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ABSTRACT

An experinmental investigation was conducted to exam ne
the use of small, expendable, endurance UAVs to enhance the
conbat effectiveness of Naval Special Warfare Forces (NSW.
The experinent involved UAVs, NSWforces, and a red teamin
a downed-pilot rescue m ssion. Model s were devel oped to
determne optimum flight patterns for all UAVs. Model s
were al so developed and utilized to determ ne experinenta
vari abl es and neasures of effectiveness. Sinulation of the
exercise was conducted to determ ne adequacy of the

experiment plan.

It was found that UAVs significantly enhanced force
protection, provi ded di rect i mpr ovenent in C2,
significantly enhanced situational awareness, and provided
the ability to track blue forces. It was found that video
feed to blue force foot patrols may not be as val uable as
having the C2 elenent dedicated to viewing the feed provide
real-tine COVS relay to the patrol. The exercises
denonstrated that NSW forces do not need to launch and fly
UAVs in order to utilize their capabilities; rather UAVs
can be | ocated and | aunched at the Forward Operating Base.
The data obtained inply that small, expendable, endurance
UAVs may do nore than enhance capabilities for current
m ssions, they may enable NSW Forces to conduct m ssions
previ ously considered too high-risk.
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EXECUTI VE SUMVARY

This thesis consists of tw separate, yet nutually
dependent parts. One part is concerned wth the
organi zati onal network of participants and devel opnent of a
limted objective experinent that can test energing
technologies in an operational but analytical environnment,
and be repeated by followon students. The other part is
concerned with the analysis of the actual integration of a
small UAV with NSW forces during a specific NSW m ssion.
The mssion chosen in this case was a downed pilot
scenari o. The main objective of this second part was to
show how a small, inexpensive, UAV could inmpact NSW conbat

ef f ecti veness.

Wiile the experinment did not conme to full fruition,
much data was collected, and analysis of that data yielded
the foll ow ng observati ons:

A wel | -pl anned operational experinment can be used as a
tool for assessnent of energing UAV-technol ogi es, but that
assessnent IS limted to only t hose t echnol ogi es
specifically incorporated into the test. This nmeans it is
inportant to field as capable a vehicle as possible at the
time of the experinent. Useful feedback, however, can be
gathered to aid in the devel opnent of future technol ogies
and to provide a critically evaluated determnation as to
how t hat technol ogy nay best be used to increase NSW conbat

ef fecti veness.

The 1oose network of participants utilized in this
thesis effort did provide useful input into NAVSOF CONOPS

Xi i



and TTPs, and the short-term future sustainability of the
net wor k | ooks prom sing. The link to operational comands
will continue to be the nost difficult to maintain as their
primary concern is correctly pl aced on m ssi on

acconpl i shnent, not research

Finally, and nost i mportantly, t he research
denonstrated that the use of a small, inexpensive UAV
carrying, in this case, a lowlight canera and simulated

comuni cations relay capability, launched by rear echelon
per sonnel , flowmm by onboard autononbus avionics to
prescri bed and changeable waypoints, and emtting live
video feeds to both the SEAL platoon in the field as well
as the C2 elenent in the rear, proved to have a positive
i npact on the conbat effectiveness of NSWforces.

The technol ogy supporting small tactical UAVs is still
devel opi ng. Opt i mal dur ati on, speed, and payl oad
capabilities do not currently exist in one aircraft.
However, these capabilities are being rapidly devel oped and
if nmoney and interest were focused in a specific direction
articulated by NSW then perhaps this capability could be
devel oped that nuch nore rapidly. This direction provided
by NSW should be based on a proven need, a need that wll
i nprove NSW conbat effectiveness. Many engineers that were
interviewed during the process of this thesis indicated the
likely capability to rapidly produce the type of vehicle
described above if a <clear direction were given that
i ncl uded al | necessary m ni mum requi renents.
Unfortunately, their many custonmers have greatly varied

m ni mum requi renment s.



| NTRODUCTI ON

A PURPGCSE

It is the purpose of this thesis to provide NSW
forces, as well as other special operations forces, wth
guantitative Measur es of Ef f ecti veness ( MOESs) and

supporting data that <can help guide developnent and

operational enploynent of small UAVs to increase NSW
conbat effectiveness during a variety of NSWm ssions. It
was planned that the data derived from this limted

objective experinment (LOE) would produce a baseline of
i nformati on which can be used to evaluate the use of small
UAVs with regards to inproved conbat effectiveness through

i ncreased situational awareness, inproved comand and
control (C2), and I ncreased and nor e accurate
intelligence. Achi evenent of these inprovenents would

al so inprove target identification and forces protection.

As new technol ogies energe, they can be tested and
evaluated in a simlar manner to that used in this initial
limted objective experinent (LCE). The results can then
be conpared and contrasted to the baseline set of data to
provide the NSW conmmunity, and SOF in general, wth the
information they need to continually eval uate UAV prograns
with regards to inproving conbat effectiveness as well as
provide UAV developers wth wuser feedback before and
during product devel opnent so they can neet the specific
needs of NSWand SOCF.

Additionally, the network team created at the Naval
Postgraduate School (NPS) during the first LOE can

continue to provide the framework for future enhancenent

1



of UAV/INSW integration as new technologies energe and
future NSW students perform new LCEs.
B. BACKGROUND

There is much research and information in existence
that docunents the general world of UAVs. A broad
mlitary use of UAVs has energed over tine wth an
evolving increase in UAV capabilities (UAV Roadmap 2025,
2001) . The wusefulness of UAVs is evident by their
successful use in the War on Terror in Afghanistan, or as
seen by the recent Predator missile attack in Yenen on an
al -Qaeda terrorist, Ali Aged Sinan al-Harthi, also known
as Abu Ali, (USA Today, O05NOV02). However, these high
profile m ssions also denonstrate a limtation. Predator,
G obal Hawk, and other UAVs like them are limted in
nunber and expensive, and therefore are considered
strategic assets. |In fact, according to the Joint Speci al
Qperations Air Conponent Commander (JSOACO) duri ng
operation Enduring Freedom in Afghanistan, COL J. Tyner
(USAF), it was easier for special operations forces to get
support from B52s to drop bonbs than it was for those sane
forces to get UAV support to “see what was over the next
hill” (Tyner, 2002). A study of how SOF should best use
UAVs det er m ned:

Control of SOF UAVs should go to those best able

to utilize them with the general goal to push

them as far down in the chain of comand as

makes sense. In other words, commanders shoul d

seek to enpower snal | units Wi t hout
unnecessarily burdening them (Janes, p. XivV)

UAVs are often categorized by the level of war they
support. Strategic UAVs are large (the size of single

pilot single engine aircraft) very expensive, |limted in
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nunber, and highly capable with advanced optics or sensors
and even armanent; for these reasons they are controlled
by theater [|evel commanders. The Predator, a strategic
UAV, controlled from a submarine, verified intelligence
and provided tactical information for a SEAL direct action
training mssion on a Silk Worm site in 1997 (Robinson,
1997, p. 18). In other words a strategic UAV provided
tactical intelligence to a tactical unit or commander.
Tactical UAVs are significantly |ess expensive, snaller
than a nmanned aircraft, and somewhat nore abundant. They
carry |less capable optics and sensors and have |ess
endurance, such as the Arny’s Hunter or the Navy's
Pi oneer. Small or Mni UAVs, such as the Arny’'s Sentry,
Ni ghthawk or Pointer systens, fill a range between
tactical UAVs and the smallest of all UAVs, the mcro-
UAVS. However, Mcro-UAVs are normally considered very
smal |, man-portable, fly for about an hour or I|ess and
carry sinple sensor payloads (UAV Roadmap 2025, 2001).
This thesis focuses on the small UAVs as bridging the gap
between tactical UAVs, wth regards to endurance and
sensor payloads, and mcro-UAVs that are dedicated to the
single patrol el enent . | t shoul d be noted that
technol ogies are rapidly changing which my both reduce
costs while at the sane tine greatly inprove payload

capabilities and endurance for the snaller UAVs.

Tactical UAVs have already proven their usefulness to
tactical conmanders. “The Arny’s Pioneers flew 155 hours
and 46 sorties providing a quick-fire link that allowed
the targets they identified to be quickly engaged by other
systens. Arny Pioneers also hel ped tactical comanders to

conduct situation devel opnent, targeting, route
3



reconnai ssance, and BDA” (Pioneer UAV I ncor porat ed,
2000) . The small UAV exanmined in this thesis is nuch
smal ler than the Predator or even the Pioneer, but wth
advancenents in design and technol ogy, could have sone of
the sanme capabilities. Wiile the strategic UAVs are no
doubt of great value to those that have them at their
disposal, it is highly unlikely that the majority of NSW
forces conducting missions will be able to utilize them
due to their limted nunber, high cost, and ultimtely

hi gher prioritized usage.

This thesis was narrow in scope. It was not intended
to be an exhaustive research effort regarding UAV
capabilities, or a docunment that identifies the exact UAV
platform or its mninum requirenents for NSW or SCF.
Instead it attenpted to fill in the perceived gap of
information about small/mni UAVs and their usefulness to
NSW This information is then presented to help NSW
| eaders identify mninmm UAV requirenments and decide how
best to inprove NSW conbat effectiveness to neet the
operational objectives of the future set forth by the
Secretary of Defense, articulated in the Navy' s Roadmap to

Transformation, in the nost efficient and effective nmanner

possi bl e. These operational objectives include:

Protecting critical bases of operations (U S
homel and, forces abroad, allies, and friends)
and defeating CBRNE weapons and their means of
del i very;

Assuring information systens in the face of
attack and conducting effective information
oper at i ons;



Projecting and sustaining U S. forces in distant
anti-access or area-denial environnments and
defeating anti-access and area deni al threats;

Denyi ng eneni es sanctuary by provi di ng
persi stent surveillance, tracking, and rapid
engagenment w th high-volume precision strike,
t hrough a conbination of conplenentary air and
ground capabilities, against critical nobile and
fixed targets at wvarious ranges and in al
weat her and terrains;

Enhancing the capability and survivability of
space systens and supporting infrastructure; and
| everaging [sic] i nformati on technology and
i nnovative concepts to devel op an interoperable,
joint C41SR architecture and capability that
includes a tailorable joint operational picture
(Transformati on Roadmap, 2002, p. 6).

Wil e these are national defense objectives, NSWw ||
be asked to conduct tactical mssions to achieve them
Qur senior defense |eaders wish to “significantly inprove
naval contribution to joint battlespace [sic] awareness”
and desire to “seamessly |link sensors to warfighters
[sic]” and visualize that “the deploynent of a famly of
Navy and Marine Corps UAVs, equipped with various sensors
and networked via the Tactical Control System wll play a
key role in extending the reach, coverage, and persistence
of the naval ISR systens that provide information to the
joint force” (Transformation Roadmap, 2002, p.10). It is
the purpose of this thesis to show how small, inexpensive,
UAVs may significantly increase the conbat effectiveness
of NSW forces in order to directly acconplish the
identified U S. national defense objectives above.

C. LOE | DENTI FI CATI ON AND PLANNI NG
Based upon personal knowl edge and experience wth

current SOF missions and operating procedures, it was
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decided to focus this initial experinent on downed-pil ot
rescue; a mssion for which the UAVs have potential for
significantly inproving concepts of operations. To
develop interest and participation and to obtain
recommendations for conducting the LCE a nunber of
facilities and conmmands were visited; Commander Third
Fleet, Naval Special Warfare Command, Naval Speci al
Warfare Devel opnment G oup, Naval Special Warfare G oup 2,
Ofice of Force Transformation, Ofice of Naval Research

Center for Naval Analysis, Naval Surface Warfare Center
Carderock Division, the Lawence Livernore Nationa

Laboratory (LLNL), and the Schafer Corp. in coordination
with DARPA. The input received was utilized to initialize
pl anning for the equi prent and technol ogies to be enpl oyed
as well as the operational forces to be utilized. In
addi ti on, initial efforts were nmade to establish
rel ati onshi ps which would support future LOEs conducted at
NPS. For exanple, the Lawence Livernore Nationa

Laboratory has agreed to provide sone of their |atest
sensors and COWSB for future UAV experinents. The
custonmer for the LCE benefits from being able to
experinment with the latest technol ogies, and LLNL has the
opportunity to test and evaluate their |atest technol ogies
in an operational environment with well-defined objectives

and neasures of effectiveness.



1. ORGAN ZATI ONAL DEVELOPMENT

A PARTI Cl PANTS AND FUNCTI ONS
Primary researcher and experinment observer: LT Butner

Research advisors: Dr. Netzer, Dean of Research at
NPS and Dr. DePoy, Director, Wayne E. Meyer Institute of
Systens Engi neering at NPS

Mat hemati cal nodel devel opers: C ass Project, Mdels
of Conflict (SO4410) students at NPS; LT Butner, Mj
Ai ken, MAJ Barton

Flight nodel developers: Cdass Project, (SI3900),
Systens Engineering and Integration students at NPS;, MNAJ
Poh (SAF), MAJ Tan ( SAF)

Simul ation designer: Adaptation and application of
recently conpleted thesis in Operations Research from NPS;
CPT Alistair (AUA) (Alistair, 2002).

Experiment design assistance: MAJ Phillips (USA),
TRADOC Anal ysi s Center-Mnterey

Airfield and UAV flight coordinator: Ray Jackson,
Center for Interdisciplinary Renotely Piloted Air Systens
( Cl RPAS)

UAV concept |eader: Vincent Castelli, Naval Surface
Warfare Center Carderock D vision (NSWCD)

UAV producers: Advanced Ceramcs Research (ACR),
Tucson, AZ

Bl ue force parti ci pants: CW4( SEAL) Pol adi an,
GMC( SEAL) A son, QVIL( SEAL) Cooper, | S1( SEAL) Duf f,
OS1( SEAL) Kol ski e, BML(SEAL) Beck, and MR2(SEAL) Hunti mer
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from Naval Coastal Systens Station, Panama City, FL and
t he Def ense Language Institute (DLI) Mnterey, CA

Red force and downed pilot participants: Ten enlisted

navy students from DLI

Fi nanci al support: Center for Defense Technol ogy and
Education for the MIlitary Services (CDTEMS) at NPS.
B. GUI DELI NES AND TEMPLATE FOR EXPERI MENTS

1. Gui del i nes

One of the intents of this thesis effort was to
devel op general guidelines and a tenplate for a series of
LCEs to be conducted using unmanned vehicles. It was
desired that the tenplate provide the requirenents and
timng for experiment design, nodeling and sinulation
support, data collection and analysis, and financial

support. Sone suggested gui delines are:

(1) Capitalize on research efforts in other departnents or
institutes that could enhance the effort. Laboratories
such as the Naval Research Laboratory (NRL) and the
Lawrence Livernore National Laboratory (LLNL) may provide
useful innovations that can be incorporated into future

experinments.

(2) Analytical research nethods and nodeling should be
| everaged to identify Measures of Effectiveness (MEs).
(3) Simulation can verify suitability of experinment design
and hel p maxi m ze efficiency.

(4) Wenever possible, multiple iterations should be run
in the experinent instead of planning for one iteration,
plan for an initial iteration, analyze the effectiveness
of the iteration along with initial results, and then plan

for a final inproved iteration.
8



(5) One should not test untried operational concepts and
untried technol ogi cal equipnment at the same tine. Verify
that the equiprment being used in the experinent has nmnet
operational objectives prior to experinment usage. Tinme is
l[imted at NPS and there is little room for unanti ci pated

delays in fielding equiprent.

(6) Establish a mlitary sponsoring conmand if troops or
mlitary equipnment are required for the experinent.
Active duty units are very busy, and research is not the
hi ghest of their priorities. Locating NSW personnel that
had the tine to participate in an experinent was the nost
difficult aspect of coor di nati ng this experi nment;
coordinating the UAV flights was the second nost difficult
aspect .

(7) The experinment needs to be kept small and with a
m ni num nunber of participants so that it can be
effectively and efficiently conpleted in the tinme allotted
for thesis work. The US. Navy's Third Fleet is
designated the Sea Based Battle Lab and is where
i nnovative ideas are to be explored to inprove war fighter
ef fecti veness. NPS and the Commander Third Fleet (C3F)
have established a close working rel ationship. The Fl eet
For ce Command (FFO) has recently been assi gned
responsibility for coordinating and conducting Fleet
experiments in the Seal Trial process, and the three NPS
Institutes are establishing close ties with this conmand.
However, nost of these experinents are large and may |imt
the freedom and flexibility normally allowed the student

at NPS. The Ofice of Force Transformation nmay also



provi de assistance, ideas, funding, and other hel pful

cont acts.

(8) Finally, ensure MO Es are developed early and that
those MOEs drive the experinment design and analysis. The
Dean of Research at NPS and the Wayne E. Meyer Institute
of Systens ENngi neering are excellent places to present the
research idea and tap into the ongoing research at NPS and
el sewhere in that field. These are also excellent places
to locate a potential thesis advisor with expertise in the
field of interest.

2. Tenpl at e

A general tenplate follows wth a brief description
of how the tenplate was utilized in the initial LOCE

(1) Determ ne/establish the war fighter requirenment. This
was based upon SECDEF and CNO transformation guidelines
(DON, 2002), personal discussions with various comands
(see 11.A), and personal experience wth  NSW SOF

oper ati ons)

(2) Understand the current capabilities and shortfalls for
neeting the requirenents, both in technologies and
concepts of operation. These were based upon personal
knowl edge and discussions with others in the NSW SOF
comunity. UAV and payload technologies for the desired
expendabl e UAV characteristics were discussed with the
NSWCCD, SWARM Program nanager, and the UAV literature
revi ewed, for exanple: DOD s UAV Roadmap 2025 (2001).

(3) Ildentify the technologies to be wutilized, their

maturity and availability, and the level of difficulty for

their wutilization. Ensure new operational concepts are

not to be introduced using unproven technol ogical
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capabilities. These were based upon the SWARM Program
Plan for tine-lines and actual capability denonstrations

before the experinment was to be conduct ed.

(4) ldentify the personnel requirements for conducting the
experi ment. These were based on standard operating
procedures (SOPs), tactics techniques and procedures

(TTPs), and logistics involved in execution.

(5) Identify and secure adequate financial resources
before proceeding with nore detailed planning. Fundi ng
was arranged through the NPS Center for Def ense
Technol ogies and Education for the Mlitary Services
( CDTEMS) .

(6) Lay out the initial experinent design, including the
timng for personnel and equi pnent (described bel ow).

(7) Ensure availability for personnel, equipnent, and
facilities for the planned dates of the experinent. This
was achi eved through multiple early neetings and requests.
When shortfalls were identified, they could be inmediately
addr essed. Forces utilized were obtained from nultiple
sour ces. The red force and downed pilots cane from the
Def ense Language Institute Monterey, CA and the blue force
SEALs cane from Naval Coastal Systens Station, Panam
Cty, FL.

(8) Review the experiment design wth operational
comands, ( FFC, Naval Speci al War f ar e Conmmand
( NAVSPECWARCOM), Naval Special Warfare Devel opment G oup
( NAVSPECWARDEVGRU) ), and a broad cross section of faculty

at NPS (systens engineering, Mdeling and Sinulation
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(M&S), technology experts, etc.) (See Participants and

Functions, Il A)

(9) Determne what M&S will be required to adequately plan
and conduct the experinent. Identity a range of
experi nment al vari abl es, fixed paraneters, etc., and
provide a nodel which can be (partially or fully)
val idated with the experinental data to be obtained. (See
VII. Modeling and Sinulation.)

(10) Use M&S to refine the experinment design. (D scussed

bel ow. )

(11) Develop a data collection plan and how the data w ||
be wutilized to determne quantitative and qualitative
nmeasures of effectiveness (MOES). This wll include
personnel and personnel skills requirenents. (D scussed
bel ow. )

(12) Develop an orientation/initial training plan to be

conducted for all personnel involved in the experinent.
This w il include pre-experinent, experinent, and post-
experinment activities. (See Ill E. Training/Oientation)

(13) Conduct the experinent and coll ect the data.
(Di scussed bel ow.)

(14) Analyze the data and develop the MOEs and |essons
| earned. (Discussed bel ow.)

(15) Summarize findings and brief relevant commands.
(Thesis.)
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I11. LIMTED OBJECTI VE EXPERI MENT DESI GN

A SCENARI O DESI GN

While SEAL patrols normally consist of a mninum of
ei ght personnel, depending on the mssion, tw were
considered to be adequate for purposes of this experinent.
The additional SEALs in a patrol provide extra fire power
and mssion essential skills, but the standard operating
procedures (SOPs) for two SEALs on patrol are basically
the same as for eight. The footprint, or signature of
their presence is reduced, but this should have m ninal
effects on the data to be analyzed. Additionally, a
limted nunber of red force and blue force personnel were
avai l able. The use of two blue force personnel per search
el ement neant that the red force elenent, made up of four
personnel, would be double the size of the blue force. A
red force double the size of the blue force was used in
all MS.

The experinment was designed to consist of a total of
ten Conbat Search and Rescue (CSAR) m ssions conducted at
Canp Roberts, CA. The participants consisted of seven NSW
SEALs. These SEALs filled two search teans, each with two
SEALs per team The remaining SEALs were part of the
Command and Control (C2) elenment, one C2 elenent with one
SEAL and one C2 elenent with two SEALs. The eight red
cell personnel (two teans of four), two downed pilots (one
per operational area), and multiple observers and support
personnel made up the renmainder of the participants. A
two by four kilometer op area was chosen to allow for the

maxi mum anmount of data points to be collected while still
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being able to conduct the mssion within a single cycle of
dar kness. Five of these op areas were then chosen for
their varying terrain and to ensure that participants were
not operating in famliar territory. Personnel | ocations
were to be changed in each op area to prevent any bias
froma previous night’s mssion. Each op area was to host
two separate teans conducting the sane mssion on
di fferent nights. However, one team would be assisted by
two tactical UAVs and one team would not. The op areas
were to be used in a random order and the NSW search teans
woul d not know what op area they would be inserted into
until the night of the operation, nor would they know if
they were to be assisted by UAVs until that night. Thi s
was to ensure teanms could not help one another plan for
that night’s mssion. The scenario within one particul ar
op area was exactly the sane for each team except for the
UAVS. Al'l participants in a given op area were inserted
in the exact sane |ocation as the other group that had
utilized that op area the night before. The insertion
| ocations of the participants relative to each other
varied with each op area.

Ni ghtly m ssions were to continue for a total of five
nights, until both teanms conducted all the sane scenarios

one timne. This, however, was not acconplished, and only
two separate nights of mssions were conducted. The
reason for this change will be described in nore detail

bel ow. Each m ssion scenario varied only by |ocation of
crash sight, pilot, red cell, NSW team insertion point,
and the geographical and terrain differences anong the op
ar eas. D stances between forces were nearly identical.

This would allow for direct conparison of mssions
14



conducted in the sane op area and a general conparison of
m ssi ons conducted in other op areas. The initial general
schenme of force locations can be seen in Figure 1. During
early experinment design and before a sight survey had been
conducted, force locations were plotted in representative
op areas and arrows were used to indicate the direction of

travel to safety for the pilot.
o Area 1 o Area 2 o area 3

Red Red Red
Cel Cel Cel

o Area 4 o Area 5

" @
Red Red
Cel Cel I

Fi gure 1. Initial Force Orientation

B. FORCE LOCATI ON

Two NSW teans, consisting of a two-SEAL patrol
elemrent and a C2 elenent, were to conduct two separate
CSAR missions in two successive nights. Each night’s
m ssion was to be conducted in a different four by two
kil ometer area (Fig. 2).
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Fi gure 2. Force Location Overl ay

In the figure above, and as indicated in the key, red
force insertion points are represented by red Hexagons.
The blue force insertion points are represented by blue
arrows. The pilot’s location is represented by the green
star within a black circle. This circle represents an
800M di ameter area in which the pilot should be | ocated
with reference to his last known |ocation. During the
m ssion, the pilot could comunicate with the blue search
el ement when they canme within range of his survival radio
(simulated PRC 112). The pilot could then relay his
position to the search elenent using a pre-established
point, or an evade and recovery point (E&R), by giving his

range and bearing fromthat E&R point. The NSWforces (C2
16



and search elenents) were provided wth intelligence
usually available to a SOF team assigned a CSAR mission in

an area controlled by the eneny; crash sight coordinates,

| ast known position of pil ot positive radi o
comuni cat i on/ aut henti cation, and nost likely direction of
travel (Joint Pub 3-50.2, p. 11-6). Therefore the Q2

el ement and the blue search elenent knew the crash site
| ocation, represented by the red explosion synbol, and the
direction of the pilot’s travel, represented by the black
arrow. The blue forces also knew that the pilot intended
to remain within 800M of his last known |ocation for the
first 4 hours after the m ssion began. |[If contact was not
made within 4 hours, all blue forces were aware that the
pilot would begin to nove in the direction towards
friendly territory, which was the sanme direction of
initial novenent. The C2 element, located at MMIIan
Assault Strip and represented by the blue C2 in Figure 2,
remained at the assault strip for all mssions and was
collocated with the UAV pilot in the ground control
station seen behind the UAV and | auncher in Figure 3.
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Fi gure 3. G ound Control Station
The red cell consisted of a four-man patrol of
infantry personnel wth little training, utilized to

simulate a poorly trained conscript force. They patrolled
a one by two kilonmeter area that contained the downed
pilot’s nost likely position based on indicators suggested
after initial simulation runs.

The downed pilot simulated evasion through a safe
corridor by noving on a given bearing (after 4 hours) or
by holding up near his last relayed position (800M

di aneter). This position was the position given to the
search element as the pilot’s last known point. As the
search el enment came  within Jline of si ght (LOS)

communi cations range, they would attenpt to establish
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comuni cations with the pilot at which tine he would
update his position by giving a bearing and distance from
a known point (the E&R point). Al participants remined

wi thin the designated two by four kilonmeter area.

One of the NSW forces was to have been provided the
additional asset of one or two small tactical UAvVs. This
force was to conduct its mission in the sane manner as the
non- UAV force except for the deviations that are driven by
the use of the UAVs. The m ssion areas were to be exactly
the sane, as well as the l|locations of the red cell and
downed pilot insertion points. The insertion point was
also the same for both NSW forces, but the infiltration
routes could differ based on information provided by UAVs.
If two UAVs were available then one would be designated
the pilot UAV and the other designated the patrol UAV.
The pilot UAV would fly a flight pattern determ ned by a
classical search theory for non-noving targets near a
known point, taking into account the field of view of the
video canera, the UAV altitude, and the UAV turning radius
(Figure 4). The pattern in Figure 4 assunes that the UAV
is at an altitude of 400ft. The field of view at this
altitude is 90m so the horizontal paths across the search
area are separated by 90m The UAV starts at the bottom
of the circle, noves right to left, makes the 180 degree
turn determined by its turning radius, and then returns
along a second path from left to right which is parall el
to the first but offset by 90m This would continue until
the pilot is located, and the situational awareness (SA)

pattern is initiated.
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Fi gure 4. Downed Pil ot Search Pattern

Once the downed pilot was |ocated, the pilot UAV
would then fly a situational awareness (SA) route to
provide the C2 element with a one-kiloneter radius SA zone
about the downed pilot (Figure 5). This flight pattern

would be repeated until the end of the mnmission and

experi ment.
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Flight pattern
begi ns at pil ot
| ocation, noves
out in
per pendi cul ar
K pat hs 90m i n

wi dt h (canera
field of view),
t hen reaches
1KM away from
center and
returns to
center to re-
verify pilot
| ocation and
conti nue.

2000m

Fi gure 5. Pil ot SA Zone

The patrol UAV would fly a flight pattern designed to
maxi m ze situational awareness of the patrol and the C2
el enent for a one-kiloneter dianmeter perinmeter about the
patrol during their infiltration (Figure 6). This was
again based upon the canera field of view, UAV altitude,
and UAV speed.
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Fi gure 6. Patrol Flight Pattern

The blue cross in Figure 6 represents the SEAL search
el enent as they begin to patrol noving in a straight |ine
from left to right. The patrol UAV starts in the upper
| eft-hand corner and follows the red flight path fromleft
to right. Once the UAV reaches the end of the first red
[ine the turn is initiated, indicated by the sanme dog-bone
shapes seen in the pilot SA pattern. These turn angles
are again dictated by the turning radius and speed of the
UAV and are designed to return the UAV to the next
parallel flight path, offset by 90m as quickly as
possi ble. The UAV then travels along the second red line
fromright to left. Once the end is reached the sane dog-
bone turn is made however, the remaining turns are del eted

for clarity. Notice here that the UAV did not travel as
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far down this second red I|ine. This is because the blue
force has noved from their initial starting point. Once
all the red paths have been traveled the UAV ends up in
the bottom right-hand corner and nmakes a turn onto the
green diagonal line to return to a new starting point.
The UAV begins the sane pattern now indicated by the green
lines. Notice the green pattern begins approxinately
1. 5km past the red pattern in the direction of blue force
travel. This novenent of the UAV s start point also takes
into account the novenent of the blue force. At the end
of the green pattern when the UAV turns onto the purple
path, the blue force has noved to the point indicated by
the grey cross. At this point the red flight pattern can
begi n agai n. The red pattern can also be initiated if
there is a long pause in the novenent of the blue forces.
The C2 elenent has the capability to redirect any of the
UAVS in md-flight.

Experi ment observers were to track actual novenents
conducted by all participants to verify actual C2 and
ground force situational awareness. A nunber of different
recording nethods could also be enployed to help track
nmovenents and gather data, such as UAV over-flight
recording tactical UAV novenent, voice recording, nanual
not e taki ng, and GPS waypoi nt tracking.

The force location diagram (Figure 1) was overlaid
onto a map of the operational areas to be used during the
experiment (Figure 2). This was done to add focus and
purpose to a sight survey. The op areas were then chosen,
after the sight survey, for their varied vegetation and

terrain features. Al'l operational areas also had to
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remain within the restricted airspace available for UAV
flights. The final force locations and operational areas
can be seen in Figure 2 as they were to be utilized during
t he LCE.

Wil e nost of the operational areas in Figure 2 were
utilized, the UAVs were unable to fly outside of visua
range from MMIllan Assault Strip due to a lack of
adequate liability insurance for autononous flight (a
| esson | earned regarding detailed planning requirenents).
This, of course, negatively inpacted the design of the
experi nment. In addition, severe weather resulted in
cancel |l ation of the last two nights of operation. To make
accommodations for these unforeseen effects, only two non-
UAV missions were run. In addition, l[imted |ine of sight
flights were conducted to test equipnent and the user
interface, and secondary autononous flights were schedul ed
(and conducted) for 04DECO2-06DECO2 in a new |ocation
(Tucson, AZ). Wiile a direct correlation between the
m ssions with the UAV and those wi thout could no | onger be
made, enough data was gathered to make strong inferences
of effects on the identified MOEs.

C. DATA COLLECTI ON METHODS

1. Experinment Instructions to Participants and
Qualitative Questionnaires

The fol |l owi ng experi nment i nstructions and
guestionnaires were given to each group before and
foll owi ng each night’s m ssion. The instructions ensured
that quantitative data could be collected properly,
enphasi zi ng GPS waypoints as a function of tinme during the
experi ments. The questionnaire portion was devel oped to

obtain further insight into the four MOEs that could not
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be obtained through quantitative data alone, as well as to
obtain specific i nformation about t he t echni cal
application of some of the equipnent by the participants.
The cumul ative responses are provided in the data section

of this thesis.

Bl ue Force Wt hout UAV; Experinent Requirenents and
Questionnaire

Requi renent s:

Blue search elenent nust carry GPS at all tines.
Position nust be marked as waypoint on GPS every 10
m nutes (GPS has one button function for this operation).
Blue search el ement must not at e al | red force
si ghti ngs/ engagenent s/ cont acts Wi th tinme and GPS
coordinate. This may be done after the fact if conprom se
i s possible. Al pilot contact nust be noted with tine
and GPS coordinate. All conmunications with pilot nust be
noted with tine and brief one or two word description. |f
pilot position is known or estimated to be known, this
should be annotated with tine and approximte | ocation.
If pilot position is thought to have changed, this should
be noted with tinme and approxi nate new position. Qbserver
may be utilized to maintain event |og and GPS waypoints if

avai l able. Locating the pilot w thout conprom se (counter

detection by red force) is the blue force m ssion.

The following questions are to be answered upon
return from each mission and after return of GPS to

experi nment personnel.
Questionnaire:

(1) Qualitative responses to si tuati onal
awar eness/target identification questions.
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1. How did you estimate the pilot position?

2. Did you know your position with confidence in

relation to the pilot?

3. Upon detection of eneny, if any, how confident

were you that this was an eneny force? Wy?.

4. Upon detection of pilot, if any, how confident
were you that this was the pilot, from what distance did

you nmake this determ nation?
5. What actions did you take at this tinme, why?

6. If eneny contact was made, what actions did you
t ake, why?

(2) Qualitative questions for force protection.

1. Wat actions did you take, if any, when provided
eneny position?

2. How confident were you in the info passed to you,
if any, by the C2 elenent?

Blue C2 Elenent Wthout UAV, Experinment Requirenents

and Questionnaire

Requi renent s:

Blue C2 elenent nust track blue search force, red
force (if possible), and pilot. Positions of all three

forces nust be nmarked as coordinates on a map every 10

m nut es. If no change of position is noted, then this
must be annotated in log every 10 mnutes. Blue C2
element wll act as on-scene commander for blue search
el ement, conduct limted tactical operation center (TOC)

functions, receive radio broadcast updates, and provide

intelligence wupdates to forces in the field at the
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discretion of the TOC conmander. Seni or commander to C2

el enent (commander not on scene) will require updates of
noteworthy activity hourly. This will include najor event
times and locations (infiltration, link up, mssion
conplete, eneny activity). C2 elenent will maintain radio

and video watch during field operations. C2 elenent wl|l
mai ntain operations log wth short entries every 10
mnutes (force locations/tinme/mjor events). Extra
support personnel /observers, if available, nmay be utilized

for making log entries and updating maps. Locating the

pilot without conpromse is the blue force m ssion.

The following questions are to be answered by Q2
el ement upon return of blue search element from each

m ssi on.
Questionnaire:
(1) Qualitative responses to situational awareness

1. Did you know force positions wth confidence
(level 1-10) in relation to each other?

2. How confident were you in the info passed to you
by the blue force?

3. How did you determ ne your force’'s position, what
techni ques did you use?

4. How did you determ ne pilot position?
5. How did you determ ne eneny position?
(2) Qualitative questions for force protection

1. Did you know the eneny position in relation to

your force’'s position with confidence (level 1 (low)- 10
(high))?
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Blue Force Wth UAV; Experinent Requirenents and

Questionnaire

Requi renent s:

Blue search elenent nust carry GPS at all tines.
Position nust be narked as waypoint on GPS every 10
m nutes (GPS has one button function for this operation).
Bl ue search el ement must not at e al | red force
si ghti ngs/ engagenent s/ cont acts with tinme and GPS
coordinate. This may be done after the fact if conprom se
i s possible. Al pilot contact nust be noted with tine
and GPS coordinate. All conmunications with pilot nmust be
noted with tinme and brief one or two word description. If
pilot position is known or estimated to be known, this
should be annotated with tine and approximte |ocation.
If pilot position is thought to have changed, this should
be noted with tinme and approxi nate new position. Qobserver
may be utilized to maintain event |og and GPS waypoints if

avai l able. Locating the pilot w thout conprom se (counter

detection by red force) is the blue force m ssion.

The followng questions are to be answered upon
return from each mssion and after return of GPS to

experi ment personnel.
Questionnaire:
(1) Qualitative responses to situational awareness
1. Didyou see the pilot on the video screen?
2. If sodid this help you link up?

3. What actions did you take upon seeing the pilot

on screen?
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4. Did you see yourself on the video screen?

5. Did you know your position with confidence in
relation to the pilot? Ws this due to the ability to see

the pilot or via GPS only?

6. D d you see terrain features or any other objects
on the video screen, describe briefly, did this help

operations in any way?

7. How confident were you in the info passed to you,

if any, by the C2 elenent?
(2) Qualitative questions for force protection

1. Did you see eneny personnel or any other

per sonnel on video screen?

2. Did you know the eneny position with confidence

inrelation to your position?

3. Was this confidence due to the ability to see
eneny personnel/or provided by C2?

4. \Wat actions did you take, if any, when provided

eneny position?
5. D d you hear or observe the UAV?

6. Did the UAV nmake you feel vulnerable or secure,

or neither?

7. Did UAV provide you with a 1KM “observed zone”
about your position?

8. How would you better enploy the UAV to inprove

your mi ssion?

(3) Qualitative questions for target identification
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1. Upon detection of eneny, if any, how confident

were you that this was an eneny force? Wy?

2. Upon detection of pilot, if any, how confident
were you that this was the pilot, from what distance did

you nmake this determ nation?
3. What actions did you take at this tine/why?
(4) Technique of enploynment and hardware quality
1. How often did you view the video screen?

2. How did you maintain light discipline wth

screen/ why?
3. How did you carry the screen?
4. How did you carry all other equipnment?

5. Did any UAV related equi pment hanper any nor nal
field operations/how?

6. Was there a delay in response to your requests
for aircraft novenent/how much/how did this effect your

operations?

7. Wuld direct control of aircraft benefit your
oper at i ons/ how why?

Blue C2 Element Wth UAV; Experinent Requirenents and

Questionnaire

Requi renent s:

Blue C2 element nust track blue search force, red
force (if possible), and pilot. Positions of all three
forces nust be marked as coordinates on a map every 10
m nut es. If no change of position is noted, then this
must be annotated in log every 10 mnutes. Blue C2
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elenent will act as on scene commander for blue search
elenment, conduct I|imted TOC functions, receive radio
broadcast updates, and provide intelligence updates to

forces in the field at the discretion of the TOC

comander . Seni or comander to C2 el enent (conmander not
on scene) wll require updates of noteworthy activity
hourly. This will include major event times and |ocations
(infiltration, link up, mssion conplete, eneny activity).
C2 elenment will npmaintain radio and video watch during
field operations. C2 elenent will maintain operations |og
W th short entries every 10 m nut es (force
| ocati ons/tinme/ maj or events). Extra support
personnel /observers, if available, may be utilized for

making log entries and updating maps. Locating the pil ot

wi t hout conprom se is the blue force m ssion

Questionnaire:

The following questions are to be answered by Q2
el ement upon return of blue search elenment from each

m ssi on.
(1) Qualitative responses to situational awareness
1. D d you see the pilot on the video screen?
2. If so, did this help you in your m ssion/how?

3. What actions did you take upon seeing the pilot

on screen?

4. Did you see the blue search force on the video
screen?
5. Did you know force positions with confidence in

relation to each other? Was this due to the ability to

see the pilot or via voice conms only?
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6. Did you see terrain features or any other
objects on the video screen, describe briefly, did this

hel p operations in any way/ how?

7. How confident were you in the info passed to you,

if any, by the blue force?
(2) Qualitative questions for force protection

1. Did you see eneny personnel or any other

per sonnel on video screen?

2. Did you know the eneny position with confidence

inrelation to your forces position?

3. Was this confidence, if any, due to the ability
to see eneny personnel/or provided by the UAV in any way?

4. \Wat actions did you take, if any, when provided
eneny position?

5. Did the UAV provide you wth a 1KM “observed
zone” about the position of your search el enent?

6. Were you confident there were no eneny personne

in this zone, explain?

7. How woul d you better enploy the UAV to inprove

your m ssion?
(3) Qualitative questions for target identification

1. How confident were you that you could identify

different forces via video?
2. Did known UAV | ocation help identify forces?
3. How could forces be identified better, if at all?
(4) Technique of enploynment and hardware quality

1. How often did you view the video screen?

LoYo)
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2. How | ong could one person view the video w thout

need of a break?

3. Did any UAV related equi prment hanper any nornma
C2 operations/ how?

4. Did any UAV related equi pmrent enhance normal C2

oper at i ons/ how?

5. Would direct control of the aircraft benefit your

oper at i ons/ how why?

6. How did you comrunicate with UAV pilot and were

t here any delays in your requests?

Red Force; Experinent Requirenents and Questionnaire

Requi renent s:

Red force nmust carry GPS at all tines. Position mnust

be marked as waypoint on GPS every 10 m nutes (GPS has one

button function for this operation). Red force nust
not at e al | bl ue force, UAV, pi | ot
si ghti ngs/ engagenent s/ cont acts with tinme and GPS

coordinate. This may be done after the fact if engaged in
a contact. Red force may engage any targets thought to be

hostile. Capturing blue pilot is the red force m ssion.

Questionnaire:

The following questions are to be answered upon
return from each mssion and after return of GPS to

experi ment personnel.

(1) Qualitative questions for force protection

33




1. Did you see blue force personnel or any other

per sonnel ?

2. | f so, what gave away their position or how did

you | ocate thenf
3. Did you hear or see the UAV?
4. |f so what actions did you take, if any?

5. Did this help you locate the pilot or any other

per sonnel ?

Downed Pil ot; Experi nment Requi renent s and

Questionnaire

Requi renent s:

Downed pilot nust carry GPS at all tines. Posi tion
must be marked as waypoint on GPS every 10 mnutes (GPS
has one button function for this operation). Pil ot nust
notate all red cell sightings/engagenents/contacts wth
time and GPS coordinate. This may be done after the fact
if conpromise is possible. Al blue force contact mnust be
noted with time and GPS coordi nate. Al'l  conmmuni cati ons
with blue force or C2 nust be noted with tine and brief
one or two word description. If blue force position is
known or estimated to be known, this should be annotated
with time and approximte |ocation. If blue force
position is thought to have changed, this should be noted

with tine and approximate new position. Pilot mssion is

to be located and recovered by blue force wthout being

conprom sed/ captured by red force.

Questionnaire:
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The following questions are to be answered upon
return from each mission and after return of GPS to

experiment personnel .
(1) Qualitative responses to situational awareness

1. Were you told of your position in relationship to

any ot her forces?

2. If so, did this help you link up with those

forces?

3. What actions did you take upon being given this

info, if any?

4. Did you have confidence in the |ocation of
yoursel f or others/why?

5. How confident were you in the info passed to you,
if any, by the C2 elenent or blue force?

(2) Qualitative questions for force protection

1. Did you know the eneny position with confidence

inrelation to your position?

2. Was this confidence, if any, due to information
provi ded by C2?

3. Wihat actions did you take, if any, when provided
eneny position?

4. Did you hear or observe the UAV?

5. Did the UAV make you feel vulnerable or secure,

or neither?

6. D dthe UAV help with your recovery or hanper, or

nei t her?
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7. How could the UAV have been better utilized to

assi st in your recovery?

D. VARI ABLES
Dependent vari abl es:

Amount of tine to reach downed pil ot
Li kel i hood of finding/detecting the pilot
Li kel i hood of detecting the red force
Li kel i hood of the search el enment bei ng detected
Si tuati onal awareness
| ndependent vari abl es:
Terrain
Force size, training, quality
I nf or mati on
Di st ance
Si gnat ure

Speed (basically constant rate of novenent for
smal | troops)
E. MEASURES OF EFFECTI VENESS
The following general MXEs were the enabling
obj ecti ves chosen for their i npact on Combat

ef fecti veness:

Si tuati onal awar eness

- Command and Contr ol

Target identification

Force protection
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The following specific MOXEs were the neasurable
guantities that could lead to a judgnment about the nore

general MOEs and conbat effectiveness as a whol e.

- Distance between blue forces and pil ot

- Distance between red forces and all blue forces

- Nunber of blue force detections of red forces

- Nunber of red force detections of blue forces

- Time to link up between pilot and blue force

- Nunber of successful mssion (link up wthout
conpr om se)

- Command and Control (C2) red force location estimation

- C2 blue force location estimtion

- C2 downed pilot location estimation

- Qualitative responses to usability of UAV equi pnment in

the field

F. TRAI NI NG ORI ENTATI ON
Two days were set aside to train all forces on the

operational equipnent and procedures as well as the data

col | ection equi pnent and procedures. Each day consisted
of six hours of instruction or hands-on practical
trai ni ng.

The operational equi pnent consisted of the foll ow ng:

- UAVs, which the forces did not have to operate

t hensel ves, but were given a basic introduction
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- Video receiver equipnent, which was basic in operation

and only needed to be prepped for field use or TOC use

- Tactical field radios, which the SEALs brought with them

and al ready knew how to use.

This training and introduction took one to two hours
and required about one hour of prep tinme for the forces.
If NSW forces thenselves are not required to directly
operate the UAVs, their ability to incorporate them into
NSW missions will require mnimal amounts of training in

the future.

The operational procedures training began wth the
overall exercise brief, a separate forces scenario brief,
and a planning session for the forces, at which tine
guestions could be answered about specific operational

guesti ons.

The second day consisted of six hours of introduction
and training with the data collection procedures and
equi pnent . The overall data <collection goals were
identified during the initial brief and the prinmacy of
dat a col l ection over m ssi on acconpl i shnent was
enphasi zed.

The data collection equipnment consisted of the

fol |l ow ng:

- Data questionnaires (see Il B)

- Infrared (IR) strobes; small firefly type, nounted to a
9-volt battery

- IR chemights; IR chemcal |ight sticks, sinply “break
and shake”

38



- Tape recorders; mni cassette type used to note events
i nstead of paper
- GPS receivers; Grnen Vistas with | ocal topo naps | oaded

Al'l data questionnaires were reviewed, and questions
were answered. IR strobes, IR chenmlights, tape recorders,
and batteries were all dissem nated, and proper function
was ensured. A one-hour GPS receiver class was given that
i ncluded specific necessary functions required during the
LCE, followed by two hours of practical training wth
operating nanuals avail able. Al personnel were
conpetent wth the use of all data collection equipnent
and procedures by the end of the training period.

No deficiencies were noted in operational procedures
or data collection due to lack of wunderstanding or
i nproper use of any equipnent. The primacy of the
collection of data, as opposed to m ssion acconplishnent,
allowed forces to concentrate on this aspect. The result
of their efforts was a steady stream of uncorrupted data
that was easy for the observer to gather and record.
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| V. UAV PLATFOCRM AND PAYLQAD DESCRI PTI ON

The original desired UAV characteristics were |ow
cost/ expendabl e, organic, stealth, long endurance (>4
hours for experinent, >12 hrs for future use), night
vision, precision location, no required SOF contro
(autononobus or C2 personnel control, but optional SOF
control), and Jlaunch wth no recovery. When the
experiment was initially planned, the SWARM UAV being
devel oped by NSWCCD was sel ected because it net all of the
desired characteristics and because the devel opnent
program plan woul d be capabl e of providing tested vehicles
at the scheduled tinme for the LOE. This turned out not to
be the case. Nei ther the endurance, Ilevel of night
vision, nor the imge resolution at flight speed net
devel opnent objectives on tinmne. This resulted in having
to change the experinent plan and was a “lesson | earned”
do not plan experinments for which all equi prment /
t echnol ogi es have not been denonstr at ed.

A SWARM UAV GOAL CAPABI LI TI ES

1. Program Goal ; Pl atform Characteristics

Nane: Smart Warfighting Array of
Reconfi gur abl e Modul es
( SWARM (Figure 7, front
r ow)

Devel opers: Naval Surface Warf are
Center, Carderock Division
( NSWCCD) and Advanced

Ceram cs Research
D nensi ons: 4’ length x 3.5 w ngspan
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Launch wei ght: 20 | bs.

Pr opul si on: (fuel, engi ne, gener at or,

nmechani cal s) 11.5 | bs.

Wi ght : (Airfrane, avi oni cs, and

comuni cations) 4.5 | bs.
Payl oad: 4 | bs.

Engi ne: CS. 40, conpression ignition
burns JP-5/8 fuel

Airfrane: Mol ded plastic, five-piece
snap-fit assenbly, no tools
required, stowed in 50" x 77
x 17" box, ready to assenble

Speed: 60 kts cruise speed

Dur ati on: 24 hrs. duration (FY02)
Range: 1500 n. m.

Cei |l i ng: 8,000 ft.

2. Program Goal ; Payl oad Characteristics

EQ IR canera
CHEM BI O sensors
Auto target sensor

Synt hetic Aperture Radar (SAR)

UAV CHARACTERI STI CS AT TI ME OF LOCE ( ALTERNATE)

1. Al ternate UAV Pl atform Characteristics

Due to the restricted flight tinme capability of the

SWARM and the status of payload integration, an alternate

vehicle (Figure 7, back row) was used in nost of the

experi ments.
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Fi gure 7. Al ternate UAV Back Row SWARM UAV Fr ont
Row
Name: Extra Easy
Pr oducer: Hangar 9
Wei ght : 15 | bs
W ngspan: 65 i nches
Lengt h: 50 i nches

Fuel capacity:
Dur ati on:

Engi ne:

Max Bank angl e:

43

2 liters
45 mnutes — two hours

Modi fied OS Max. 46 producing
approximately 1 Hp

l[imted to +-15 degrees



Turn Radi us:

Frequenci es:

Tuning Step in Miz:
Cccupi ed bandw dt h:
Em ssi on Bandwi dt h:
Transmt power WAtts:
Transm tter:

Launch Met hod:

44

mnimum turn radius under
aut opi | ot cont rol i's

approxi mately 250 neters
902.6-927.4 Mz

400kHz,

per channel is 350kHz
350kHz per channel

1.0 W

VHX 910, M crohard Systens

Traditional rolling take-off
used for autononous flights.
However, t est cat apul t
[ aunch was successful wth
SWARM ( Fi gure 8)



Fi gure 8. SWARM Cat apul t Launch

2. Transmitter Characteristics

G ound-station to aircraft and aircraft to ground-

station, Conmuand and Control

t est ed)
Ant enna nonencl at ur e:
Ant enna Type:
Ant enna Gai n:
Ant enna Pol ari zati on:

Ant enna feed point:

Recei ver Nonencl at ur e:

Recei ver Sensitivity:

45

[ink, 10nm range (not fully

Wi p

5/ 8 wave

3.5 dbi

Verti cal

hei ght 3 neters

WMHX 910, M crohard Systens

105 dB



Recei ver frequency band: 902-930 Mz

Recei ver antenna Type: 1/ 4 wave whip

Recei ver antenna Gain: 10 db

3. Avi oni cs:
Bui | t by d oud Cap
Technol ogy (541) 387-2030.

Screen shot s t aken of
avi onics software during the
LOE can be seen in Figures 9
and 10.

Fi gure 9. Test Route Over McMIlan Assault Strip
Canp Roberts
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Telernety AP commands | Mag AP garn | 47 iz |
BUTOFLOTON| | Cument Commands In U Charge Commands Hess
Tolerresty — Status |- Taugat — How Cred - 08— Ori fuss T Ch
|m's] 20H° | oK™ | 17237 |21 T

| Send
Abade  n] | N e r | C|F | Se
Tunrate fege] || 001 Ja0To | D007 | ek F|r(F

Flags oN g |00 F|r

Trachrs  [WF] on (ol |0 r R 5

Floquest dutopiot Siaue]  Copp Statm > Serd A1 Commands

B Pson [r's]
Aoy [ 10137 | g [F5
Doeees [ 02 | oo [0F

o

Mstart| | &8 > E || JExdvaEasy [ Ground Station /  Elirbox - Meroseit .| Z3My Documents | Sunsied - Pant | |oonulw RFLEEBED®A oz am

Fi gure 10. UAV Pi | ot Conmand Page
4. Payl oad Characteristics
CGanera:
Type: 1/ 2" B&W 0. 0003 Lux CCD
Wat t age/ Vol t age: 2.2 W 12 VDC, 180 mA
Resol uti on: 570 TV Lines
Manuf act urer: Wat ec (Model : LCL-802H)

Wb site: www., wat ec. cont bwboar d. ht ni

Wi ght : 70 g
Di nensi ons: 42 mMm x 42 mm x 20 mm
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Canera battery:

Capacity:
Vi ght :

Lens:

Wat t age/ Vol t age:

Look angl e:

Resol uti on:

Manuf act urer:

Wei ght :

Di nensi ons:

Transmtter:

Batteries:

Capacity:

Wei ght :

12 VDC, 2100 mA&/ H
375 g

12 mm (a spherical) Lens w

Auto Iris

0.4 W 12 VDC, 35 mA

38. 6 degrees di agonal

31. 2 degrees hori zont al

23. 6 degrees vertical

| mage Format 6.4 mm x 4.8 nmm

COWUTAR (Model : HGL208AFCS-
HSP)

146 g, (rmounting platform w
focus control adds 65 g)

42 mMm x 57 mm x 55 mm

2.4 Ghz 1 \Watt Wrel ess
Video Transmtter

12 VvDC, 2100 mA/ H

375 g

5. O her Equi prent Characteristics

| R strobe:

48

Firefly, nounts to 9 wvolt
battery, 2x3cm in  size,
nount ed to per sonnel

clothing with duct tape



| R chem i ght:

The wuse of the

required IR strobes to be placed on all

wor ds,

the canera coul d not detect

Chem cal l'i ght sti ck, IR
spectrum 4" | ong, 1/ 2”

di anet er
avai |l able canera described above
f or ces. I n other

humans on the ground in

conpl ete darkness, but it could detect these small strobes
from an altitude of at |east 4000ft AG. The IR
chemights could not be detected above 800ft AG. and
therefore were not used. The canera used did provide sone
daylight capability in black and white, but bright objects
during the day could cause sone “white out” effect. The

canera was chosen for

consi derably nore advanced

however,
LCE.

di nensi ons;

this initial

its

price and tinme precluded their

and si ze. Ther e exi st

t hat

| ow cost

caner as have the sane

use in
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V. DATA

A DATA W THOUT UAV

1. Quantitative Dat a Measuri ng Si tuati onal
Awar eness, Conmmand and Control, For ce
Protection, and Target ldentification

04NOV02 M ssion #1, al pha forces.

- Nunber of blue force detections of red forces: One
clainmed but false; red force was 2500 neters away at

time.
- Time to link up between pilot and blue force:
4h: 2m n.

- Positive |link up: Yes.

- Nunber of counter detections by red force of blue

force or pilot: None.

Figure 11 represents the actual |ocations of the
forces (obtained from GPS waypoi nts every ten m nutes) and
their proximty to each other as they noved within the op
area without the help of a UAV These | ocations were to
have been conpared to a second group of forces utilizing a
UAV. The closest proximty of red forces and blue forces
or blue forces and the downed pilot could then be conpared
for mssions with and without the use of UAVs. By itself
this figure is a graphical representation of the courses

the forces took during the scenario.
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Alpha Force Proximities 04NOV02
560
555 >
e 550 - ﬁ% —e— blue force
2 545 1 —a—red force
ks A ilot
540 pilo
535 _,,.Ae./
iz
530 T T T
980 990 1000 1010 1020
longitude
Figure 11. Al pha Forces 04NOV02

Table 1 provides the situational awareness (SA)
difference between a force’'s actual |ocation and the C2
element’s estinmate. The two columms beneath “GPS track”
contain the actual GPS location of the Blue force during
m ssion nunber one in six digit grid coordinates. For
exanpl e, Wave Point (WP) 1 UM grid location is 014557, WP
3 UM grid location is 009547. There are nmany data points
for a single force as the force was on the nove, and the
points started at the beginning of the mssion and ended
when the pilot was | ocated. The red force and downed
pilot positions are given in separate tables. The next
two columms under “C2 estimate” contain the C2 elenent’s
best guess as to where the blue force was. When the
| ocati on matches exactly, this usually indicates a point
when the blue force called back to the C2 elenment with a
position update, which occurred only once an hour. The
“difference” colums present the difference in hundreds of

meters between the actual force location and the C2
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el enent’ s esti mate. The absolute value represents the SA
di fference between the actual force location and the C2’'s
esti mat e. The SA differences are added at the bottom of
the table and the average value is also given. The |ower
the nunmber or difference the better. An SA difference of
zero would indicate that the C2 el enment new exactly where
the blue force was. The higher the nunmber, the greater

the error in estimation or the poorer the SAis.

Note: all data in the tables bel ow represent hundreds

of neters plus or mnus 100 neters.

M ssion # 1 (04NOV02),
Al pha For ces
Absol ute
val ue
Bl ue Si tuati onal
force Di fference Di fference Awar eness
WP GPS track C2 estimte E N Di fference
E N E N
1 14 557 18 547 -4 10 14
2 13 550 13 546 0 4 4
3 9 547 8 544 1 3 4
4 7 545 4 539 3 6 9
5 5 544 7 543 -2 1 3
6 4 544 5 540 -1 4 5
7 2 542 3 548 -1 -6 7
8 2 542 2 535 0 7 7
9 998 539 1 533 3 6 9
10 998 539 0 530 2 9 11
11 996 538 990 537 6 1 7
12 995 537 998 535 -3 2 5
13 994 536 986 533 8 3 11
14 992 535 987 532 5 3 8
15 991 535 987 532 4 3
16 990 535 987 532 3 3
17 989 534 993 533 -4 1
18 985 534 992 531 -7 3 10
19 985 534 981 539 4 -5
26 985 532 986 532 -1 0
Cunul ative SA
di fference 142
Average SA difference | | | 7.1
Tabl e 1. Bl ue Force Al pha 04NOV02

53



M ssion # 1 (04NOV02),

Al pha Forces

Absol ute
Red val ue
force Si tuati onal
GPS 2 Difference | Difference | Anar eness
WP track estinmate E N Di fference
E N E N
1] 990 | 549 Unknown Unknown #VALUE! #VALUE! #VALUE!
2 | 990 | 549 Unknown Unknown #VALUE! #VALUE! #VALUE!
3 | 991 | 548 Unknown Unknown #VALUE! #VALUE! #VALUE!
4 | 992 | 548 Unknown Unknown #VALUE! #VALUE! #VALUE!
5| 992 | 547 Unknown Unknown #VALUE! #VALUE! #VALUE!
6 | 991 | 546 Unknown Unknown #VALUE! #VALUE! #VALUE!
7 | 989 | 546 Unknown Unknown #VALUE! #VALUE! #VALUE!
8 | 988 | 546 Unknown Unknown #VALUE! #VALUE! #VALUE!
9 | 988 | 546 Unknown Unknown #VALUE! #VALUE! #VALUE!
10 | 988 | 545 Unknown Unknown #VALUE! #VALUE! #VALUE!
11 | 987 | 545 Unknown Unknown #VALUE! #VALUE! #VALUE!
12 | 985 | 543 Unknown Unknown #VALUE! #VALUE! #VALUE!
13 | 984 | 543 Unknown Unknown #VALUE! #VALUE! #VALUE!
14 | 984 | 545 Unknown Unknown #VALUE! #VALUE! #VALUE!
15 | 986 | 546 Unknown Unknown #VALUE! #VALUE! #VALUE!
16 | 988 | 548 Unknown Unknown #VALUE! #VALUE! #VALUE!
17 | 998 | 549 Unknown Unknown #VALUE! #VALUE! #VALUE!
18 | 992 | 551 Unknown Unknown #VALUE! #VALUE! #VALUE!
19 | 992 | 553 Unknown Unknown #VALUE! #VALUE! #VALUE!
26 | 987 | 552 986 528 1 24 25
Cumul ative SA difference 25
Average SA difference 25

Tabl e 2.

Red Force Al pha 04NOV02
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M ssion # 1 (04NOV02),
Al pha
Forces
C2 and
Bl ue Absol ute
Force val ue
Pi | ot estimate Si tuati onal
GPS of pil ot Difference | Dif ference | Awar eness
WP track | ocation E N Di fference
E N E N
1 986 | 534 987 | 532 -1 2
2 986 | 534 987 | 532 -1 2 3
3 986 | 534 987 | 532 -1 2 3
4 986 | 534 987 | 532 -1 2 3
5 986 | 534 987 | 532 -1 2 3
6 986 | 534 987 | 532 -1 2 3
7 986 | 534 987 | 532 -1 2 3
8 986 | 534 987 | 532 -1 2 3
9 986 | 534 987 | 532 -1 2 3
10 986 | 534 987 | 532 -1 2 3
11 986 | 533 987 | 532 -1 1 3
12 986 | 533 987 | 532 -1 1 2
13 986 | 533 987 | 532 -1 1 2
14 986 | 533 987 | 532 -1 1 2
15 986 | 534 987 | 532 -1 2 2
16 986 | 534 987 | 532 -1 2 3
17 986 | 534 987 | 532 -1 2 3
18 986 | 534 987 | 532 -1 2 3
19 986 | 534 987 | 532 -1 2 3
34 986 | 534 986 | 532 0 2 3
Cumrul ative
SA
difference 55
Average SA difference 2.8
Tabl e 3. Pil ot Al pha 04NOV02

04NOV02 M ssion #1,

bravo forces.

Number
None.

of

Tinme to
2h: 30ni n

blue force detections of

l[ink up between pil ot

Positive |ink up: Yes.
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Number

of

count er

bl ue force or pilot:

det ecti ons
None.

by

r ed

Bravo Forces Proximities 04NOV02

force of

600
595
590 - Y
® 585 % —e— blue force
S 580 1 red force
- —a—
= 575 - ]
= 570 pilot
560
555 T T T
0 10 20 30 40
longitude
Figure 12. Bravo Forces 04NOV02
M ssion # 1 (04NOV02),
Bravo Forces
Absol ut e
Bl ue val ue
Force Si tuati onal
GPS Di fference Di fference Awar eness
WP track C2 estimte E N Di fference
E N E N
1 7 561 8 560 -1 1 2
2 11 562 13 561 -2 1 3
3 12 563 15 564 -3 -1 4
4 15 567 16 566 -1 1 2
5 16 568 18 570 -2 -2 4
6 18 570 22 573 -4 -3 7
7 20 572 24 574 -4 -2 6
8 22 575 23 573 -1 2 3
9 25 577 26 576 3 1 4
10 27 579 28 579 2 0 2
11 30 581 29 580 1 1 2
12 30 581 31 582 -1 -1 2
13 32 585 33 584 -1 1 2
14 32 585 33 584 -1 1 2
15 32 585 31 584 1 1 2
16 32 585 33 584
Cunul ative
SA
di fference 47
Average SA difference 3.1

Tabl e 4.

Bl ue Force Bravo 04NOV02
56




Mssion # 1
(04NOV02) ,
Bravo Forces

Absol ute
Red val ue
Force Si t uat i onal
GPS Difference | Difference | Anar eness
WP track C2 estimate E N Di fference
E N E N
1 15 | 591 Unknown Unknown #VALUE! #VALUE! #VALUE!
2 17 | 592 Unknown Unknown #VALUE! #VALUE! #VALUE!
3 17 | 592 Unknown Unknown #VAL UE! #VALUE! #VALUE!
4 20 | 594 Unknown Unknown #VALUE! #VALUE! #VALUE!
5 21 | 594 Unknown Unknown #VALUE! #VALUE! #VALUE!
6 19 | 594 Unknown Unknown #VALUE! #VALUE! #VALUE!
7 19 | 593 Unknown Unknown #VALUE! #VALUE! #VALUE!
8 18 | 592 Unknown Unknown #VAL UE! #VALUE! #VALUE!
9 18 | 592 Unknown Unknown #VALUE! #VALUE! #VALUE!
10 18 | 592 Unknown Unknown #VALUE! #VALUE! #VALUE!
11 19 | 591 Unknown Unknown #VALUE! #VALUE! #VALUE!
12 20 | 590 Unknown Unknown #VALUE! #VALUE! #VALUE!
13 21 | 588 Unknown Unknown #VALUE! #VALUE! #VALUE!
14 21 | 586 Unknown Unknown #VALUE! #VALUE! #VALUE!
15 22 | 586 Unknown Unknown #VALUE! #VALUE! #VALUE!
16 24 | 586 Unknown Unknown #VALUE! #VALUE! #VALUE!
Cumul ati ve SA
di fference Unknown #VALUE!
Aver age SA
di fference Unknown #VALUE!
Tabl e 5. Red Force Bravo 04NOV02
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M ssion #
1,
(04NOV02) ,
Pi | ot
Absol ute
val ue
Pi | ot Si tuati onal
GPS c2 Difference | Difference | Awar eness
WP track estimte E N Di fference
E N E N
1 33 584 32 585 1 -1 2
2 32 583 32 585 0 -2 2
3 32 582 32 585 0 -3 3
4 33 583 32 585 1 -2 3
5 33 583 32 585 1 -2 3
6 33 583 32 585 1 -2 3
7 33 583 32 585 1 -2 3
8 33 583 32 585 1 -2 3
9 33 583 32 585 1 -2 3
10 33 583 32 585 1 -2 3
11 33 583 32 585 1 -2 3
12 33 583 32 585 1 -2 3
13 33 583 32 585 1 -2 3
14 33 583 32 585 1 -2 3
15 33 583 32 585 1 -2 3
16 32 582 33 584 -1 -2 3
Cunul ative SA difference 34
Average SA difference 2.8
Tabl e 6. Pil ot Bravo 04NOV02

0O5NOV02 M ssi on nunber two, al pha forces.

Number of blue force detections of red forces:
None.

Time to link up between pilot and blue force:
2h: 58ni n

Positive |ink up: Yes.

Number

bl ue force or pilot:

det ecti ons red force of

None.

of counter

by
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Alpha Force Proximities 05NOV02
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Figure 13. Al pha Forces 05NOV02
M ssion # 2 (05NOV02), Al pha
For ces
Absol ute
Bl ue Val ue
For ce Si tuati onal
GPS Difference | Difference | Awar eness
WP Track C2 estimte E N Di fference
E N E N
1 7 561 8 560 -1 1 2
2 7 561 6 565 1 -4 5
3 7 566 7 570 0 -4 4
4 7 570 11 573 -4 -3 7
5 9 573 14 578 -5 -5 10
6 11 577 12 575 -1 2 3
7 13 577 19 576 -6 1
8 13 577 23 579 -10 -2 12
9 16 579 27 580 -11 -1 12
10 20 580 31 583 -11 -3 14
11 20 580 33 584 -13 -4 17
12 20 580 24 579 -4 1 5
13 23 581 27 580 -4 1 5
14 26 582 31 583 -5 -1 6
15 28 583 32 582 -4 1 5
16 30 584 33 584 -3 0 3
17 31 584 33 584 -2 0 2
18 32 585 33 584 -1 1 2
Cunul ative SA difference 121
Average SA difference 6.7

Tabl e 7.

Bl ue Force Al pha 05NOV02
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M ssion # 2 (05NOV02), Al pha
For ces
Absol ute
Red Val ue
Force Si tuati onal
GPS Difference | Difference | Anar eness
WP track C2 estimte E N Di fference
E N E N
1 14 591 Unknown Unknown #VALUE! #VALUE! #VALUE!
2 16 596 Unknown Unknown #VALUE! #VALUE! #VALUE!
3 19 595 Unknown Unknown #VALUE! #VALUE! #VALUE!
4 19 596 Unknown Unknown #VALUE! #VALUE! #VALUE!
5 19 596 Unknown Unknown #VALUE! #VALUE! #VALUE!
6 20 598 Unknown Unknown #VALUE! #VALUE! #VALUE!
7 20 598 Unknown Unknown #VALUE! #VALUE! #VALUE!
8 22 598 Unknown Unknown #VALUE! #VALUE! #VALUE!
9 22 598 Unknown Unknown #VALUE! #VALUE! #VALUE!
10 22 597 Unknown Unknown #VALUE! #VALUE! #VALUE!
11 23 596 Unknown Unknown #VALUE! #VALUE! #VALUE!
12 24 596 Unknown Unknown #VALUE! #VALUE! #VALUE!
13 25 594 Unknown Unknown #VALUE! #VALUE! #VALUE!
14 24 592 Unknown Unknown #VALUE! #VALUE! #VALUE!
15 24 592 Unknown Unknown #VALUE! #VALUE! #VALUE!
16 25 591 Unknown Unknown #VALUE! #VALUE! #VALUE!
17 25 589 Unknown Unknown #VALUE! #VALUE! #VALUE!
18 24 587 Unknown Unknown #VALUE! #VALUE! #VALUE!
Cunul ative SA difference Unknown Unknown #VALUE!
Aver age SA
di fference Unknown Unknown #VALUE!

Tabl e 8.

Red Force Al pha 05NOV02
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M ssion # 2 (05NOV02),
Al pha Forces
Absol ute
Val ue
Pi | ot Si tuati onal
GPS c2 Difference | Difference | Awareness
WP track estimate E N Di fference
E N E N
1 32 | 586 33 584 -1 2 3
2 32 | 586 33 584 -1 2 3
3 32 | 586 33 584 -1 2 3
4 32 | 586 33 584 -1 2 3
5 32 | 586 33 584 -1 2 3
6 32 | 586 33 584 -1 2 3
7 32 | 586 33 584 -1 2 3
8 32 | 586 33 584 -1 2 3
9 32 | 586 33 584 -1 2 3
10 32 | 586 33 584 -1 2 3
11 32 | 586 33 584 -1 2 3
12 32 | 586 33 584 -1 2 3
13 32 | 586 33 584 -1 2 3
14 32 | 586 33 584 -1 2 3
15 32 | 586 33 584 -1 2 3
16 32 | 586 33 584 -1 2 3
17 32 | 586 33 584 -1 2 3
18 32 | 586 33 584 -1 2 3
Cunul ative SA difference 54
Average SA difference | | 3
Tabl e 9. Pil ot Al pha O5NOV02

O5NOV02 M ssion nunber two, bravo forces.

- Nunmber of blue force detections of red forces:
None.

- Time to link up between pilot and blue force:
2h: 40m n

- Positive |ink up: Yes.

- Nunber of counter detections by red force of

bl ue force or pilot: None.
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Bravo Force Proximities 05NOV02

612
610 - | T
608 +
o 606 - X —e— blue force bravo
T 604 | 2
2 —> —m— red force bravo
S 602 - _
) 600 pIIOt bravo
598 ‘/
R\
596 \ m
594 T T T
930 940 950 960 970
longitude
Figure 14. Bravo Forces 05NOV02
M ssion # 2 (05NOV02),
Bravo Forces
Absol ut e
Bl ue Val ue
Force Si tuati onal
GPS Difference | Difference | Awar eness
WP track C2 estimte E N Di fference
E N E N
1 968 | 610 978 610 -10 0 10
2 967 | 602 974 607 -7 -5 12
3 964 | 598 971 607 -7 -9 16
4 961 | 597 969 604 -8 -7 15
5 957 | 599 966 601 -9 -2 11
6 953 | 599 962 600 -9 -1 10
7 951 | 602 952 600 -1 2 3
8 949 604 948 601 1 3 4
9 948 | 603 946 603 2 0 2
10 948 | 602 946 603 2 -1 3
11 943 | 605 946 603 -3 2 5
12 945 605 945 603 0 2 2
13 944 604 945 603 -1 1 2
14 939 | 602 945 603 -6 -1 7
15 938 | 602 945 603 -7 -1 8
16 946 | 604 945 603 1 1 2
17 945 603 945 603 0 0 0
Cunul ative SA difference 112
Average SA difference | | 6.6

Tabl e 10.
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M ssion # 2 (05NOV02), Bravo
For ce
Absol ut e
Red val ue
Force Si tuati onal
GPS Di fference Di fference | Awar eness
WP track C2 estimte E N Di fference
E N E N
1 962 | 595 Unknown Unknown #VALUE! #VALUE! #VALUE!
2 960 | 595 Unknown Unknown #VALUE! #VALUE! #VALUE!
3 957 | 599 Unknown Unknown #VALUE! #VALUE! #VALUE!
4 952 | 599 Unknown Unknown #VALUE! #VALUE! #VALUE!
5 953 | 600 Unknown Unknown #VALUE! #VALUE! #VALUE!
6 950 | 603 Unknown Unknown #VALUE! #VALUE! #VALUE!
7 952 | 604 Unknown Unknown #VALUE! #VALUE! #VALUE!
8 953 | 604 Unknown Unknown #VALUE! #VALUE! #VALUE!
9 954 | 604 Unknown Unknown #VALUE! #VALUE! #VALUE!
10 953 | 603 Unknown Unknown #VALUE! #VALUE! #VALUE!
11 952 | 601 Unknown Unknown #VALUE! #VALUE! #VALUE!
12 952 | 600 Unknown Unknown #VALUE! #VALUE! #VALUE!
13 951 | 601 Unknown Unknown #VALUE! #VALUE! #VALUE!
14 952 | 601 Unknown Unknown #VALUE! #VALUE! #VALUE!
15 953 | 601 Unknown Unknown #VALUE! #VALUE! #VALUE!
16 954 | 601 Unknown Unknown #VALUE! #VALUE! #VALUE!
17 955 | 601 Unknown Unknown #VALUE! #VALUE! #VALUE!
Cunul ative SA difference Unknown Unknown #VALUE!
Aver age SA
di fference Unknown Unknown #VALUE!
Table 11. Red Force Bravo 05NOV02
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M ssion # 2 (05NOV02),
Bravo Force
Absol ute
Val ue
Pi | ot Si tuati onal
GPS (07] Difference | Difference | Anar eness
WP track estimate E N Di fference
E N E N
1 945 | 604 945 604 0 0 0
2 946 | 604 945 604 1 0 1
3 946 | 604 945 604 1 0 1
4 946 | 604 945 604 1 0 1
5 946 | 604 945 604 1 0 1
6 946 | 604 945 604 1 0 1
7 946 | 604 945 604 1 0 1
8 946 | 604 945 604 1 0 1
9 946 | 604 945 604 1 0 1
10 946 | 604 945 604 1 0 1
11 946 | 604 945 604 1 0 1
12 946 | 604 945 604 1 0 1
13 946 | 604 945 604 1 0 1
14 946 | 604 945 604 1 0 1
15 946 | 604 945 604 1 0 1
16 946 | 604 945 604 1 0 1
17 946 | 604 945 602 1 2 3
Cunul ative SA
di fference 18
Aver age SA
di fference 1.1
Table 12. Pil ot Bravo O05NOV02

2. Qualitative Data
Bl ue force:

All blue forces utilized the Ilast known point of
pilot’s position and UHF line of si ght radi o

comuni cations with pilot to approxinmate pilot’s position.

Blue forces were confident in the general position of
pilot but had little confidence in exact position
Communi cati ons were necessary to verify position and there
was still some |ack of confidence especially in the nore

chal I engi ng terrain.
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In establishing target identification, one blue force
felt very confident on one mssion that the pilot was
aut henti c by est abl i shi ng authenticity Vi a radi o
conmuni cation with bona fides. However, blue forces did
not feel confident on all remaining mssions until pilot
was very near or in custody and could answer nore specific
guestions to authenticate. In one instance the blue force

al nost wal ked directly into pilot’s position.

Blue forces felt confident in information passed to

them by the C2 el enment.

Downed pil ot :

Downed pilots never knew their positions in relation
to any other forces. In one mssion, a downed pilot
confused the blue search element by relaying slightly
incorrect information about his position. This created
al nost an hour delay in the pilot’s recovery. I n anot her
mssion, the red force walked within 25 neters of the
pilot’s position while the pilot lay notionless in a hide
sight. The pilot was undetected by the red force.

Downed pilots had noderate confidence in their exact
| ocation (5 out of a 10 point scale).

Downed pilots were strongly confident in information
passed to themfromthe blue force (10 out of 10).

Command and Control el enent:

The C2 elenment had noderate confidence (5 out of 10)
in the relative positions of the blue force and the downed
pil ot. Last known positions, radio conmunications,

briefed standard operating procedures, and estinmated
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novenment direction and speed were used to attenpt to

accurately track forces.

The C2 elenment never knew the positions of any red

force.

The C2 elenent was very confident (10 out of 10) in
the information passed to them by the Dblue force.
However, sonme of this information was discovered to be
slightly inaccurate, but the C2 elenment had no way to

verify the information.

Red force:

The red force never detected blue forces or downed
pilots in any of the m ssions. Note for analysis; this
woul d make it difficult to “inprove” using UAVs except for
confidence level in their own position. In future LOES
t here should be nore red team success w t hout UAVs.

B. DATA W TH UAV

1. Quantitative Data

Due to the fact that the UAVs were unable to fly the
profiles originally anticipated, the quantitative data
that could have been directly conpared to the data w thout
UAVS was unobt ai nabl e. Instead, data collected from
separate flights, wthout ground forces, and wth IR
strobes representing fixed force locations had to be
i nterpreted. These outside-scenario flights were treated
as a snap shot of the events that occurred during the
original scenario that had noving troops on the ground.
This allowed the data taken with the UAV to be conpared to
a single set of data taken fromthe experiment wth ground
forces but wthout UAVs. For this reason, the data
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presented below is not in the same exact format as the

data collected for the scenari os without the UAVSs.

At the Arizona test site, a two by four kiloneter box
was used as the op area, and infrared strobes were placed
in the box in three locations to represent the downed
pilot, blue force, and red force, respectively. Four
sorties of UAV flights that |asted just under one hour
each were flown over the op area to locate the three
separate forces (IR strobes). The C2 elenment (one Arny SF
MAJ) observed the video screen in the tactical operation
center (TOC) next to the UAV pilot. \Wen the C2 el enent
observed a strobe, the UAV pilot was infornmed, and the UAV
pilot provided a verbal l|ocation of the UAV in [latitude
and longitude (later converted to Universal Transverse
Mercador (UTM grid coordinates). This location was then
plotted by the C2 elenent. Only one data point could be
collected for each force (IR strobe). The true GPS
| ocations in UTM +100m are given in Table 13 in a simlar
format to the many data points per noving force given in
multiple tables for the non-UAV m ssions. The average
situational awareness (SA) difference is a conparable
figure to the average SA difference in all other SA
t abl es. The lower the SA difference the better. Noti ce
shoul d be taken of the fact that the red force was never
| ocated in the scenarios wthout the UAV and that the red
force position was plotted without any SA error at all
+100m

Table 13 provides SA difference for a single point
only, but for all forces within the op area. The first

row is the name of the force (IR strobe). The next two
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rows are the actual |ocations of the strobes reduced to 6
digit UTM grid coordinates used nost often by ground
f orces. This nmeans the actual grid coordinate for the
Bl ue Al pha force was 056537. The actual grid coordinate
for the Pilot Al pha was 030536 |ocated beneath the Blue
Al pha coordinates in the second and third row. The grids
were separated into two colums to allow for accurate
conparisons of error when the C2 elenent estinmated the
force |ocations. The next two rows containing data are
the C2 estimates of the force locations which is the sane
as the UAV pilot’s report of the UAV |ocation when the C2
el ement observed a strobe. The next two rows are the
di fference between the actual l|ocation of the forces (or
strobes) and the C2's estimate of those |ocations.
Because negative nunbers can be a valid result, the
absolute values are then accunulated in the final row
The absolute value is the true difference in |ocations of
the forces because the coordi nates represent |ocations and
the absolute value represents differences in those
| ocations in any direction. The absolute values, now
identified as the difference in situational awareness
(SA), are added together at the bottom of the table, and
the average is also given. If the SA difference were to
be zero, this would nmean there was no difference between
the actual location of the forces (strobes) and the C2's
estimate of that | ocation. This is the nost desired SA
di fference. If the nunmber is unknown, this would be the
worst SA difference because the C2 elenent would have no

idea of a forces actual | ocation
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Dur ati ons:

Fuel

consunpti on:

Max range from | aunch:
Qualitative Data

2.

Two flights were flown at

M ssi on (05DEC02)
Al pha
Absol ute
Force GPS track C2 estimate | Difference E | Difference N | val ue
2 estimates Si tuati onal
actual |ocation t hen aver age Awar eness
E N E N di fference
estimate one 56 538
estimate two 54 538
BLUE ALPHA 56 537 55 538 1 -1 2
Pilot A 30 536 29 536 1 1
0
estimate one 36 542
estimte two 34 540
Red A 35 541 35 541 0 0 0
Cunul ative SA difference 3
Average SA difference | 1
Tabl e 13. Bl ue Force, Red Force, Pilot Location
Dat a, O05DECO2
Sortie data:
Max al titude: 2614 feet AGL (nost flights
wer e conduct ed at this
al titude.

Flights ranged from 36 to 66

mnutes in duration. 66
m nute duration approached
maxi mum  duration and IS

limted by fuel and battery

life.
Aver age of 35 oz/hour

Appr oxi mat el y 8km

Canp Roberts on 06NOV02

with troops on the ground conducting limted downed pil ot
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scenarios in a snmall 1km square area. The UAV was fl own
under nmanual control at approxinmately 400ft and 30knts,
which provided a picture that noved too fast across the
ground to deternine force |ocation relationships at night.
Due to liability issues, the UAV was flown by renote
control within visual range of a pilot on the ground
instead of autonomously from a ground control station.
This low altitude had to be maintained to allow the pil ot

to maintain visual contact with the UAV

This limted scenario was conducted at night to test
the ability of the UAV canera to see IR strobes during
flight as well as test the video receivers and screens the
search elenent carried in the field. Forces in the field
found it inpractical to view a video screen at night, near
a target area (1km or closer). The video screens were
very bright and ruined the night vision of the nenber of
the search elenent that viewed it. The |ight emanating
from the video screen was also difficult to mask. The
search elenent covered the screens in red tinted plastic
bags in an attenpt at managing |ight discipline but were
unsuccessful at solving the problem adequately during this
time period. The 4"x6”x2"video screen was carried inside
the shirt after carrying it in cargo pockets proved to be
too cunbersone. The antenna, battery, and receiver fit
well in a small Alice pack with plenty of room to spare
In this limted scenario, blue forces did not want direct
control over the UAV if good comunications could be
mai ntained with C2 and directions could be rapidly given
to the UAV pilot.
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Having resolved liability issues, four sorties were
fl owmn on O5DECO2 in Tucson, AZ at Leroy Airport. The UAVs
were able to fly autononmously at altitudes of about
2000f t . This allowed the C2 element nmuch nore tine to
view the IR strobes as they noved nore slowy across the
screen. However, the differences in each force s strobes,
bri ghtness, and periodicity were harder to detect at this
altitude and at greater distances from one another, which
made it harder to determne which force was which. A
second op area was set up farther away from the UAV | aunch
poi nt but could not be used due to the limted range of
the anal og video which had a max range of about eight km
and a working range of about three to four km The
autononous flight control system worked perfectly during
all four sorties and flew preprogrammed flights paths

Wi t hout error.

Flight paths developed for the original scenarios
were not utilized due to the fact that the forces
(strobes) would not be noving. A sinple flight pattern
consisting of back and forth, slightly overlapping paths
was utilized to find all stationary forces (strobes).

A fifth sortie was flown on 06DECO2 to test an engine
with better fuel econony. This UAV flew for one hour and
twenty-five mnutes and landed wth some fuel still

onboard.

It is also inportant to note that NSW forces were
never required to operate the vehicles but nmerely receive
their sensor data. This does not nmean that contractors
need to acconpany the vehicles during possible future

enpl oynent . On the contrary, the goal of the devel opers,
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and the feedback of desired <capabilities from NSW
participants, is to design a vehicle that can be |aunched
with mnimal training. This nmerit would appear to
prohibit the use of l|arger UAVs such as the Hunter. “A
report by TRW on experiences in the Bal kans notes that

contractors provided 70 percent of the mai ntenance on the
Hunter UAVS’ (Robinson, 2002, p. 2). Thi s nai nt enance
requi renent would seemto be an unacceptable situation for

a force that is often required to deploy rapidly with a

mnimal |ogistics tail.
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VI. DATA ANALYSI S

A MEASURES OF EFFECTI VENESS

While all specific MOXEs could not be evaluated due to
the Iimtations placed on the experinent, enough data was
gathered to denonstrate or infer a positive inpact from
the use of UAVs. A direct inprovenent to situationa
awareness for the C2 elenent can be seen in the enpirical
data bel ow. Positive target identification wll require
nore sophisticated equipnent, but even the sinple IR
strobes used in this LOE could help inprove target
identification if used creatively. Force protection could
be greatly enhanced if the lowlight canera were replaced
with a thermal inmaging canera. The unique IR strobe
placed on the red force during the LOE represented this
capability and greatly enhanced force protection sinply by
knowi ng the location of any eneny personnel within the op
ar ea.

The “cunul ative SA difference” seen above in tables 1
through 13 represents the total anmount of error in
hundreds of neters that the C2 el enent accumul ated as they
attenpted to track the blue forces, the pilot, and the red
f orces. The nunber figure should not be viewed as
important on its own but should be viewed as inportant
when the average is used as a tool for conparison. The SA
difference is like a golf score, the lower the better.
The greater the SA difference the nore error was involved
in the C2 elenents tracking of the forces. This figure
can be conpared for mnmissions conducted in the sane op

areas with the sane anpbunt of distances invol ved.
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The “Average SA difference” can be used to conpare
different op areas or different m ssions that perhaps have
nore datum points. Noted earlier the worst of all SA
differences is the conplete unknown | ocation. Thi s neans
the C2 elenment could not even estimate the red force
| ocati on because they had absolutely no information to
make any type of estimation. This is obviously the | east
anount of situational awareness or the greatest anmount of
SA difference between a forces actual |ocation and the

| ocation that the C2 elenments estimte they are in.

In Tables 1 through 13, the C2 el enment can be seen as
being nore accurate when tracking the pilot’s |ocation.
This is due to the fact that the pilots only noved a short
di stance from their |ast known point. Had the operations
taken |onger, over four hours, and the pilots began to
nove, the SA difference woul d surely increase.

The average SA difference for the flights conducted
with the UAV was much |ower than the average SA for all
other forces wthout the UAW This is the nost
significant finding as it is the nost directly conparable
data. The figures below are derived from tables 1-13 and
show the mninmal average error in SA for the C2 el enent
with the UAV as conpared to the sonewhat |arger average
error in SA for the C2 el enent w thout the UAV.

Non- UAV dat a:

- Non- UAV Bl ue Al pha SA 04NOV 7.1
- Non- UAV Red Al pha SA 04NOV 25.0
- Non- UAV Pi | ot Al pha SA 04NOV 2.8
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Non- UAV

Non- UAV

Non- UAV

Non- UAV

Non- UAV

Non- UAV

Non- UAV

Non- UAV

Non- UAV

UAV Dat a:

Bl ue Bravo SA 04NOV
Red Bravo SA 04NOV

Pil ot Bravo SA 04NOV

Bl ue Al pha SA 05NOV
Red Al pha SA 05NOV

Pil ot Al pha SA 05NOV

Bl ue Bravo SA 05NOV
Red Bravo SA 05NOV

Pil ot Bravo SA 05NOV

UAV Bl ue Al pha SA 05DEC:

UAV Red Al pha SA 05DEC

UAV Pilot Al pha SA 05DEC
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VI 1. MODELI NG AND SI MULATI ON

A DESCRI PTI ON OF MODELS

The multiple departnments at NPS that participated in
this thesis provided excellent nodels which hel ped design
the LCE to maximze the amount of wusable data to be
retrieved. Models were wused to develop two specific
objectives; identification of the nost efficient flight
patterns and identification of the variables and the
measures of effectiveness (MOES). An adapted form of the
derived optinmum flight patterns were programred into the
UAV  avionics/control system to provi de aut ononous
oper ati ons.

1. Model s for Optinmum Flight Patterns

The flight patterns were devel oped by MAJ Poh and NMAJ
Tan of the Singapore Air Force, both international
students at NPS, as an end-of-the-quarter project for
their Systens Engineering and Integration course, in
response to ny request. The information provided bel ow
that details how the patterns were developed is taken
directly from their project and is fully attributable to

t hem

The Measures of Effectiveness (MOEs) wutilized for
both the downed pilot flight pattern and patrol flight
pattern were based on the requirenent of having a one
kil ometer dianeter of situational awareness. This one
kil ometer dianeter is an estimate of the distance required
for a SEAL patrol to react to the ability of an eneny
force to detect a noving SEAL patrol (or pilot) wthout

sensors in a variety of terrain (and have enough warning

77



to evade detection). MAJ Poh and MAJ Tan concl uded t hat
for the patrol flight pattern, they needed to maxim ze
coverage area, mnminimze length of search pattern, and
maxi m ze the distance of |ook-ahead buffer as the patro

woul d nost often be noving forward. These requirenents
conflicted with one another, and therefore an optim zation
schenme had to be devel oped. The optinmal pattern devel oped
can be seen in Figure 5 but this pattern only resulted in
a coverage factor of .40. In other words, the naxinmm
anount of area that could be covered, given the
characteristics of the UAV (speed of 35knts, turning
radius of 250m and sensor field of view of 90m at 400ft
altitude), the novenent of the force, and the desired
coverage area, was only 40 percent.

In order to increase the <coverage factor the
devel opers suggested to either fly two UAVs in the above
pattern, which could double the coverage factor, or
increase the altitude to 800ft, which would acconplish the
sane thing. Flying two UAVs was not practical due to a
limted nunber of aircraft available at the present tine
and the difficulties that would arise in flying two
unmanned aircraft in close proximty. After sonme field
experinmentation, it was discovered that the aircraft could
fly at 800ft or higher and still acquire the infrared
strobes utilized by both eneny and friendly forces. This
nmeant that, theoretically, 100 percent of the desired area
could be covered or a coverage factor of 1.0 could be
achi eved. As it turned out an altitude of 2000ft was
used. This provided approximately a 500m field of view on
the ground. This would provide 100 percent coverage in an

area greater than that of +the initially derived 1km
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di anet er. It also neant that a sinpler flight pattern

could be utilized.

The downed pilot search flight pattern devel oped was
a sinple design used to search about the |ast known point
of the downed pilot’s location. This pattern incorporated
the assunption that the downed pilot would be no further
than 400 neters from the |last known position given, which
is how the LOE scenario was designed. This pattern can be

seen in Figure 3.

The third pattern devel oped was designed to be flown
by the downed pilot search UAV after the pilot was
| ocated. The sane one kil onmeter dianeter area of coverage
required by the search element was then desired for the
downed pil ot. This would prevent eneny forces from
approaching the downed pilot undetected, as well aid the
search team in locating the pilot as rapidly as possible
while continuing to avoid the eneny. This flight pattern
is presented in figure 4.

2. Mat hemati cal Model for Experinment Variables and
MOEs

Anot her nodel was devel oped by a research team that
consisted of the author and two other Moddels of Conflict
(SM410) classmates; U S. Arny MAJ Mke Aitken and U S.
Air Force MAJ Phil Barton. This nodel was devel oped
primarily to identify the experinent variables and MOEs.
The nodel al so hel ped determne the feasibility of the LCE
by analyzing the force distributions within the search
area and the probability of the forces detecting each
ot her, which can be seen in figure 16 at the end of this
section. The nodel was based on traditional mathematical
nmodel i ng procedures (G ordano, Wir, and Fox, 1997, p.39).
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The probl em

Produce a nmathematical nodel that can represent

the effect/value of a tactical UAV on a NSW CSAR

m SSi on.

(3km per

Dependent vari abl es:
- Amount of time to reach downed pil ot

- Probability of finding/detecting the
pi | ot

- Probability of detecting the red force

- Probability of the search el enent

bei ng detected
- Si tuati onal awareness
| ndependent vari abl es:
- Terrain
- Force Size, training, quality
- I nf or mati on
- Di st ance
- Si gnature

- Speed (basically constant rate of
movenent for small troops)

- UAV asset
I nterrel ati onshi ps anong vari abl es:

Speed is relatively the sane for both groups

hour) and will not change drastically near the

objective area, therefore distance or area to be covered

determnes time (t=d/v = d/const).
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Distance is a function of +the area to be
searched. The required search area, in turn, is inversely
proportional to the amount of information or intelligence
avai | abl e. The blue search elenent should have nore
i nformati on about the downed pilot’s |ocation than the red
force, therefore the area they are required to cover

shoul d be smaller and the ti me needed shorter.

Terrain will be the sane for all involved and
shoul d not inpact one group nore than the other except in
the nost extrene conditions (pilot trying to hide in open
flat desert); therefore it can be neglected except to
determ ne the area to be searched.

Force, nunber of troops, training, norale, etc.
were neglected as variables in this sinplified anal ysis.

Signature affects detection probability.

Situational awareness is a function of C2 and
sensors. In this nodel, “sensors” referred to the UAW
C2 effectiveness wusually depends on the ability of the
command elenment to know the information and pass it al ong
to the search elenent. In this nodel C2 was considered
perfect, in other words the command el enent knows all the
sensor knows and relays this without difficulty to the
search element so the search element has the sane
information and situational awar eness. Ther ef or e,
situational awareness was only a function of the UAV asset

and the force enploying it.

Probability of detection of all forces is the

key dependent variable to be nodeled and in its sinplest
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form is a function of anpbunt of tine and situational

awar eness.

Mbdel Sol uti on:

Ad VEN CAPABI LI TlI ES
VI SIBILITY SEARCH AREA
forces | SPEED knmi hr | WDTH m knt/ hr
UAV 60 90 54
Red 3 10 0.03
Bl ue 3 10 0.03
Tabl e 14. Search Capabilities

Patrol area coverage rate: (3kmhr)(.01lkm
= . 03kn% hr

UAV area coverage rate: (60knf hr)(.09km
= 5.4 knf/ hr
Red force coverage rate: (3km hr)(.01lkm

= . 03knt/ hr
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4K

2k

UAV and Blue Force

.39kmto arrive at cir

cle

Area of rectangle Red force nust search is
LxWEBK? .

Area of circle Blue force and UAV nust
search is, r=400m (lNR=.503 knt) +
(3.39kmtravel distance to circle)=9.4

m n.

Fi gure 15. Search Area Cal cul ati ons

- Select the search area based

upon the

anmount of information or intelligence
avai l able, which is different for the Red
and Blue forces (Figure 15).
- Determne the anount of time searches
shoul d take for each force
TI ME REQUI RED TO SEARCH G VEN AREA
TRAVEL TI ME SEARCH SPEED | TI ME
AREA kn? hrs.mn knt/ hr hrs.mn
UAV 0.503 6 mn 5.4 9 min
Red 8 0 0.03 277 hr
Bl ue 0. 503 1 hr 0.03 17 hrs
Tabl e 15. Time to Search G ven Areas

Tabl e 15 denpbnstrates how the estimted search

times were derived. The UAV row, for exanple,
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area required to search (the circle), .503 knt by the
search speed capability of 5.4kn%/hr, which equals .093hrs
or approximately 6mn. The travel time to the circle is
al so added, (3.39/60=.0565 or 3.4mn), for a total of
(6+3.4)= 9.4m n.

Probability of detection is a function of the
amount of the tine used and the situational awareness of
the forces during that tine. This should be able to be
seen (Figure 16) as a Normal distribution wth the
probability of detecting the pilot on the y-axis and area

on the x-axis.

Bl ue Force with

Probability UAV I

of Detection

Red force

Fi gure 16. Search Area Distributions for Forces
Searching for a Downed Pil ot
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Note: Blue Force with a UAV has the same SA as the
UAV since perfect comrunication has been assuned. Al so,
an observation was made during the identification of the
variables that unless there is going to be a force-on-
force confrontation then the effect of the size of the
force is marginalized. |In fact, to acconplish mssions in
which no eneny is to be contacted by design then the
smal l est force possible to conplete the mission is the
force of choice in relationship to probability of

detection for all parties.

The anmount of tinme each force will take to search is
directly proportional to the area each force is required
to search. The time can be substituted for the area on
the x-axis and plotted versus the probability of detection
on the y-axis yielding a cunulative probability of
detecti on, which can be seen in Figure 17.

Bl ue Force with

UAV
Probability
of Detection
Red force
Ti me
Figure 17. Cumul ative Probability of Detection
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The fol |l owi ng di stribution gr aph is anot her
representation of the areas each force nust search to find
the pilot. This is done by displaying the pilot’s
possi ble location, from the perspective of the searching
forces, given the intelligence provided each force and the
op area distances. This nodel presents two main ideas:
the first is that the red force is too disadvantaged to
make this a reasonable experinent if a representation of
the effect of the UAV is desired. The second is the
addition of the UAV asset should reduce the tine it takes
the blue force to locate the pilot due to the reduced area

needed to search (represented in green in figure 18).

Search Area
Distiburtions
o® @@ M <><.> 0%86 %8 oo

X
Distriution from red
® ® 8 % o o ¥ @4 -
@% M &@@% °8 08 o Yo ell pgrspective (red
& O VG
28 oS o & oo 9 %iamond)

& ibution from blue
896997 o5 berspective
X)

Latitude
S
% %
&gé
&
&

ystriution from blue
ith UAV
Perspective (green

& dlgircles)
o
Lo

Longitude

Fi gure 18. Force Distribution Locations
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Verification:
Run sinul ati ons

| mpl emrent ati on:

Conduct LOE

Mai nt enance:

Anal yze results, adjust experinent, and repeat

or provide results to future researchers.

B

from

MEASURES OF EFFECTI VENESS ( MOES)
The follow ng neasures of effectiveness were derived
and then validated by the mathematical nodel above.

Si tuational awareness

Command and Contr ol

Target identification

Force protection

Cumul ative di stance between bl ue forces and pil ot

Cunul ati ve di stance between red forces and all blue

forces

Nunmber of blue force detections of red forces
Nunmber of red force detections of blue forces
Time to link up between pilot and blue force

Nunber of m ssi on success (l'ink up  without

conpr om se)

Command and  Contr ol (C2) red force |ocation

estimati on
C2 blue force location estimation

C2 downed pilot |location estimation
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Qualitative responses to usability of UAV equi pnent

inthe field
C. DESCRI PTI ON OF SI MULATI ON

The nodels above also yielded the information needed
to input into a sinulation. Table 15, which displays the
time each force needs to search, and Figure 18, which
di splays the randomy distributed possible force |ocations
led the author to believe that the red force would nobst
i kely not encounter the blue force wthout providing the
red force additional intelligence. This information was
then entered into the sinulation to verify results. The
simulator wutilized was the Milti-Agent Robotic Swarm
Sinmulation (MARSS) developed by another internationa
student at NPS, CPT Alistair Dickie (Australian Arny).
This sinulation is an agent-based simnulation devel oped to
nodel the possible swarmng characteristics of UAVs, and
can be | ocat ed on t he Vorl d W de Vb at
http://diana. gl.nps.navy. m |/ ~aj di cki e/ marss/. The

foll owi ng report was generated by CPT D cki e:
LT JOSH BUTNER LOE | MPLEMENTATI ON | N MARSS
Captain Alistair Dickie — Australian Arny

During the period 16'" to 20'" Septenmber 2002, a
l[imted objective live experiment to be conducted by LT
Josh Butner later this year was investigated using MARSS.
The |ive experinent consists of a Special Forces blue team
searching for a blue downed pilot in an area with a
hostile red team The will be conducted with and w thout
blue UAV support to determne the effectiveness of
tactical UAVs in supporting Special Forces m ssions.
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The ainms of this analysis were to visualize the
proposed experinent and gain sone insight regarding the

conduct of the experinent.
This scenario was partially inplemented i n MARSS.

Initially a base scenario was inplenmented that
consisted of a blue entity representing the downed pilot,
a single red entity searching for the pilot, and a single
blue entity representing the special forces search team
Starting positions, search areas, sensor assunptions, and
behaviors were inplemented to as closely as possible
replicate t he proposed live experi nment. The
i npl enentation of the extended scenario with blue UAV
support was started, however not fully conpl eted.

The measure of effectiveness of blue performance was
sinply the proportion of runs where they managed to | ocate
and nove to the downed pilot, prior to red detection of
either the downed pilot or the blue Special Forces team
Qualitative results indicated that wth the proposed
experinmental paranmeters the blue team would wi n al nost al
the time. From an experinental viewpoint this is sonewhat
concerning as it becones difficult to show the effect of
i ncreased performance when the UAVs becone invol ved.

Further discussion revealed that in reality Special
Forces would rarely conduct simlar mssions if there were
a high risk of contacting a red force. As the live
experiment was being designed to reflect reality it was
not surpri sing t hat t he si mul ati on suggest ed an

overwhel m ng bl ue success.
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This led to a slight change of philosophy regarding
the ainms of the overall experinent. By evening the odds
in the base scenario, it is expected that the effect of
the inclusion of UAVs could be shown rnmuch nore
effectively. This may show that tactical UAVs can do nore
than just support <current mssions; they may enable
Special Forces to conduct mssions that previously had

been consi dered too risky.

Wiile the live experinent was far from investigated
fully using simulation, the analysis did provide limted
insight [and needed changes in the experinment plan].
Further analysis could provide quantitative results on
both the base and extended scenari os.

Figure 19 below contains a screen capture of the 3D
view from MARSS. Shown is the VRWML representation of the
SWARM UAV that was used in the preparation of the extended
scenarios. These scenari os were not conpl et ed.
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% MARSS 3D View - 10| x|

Fi gure 19. MARRS Screen Capture One

The screen capture in figure 20 is the overall MARSS
di spl ay. This shows the base scenario (no UAV support)
running. The blue pilot is represented in the 3D display
by a sinple chess piece. Not e the background used is an
i mge of the map of the actual exercise area.
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% Multi Agent Robot Swarm Simulation - {Josh Butner LOE_1) =] 3]
file Mode Wiew Help

~Simulation Controls Graphical Display ~Ping Details—— ~Simulation Statu:
’ n| m| ¥ 2D View On | | Delta: 10.0 Skatus: Paused
¥ 30 View On | | MillisPerSimTime: (1.0 Sirn Time: 660.00
Random Sesd Run Humber: 3
Runs to Complete: | 100000
¢ ScenarinSeeds ) RandomSeed () User Seed

Seedi  og1425

* MARSS 3D Yiew * MARSS 2D Yiew

Coordinates:

dhstart ||| ] @& 51 B || BICwinntiystend2iand. ... |[ € Multi Agent Rabot Sw. @Ducu:nhentl—Mi:rusuftwu.l £ MARSS 30 View | € miarss 20 view | 5@ B 1
Fi gure 20. MARRS screen capture Two

End CPT Alistair Report.

CPT Alistair’s MARSS sinulation confirmed what had
been identified in the mathematical nodel. The red forces
needed to be given nore intelligence to decrease the area
they were required to cover. This was acconplished by
reducing the red force search area fromthe entire two by
four kmop area to the two square kilonmeters in which the

downed pil ot was | ocat ed.
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VI, CONCLUSI ON

A PRESENT

The organi zati onal network and the devel opnent of the
limted objective experinent that tested energing UAV
technologies in an operational and anal ytical environnent
proved to be a workable concept that yielded rich results.
The network consisted of national |aboratories, business,

interdisciplinary NPS wor ki ng groups, students,
oper at i onal forces, and oper at i onal commands (see
participants). The 1oose network remains viable and

stands ready to be tapped by future students.

Anal ysis of the actual integration of a tactical UAV
wth NSWforces during a NSW downed pil ot recovery m ssion
proved to yield useful data. This data inferred that a
smal |, inexpensive, expendable, tactical UAV could inpact
NSW conbat effectiveness in a positive way. The system
tested nmay not be deployable today, but the idea proved
sound and the parts that nmake up the whole of the system

had a positive inpact.

Finally, and nost i mportantly, t he research
denonstrated that the use of an inexpensive, small UAV
carrying, in this <case, an IR canera and sinulated

comuni cations relay capability, |aunched by rear echelon
per sonnel , flomm by onboard autononbus avionics to
prescri bed and changeable waypoints, emtting live video
feeds to both the SEAL platoon in the field as well as the
C2 elenent in the rear, proved to have a definite positive

i npact on the conbat effectiveness of NSWforces.
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While the experinent did not cone to full fruition,
much data was collected, and analysis of that data led to

t he foll owi ng concl usi ons:

NSW forces don’t need, nor do they desire, to be
burdened with the requirenent of launching or flying the
UAV. The concept of the TOC |located at the Forward
Operating Base (FOB), launching the UAV for the inserted
NSW patrol, has been proven to be valid concept within an
8km range. This range will surely increase as video and

comuni cati ons i nprove.

Viewwng a video feed in the field, during a foot
patrol, near a target area nmay not be as advantageous as
having a C2 elenent dedicated to viewing that feed, relay
the information over a comunications net capable of
mai ntaining constant communi cati ons. (Note: the 2
element in the LOE was solely dedicated to observing and
communicating with the single NSWelenent in the field).

The ability to track blue forces on the ground with a
smal | tactical UAV has been denonstrated. The IR strobes
utilized for the LOE purposes were not clandestine enough
for operational wuse during special operations, but this

limtation can be overcone.

NSW forces can quickly adapt to the use of these new
technologies given these technologies don't degr ade
current capabilities to provide new capabilities in

di fferent areas.

Devel opers of UAVs and their supporting technol ogies
can benefit from feedback from operators in the field

conducting LOEs.
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The | oose network devel oped enhanced both the design
of the LOE as well as the dissem nation of information.
The dissem nation of information included the results of
this LOE being sent out and related information coning
back in before the results were entirely coll at ed.

B. FUTURE

The [|oose network developed remains active and a
foll ow-on student has already shown interest in continuing
sone of this research as well as broadening the scope of
the research. I[f anything, the network wll grow as
participants understand nore fully the concepts and
process of the LOE. The link to operational commands w ||
continue to be the nost difficult aspect of the network to
maintain as their primary concern is correctly placed on
m ssion acconplishnment not research. However, sone
students may be able to gain “sponsorship” by operational
commands if the research subject addresses that commands

current needs.

The technology supporting snmall tactical UAVs is
still devel oping. Optimal duration, speed, and payl oad
capabilities do not <currently exist in one aircraft.
However, these capabilities are being rapidly devel oped
and if noney and interest were focused in a specific
direction, perhaps designated as an NSW requirenent, then

this capability could be devel oped that nuch nore rapidly.

Sonme exanples of developing technologies that are
directly related to the SWARM UAV ar e:

- An |IBM Conputer that interrogates a beacon
t hrough the canera onboard the UAV to positively
| D personnel .
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New nodens with a range of about 20 mles and a
bandwi dt h of at |east 1M/ s. This will allow
for extended range of autononous flight as well

as digital video transm ssion.

Onboard  conput er filtration of imges to
determine if video is of interest and only
transmtting that video in order to free up

bandwi dth for other aircraft.

CGenerators for current SWARM engines that wll

erase the dependency on batteries.

of these advancenents in technology can increase

the capability of these small tactical UAVs. M ni mum

operational requirenents articulated by the users (NSW

forces) based on data collected during this LOE and future

LOEs could help focus these efforts and prioritize them
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