA in the search.  We believe it was the first nationally publicized use of 
an unmanned aircraft in a civil search in the United States.  We were very respectfully and 
professionally approached by the producer of the now discontinued series Court TV to be 
allowed to film our operation. 
 
Mission Summary 
 
While this is still an open case, we learned a great deal on how to utilize the data gathered by our 
unmanned aircraft.  As a forward team, we used our days to image as many areas as possible and 
used our evenings to “squint” pictures and look for abnormalities.  Items of interest identified in 
the images would be geo-tagged, printed, and placed with a search assignment sheet.  If 
necessary, directions from one of the internet map services would be attached as well.  This 
packet of information could be handed to a team leader of the “boots on the ground” teams, and 
those groups could be immediately deployed.  The search groups would then document the area 



they searched and whether they had located and identified the “target” and any other information 
that would be pertinent.  This packet was turned in to the search coordinator upon the groups 
return and another package could be given to them after they had rehabbed and were ready to 
deploy again. 
 
Mission Conclusion  
 
Case is still open and unsolved.  This may be one of “those” cases that will remain a mystery 
until some clue or a death bed confession is given.  
 

Raoul Mendoza – Image 1, Flight 1 - Houston, Texas 
 
We were requested to assist in this case by Mr. Tim Miller of Texas Equusearch.  Our home base 
was only three hours away so when we got the call the night before we had plenty of time to get 
prepared and get on the road.  The preliminary report was that Mr. Mendoza was last seen in a 
seedy part of town in the shadow of Houston’s downtown skyline and there was suspected 
violence involved.  His vehicle had been found abandoned and the neighbors had heard the 
commotion the previous evening, apparently not all that unusual given the locale. 
 
This mission would find me going.  After arriving at the search command center, several areas 
were identified as potentially difficult areas for ground searchers.  Since we were assisting the 
Houston Police Department it was easy to get the cooperation of business owners in the heavily 
industrialized area we were to search.  The first area of interest bordered Buffalo Bayou just 
outside of downtown.  Buffalo Bayou is known for its areas of interest like Allen’s Landing, the 
Hogg House and its influence in the historic formation of the city that was known then as 
Harrisburg.  Buffalo Bayou is now the muddy tributary that forms the beginning of the Houston 
Ship Channel, one of the largest inland seaports in the U.S.  This very heavily traveled waterway 
is influenced by the tides of Galveston Bay and influx and outflow carrying what can only be 
described as some “very interesting” smells.  In the past, the pollution in the channel had gotten 
so bad that the water had actually caught fire. 
 
The only area to launch and land was an old pipe yard that had some debris and old structures, 
but the Spectra could easily climb out and over those.  The landing would prove problematic but 
an approach from the south into a clearing would have to suffice.  We wouldn’t have to worry 
about general aviation on this mission due to the surreal backdrop of flying so close to the 
skyscrapers.  All other “official” aircraft were notified of our flight area and we were given wide 
berth while in the air. With observers in place, the launch was to the north directly toward 
downtown skyscrapers and the flight was initiated.  The flight was flown in a R/C or straight 
remote control profile because of the tight quarters I was maneuvering in. 
 
I began shooting images as soon as I cleared the industrial area over Buffalo Bayou and began 
the zig zag pattern we normally use in our searches.  The view was clear and the line of sight 
path would take the Spectra as far as I was comfortable with.  The city of Houston was doing its 
best to remediate the old area and established a nice hike-n-bike trail along the bayou’s edge.  
Law enforcement felt that with enough daytime use that anything suspicious would have been 
reported by this, the second day of our victim being missing.  The path was elevated 



approximately 20 feet above the surface of the water which made it easy for searchers to comb 
the area.  Still, there were enough areas around the banks that had vegetation and pockets where 
an aerial image would be helpful.  The short 15 minute flight of the Spectra covered a half mile 
of the bayou from either side of my launch point, then it was time to bring her home.  The wind 
had shifted and my original planned landing area had to be changed literally “on the fly.”  I 
decided that landing down the hiking path would be the best approach.  While smooth, it was 
very narrow and there was a chance the Spectra could slide down the bank into the water – not 
good given the electronics on board.  Fortunately, the final approach of the flying wing was 
smooth though and with the wind directly down the path she slowed and slid in for a perfect 
landing. 
 
Since we were so close to the command post, and teams were being assembled, I decided to head 
there to download images before starting any other flight operations.  It only took minutes before 
the search coordinators were huddled around the laptop to review the images just collected.  I say 
“reviewed” because the coordinators look at them from the perspective of what might be a likely 
place to send in a ground team.  If there is possible criminal activity, what sort of access is 
available to the perpetrator for entry and getaway, or could there be an area to hide evidence.  
Several areas were thusly identified and teams of a half dozen individuals were dispatched to 
begin the searches.  I then found a quiet corner to begin the “squint” process, to delve deeper into 
the images and look for details. 
 
Weather for this day’s flying and imaging could not have been better.  The sky was clear and the 
sun was bright, conditions that make for excellent aerial images with crisp details and brilliant 
colors.  This doesn’t happen very often, but sometimes it is just a matter of “the right time and 
right place” and this was one of those occasions.  The very first image on the series of pictures 
taken on the first flight captured the center of Buffalo Bayou’s sweeping curve toward the south 
with its composition leading the eye from the left of the frame to the right.  The white concrete 
lot of the equipment yard on the far side was in stark contrast to the chocolate milk looking water 
and banks green with foliage.  As is typical, I zoomed in digitally until I had the photo divided 
into four equal quadrants, with the upper left quadrant filling the screen.  This allowed for 
enough detail to do a “hasty search” of the image while still allowing me to get through the 75 or 
so photos in a manageable time.  Finding nothing of interest, I moved in a clockwise fashion to 
the upper right of the image and slowly scanned the murky water that filled the frame.  A 
smudge appeared in the water and it was so faint I first thought it was one of the numerous 
fingerprints left on the screen from the first “review.”  A quick swipe with a napkin did nothing 
to make it go away and drew me to zoom deeper.  The smudge then became two separate areas 
of a lighter colors one large and two smaller light colored specks, just below the surface of the 
water. 



 
Original image taken by the Spectra 

 
Enhanced photo using gamma shift and located within circle 
 
A query to the two TES search coordinators confirmed that our victim had indeed been wearing a 
white T shirt and white tennis shoes.  We had our victim.  For some reason, there always seems 
to be a difficult time locating the right people when you need them.  The detective in charge of 
this case was detained, disposed, or otherwise unavailable and would not be available for several 
hours.  Tim Miller and I were about to go to the nearest sporting good store to buy a kayak 
because I felt the recovery could be effected by us going out in the bayou and bringing him in.  
Soon, “official” word came back for us to wait for the HPD dive team to arrive and make the 
recovery themselves since it was an active investigation. So wait we did, until it got to the point 



where the dive team said it was too late in the day, and recovery operations would have to be 
started the following morning.  
  
Mission Conclusion 
 
Even though we had to wait, there was nothing stopping us going out to the banks of the bayou 
on the hiking trail to identify the area.  The banks were elevated a bit above the water’s surface 
but the angle was such that nothing could seen but reflections and the dappling caused by the 
wind.  Only the straight down perspective of the aerial shot revealed what was just below the 
surface.  Again because of the “active” status of the investigation, the fact there were no law 
enforcement on scene, and we couldn’t really confirm anything, the family members who were 
sitting in the next room of the small command center could not be notified either.  Realistically, 
its necessary, however sad, that the legal process takes precedent over the human factor of the 
case.   In the end, with aid of imagery from the Spectra, the body of Raoul Mendoza was 
recovered by the HPD dive team approximately 100 feet from where we imaged him.  He had 
been the victim of a homicide and had been dumped into the bayou in an attempt to hide the 
crime.  
 
Mission Summary 
 

1. Sometimes it’s better to be “lucky” than “good”, but a little of both doesn’t hurt! 
2. Unmanned aircraft operations require flexibility and alternatives to planned operations. 
3. Aerial imagery could be used in water situations to assist in recoveries. Even very muddy 

water. 
4. Despite the desire to end the family’s pain, investigative procedure must be followed.  

Our well intended effort could have tainted evidence required to convict a perpetrator.  
Our philosophy now is - fly the mission, locate, and leave the crime solving to the 
investigators. 

 
 

Law Enforcement - UA Usage for Evidence Recovery – A Missile Fired (Crosby Missile) 
 
Introduction 
On May 27th of 2009 a Continental ExpressJet flight departed Bush International airport in 
Houston, Texas and began its eastbound climb to cruising altitude.  At 13,000 feet the pilot saw 
what he believed to be a rocket arcing into the path of the commuter airplane.  The “rocket” 
passed an estimated 150 feet beneath the aircraft.  The pilot had served in the military as a 
veteran aviator and quickly reported the GPS coordinates of the aircraft to air traffic control.  
This was the second Memorial Day weekend “shot” fired in two years.  Law enforcement was 
notified and they immediately converged on the area in an effort to either locate the launch site 
of the rocket or perhaps even the rocket itself. Despite their best efforts, and the inclusion of 
some FBI resources, neither were located. The search area for the rocket was a mix of housing 
small tracts, agriculture fields, and swampy river bottom.  The resources required to adequately 
canvas the area were unavailable although interest in locating the rocket remained a priority.  
After exhausting their resources, the primary law enforcement agency made the request to Texas 



Equusearch, a non-profit search organization, for assistance.  With information from a credible 
witness, a plan was put in motion to locate the rocket. 
 
Approach 
The search was organized to utilize side scan sonar for water areas, unmanned aircraft/imaging 
for swampy areas and ground searchers for the urban areas. RPSearch Service personnel 
reviewed the search area with the Incident Commander and recommended areas where aerial 
imagery would be the most effective.  It should be noted that the areas included several small 
housing subdivisions adjoining large areas of swampy, wet terrain.  Safety plans were 
implemented to fly housing areas peripherally to mitigate any risk to those structures in the event 
of any unscheduled landing.  Those areas that were the most hazardous or difficult for ground 
searchers were keyed upon for aerial coverage.  
 
Implementation 
Personnel 
Three RPSearch Services personnel were utilized for this mission.  Each of the flight crew had 
sufficient experience or training to assume any role or position as required so that each member 
could effectively take over in any position.  Each member stayed within their primary operating 
assignments throughout the mission, but duties could overlap as circumstances demanded. For 
flight operations, the Pilot In Command (PIC) was Gene Robinson and acted as the primary 
mission planner and had the final say for “Go – No- Go” for each individual flight. The PIC also 
alternately acted as observer and safety officer as required for each flight. The Pilot at Controls 
(PAC) was Jacob Elson who had the primary responsibility of setting up, inspecting, and 
manually flying each mission as required by the search.  The PAC also had the responsibility of 
insuring that the imaging payload and GPS tracking equipment was operational before each 
flight.  The PAC was also tasked with the handoff of data to the Data Collection Officer (DCO) 
at the conclusion of each flight. The Data Collection Officer (DCO) was Mike Hennig who was 
flown in from the California RPSearch Service division and tasked with downloading and 
distributing data as required by the IC upon completion of each flight mission. The DCO was 
responsible for accurately marrying GPS track data with image data to aid ground searchers in 
the location of suspected “targets” of interest. The DCO was also responsible for insuring that 
hardcopies of all missions flown were available to IC and local law enforcement as required. The 
DCO also interfaced with all interested parties by conducting the post mission briefings to IC 
and law enforcement at the end of the day.  
 
Airplanes and Equipment – Spectra UA and imagers 
A total of three Spectra flying wing UAs were fielded for use in this search.  Two airframes were 
designed to carry Panasonic still imagers, the third contained three CCD video cameras with 
downlink capability.  It was felt that video could be used to view broad areas to locate access for 
ground assets. 



 
Spectra flying wing used for still imagery with trainer wing 

 
Support Equipment – Mobile Command Unit 
The Mobile Command Unit (MCU) utilized in the mission was a Ford E450 cutaway shuttle bus.  
The MCU acted as a self contained command and control post for the flight operations and for 
image analysis. The MCU is equipped with one file server computer and three workstation 
computers.  The file server computer is linked to a 42” flat panel display for Incident Command 
(IC) use for mission planning.  The MCU also contains communications to local law 
enforcement on the 150Mhz frequency.  Cell phones acted as the primary means of 
communications on this mission.  Full internet access was available to all computers in the MCU 
for email and teleconferencing.  A Jeep was towed by the MCU to the location and was used as a 
ferry between locations and was on standby for retrieval duties if required. 
 

 
Mobile command unit and fully off-road equipped Jeep 

 
Software – Commercial – Microsoft Windows Paint 
The primary operating system deployed for this response was Windows XP. This is the standard 
computer operating system deployed onboard the RPSS mobile command unit. To provide 
screen capture print outs of processed GIS data, Windows Paint was utilized to rapidly re-size 



large image files, paste screen captures, and quickly print hard copies for pre-deployment review 
by search team coordinators. 
 
Software – Internet – Google, GPS Tracker 
The use of open source software was utilized providing for rapid cross, platform sharing of 
information.  With this approach we could provide any member of the search response team, law 
enforcement or any responding agency a thumb drive with software and search files for rapid 
distribution and information review.  This approach also allowed for information from the 
aircraft and additional deployed resources, in this case a HummingBird side scan sonar system, 
to be available within a twenty to thirty minute period from the data collection platform to the 
mobile command unit processing station and then available for pre-deployment briefings.  Future 
use of a dedicated, secure URL will allow the data to be distributed near real time on a need–to-
know basis to members of the IC and law enforcement agencies involved.  Software used for this 
geo-referencing was limited to Google Earth, GPS tracker and Photo Geo-Ref image processing, 
GIMP (open source photo shop program), and GPS Babel (open source GPS file conversion 
program). Google Earth was used since it has established itself as the prime GIS product that a 
majority of users know and have proficiency in navigating.  Trackstick was used as it has been 
RPSS's primary in-flight GPS tracker.  The Trackstick software is a freeware and provided flight 
path tracking and photo geo-referencing. The Trackstick software allowed for the flight path and 
geo-ref data to be exported into KMZ files for integration into Google Earth for final reporting 
and mission tracking purposes.  GIMP was used for rapid image manipulation in basic gamma 
shifting. This was used for identification on non-organic targets identified during image review 
post flight.  GIMP was also used for post processing manipulation of near-IR imagery acquired 
from the platform allowing for identification of organic, versus non-organic targets during image 
review.  GPS Babel allowed for proprietary GPS data collected to be converted to KMZ files for 
easy and rapid integration into Google Earth.  The prime files this tool interpreted where the 
HWR files and recorded paths collected from side scan sonar systems utilized to search the area 
reservoir.  
 
Building the Plan Based on Eyewitness Account 
Because of the wide range of bearings given to the law enforcement interviewers, the eyewitness 
was visited at her home and interviewed again by RPSS personnel and law enforcement. Based 
upon the eyewitnesses account, a Rhino handheld GPS unit was used to obtain a bearing of the 
object seen. Three separate tracks were captured to give a “cone” of divergence from that 
position. The most obvious track was along a line that ran 305 degrees from the home. RPSS 
personnel used a cone of divergence that ran from 300 to 310 degrees to give some latitude in the 
search area. 
 



 
Field of view from witnesses home 
 
Setting up the imagers 
Aircraft were set up to utilize standard, off the shelf Panasonic Lumix LX2 and LX3 10 mega-
pixel point and shoot cameras.  The addition of a LX3 converted to near infra-red in the 750 to 
950nm range was utilized as well to assist in locating non-organic materials in the swampy areas 
to be searched.  The 10MP camera has shown itself to have sufficient resolution to identify 
objects as small as 6” on the ground.  All imagers were set to the lowest possible ISO based upon 
conditions to produce the finest detail. The first flights were in overcast conditions with very flat 
lighting.  This made for excellent shadowless images.  The ISO setting was increased minimally 
to accommodate shutter priority for sharpness of images.  
 
Flying the missions 
Based upon requests from the IC, each mission was reviewed by the flight personnel as per 
RPFlight Systems recommended safety procedures.  Sectionals were studied to ensure there 
would be no encroachment by the UA into controlled airspace or even close proximity to known 
flight patterns or airports.  All flights were limited to altitudes of 400’ AGL or below.  A total of 
fifteen flights were conducted over the course of three days to cover an effective area of five 
square miles bisecting the “viewing cone”, and to each side of the desired path established by the 
eyewitness interview.  Those areas identified as predominately urban were not over flown as a 
primary mission and were searched by ground crews.  The areas imaged by the UAs were those 
identified as hazardous to ground crews or that were inaccessible such as swampy, heavily 
wooded, or those cut off by waterways. 
 



 
Typical pattern of flight to ensure 100% coverage 
 
Identifying Targets 
Images were retrieved from the aircraft and loaded via SD memory card to the MCU’s main 
server computer.  The DCO was free to review the pictures and provide cursory analysis while 
on location.  Between flights, the flight crew also reviewed the many images taken by the 
unmanned aircraft.  The images that produced a “target” were noted and geo-referenced for 
ground crew use where possible.  An example of targets located in the images is on the following 
page.  The first image shows the full scale view, the second image is zoomed in at approximately 
2X magnification.  This “cylindrical” shape and white object was thought to be the tube body 
and potentially a drogue type parachute. 
 
Example Target 



 
Full image 

 

 
Same image – zoomed 

 
Clearing targets 
 
Because the areas imaged by the UA were hazardous, subsequent flights at lower altitudes were 
used to increase clarity of the “targets.”  Two targets in particular were of such interest that 
ground crews were deployed to a heavily wooded area and a swampy area for “eyes on” 



identification.  The second target required the use of a flat bottomed boat that had to be poled 
through swampy areas to reach the target site. 
 
Reporting the Process – Coverage and Content 
 
All data was made available to IC and law enforcement by electronic copy to thumb drives for 
use in their own. Additional data was distributed in hardcopy form after printing in the MCU.  
Verification of coverage was provided by track files overlaid onto Google Earth images.  These 
track files clearly showed not only the individual flight paths of the unmanned aircraft route but 
also the position of the mobile command unit.  The track files were available in native KMZ 
format or could be converted to a spread sheet that contained latitude and longitude information 
as well as altitude, speed and heading.  This method provided Incident Command with 
conclusive data demonstrating areas covered.   If required, individual images could be “stitched” 
together to build a larger mosaic map. 
 
Mission Conclusion 
 
The mission itself was an excellent example of how the UA could be utilized in a civilian 
environment safely and in a cost effective manner. This implementation increased the safety of 
ground searchers, protected assets that could be brought to risk, and overall provided a 
significant improvement in search efficiency.  There was only one occasion where a San Jacinto 
River Authority official expressed interest and observed the execution of one flight, otherwise, 
there were no civilian contacts even near an urban 
 
Mission Summary 
 

1. Close coordination between RPSS personnel, law enforcement, and Incident Command 
demonstrated the unmanned asset could easily be inserted in a National Incident 
Management System (NIMS) effort. 

2. The quiet electric propulsion system of the Spectra made for a low noise signature and 
it’s relatively small size kept civilian attention to a minimum. area. 

3. The object of interest was not located on this effort, however, it is felt that based upon the 
eyewitness report, the possible touch down zones were covered with an 85% probability 
of detection had it been there. 

 
As a post script to this mission, it was later reported that through an anonymous tip and 
individual of interest was named.  A Harris County Sheriff’s officer was dispatched to the 
subject’s house with a search warrant for further investigation.  The subject’s house was within 
the flight line and within probable area of where such activities could take place.  Unfortunately, 
as the officer served the warrant, a gun fire ensued and the officer was slain.  The person of 
interest was also slain and a search of his home produced several items that were terrorist in 
nature and capable of being built into missiles or explosives.  There have been no subsequent 
missile firings since that time. 
 
 

Tijuana Kidnap and Ransom – Mexican Department of Public Safety 



 
As we have mentioned earlier, we have a technology research partnership with the San Diego 
State University Visualization Lab (VizLab) and they have continually generated interest in the 
development and use of small UA in many areas.  Their research activities in homeland security 
has interested law enforcement and civilian agencies on both sides of the border.  A continuous 
stream of students participates in their Homeland Security Masters program and we have had the 
opportunity to present and fly for many agencies and groups  we normally would not have access 
to.  The initial meeting with the Baja State Department of Public Safety was scheduled as a 
typical UA/IC technology operation simulation which evolved into a very real mission.  The 
presentation was to be explanation of the aircraft, videos of past missions, and the usual 
PowerPoint slides to a group of Mexican law enforcement officers. The officers walked into the 
VizLab very late, and nearly every one of them was talking in rapid Spanish on their cell phones.  
It was apparent that something of importance was breaking.  Very quickly into the meeting we 
were asked if we would rather assist Mexican law enforcement in place of a static demonstration 
of capabilities as scheduled.  We had a Spectra on display, ready to fly, with imagers and an 
onboard video system.  With little more to discuss,  e found ourselves heading south to Tijuana, 
Mexico. 
 
There were three of us from the VizLab in one vehicle, Mike Hennig, research coordintator, 
myself, and another young man that appeared to be no more than 20 years old and the 
quintessential computer geek who was going to assist with the video capture.  This young man 
had developed some video processing software that was of interest and was there to actually get 
a sample to run through his process at later date.  He was invited to go to see how we actually 
collected the video in the field to give him a better perspective of those operations, and he got 
significantly more than he bargained for!   
 
When we cleared the border we were met by a group of plain clothes officers.  We were briefed 
that they had a tip on a human trafficking operation that involved the kidnapping of two teenage 
girls.  We were asked to help by providing aerial imagery.  The first area we were taken was a 
university parking lot that provided approximately one half mile of standoff, but still comfortable 
visual distance for the aircraft and pilot.  The flights were smooth and the officers could easily 
view a clear feed of live video while in flight from the on board camera.  However, the first 
flights were disappointing in that the suspect and vehicles were not in the area they were initially 
reported.  We were asked to fly another area that was deeper in the city, but a known hang out of 
the kidnappers. 
 
It took us awhile but we found a small school soccer field nestled in between the barrios.  We 
began our preflight checklist.  This area of interest put us whtin sight of the main flight path of 
the major airport in Tijuana so we would have to watch closely so as not to interfere with 
inbound traffic.  Luckily the airport approach was a bit north of our position and I instructed six 
of the plain clothes officer to keep a watchful eye out for other aircraft.  The launch was 
uneventful and the land marks they gave me to fly to were excellent.  The next area of interest 
was a little further away and was really a push to maintain solid visual on the Spectra.  The 
Spectra’s color scheme of light top and dark bottom on the wings was a great aid to maintain 
orientation.  As I circled the area the interpreter kept telling me to go 50 meters further, 50 
meters further.  Not understanding the language didn’t help, but working through an interpreter 



made it even more difficult to get a confirmation as to my position and whether I was on target 
or not.  Three times the Spectra was brought in, landed, and the SD card changed out.  I could 
hear aircraft approaching the main airport, but the alarm was never sounded so I flew on.  I will 
admit it was disconcerting to look back occasionally and discover that all of my “observers” 
were actually “observing” me and the Spectra and not looking for inbound traffic! 
 
After each landing was made and camera cards were changed out, the conversation seemed to be 
getting more and more animated.  On the third flight the interpreter called me in to land and told 
me that we had more than enough information.  As we reviewed the images we collected, the 
conversation led me to believe that we had some significant results.  The images had captured 
not only the kidnappers and their two vehicles, we also imaged a uniformed police officer “on 
the take” and working with the traffickers.  With this final image viewed, about half of the dozen 
or so plainclothes officers bolted from the area, jumped in their vehicles, and headed toward the 
market we had just flown over.    
 
 

 
Tijuana convenience store parking lot 

 



 
 
 
Mission Conclusion 
 

1. The officers could view the video real time and assist in the placement of the aircraft 
2. While slow at times, the language barrier was overcome and successful flights were 

conducted  
3. Urban noises completely camouflaged the Spectra’s own noise signature 
4. High resolution images were a significant aid in identifying perpetrators. 
 

Mission Summary 
 
This set of images was one of the most exciting I had ever taken.  These had been collected using 
a line of sight (VLOS) aircraft flown manually and because of the background noise of the city, 
the UA was never detected.  It was unlikely that anyone noticed us except for the few kids that 
were just outside the dirt soccer field.  The high resolution images gave the officers the 
information they needed to apprehend all parties involved and the girls were freed. 
 
Personal Note - (operating in foreign countries) 
 
The grateful commander of the operation insisted that we visit one of the taquerias in a major 
traffic circle in the center of town and it was difficult for us to refuse as insistent as he was.  
When we entered the traffic circle his vehicle stopped and several officers stepped out armed 



with M16 rifles and stopped the traffic, so that we could pass easily to the waiting parking places 
in front of the taco stand.  As we got prepared to feast on handmade tacos, our alpha video geek 
was visibly shaken and did not really know what to do next.  Mike and I know enough to order 
our food but our geek kept refusing, insisting that he was not hungry and was beginning to look a 
little wild eyed.  It did not help that Mike and I started pointing out the gun shot monitors on the 
light poles and that everyone seemed to have arms except us.  By the time he got his one taco he 
was looking a bit ill and more nervous by the minute.  Given the current climate in Mexico, it 
could have been considered “hazardous duty” for the entire team of “gringos” there.  Subsequent 
missions were flown in Mexico for various agencies and indeed, circumstances began to make 
even me start looking over my shoulder.  But that night we did manage to enjoy our tacos and 
nod our heads a lot as we didn’t understand hardly any of the conversation that was swirling 
around us, but it was not soon enough for some that we said our “adios!” and got an escort 
northbound.  
 

 



 Section 15  

 
Future of UA in Civilian Service – and an Editorial on the FAA  

 
If you know what your position is with the FAA and know what is required for your participation 
in the NAS, then you can skip this section.  If you would like to read my take on this situation, 
then read on.  I have placed this section at the end of the book, it is because this is one of the 
most emotionally fueled and contentious issues facing the sUAS operator today and for the near 
future.  This industry has been very nearly consumed in the bureaucracy of a government that is 
protecting us from ourselves.  I have been involved both directly and peripherally with several 
committees that were supposed to develop standards and guidelines for small UA for years and 
there has been very little published to date.  This part of the book could end up being a bit of 
history lesson, editorial comment, current events, and some forecasting all rolled into one.  At 
the very least the “forecast” portion could end up being a chronicle of where the proposed twists 
and turns changed direction. 
 
On February 13th, 2007, the FAA issued their “clarification” that essentially grounded all 
unmanned aircraft operations.  Conversations with FAA officials (now gone) in Washington DC 
provided us with assurances that this would all be taken care of in a matter of 6 months to a year.  
Now we are being told that even with congressional mandate of law that it could be as late as 
2015 before a commercial unmanned aircraft will be allowed to fly in the national airspace 
(NAS).  And of course, that will mean another several years of “committees” to plan on what 
will have to be done to your four pound foam aircraft before it is deemed acceptable and safe to 
do so! 
 
There have been promises of impending release of proposed regulations since 2010 and by May 
2012 we still do not have a “proposed” regulation to even be viewed for public comment.  The 
endless round of finger pointing as to who is holding up what process continues and appears as 
though it will go on unabated.  The FAA can easily sit on their charter of “ensuring safety “and 
just saying “NO!” without fear of Congressional admonishment.  The use UA is inevitable 
because of their economy and the value of the data they can collect.  It will come eventually, but 
at what cost?  America will be one of the last industrialized nations to have a process in place for 
UA to fly in the respective airspace.  Meaning that even the big contractors will move their 
research and development offshore simply because they have a less restrictive environment right 
now!  Those jobs and that brain trust will enrich other nations, not ours. 
 
At this writing, no one is allowed to fly a small unmanned aircraft in the national airspace (NAS) 
unless they obtain a Certificate of Authorization (COA) from the FAA.  The only entity that may 
even apply for that privilege is a “public” entity.  Basically, a public entity is a government 
entity, so it may be a police department, fire department or some other form of municipal 
government.  Lately, the FAA has been asking for proof of an applicant’s public entity status by 
getting documentation from their own state’s attorney general that they are indeed a taxing entity 



and are legally considered a “public” entity.  As an editorial comment, perhaps next they’ll 
demand to see the Attorney General’s bar scores along with the letter! 
 
With the passage of the FAA Reauthorization bill in February of 2012, the FAA was mandated 
to have a workable program in place so that law enforcement, fire and first responders could be 
in the air in 90 days.  A subsequent more detailed plan is mandated to be in effect within 24 
months of the bill’s passage.  As of this writing, the 90 days has passed, and little has changed to 
allow those public entities the tools they have requested to fly. There have been press releases 
published in the media that ballyhooed how the first deadline of 90 days was met by streamlining 
the COA application process and reducing the restrictions required to successfully acquire 
authorization.  In reality, very little has changed.  The COA process is still in place, it is still as 
convoluted, and the requirements are essentially the same.  The new twist in the process is that 
public entities can fly an aircraft that weighs 4.4 lbs or less under a training program to 
familiarize themselves and to prove proficiency to the FAA before graduating up to aircraft that 
can weigh as much as 25 lbs.  
 
This leaves the private individual or even commercial venture out in the cold for pursuing any 
form of unmanned flight in the NAS.  Americans in general tend to be pretty good problem 
solvers and really have the entrepreneurial drive to make a buck while they are solving problems.  
There have been many exciting and innovative developments that have sprung from garage 
shops and small geek labs in many different areas.  The governmental position in this case 
clearly stymies that creative process. Very early on, the comparison to hobby remote control 
(R/C) aircraft was made and used a standard of what self regulation could produce.  The painful 
double standard in this governmental morass is that a private individual may go fly what would 
be considered a small unmanned system freely – as long they are doing it on a recreational basis! 
 
There have been endless committees formed to study and assess small unmanned aircraft and 
that process has become as ungainly as the process of making laws and just as unsavory.  The old 
saying that “a camel is a horse that is designed by a committee” never rang more true!  The 
RTCA, ASTM, and other initialed committees have labored for years and have failed to come up 
with any substantial, published standards that have consensus.  Many of the committees have 
members who represent large Department of Defense contractors and they of course wish to 
protect their business interests in these processes and hopefully maneuver themselves into a 
better position when commercial UA’s are unleashed on the continental United States.  The 
conflict of interests and double standards have run rampant in the first Agency Rulemaking 
Committee (ARC) and continue to do so.   
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 Appendix A  

 
 

Field Safety Operating Procedures (FSOP) 
 
The following portion of the book is included to provide a boilerplate example of a simple 
standard operating procedure.  It can be used as a template to expand upon and create a 
customized version with some of the typing already done.  This FSOP was submitted with the 
first COA application the FAA ever granted to civilian government entity in Hays County, 
Texas.  Many of the requirements look familiar because they are typically incorporated into the 
COA document itself.  It should by no means be considered comprehensive but it is a good start 
to anyone that wishes to utilize UA in their field of work. 
  
Example taken from RPSS: 
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Flight and Incident Procedures for Spectra and Striker UA’s in search & 
rescue, disaster, fire, law enforcement support: 
 
I. Personnel qualifications 
 a.  Pilot in Command (PIC) 
 b. Pilot at controls (PAC) 
 c. Ground System Crew 
 d. Observers 
 
II Airframes 
 a. Configuration 
 b. Construction 
 c. Propulsion 
 d. Hazard mitigation 
 
III Mission Selection 
 a. Search and Rescue/Recovery 
 b. Law Enforcement Support 
 c. Fire Support 
 d. Disaster Recovery Support 
 e. Other agency missions 
 
IV. Launch and Landing Zones 
 a.  Launch Site Selection 
 b. Landing site & Alternate landing sites 
 c. Safety & Crowd control 
  
V. Preflight Checklist 
 a. Primary Responsibility 
 b. Airframe 
 c. Control system/ground station 
 d. Post Flight 
 
VI. In flight Operations 
 a. Flight Clearance & Authorization 
 b. Ground Crew & Observer Communications 
 
VII. NIMS & IC Interface 
 a. ICS accountability  
 b. ICS communications 
 c. Permissions 
 
VIII. Field Maintenance and Repairs. 
 a. Logbooks  
 b. Field Repairs 
 



IX. Clearing the scene 
 a. Personnel accountability 
 b. Environmental considerations 
 
X. Media Interface 
 a. Incident Public Information Officer 
 b. Internal media interface 
 



Appendix A – Field Operations Procedures - Example 
 
Introduction 
 
This document shall provide best practices and internal procedures for the safe operation of its’ 
Unmanned Aircraft in all environments it may be asked to participate in.  
 
Personnel qualifications 
 
Pilot in Command (PIC) 
 
The PIC shall be the individual with responsibility for all other personnel involved with the 
operation.  For clarification, this section will include both the Pilot in Command and the Pilot at 
the Controls although they may both be interchangeable in most circumstances.  The PIC shall 
have the minimum qualifications; 
 
 1.  Knowledge of general aviation practices and FARs ( optional private rating) 
 2.  National Incident Management System Certification 100, 300, & 700 level 
 3.  20/20 corrected vision 
 4.  Familiarity and operations of Spectra and Stryker aircraft to include; 
  a.  At least three events utilizing one, or both UA 
  b.  At least three take offs and recoveries within 90 days with type 
  c.  Familiar with the latest revision of ground control software 
  d.  Emergency recovery procedures in failed link situations 
 5.  Familiar with the qualification requirements of all subordinate personnel 
 6.  Familiar with communications protocols in an NIMS/ICS environment 
 7.  Familiar with mission planning and preflight procedures 
 7.  Versed in emergency procedures and contingency operations 
 8.  Familiar with acceptable field repair and maintenance procedures 
  
Pilot at controls (PAC) 
 
 1.  Knowledge of general aviation practices and FARs ( optional private rating) 
 2.  National Incident Management System Certification 100, 300, & 700 level 
 3.  20/20 corrected vision 
 4.  Familiarity and operations of Spectra and Stryker aircraft to include; 
  a.  At least three events utilizing one, or both UA 
  b.  At least three take offs and recoveries within 90 days with type 
  c.  Familiar with the latest revision of ground control software 
  d.  Emergency recovery procedures in failed link situations 
 5.  Familiar with mission planning and preflight procedures 
 6.  Versed in emergency procedures and contingency operations 
 7.  Familiar with acceptable field repair and maintenance procedures 
 
Ground System Crew 
 



 1.  National Incident Management System Certification 100, 300, & 700 level 
 2.  20/20 corrected vision 
 4.  Familiarity and operations of Spectra and Stryker aircraft to include; 
  a.  Familiar with the construction and configuration of each UA 
  b.  Familiar with GCU electronics and configuration 
  c.  Familiar with field repair procedures for each UA 
  d.  Familiar with the latest revision of ground control software 
 
 
Observers 
 
 1.  National Incident Management System Certification 100, 300, & 700 level 
 2.  20/20 corrected vision 
 3.  Familiar with emergency recovery procedures in failed link situations 
 
Airframes 
 
The airframes are based upon a proven design that has been developed over the last 5 years by 
RPFlight Systems, Inc.  The materials incorporated are new and electronics are off the shelf 
components that are new and of well known manufacture.  The aircraft are designated for visual 
line of sight operation (VLOS) only and do not have any autonomous flight control functions 
other than built in failsafe modes in the standard control receiver utilized.  As configured, the 
aircraft would be no more than ½ to 3/4 of a mile laterally from the pilot at the controls.  Each 
aircraft of type is flight tested in an isolated area to ensure airframe structure and propulsion 
capability are sufficient for the intended payload, operating environment, and maneuvers 
required before it will fly any mission stated herein.  
 
Configuration 
 
 Spectra 
  Aircraft Type: Spectra AP flying wing 
  Manufacturer: RPFlightSystems, Inc. 
  Construction: EPS foam/ABS/composite 
  Aircraft Empty Weight: 31 oz. 
  Aircraft RTF AUW: 47 – 54 oz. 
  Propulsion: Electric AXI outrunner 
  Power : 3200 MaH lithium polymer flight batteries 
  Onboard electronics: FMA FS8 CoPilot with failsafe, Eagle Tree    
 Telemetry 
  Optics :   (1) still imager, up to (2) video CCD video cams, 2.4Ghz. 
  Launch Type : Hand launch 
  Landing Type : Skid, net retrieval 
  Launch Speed : 15 mph 
  Cruise Speed :  32-34 mph (@ 75% power) 
  Cruise Speed : 28 mph (@ 50% power) 
  Landing Speed : 15 mph 



  Stall : 14 – 18mph (depending upon wing loading) 
  VNE :  75 mph 
  Duration : 45 minutes (5K MaH battery, 50% power) 
 
 Striker 
  Aircraft Type: Striker AP flying wing 
  Manufacturer: RPFlightSystems, Inc. 
  Construction: EPS foam/ABS/composite 
  Aircraft Empty Weight: 26 oz. 
  Aircraft RTF AUW: 38 – 40 oz. 
  Propulsion: Electric Mega inrunner 
  Power : 3200 MaH lithium polymer flight batteries 
  Onboard electronics: FMA FS8 CoPilot with failsafe, Eagle Tree    
 Telemetry 
  Optics :   (3) video CCD video cameras, 2.4Ghz. 
  Launch Type : Hand/bungee launch 
  Landing Type : Skid, net retrieval 
  Launch Speed : 22 mph 
  Cruise Speed :  65-72 mph (@ 75% power) 
  Cruise Speed : 55 mph (@ 50% power) 
  Landing Speed : 22 mph 
  Stall : 14 – 20mph (depending upon wing loading) 
  VNE :  135 mph 
  Duration : 20 minutes (3K MaH battery, 75% power) 
 
Construction 
 
As noted, UA are constructed of foam (Expanded PolyStyrene) wings with internal bracing.  
Center section is made of a carbon fiber skeleton and outer skin of vacuformed ABS.   
 
Propulsion 
 
Both aircraft utilize brushless, three phase, AC motors.  They require a switching electronic 
speed control to provide throttle management. 
  
Hazard mitigation 
 
The Spectra and the Striker are designed to collect their product utilizing a lightweight and 
relatively slow airframe.  This reduces the potential for injury by reducing the mass that can be 
delivered in asmall area.  These UA are considered “frangible” in that they will come apart on 
impact without concentrating force in any vector.  They do not use internal combustion motors 
so they are not required to carry any flammable liquids for operation so they do not pose a direct 
fire threat. 
 
Mission Selection 
 



RPSearch Services recognizes that each mission has its’ own unique circumstances that may 
affect the operation of the UA, safety factors, and personnel involved. 
 
Search and Rescue/Recovery 
 
Search and Rescue operations range from small singly controlled units to multi agency units 
requiring coordination and close dissemination of information.  The PIC will consider the 
following factors before authorizing any launch of either UA for the purpose of Search and 
Rescue; 
 
1.   Weather 
  
 When possible, the RPSS PIC shall contact the closest flight service station for 
 weather in the immediate area of operations.  In lieu of that source, the local  source 
of weather may be utilized through the internet, or may be observed on  site. The PIC shall 
have final determination of risk due to weather and authority  over launch of any RPSS 
aircraft 
 
 
2. Hazards to the public 
  
 The RPSS PIC shall make every effort to ensure that flight operations will not  pose 
any undue risk to the public not directly involved with the effort.  The PIC  shall have 
final determination of risk to the public and authority over launch of  any RPSS aircraft 
 
3.  Hazards to property 
 
 The RPSS PIC shall make every effort to ensure that flight operations will not  pose 
any undue risk to any property in the area involved with the effort.  The PIC  shall have 
final determination of risk to the property and authority over launch of  any RPSS aircraft 
 
4. Hazards to personnel 
 
 The RPSS PIC shall make every effort to ensure that flight operations will not  pose 
any undue risk to the personnel directly involved with the effort.  The PIC  shall have final 
determination of risk to the public and authority over launch of  any RPSS aircraft 
 
5. Proximity to controlled airspace 
 

The PIC shall ensure that all unreported operations take place at least three (3) miles from 
any controlled airspace.  Operations inside any controlled airspace shall be performed 
with permission of, and in constant communication with, the controlling authority of the 
airspace.  The PIC shall have final authority over launch after clearance has been granted 
by the controlling authority.  The controlling authority maintains the right to abort any 
RPSS flight operation regardless of the stage that operation is in. 

 



Law Enforcement Support 
 
In addition to the above stated considerations for Search and Rescue, additional considerations 
for law enforcement support shall be: 
 
1.  Covert operations affecting safety 
 
 The PIC shall have final authority of launches and flight operations involved in  covert 
operations that could preclude any safety consideration to maintain the  missions secrecy.  No 
convert operations shall be conducted that subvert any  stated safety consideration. 
 
2. Evidence handling and security 
  
 RPSS personnel directly involved with evidence gathering shall not subvert any  of the 
safety rules stated to perform flight operations. 
 
 
Fire Support 
 
RPSS fire support activities are confined generally to wildland fire control and post fire mop up.  
In the event that an Incident Command is established, the RPSS PIC shall report directly to the 
Incident Commander and defer resource authority to that position.  Additional considerations for 
fire support include: 
 
1.   Safety of full size aircraft involved in support operations 
  
 Fire incidences typically involve the use of spotter aircraft and aircraft that deliver 
 fire retardants and water at altitudes operated in by RPSS aircraft.  The PIC shall  defer 
to any incoming aircraft reported by the Incident Command, Air Boss, or  RPSS observers.  All 
RPSS UA flight operations shall cease and aircraft will land  until the full size aircraft are 
clear of the area. 
 
2.   Safety of RPSS personnel 
 
 At no time shall the PIC allow any RPSS personnel to place themselves or any  
 RPSS resource in danger.  The PIC shall defer to the Incident Commander in all  

situations when an ICS situation exists.  
 
Disaster Recovery Support 
 
Almost all Disaster Recovery Support operations shall be controlled by a NIMS Incident 
Command System.  The RPSS PIC shall report to the Incident Commander with a list of all 
resources that can be made available for the situation.  Regardless of authority, the RPSS PIC has 
final authority for all launches of RPSS UA.  
 
Other agency missions 



 
Other agencies could include NTSB, DOT, Dept. Agriculture, DEA, etc. and could pose 
additional safety considerations.  The PIC shall have final authority over the execution or attempt 
of any flight operations by RPSS personnel and UA.  
 
Launch and Landing Zones 
 
Launch Site Selection 
 
Launch site selection shall be driven by safety first and foremost.  Selection of launch sites will 
be considered based upon : 
 
1.  Ability to maintain adequate buffer zones between aircraft and personnel 
  
 RPSS personnel shall maintain a buffer of at least 50 feet between aircraft  operations and 
all non-essential personnel. RPSS observers shall act as safety  supervisors while not 
performing the duty of in flight observer.  Emergency  management personnel, law 
enforcement, or other PIC designees may augment  RPSS with proper on site instruction for 
crowd control. 
 
2. Communications with the requestors and their personnel 
 
 RPSS shall maintain communications with the authority requesting the flight 
 operation.  The communications may be made verbally if within proximity, via  cell 
phone, or by tactical radio as required.  The requesting authority shall provide  final 
permission over all launches.  If the requesting authority grants independent  flight 
operations, the PIC shall have full authority of all launches. 
 
3. Environmental Assessment 
 
 No launches shall occur until all environmental assessments have considered.   RPSS 
personnel have final authority to abort any launch based upon hazard to the  environment, 
themselves, or other personnel in the area. 
 
4.  Departure over sparsely populated corridors 
 
 The RPSS PIC shall make every effort to select a launch site that minimizes 
 departures over populated areas.  If flights over populated areas must take place  the 
PIC shall plan each flight to minimize the time of areas of concern. 
   
Landing site & Alternate landing sites 
 
1. Primary Landing site 
 



 Typically the primary landing shall be the same as the launch site.  The PIC has  final 
authority for any approaches to the primary site and may wave off any  approach deemed 
unsafe. 
  
2.  Alternate landing sites 
 
 The RPSS PIC shall designate at least one alternate landing site.  In the event that  a wave 
off is not possible and the primary landing site is deemed unsafe,  procedures to utilize the 
secondary site will be invoked. 
 
3.  Mission Abort Sites 
 
 The RPSS PIC may optionally designate an “abort site” whereby the aircraft may  be 
“dumped” in an emergency situation.  The abort site shall be so far removed as  to provide 
absolute minimal risk should the aircraft be required to vacate airspace  in an emergency.  
Should the PIC deem it necessary the UA may flown to this site  and inserted without regard to 
the safety of the aircraft or flight equipment. 
 
4.  Approaches over populated areas. 
 
 The RPSS PIC shall make every effort to select a landing site that minimizes 
 approaches over populated areas.   
  
5.  Landing Safety & Crowd control 
 
 All landing sites shall be maintained and operated as the launch sites.  RPSS 
 personnel shall maintain a buffer of at least 50 feet between aircraft  operations and 
all non-essential personnel. RPSS observers shall act as safety  supervisors while not 
performing the duty of in flight observer.  Emergency  management personnel, law 
enforcement, or other PIC designees may augment  RPSS with proper on site instruction for 
crowd control. 
 
Preflight, Takeoff, and Post flight Checklists 
 
Primary Responsibility 
 
Preflight activities are completed and verified by the PIC before takeoff, generally upon arrival 
at the location and the operation is to be performed.  Activities in this segment refer to all 
knowledge gathering, area assessment, and actions performed on the aircraft before taxi or 
takeoff.  These include inspection of aircraft, assessment of the operating location, coordination 
with other crew members involved in the operation, and equipment checkouts. 
 
Mission Plan 
 
The mission plan shall contain all actions and contingencies for the mission planned.  Any 
limiting factors in the flight environment may alter the intended operation and modify the 



mission plan accordingly.  Contingency planning should include safe routes in the event of a 
system failure, degraded performance, or lost communication link, if such a failsafe exists. 
 
Airframe 
 
The airframe shall be given a thorough inspection thru the use of a checklist.  The content of the 
checklist will be as follows: 

 1. Before the first flight of the day, verify all transmitter, on-board aircraft, and 
camera batteries are fully charged.  

 2. Check all control surfaces for signs of damage, loose hinges, and overall 
 condition.  

 3. Check the control linkages are secured and the condition of the control horns and 
brackets.  

 4. Check the wing to make sure it is in good structural condition and properly 
 secured and aligned to the airframe.  

 5. Check the motor/engine and mounting system to make sure it is firmly attached 
 to the airframe.  

 6. Check the propeller or rotor blades for chips, cracks, looseness and any 
deformation 

 7.  Check the landing gear (if applicable) for damage, for secure attachment, and the 
wheels are in good shape and rotate freely.  

 8. Check that the servos are firmly attached to the airframe and all receiver 
 connections are secure.  

 9. Check all electrical connections making sure they are plugged in and secured to 
 the airframe.  

 10. Check that the photography equipment and mounting system are secure and 
 operational.  

 11. Perform an overall visual check of the aircraft prior to arming any power 
 systems.  

 12. Repair or replace any part found to be un-airworthy in the pre-flight prior to take-
off. 

Flight Control/Ground station 

 
1. Ensure there are no frequency conflicts by use of frequency scanner before 

turning on transmitter.  
2. .Make sure that all of your body parts, clothing, other obstructions, and bystanders 

are well away from any propeller or  rotor and its arc before turning power on to 
any systems. Make sure the aircraft is secure and will not move if the  motor was 
suddenly powered up. 

3. Announce out loud - "CLEAR PROP".  
4. Turn on the transmitter. If it displays information such as aircraft memory and 

battery voltage, be sure these numbers are correct.  
5. Make sure that the throttle stick on the transmitter is in the power off position 
6. Connect the battery and/or turn on the power switch to the aircraft. 



7. Follow the recommended range test procedures as outlined in your radio 
transmitter/receiver owner's manual 

8. Check for proper operation of control surfaces 
9. Check that all servos are steady and not chattering or making any other abnormal 

noise when in operation or idle. 
10. Check the motor/engine for proper operation. Firmly secure the aircraft and 

gradually increase the throttle to full power and back down to idle - checking for 
lack of thrust, vibration or other possible anomalies. Check that the motor stops 
completely when the throttle stick is at the off position 

11. Ensure the triggering device is working correctly 

Before Take Off: 

 1. Confirm transmitter antenna is fully extended.  
 2. Confirm transmitter trims settings in proper position.  
 3. Confirm receiver antenna is fully extended.  
 4. Check that the take off area is clear of obstructions and people.  
 5. Double check weather conditions and review potential emergency landing areas.  
 6. Set flight timer alarm.  
 7. Announce out loud - "PREPARING TO TAKE OFF."  
 8. Launch aircraft.  

In-Flight: 

 1. Climb to a safe altitude away from potential hazards and check control systems. 
 Reset trims if necessary.  
 2. Keep aircraft at a safe operating distance from people and buildings.  
 3. If aircraft must be flown over buildings or people, maintain a safe altitude for 
 recovery & make every effort to minimize exposure.  
 4. Continually scan the flight and ground areas for potential hazards.  

Landing: 

 1. Check the control systems and set the trims that if necessary, an emergency abort 
landing can be made.  
 2. Scan landing area for potential obstruction hazards and recheck weather 
 conditions.  
 3. Announce out loud - "PREPARING TO LAND."  
 4. Always be prepared to go around.  
 5. Carefully land the aircraft away from obstructions and people.  

Post-Flight: 

 1. Turn the power off to the aircraft and/or disconnect the batteries.  
 2. Turn off the transmitter.  
 3. Turn the power off to the photo equipment.  



 4. Visually check aircraft for signs of damage and/or excessive wear.  
 5. Remove the unused fuel if applicable. 
 6. Secure the aircraft.  

In flight Operations 

Flight Clearance & Authorization 
 In the event that RPSS personnel are given the task of independently performing 
 missions, or the absence of a formal Incident Command, the PIC shall have full 
 authority for all flight operations.  The PIC will be solely responsible for the 
 conduct of the ground crew and observers before, during and after the flight while 
 on duty.  The PIC shall also ensure that all standards of safe flight are met before 
 authorizing launch of any aircraft.   
 
Ground Crew & Observer Communications 
 
Ground crew and observer communications shall be kept to a minimum and shall  focus on the 
mission at hand.  Communications not directly affecting the outcome of the mission should be 
avoided so as to not distract the PAC from his/her assigned duties.  The use of two radios with a 
VOX capability will be utilized when possible.  Cell phone communication may be utilized when 
it is reliably available but radios will be on standby for backup. 
 



NIMS & IC Interface 
 
ICS accountability  
 
If an Incident Command structure is implemented on any mission involving RPSS personnel, the 
PIC shall report directly to the situation Incident Commander with a full disclosure of assets 
available.  The PIC shall defer authority for flight clearance to the Incident Commander unless a 
safety situation that the Incident Commander may not be aware of arises.  In that case, the PIC 
must halt flight operations and report immediately to the IC for further instructions.  Regardless 
of authority, no RPSS UA shall impinge, interfere, or hinder any full size aircraft entering into 
proximity of the operation. 
 
ICS communications 
 
All communications in a IC structure shall be the proscribed method of the incident which may 
two radio, cell phone, or face to face.  Irregardless of method, communication between the PIC,  
ground crews, and incident command  shall be conducted in plain English.  All personnel should 
reduce the amount of codes and jargon to an absolute minimum to ensure clarity of information 
transmitted.   RPSS flight personnel shall not disclose any information to parties outside the 
responding agency concerning the mission or the payload unless it has been approved by the ICS 
Public Information Officer (PIO) 
 
Permissions 
 
In order of hierarchy, flight authorizations will come from the following: 
 
1.  Area Command – in a multi-agency oriented incident 
2.  Situation Incident Command – in a local incident 
 a.  Incident command may designate a “Flight boss” 
3.  Pilot in Command – in an independent operation. 
  
Field Maintenance and Repairs and Logbooks 
 
Field Repairs 
 
After recovery of the aircraft, if an inspection should reveal any damage, the PIC may authorize 
the field repair of the aircraft.  Field repairs can consist of two types, critical and non-critical. 
 
 1.  Non-critical repairs are repairs made to the airframe or components that are not 
 critical to the flight control or function of the aircraft in its assigned mission.  
 Repairs of this nature are patches to covering, replacing fairings or cowlings, or 
 repairs that enhance the mission payload. 
 
 2.  Critical repairs or those repairs that must be made that directly affect the  ability 
of the aircraft to perform its function and to continue the mission.  Typical  repairs of this 
nature would be such as replacing a motor, or replacing a fight  control servo. 



 
 Logbooks  
 
 Logbooks shall be utilized in every flight operation.  The logbook may be 
 consulted to ascertain any condition the PIC might need to be aware of 
 concerning behavior of the aircraft or past repairs made to the aircraft.  An entry 
 into that aircrafts logbook shall be completed after every landing cycle, regardless 
 of outcome.  
  
Clearing the scene 
 
Personnel accountability 
 
 The PIC shall be responsible for the safe accounting of all flight personnel and 
 observers.  In the event of an incident command, every person involved in flight 
 operations shall be checked into the IC by full name and time on scene.  At the 
 completion of mission operations, the PIC shall ensure that all personnel are 
 CHECKED OUT by full name and time out with the IC before departing the 
 scene. 
 
Environmental considerations 
 
 RPSS personnel shall leave as small an environmental footprint as possible.  The 
 immediate area around the flight operations shall be policed for equipment, 
 personal items, or trash.  Any material that was removed to make way for flight 
 operations shall be returned and re-established as it was found. 
 
Media Interface 
 
Incident Public Information Officer 
 
 In the event an ICS is established, all information made available to the media 
 concerning flight operations and payload shall be cleared through the incident 
 command Public Information Officer (PIO).  If an Area Command is established, 
 the area command PIO shall clear all information made available to media. 
 
Internal media interface 

 In the event independent operations are underway, the PIC shall act as the liaison 
 between the flight team and media.  It is advisable in every case to divulge as 
 little as possible to the media concerning operations of the aircraft and the 
 payload. 

 



Appendix B – Acronyms and Abbreviations used in this book.  All acronyms used in the book 
have been expanded on several times in writing, however, this list is included as an easy 
reference if required.  During edit, there may have been some that were deleted so there may be 
more UA related acronyms in this list than are contained in the book. 
 
ACLU  American Civil Liberties Union 
AGL  Above Ground Level 
AOPA  Airplane Owners & Pilot’s Association 
AP  Aerial Photography 
ARC  Agency Regulatory Committee 
ATIS  Air Terminal Information Service 
ATV  All Terrain Vehicle 
AUVSI  Association of Unmanned Vehicle Systems International 
AWOS  Automated Weather Observation System 
 
BLOS  Beyond Line of Sight 
 
COA  Certification of Authorization 
COIN  Counter Insurgency  
CONUS  Continental United States 
COTS  Commercial Off The Shelf 
 
DARPA  Defense Advanced Research Projects Agency 
DHS  Department of Homeland Security 
DLSR  Digital Single Lense Reflex (camera) 
DoD  Department of Defense 
 
EMT  Emergency Medical Team 
EOC  Emergency Operations Center 
EO/IR  Electro Optical / Infra Red 
 
FAA  Federal Aviation Administration 
FEMA  Federal Emergency Management Agency 
FLIR  Forward Looking Infra Red 
 
GA  General Aviation 
GCS  Ground Control Software 
GCU  Ground Control Unit 
GPS  Global Positioning System 
 
HD  High Definition 
 
IC  Incident Command 
IIO  Internal Information Officer 
 
LCD  Liquid Crystal Display 



LED  Light Emitting Diode 
LKP  Last Known Position 
LTA  Lighter Than Air (blimps) 
LE  Law Enforcement 
LEO  Law Enforcement Officer 
LIPO  Lithium Polymer 
 
MCU  Mobile Command Unit 
MP  Megapixel 
MRA  Mission Risk Analysis 
MSL  Mean Sea Level 
 
NAS  National Airspace  
NIMS  National Incident Management System 
NOAA  National Oceanics and Atmospheric Administration 
NM  (distance) Nautical Mile 
NM  (light wavelength) Nanometer 
 
OIS  Optical Image Stabilization 
 
PAC  Pilot At Controls 
PIC  Pilot In Command 
PIO  Public Information Officer 
POA  Probability of Area 
POD  Probability of Detection 
PJ  Para-rescue Jumper (Air Force) 
 
RCAPA  Remote Control Aerial Photography Assocation 
RPM  Revolutions Per Minute 
RPA  Remotely Piloted Aircraft 
RPV  Remotely Piloted Vehicle 
 
SAR  Search and Rescue 
SO  Sheriff’s Office 
SRB  Single Resource Boss 
SWAT  Special Weapons and Tactics 
 
TES  Texas Equusearch 
TFR  Temporary Flight Restriction 
 
UA  Unmanned Aircraft 
UAS  Unmanned Aerial System 
 
VLOS  Visual Line of Sight 
VTOL  Vertical Takeoff and Landing 
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Admiration, Remembrance, and Appreciation 
 
Admiration….. 
 
To the many folks I’ve encountered along the way during the most difficult of times.  Even under 
the direst of circumstances kept their courage, civility, and their hospitality while we searched 
for their loved ones.  To all the volunteers who have given of their own time to assist in our 
searches for people they never knew, but could identify with their neighbor’s loss.  These people 
give me hope for humanity. 
 
Remembrance….. 
 
For those we searched for and never found.  To the ones that we found but were still lost to us.  
May they rest in the peace of God’s love and mercy. 
 
Appreciation..... 
 
To my family who have watched me leave so many times and supported me in all my struggles 
to bring this technology to bear.   
 
To my wife Angel, who really has been an angel in helping me with this effort.  She was sent to 
guide me on a search in the High Sierra mountains and we’ve been together ever since.   
 
 
 
 
 


