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ABSTRACT 

Unmanned Aircraft Systems (UAS) have recently immerged on the mainstream.  

Their success in the Iraqi and Afghani wars has contributed in capturing the imaginations 

of public and military alike.  Sensational media stories and uncertain details regarding 

UAS have shaped expectations of their capabilities.  As such, something of a knowledge 

gap has immerged between what UAS’s can actually do versus what is thought they can 

do.  For Canada, who is nearing the acquisition of a Medium Altitude Long Endurance 

UAS for domestic and expeditionary use, ensuring that capabilities meet expectations 

will be important in reducing potential risks and possible disappointment. 

This paper seeks to shed light on areas where ambiguity exists regarding UAS 

capabilities.  It begins by establishing a framework of terminology and classification, 

noting that ambiguity in doing so contributes to confusion about UAS’s.  Next, a 

historical overview of UAS’s is provided, highlighting a pattern of cyclical importance.  

Lastly, technical challenges faced by UAS’s and the human factors that restrain 

development are discussed with the intent to reshape expectations regarding their 

capabilities. 

Conclusions indicate that misconceptions can negatively affect expectations 

regarding UAS’s.  Misguided expectations can in turn lead to poor institutional decisions 

and flawed operational plans, which in war could be fatal.  Therefore, it behooves 

countries, such as Canada, to accurately enlighten senior military leaders about UAS 

benefits and limitations so that their plans and decisions are completed in an informed 

way. 
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UNMANNED AIRCRAFT SYSTEMS: ARE EXPECTATIONS REALISTIC?  

INTRODUCTION 

The last decade has seen the immergence of Unmanned Aircraft Systems (UAS’s) 

into the mainstream.  Movies like Eagle Eye1 and various media coverage have served to 

raise public awareness of UAS’s, making it normal to encounter the topic in casual 

conversation.  However, secrecy, sensationalism and speculation have led to many 

misinformed headlines such as, “Air Force Plans for All-Drone Future,”2 “Unblinking 

eyes in the sky”3 and “Will Canada Join the Drone War in Pakistan?”4  Further research 

revealed that even within military circles, similar misconceptions and confusion exists.  

The most compelling evidence of this is apparent by the lack of consistency in how 

UAS’s are named and referred to.  Drones, remotely piloted vehicles, unmanned air 

vehicles, uninhabited aerial vehicles and pilotless vehicles are but a few of the terms used 

to describe UAS’s, even within the same country and service.  As such, it seems that a 

disparity exists between what is commonly understood to be within the realm of 

possibility for UAS’s compared to what is actually achievable regarding UAS 

capabilities.  Though it might seem more normal that perceptual disparity exists within 

the public compared to military personnel, since its exposure to sensational stories about 

                                                 

1 D.J. Caruso, Eagle Eye, Perf.  Shia LeBoeuf and Michelle Monaghan, DreamWorks, 2008. 

2 David Axe, “Air Force Plans for All-Drone Future,”http://www.wired.com/dangerroom/2009/07; 
Internet; accessed 8 February 2012. 

3 Jac Depczyk, “Unblinking eyes in the sky,” The Economist (3 March 2012); 
http://www.economist.com/node/21548485; Internet; accessed 12 March 2012. 

4 Paul Weinberg, “Will Canada Join the Drone War in Pakistan?”  http://www.Ceasefire.ca; 
Internet; accessed 10 February 2012.  
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UAS’s is not balanced with the benefit of a military foundation to keep it in context, 

evidence suggests that though not as severe, military they are also affected by similar 

misperceptions.  For example, a recent senior leadership program in Canada was required 

to provide an assessment on the feasibility of acquiring UAS’s instead of a next 

generation fighter to replace the CF-18 Hornet.  While such a question may seem 

reasonable in the public media,5  the fact that such a postulation is at least several 

generations from being possible should serve as evidence that the military community is 

also affected by misconceptions and the true state of UAS capabilities.  

 For Canada, a country who has recently begun to take UAS’s seriously and is on 

the verge of making a significant investment by acquiring a Medium-Altitude, Long 

Endurance (MALE) UAS,6 such confusion poses a certain amount of risk for the 

acquisition program.  The success of the program depends on delivering the expected 

capabilities.  However, if expectations exceed the delivered capabilities, disappointment 

and possibly failure on the battlefield may ensue.  As such, this paper will explore the 

areas pertaining to UAS’s where misconceptions exist, in an attempt to decipher what is 

fact from fiction, speculation from prediction and visions from reality in order to inform 

reasonable expectations regarding their capabilities.  This will be accomplished by 

deciphering naming and classification challenges, briefly looking at the cyclical history 

                                                 

5 Axe, “Air Force Plans for All-Drone Future,” http://www.wired.com/dangerroom/2009/07. 

6 Department of National Defence, Statement of Operating Intent: Joint UAS Surveillance 
Targeting and Acquisition System (JUSTAS), Draft Version 4.1, (Winnipeg: Project Number c.001035, 
2012), 1/28. 
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of UAS’s, discussing technical issues and limitations in UAS operations, as well as 

investigating the human challenges faces by UAS development.   
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UAS TERMINOLOGY 

First and foremost, before any coherent discussion can be undertaken regarding 

UAS’s one must determine what is and is not meant by UAS.  Upon review of existing 

literature, it is apparent that consensus on a universal name has yet to be achieved.  

Drones, Remotely Piloted Vehicles (RPV), Unmanned Aircraft (UA), Unmanned / 

Uninhabited Aerial / Aircraft / Air Systems (UAS), pilotless aircraft, flying bombs, flying 

torpedoes, autonomous aerial vehicles, Uninhabited / Unmanned Combat Air Vehicles 

(UCAV) and remote controlled aircraft are but a few terminologies used to refer to the 

hero of this paper.  Which term used is often situational, dictated by the era, the 

accomplished function, or even in the level of autonomy.  Choosing the correct 

nomenclature is very important since not doing so only serves to fuel confusion and 

mislead expectations.  For example, Unmanned Aerial Vehicles (UAV) may include 

cruise missiles or satellites.  For the purpose of this discussion, the term Unmanned 

Aircraft System (UAS) is used.  This selection is made to acknowledge the fact that 

despite the notoriety the vehicle receives, it cannot function without the other elements of 

the system, which can include Ground Control Stations (GCS), Launch and Recovery 

Elements (LRE), communications networks that include satellites, maintenance teams, 

mission support teams and intelligence analysts.   Furthermore, UAS refers to systems 

supporting air-breathing vehicles, armed and unarmed, designed with the intent of 

returning safely to the ground, thus eliminating cruise missiles and satellites from the 

scope of this discussion.   Lastly, while UAS effectively refers to systems supporting 

vehicles of various shapes and sizes, from nano-sized to High-Altitude, Long-Endurance 

(HALE), the main focus of this paper is on MALE and HALE systems in light of 
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Canada’s pending purchase under the Joint UAS Surveillance Targeting Acquisition 

System (JUSTAS) project. 

The next task in understanding UAS’s is clearly defining what they are and how 

to classify them.  Transport Canada (TC), who refers to them as UAVs, provides the 

definition of “a powered driven aircraft, other than a model aircraft, that is operated 

without a flight crew member on board.”7  Though simple and concise, the recent 

miniaturization of sensing equipment and power packs has served to make the distinction 

between small UAS’s and model aircraft unclear.  To address this, TC amplifies their 

definition by specifying that they are aircraft operated “for non-recreational purposes”.8  

While it may be useful for TC to leave the definition of UAS’s broad until they determine 

how to cope with their presence in civil airspace, it does little to bracket one’s 

understanding of what they actually are.  Thus, in addition to the above, it should also be 

noted that a UAS should be thought to, 

have some greater or lesser degree of ‘automatic intelligence’.  It will be 
able to communicate with its controller and to return payload data such as 
electro-optic or thermal TV images, together with its primary state 
information – position, airspeed, heading, and altitude.  It will also 
transmit information as to its condition, which is often referred to as 
‘housekeeping data’, covering aspects such as the amount of fuel it has, 
temperatures of components, e.g. engines or electronics.9 

                                                 

7 Transport Canada.  “Unmanned Air Vehicles (UAV),” 
http://www.tc.gc.ca/eng/civilaviation/standards/general-recavi-brochures-uav-2270.html; Internet; accessed 
24 January 2012. 

8 Ibid. 

9 Reg Austin, Unmanned Aircraft Systems: UAVS Design, Development and Deployment, (Reston: 
American Institute of Aeronautics and Astronautics, Inc., 2010), 3. 
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Combined, these two definitions should be adequately specific while being broad enough 

to accept some of the more futuristic concepts expected of UAS’s in the future. 
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UAS CLASSIFICATIONS 

Another factor contributing to the difficulties in clearly understanding UAS’s has 

to do with how they are classified.  Since there is a large variance in the size, speed, 

weight, level of autonomy and roles, a classification system is necessary to provide a 

sense of order.  Unfortunately, there is currently no single globally accepted classification 

system for UAS’s.  Common classification criteria include vehicle’s weight, operating 

altitude, flight range or endurance.10  Other’s focus on the level of warfare they serve 

(Tactical, Operational, Strategic) or their size (nano, mini, small).  Currently, the United 

States Air Force (USAF) has unofficially adopted a grouping system ranging from Group 

1 (small) to Group 5 (HALE/MALE)11 while North American Treaty Organization 

(NATO) uses a different system where Class I represent small UASs and Class III 

represent the largest.12   TC uses another classification systems based on the vehicle 

weight. 13   While choosing the correct classification system is inconsequential to this 

paper, the fact that so many of them exist is indicative of the confusion surrounding 

UAS’s and likely contributes to the ambiguous understanding that many people have 

regarding UAS capabilities.  For the purpose of this paper, the classification proposed in 

                                                 

10 Louis C. Gerken, UAV—Unmanned Aerial Vehicles (Chula Vista: American Scientific Corp., 
1991), 2-4. 

11 Department of Defence, Unmanned Systems Integrated Roadmap FY2011-2036 (Washington: 
Department of Defence, 2011), 21. 

12 The Joint Air Power Competence Centre. Strategic Concept of Employment for Unmanned 
Aircraft Systems in NATO.  Kalkar: JAPCC Project, 2010. 

13 Transport Canada, “Unmanned Air Vehicle Working Group Final Report,” UAV Working 
Group (Ottawa, 2007), 27; available from www.tc.gc.ca/eng/civilaviation/standards/general-recavi-
uavworkinggroup-2266.htm; Internet; accessed 24 January 2012. 
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UAS ROLES 

Given the variance in the kinds, kinds and types of UAS’s currently in 

existence,15 it is not surprising that their roles, jobs and missions are equally varied.  

While they share much with manned aircraft, they possess several unique attributes 

including superior endurance,16 reducing risks to human life,17 and an ability to reliably 

conduct repetitive tasks.18   UAS roles can be divided into three broad categories; 

traditional, modern and futuristic.   Though it is possible to view UAS roles in different 

ways, these particular categorizations is useful because the overlap between them helps 

explain why misconceptions regarding what UAS’s can do, versus what they might do, 

occurs. 

Traditional roles for UAS’s can be summarized to be those that were deemed too 

dull, too dirty or too dangerous to be carried out by inhabited aircraft.19  Also known as 

the “three Ds,”20 these roles have remained closely related to those of manned aircraft.  In 

other words they have filled roles already being done by manned aircraft vice innovating 

new ones that are unique to UAS’s.   

                                                 

15 Mark Daly and Martin Streetly, Jane’s Unmanned Aerial Vehicles and Targets: Issue Thirty-
seven October 2011 (Alexandria: Odyssey Press Inc., 2011). 

16 Department of Defence, Unmanned Systems Integrated Roadmap FY2011-2036 (Washington: 
Department of Defence, 2011), 3. 

17 Ibid. 

18 P.W. Singer, Wired for War: The Robotics Revolution and Conflict in the Twenty-first Century, 
(New York: The Penguin Press, 2009), 77. 

19 Department of Defence, Unmanned Systems Integrated Roadmap FY2011-2036, 17. 

20 Singer, Wired for War: The Robotics Revolution and Conflict in the Twenty-first Century, 77. 
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Dull refers to mission profiles that are generally long and repetitive.  UAS’s are 

logical contenders for this these types of roles since crew fatigue can be managed by 

changing crewmembers mid-mission and much like on assembly lines, simple and 

repetitive tasks can be automated.  Intelligence, Surveillance, Targeting and 

Reconnaissance (ISTAR), communications relay, wildlife surveys, pipeline inspections 

and border patrols are but a few examples where UAS’s have made significant 

contributions by removing humans form the dull nature of their accomplishment.   

“Dangerous applications are those involving a high potential for death or injury to 

the crew”.21  Keeping operators out of harm’s way is one of the greatest advantages of a 

UAS.  Suppression of enemy air-defence (SEAD), Close Air Support (CAS) of ground 

units, and technology test vehicles are but a few examples of roles where the use of a 

UAS is preferred over risking a human life.   

Dirty roles for UAS’s can be thought of from two perspectives.  The first is in the 

literal sense, and might be thought of as a subset of the dangerous application.22  It stems 

from flying the vehicle through an environment unsuitable for human life, like a chemical 

cloud, a radioactive area or environmentally unhealthy zone.  The idea with using UAS’s 

for this sort of dirty missions is to limiting or eliminating human exposure to toxic and 

life threatening atmospheres.  Examples of such roles include Chemical, Biological, 

Radiological and Nuclear warfare (CBRN), crop dusting, and environmental assessments.  

                                                 

21 Brien Alkire, James G. Kallimani, Peter A. Wilson and Louis R. Moore,  Applications for Navy 
Unmanned Aircraft Systems, Report prepared for the United States Navy, (Santa Monica: RAND 
Corporation, 2010), xiv. 

22 Ibid. 
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The other perspective that can be taken regarding dirty roles holds a political connotation.  

Some mission profiles, like deep reconnaissance over unfriendly territory, need to be 

accomplished in a secretive or clandestine manner.  Failure to do so can have some 

serious political and diplomatic ramifications.  This notion was exemplified in 1960, 

when Gary Powers was shot down in an American U-2 spy plane over the USSR and 

subsequently captured.  Negotiations to secure his release and the fact that he was 

captured in the first place proved to be embarrassing and politically sensitive.23   Using 

UAS’s for such dirty work is attractive as it removes the possibility for prisoners of war 

or hostages.  The implications of losing a vehicle is viewed far less seriously than when a 

pilot or crew can be paraded as prisoners in front of global media.  A great example of 

this occurred recently between the U.S. and Iran, where Iran has allegedly captured an 

RQ-170 Sentinel UAS conducting ISR over its territory.24  Unlike the U-2 incident in 

1960, the absence of a pilot in this more recent example has contributed in keeping the 

profile of the incident relatively low.  Thus, traditional dirty roles for UAS’s include both 

those that prevent or reduce human exposure to environmental threats as well as those 

that reduce the political profile of the mission. 

Modern roles for UAS’s include all the traditional roles; however, innovative use 

of modern technology has enabled additional and different roles to be considered.  As 

such, UAS roles have evolved in modern time to have their own character, breaking from 

                                                 

23 William Wagner and William P. Sloan, Fireflies and other UAVs (Unmanned Aerial Vehicles) 
(Leicester: Midland Publishing Limited, 1992), 1. 

24 National Post, “Barack Obama demands Tehran returns U.S. drone downed in Iran,” 
http://news.nationalpost.com/2011/12/12/obama-demands-tehran-return-u-s-drone-downed-in-iran/; 
Internet; accessed 12 May 2012. 
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the tradition of being closely tied to manned aircraft roles and exploring uses in 

unconventional ways.  Airpower theorists have expressed this in a number of way such as 

the “four ‘D’s’,”25 proposed by Royal Air Force (RAF) thinkers, or the expanded list of 

“dangerous, dirty, dull, demanding or different”,26 proposed by researchers at the RAND 

Corporation.  Regardless of the approach taken to express this uniquely modern way of 

looking at UAS roles, it is important to recognize that current thinking about UAS’s has 

broken with tradition and taken on its own direction.  Recent success with the use of 

UAS’s in counter insurgency (COIN) warfare and technological innovation has 

broadened the spectrum of UAS operations to include such missions as targeted killings, 

improvised explosive device (IED) detections, air-to-air intercept, cargo transport and 

long-range deep reconnaissance.   

Though UAS’s have had success in conducting many of these immerging roles, 

what is not evident is the limited scope or specific conditions under which these occurred.  

For example, the fact that UAS operations in the Middle-East are currently controlled 

from the continental U.S. does not imply that that the same is possible in every location 

or circumstance.  As suggested by the GOA report on Global Hawk Block 30 and its 

subsequent cancellation, technical deficiencies and unresolved issues are suggestive that 

UAS’s have not fully matured to entirely accomplish some of these new roles.27  It is 

                                                 

25 Owen Barnes, Air Power UAVs: The wider Context (Northolt:  Royal Air Force Directorate of 
Defence Studies, 2009), 52. 

26 Alkire, Kallimani, Wilson and Moore,  Applications for Navy Unmanned Aircraft Systems, xiv. 

27 Micheal J. Gilmore, Operational Test and Evaluation Report: RQ-4B Global Hawk Block 30, in 
fulfillment of provisions of Title 10, United States Code, Section 2399 (Washington: Director, Operational 
Test and Evaluation, 2011). 



13 

 

along this margin; between what is currently possible in specific circumstances and what 

is beyond the scope of full capabilities for UAS’s that confusion and incorrect 

expectations may arise.  Another good example of this phenomenon stems from reports 

that a UAS has been involved in air-to-air combat.28  Because of this, it is expected that 

this particular capability is sufficiently matured to replace manned fighters;29 which, as 

will be discussed later, is not the case.   However, despite the possibility of causing 

confusion and false expectations, many of the more recent and innovative uses for UAS’s 

are useful predictors for what may coming next. 

Predicting or speculating about future UAS capabilities and roles is a limitless 

prospect.  As long as Moore’s Law holds true,30 computing power and technology will 

continue to expand at an exponential pace making possible things that may not have been 

considered yet.  “Just 10 years ago, the idea of using armed robots in war was the stuff of 

Hollywood fantasy.”31  Theorists such as Singer, Freidman and Blackmore have all 

attempted to predict the impact that UAS’s will have on future battlefields.  All agree that 

unmanned machines, including UAS’s will play more prominent roles and will project 

military power in new and innovative ways.  Complete autonomy, swarming and 

perpetual persistence are but a few of the concepts suggested by such theorists.   

                                                 

28 Jim Krane, “Pilotless Warriors Soar to Success,” CBS News.com, 
http://www.cbsnews.com/stories/2003/04/25/tech/main551126.shtml; Internet; accessed 5 July 2012. 

29 Ibid. 

30 Michael Kenello, “Moore’s Law to roll on for another decade,” CNET News (10 February 
2003); http://news.cnet.com/2100-1001-984051 html; Internet; accessed 7 July 2012. 

31 Peter W. Singer, “Drones Vs. Democracy,” http://www.opencanada.org/features/the-think-
tank/drones-vs-democracy/; Internet; accessed 18 June 2012. 
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Understanding what current roles are compared to what is realistically expected to 

occur in the future is very important for a country like Canada seeking to make a 

significant investment towards MALE UAS’s.  Matching expectations regarding current 

capabilities with what can be expected in the future is very important considering the fact 

that the UAS it selects is expected to serve for 20 years.32  Given the rate of technological 

change, it might be argued that expecting any modern system to remain relevant and 

effective for two decades is unrealistic.  To address this, the JUSTAS Statement of 

Operational Requirement (SOR) states that, 

 The unmanned aircraft must possess the flexibility, growth capacity, and 
standard interfaces required to integrate new payloads to support enhanced 
overland capabilities and maritime domain awareness.33 

This implies that the system must have a standardized and flexible architecture, capable 

of evolving over time.  To date this has been a significant challenge for major UAS 

operators such as the USAF, where a recognized need for standardized architecture and 

interoperability exists.34  Therefore, the CF must balance the immediate need for a UAS 

against the cost it might incur if it invests too early, while much of the technology has yet 

to mature. 

                                                 

32 Department of National Defence, Statement of Operational Requirement: Joint UAV 
Surveillance and Target Acquisition System, Draft Amendment One, Version 7.0, (Ottawa: Department of 
National Defence Project File No.  11500-1 (DAR 8), 2011), 7. 

33 Ibid., 6. 

34 United States Government Accountability Office, Unmanned Aircraft systems: DOD Needs to 
More Effectively Promote Interoperability and Improve Performance Assessments, (Washington: 
Government Accountability Office, 2005), 3. 
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HISTORICAL PERSPECTIVE 

Although unmanned flight is commonly thought of as relatively new, made 

possible by recent advances in technology, it may be surprising to learn that it pre-dates 

manned flight by several years.  In retrospect, this seems logical as “almost every early 

pioneer of aviation first built and flew – or tried to fly – a precursor model of their 

proposed man-carrying design”.35  This demonstrates an early recognition of a positive 

UAS attribute, removing the aircrews from risks. A brief review of UAS historical 

highlights is a valuable starting point in gaining a clearer understanding of today’s 

UAS’s.  It shows that interest and development in UAS’s endured a cyclical path, surging 

when conflict and threat to pilots was great and waning when the conflict was resolved or 

threat to pilots diminished.   

The first recorded unmanned powered flight can be traced back to the year 1848, 

when John Stringfellow successfully launched an Aerial Steam Carriage at Chard, in 

England,36 more than half a century before the Wright Brothers first took flight.  Several 

other similar vehicles were subsequently tested, progressively moving aviation towards 

powered manned flight.  Early flying machines were unreliable, fragile and unproven, 

making their flight an extremely risky proposition for any foolhardy pilot willing to fly 

them.  This reality fostered appreciation that UAS’s were useful in reducing such risks 

and laid the foundation for further thought and development.  Though such vehicles 

                                                 

35 Laurence R. Newcome, Unmanned Aviation: A Brief History of Unmanned Aerial Vehicles 
(Reston: American Institute of Aeronautics and Astronautics, Inc., 2004), 49. 

36 Ibid., 43. 
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primarily served as technology test beds for the purpose of manned flight,37 many of their 

early attributes made continued development desirable for more complex and useful tasks 

beyond testing.   

Before long, theorists and designers recognized the potential military value of 

UAS’s in the conduct of war.  By the opening shot of the First World War (WWI), the 

idea of increasing striking distances through the use of self-guided weapons was being 

explored.   By 1913, inventors Elmer Sperry and his son Lawrence designed the first 

gyrostabilizer to assist pilots in determining the position of the horizon.  Their work was 

an evolutionary step towards modern UAS’s.  By connecting their gyro stabilizing 

mechanism to the flight controls of an aircraft, they essentially invented what is now 

known as an autopilot.38  However, the ambitions and demands of WWI quickly diverted 

their efforts from gyros to armament.39  Their first endeavour was to design and test an 

unmanned torpedo known as the Curtiss Sperry Aerial Torpedo,40 which was meant to fly 

itself out a certain distance before diving on its prey, thus keeping the pilot out of harm’s 

way.  Though never used in combat, the concept was further refined and later put in 

limited production as the Liberty Eagle aerial torpedo, more famously known as ‘The 

Bug’, which proved to be the first powered, unmanned production air weapon41.  To this 

point, it can be argued that distancing humans from threat by using UAS was recognized 

                                                 

37 Ibid., 1. 

38 Kenneth Munson, World of Unmanned Aircraft (New York: Jane’s Publishing Inc., 1988), 7.  

39 Newcome, Unmanned Aviation: A Brief History of Unmanned Aerial Vehicles, 16. 

40 Ibid., 19. 

41 Ibid., 24-30. 
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as a very positive attribute.  As such, reducing risk to human life makes UAS’s ideal for 

what is now part of ‘the three D’s’, the dangerous missions.     

Even at this primitive stage, UAS’s demonstrated they had unique attributes not 

possible with manned flight.  Upon the signing of the Treaty of Versailles and the end of 

WWI, interest and funding for military initiatives and development, including UAS’s 

waned; a trend that would repeat itself following the end of later conflicts.42  Despite this, 

researchers such as Lawrence Sperry, continued their research in unmanned technologies, 

in particular the technical challenge of remote control.  By 1922, he had successfully 

controlled, via remote radio, the Messenger Aerial Torpedo,43 which resembled a small 

bi-plane.   By 1924, UAS pioneers in the U.S. and the U.K. had both successfully 

completed UAS flights via remote control, including remote launch and recovery.  

Despite a reduced rate of research and development (R&D) during the interwar period, 

sufficient progress was made during the 1930’s for UAS line-of-sight (LOS) radio control 

to be perfected.  While this significant development in the history of UAS did not evolve 

as military combat role, the technology proved to be an effective training enabler.   Navy 

and army leaders in both the U.S. and the U.K.44 recognized the benefit of using 

unmanned aircraft as target drones for gunnery training, making them the only two 

                                                 

42 John David Blom, “Unmanned Aerial Systems: A Historical Perspective” (Occasional Paper 37, 
Fort Leavenworth: Combat Studies Institute Press, 2010), 48. 

43 Newcome, Unmanned Aviation: A Brief History of Unmanned Aerial Vehicles, 36. 

44 Ibid., 46. 
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nations who regularly trained with target drones prior to the Second World War 

(WWII),45 something that continues today.   

The next noteworthy chapter in the evolution of UAS’s, informing current 

arguments regarding the feasibility of UAS’s in peer-on-peer conflicts, centers on a 

remotely piloted glide bomb known as the Fritz-X.  The German Luftwaffe employed the 

Fritz-X in1943 within the Mediterranean.  It was launched from a Dornier bomber who 

remained beyond the range of opposing air defence and served as the control station used 

to remotely guide the bombs to their target.  Allied forces, recognizing the new potential 

threat posed by the Fritz-X, took steps to defeat it by electromagnetically jamming their 

radio control signal.46  Though jamming may not have been novel at the time, this 

exchange likely represents the first time that a key vulnerability of UAS’s was exposed.  

This lesson continues to be pertinent today.  Recent claims by Iran that they have 

successfully captured an American RQ-170 Sentinel UAS, without significant 

damaging,47 serves to demonstrate that UAS’s are not invulnerable and fuel arguments 

that they may not be suitable for peer-on-peer conflict, which is discussed later in this 

paper. 

Three other important milestones for UAVs occurred during WWII.  Early in the 

War, RCA (Radio Corporation of America) developed a television camera and 

transmitter suitable for use in aircrafts.  By 1941, tests of the system “provided a usable 
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picture from a drone up to 30 miles distant.” 48  Similar to the Fritz-X, the idea behind 

these systems was that they could be remotely controlled from a safe distance with the 

aid of a video picture to place their explosive payload with precision.  Though the 

developmental initiative was intended to support a flying bomb, the technology had 

adequately evolved to enable surveillance as a new role for UAS’s; a role for which 

UAS’s are best known for today.  Of note, radars were also fitted to UAVs during this 

period in an attempt to provide them with a targeting capability at night or during 

inclement weather.  Refinement if this technology matured to the point that an attack by 

UAS’s, known as the TDR-1, occurred in October 1944 over Ballale Island, successfully 

engaging Japanese positions.49  The deployment marked the first operational employment 

of an unmanned aircraft dropping bombs and returning to base.   This event marked the 

first instance of armed UAS’s, a mission type that has only recently re-emerged as a 

primary role for UAS’s during the current era.  Unfortunately, the War came to an end 

before this new development could mature enough have any significant impact.  As such, 

it regressed, only to re-emerge in later conflicts.     

Despite their low combat profile during WWII, UAS’s still achieved significant 

milestones towards their evolution during this period.  The technological advances 

combined with their mainstream acceptance as target drones set the stage for them to be 

considered for other roles.50  As was the case after WWI, the close of WWII saw a 
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dramatic decrease in defense expenditures.  However, UAS’s continued to quietly 

develop and be used for specialized purposes.  One such example occurred during 

Operation Crossroads where varieties of surplus warplanes were converted to UAS’s in 

order to collect air samples during U.S. atomic tests in 1946 and 1947.51  This event is 

important because it was an early application of UAS’s to conduct ‘Dirty’ work, by 

employing them where humans could not safely venture.  This attribute continues to be 

one of the leading motivations and justification for the use of UAS’s today.52 

The next significant period for UAVs was during the late 1950s and early 1960s.  

During this time, the U.S. Navy, having had the time to digest the lessons from WWII, 

sought to increase the strike capability of their older destroyers against submarines.53  

They launched the DASH (Drone Anti-Submarine Helicopter) program that produced a 

number of helicopter style UAVs who were intended to deploy from ships to localize, 

track and engage hostile submarines in their vicinity.   Despite several ‘firsts’ and 

significant technical successes,54 the DASH ultimately cancelled due to cost overruns and 

vehicle unreliability, 55 it demonstrated that the concept could be made feasible given 

additional development and added Anti-Submarine Warfare (ASW) to the repertoire of 

possible roles for UAVs.   
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When the USSR successfully shot down Francis Gary Powers’ U-2 

reconnaissance plane in 1960, the importance and potential of UAVs was brought once 

again into the forefront.56  Powers was held by the Soviets for many months as was only 

released after considerable political negotiations and significant embarrassment.  The 

incident highlighted the political vulnerabilities of manned reconnaissance aircraft and 

was the catalyst to develop UAS’s capable of reconnaissance over hostile territory.57  

Through this era, a variety of UAS programs were launched in the U.S. to produce a 

viable reconnaissance UAS.  Despite the creativity of engineers in navigation, sensor and 

communication link technologies, reconnaissance UAS’s did not achieve long range 

strategic capabilities but did succeed to provide the U.S. Army with an effective tactical 

reconnaissance UAS known as the SD-1.58  However, the technical achievements during 

this period were the building blocks for the next chapters of UAS development. 

During the Vietnam War, UAS’s enjoyed another period of significant interest 

and development.  As with previous conflicts, the dangerous conditions and demands of 

warfare made manned reconnaissance a risky proposition.  The most influential was the 

Lightning Bug family of UAS’s, derived from target drones,  produced by the Ryan 

Aeronautical Company.  They flew “a total of 3435 operational reconnaissance sorties”59 

and were generally considered to be a great success, contributing the preservation of 

many pilot’s lives.  The vehicles were also very adaptable, working in Line of Sight 
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(LOS) or autonomously with pre-programmed routes.  They were frequently modified to 

conduct a variety missions such as IMINT (imagery Intelligence), SIGINT (Signals 

Intelligence), leaflet drops, EW (Electronic Warfare) and SEAD (Suppression of Enemy 

Air Defence).60  In many ways, one could say that UASs had matured to a point that 

would be recognizable compared to the current generation.  Though they did not enjoy 

the benefit of satellite communications, their accomplishments were relatively well 

known and significant.  Unfortunately, as was the case following other major conflicts, 

UAS’s were removed yet again from the spotlight for a number of reasons, including 

institutional resistance and financial cutbacks.  They faded into the background, only re-

emerging in the 1980s.61 

The next chapter in the UAS story belongs to Israel.  Aware of the success 

achieved by UAVs in Vietnam and concerned over the loss of their own pilots, the Israeli 

Defence Force (IDF) essentially picked up in the 1970’s where the USAF left off, 

arranging to purchase their own version of the Ryan Lightning Bug.62  Similar to the U.S. 

experience in Vietnam, they soon expanded mission profiles from reconnaissance to a 

variety of additional roles including decoys to draw air defence responses.  Additionally, 

recognizing the benefits of UAS’s to their forces, Israel launched its own unmanned 

aerospace industry.63  Before long they became, and continue to be, leaders in UAS 

technology and doctrine.  By 1982, Israel’s success in using UAS’s to defeat Syrian air 
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defences, gather intelligence and operate jointly to correct artillery fire spawned renewed 

interest in UAS’s from the rest of the world, particularly from the U.S. who ultimately 

purchased Pioneer UAS’s from Israel in 1986.64  It also added the task of targeting to 

UAS’s capabilities and was indicative of the high levels of joint interaction conducted by 

current generation UAS’s. 

Returning to UAS’s from yet another hiatus, the U.S. resumed their interest with 

them and began to take steps towards institutionalizing their presence as a more 

important part of their armed forces.  In 1988, funds dedicated to UAS’s were centralized 

from the services to be managed jointly by the Secretary of Defence through the Joint 

Programs Office (JPO).  In addition, the Department of Defence (DOD) published the 

first UAV master plan aimed at providing guidance to the development UAS’s in the 

U.S.65  These steps are important because they marked renewed commitment that persists 

today.   

The first noteworthy program was for a Medium Altitude Long Endurance 

(MALE) UAS that evolved to become the RQ-1 Predator.  Of significance, this program 

and others that followed it entered into service as Advanced Concept Technology 

Demonstrators (ACTD); implying that the system did not undergoes a full R&D regime 

or complete operational testing and evaluation (OT&E) process before it was put into 

combat.  As will be discussed later, while doing this was successful in getting the 

capabilities rapidly into the hands of field commanders, it assumed certain risks.   For 
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example, unlike systems that have undergone full R&D and OT&E, long-term service 

support requirements for such UAS was not fully developed understood, leading to 

unexpected costs, and likely contribute to delayed and uncertain doctrinal development.  

Predator first saw active service in 1995 in Bosnia, where it successfully provided real-

time video imagery and provided crucial intelligence to commanders.  It also marked the 

first time that satellite communications were utilized to control the vehicle and downlink 

the video feed. 66  This important development opened many doors for UAS’s allowing 

for Beyond Line-of-Sight (BLOS) control of the UAS’s.  Additionally, it also triggered 

widespread use of the Joint Broadcast System (JBS), a network that allowed the UAS to 

broadcast simultaneously to “more than 15 users, showing common picture of the 

‘battlefield’.”67   The success and effectiveness of using UAS’s in such a manner was 

significant as it provided credible evidence that network-centric, information based 

warfare would be the way of the future, feeding ongoing speculation that the US was 

undergoing a Revolution in Military Affairs (RMA).68  The concept of operations for 

UAS’s, tested and proven during the conflict in Bosnia in the 1990s were further refined 

in the later conflicts of Kosovo, Afghanistan and Iraq; influencing development of later 

UAS’s such as RQ-4 Global Hawk and MQ-9 Reaper.  As such, it established the ‘gold 

standard’ that nations such as Canada seek to achieve with their respective UAV 

programs.   
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 The next noteworthy program to originate in the 1990’s was to address the risk of 

conducting manned strategic level reconnaissance by such aircraft as the U-2.  The 

program called for a High-Altitude Long Endurance vehicle (HALE) and eventually 

produced the RQ-4 Global Hawk.  This particular UAS is in a class of its own and has 

been playing an increasing role in most major American conflicts since it was put into 

service as an ACTD in 2001.  This particular program is of interest as it modifies the 

traditional understanding of airpower’s characteristic of impermanence.69  Traditionally, 

one of the greatest challenges for airpower is that of persistent presence.  Unlike ground 

and naval forces that can remain on station with a seemingly permanent presence, 

“typical aerospace platforms cannot remain aloft indefinitely”70 requiring either a 

constant rotation of aircraft or a short revisit time in order to minimize gaps.  Thus, with 

an endurance of up to 30 hours,71 Global Hawk and other recent UAS’s squarely 

challenge this airpower characteristic. 

Though not as elaborate or evolutionarily significant to the overall progress made 

by the U.S., U.K. and Israel towards the modern UAS, Canada does possess UAS history.  

Staring in the 1960s Canadair, now part of Bombardier, began experimenting with 

tactical level reconnaissance UAVs.  The most successful was the CL-89, developed 

jointly with the U.K.  It looked like a missile and launched by a rocket but once airborne 
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it was jet propelled along a pre-programmed route.72  It was subsequently improved and 

re-designated the CL-289, which enjoyed operational success with U.K., French, German 

and Italian forces well into the 1990s.73  Other tactical level UAS’s designed by Canadair 

were the CL-227 and CL-327, whose peculiar shape earned them the nickname of 

‘peanut’.   Though successful during land and sea trails, insufficient government interest 

and lack of sales abroad relegated the technology to the background and essentially 

ceasing any further UAS development of significance for several years thereafter.74      

Despite not operating a UAS of its own, the CF remained interested in them, 

watching with interest the developments occurring the in the U.S.  By the year 2000, the 

Canadian Forces announced the Joint UAV Surveillance and Target Acquisition 

(JUSTAS) program,75 meant to bolster Canada’s Intelligence Surveillance and 

Reconnaissance (ISR) capabilities.  In the process of determining the best way ahead, the 

CF launched a number of activities with UAS’s including Operation Robust Ram,76 

Operation Grizzly,77 Pacific Littoral ISR Exercise (PLIX),78 and Atlantic Littoral ISR 

Exercise (ALIX)79 to explore concept development and assists in system selection.80  
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Although a MALE UAS acquisition did not result from the exercises, valuable insight 

was learned regarding their operating characteristics and limitations.    

As the CF increased its combat role in Afghanistan, it became apparent that it had 

insufficient ISR, exposing CF personnel to unnecessary risk.81  Recognizing an urgent 

requirement, the Canadian Army (CA) unilaterally purchased CU-161 Sperwer UAS for 

deployment in Afghanistan.  While it successfully provided usable data for ground 

commanders, the Sperwer program encountered difficulties due to the Army’s lack of 

knowledge in acquiring, employing and supporting UAS’s on operations.  Airworthiness, 

airspace control, frequency management and the presence of civilian contractor support 

on deployment are but a few areas where the CF gained valuable new insight in UAS 

operations.82  While tactical UAS’s such as the Sperwer met the immediate needs of 

tactical level commanders, a requirement for a more robust system, with more capability 

and reliability remained.  When the CF transitioned from Kabul to Kandahar in 2006, the 

need for a more robust UAS increased, compelling the CF to act.  Since the JUSTAS 

project was not progressing rapidly enough to meet near term theatre Intelligence, 

Surveillance, Targeting Acquisition and Reconnaissance (ISTAR) needs, other solutions 

were sought which resulted in Project Noctua.    
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Project Noctua set out with a similar mandate to that of the JIAC program except 

that it sought a “turnkey solution capable of deploying in months”83 through a lease 

agreement.  The lease was awarded to MacDonald, Dettwiler and Associates Ltd. (MDA) 

who collaborated with Israel Aerospace Industries (IAI) to provide the IAI Heron MALE 

UAS.  This marked Canada’s first experience with a MALE UAV.  While the CU-170 

Heron UAV is capable of operating in BLOS mode, the RCAF only operated it in LOS  

mode.  The RCAF operated the Heron UAS until the end of the contract in July 2011.  

Despite gaining valuable experience in operating a MALE UAS, logging thousands of 

hours, and training hundreds of personnel in the system’s operation, the RCAF still does 

not have any operational experience with BLOS systems as proposed by the JUSTAS 

program.  Therefore, given this lack of experience, one must study MALE UAS 

capabilities carefully and cautiously, in order to prevent false expectations on what it can 

actually do in the Canadian context.  It must also consider the impact that that introducing 

such a system will have on force structure, technical enablers and the overall culture of 

the RCAF. 

The as defined by the statement of requirement, JUSTAS seeks “to provide 

persistent, all-weather intelligence, surveillance, reconnaissance, target acquisition, and 

precision strike capabilities in support of CF operation worldwide.” 84  Figure 2, shown 

below, provides the mandatory capabilities that must be fulfilled by the selected UAS. 
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High Level Mandatory Capabilities 

Surveillance and Target Acquisition: A suite of sensors that enables the operator to 
covertly detect and identify targets and obtain targeting data, in all weather conditions, from 
medium altitude, day and night. 

Range/Endurance: Flying endurance, at reconnaissance mission configuration, to 
ensure a relevant radius of operation (a minimum of 1000 nm) and allow prolonged (a 
minimum of 12 hours) on station surveillance. 

Operations Tempo: Sufficient operational and training systems, personnel, 
infrastructure, and logistical support to sustain two lines of tasking at a single deployment 
location, as well as force generation in Canada. 

Interoperability: Ability of the system to provide services and data to, and accept 
services and data from, Joint and Combined forces. 

Operational Suitability: Ability to conduct sustained operations worldwide in 
appropriate classes of airspace, under specified adverse weather conditions, and in low-to-
medium threat environments.  Provides RF spectrum supportability in Canada and abroad. 

Dynamic Control and Responsiveness: Ability to dynamically control the unmanned 
aircraft and payload, in near-real time, under line of sight (LOS), beyond line of sight 
(BLOS), and remote split operations (RSO), and respond rapidly to situational changes and 
new taskings. 

Flexibility/Growth Capacity: The unmanned aircraft must possess the flexibility, 
growth capacity, and standard interfaces required to integrate new payloads to support 
enhanced overland capabilities and maritime domain awareness. 

Force Application: Capable of enabling Joint Fires, and carrying and employing 
precision-guided munitions (PGM). 

 
Figure 2 – JUSTAS High Level Mandatory Capabilities85 

 
Though the attributes described in the mandatory requirements are essential for long- 

range surveillance aircraft, applying them in a Canadian context, where harsh climate, 

huge distances and problematic satellite coverage in the North exist, will be significant 

challenges for the platform selected by JUSTAS to overcome.  As such, it should be 

acknowledged that though technology currently exists to fulfill the requirements in very 

specific circumstances, this is not possible in the broader sense; which will be discussed 

in later sections.  
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CHALLENGES TO UAS DEVELOPMENT 

The relationship between UAS’s and technology is quite interesting.  Their initial 

development spawned in large part due to technical deficiencies in propulsion and 

aerodynamics in effectively lifting the extra weight of humans.  However, technology or 

lack of it also served to delay their usefulness in most roles until recently, where they 

have re-emerged as vehicles of choice and represent a growth segment in military and 

civilian aerospace industries.  Though advances in surveillance and communication 

technologies have overcome several of the barriers that previously existed, such as 

controlling when beyond line of sight, many still remain and need to be solved before 

UAS’s can fully realize their potential.  For example, satellite coverage in the Polar 

Regions is lacking, severely limiting UAS abilities.  This is particularly pertinent in a 

Canadian context since the climactic conditions and varied roles that the RCAF wishes to 

operate UAS’s differ greatly from those under which they have recently proven effective; 

primarily Iraq and Afghanistan.  This section will discuss the most significant of these 

challenges and deduct the valuable conclusions that are applicable in a Canadian context.  

They include technical challenges such as bandwidth, satellite availability, and challenges 

concerning robustness, survivability, airspace access, and costs. 

As stated, UAS’s come in various sizes, complexity and level of human interface.  

From a technical perspective, the method and amount of human interface or control the 

vehicles can pose a significant challenge in UAV design and capability.  Simply put, 

there are three primary methods to interface with UAVs, Line of Sight (LOS), Beyond 

Line of Sight (BLOS) and Remote Split Operations.   Regardless of the method used, one 

must consider the fact that typically, multiple signals are needed in UAS operations. One 
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to control the UAV, a second to receive important flight parameters and vehicle location, 

a third to control the sensors, a fourth to receive sensor data, and at least one more to 

carry out communications with air traffic control (ATC) and/or the Command and 

Control (C2) network.  Clearly, modern UAS operations are heavily dependent on access 

to sufficient bandwidth to be effective. 

The simplest interface is the Line of Sight method (LOS).  With LOS, operators 

communicate directly with UAVs by using radio communication (often UHF) equipment.  

This method offers the advantages of being simple and relatively cost effective; however, 

this method also has two notable deficiencies.  First, given the potential range of today’s 

UAS’s, which can be in the thousands of miles, the LOS method limits the effective 

range of communications to approximately 278 Km86.  This range can be further affected 

and reduced by weather, terrain and operating environment.  LOS range can be extended 

through a variety of methods such as having multiple ground stations along the intended 

route, using an aircraft to control it (as the Italians/Germans did with the glide bomb 

Fritz) or using another UAS to rebroadcast the signals.  The second challenge to LOS 

relates to the electromagnetic environment where UAS’s operate.  When this problem is 

looked at from the perspective of a single vehicle, frequency management and bandwidth 

issues are manageable through prioritization and automation techniques.  Unfortunately, 

the modern battle space has become heavily reliant on network usage of the 

electromagnetic spectrum, congesting it to a point where UAS’s must compete with other 

essential systems.  Competing entities for bandwidth on a battlefield may include friendly 
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units, allied units, adjacent activity, non-combatant activity, and enemy forces.  

Therefore, the potential exists for interference and limitations in UAS operations due to 

such congestion, requiring a high level of co-ordination with others players in a joint and 

combined battle space in order to secure necessary bandwidth and prevent unintentional 

interference in the electromagnetic spectrum.   

The BLOS method represents a more complex solution to UAS operations and is 

dependent on satellite communications.  Modern satellite communications permit control 

of UAS’s as well as sensor operation.  The main advantage of BLOS is its limitless range 

but other spin-off benefits such as exposing fewer personnel to higher risk environments 

also are noteworthy.  However, as with the LOS method, there are number of pitfalls to 

the BLOS method.  First, it is technically complex and relatively costly to establish.  This 

point is significant to consider as not every country owns and controls its own 

constellation of communications satellites to use in UAS operations.  Therefore, for a 

country like Canada, availability of U.S. military or commercial satellites is essential to 

supply the necessary frequencies and bandwidth to operate UAS’s in BLOS and may be 

difficult to secure and costly.   

Although outside the scope of the JUSTAS project, the Minister of National 

Defence has recently announced Canada’s participation in the Wideband Global Satellite 

Communication System through project Mercury Global.87  This project will be a key 

enabler for future Canadian UAS operations; however, it does not provide high data rate 
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coverage in the high arctic.  Next, as with the LOS method, the number of frequencies 

and bandwidth over satellite networks can be equally or more congested than ground 

based communications structures.  As the space domain grows in influence over the 

battlefield, the number of systems relying on satellite communications is growing rapidly, 

increasing demands for satellite based bandwidth.  Thirdly, and likely the most 

significant issue for Canada, has to do with satellite coverage.  Though much of the 

planet enjoys 100% satellite coverage all the time, there still exist locations where 

coverage is gapped or problematic.  For Canada, the most problematic area in terms of 

coverage is in the arctic, where there are significant gaps.  “Currently only low-data rate, 

low earth orbiting satellite communication systems such as Globalstar and Iridium exist 

to serve the arctic,”88 which are insufficient for BLOS operations with current generation 

long range UAS’s.   While this shortcoming is crucial for effective UAS operations in the 

arctic, it is a problem shared by others who operate in the region.  Therefore, the 

Government of Canada has launched the Polar Communication and Weather (PCW) 

project89 to which will provide adequate broadband satellite coverage in Canada’s high 

arctic by 2017.90  A technical challenge with BLOS UAS operations is known as 

latency.91  The term refers to the inherent delay experienced between command inputs 
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and UAV response.  Such a delay can be problematic during critical and time sensitive 

parts of a mission, such as during takeoff and landing. 

A third control method known as Remote Split Operation (RSO) is also 

commonly referred to and is the intended control method for the Canadian JUSTAS 

UAS.92  In simple terms, it is a combination of LOS and BLOS where the vehicle is 

controlled in the terminal areas by the launch and recovery team in LOS and operated in 

BLOS while on station by the mission crew.  This method reduces the impact of latency 

delays during critical phases of flight while maintaining the ability to control the UAS to 

globally. 

 Robustness and survivability are a traits that speaks to the ability to withstand 

difficult conditions.93  For UAS’s, this can refer to environmental climactic conditions in 

which they have to fly or the battlefield conditions where the enemy poses a threat to 

their mission accomplishment.  Thus, robustness or survivability of UAS’s can be 

measured in terms of how well they cope with flight conditions and how vulnerable they 

are to enemy interference.  Since Canada arguably possesses the most challenging 

operating environment in the world, robustness and survivability of a UAS has must be at 

the forefront of any procurement decision. 

To better appreciate the potential challenges that UAS’s have in terms of 

robustness when operating in Canada, one must consider the context under which their 
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latest developmental phase occurred.  Most UAS’s currently in service or soon to become 

operational were designed and conceived to meet the military challenges of the past 

decade.  They have operated very successfully in environmental conditions that are 

predominantly dry and clear compared to what would be faced in a Canadian climate.  As 

such, current systems have significant difficulty operating within the presence of icing, 

clouds, winds, turbulence and other environmental phenomenon. 

 Weather conditions have a much larger impact on UAS operations than they do 

for manned aircraft for a number of reasons.  First, recent UAS’s take their lineage from 

the Israeli Aircraft Industries where cold weather and icing is less of a concern than more 

northern latitudes.  A good example of such a design shortcoming with regard to weather 

was during the Kosovo conflict in the late 1990s.  While commanders recognized the 

valuable contributions UAS made over the battlefield, they also noted that their 

effectiveness was significantly hampered by weather.94  Designed as “fair weather 

aircraft,”95 this era of UAS did not have any airborne de-icing capability, making them 

susceptible to clouds above the freezing layer.  While later models, such as the MQ-9 

Predator B, have been designed with some de-icing capability, it is insufficient for 

conducting sustained operations in icing conditions due to system limitations.  While the 

wings, tail and engine are protected, antennas and sensors remain susceptible to icing, 

making all clouds around and above the freezing layer problematic to UAS’s.  To put this 
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in a Canadian context, CFB Bagotville has a cloud ceiling approximately 70% of the 

year,96 a point of significance since it is a possible basing location for a UAS Squadron. 

 The next concern with UAS’s and their ability to cope with the environment 

stems from their design philosophy.  One of the greatest advantages of UAVs over 

manned aircraft is their endurance.  As such, they have been designed for optimal 

endurance, making them relatively small and light.  While beneficial for endurance, these 

characteristics make them very susceptible to winds, turbulence and adverse weather.  

Winds can plague a UAS mission through all of its phases: takeoff, cruise, on station and 

landing.  Compared to a Long Range ISTAR aircraft such as the CP-140 Aurora, which 

can take off and land in crosswinds of up to 35 Nautical Miles Per Hour (Kts), common 

MALE UAS designs can only tolerate crosswinds similar to a small engine aircraft; 

approximately 15-17 Kts of crosswind.97  While this seems adequate for median 

Canadian weather conditions, it is likely that UAS departures and arrivals would not be 

possible during stormy periods with such limitations.  As with departure and arrival, 

winds can also have a considerable impact during transit and while on station.  Though 

designated as medium altitude, MALE UAVs still operate at altitudes reaching 25000 to 

40000 feet98 where they can be adversely affected by the jet stream or similarly high 

winds.  While this does not pose an insurmountable problem on its own, it could have a 

significant impact when the operating areas are at a distance from the launch sites.  
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Again, because most currently available UAS’s are designed to optimize endurance, few 

have adequate velocity to tackle a 100kt headwind.  For example, if a UAS such as a 

MQ-9 Reaper was to transit 1000nm to arrive in its patrol area, as suggested by the 

JUSTAS Statement of Operational Requirement,99 it would take five additional hours to 

arrive with a 100 Kt headwind.100  In other words, wind could have a considerable impact 

on UAS operations where significant transits at high altitude are required.  A last 

observation regarding modern MALE UAS’s and their resilience to wind has to do with 

turbulence.  This challenge was noted during the Kosovo conflict where turbulence 

caused by the wind and mountainous terrain posed a “constant threat to UAVs.”101  Given 

that they were never conceived to be overly manoeuvrable, such machines lack the 

structural integrity to cope with high ‘G’ forces and the computing power to maintain 

controlled flight in severe turbulence. 

While it should seem apparent that climate and weather have the potential to 

adversely affecting UAS operations more than for most manned military aircraft, it 

should be noted that these effects are further exacerbated by the relatively inflexible 

nature of UAV operations.  Compared to a manned aircraft, which can divert or change 

missions dynamically while airborne, current generation MALE UAS’s are significantly 

limited in this regards.   Where a manned platform can simply divert, UAS’s are tied to 
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their programming and their launch & recovery teams; meaning that diversion options 

may be limited to the locations of existing ground support, making an unplanned 

diversion by a UAS problematic unless foreseen.  

The next aspect of UAS to consider is their survivability in a peer conflict.   This 

is of particular importance for military users of UAS’s as it should be assumed that an 

enemy will seek to eliminate or negate their use prior to and during a conflict.  As 

previously stated, UAS’s have exponentially increased in capability over the decade, 

however, all or much of this development occurred within the microcosm of a low air 

threat environment.   The Iraqi and Afghani battlefields are both irregular in nature and 

against foes that have little or no capability against air power, making it unnecessary to 

incur the additional developmental costs and time to optimize current UAS’s for 

survivability in a peer conflict.  Furthermore, the notion that UAS’s are disposable since 

losing one does not hold consequences to humans has arguably increased the willingness 

project air power in greater threats areas with such platforms in comparison to manned 

one.  This was certainly the case for Israel during the 1982 Lebanon War where UAS’s 

flew many of the high risk missions needed to neutralize Syrian air defence, even if it 

implied that some of the UAs would be sacrificed in the process.102  Therefore, a 

combination of low threat on one hand and a view that they are somewhat disposable 

have contributed to UAS’s not being optimized for peer-on-peer environments. 

In contrast, acceptance of similar risk or view that the Unmanned Aircraft (UA) is 

disposable in a Canadian context for the MALE UAS proposed in the JUSTAS program 
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is comparably lower.  This is evident in the JUSTAS SOR where it states that while 

remaining the discretion of the Operational Commander, “it is expected that the UA will 

not be operated routinely in high risk threat environment where loss of the UA is highly 

likely.”103   

Threats to UAS’s in a peer conflict can be seen to originate in two interrelated but 

distinct realms.  The first is conventional in nature.  Air defence systems, aimed at 

denying the freedom of movement for manned aircraft are equally effective against 

UAS’s.  While it might be argued that UAS’s can potentially be stealthier than manned 

aircraft, the MALE sized UAS’s that this paper is concerned with remain nearly as visible 

to detection systems as comparably sized manned aircraft.  On the other hand, it is 

commonplace to equip conventional manned aircraft with self-protection equipment, 

which include missile warning systems, chaffs, flares, and jammers, very few UAS’s 

have incorporated such self-protection.  This seems sensible considering that adding such 

systems to a UAS would prove costly in terms of weight and bandwidth requirements, 

where UAS design seeks to minimize both in order to exploit its positive characteristics.  

As a result, current generation UAS’s continue to rely on inherent reduced visual and 

electromagnetic signature as well as stand off to protect them and increase their 

survivability.  The vulnerability of UAS’s with regards to conventional counter-air 

techniques is best exemplified by comparing their losses against those of manned aircraft 
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where their rate is approximately twice as high for Operations Allied Force, Enduring 

Freedom, Southern Watch and Iraqi Freedom.104  

The second aspect of survivability for UAS’s has to do with the electromagnetic 

spectrum.  As previously discussed, they are heavily reliant on communications 

technology and the electromagnetic spectrum to be effective in a dynamic environment.  

This same trait also makes them vulnerable to interference in the same domain.  They 

depend on the ability to communicate with ground elements and other air units in order to 

guarantee their safety and accomplish their missions.  Therefore, UAS’s are vulnerable at 

several points in their system.  Jamming, computer viruses, signal interference, false-

signals, and cyber highjacking are all examples of ways that UAS operations can be 

defeated.  A number of counter-measures, such as encryption, are in place to counter such 

threats, but it does not seem to be completely successful thus far.  Take for example the 

case of the American RQ-170 Sentinel, allegedly captured by Iran.105  Though the 

complete details of this case remain classified, the Iranian Forces claim they were able to 

take control of the UAS while over Iranian airspace and cause it to land at one of their 

airfields.  Even if these claims turn out to be false, the fact remains that the USAF lost 

one of their most technologically advanced and resilient UAS’s to a near-peer competitor.  

This raises concerns regarding the viability of UAS’s during a true peer conflict.  Further 

speculation need not go far before one could envision a battlefield where one side’s 

armed UAS’s are made to turn against them through manipulation of communications 
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links or that the UAS’s are captured in order to exploit the information they may contain 

about air defence systems, force layout, or even operational and strategic plans. 

Therefore, despite the significant contributions that UAS’s can make on the battlefield for 

commanders, the possibility of having the very same asset become a liability must 

equally be weighed.     

What does this mean for Canada?  Though the strategic outlook for Canada does 

not predict conflict against a peer competitor in the near to medium future, it cannot be 

completely rules out.106  This is particularly true in an expeditionary context, where the 

CF may be required to operate in a peer or near peer theatre of operations.  As such, a full 

appreciation of inherent vulnerabilities regarding UAS robustness and survivability is 

necessary if the CF hopes to procure a UAS that will meet expectations for the 

environment and duration it intends to use it.107  Incorrectly matching requirements to 

UAS capability could prove to be wasteful, for example, buying a UAS that has little or 

no de-icing capability and expecting it to patrol the arctic or the North Atlantic would 

likely be ineffective and an overall failure.  Similarly, commanders must fully appreciate 

the survivability limitations of UAS’s.  Expecting them to be as successful in the future 

peer conflict as they have been in recent irregular conflicts could be a potentially fatal 

error. 
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Another significant hurdle for UAS’s in realizing their full potential deals with 

airspace integration.  Without full access to all airspace, UAS activities become restricted 

and less flexible, particularly at the operational and strategic levels where UAS’s depend 

on the freedom of movement through multiple types or kinds of airspace to accomplish 

their missions.   

UA will not achieve their full potential military utility to do what manned 
aircraft do unless they can go where manned aircraft go with the same 
freedom of navigation, responsiveness, and flexibility.108 

While this challenge may seem relatively straight forward to solve, considering the fact 

that UAS’s have been operating in various types of airspace for some time, significant 

hurdles remain which limit UAS operations.  In broad terms, this issue can be broken 

down into two categories: regulatory and technical. 

For aircraft to operate in civilian airspace worldwide they must be certified for 

flight and be granted airworthiness.  There are two main types of certifications, those for 

Visual Flight Rules (VFR) and those for Instrument Flight Rules (IFR).  In general terms 

VFR certified aircraft need very little by way of instrumentation and rely primarily on a 

‘see and be seen’ philosophy to avoid collisions with other aircraft or obstacles.109  For 

IFR, equipment requirements are more encompassing to ensure safe operation and 

navigation when not visual with the earth’s surface.  During IFR flight, the responsibility 

for aircraft de-confliction and obstacle avoidance is shared between the pilot and Air 

Traffic Control (ATC).  ATC is responsible for de-confliction with other IFR traffic 
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while the pilot remains responsible for de-confliction from VFR traffic during visual 

conditions.110  Therefore, the key requirement for a UAS to operate unrestricted in all 

airspace is to fulfill the requirement of ‘see and be seen’.  The difficulty today is the gap 

between ATC and the UAS operators.  For example, a common issue with BLOS 

operations is command signal delay or lost link which causes the UA to be unresponsive 

or unpredictable from an ATC point of view.  This makes it evident that current 

regulations and technological enablers for UAS’s to operate seamlessly in all types of 

airspace still needs some work. 

From the perspective of national airspace regulators such as Transport Canada 

(TC) and the Federal Aviation Administration (FAA), normalizing UAS’s to civil 

airspace cannot compromise the safety of other users or the public at large.111  Thus there 

are two lines of thinking that can be pursued; force UAS’s to meet the regulations as a 

manned aircraft does, implying significant technical development, or adjust the 

regulations to make them more feasible for normalized UAS operations while keeping the 

skies as safe (or safer) than they are today.   

Airspace regulations were never conceived to include UAS’s; they were created 

and evolved under the paradigm of manned aircraft.  Just as trains and subways become 

increasingly autonomous, the same will likely happen to roadways112 and airways.  As 
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with other paradigm shifts, change will not likely occur on its own.  In the U.S., it has 

taken a Congressional Bill and the President’s signature to stimulate progress towards 

making safe UAS integration possible.113  Currently in Canada, UAS’s can operate under 

a Special Flight Operations Certificate (SFOC), which is approved on a case by case 

basis.  While it might be said that SFOC’s are relatively easy to attain for the CF, they 

cannot provide unlimited mobility to UAS’s in congested airspace, making their 

flexibility less than that of a manned aircraft.  Furthermore, a similar process would be 

required to operate in another country’s national domestic airspace or in international 

airspace.  Thus, while there is a desire to let UAS’s operate as equals in all airspace, 

regulatory mechanisms remain a significant obstacle towards parity.  In order to 

accomplish this, a complete revision of airspace regulations will be required, one that 

includes UAS’s as part of it.  A first step towards this realization occurred when President 

Obama signed a Congressional Bill in February 2012 mandating the FAA to open up to 

six test sites for the research and development of an airspace system that will be UAS 

friendly.114  The changes this initiative will bring will only be revealed through time but 

are expected to improve UAS access to civil airspace.  This initiative is likely to also 

have an impact on Canadian regulations, given the close co-ordination that currently 

occurs between Canadian and American air traffic.  Therefore, TC will likely observe 

how the FAA and other like it are doing in order to assess the viability for similar 

regulatory changes in the Canadian airspace system. 

                                                 

113 Ben Gielow, “Congress Sets 2015 Deadline for UAV’s to Fly in the National Airspace” 
http://www.auvsi.org/news/; Internet; accessed 12 February 2012. 

114 Ibid. 



45 

 

While regulatory progress will be required to integrate UAS’s into all types of 

airspace, technical innovations will also be crucial.  If the foundation for safety in the 

skies remains based on a ‘see and be seen’ philosophy, a logical step in making UAS’s 

safer is to have them mimic its intent.  In other words, give UAS’s similar abilities to 

perceive their surroundings, understand potential threats and take necessary actions to 

avoid catastrophe.  How this would best be accomplished is currently the source of much 

debate and speculation.   

One proposal focuses on providing UAS pilots with the sensory information 

required to maintain a similar level of situational awareness as in a manned aircraft.  

While this seems like a logical solution, given the pilot to UA interface frequently in use, 

it would also imply increasing the amount of bandwidth required to operate the UAS.  

There are two methods that are commonly considered to accomplish this.  Airborne Sense 

and Avoid (ABSAA) and Ground Based Sense and Avoid (GBSAA).  ABSAA implies 

equipping the UA with the necessary sensory equipment to build adequate situational 

awareness equivalent to that of a manned aircraft.  The disadvantages to this approach 

include increasing the UA weight which would decrease endurance and increase 

requirements for already scarce bandwidth. GBSAA implies adding a ground based 

radar115 to provide the operators with the necessary picture.  The benefit of this approach 

is that it should not affect UAS bandwidth requirements or vehicle endurance, however, it 

implies that the UA would be limited to operating within the range of the ground based 
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sensing radar which would limit its mobility.  Furthermore, reliance on UAS pilot 

reactions to resolve potential safety conflicts would likely be impractical due to the 

inherent command delay times,116 potential jamming (intentional or not) or loss of signal.   

Another technical proposal aimed at enabling UAS’s to be integrated in all types 

of airspace is a variation on using ABSAA.  Again, the UAS would be equipped with the 

sensory capabilities similar to those found in manned aircraft, except with this method, 

all would be processed on board the UA for it to interpret any potential safety threats and 

take independent action towards a resolution.  This approach implies that the UAs would 

have significant autonomous capabilities which are not available in the current generation 

of UAS’s.  It also implies that its processors hold a true picture of its surroundings 

interprets intentions correctly and can respond to unforeseen or surprise circumstances.  

Furthermore, a method or protocol would need to be established for the UA to 

communicate any deviations taken for safety reasons to ATC and its Ground Control Unit 

(GCU).  While it might be argued that many of the technologies, such as Terminal 

Collision Avoidance System (TCAS), are already in existence, the computer processing 

power or artificial intelligence (AI) required to build and maintain an accurate situational 

awareness in congested airspace is not expected to exist in the near future.   

The last approach to consider involves technological changes to the ATC systems 

as well as the UAS.  Programs such as the ADSB-B transponder, tested by NASA in 
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March of 2012,117 represent the first steps at bridging the gap between UAS capabilities 

and integrating them safely into a domestic airspace system. 

Despite making great progress towards integrating UAS’s into all types of 

airspace, much still needs to be done.  Until they are fully integrated and can go where 

manned aircraft go with the same ease, UAS users will need to be mindful of the 

restrictions this may cause.  The JUSTAS SOR calls for the UAS to be “able to operate in 

non-segregated airspace,”118 but a realization that this may not be possible in every 

circumstance is necessary; this is particularly true during international expeditionary 

operations where the UAS would be expected to abide by the regulations of the host 

nation.  Therefore, a pragmatic approach should be taken to fill the capability deficiency 

described in the SOR119 as rapidly as possible while keeping a consideration for what 

might be required in order to make the UAS compliant with future regulations and 

optimize its flexibility.  In other words, ensure that the selected system is capable of 

upgrading to accommodate equipment necessary for airspace compliance. 

 One of the most attractive characteristics of UAS’s is the belief that they are less 

costly than manned equivalents.  While this may hold true for tactical UAS’s, the validity 

of such assertions for MALE and HALE systems may not hold true.  Recent trends and 

media reports have brought this notion into question.  For example, cost overruns and 
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price are some of the official justifications for the USAF’s recent suspension of their 

Global Hawk Block 30 program,120 the intended replacement for the aging U-2 spy plane.  

Cost estimates for a UAS capability are complex and could be difficult to determine in 

the procurement stage, as is the case for the JUSTAS project.  Prices for in-service 

support, satellite bandwidth , Ground Control Stations (GCS), data fusion centres, 

mission planning centres, training, infrastructure, personnel and life-cycle maintenance 

and upgrades must be considered in addition to the cost for the platform itself.  Therefore, 

it might be argued that given the extra cost needs to establish and maintain a viable UAS 

capability, the notion of monetary savings may not be valid.   

Additionally, in comparison to many manned platforms, UAS procurement is 

significantly riskier in a monetary sense.  The technologies required to enable UAS 

operations are still relatively immature.  As such, the cost of a UAS must always be 

weighed against the capability requirements that it is intended to fulfill.  This is important 

for a country like Canada, who has relatively little experience operating BLOS UAS’s 

and does not currently possess the infrastructure required to effectively use them.  

Therefore, an awareness of the additional support requirements need to be incorporated 

into the total cost estimates for Canada’s first Joint UAV purchase and weighed against 

the long term benefits and alternatives currently available. 

The actual platforms or UA’s are relatively straightforward similar to a manned 

platform if they are considered as a single entity.  However, their costing becomes more 

complex when thought of as a system since the ratio between UA and ground station 
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need not be one to one.  As such, it might be argued that from a systemic perspective, 

economies of scale can be realized by using the same ground control station for multiple 

vehicles.  Currently, it is estimated that the unit cost for a MALE UAS such as MQ-9 

Reaper to be $30 million.121  Depending on the perspective that is taken this can be 

considered good value or costly.  If the MALE UAS capability is compared to long-range 

patrol platforms such as CP-140 Aurora122 or P-8 Poseidon123, $30 million can seem like 

a steal.  Conversely, if such a UAS were to be compared to a similarly capable 

surveillance version of a Beechcraft King Air124, it may seem expensive.  Furthermore, it 

must be remembered that $30 million does not include the significant modifications that 

would be required to make such a UAS compliant with international airspace regulations 

when they come into being; something that will surely drive costs even higher.   

The next crucial parts to a UAS are the GCS.  These can be broken down into two 

types, launch and recovery, and mission control.  Launch recovery is a transportable GCS 

intended to deploy with the vehicles to operating locations and charged with launching 

and landing it, usually via LOS methods.  To preserve system integrity and mitigate the 

possibility of accidental loss due to GCS failure, a back unit should also be procured or 
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the system would need to be designed robustly enough to deal with such a contingency.  

Furthermore, land and recovery GCS would also need an ability to have the UA divert to 

an unintended location, adding additional hardware and expenses to the potential price 

tag.  As for the mission control element, it is normally a fixed station in RSO operations 

and is charged with control of the UA and its sensors throughout the mission.   Such a 

GCS is highly dependent to reliable bandwidth access for UAS operations as well to 

effectively integrate into Command and Control (C2) networks.  The challenges that such 

a requirement poses will surely be costly and must be considered as part of any UAS 

capability that wishes to operate BLOS.  A recent example illustrating this occurred 

during the Royal Air Force’s (RAF) introduction of their RQ-9 Reapers, where they were 

forced to operate the mission GCS out of the U.S. for some time in order to assure access 

to bandwidth and ensure C2 integration in the Afghan theatre of operations.  As with the 

transportable GCS’s, an appropriate amount of redundancy must also be accounted for in 

order to prevent preventable losses due to CGS failures. 

As previously discussed, successful UAS operations are highly dependent on 

reliable access to large amounts of bandwidth.  Unlike the U.S., Canada does not possess 

its own military communications satellites.  Instead, it must rely on access to allied 

satellites or procurement of bandwidth from commercial carriers, which can be costly.  

For Canada the one of the primary means to attain adequate bandwidth for BLOS UAS 

operations resides with project Mercury Global;125 the purchase of commercial broadband 

satellite bandwidth.  While this project meets the majority of Canada’s needs, it does not 
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provide sufficient coverage to conduct BLOS UAS operations in the far north and 

provides “no signal protection or anti-jamming/spoofing features.”126  Thus, this fiscal 

burden must be adopted with the full awareness that it may not meet the capability 

requirement in a peer on peer conflict, where commercial carriers may not be relied upon 

to provide secure and reliable bandwidth.  

Likely one of the greatest underlying costs required to fully enable the potential of 

an ISTAR platform such as a MALE UAS, if the supporting ability to absorb, process 

and disseminate the information that it collects.  Data fusion or making sense of the vast 

information and putting into a usable format that commanders can use in a timely manner 

remains a challenge even for the American Armed Forces.127  While the requirements for 

such a network exists beyond a JUSTAS type UAS, its existence is a significant enabler 

for it to operate seamlessly from the strategic to the operational level of warfare and 

cannot be ignored as part of the cost for a UAS capability. 

Infrastructure requirements contribute part of the cost for UAS operations and 

must be viewed differently than for traditional manned aircraft.  A frequently touted 

advantages of UAS' is that they do not require life support, pressurization and climate 

control systems to keep the crew safe and comfortable;128 thus reducing the overall 

weight of the UA and potentially increasing its range, endurance or payload.  While this 
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is undeniably a significant advantage, the absence of such systems means that avionics 

and sensors are not climate controlled, leading to issues when operating in extreme 

temperatures, necessitating additional infrastructure requirements.129  For example, in 

very hot or cold conditions, it is not possible to conduct operations with a RQ-4B Global 

Hawk without the use of climate-controlled shelters,130  exposing an inherent design flaw 

present in most UAS designs and necessitating additional infrastructure compared to 

manned aircraft.    For Canada, a country that experiences significant environmental 

extremes, this fact must be considered as part of any MALE/HALE UAS initiative, 

particularly in a deployed or expeditionary role.  The JUSTAS project does address this 

issue by stating that, “The UA will be maintained and stored in a suitable shelter erected 

on a prepared surface at the operating location.”131  It further elaborates in describing that:  

The transportable ground component auxiliary equipment shall be able to operate 

continuously under environmental conditions at the DOB or FOL, including high 

and low ambient temperatures, high humidity, rain, snow, sand and dust.132 

While it is good that the JUSTAS project considers the additional requirement for 

infrastructure necessary in UAS operations, the supplementary cost that this will pose is 

not addressed in detail and serves as a counter argument that UAS’s are more cost 

effective than manned aircraft.   
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The last and very significant point regarding the cost of UAS’s stems from the 

relative newness of the current generation and the lack of understanding regarding 

necessary modifications such as ABSAA and long-term in service support requirements.  

Though UAS’s have been in existence for some time, the current generation of UAS were 

rushed into service.  Unlike what is normally done to bring an aircraft to operational 

maturity, the majority of the current generation UAS’s including, Predator, Reaper, Gray 

Eagle and Global Hawk, were the result of a rushed production model, where military 

requirements and quickness were deemed to outweigh the risks posed by skipping or 

abbreviating development steps.133 134  While using a rapid acquisition and production 

process has been effective at deploying UAS’s into the battle space, doing so was done 

with little understanding of future costs regarding logistics, upgrades, maintenance and 

general support costs that would be required to sustain such a capability.  While such 

fiscal ambiguity may have been acceptable in the past due to the urgent requirement in 

the Middle-East, as the combat missions wind down, more scrutiny and less tolerance for 

cost over-runs can be noted, as was the case with the cancellation of Global Hawk Block 

30.135   Unknown and unpredictable long-term costs remain a significant hurdle to the 

JUSTAS project and its associated UAS acquisition program.  While many of the 

financial issues illustrated above are mentioned or addressed, the upfront set up costs, the 

                                                 

133 John G. Drew, Unmanned Aerial Vehicle End-to-End Support Considerations.  Report 
prepared for the United States Air Force (Santa Monica: RAND Corporation, 2005), 1, 6. 

134 United States Government Accountability Office, Defence Acquisitions: Assessment of Selected 
Weapon Programs (Washington:  Government Accountability Office, 2011), 75. 

135 Dudley, “USAF Cancels Block 30 RQ-4 Global Hawk,” http://defense-
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54 

 

immaturity of current UAS technology, and the inability to predict in-service support 

costs make current investment financially risky for a capability that is intended “to be 

supportable throughout its twenty- year lifecycle.”136 

Though the presented perspective argues that MALE/HALE UAS are not as cost 

effective as many make them out to be, one must not forget that UAS’s as we know them 

are relatively new.  Heavy reliance on sole source contractor support, unproven 

technologies, unclear in-service support requirements, and ambiguous life-cycle 

implications all contribute to driving the cost of UAS’s up and prevent full realization of 

economies of scale.  However, it is anticipated that greater understanding of underlying 

costs, optimal military to contractor relationships, as well as standardized, interoperable 

and universally compatible architecture will contribute to make UAS cost more 

affordable and predictable.  Furthermore, economies of scale should be achievable, 

making UAS’s more affordable and less risky to acquire from a long-term perspective.  

Nevertheless, when it comes to cost for the JUSTAS UAS, Canada must continue to 

balance risks associated with enduring with “deficiencies in the provision of accurate and 

timely intelligence, surveillance, reconnaissance and target acquisition information”,137 

against the cost to invest in a UAS capability; despite the fact that it may not perfectly 

fulfill the JUSTAS SOR.   In other words, the operational risk of waiting until technology 

                                                 

136 Statement of Operational Requirement: Joint UAV Surveillance and Target Acquisition System, 
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137 Statement of Operational Requirement: Joint UAV Surveillance and Target Acquisition System, 
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matures to resolve the stated deficiency must be weighed against cost and risks associated 

in accepting a less than perfect UAS in the short term.  
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FACTORS OF A HUMAN NATURE 

A discussion on the topic of UAS’s is not complete without consideration for the 

human dimension.  Thus far, this paper has focused on the more technical challenges that 

will require resolution before the full potential of UAS’s can be achieved.  Though those 

aspects are of utmost importance, the role that humans play in the grand scheme of the 

topic presents a different but complimentary perspective on the issues surrounding the 

capabilities of UAS and their ability to project air power.  The recent level of importance 

that UAS’s have taken in recent combat operations has highlighted some hurdles to 

increased proliferation of UAS’s in the delivery of air power.  Cultural resistance, 

ineffective force structure and command and control issues are but a few of the areas 

where attention will be required before UAS’s reach their full potential. 

“Since the dawn of time, human beings have wanted to fly”.138  If this were 

perfectly true, everyone would be pilots, and flying would not be more exciting than 

driving a car.  In reality, few people take the risks or invest the effort into becoming a 

pilot.  Though pilots take up flying for a variety of reasons, it may be argued that they are 

all “people of action, participants rather than observers,”139 who “enjoy being in charge.  

But most of all, they love(d) to fly.”140   Thus, it should come as no surprise that the 

rapport between pilots and UAS’s is not overwhelmingly positive.  Whether it is their 

love for flight, their fear to cede control to a machine or simply because they do not want 
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(Toronto: T.H. Best Printing Co. Ltd., 1989), ix. 

139 Ibid., x. 

140 Ibid. 



57 

 

to stand by on the ground while machines get to do the flying, there exists a resistance 

from pilots to accept UAS’s as equal partners in the delivery of air power.  This notion 

has been present throughout the history of aviation.  Examples of past resistance toward 

machine likes UAS’s include the astronauts from the Mercury Space Program.  They 

insisted that engineers redesign their space capsule in order to include manual controls 

rather than completely relying on machines and computers to conduct all the flying.141   

More recently, the fact that unmanned air vehicles waned following the Vietnam War142 

despite their success serves as a second example that pilotless flying machines such as 

UAS’s faced resistance.  Despite recent success in the battlefield, significant resistance 

persists today, thus delaying the full integration of UAS within most air forces.   

Though volumes can be written on the subject of pilot culture and its resistance to 

UAS’s, it is not the focus of this paper.  However, underlying signs of such resistance 

may be identified and linked back to be the root.  An example of this is with access to the 

skies.  Currently, and the foreseeable future, pilots remain masters of the skies along with 

birds.  Regulations are such that access to airspace will be restricted to licensed pilots,143 

implying that for the near future, only pilots will be permitted to control UAS in civil 

airspace when they achieve an airworthiness certification equal to those of aircraft.  

Therefore, as is the case with most air forces, leadership of UAS’s and their destiny lies 

in the hands of those who have a pre-disposed resistance to them.  The impact of this is 
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apparent in force structure decisions and doctrine development.  For example, over the 

past decade, a significant number of USAF pilots have been assigned to fly UAS’s over 

Iraq, Afghanistan and other places.  However, very few if any of these continued with 

them in a long-term capacity.  Instead, UAS pilots have been returned to their original 

aircraft community to resume duty as flying pilots, making their experience with UAS’s a 

mere diversion with regards to their career progression and possibly delaying promotions.  

The result is that no linear career path exists that can place a UAS pilot into higher 

command.  The USAF has identified this as a significant hurdle to UAS development and 

have proposed institutional changes which separate UAS operators from other pilots in 

order to consolidate UAS leadership and streamline career progression.144  While pilots 

have been singled out for the purpose of this argument, it is worth noting that this issue 

also exists with other trades such maintainers, payload operators and intelligence 

analysts.145 A second order effect of this deficiency is delayed doctrine development.  

While attempts to develop such doctrine for UAS are ongoing, their efforts continue to be 

impeded by low levels of UAS experience within institutional leadership, making a 

comprehensive approach elusive.146    

Another area where institutional challenges exist is with financial incentives such 

as flying pay.  The question on whether a UAS pilot should receive flying pay remains 
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controversial.147    While one camp is for the issuance of flight pay since they are required 

to acquire and maintain pilots licenses and they deliver air effects, the other side argue 

that UAS pilots are not exposed to the same level of risk and hardship as flying pilots and 

should not qualify for the same allowance.   

A proposed solution aimed at reducing cultural resistance towards UAS is to 

create a new trade or assign an existing trade, other than pilot, to be in charge of 

operating UAS’s.  While such a solution seems feasible in a purely military context 

similar to Afghanistan, given that most of the piloting is automated in modern UAS’s, the 

same does not hold true in a domestic context or in other situations where host nations 

may not accept anyone other than a licensed pilot in command of the vehicles in their air 

space.  Therefore, it seems that the true resolution to cultural resistance to UAS’s may lie 

in the hands of government regulators and the general population.  The successful 

employment of UAS’s in recent armed conflict has not gone unnoticed by society.  While 

UAS employment may have peaked as combat operations in the Middle-East draw down, 

interest and activity by other government departments, law enforcements agencies and 

the private sector has exploded.  Where less than 300 special flight permits were issued 

for UAS’s in 2011 by the FAA,148 it estimates that “there will be 30,000 unmanned 
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aircraft flying in the United States by 2020”,149 representing significant pressure which 

compelled Congress to task the FAA to integrate UAS’s into the national airspace system 

by 2015.150  Despite this positive step, much still needs to be done to change the 

reservations people still have with UAS’s.  They must overcome their distrust of 

machines, apparent in pop-culture media such as The Terminator and Maximum 

overdrive.  People are not yet ready to board an airline with no pilot or knowingly share 

the sky with such vehicles.  Furthermore, there is a concern that the proliferation of 

UAS’s in civil airspace will mean that their privacy will be compromised and be unable 

to escape the ‘unblinking’ eye of the drones; akin to the book 1984.151   

Another point of concern by civilians is related to the ability of UAS to conduct 

targeted strikes against individuals, as was the case when Anwar al-Awlaki, an American 

citizen accused of terrorism, was killed by a UAS strike in Yemen.152  Public awareness 

of this strike and others like it has spawned significant philosophical debate regarding the 

ethical and legal validity of such capability in warfare.   The fact that such attacks are 

tactically effective without risking any friendly lives has given rise to the idea that the use 

of force will become a more probable solution to conflict than it may have been in the 

past, making  war more likely.  From a different perspective, removing the risk of death 
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in warfare has changed the fundamental premise that differentiated warriors from others.  

As described by Singer in his book Wired for War153, violent conflicts have traditionally 

only begun when the willingness to sacrifice one’s life for the cause is reached.  If the 

calculus of the situation deemed that the sacrifice was not worth the gain, then conflict 

was avoided.  UAS’s serve to change the rules of such math as it may be deemed 

acceptable to enter into a violent conflict where sacrifices would not usually be made 

since the loss of a UAS is inconsequential to the greater picture.  All this to say that 

despite huge progress towards normalizing UAS, there remains cultural resistance that 

needs to be addressed.   

According to Dr. Ross Pigeau & Carol McCann, researchers at the Defence and 

Civil Institute of Environmental Medicine specializing in Command and Control (C2), 

“only humans command”.154  While it might be possible to make an argument for special 

exception, it should make sense that the human dimension in C2 is irrefutable.  When it 

comes to UAS and C2, there are two lines of thought that can be followed.  The first 

stems from the concept of autonomy or artificial intelligence versus the decision to 

release a weapon and the second revolves around the command challenge posed by an 

asset that easily serves all three levels of war.   
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Though not possible in the short to medium term, it is estimated that by the year 

2047, a completely autonomous UAS will be possible.155 The likeliness of this occurring 

is high considering the fact that it is one of the most effective ways to reduce UAS 

dependence on satellites and bandwidth.  Therefore, a dilemma is born; should decisions 

regarding targeting and weapon engagements be delegated to machines?  Though this 

may seem farfetched and futuristic, systems such as the Phalanx close-in weapon systems 

and the Aegis weapon system already exist with the ability to identify and engage 

perceived threats without human intervention.  The primary argument for delegating 

some command decisions to autonomous vehicles stems from their ability to work “at 

digital speeds,”156 capable of mathematically identifying threat and reacting to them more 

rapidly and more precisely than humans.  Conversely, machines are limited by what they 

know.  Limits in the number of points of data they can gather makes putting situations in 

context extremely challenging for UAS or other autonomous systems, something that is 

crucial to any command scenario.  P.W Singer postulates that the most capable computers 

cannot match the pattern recognition and multitasking demonstrated by a two year old.157   

Therefore, as recognized by the USAF, as UAS autonomy increases, humans influence 

will be moving further from the center of the command loop, instead placing them “on 

the loop”.158  This represents a significant departure from traditional views regarding 
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command as part of C2 and will likely require adaptations in order to effectively 

incorporate autonomous systems. 

The command challenge exacerbated by the introduction of UAS’s has to do with 

command authority.  This issue is particularly true for MALE UAS with capabilities 

similar to what is called for in the JUSTAS project.  Their capabilities make them 

employable and useful to all three levels of warfare, from the tactical through to the 

strategic.  Thus, it is likely that divergent concepts of operations between the levels can 

occur.  Where the tactical ground commanders want UAS for their reconnaissance and 

strike capabilities, theatre commanders want them for theatre level ISTAR and 

intelligence preparation of the battle space and the strategic level seeks to employ them 

for strategic ends such as for gathering electronic signals intelligence.  Despite being 

capable of all these different profiles, a single UAS cannot do it all simultaneously.  

Therefore, as a scarce resource, clearly delineated command authority will need to be 

defined in doctrine in order to avoid or minimize inter-service disputes and rivalries.  To 

borrow words from NATO,  

There is a doctrinal issue of C2of UAS assets.  There is a lack of 
clarity on who should conduct C2 of UAS.  NATO needs to 
determine the standard C2 relationships between the Joint Force 
commander, the Joint Forces Air Component Commander, the 
Joint Force Maritime Component Commander, the Joint Land 
Component Commander and lower echelons of command.159 

   
 This point will be particularly important for Canada’s JUSTAS platform, as it will be 

shared between land, sea and air environments for a variety of effects.  While current C2 

doctrine serves existing ISTAR capabilities such as the CP-140 Aurora well, it should be 
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noted that the inherent flexibility of having a manned aircraft is occasionally necessary in 

order to meet the needs of various commanders simultaneously while airborne.  Since it 

is unlikely that UAS’s will have the same level of flexibility in the near future, C2 

authorities and relationships will need to be more clearly defined in order to manage 

capability expectations and prevent unnecessary competition for the capabilities it offers.   

Despite being well recognized for their benefits and advantages, UAS’s will not 

be given a blank cheque in their development.  Several challenges have yet to be resolved 

before their full potential can be unlocked.  Cultural resistance, less than ideal force 

structures, and uncertainty on the best C2 model all serve to slow the proliferation of 

UAS’s.   These issues are complex and in many instances they are interrelated, making 

the identification of a centre of gravity difficult.  Whether a grassroots approach aimed at 

resolving the cultural aspect or a top down approach adjusting force structure and C2, 

Canada needs to be aware of these issues as it contemplates the acquisitions of a MALE 

UAS.  In doing so, it will inform decision makers and ensure that maximum return on its 

investment. 
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CONCLUSION 

The question remains, are current expectations about UAS’s realistic?  Can they 

be thought of as viable replacements or alternatives to inhabited aircraft?  Despite having 

a history that pre-dates manned flight, they remain immature and ill understood.  Large 

variance in terminology and classification methods serve to highlight the newness of 

UAS’s as mainstream instruments of airpower and contribute to confusion and 

discrepancy that is often present in UAS related discussions.  There exists a gap between 

what is thought to be true of UAS capabilities versus what is actually achievable or likely 

to be achievable in the near future.  Ideas that a UAS can conduct CAS over the high 

arctic with equal effectiveness as it can over Afghanistan or that they are mature enough 

to replace combat aircraft are misleading and contribute to misconceptions about them.  

Further, historical evidence suggests that UAS’s have yet to resolve human nature’s 

reluctance to trust machines and allow them parity with manned aircraft.  As such, it can 

be concluded that despite the immense progress they have enjoyed over the past decade, 

much development and progress will be required before UAS’s are capable of 

accomplishing many of the roles they are currently attributed and ultimately replace 

manned platforms.  However, equally important as recognizing their limitations, the 

benefits of UAS’s should equally be acknowledged.  Awareness that they offer improved 

endurance and reduce risks to personnel compared to manned platforms are significant 

and should be incorporated in the application of air power where and feasible.  However, 

effectively introducing UAS capabilities into an air force requires a sound understanding 

of limitations and benefits in order to avoid incorrect expectations and misconceptions.   
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This paper has highlighted several of the issues regarding UAS’s and their 

employability; particularly in a Canadian context.  For Canada, who is poised to acquire 

MALE UAS’s through the JUSTAS project, a keen understanding of the implications in 

doing so ought to have high importance.  While it is hoped that project officers possess a 

sound understanding of the issues that have been discussed in this paper, spreading such 

an understanding throughout the CF leadership is crucial to the project’s success. 

Strategic Commanders in the RCAF, CA and the Royal Canadian Navy all need a 

common understanding of what they should expect from the JUSTAS UAS in order to 

inform their decisions regarding capabilities, force structure, personnel / trade allocations, 

readiness posture and funding.  In other words, their expectations must be kept realistic. 

UAS’s have evolved sufficiently to earn their place on the modern battlefield and 

their presence is expected to increase over time.  Therefore, it behooves modern forces to 

exploit their benefits.  However, a certain level of caution should also be applied.  The  

limitations and vulnerabilities covered in this paper should serve as a warning against 

over-reliance on UAS’s as doing so could result in unintended weaknesses, capability 

gaps and reduced flexibility.  Only with a balanced approach, full awareness of 

limitations and tempered expectations will current generation UAS programs succeed in 

being positive force-multipliers as part of joint and combined forces. 
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LIST OF ABBREVIATIONS 

ABSAA  Airborne Sense and Avoid (see SAA & GBSA) 
ACSO   Airborne Combat Systems Officer 
ACTD   Advanced Concept Technology Demonstration 
AEW    Airborne Early Warning 
ATC   Air Traffic Control 
 
BLOS   Beyond Line-of-Sight 
 
C2   Command and Control 
CBRN   Chemical, Biological, Radiological and Nuclear 
CF   Canadian Forces 
COIN   Counter Insurgency 
CONOP  Concept of Operation 
 
DASH   Drone Anti-Submarine Helicopter 
DOB   Deployed Operating Base 
DOD   Department of Defence 
DSA   Detect, Sense-and-Avoid (TC) 
 
ELINT   Electronic Intelligence 
EW    Electronic Warfare 
 
FAA    Federal Aviation Administration 
FOL   Forward Operating Base 
 
GBSAA  Ground Based Sense and Avoid (see SAA & ABSAA) 
GCU    Ground Control Unit 
GCS   Ground Control Station 
 
HALE    High Altitude Long Endurance 
 
IDF   Israeli Defence Force 
IED   Improvised Explosive Device 
IFR   Instrument Flight Rules 
IMINT   Imagery Intelligence 
 
IAI   Israel Aerospace Industries 
ISR   Intelligence, Surveillance and Reconnaissance 
ISTAR   Intelligence, Surveillance, Targeting Acquisition and Reconnaissance 
 
JAIC   Joint Airborne ISR Capability 
JPO   Joint Program Office  
JUSTAS  Joint UAS Surveillance Target Acquisition System 
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Km   Kilometer 
Kt(s)   Nautical Miles per Hour 
 
LOS   Line-of-Sight 
LRE    Launch and Recovery Element (or unit) 
 
MALE   Medium Altitude Long Endurance  
MCE    Mission Control Element (or unit) 
MDA   MacDonald, Dettwiler and Associates Ltd. 
 
NBCW   Nuclear, Biological, Chemical Warfare 
nm   Nautical Miles 
 
OT&E   Operational Testing and Evaluation 
 
PC   Personal Computer 
PCW   Polar Communications and Weather 
 
R&D   Research and Development 
RADAR  Radio Detection and Ranging 
RAF   Royal Air Force 
RCAF   Royal Canadian Air Force 
RCN   Royal Canadian Navy 
RPV    Remotely Piloted Vehicle 
RSO   Remote Split Operations 
 
SAA    Sense and Avoid 
SEAD    Suppression of Enemy Air Defence 
SFOC   Special Flight Operation Certificate 
SIGNINT   Signals Intelligence 
SOR   Statement of Operational Requirement 
 
TC   Transport Canada 
 
UA   Unmanned Aircraft 
UAS    Unmanned/Uninhabited Aerial/Aircraft System 
UAV    Unmanned/Uninhabited Aerial/Air Vehicle 
UCAV   Uninhabited Combat Aerial Vehicle 
U.K.   United Kingdom 
U.S.   United States 
USAF   United States Air Force 
USSR   Union of Soviet Socialist Republics 
 
VFR   Visual Flight Rules 
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WWI   First World War 
WWII   Second World War 
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