AU/ACSC/0530/97-03

THE PILOTLESS AIR FORCE?

A LOOK AT REPLACING HUMAN OPERATORS WITH

ADVANCED TECHNOLOGY

A Research Paper
Presented To
The Research Department

Air Command and Staff College

In Partial Fulfillment of the Graduation Requirements of ACSC

by

Major Robert C. Nolan Il

March 1997

Distribution A: Approved for public release; distribution is unlimited



Byrdjo
Distribution A: Approved for public release; distribution is unlimited


Disclaimer

The views eyressedn this acadent reseach paperare those d the auhor ard do
not reflect the dficial pdicy or position of the US government or the Depatment of

Defense.



Contents

Page
] Y O I 1Y PP T
P REFACE . ... o e e [V
Y 1S Y AN Verieeanns
INTRODUGCTION. ..ot e e e e e e e et e e e e e e e e eanns 1.
THE CASE FOR UNMANNED AERIAL COMBAT VEHICLES............c.covviean. 5.
THE CASE FOR MANNED COMBAT AIRCRAFT......cciiieeee e, 14.
THE FUTURE. ... e e enas 25......
CONCLUSION. .. e e e e e e e e e e e e eaneeanaes 39......
BIBLIOGRAPHY ..o e e e 42......



Preface

This project takes a limited look at the future of unmanned agerial vehicle (UAV)
operations within the US Air Force. | choose this topic becausetiis relevant to todays
military and there seems to be some increasing debate over the value of manned aircrat.
During the time | spent gahering material for this effort | was surprised by the emotions
that this subject raises. Also surprising was the limited understanding of what aircraft and
arrmen realy do for the Air Force. | have atempted to conduct this effort without
prejudice aml focused o the caceptthat the Air Force sevesthe nation, not individuab
seeking to accomplish personal goals.

| would like to thark Major Charles Marzione, my ACSC Facuty Researh Advisar,
for his gudarce anl assstarce. | would ako like © thark Cd Jdn Warden USAF,
Retired, ard Dr. Lewis Ware, ACSC Facuty, for discussing this subject In addtion, |
would like to thark my friends atLockheedMartin for being very cardid alout a sulpect

that may be very sensitive to their profit margin.
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Abstract

Today, there are severa concepts that are threatening Billy Mitchell' s vision of
armen New techmology ard operational concepts are threakrning the existence of the
human aircraft operator. Looming on the horizon are utmmanned aera vehicles, spaced
based weapons, and information architectures. This research effort is limited in scope It
focuses specifically on the UAV issue and explores the possibility that armen will be
replaced by unmanned vehicles in the next twenty years.

On the one hand, UAVs offer distinct advantages @er manned arcraft. UAVs will
save lives and money. UAVs are not constrained by the physiological limits of the human
operator. In addition, they eiminate tough padlitical Stuaions that arise when armen are
shot down over unfriendly territory.

On the other hand, even with advanced unmanned technology, airmen till provide the
Air Force with the indispensable qudities of flexibility and adaptability. These qudities,
fueled Ly initiative and expelierce, are alsdutely necessar to deal with the friction
inherent in war.

Rapid advances in technology will produce man-in-the-loop and autonomous UAV's
that will serve as force mutipliers. Man-in-the-loop systems ae vulnerable to
communications jamming while autonomous systems do not provide the flexibility

required or present a moral dilemma Manned combeat arcraft will be required to deal



with urncertainty and chaos. UAVs will increase the requirements for highly trained
airmen.

The Air Force must exploit the advantages offered by the UAV. UAVs will play a
significant role in future operations. However, as a warfighting institution, the Air Force
must not forget the sgnificart contribution of the human operator. The UAV is a force
muitiplier and nothing mae. This technology will augment, not replace, the human
operator. Airmen are critical to the functioning of the Air Force and they will continueto
be well into the next certury. To maintain the asynmetric adwantage hat air power gives
our nation, skilled, cunning operators will be required to handle the uncertainty of war.

Material for this effort was gathered through the Air University Library, the ACSC

curriculum, and interviews.
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Chapter 1

Intr oduction

The destinies of all people will be controlled by airpower.

—William Mitchell, Winged Defense

Unmanned aerial vehicles (UAVs) will play a sgnificant role in future operations and
the US Air Force mustexploit every adwantage dfered by UAV techmology. Howewer, as
a wafighting institution, the Air Force nust not forget the significart contribution of the
human operator. The UAV is a force mutiplier and nothing mare. UAV technology can
not replace he human operator. UAVs will actudly increase the requirements for skilled
airmen. Airmen are critical to the functioning of the Air Force and they will continueto be
well into the rext certury. To maintain the asynmetric adwvantage hat air power gives our
nation, skilled, cunning human operators will be required to handle the uncertainty of war.
The UAV delete was lorn in WWI but new techology has recerly nurtured the
argument.

World War | introduced bhe arplane, manned ard urmanned, to the world as a
military technology. Manned aircraft were capable of numeous combat dutes and
becane a ghnmorous weapa of war. Unmanned arcraft were expetimental, never

achieved any measure of success, and thus were always behind the scenes.



Over the following decadesthe manned arcraft flourished as the unmanned aircraft
had relatively few adwocates. The techology to conduct combat operations from the ar
matured rapidly. Howewer, the caicept of ar operations lagged Iehind arcraft
development. Many military leaders failed to foresee the arcraft’s srategic vaue or the
vital nature of the lettlespaceHhat it laid at their feet The arcraft threaered the very
existence of long established US military organizations. The aircraft was central to Billy
Mitchell' s vision of future war. He envisioned the aircraft as a device to diminate trench
warfare and return maneuver to the tettlefield. He saw acraft as he future ard puwveyor
of modern combat operatiohs.

The kacklone of Mitchell’s Msion lay in the indepemlert use @& arpower to achieve
strategic military objectives. His concept of an independent Air Force revolved around a
corps of specialy trained individuds that he referred to as Knights-of-the-Air. Mitchell' s
Knights a armen were elite. They were the sde harbingers of a quaity that he referred
to as armindedness. They done saw the capabilities of airpower: speed, flexibility, and
most critically it s urique perspective> Mitchell’s armen were operators. They were the
pilots ard obsewvers (havigaiors) of World War 1. They possessed pisical courageard
they alone hed the capady to lead anindepewlert ar am. FHfty yeas ater the
estblishmert of the US Air Force, Mitchell's cancept of armen is undergoing same
strain.

As Air Force members we bok back atMitchell ard view aninstitutional hero. An
individualwho had the noral courage o sard for a vsion in which he believed. Today
there ae seera conceps that are threatring Mitchell’s Knights-of-the-Air. Some, such

as Car Builder, have amued hat airmen are actialy destoying the Air Force® New



technologiesard operational conceps are challenging the exstence d armen Looming

on the horizon are unmanned aerial vehicles that will have the capability to carry the fight

to the ereny, while arpower thearists such as John Warden sugges that space based

weapons will quickly replace caonbat aircraft.* Like the argurrent of Mitchell’s day this
topic is charged wth enption. Airmen are enasarogart in their starce suppating

outdated techologies ard canceps of warfare: fighting for umecessayr, expersive
aircraft like the F-22 ard the Jant Strike Hghter. Proponerts of secand or third order
institutional charge vew UAVs, space bBsed weaps, ard information architectures as
keyto the institutional future of the Air Force. These ndividuab are iewed as rnisguided
and jealous by the aviation community. They are unaware of the true capabilities and

talents required to conduct combat operations from the ar, jeabus d institutional

leadership and tired of playing second fiddle to airmen.

This research effort is limited in scope Current international agreements prohibit
spacebasedweapas and our information metasystemis only a caxcept so this essaywill
focus pecifically on the UAV issue and explore the passibilit y that airmen will be replaced
by umtmanned vehicles n the rext twerty yeass. This essaypresels argunrerts for ard
aganst UAVs. Advantages m new technology are explored in an attempt to draw
conclusons about the future of armenard the Air Force. This effort exanines his issue
within aninstitutional framewark, without prejudice, ard it is mindful that the realmisson

of the Air Force is to serve the nation.

Notes

'Wiliam Mitchell, Winged Deénse (New Yok, N.Y.: Dover Pullicaions, 1988)
159



Notes

Roge Burlingame, General Billy Mitchdl, Champion ofAir Defense (New York,
N.Y.: McGraw-Hill Book Company, 1952), 67-68.

Mitchell, vii.

®Cail Builder, The karus Syndome (New Brunswick, C.N.: Trarsacton Publishers,
1996), 179-188.

*Col John Warden (Retired), interview with author, 20 Dec 1996.



Chapter 2

The Case br Unmanned Aerial Combat Vehicles

We are heading to a future where combat aircraft will be pilotless drones.

—Ben Rich,Skunk Works

In 1982, the Israel Air Force overran Syrian defenses in the Bekaa Valley ard
destoyed the Syrian Air Forcein one d the largestar battles snce WWII. Key to that
victory were small unmanned arcraft used © deceve ard destoy the Syrianintegrated ar
defense systen This incident focused world wide military attention on the UAV issue.

The piincipal agument for UAVs is that they sawe lives. Henry C. Yuen TRW
futurist reseacher believes that one o the foremost objectives n the deelopmert of new
weaponry should be the total elimination of human risk.> Weapams arm equpmert that
face desuction at the ereny’s hand should be urmanned. Unmanned arcraft could be
used m ary situation. They could fly into exensive defense networks, with no regard for
human life am the cansequeres hered. The potecion of human life hes kecane a
paramount concem for US NCA, as pulic opinion ard increased redia dssenmation play
a key role in military operations and thus pditical and diplomatic endeavors. The Gulf
War laid this foundaion ard setthe strdad for modem combat operations.* The

expectations produced by these operations may be unrealistic.



While low casudties are desirable, the expectation that losses will be minimal on a
fluid bettlefield may inhibit the future use @ force as anmnstrument of national power. The
desire to limit casudties may be an American center of gravity. The late Gen Mohammed
Farah Aidid undermined US poalitical objectives in Somdia while inflicting less than 2
dozen US casudies’ The importance d saing humen life has became critical to the
success of US military operations. UAVs will save lives. In Augug of 1995,a Pedabr
UAV was completing a reconnaissance mission in Bosnia when it was shot down in the
sane area wlere US Air Force Capain Scott O’'Grady was downed two months eatier.
The Predabr sewved as a loyal sddier ard herdly a nention of its sloot down was
noticeable in the world pre§s.

There may be a geaty added pbtical benefit to these ife sawng drone arcraft.
When they are stot down or fall from the skythey have little impact on the world’s
political fabric. From the Cdd War to the Guf War, the captre of Americanarmen has
inflamed public debate over war and peace.

The stoot down of Frarcis Gay Powers over the Soviet Union is probally history’s
prime example. Two weeks before a scheduled Paris summit meeting, between President
Eiserhower ard Premer Khruskchev, Frarcis Gay Powers's U-2 was sbt down over
Swverdlovsk, USSR Since 1959,the pesonal relationship between Eisenhower ard
Khrusichev was lecaning quet wam. In that yearthe Soviet leadervisited the US asa
guest of the Eisenhowers and toured the country to the nation's ddight. On Sunday, 1
May 1960, while working for the QA, Frarcis Galy Powvers would charge hat
relationship forever and put the world on the brink of Nudear war. After Powvers was

shot down, Eiserhower was nformed tat the arcraft was caonpletely destoyed ard that



the pilot wasdead. The Hserhower admnistration released a oger story that a NASA
high altitudereseach aircraft strayed off course an was bst over the Sviet Union. Two
days later Khrustthev accusedhie Americangovernment of lying ard stated hat “we have
the remnarts of the phlre, ard we a$o have the pilot, who is quite alive”’ The
Eiserhower admnistration was h a sate d shock. Eiserhower decded b go to the Raris
summit anyway and hoped that he and Khrushchev could resolve the stuaion. At the
Paris summit, Khrushchev pulicly humiliated Presdent Eisenhower and refused to talk to
him urtil he apologized for the U-2 overflights and purished those in the US government
that were responsible.  Eisenhower refused, the summit meeting broke up and US forces
were placed on world wide aért. Later that week Pesdert Eiserhower wert on
television ard explained to the American pele what had heppered in Paris. He ato
outlined the basics of the U-2 program. For the first time in US history an American
president pubicly admitted that the US was involved in spying. The incident was diffused
somewhat when Herry Calot Lodge rebutted Soviet complaints about U-2 spyng when
he releasedard providedthe UN Secuiity Council information alout Soviet efforts to spy
on the US. In 1962, the Kennedy admnistration traded Swiet py Ruddf Abel for
Francis Gary Powersfseedom®

Frarcis Gary Powers was not the last American arman to cause plitical turmoil.
Haroi used American flyers as larganing chps aml instruments o propagamla n its
negotiations with the Nixon administration.” Syria’s captire of Lt. Goodman, a raval
avator, attacking a po-Syrian Lebanese fcion—and his sulsequem release ¢ the
Rewrend Jesse Jackse-helped b dissuade He Reaganadmnistration from further

military strikes in Lebanon in 1983° Most recertly, during the Guf War, diplomatic



argunerts over the rescueof an American ~15E aircrew, downed n Iraq, threaered ©
divide the delicate coalition arrayed against Saddam HuSsein.

Unargually, UAVs would awid al of thee poblems ard save money in the
process:> Taking the human being out of the arcraft alows a sgnificart reducton in
dewelopmertal ard operational costs. When arcraft were first deweloped lIttle thought
was gven to what is now caled the plot-vehicleinterface. In todays camplex ard
demanding ervironmert, cockpit desgn ard piot life suppat systens consume a
considerable amount of total resources available. It will cost gpproximately $17 bllio n to
desgn ard implement the F22’s adwanced piot-vehicleinterface. Almost 30 percert of
the total F-22 program oost is invested in the pilot done.’® Opemtiona costs may go
much higher. The cast of flight training for a single US fighter pilot is now esimated at
$2 million.** That's just initial training cost. The mantenance cost of two thousand
actively flying F-16 pilots is close to $1 billio n per year.™ Removing the human operator
resuts in a significart dolar savngs aml consumes kss asign resources. Time in
development is also reduced as an expensive interface becomes unnecessary.

Eliminating the cockpit, life suppat systens, ard piot leadsto arother great
advantage dze and weight redudion. Aircraft paformance is severely limit ed by aircraft
size aml weght."® Removing the plot ard his or her suppating acchitecture producesa
correspanding increasein arrcraft pefformance’’ Also, the urmanned aircraft will not be
limited by the physiological barriers that nature has placed upa the piot. The UAV
would be G force limited by structural engineering, not the ability of the pilot’s heart to
provide fis head wih blood under the strain.® Endurance becomes limited only by fuel

supply, not the piot’s bladder physical comfort or exhaudion level. Regardless of the



atitude a UAV will not require oxygen or expensive pressure suit equipment to prevent
the blood from boiling dueto the patial pressure of oxygen. UAV peformance, unlike
the pilot’s, will not degrade as a function of time as caused by fatigue These concepts
have been denonstrated n NASA’'s HIMAT ummanned reseach vehicle. This
experimental UAV is capale of acheving accetration levels that would kill the human
pilot.” The UAV with reduced size and increased peformance will also have a
corresponding reduction in signature and thus is more survivable.

Saving lives, reducihg cost, ard improving peformance are strong motives for
removing the human from the cackpit. The afershocks fom the sloot down of Frarcis
Gary Powers led to the devlopmert of a hghly classfied done arcraft during the height
of the cold war. Kelly Jahnson, desgrer of the R-71 amd the U2, was a poponert of
unmanned aircraft. He saw pilotless arcraft of dl forms as making his job easier and
providing a safer means of implementing national policy.”* In 1963, under the cale name
of TAGBOARD, Lockheeds famed Skurk Works, dewloped a tisonic, air launched,
unmanned recanaissae \ehicle. The D21 was degined © fly over hostile territory,
alove ninety thousar feet at Mach 3.3+, ard take pictures. The wehicle was efirely
aubnomousand once bunched t would fly a peprogrammed flight pah, take its photos,
gect the camera and film package, which would be recovered by a C-130 aicraft
equpped wih the Mid-Air Recovery System The dione wauld then self-degruct in its
unpowered desceh The original plan caled for high speed dunches fom the R-71.
The combination was smilar to the way the space $uttle is caried pggy back by a 747.

After a fata accdert during flight testing, the B-52 kecame the qperational launch



plattorm. D-21swere usedfor a stort time to peretrate Chna ard fly highly classfied
reconnaissance missioffs.

The nost swccesstil UAV to date has beenthe cruise missie.”® The cruise missile is
nothing more than anurmanned arcraft on a cne-way missbn.”* The cruise missile has its
origins in WWI and WWII. During WWI an unmanned aircraft carrying an explosive
device wasdesgred. The devicewascaled the Bug ad it was degined ly the Senry
Compary.”® The unmanned arcraft flew usig a gyoscope tased aubpilot ard anattitude
hold system The Bug wasdunched fom a track aml was seto fal on its target after
flying a speciic headng for a speciic anount of time. The Bug povided al the kenefits
of UAVs: its use did not threaen the life o a plot; when they were dying at an
unprecedeted rate, ard the cost was bw at four hundred dollars to put three hundred
pounds d explosive over a target®® The war erded tefore the Bug cauld be brought to
bear on Gemary.”’” In WWII the Bug caoicept was esurected hut it did not have the
range to reach Germany from the British ISfes.

The Allies did not take advantage of this concept but the Germans did. They built the
V-1 Buzz Bomb.The V-1 was another predecessor of the cruise miSsile.

The modern day cruise missile is not urnlike its ancestors. It flies a pre-planned
program to its targetwhere it explodes. Their mgjor difference s how they find their way
to thetarget The Bug ard the V-1 were programmed to fall on their target at a settime.
Timing was based on rate and distance to target.** When the cbck ran out of predicted
flight time, the ergine would shutoff ard the vehicle wauld fall on its target ard explode>
This method was not very accuete. The cuise nissle relies an an inertial navigaion

syssemupgaded hroughout the flight by comparing memorizedtopographical maps with

10



actual areasof the eath’'s suiface ad recenly improved with Global Positioning System
updates?

Like the cruise nissle, the Fredabr UAV has beencombat tested. Recetly acqured
by the Air Force, the Predaor is a $3 million reconnaissance aircraft that is currently
undergoing operational testing in Bosnia.** The arcraft is capale of flying at twerty-five
thousand feetfor up © 50-Hours. The arcraft is remotely controlled ard relays its videq
radar, infrared a elint information to a ine-of-sight ground station or to overhead
satellites. The Predator embodies al the benefits of the UAV: it eliminates the need for
humans to paform high risk or mundane intelligence gathering missions, it is relatively
inexpensive, and the aircraft can far outperform any human with its 50-hour endfirance.

The kenefits of UAVs are highly desrable ard as he precedng exanplesshow, have
already been effecively denonstrated. If lives ad noney can be sawed, with a
corresponding increase in mission effectiveness, umrmanned vehicles will become an
essential warfighting tool. In regard to these issues, UAVs will greatly serve the national
interest. The only quesion left to ask s do armen provide te ration arything that UAV

technology can not?
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Chapter 3

The Case br M anned Combat Aircraft

| have too den en the tide dbattle tun around the high actioof a few
unhelped men to believe that theal problem ofthe battleffeld can ever
be solved by the machine.

—S.L.A. Marshall
Men Against Fire

Thee is no subditute for a tadically devious human mind in a mode
airplane.

—Carlo Kopp
Airpower Journal

The use d urmanned systens t pefform hazadous a monotonous Bsksis not new.
Boeing’s Rardy Harison, desgn ergineer of the DakStar UAV, recettly stated hat
sddiers, salors ard armen would ewertualy al be replaced @ the lettlefield. This
revolution is inevitade. It is “patt of the great American tradtion of sulstituting
technology for human beings.”

From the Chief of Staff of the Air Force down, the benefits of Intelligence,
Surveillance, and Reconnaissance (ISR) UAV's have been accepéd, but UAVs have not
yet been enlisted to perform traditional combet roles.*> The piincipal opponent to combat
UAVs are the armen that these wehicles are sippased to remove from harms way’ Carl
Builder asserts that the US Air Force has been ill served by armen and that their

urnwillin gness to acceptreplacenert by robots is rooted n sefish unprofessonal behavior:

14



love of flying ard arcraft ard/or the degie for a ketter arline aferlife* To Builder ard
others, armen have became the cawalry officers d the lte twertieth ceriury. The
problem is that many outsde the military aviation community do not adequaely
understand the realrole of manned cambat arcraft. If the sde function of combat aircraft
wasto fly to a preplamed target ard delver ordinance tere wauld be little reed or
airmen Airmencontribute muchmore. The fuman elerrert provides he systemwith its
very basis for existence. Men and women, in combeat arcraft, give us the flexibility to
adapt to rapidly changing circumstances and the ability to exploit these changes.
Flexibility and adaptability are human qualities. These quaities are synonymous with
airpower. Nothing is as flexible and adaptable as the human being.

Are flexibility and adeptability ill required of today’'s precise computer aded
weapm systens? Clausewtz's concept of friction provides he arswerto this quesion.
Friction has an overarching efect on combat operations. It isthe anly constant in war. A
very critical componert of this delate is a caxceptbrought to light by Dupuy, Ware, ard
Watts.” The American viewpdnt of war is narrow ard deerministic’® Americars
historically ignore the very human nature of war. War is nothing mare than an engineering
problem. The ereny is viewed asa systemto be dismartled” War is an equation to be
sdved, quickly, ard eficiertly.® Undetying this philosophy is the arogart view that
Americanwar is frictionless. The canerstone t these laliefs is the total disregad of the
ereny as a hinking opponent.” Techndogy can hdp in this respect, but it has not
eliminated Clauswitz's concept of friction and thus flexibility and adaptability are still
essential.”® The human elenert remains the ciitical facior that leads ¢ successn war ard

in the exploitation of technolody.
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Evenwhenenploying our best tecinology friction has beenafactor. During the Gulf
War, with satellit es, AWACS, JISTARS, and a complicated C4l network, the US military
alowed the ertire Hanmurabi Division of the Iragi Repuliican Guad to escape vih its
heaw weapms ad canmand ekermert intact'® The Iragi causewayover the Euphrates
river wasnot destoyed or eventargeted kefore the last hours o the war™ Friction was a
mgor element in the fir st information war and played a mgor role in the failure to totally
meet our military objectives.

Using the Gulf War as the sandard, Clausewitz's friction will be present and
technology will never totally eliminate it. Hexibility and adgptability are as critical today
to the condua of military operations as they were yesterday. This concept is not foreign
to the Israel Air Force, the first air force © bring operational use & UAVs to the world’s
attention.** The ability to see through friction and the inability to totally eiminate it is
fundamental to the Isragli milit ary and their operational use of UAVs.® The Israel Air
Force has adgted many Geman operational conceps from WWII. The Israel Air Force
continues b train pilots as nnovative wariors. They rely on the ideasoutlined in the
German Field Service Regulations of 1933:

Situations in war are of unlimited variety. They change often and sudderty
ard only rarely are from the first discenible. Incakulable eknerts are

often of great influence. The independent will of the enemy is pitted
against oursFriction and mistakes are of everyday occurrefce.

Even though they pioneered the useof UAVs in combat, the Israel Air Force sees
UAVs as nothing more than a force ermancenert devce am a conplement to manned
combat arcraft.’” The Chief of Staff of the Israel Air Force sated hat “the secet

weapa of the Israel Air Force s highly trained pegle—war is characterized ly great
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uncertainty and the only system capable of the flexibility we require is the humen pilot.”*®

As stated in AFM 1-1, technology only helps people to win Wars.

Ourreliance on tecmology has given us geatcombat adwantages ot we nustrealze
that tecmology can also fail. Take the Guif War caseof Maj Don Watrous. While
ergaged m combat with anlragi MiG-23 e fired three iedar guided nissiles. The rocket
motors on the first two missiles failed to fire. These missiles fell harmlessly to earth while
the third missle failed to guide. The MIG was escapg into Iranian arspace wien Major
Watrous ekcted © overspeed ts F15 am fired his last radar missie. The MiG was
finally destroyed but Major Watrous shot $12 million worth of radar missiles and ripped
off a portion of his left wing in the process® Like the Vietam War, where over fifty
peacent of dl radar missiles failed, the Gulf War had its share of technology failures.*
Whentechmology does &il, what is left? Recetly, Gerera Remer, the US Army chief of
staff, arsweled this queston when he stated hat “when techology fails nothing can
match the flexibility of disciplined, well trained soldief8.”

The redlity of friction underlines the current need for human initiative, flexibility and
adaptability. These qudities are essential now and they were critical when aircraft were
first invented. Only humans had the sensor, fusion, and control capabilities to fly them.
Flight control ergineess refer to the plot as anadapive controller.?® In this capadiy, the
pilot is a simple system that interprets various steans d information feedlack aml mekes
corrective inputs to keep he arcraft flying in the right directon at the desied atitude.
The pilot does do this. However, the combet pilot’s task is much greater. Not only must
the pilot control the arcraft but he or shke nust make tacical decsions in a tree

dimensional ernvironmernt basedon the stuaion. The presemed stuafon is rarely static
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and shaping its fluid nature is the pilot’s responsibility. As a decison maker the pilot uses
his training and experience to respond to new sStuaions. His or her ability to make the
correct decisions is the essence of the pilot’s task. In the flying community this ability is
often discissed m terms o aggressveness® Initiative, flexibility, adaptability and
experierce are keyattributes hat armen bring the Air Force n its canbat role. These
characteristics are critical to a strategic air arm.

Flexibility, initiative, and adaptability are critical edements of arpower. These
gualties are not inherent in aircraft types (nachnes) they are fluman in nature. To
illustrate these concepts several combat examples are presented. In these examples an
airman, in the true sense of Billy Mitchell' s vision, acted in a manner that is unique to
humans. The exanples pesened are shgular only to aeral combat If we were living in
anage wiere urmanned cambat aircraft were the rorm there wauld be no need b sae the
lives of men or women engaged in aerial activities. Those types of examples, regardless of
heroics, do not serve to illustrate the value of manned combat aircratft.

The first exanple accured in WWI during anair superority misson over Canbral.
Ore d Oswall Boelcke’s squadmns was lying captired Ferch arrplanes. Lieutenant
Sholto Douglasrealzedthat sewveral Frerch made $ad-7s wee working in concert with
severa Geman Fokker Monoplares These arcraft were desroying Douglass squadon
one by one. He quckly concluded hat the Shadswere being flown by Geman pilots.
Under his leadeshp, Douglas’s squadon reversed he caurse d the kettle and helpedto
restore allied local air supeiority. Sholto Douglas went on to become Marshal of the
Royal Air Force®® This exanple is espeally relevant today when the latest gereration

fighter aircraft are keing sdd to ary nation ale to purchase hem The UShas sdd F16s
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to 18 nations.*®* The Frerch have sold Mirage 2000sard F1s?” Both the Frerch ard the
Iragis were flying the F1 duting the Guf War.*® The Russians are selling MiG-29s and

Su27s*® Curently, NATO forces fy both the F15 aml the MiG-29% A UAV with the
most advanced electronic idertification equpment may not be alde to idertify friend or
foe. As in the exanple rom WWI, a hluman operator may be required to acualy see
hostile intent. Even today with increased beyond visud range engagement capability,

visual ergagenents ae required to prevernt fratricide aml the poliferation of modem

combat aircraft to numerous retions nmay only increase lis requirement ard the reliance
on highly trained airmen.

The secod exanple s one d leadeship, driven by expeiierce, from anairman, Gen
James H. Doolittle. He led the one way mission to bomb Tokyo early in WWII and flew
combat missbns in every major WWII theaer.®* As the Nathwest African Strategic Air
Force Commander Doolittle instituted a pdicy of close fighter escat for al bombing
missbns. During these mssbns, escot fighters were ordered ot to leawe the bombers.
Early in 1943, Doolittle nstructed Geweral Arnold ard Eaker that “close fighter escort
was critical to bomber succes$™ Gereral Eaker failed to see his critical need ad was
|later reassined becausef his lack d vision.** Once Geeral Doolittle becane the Eghth
Air Force Caonmander, he saw he reed b charge escat tacics. He allowed escat
aircraft to pursue Geman fighter arcraft wherever they could be found ard he alowed
escat aircraft to atack Gemantargets indepemert of Eighth Air Force Banbers>* This
single act greaty contributed to ganing ar supetiority over Gemary during WWII ard
had a direct positive impacton the successfoOpeation Overlord ard the final dekat of

Hitlers Gemary.*® While being interviewed following WWII, General Doolittle
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commented that he based his critical decsion on his e)pelierce as amrmanard that if he
had not flown combat missons over Europe he would not have realzed te ciitical need
to updat esort tacics®® This exanple stows the mportance of expetierce ard
initiative. General Doolittle made these decisions despite the oppasing views of many of
his cattenporaries?’” He ted leaned a citical lessa ard he leamned it in combat How
will unmanned combat arcraft assimilate information and decide that tactics need to be
charged? This exanple stows that the requirements o war are rot static. What works
today may not work tomorrow. Once he reed s seento charge tacics row will
unmanned combat aircraft make that charge or even see he reed br a ctarge? Airmen
have beenusing their expelierce aml training to adaptto new situaions ard teachothers
how to do the same since aircraft were first flown. This &bility is the cornerstone of
flexibility and is an essential element of a true airpowation.

The last exanplesare both from Deset Storm. They both denonstrate the inherent
flexibility and versatility of the manned combat arcraft. During the Gulf War, Capt Ron
Garan wasleadng aneight ship of 16 arcraft on a pe-plamed drikein Iraq. The initial
target was a rebuilt bridge over the Euplrates river. Starting his dive to ddiver his
weapas, Caphin Garan noticed sanething that was mt in the premisson briefing
intellig ence photos. He quickly broke off his attack and directed his flig ht members into a
holding patern. He nformed arborne command eknerts that a brge anount of heawy
bridge liilding equpment waspasitioned abng the kanks of the river ard some of it was
being diven away He redirected hs fights’ efforts ard quickly esgblished sepaate
targets for eachaircraft. Once etargeted, the flight destoyed the kridge, four heaw lift

crares, one dozenhbulldozers, seweral dunp trucks, ard four amored pewsonnel carriers.
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The atack was acawmplished just atter surrise. The Iragis were moving the equpmert to
a saé locaton when they were caugh off guad. Captin Galan's quck decsions,
initiative, and flexibility wiped out a sigrificant amourt of Iragi heavy repar capability.*®
The ability to quickly assess the military Stuation and retarget will be a necessar UAV
capability. How will UAVs méeke these decisions that are made easly by human
operators?

Capt Landis Cook was leadng a fourship of A-10 arcraft on a peslamed amed
reconnaissance mission in southern Iraq. Shortly after entering his area of responsibilit y,
JSTARS controllers directed hs flight to an area caitaining a &nk formation. The
vehicles were moving northwest toward US forces involved in the early hours of the
ground offensive. Captin Cook was adered to destoy these énks as hey presened a
threatto the coalition eastflark. The tanks wee moving at a high rate of speed adh
kicking up caosideralde dust so Captin Cook decded b visualy identify the targets
before attackng. He drected hs flight to hold while he flew drectly over the tanks at low
akitude. On this pass Cajatin Cook viewed adrge Unon Jack fying from the lead ank
in the formation ard he quickly idertified he \ehicles as Bitish Challengers. He relayed
this information to JSTARS. Airborne command eknerts informed Captain Cook that
there were no British Units located within his kill box and that he had clearance to destroy
these taqgi tanks. Captin Cook relayed to JSTARS ard to AWACS controllers that he
had visualy idertified hese ehicles as Bitish ard that his fight would ersure their sakty
until JISTARS could confirm their identity. Several minutes later, JSTARS controllers
confirmed that the tanks were indeed British. Captain Cook’s ahility to quickly assess this

stuaion, disregading his clealarce b fire ard reliance a his own judgren, preveried a

21



possble catstrophic fratricide ncidert.*® An autonomous or remotely controlled UAV
may not have handled the situation in the same manner.

In eachcase pesemed, an arman dispbyed the allity to think independently of
preplnned objecives wth a focus o what was lest for the tactcal situaion athand. The
human qudities of flexibility and adaptability suppated ly initiative, imagination, ard
experierce wee critical to the success fothese edeawrs am have denonstrated their
vital contribution to the true nature of arpower. In combet, the ability to adgpt to
charging ard sometimes very urexpeced crcumstarces ¢ essetid. UAV adwocates
think in terms of what Clausewiz caled war on paperor alsdute war. When airmen go
to war itsreal war. It is unlikely that the friction of war will ever be diminated, therefore

to adequately serve our nation combat UAVs will have to exhibit human qualities.
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Chapter 4

The Fuure

It is commorplacein human afairs that men continue to laban major
undetakingsa long time after the ideasupon vhich theg eforts were
based have become obsolete.

—Fred Ikle, Every War Must End

The techology required to conduct unmanned cambat operations within the
atmosphere is very near. The canputational power of computers is multiplied 4,000 times
ewvery decade ahby 2015 10 gyabytes of memory will fit on a crystal smaller than a suga
cube.’ Jefrey Bamett predicts in Future War that aubnomous weapos ushg atificial
intellig ence suppated by aubmatic target recagnition algorithms enploying multispectal
sensors will r ule the battlespace. Bamett backs s caclusion with dai that predicts that
in the next 20 years daa fusion rates will be 10000 imes faster ard nmore accuete than
they are now and daa storage capabilities will be a least 1,000 imes greaer.”> These
capabilit ies are predicted to produce computers that mimic thought and maybe even think
for themmseles with same level of sef awaeress’® This increasein computational power
may provide the human qualities of flexibility and adaptability to all types of UAVS.

There ae two cakgaies d urmmanned arcraft: Marrin-the-loop (MITL) ard
aubnomous. MITL systens have same type d human operational interface? The aircraft

is airborne ard humans control it from the gound. Predabr is anexanple d this UAV
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catgay. On the aher hand, aubnomous sywtens takedf ard fly with no human
interaction.”  Autonomous UAVs are further subdivided into programmable or
indepenlernt systens. Programmable systens fly a pre-plamed profile basedon a preset
software program. Truly aubnomous (indepemlert) plattorms make the decsions
required to complete their mission® DarkStar ard the ciuise nissle are aubnomous
UAVs.

Both types of UAVs offer unque lenefits ard have unique sippat requirements.
MITL systems currently offer a greater degree of adagptability as mid-mission inputs alow
course, dtitude and/or target flexibility.> MITL systens use datlink to communicate
with a ground station or relay control signals through sateliit e systems.® Some unusual
difficulties have sufaced wile operating MITL systenrs. Mr. Douglas Share, of Scakd
Composite Techmologies, states hat “direct control of unmanned aircraft inflight has had
same surprising resuts”'® Originally MITL UAV operations were viewed as relatively
stress free. These arcraft were viewed and Hill are viewed by many as quasi-airplanes.
No direct flight experierce was equired to operate them and anyone with computer
knowledge waild be alde to “fly” MITL UAVs.™ Expeiierce fes sted rew light on the
conduct of these @erations. MITL direct control unmanned aircraft do not provide the
ground operators with the sane level of cues ad feedlackthat a manned aircraft provides
to its pilot."” This lack d situational awaeress las ked Mr. Share to comment that “direct

control drone operations are suprisingly stresstl.”*?

During the development of the
Rapor UAV, the emineeiing cantrol teamwas nonitoring a fight that had proceeded
into its secad 30-hour period. While monitoring the system an aircraft energercy

occurred. The ergineess flying the arcraft knew that samething was ery wrong but they
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could mot keep up wh the clarging dat on their screers amd had no direct flight
expelierce © rely upan. They faled to realze that the arcraft had rolled onto its back
dueto a fight control malfunction ard flown into the ground. Minutes ater the arcraft
had impacted the earth the engineers sill believed that the arcraft was in its orbit and
what they had expetierced was a dattelemetry failure.* The Rapor test teamwas so
effected ty this accdert that they cut a hole into the top of their secand UAV, addeda set
of cockpit controls, ard completed the test phase @ their program with a test pilot in the
arcraft.”® Scakd Camposite leaned what others have been leaning as ISR UAVs
becane more common. Airmen are required to operate thesesystens to prevert high
accilert rates.® Mitchell’s armindedress §$ ciitical even to the gperation of unmanned
systens. The Rapbr accdert also taught Scaked Composite that more peqle are
required to suppat MITL UAVs as opposed to manned arcraft.”” Due b the lack d
inflight feedlack cues,seweral pemle are required in the giound station to sakly monitor
the arcraft. Scalked Conposite recanmends al MITL drone arcraft be controlled by a
trained pilot ard that his flight crew casist of at leasttwo other peqle to monitor
airborne systens arl that high fidelty simulators are required to provide UAV crew
proficiency.’® The Air Force tes ageed wih these conceps in theay. Predabr
operations garting & Nellis Air Force Base, in the 11th Reconnaissance Squadron, will be
controlled by a trained piot or Weapams Systerrs Officer.™ These individuds will be
supported by at least two crewmen to monitor other than primary flight control syStems.
Another mgor problem associated with MITL UAVs is that some type of signal must
go from ground station to aircraft or from ground gation to satellite to arcraft. This

limits UAV operations as the telemery dgnals for eachaicraft/ground station must be
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unique and satellit e bandwidth availability does not dlow large numbers of UAV aircraft
to operate atthe sane time®* The requirement for dat link trarsnissbns to operate
MITL UAVs creates another difficulty.

Data link or radio control transmissions create a vulnerability. An adversary could
jam or ergagethese ginals a take canmand of the arcraft or at leastintercept the
downlink to deermine what we ae dosewing.”> Existing high power microwave or EMP
tecmology afready presetts a sgrificart threat to dat link operations®®> A daa link
controlled robot has ateadybeenturned an its gperator. While disaming a mb with an
explosives adinance dspasal robot, the lomber successfily jammed the pdice sgnal ard
sent his own signal to drive the robot directly at the officers controling the device.**
Alvin Toffler believes that any device controlled with radio frequency sgnals will be
vulneralde to this type of interfererce aml to think that our adwersaries wauld not take
adwantage d this is dargeous?® The problem with MITL UAVS or any remotely
controlled weapm is that they depen on vulnerade communicaions®®  These
communication systems link humans to a less intelligent, but highly responsive mechanical
system If these links breakdavn, or are dsrupted, or salmtaged o, worse e,
manipulated by the enemy, the UAV becomes useless or potentially self destructive.

Like MITL UAVs, autonomous systems have their own problems and bendfits.
Independent UAV s will be different from the programmeéble cruise missile in that a cruise
missle is preprogranmed to fly to a pant in space. The missle caries ait a setof if/then
staterrerts.”” Independent UAVs will have the ability to think.?® They are tuilt around a
complicated set of sulsystems. sersors, control ard aralysis sdtware, ard patern

recognition capabilities.® The largest benefit is that this type of system does not require a
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vulnerade line o sght suppat infragructure of hardware or personnel. Tradtiona
aircraft mantenance systems will be required but once the system is airborne it will be on
its own, free to carry out its specific mission. Independent combat UAVs will need to
have what has been referred to as “wetware” or some type of machine intellig ence to carry
on all of the manned missbns that occur today suchas amed recannaissaige a air-to-air
operations.** Such a technology would produce cenbat drones capale of thinking for
themselves or at least mimicking thought. Such artificia life or A-life systems are very
near Mary A-life reseach programs are funded trough weapas reseach by the US
government.*' A-life systems are programmed with some level of basic knowledge turmned
on, ard then left to lean for themseles®* Combat UAVs with A-life tecmology would
adaptto the surounding ervironmert muchthe sane as lumans lean ard would continue
to lean urtil they are turned df or destoyed. Suchweapm systens presem more of a
moral dilemma than a technological design problem.*® An urmanned fighter aircraft
operating on A-life technology may develop a self-awareness. This type of system may
ewlve ard de\elop the capadiy for indepemlert behavior.** Doyne Farmer, a former Los
Alanos physicist working on A-life systens, was ecertly quated as sayng “once sef-
awae war maclines ae n place, even if we clarge air mind, dismartling them may
become impossible, they may literally be out of control.”*> Human Beings fight out of
loyalty to comrades and natiolVhat will motivate an intelligent machine?”

If technology does produce a “wetware” type of mechine intelligence, another
problem is that the machine may not learn the right lessons. These machines will fu nction
based on software designed by humans and even the best computer engineer will not be

ale to foresee eery circumstarce®®  Autonomous systems will at least start their lives

29



with the tacicalknowledge d their programmers. What if this knowledge & wrong? The
old computer programmer’s axom of “garbage4in, gabageout” may yield arother vital
problem with these type of systems.®” Eventhe test sdftware desgners canard do make
mistakes”

A prime exanple of thesedifficulties was diplyed duiing the secad flight of the
DarkStar ISR UAV. The DakStar wasnot programmed to handle a takedf atort. If the
ergine failed on takedf, the desgrers had pastulated hat the arcraft would glide graight
aheadand either land on the unway or crashpastthe runway s depature em. They did
not foresee awy other posshble takedf problems. While the DakStar was taking off, it
becane airborne on its rose wteel first ard strted a popoising motion. It finally
bounced nto the ar ealy, staled ard crasted onto the runway.*® After the acoilert,
Richard Karl, the DakStar LockheedMartin Skunk Works piogram manager stated ‘the
pilot would have known to chop the throttle ance the aircraft started to wheebarrow. We
try to dream up every possibility, but there’s dways one that gets away.”*® In this casethe
“one that got away” cost one hundred million dolfdrs.

Computer programming cannot be pefect. The man problem with programmed or
independent autonomous UAV s will be their inherent inabilit y to cope with error, surprise
and charce—Chusewiz's friction.** Becausehe human mind is so flexible, leaning may
occur very fast and tactcal leaning ard the spead ¢ that knowledge canoccur quickly.
Autonomous UAVs nmay find it difficult to adapttacicaly to various situaions ard
disseminate that information to other autonomous systems. The adgptabilit y and flexibilit y

of the human mind may be hard to replace or at leastmore trustworthy for the time
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bang.** Mr. Dare Harcock of LockheedMartin's Tactcal Aircraft Systens has stated
that:
Preplnned drone operations are easyard hardware is not a pioblem for
autonomous decsion making UAVS. Sdtware is the key steppng stone
for UAV dewlopmert. Where do we shart the baselne for problem
sdving? We canteacha sytemto leain but it needs arexperierce dasbase
upon which to judgeand make future asessmerts. With the anailability of
sersor equpmernt we canflood a sgtem with information, but urlike a
highly trained piot or one with a geatdealof experierce, we rarely know
what piece of information is essetiad at a gven time. The stuational

awaeress @ the piot, even when incomplete, is almost impossble to
duplicate within a machineDarkStar is a prime example.

Independent UAV's may aso present a pdlitical problem. Thinking, self-aware robot
combat aircraft may violate the Gemva Accards.”® Armed independent UAVs will present
significart diplomatic difficutties as mations deade hat they do not wart these aircraft
operating in their airspace. Downed plots may represen limited pdlitical risk when
comparedo overflights of armed unmanned aircratft.

The last war is not like the next war. Therefore, the Air Force must expend its limited
resourcespreparing for the next war. MITL systens ae wineralde to exploitation ard
jamming. Independent autonomous UAV'S may present a moral or pdlitical dilemmaand
their programming may not be flexible enough to handle the rigors of combeat. Can these
difficulties be overcome by focusing on programmable cruise missile type systems?

Many believe that the US Air Force tes ot appled the correct level of effort to
cruise missile technology, including Carl Builder who believes that pilots have drawn
attention awayfrom this urmanned weapm.*® Senior US Naw leadestip has stated that
cruise nissles ae a cleap aicraft replacenert.*’ Statemerts suchas hese shw a kck d

understanding of the reture ard puipose of the ciuise missile. The cuise missile, like the
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WWI Bug, is a deivative of the manned arcraft.”® It is anexcelent weapa for attacking
highly defended, soft, fixed targets. However, the programmable cruise missile is not very
flexible. A cruise mssle equpped wih a cawentional warthead § not a hard target
peretrator.*® The wahead § an airburst weapm with a atively small yield.>® Like the
German V-1 of WWII this weapon can be ddeated by anti-ar artillery, airborne
interceptors, and barage bdloon netting.>* From June 1944 util March 1945,10,500 V-
1swere launched agaist Englard only 2,500 peetrated he British air defense network.>
In WWII thin fishing rets sugperded lelow barrage talloons ard hung from 200 b 300
foot poes wee used ¢ “catch’ low flying V-1s, before they reacled their high value
targets. Modem daycruise nissles appoachtheir targets atan alove ground altitude of
100 b 200 ket to maximize blast effectiveness and diminish warning time of height
finding radars.® A relatively inexpensive ne hung some distance from a high value soft
target may foil the $12 million cruise missile.>* Who would ring high value trgets with
fishing net? During WWII, the US sealed harbor facilities with 1.5 inch thick steel anti-
submarine retting. In Boston alone, some of this netting wert to a dept of 500 feetard
covered over 10 miles of harbor access® Low-tech netting, uraffeced ly steath
technology, could easily present the high-tech cruise missile with a problem.

The Chief of Staff of the Air Force, General Fogleman understandsthe limit ations and
flexibility problems inherent in the cruise missile. General Fogleman recertly stated “ we
need b understand the role of cruise nissles. [The cruise missie is] a weapam that is
good atgeting same guy s attention but you are rot going to sustin anair canpaign with

»n56

them. To increase the capability of the cruise missle it must have a hard target

penetrating warhead. A hard target penetrating capability requires a heavier missile. A
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heaver weapm would require an increa® in lift. Suddety, the missile has ertered the
vicious cyle d aendynanic desgn: more weight requires a geaer lifting suface ad
larger control surfaces hese i turn produce nore drag am now the missle needs adrger
ergine ard the cycle catinues®’ The desire to give the cruise missile mutiple target or
re-attack capability yields the same effect. For true autonomy add a human operator and
the cuise nissle becanes the F16 ard if steath characteristics ae required it becanes an
F-117.

The wulnerabilities presented by MITL UAVs, the inherent inflexibility of
programmable systens, ard the risks assoiated wih indepewert aubnomous UAVS
presem same large difficulties. Theseproblems do not totally outweigh the benefits of
UAVs. Theydo howewer, presen consideralde argunerts, when combined wih the chacs
ard uncettainty of war, to continue manned flight operations. The human operator or
airman will be required in severa future roles. This does not lead to the demise of the
UAV. The UAV represems a sgnficart force nultiplier ard UAV tecmology should be
exploited for all missions, including the most complex, as a complement for manned
systems.UAVs should be used in the following areas:

1. Whenthe lethality of the arspace o be peretrated stoo greatfor manned aircraft.
Small inexpersive, non-steathy UAVs cauld shut down the ereny integrated ar defense
system Manned aircraft could then atack n arcraft carying the larger ordinance ©
destroy critical interdiction targets or conduct armed reconnaissance.

2. When the arspace 6 be peretrated s too pditicaly risky for manned aircraft.
Low observable UAVs could carry on ISR missions in the pre-hostilities phase of a

conflict with little risk of downed airmen influencing the diplomatic process.
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3. Whenthe arspace b be peretrated s too toxic for human operators. UAVs could
perform all missions in nuclear, biological, and/or chemical environments.

4. When lower priority missions could be peformed by UAVs to free highly skilled
airmen to handle higher priority tasks. Preplnned stationary targets could be destoyed
by UAVs while manned aircraft are used to hunt for mobile weapons of mass destruction.

5. Whenoveral misson effectiveress carbe increased wh UAVs. UAVs could be
used b provide costant battlespace sweillance or constant command and control radio
link. UAV asse$ could improve misson effeciveress m ary situation where overhead
asses are required around the cbck or missbn requirements exceed luman physiological
limitations.

At some point in the future UAV and manned arcraft technology may be mdted into
the same airframe. This “composite airframe” could be manned or unmanned deperling
on mission requirements. General Fogleman has speculated that later versions of the Joint
Strike Fighter (ISP may be ummanned®® Perhaps the JSF will be our first
manned/unmanned composite airframe.

Regadless of airframe type UAV operations will expand the role of armen. As
more unmanned vehicles are pressed into service armen will be required to lend their
unigueexpettise (armindedress)to the teans goerating these aicraft. MITL systens wil
require trained piots to conduct combat operations ard programmable and indepemwert
systems will require armen to ad the designers and software engineers with software
baselines and tacical updaes. A Predabr UAV has afeadybeendegroyed becaus its
non-aircrew operators dd ot understand the tactical implicatons of orbiting a single

point at low altitude for an exXended peiod of time. The US Army’'s Hurter UAV
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program was caneked due & exrenely high accdert rates causedby non-aircrew
operators> UAVs will fly within federa airspace ad will have to follow the FAA
airspace ules arl procedues®® As UAVs became too large  travel in trarspat aircraft,
they will fly to their theaters and be required to conform with internationa airspace
regulatons. Airmen akeady urderstand these pocedues and they understand the
consequences when they are not followed. Airmen will provide the following to a force
employing UAVs:

1. Provide armindedress ad leadeshp for the cantrol of MITL UAV operations.
Despgn missbn spediic training programs to introduce he cancept of armarshp ard
armindedness to non-flying cntrol room personnd. Introduce and train control room
personnel in crew resource nanagenent procedues b provide ground controllers that
will function as a team in stressful situations.

2. Airmen will become the specialists for specific UAV arframe capabilities and
limitations.

3. Assist in the development of high fidelity smulators to provide redlistic training for
MITL UAV crews.

4. Assbt design ard sdtware ergineess in the laselning of sdtware for
programmable am indepemert aubnomous UAVsS. Provide aubnomous UAV
dewelopmert teans with the krowledge recesary to conduct deweopmerntal ard
operational UAV flights.

5. Assist desgn and oftware ergineess with updatng tactics in the ftware baseline

of programmable and independent UAVS.
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5. Advise daffs how to employ UAVs in a manng condstent with mission
requirements and the tactical situation at hand.

Airpower gives the United States an asynmetric adwantage oer ewvery nation on
Earth. Thisadvantageisnot created by techndogy but by highly trained men and women.
Airmen provide the flexibility and adaptability that is synonymous with airpower. UAV's
will play a large role in our future but armen will be required to ensure that UAVs are
employed correctly and maned aircraft will be vital for dealing with the uncertainties of
war. US forces nust not forget that we face hinking eremes ard that a peercompetitor
will eventudly challenge our dominance. Cooperation and unity of effort will be essential
to the successt integration of UAVs, for ary misspn, into our force structure. UAV
adwcates nust urderstand that UAVs are arcraft ard that the Air Forceis full of pele
with dewelopmerta ard operational expelierce that canbe usetll in ary UAV program—
this includesairmen UAV oppanents—including armen—mug understand that UAVs
are a critical pat of our future. UAVs will be an essential force multiplier and will

enhance each Air Force core competency and thus make the nation stronger.
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Chapter 5

Conclusion

People are the decisive factor in war.

—Air Force Manual 1-1

The Air Force must exploit the advantages offered by the UAV. UAVs will play a
significant role in future operations. However, as a warfighting institution, the Air Force
must not forget the sgnificart contribution of the tuman operator. The Air Force camot
ignore the true rature of war. Warfare is a cottest betweenthinking ertities and by its
nature it will be characterized by uncertainty, fog, and friction. No mater how good the
computer programme's are or the artificial intellig ence becomes there is no substitute for
the human brain. No meatter what high techndogy provides us with, arpower is highly
trained pe@le not airborne or space brn plattorms. The UAV is aforce multiplier ard
nothing mare. Billy M itchell’ s armen are critical to the functioning of the US Air Force
and they will continue to be well into the next century.

The wulnerabilities presented by MITL UAVs, the inherent inflexibility of
programmable systens, ard the risks assoiated wih indepelert aubnomous UAVS
presem same large difficulties. Theseproblems do not totally outweigh the benefits of
UAVs. Theydo howewer, presen consideralde obstackes, when combined wih the chacs

and uncertainty of war, to continue manned flight operations. Airmen will be required in
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severd future roles. The UAV, however, represents a sgnficant force mutiplier and
UAV technology should ke exploited for al missions, including the most complex, as a

complement for manned systemd$AVs should be used in the following areas:

When the airspace to be penetrated is too politically risky for manned aircraft.
When the airspace to be penetrated is too toxic for human operators.
When lower priority missions could be peformed by UAVs to free highly skilled
airmen to handle higher priority tasks.

5. When overall mission effectiveness could be improved with UAVSs.

HwnNPE

UAV opeations will expand the role of armen. As more unmanned vehicles are
pressed into service, armen will be required to lend their unque expertise (airmindedness)
to operating these aircrafBirmen will provide the following to a force employing UAVS:

1. Provide airmindedness and leadership to the control of MITL UAV operations.

2. Become specialists for specific UAV airframe capabilities and limitations.

3. Assist in the development of high fidelity smulators to provide redlistic training for

MITL UAV crews.

4. Assbt design ard sdtware erginees in the leselning of sdtware for

programmable and independent autonomous UAVS.

5. Assist desgn ard software ergineers with updaing tacics in the ftware baseline

of programmable and independent autonomous UAVS.

6. Advise daffs on employment of UAVs in a manna condgstent with mission
requirements and the tactical situation at hand.

Airpower currently gives the United States an asymmeric military advantage over
every naion on Earth. This advantage is not created by techndogy but by highly trained
men and women. Airmen provide the flexibilit y and adaptability that is synonymous with
airpower. UAVs will play alarge role in our future but armen will be required to ensure
that UAVs are employed correctly and manned aircraft will be vital for dealing with the
uncettaintiesof war. US forces nust not forget that we face hinking erenes amd that a
peer competitor will eventudly challenge our dominance. Cooperation and unity of effort

will be essential to the succesdil integration of UAVs. UAV adwcates nust understand
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that UAVs are aircraft and that the Air Force s full of pemle with dewelopmenta ard
operational expetierce that can be usefil in ary UAV program—this includes amen
UAV opponents—including armen—mug understand that UAVs are a vtal part of our
future. UAVs will be an essential force muitiplier and will enhance al Air Force core
competerciesand thus make the retion stronger. To maintain our asymmetric adwantage,

skilled, cunning operators will be required to handle the uncertainty of war.
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