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Abstract
This report outlines an application of systems engineering to the process of selecting
a commercially-available small unmanned aircraft system, to be used in civil
applications such as aerial imagery and remote sensing, in service of various
customer types. Detailed analysis is performed, of customer needs, business
preferences, business restrictions, and the degree to which resulting system
requirements are satisfied by various available systems. Results of this analysis are
used for the comparison of several commercially available systems, based primarily
on the aerial vehicle element of the system, due to the important of its performance
and capabilities. Key requirements are identified in order to facilitate selection and a
shortlisted set of available systems is identified. System testing is suggested, as well
as future work, in support of a final system selection, which includes additional
system components and a complete lifecycle cost analysis, as well as means to
improve system performance and functionality.
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1.0

Introduction

This report summarizes the system selection process in the context of a Vertical Takeoff and
Landing (VTOL) Small Unmanned Aerial System (sUAS) selection for civil applications in
aerial inspection/intelligence, surveillance, and reconnaissance (ISR). The basic needs are
presented here and will serve as grounds for the selection of a system that can optimally address
the needs, requirements, restrictions, and preferences of the business and target customers.
Other factors play a significant role. These include the available expertise of the solution
provider, budget restrictions, certification, and more, and are used to partially steer the system
selection process, in light of the target customers’ needs.
The selection of commercially available sUAS, as outlined in this report, focuses primarily on
the capabilities and performance of the unmanned aerial vehicle (UAV) system element, based
on the fact that other system elements can be interchangeable, at a cost, and based on preferences
and the need for certain capabilities of this system element. Consideration of other system
elements is also presented and it is recognized that various system configurations must be
compared, alongside other future work, in order to support a more adequate system selection
process.
The solution provider, also known as AerialX, is a startup company based in Vancouver, BC.
Various customer types are to be addressed and, given plans of future expansion into additional
market sectors, AerialX prefers to acquire a system that is capable of addressing multiple
mission types, while acknowledging that it might be necessary to acquire more than a single type
of system.
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2.0

Project Outline

The establishment of AerialX was initiated in late 2012. The company seeks to offer unmanned
aerial vehicle (UAV) services in support of various civil applications. These applications include
aerial inspection, surveillance, reconnaissance, and intelligence (ISR), and aerial photography.
At a later time, AerialX will utilize its financial momentum and acquired operational capabilities
for the purpose of modifying existing systems and developing new concepts that will make
AerialX products unique. The primary focus of this system selection project will be around aerial
inspection including, but not limited to, power transmission tower inspection, power line
inspection, dam inspection, building roof inspection, wind turbine inspection, and agricultural
field monitoring. The rationale behind the focus on inspection is economical – these applications
provide longer, better-paying contracts over other applications such as aerial photography or
real-estate. Videography is an additional potential sector to be covered, given that Vancouver
area is frequently used by the movie industry, but other videography applications are also
possible. An important aspect of this project, and of AerialX operation practices and the system
selection process, is the need to remain within the current regulatory provisions defined and
governed by Transport Canada.

2.1

Stakeholders

Stakeholders are not all specifically known at this time, since AerialX has yet to acquire its first
system and offer its services. A projection of the business highlights a large number of potential
stakeholders, for the variety of missions that are expected, including but not limited to the
mission types set as primary objectives of the business; these stakeholders are listed hereunder:
 AerialX business, including two business owners
 UAS operators (which will be the business owners)
 Payload operators (which will be the business owners)
 Observers – observers (“spotters”) are required in every UAS operation, as operations
currently require the UAV to remain within unaided line of sight (LOS) of the operation
(not necessarily of the operator).
 The public (including local air traffic crew), which is to be protected from any potential
harm due to improper UAV operation.
 Air traffic control, which will interact with UAS operations within controlled airspace
 Transport Canada Civil Aviation (TCCA), the regulatory authority that is responsible for
authorizing UAS operations that meet the regulatory requirements and operate within
TCCA guidelines.
 Land owners – UAS operations require permission from the owner of the land over which
the mission shall take place.
 Customers – the customers could include homeowners, real-estate agents, electrical
utility companies, construction companies, farmers, environmental firms, lawenforcement, firefighters, local news agencies, and so on.
 Other Governing Bodies – Some industries are governed by a regulatory body or union,
which defines rules for operation within that sector of the industry (e.g. agriculture, film)
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UAS manufacturers – AerialX currently wishes to limit its system acquisition to the
procurement of an existing system (or systems), rather than development of a new
system. It is also assumed here that all sensing and flight management equipment and
software shall be provided by the UAS vendor, as well as all system peripherals.
Maintenance personnel – it is assumed that routine maintenance will be carried out
entirely by the business owners and more intensive maintenance will likely be performed
by the respective UAS manufacturer.
Administrative Staff – administrative staff, including legal, accounting, and other support,
is included in the business stakeholders but not important for the purpose of system
selection. This assumes that the choice of administrative service providers will have no
significant impact on system-selection, and vice-versa.
Data analysts – it is assumed, again, that when data is to be analyzed, all analysis tasks
will be carried out by the owners of AerialX.
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3.0

Customer Needs

Customer needs for the applications of primary interest can be divided into two categories:
 Structural flaw detection, and
 Data derived from thermal sensing
Potential future customer needs may call for other sensing types, including videography and
remote sensing using laser, radar, ultrasound, or other methods.
The following types of customers are targeted initially:
 Hydro companies and other utilities, as well as power plants and wind turbine operators
 Oil, gas, and mining companies
 Farmers and other agricultural stakeholders
Other potential customers include (see Table 3-1):
 Environmental firms
 Real-estate and architects
 Event venues and organizers
 Construction firms
 Movie industry and marketing, news agencies
 Law enforcement and emergency response services
Customer needs are listed in Table 3-1. This table includes customers’ needs for the primary
target mission, as well as for some additional mission types that could be addressed in the future.
This tabular approach is utilized here for the purpose of illustrating expandability of systems that
can satisfy given sets of the needs.
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Table 3-1: Needs analysis by customer and application type; Qualitative scores are based on discussions with experts [10,12,13,14].
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Notes for Table 3-1:
1

All customers require minimizing Cost. In cases where aerial photography and crane
equipment are used, the operation cost is significantly greater (for manned aircraft it is
greater by an order of magnitude, compared with sUAS operations). In some other cases,
there is no current aerial approach, then an aerial solution must be attractive and costefficient.

2

Turn-around Time in this context has been defined as the time from when a customer
requests the service and until the mission is complete and the customer receives mission
output imagery, data, and/or documentation.
Short = immediate or less than 2 hours
Mid = a few days
Long = Scheduled activity

3

Mission Deployment here refers to how quickly the equipment should be deployed once
the mission crew is on site. This row also includes information on safety concerns.
Rapid = less than 10 minutes
Fast = less than 30 minutes
Mid = less than one hour
Slow = more than one hour
+
Populated area. Unaware persons likely in mission area; take safety precautions.
*
Obstacles in mission area, requiring careful operation of equipment.

4

Access from Ground refers to the ease of performing the mission objective from the
ground. Examples of ground-based solutions include the use of handheld and mounted
cameras or sensors, such as a camera mounted on a boom or crane. Ground accessibility
also impacts the ability of the mission crew to perform a mission within line of sight or at
short range. One important factor is terrain.
Poor = very difficult to access from ground, or observation is carried from a position
above water
Low = ground access for people possible but difficult for vehicles. This includes access
from buildings and other structures, which is considered low.
Mid = reasonable ground access for vehicles and people. In some cases ground access
is very good, but such cases do not require aerial sensing applications

5

Sensing Type and Payload Type – a variety of payloads can be carried. For the purpose of
civil UAS operations, the payloads of greatest interest include optical and
electromagnetic sensing of various types, as well as potential crop-dusting payloads, for
agricultural purposes. Other payloads may be applicable to applications that involve the
moving of objects, but these are not considered here.
EO
= electro-optical camera, still or video, of standard quality
HR
= high resolution still camera
HD
= high definition video or (optional) still camera
IR
= infrared sensor/camera – this can be long- (LWIR), mid- (MWIR), or short(SWIR) wave FLIR or other infrared type of sensor.
MS
= multispectral camera
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CD
= crop dusting equipment (pesticide tank and spray equipment)
* Other sensors, such as laser (e.g. LiDAR), are available, but not considered here
6

Payload Weight – payload weight affects the total maximum takeoff weight (MTOW),
which is important for regulatory purposes. Most payloads required for aerial sensing
applications are generally small and lightweight. Applications requiring high-qualify
imagery often require larger payloads.
1
= low payload weight (typically less than 0.5kg)
2
= medium payload weight, in the range 0.5-3 kg
3
= high payload weight, above 3kg
4
= very heavy payload (in the sense of sUAS), more than 10kg

7

Mission Time here refers to the total time of data acquisition (in the case of aerial sensing,
this would be the total flight time) – typical mission times may vary depending on the
specific customer requirements, but can be generalized as follows (in terms of sUAS),
1
= very short, less than 10 minutes
2
= short, 10-15 minutes
3
= medium, 15-20 minutes
4
= long, 20-45 minutes
5
= very long, more than 45 minutes
* Note: some missions make take several hours or even days, but the data acquisition
may be divided into shorter duration, while some small UAVs can fly more than 24 hours
nonstop. The time defined here is for a single data acquisition session (e.g. single sortie,
for an aircraft system).

8

Mission Altitude is defined by the area to be covered and by the resolution required.
Ground-based solutions are limited from this aspect. Altitudes defined here are a result of
mission needs. Some problems might require significantly higher altitude.
1
= less than 100m
2
= 101m to 250m
3
= 251m to 400m
4
= more than 400m

9

Mission Speed refers to the rate at which the source of data acquisition is required to
move during operation (in the case of an air vehicle, this refers to flight speed).
1
= slow, less than 15km/h
2
= medium, 16 to 49 km/h
3
= high, more than 50km/h

10

Mission Product is the output of the mission, or the final result delivered to the customer.
L
= live imagery. The customer is typically present during the mission and views
live imagery. Some customers may require that the mission be recorded and raw
imagery or video be provided as a product
R
= raw imagery or video data is provided to the customer, who may or may not
process the output
P
= data is processed and information is provided to the customer in the form of a
report with findings and/or recommendation. Some imagery may be included.
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C

= this is unique to the crop-dusting application. The results do not include remote
sensing output; the product is full coverage of the field to be pest-controlled

11

Mission Range refers to the range between the point of origin (e.g. an airport or a control
station) and the equipment itself. In some cases, it is necessary to operate equipment
remotely, while in other cases the equipment can be manipulated directly (e.g. a crane).
1
= very short, less than 0.3km
2
= short, between 0.3 and 0.6km
3
= medium, between 0.6 and 1.5km
4
= long, between 1.5 and 3.0km
5
= very long, more than 3km

12

Mission Area is the mission covered by a mission’s data acquisition segment.
1
= very small, less than 0.3km × 0.3km , or (0.3km)2
2
= small, between (0.3km)2 and (0.6km)2
3
= medium, between (0.6km)2 and )1.5km)2
4
= long, between (1.5km)2 and (3.0km)2
5
= very long, more than 3km × 3km, or (3km)2

13

Current Approach – some of these problems are currently performed using other
methods. In the case of crop management, it is assumed (to the best of our knowledge)
that aerial surveillance is not used due to the cost involved, while ground-based
approaches are generally primitive and do not utilize any sensing equipment or no
solution approach is currently in place. The current approach for each solution dictates,
to some extent, the level of competitiveness that exists in pricing. Note that some
applications (e.g. marketing, law enforcement, real-estate) have already seen the use of
UAS, but UAS are not implemented extensively at all and therefore the common
approach is listed here.
M
= manned flight (aerial imagery acquired from manned aircraft or helicopter)
G
= ground-based, such as unaided visual inspection, cranes, scaffolding, etc.
O
= ground-based inspection requiring that operation be interrupted

The primary driver of most customers is to reduce the cost of monitoring their assets or
satisfying their other needs. Aerial inspection and monitoring with a sUAS costs approximately
one order of magnitude less than the same service provided with a fixed-wing or rotary-wing
manned aircraft, while other approaches such as cranes, balloons, and motored parachutes are
somewhat limited in terms of deployment time and maneuverability during a mission, as well as
in terms of access from the ground. Manned aircraft operation for the purpose of aerial
photography costs in the vicinity of $1500/hour, while small unmanned aircraft operation for the
same purpose costs as little as $150/hour. This cost includes fuel, pilot wages, payload operation,
and data processing. Furthermore, the (initial capital expense on) equipment used for manned
missions is significantly more expensive.
The need for cost-reduction can therefore be
addressed by offering sUAS services. The customer needs also include safety, of course, as well
as short turn-around times. The two primary service categories highlight the fact that raw data
will not suffice in many cases. The need is for detection of pattern irregularities through large
datasets; analyzed output is required, which shall be processed by the service provider and
delivered to the customer in its final form, alongside images where appropriate.
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4.0

Business Restrictions and Requirements

AerialX is a startup business and therefore is required to correctly manage its financial,
operational, functional, and other risks. A small number of restrictions have been identified:
- Limit initial investment in order to reduce financial risk and at the same time
- Aim at higher-revenue contracts, but
- Maintain lower-revenue contract capability for the purpose of improving financial
stability while the business is being established.
- Safety,
- Reliability
- Performance, and
- Regulatory compliance of the system being selected and utilized.
- For the purpose of full business control and ownership, it has been decided that there
shall be no reliance on external investors and loans initially, but this decision is subject to
change.
- The budget for the initial procurement has been limited to $100,000, while
- At least two airframes will be acquired for redundancy and for longer mission capability.
AerialX wishes to enter the UAS market and therefore prefers this approach over others.
However, the UAS approach to some of the problems described in section 3.1 is supported by the
fact that it can be accomplished at lower operational costs, while providing a quicker solution
and having superior capabilities to those of manned aircraft, balloons, and cranes, with the
exception of flight-time and payload capabilities.
The impact of the two latter concerns can be deemed manageable – short flight endurance is
compensated for by the fact that many electric UAVs can have their batteries replaced quickly
and the mission can be paused momentarily or two platforms can be used for the purpose of
providing continuous airborne coverage. The payload concern is valid if one wishes to carry
significantly large sensors; however, UAS such as the Aeryon Labs Scout have been shown to
provide above-satisfactory results using integral payloads weighing less than 0.5kg and capable
of infrared, high resolution / high-definition optical video/still, and multispectral sensing. These
payloads have the ability to solve all the sensing needs described in section 3.1. This information
is based on correspondence with Aeryon Labs [10] and Gene Payson of Troy Built Models [14]
The goal is, therefore, to cater to applications that could utilize an aerial platform, providing
faster coverage of areas, while maintaining high resolution and delivering fast results. The
comparison thus includes manned vs. unmanned aircraft.
A review of the various customer needs, business requirements, and restrictions, has led AerialX
to focus its effort on sUAS products and services. This path has been chosen in light of the
expertise available at AerialX and the type of service that the business wishes to offer, as well as
factors such as safety, purchase cost, customer costs (lower costs that can lead to higher
demand), maintainability, ease of deployment and mission planning, improved ease of access at
low altitudes that can lead to better image results, and more.
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5.0

System Requirements

To meet the customer needs, while remaining within the perimeter set by business restrictions
and regulatory compliance, several system requirements have been defined. Based on input from
professionals [1] [11] [14], vendors [10][17], and operators [13] [15] [16], it has been established
that medium to low flight time, operation range, and maximum payload capabilities are sufficient
in order to satisfy the identified missions. Some of the derived operational and functional
requirements are listed hereunder. The requirements have been assigned an identifier composed
of three letters and a sequence number. These requirements are separated into operational and
functional requirements, while also identified as requirements affecting the selection of air
vehicle, ground control station (GCS) and software, payload, data links and telemetry, or the
entire system. The three letter portion of the identifier is composed of letters that imply:
R = requirement
P = payload

5.1

O = operational
F = functional

S = system requirement
V = vehicle requirement

T = data links
G = GCS

Operational Requirements

The system shall:
ROS-01 incorporate automated flight and predefined flight patterns for the purpose of optimized
mission flight time (note: automated flight is preferred by the regulators)
ROV-02 be designed and sized to minimize impact damage in the event of in-flight failure leading
to crash (regulatory requirements dictate that a safe distance be maintained from people,
structures, and active roadways) [KPM]
ROS-03 be reliable and have its components selected to reasonably minimize operating costs
ROS-04 offer low to medium flight operation range, in terms of system power, telemetry range,
and regulatory compliance (flight within line of site where applicable)
ROV-05 the system architecture, design, functionality, operation, performance, and reliability shall
be such that will facilitate obtaining a Special Flight Operations Certificate (SFOC) from
Transport Canada Civil Aviation (TCCA), as applicable, for operation over urban and
rural areas
ROS-06 primarily carry sensing payloads including, but not limited to, electro-optical (EO), short
and medium wave infrared (SWIR and MWIR), thermal (long wave infrared, LWIR), and
multispectral
ROV-07 provide a safe working environment for the mission crew
ROV-08 [optional] have provisions for a sense & avoid capability (some systems offer LiDAR,
ultrasonic sensors, or radar for this purpose)
ROV-09 [optional] have provisions for a Mode C transponder, for the purpose of enhanced
operation capability in controlled airspace
ROV-10 be visible at night (note that night operations are generally prohibited in the present – this
is for the facilitation of future capabilities) or include provisions for this feature
ROG-11 be simple to operate in flight
ROV-12 be easy to upgrade or modify mechanically and/or electrically, with minimal implications
to warranty (this shall include upgrades for enhancement of flight endurance)
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5.2

Functional Requirements

The system must
RFT-01 include dual redundancy for all mission-critical data links
RFS-02 provide automated recovery options for the case of critical impairments, such as lost
links or low power levels [KPM]
RFV-03 provide maximum stability for the purpose of image quality [KPM]
RFV-04 maximize flight time, for a given payload, while mission timed in the vicinity of 30
minutes are expected [KPM]
RFV-05 maximize the payload capacity for a given flight time, while mission payloads up to 4
lbs are likely and most expected payloads do not exceed 2 lbs [KPM]
RFG-06 operate a user-friendly ground control station (GCS), with the goal of reducing
mission workloads for all crew members, including the air vehicle operator (AVO),
payload operator, and observer
RFT-07 provide signal strength in excess of the expected mission range (a radius of ½ mile,
potentially expandable to 3 miles)
RFS-08 provide automated flight management for end-of-range situations
RFV-09 be capable of flying to a maximum altitude around 1000ft (most operations are below
500ft, particularly when in controlled airspace)
RFV-10 be capable of taking off and landing without a runway and without the assistance of
specialized equipment (such as a net, a winch, etc.)
RFV-11 be capable of very low speed flight
RFV-12 be able to hover
RFT-13 provide two-way radio communication capabilities as applicable
RFG-14 enable manual control (while mostly operating in automated flight mode)
RFG-15 enable quick transition from automatic to manual flight mode
RFP-16 enable first-person view for the AVO
RFP-17 enable live video streaming for efficient payload operation
RFV-18 have a total maximum takeoff weight (MTOW) not exceeding 25kg (for regulatory
purposes)
RFV-19 be fully functional in a broad range of weather conditions, including temperatures
from 20 degrees Celsius below zero to 40 degrees Celsius above zero and wind
speeds up to 20 knots continuous and up to 40 knots gust, as well as rain and the full
range of humidity conditions [KPM]
Key requirements, or “Key Performance Measures”, are identified in the list above using the
indicator “[KPM]”. These are requirements regarded by AerialX as crucial to the success of its
mission and future scalability of its operations.
Available categories of sUAS include rotorcraft and fixed-wing aircraft. The fixed-wing option
is mostly ruled out since it generally does not offer the ability to take off and land without a
runway or open field and can present difficulties in transition to and from hover mode when such
flight modes are available (e.g. a tilt-rotor system). That said, it has been recognized that some
fixed wing platforms do offer these capabilities, yet are less straight-forward to operate.
Rotorcraft systems include helicopter systems and multirotor systems, while multirotor systems
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included tethered and untethered vehicles. The mode of power supply and propulsion includes
electrical (using brushless motors) and gas-powered (internal combustion engines are most
common).
Helicopter systems include coaxial rotor designs, tandem rotor designs, and
conventional (tail rotor) designs.
Work covered here has been carried in the winter and spring of 2013 to select a system based on
the above requirements and customer needs, as well as changes to the list of requirements that
may arise from time to time.
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6.0

Comparison of Existing Small Unmanned Aircraft Systems (sUAS)

Numerous sUAS have been evaluated, of which a number of systems have been shortlisted and
are presented briefly in this section. The comparison is based on the following sources of
information:
 Vendor websites
 Correspondence with vendors and subject matter experts
 Technical specifications received from vendors
 Feedback from operators on the performance systems they operate
 Discussion with representatives of the local regulatory body (TCCA)
 Product reviews and comments by various users
The operational (RO) and functional (RF) requirements are listed in sections 5.1 and 5.2,
respectively.
Based on several requirements, including requirements RFV-09 through RFV-12, ROS-04,
AerialX has elected to focus initially on VTOL systems.
Safety and reliability requirements including ROV-02, ROS-03, and ROV-07, as well as other
requirements such as RFV-09, lead moderately toward a preference for multi-rotor, electricalpowered systems.
Note 1: helicopter systems are able to recover from inflight engine shutdowns through the
process of autorotation, which potentially would make these systems superior to multi-rotor
systems (which cannot autorotate). Nevertheless, a regulatory official [12] has indicated that
most of the current helicopter sUAS are not sufficiently advanced and due to low flying altitudes
the effectiveness of autorotation at improving crashworthiness is reduced.
Note 2: some multirotor systems are better than others at recovery from inflight engine
shutdown. This is done by means such as stopping all rotors (e.g. Aeryon Labs Scout), boomdisengagement at impact to better-absorb impact energy while minimizing damage to the
payload and structural core (Aeryon Labs Scout), or other means such as airbag-deployment,
recovery parachute deployment, etc.
Note 3: the local regulatory body in Canada (TCCA) does not distinguish gas-powered systems
from electrical-powered systems for regulatory purposes (e.g. when evaluating a request for
SFOC). As for as TCCA is concerned, all systems will eventually crash but “the question is how
they crash”; furthermore, although gasoline is flammable and gas-powered sUAS can burn upon
crash, so can electrical systems, because Li-Po or Lithium Ion batteries are highly flammable if
ruptured and can be difficult to extinguish once ignited. One more important consideration is the
fact that Lithium batteries are often considered dangerous goods and cannot be simply carried on
board a commercial flight, e.g. for the purpose of work in another country (Based on phone
conversation with TCCA Jason Rule, Friday 2013-03-08).
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Note 4: some vendors, such as Microdrones and Aeryon Labs, indicate that their batteries benefit
from an exemption, with respect to the transportation of dangerous goods (see Note 3 above).
The following is an excerpt from correspondence with Aeryon Labs on 2013-03-13:
In terms of batteries, yes, some Li-ion batteries are considered hazardous and as such are regulated. Our
batteries are class 9 exempt meaning that we are able to transport them on commercial aircraft. Our
mission cases have all the necessary markings, and paperwork is accompanied with the systems to allow
users like you to travel with them as carry on. In general, batteries can be regulated; our batteries have a
class 9 exempt status.
DOT Hazard Class: Regulated
OSHA hazard communication standard (29 CFR 1910.1200): Non-hazardous
ADVANCE ENERGY, INC’s lithium-ion polymer batteries meet the transportation requirements of the US
Department of Transportation (DOT), ICAO and IATA special provision A45, A88, A99; IMDG / ADN
special provision 188, 230, 310; ADR / RID special provision 188, 230, 310 and are classified as NonDangerous Goods.
Note: Exempt means the product does not have to meet “Class 9” packaging or shipping documentation as
hazardous material.

Technical specifications of various sUAS that have been evaluated during the system selection
process are presented in Table 6-1. This is provided here for a broader view of the available
systems in terms of their stated specifications, pertaining mostly to the aerial vehicle itself. The
Remarks column presents references to information that has been obtained beyond the technical
and other specifications made available by the vendors, through correspondence with other
vendors and operators and through an informal qualitative analysis of the advantages,
disadvantages, and realistic performance of these systems, where applicable. The references
made in the Remarks column are to information summarized in section 6.1 thereafter.
Note that some of the requirements, such as automated flight capability, are not included in this
table. These are functions of the Autopilot and it has been observed that most autopilot systems
for this class of sUAS offer similar functionality. There is some variation in the type of ground
control station (GCS) offered with each system and in the underlying mission-management
software, however it is generally possible to upgrade a GCS at additional cost. Software,
autopilot, and data-link upgrades are also typically possible at an additional cost. The costs
presented in Table 6-1 reflect costs available from vendors and normally exclude the cost of
system upgrades. All costs are approximate (rounded to the nearest $100).

16 of 38

Table 6-1: Technical Specifications for Various sUAS (aerial vehicle component of the system)
Manufacturer Flight
and System
Time &
Name, Price Range

Service
Ceiling

Gimbal
Type

Battery
Type and
Capacity

Motors
Number
& Type

Struct.
Mat.

Max.
Dim.
(cm)

WXR
(Y/N)

Weight,
Payloads

Remarks

Microdrones
MD4-1000

4500m
absolute
altitude

Active Tilt
& Roll

22.2V
6S2P
13000 mAh
LiPo

4
Gearless
brushless
flat-core

CFRP
(AV &
rotors)

103

Y

EW

Flight time has been criticized
by others as reflecting ideal
flight conditions

14.8V
4S
2300 mAh
LiPo

4
Gearless
brushless
flat-core

CFRP
(AV &
rotors)

6S
13000 mAh
LiPo
15C

6
Gearless
brushless

CFRP
(AV &
rotors)

AV $27,200
GCS $9,200
Sys

6km
radius

Tilt
controllable

AV
GCS

$9,800
$8,800

Sys

$24,200

DJI
S-800
$7000

35 min
6km
radius

4000m
absolute
altitude

16 min
hover
time (at
MTW)

Aerialtronics
Altura
ATX4 Pro

26 min
average
flt. time

AV

$22,800

2km
radius

Sys

$35,000

2000m

Tilt
controllable

Flexible. Fits
Zenmuse
Z15 gimbal
3-axis
controllable,
3-axis active
stabilization.
Flexible. Fits
Zenmuse
Z15 gimbal
3-axis
controllable,
3-axis active
stabilization.

<3kg

MPL 1.2kg
Thermal, gas,
and radiation
sensors, EO/IR

$59,000

Microdrones
MD4-200

AV

88 min

54

Y

MTW 4.2kg
EW 0.8kg
MPL 0.3kg
Thermal, gas,
and radiation
sensors, EO/IR

50

Y

MTW 4.2kg
EW 2.6kg
MPL 2.5kg

- Configuration flexible.
- GPS-wpt and manual modes.
- Integrated FDR
- Foldable booms
- Automated recovery
Flight time has been criticized
by others as reflecting ideal
flight conditions
- Configuration flexible.
- GPS-wpt and manual modes.
- Integrated FDR
- foldable booms
- Center-frame integrated
circuits
- Priced as a kit (to be selfbuilt), with no GCS and no
payloads.

MTW 5.2kg

10000 mAh
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4

CFRP
(AV &
rotors)

Y

EW

3.5kg

MPL 1.0kg
MTW 4.6kg

- SkyVision Drones has given
negative feedback about image
stability

Manufacturer Flight
and System
Time &
Name, Price Range

Service
Ceiling

Gimbal
Type

Battery
Type and
Capacity

Motors
Number
& Type

Struct.
Mat.

Aerialtronics
Altura
AT6 Pro

22 min
average
flt. time

2000m

10000 mAh

6

CFRP
(AV &
rotors)

AV

2km
radius

Flexible. Fits
Zenmuse
Z15 gimbal
3-axis
controllable,
3-axis active
stabilization.
Integrated,
2-axis
controllable,
2-axis
stabilized

Active
stabilized in
pitch axis

14.8V
4S
2700 mAh
LiPo

$27,200

Sys $40,000
Lockheed
Martin /
Procerus
Technologies
Quad VTOL
(Kestrel)_
Sys

WXR
(Y/N)

Weight,
Payloads

Remarks

Y

EW

- Folding booms

3.6kg

MPL 1.7kg
MTW 5.4kg

Not
Available

4

CFRP
(AV &
rotors)

81

CFRP
(AV &
rotors)

106

Y

EW

2.3kg

MPL
N/A
Integrated
dual sensors
EO/IR/LI
gimbal.

5km
LOS

$40,000

Draganfly
Draganflyer
X4-P
AV $16,000
Sys $20,400
Draganfly
Draganflyer
X6
AV $17,000
Sys $22,000
Ascending
Technologies
Falcon 8
AV
Sys

40min
with
180g
payload

Max.
Dim.
(cm)

$25,000
$30,400

20min
0.3km
LOS

4

Y

MTW 2.3kg
EW 1.2kg
MPL 0.7kg

- SkyVision Drones has given
negative feedback about flight
stability
- On-board FDR

MTW 1.9kg
12min

Active
stabilized in
pitch axis

0.3km
LOS

14.8V
2700 mAh
LiPo

4

CFRP
(AV &
rotors)

99

Y

EW

1.0kg

MPL 0.5kg

- On-board FDR

MTW 1.5kg
18min
0.2km
LOS

- SkyVision Drones has given
negative feedback about flight
stability

2500m

Integrated,
2-axis
controllable,
2-axis
stabilized

11.1V
3S
8000 mAh
LiPo

18 of 38

8

CFRP
(AV &
rotors)

N

EW

1.3kg

MPL 0.5kg
MTW 1.8kg

- folding booms

Manufacturer Flight
and System
Time &
Name, Price Range
UAV
Solutions
Allerion 25

Service
Ceiling

40min
And can
be
tethered

Quote pending

Aeryon Labs
Scout
MicroUAV
Sys $140,000
(up to)
Crescent
Unmanned
Systems
Bravo 300
sUAS

0.3km
LOS
<20min

4500m

3km
radius

Gimbal
Type

Battery
Type and
Capacity

Motors
Number
& Type

Struct.
Mat.

Max.
Dim.
(cm)

WXR
(Y/N)

Weight,
Payloads

Integrated,
Pitch axis
controllable,
Pitch axis
stabilized

Not
available

4

CFRP
(AV &
rotors)

76

Y

MPL 2.7kg

3-axis
stabilized,
3-axis
controllable

LiPo

CFRP
(AV &
rotors)

80

4

MTW 11kg

Y

EW
MPL

1.4kg
N/A

MTW 1.7kg
50min

3000m

Not
Available

Not
Available

24km

4

Remarks

109

N

EW

5.9kg

MPL 2.3kg

- High quality GCS
- Enhanced
Crashworthiness
- Good WXR
- Not very
customizable
- Uses the Procerus
Kestrel autopilot
- Guarded rotors

MTW 8.2kg

Quote pending

* Sys = System cost, per quote from vendor, normally including carrying cases, payloads, etc.
* AV = Air vehicle
* GCS = Ground Control Station.
* EV = Empty weight of AV (usually includes battery and gimbal)
* MPL = Maximum payload weight
* MTW = Maximum Takeoff Weight (MTOW)
* WXR = Weather resistance (this is based on the systems configuration and vendor’s specification of wind, temperature, and
humidity limitations for the system. This is also a function of the vehicle’s weight and flight speed.
* Absolute altitude refers to the elevation, not to the vertical range for operation.
* Struct. Mat. = Structural material of the airframe
* CFRP = Carbon-fiber reinforced polymer (composite material)
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6.1

Compliance with Key Requirements – Selection Based on Aerial Vehicles

Key requirements (KPMs) are identified in subsection 5.1. These include:
ROS-02
Crashworthiness designed in
RFS-02
Automated recovery from system errors (also crashworthiness enhancements)
RFV-03
Flight and image stability
RFV-04
Long flight time
RFV-05
High payload capabilities
RFV-19
Functional in broad range of weather conditions
Payload and flight time capabilities are notably lower in multirotor systems than they are in
helicopter or fixed-wing systems, however multirotor systems have been selected, for numerous
reasons, as outlined earlier in section 6.0.
Based on gathered information and technical specifications, the sUAS considered in Table 6-1
have been further shortlisted. This relates to the aerial vehicle component of each system. It has
been recognized that the ground control system, data links, and flight-management software, as
well as the autopilot components, can all be changed, modified, or otherwise upgraded at
additional cost; therefore the primary focus is on aerial vehicle selection, while other system
components will be selected separately.

6.1.1 Rejected Systems
The following sUAS have been eliminated from list based on factors as specified:
Microdrones MD4-1000 – rejected tentatively because reportedly (various sources) true flight
times do not come close to specification. This system may be considered again at a later time
because of its other capabilities. However, image stability is reportedly (SkyVision Drones)
suboptimal and the system is not capable of handling speeds well. Price is also high for available
performance. It has been mentioned that the Microdrones flight-management software is
superior to many others in its ability to stitch images together, for the purpose of surveying,
mapping, and similar applications.
Microdrones MD4-200 – rejected because of low payload capacity and no superior integrated
payloads. Price is high for specified performance.
Aerialtronics Altura ATX4 Pro – Rejected because of poor feedback from SkyVision Drones
and price is high for specified performance.
Lockheed Martin Procerus Quad sUAS – rejected because of limited payload and high price.
It has been noted that this system is a high-performer, however the vehicle appears to be have
low weight, which often implies poor stability in gusty conditions.
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Draganflyer Draganfly X4-P – rejected because of negative feedback from operators (including
SkyVision) regarding flight stability and image stability, particularly in wind conditions. Also
rejected because of low payload capacity and short (true) flight time
Draganflyer Draganfly X6 – rejected because of negative feedback from operators (including
SkyVision) regarding flight stability and image stability, particularly in wind conditions. Also
rejected because of low payload capacity and very short (true) flight time
Ascending Technologies Falcon 8 – rejected because of low payload capacity at this price
point.

6.1.2 Shortlisted Systems
The following systems have been selected for further consideration:
DJI S800 – system offers relatively low flight time but can be upgraded. This is a high
performer in multiple ways, including image and flight stability (according to SkyVision Drones)
UAV Solutions Allerion 25 – system appears to be a good performer but additional information
is required from operators and vendor, particularly with respect to operation range, and
additional payload options.
Crescent Unmanned Systems Bravo 300 – this is a high-performing system, but further input
from existing operators and from vendor is required. Quote still pending.
Aeryon Labs Scout MicroUAV – despite the high price point and limited payload, but provided
tailored payloads are very capable, GCS is of military grade, data-links and software are very
good.

The four shortlisted sUAS are compared in Table 6-2, based on their satisfaction of the six key
requirements outlined in subsections 5 and 6. In Table 6-2, a score is given to each system for
its compliance with each key requirement. Scores are from 1 to 5, such that:
1 = Poor
2 = Low
3 = Moderate
4 = Good
5 = Excellent
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Table 6-2:

Key requirements applicability to the four candidate systems (note that some
information is not available, indicated as “?”)
ROS-02
RFS-02
RFV-03 RFV-04 RFV-05 RFV-19
System
4
4
5
3
5
5
DJI S800
?
?
?
4
5
5
Allerion 25
4
?
?
3
4
5
Bravo 300
5
5
5
3
3
5
Scout MicroUAV

The five requirements are summarized here again, for ease of review:
ROS-02
RFS-02
RFV-03
RFV-04
RFV-05
RFV-19

Crashworthiness designed in
Automated recovery from system errors (also crashworthiness enhancements)
Flight and image stability
Long flight time
High payload capabilities
Functional in broad range of weather conditions

Note that the selection process is essentially ongoing. Several interesting designs have been
presented at Nab Show (Las Vegas, NV, 2013-04-08). Notable design photographs are shown
hereunder:

Figure 6-1: The QuadroCopter vehicle is notable for its design. The gimbal and the landing
gear are fixed to each other and can rotate relative to the upper portion of the airframe.
This allows 360º rotation of the payload without rotation of the vehicle (the vehicle
operator can focus on flying). The risk of a malfunctioning retractable gear is avoided.
The Red Epic video camera is mounted on the device shown in this picture.
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Figure 6-2: The PhotoHigher Halo 8 vehicle is notable for its design. The landing gear is
retractable. This allows 360º rotation of the payload without rotation of the vehicle (the
vehicle operator can focus on flying). This system is large and carries significantly large
payloads but its flight time is very short. That said, additional batteries can be mounted at
the expense of some payload. A helicopter system is visible at the top right.

Figure 6-3: small aerial vehicles by DJI (left) and PhotoHigher (right)
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Figure 6-4: a FlightCopter aerial vehicle, utilizing some Microdrones components,
including the autopilot and flight-management.

Figure 6-5: military grade system by AEE of China. The aerial vehicle is relatively
heavy and the GCS seems is not comparable to the ones offered my vendors such as
DroidWorx (New Zealand), Aerialtronics (The Netherlands), Microdrones (Germany),
or Aeryon Labs (Canada). The selling price is high but this system is of some interest.
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Figure 6-6: Rotor Concept offers conventional quadrotor designs with no superior
capabilities, but the lightweight airframe illumination is of interest as it may be useful in
some night operations.

Figure 6-7: Hoverfly Infinity is a tethered quadcopter. This tethered concept includes a
cable retraction mechanism located on board the vehicle. This allows transition from
infinite-endurance at near hover mode (close enough to the ground-based power supply)
to time-limited flight beyond that envelope. Once the power-supply cable is
disconnected from the ground-based power supply, the cable is retracted upward and
there is no concern of the cable dropping anywhere.
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6.2

Selection of Other System Components

Section 6.1 outlines the selection of systems based on how well each commercially available
system’s aerial vehicle component satisfies the requirements presented in section 5.0.
Aside from the aerial vehicle, other components make up the UAS and it is important to consider
these as well. At the lack of sufficient information for comparison of these components on the
systems presented in section 6.0 and subsection 6.1, the system components of interest will be
briefly presented hereunder for reference. Section 6.3 outlines a test and evaluation plan that
shall be followed with each vendor to obtained meaningful results in order to aid with the final
selection of a system for AerialX operations.
System components or subsystems crucial to mission accomplishment, customer requirements,
and business requirements satisfaction beyond the aerial vehicle itself include:
 Payload / sensor (still camera, video camera, multispectral, thermal, or other device)
o The sensor can usually be selected separately from the aerial vehicle and rest of the
system, but in some cases the system can only carry specific devices and an
upgrade or change of payload support may be necessary or may be impossible.
o Systems such as the Lockheed Martin Procerus, Aeryon Labs Scout, DJI Phantom,
or PhotoHigher Halo 4 are fitted with integral payloads and do not offer the
capacity to carry additional or other payload. Some of the systems are small and
very restricted in payload capacity.
o Systems such as the Aerialtronics Altura X8, QuadroCopter, and PhotoHigher Halo
8 can carry large payloads including high-end video equipment like the Red Epic
video camera.
o Payloads are to be selected based on mission requirements. The payload weight has
significant impact on the aerial vehicle payload capacity requirements, but in most
cases very heavy sensor devices are not required.
o Payload variation generally required center-of-gravity (CG) adjustment on the
payload support device and it is recommended to use separate gimbals for separate
sensors wherever possible.


Payload support / gimbal
o Gimbals or other payload support devices have significant impact on the system’s
ability to satisfy control and stability requirements with respect to the desired image
quality.
o Gimbals are normally shock-mounted to dampen vibrations from the airframe in
order to stabilize the camera (or other device).
o Gimbals can be stabilized in all, some, or none of the three rotation axes (pitch, roll,
and yaw), enabling gradual motion and attitude control of the device even when the
parent vehicle maneuvers abruptly. It is desired to use a gimbal that is actively
stabilized in at least two axes (roll and pitch). The Zenmuse Z15 gimbal device has
been recommended for use.
o Some gimbals employ active servo control in one or more axes. It is desired to use
a gimbal with two or three-axis active servo control. Note that active control in the
yaw axis is only useful when the vehicle’s landing gear does not obstruct the view
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or motion of the sensor. See the devices in Figures 6-1 and 6-2 for examples of
devices where 360º yawing of the gimbal is practical. The lack of obstruction to
sensor rotation in the yaw direction is useful for the purpose of relieving the aerial
vehicle operator’s workload.
o Gimbals can be easily swapped on most multirotor systems and the gimbal device
is not very limited, accept in systems that have an integral payload.
Emergency recovery devices
o Most multirotor systems currently do not employ recovery devices, but some
devices are offered commercially and may be mounted at the expense of some
payload capacity.
o Examples of emergency recovery devices include parachutes such as the “Ballistic
Parachute Emergency Recovery System” by PhotoHigher (New Zealand), airbags,
or other devices.
Ground control system (GCS)
o Most vendors offer a GCS already integrated with the system, but often that GCS is
at an additional cost and an alternative GCS can be integrated.
o GCS requirements include:
 Ease of use, Intuitive graphical (and other) user interface
 Durability
 Transportability or “backpackability”
 Ease of switching for automated to manual flight mode
 Advanced flight-management software (see below) or ability to integrate
difference software functionality
 Ease of integration with selected aerial vehicle, data links, and other
components
 Multi-screen functionality (ability to utilize more than a single screen
when payload and aerial vehicle are not operated by the same operator or
whenever desired)
 Customizable graphical user interface (for optimized user interaction)
 High visibility even in bright sunlight (for example, Aeryon Labs Scout
utilizes a GCS based on Panasonic ToughBook)
o
Flight-Management Software and Interface
o This is typically included in the GCS, but sometimes the flight-management
software component is installed on an existing laptop.
o Requirements for the FMS include:
 Ease of use, intuitive graphical user interface
 Reliable operation (no system crashes)
 Automated mission recovery options including
 Return to home (or predefined waypoint)
 Continue mission
 Hold and wait (position hold, pattern hold, etc.)
 Other options, if available
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Ability to process mission data (this might be part of an additional
software package that is tasked with data processing rather than
mission/flight-management, such as
 Process thermal data
 Identify abnormal features or predefined patterns
 Stitch images to create a larger, continuous, coherent dataset
 Construct three-dimensional maps from stitched data and perform
functions such as elevation mapping or volumetric analysis
 Ability to fly various predefined and customized patterns and an ability to
easily define the mission flight profile
 Ability to apply flight restrictions in flight plan (e.g. maximum airspeed or
groundspeed, maximum altitude, flight-restricted zones, obstacle
clearance, etc.)
 Up-to-date flight-maps available in the software and/or the ability to load
additional flight maps
 Up-to-date satellite images available at sufficient resolution
 Real-time display of vehicle position and mission waypoints
 Real-time display of vehicle vital signs including
 Voltages, currents, wattages, for each motor and ESC
 Battery power and remaining capacity
 Airspeed, groundspeed, wind-speed, as available
 Attitude and altitude
 Vibrations at the payload (preferred, but optional)
 Real-time display of sensor output and data in a separate window or
(preferably) a separate screen, including
 Pitch, yaw, and roll angles, as available
 Aperture, shutter-speed, resolution
 Remaining storage space (or time or number of images)
 Remaining battery capacity
 Real-time image feed
 Zoom level and focal length
Data links / telemetry
o All links must comply with publicly available frequency ranges (433MHz,
900MHz, 1.3GHz, 2.4GHz, or 5.8GHz) and power restrictions as set by applicable
regulations. Most existing systems already comply with this requirement. It is
desired to operate at lower frequencies (no higher than 1.3GHz), to obtain larger
range of operation with minimal signal degradation in order to minimize the chance
of lost links and maximize operational safety
o This component of the system can also be customized regardless of the system
acquired
o It may be required to improve data link capabilities with most existing systems,
except for some notable ones such as the Aeryon Labs Scout UAV
o In addition to frequency and power, the type of antennae used also has an impact on
operation range and signal quality. In some cases directional antennae may be used
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6.3 Operational and Functional Test Plan for System Comparison
A test plan has been formulated hereunder for the purpose of system comparison. This test plan
is subject to update at the time of test, but the same plan must be carried on all systems for an
objective comparison.

6.3.1 Challenges
Some challenges exist in satisfying the requirement of a “fair” or objective comparison. Namely,
- It is acknowledged that without purchasing all systems it may not be possible to
demonstrate each system under the same conditions because demonstration will only be
possible at the vendor’s premises
- Weather conditions will likely vary from one place to another, including temperature,
humidity, and wind conditions, all of which have significant impact on vehicle
performance. Some vehicles are more sensitive than others to changes in these
environmental parameters
- A wind-tunnel experiment could provide some uniformity in testing conditions but is
limited in other ways and, again, cannot be performed at the vendor’s premises
The test and comparison are therefore required to account for these variations and to maximize
the amount of testing at location-independent conditions.

6.3.2 Test Plan
A system to be tested shall be furnished with all equipment required for its normal operation and
a set of fully-charged batteries.
The test will assess the various system components, including aerial vehicle, GCS, flightmanagement software, gimbal (if included in system), and payload/sensor (if included in
system). Each system component shall be compared separately, but it shall be noted where
interchangeability limitations exist.
All vital signs and relevant data shall be logged, regardless of the system’s logging functionality,
but logging functionality shall be compared as well. Identifying data, number of motors,
electronic equipment specifications, propeller material and diameter, overall vehicle dimensions
(e.g. height and dimensions between opposite propellers), landing gear retraction functionality,
supplied accessories, airframe material, airframe weight, accessory weights, battery / ESC /
motor C-ratings, controller (autopilot) type, information on wiring, and other relevant
information shall be recorded, as applicable with permission of the vendor.
Ambient temperature and humidity shall be measured and noted at the beginning and end of each
experiment, and the batteries are to be kept at a temperature of 15 degrees Celsius until they are
installed for an initial test, then at ambient temperature for any additional test. Note atmospheric
pressure and ground elevation. Operate on sunny days with wind speeds below 10kts
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6.3.2.1 System Test
Preparation
1) Obtain permission from system vendor, as applicable
2) Obtain special flight operation certificate, as applicable
3) Note all parameters as defined in subsection 6.3.2. Wire all additional required sensing for
measurement of
a. Each motor’s wattage [W] and voltage [V]
b. Each motor’s RPM (or propeller’s RPM)
c. Each ESC wattage [W] and voltage [V)
d. Each battery’s current [A] and capacity [mAh]
e. Vibrations [mils] at each motor
f. Vibrations [mils] at gimbal when installed for each sensor weight tested
g. Thrust [N] from each motor
h. Torque [Nm] applied by motors in all three rotation axes
i. Weight measurement [kg]
j. Lateral force measurement [N]
4) Attach vehicle to a stationary rig (to be designed), inside an enclosure protected from wind
and roofed to block GPS signal. No payloads are installed, except for integral payloads
5) Level the vehicle
Restrained Test – No GPS
6) Install fully-charged battery after noting its capacity, brand/type, and temperature. Battery
temperature at this step is ambient temperature (use battery kept outside prior to mission) **
7) Power the system on. Wait 30 seconds after power is ON in both the vehicle and the remote
control or GCS used for the operation. Confirm that all parameters have stabilized. Note the
time that it took for parameters to stabilize
8) Verify that the system is in manual operation mode
9) Verify that all controls are neutral and not trimmed in any direction
10) Power all motors to approximately 50%.
11) Note weight indication and note all measured thrust values. Note any lateral forces or
torques (indicating that the vehicle is drifting laterally or rotating due to difference in motor
thrusts/speeds/torques). Hold for 120 seconds. Note all vital signs (see (1))
12) Apply full yaw right. Hold 30 seconds, repeating step (9). Release controls to neutral.
13) Apply full yaw left. Hold 30 seconds, repeating step (9). Release controls to neutral.
14) Apply full forward control. Hold 30 seconds, repeating step (9). Release controls to neutral.
15) Apply full aft control. Hold 30 seconds, repeating step (9). Release controls to neutral.
16) Apply full left control. Hold 30 seconds, repeating step (9). Release controls to neutral.
17) Apply full right control. Hold 30 seconds, repeating step (9). Release controls to neutral.
18) Increase throttle to full power. Note weight indication and note all measured thrust values.
Note any lateral force (indicating that the vehicle is drifting laterally). Hold for 120 seconds
19) Set the system at hover mode, if available. Verify that the weight indication for the vehicle
is zero (it is not supported by the rig and not pulling up). Note margin. Note thrust at each
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motor. Hold for 120 seconds. Note all vital signs (see (1)). Remain at same power level
until battery power is consumed (to 80% charge). Note total time elapsed
20) Power down and shut down system.
21) Replace all batteries with fully charged ones, kept at 20ºC prior to installation. Note time
elapsed during system shutdown and battery replacement. Measure capacity in removed
batteries and verify/note remaining charge
Restrained Test – GPS Signal Available
22) Remove roof from enclosure, enabling GPS signal to the vehicle
23) Repeat steps (5) thru (19) at 3 different controlled initial battery temperatures (-10ºC, 10ºC,
35 ºC) by storing the batteries at controlled temperature prior to installing and using it **
24) Detach vehicle from rig and continue in a larger enclosed space, with no wind and no GPS
signal. Remove any wiring that may obstruct flight or significantly increase takeoff weight
Unrestrained Indoor Test
25) Repeat steps (19)
26) Repeat step (5)
27) Place the system in automated flight mode. Define a “return to home” to the point of origin.
28) Set to hover at 10 feet. Hold for 180 seconds. Note any drift in position or altitude
29) Set to hover at 50 feet. Hold for 180 seconds. Note any drift in position or altitude
30) Set a circular flight pattern, following a circular path with radius 50ft from the point of
takeoff at 50 feet altitude and a tangential (to the circular path) or forward flight speed of
5m/s relative to the ground. Allow the vehicle to follow pattern until battery power is
consumed. Note the time elapsed and note any deviations from the flight pattern in excess
of 1.0ft laterally, 1.0ft vertically, or 1.0m/s in speed.
31) Repeat steps (18) and (19)
32) Repeat step (5)
33) Repeat step (28) with a ground speed of 10m/s, this time flying an 8-figure pattern at 50ft
altitude, with a 50ft radius at the extreme points. The same 8-figure shall be repeated in all
flight tests utilizing an 8-figure
34) Repeat step (18)
Unrestrained Outdoor Test – Empty Takeoff Weight
35) Move to an outdoor location
36) Repeat steps (4) and (5)
37) Repeat steps (25) thru (28) at 3 different controlled initial battery temperatures (-10ºC, 10ºC,
35 ºC) by storing the batteries at controlled temperature prior to installing and using it **
38) Repeat steps (18) and (19)
39) Repeat step (5)
40) Takeoff and climb as high as possible, noting the maximum flight altitude and time to reach
maximum altitude.
41) Remain and maximum altitude until battery power is consumed. Note the time elapsed
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42) Repeat steps (18) and (19)
Unrestrained Outdoor Test – Light-weight Payload
43) Repeat step (5)
44) Install a selected lightweight camera payload. The same camera and same gimbal are to be
used whenever possible, with the obvious exception of systems with integral payload
45) Define a scanning flight pattern across a rectangular area of 500m × 500m at an altitude of
200ft and ground speed of 8m/s and return-to-home waypoint for recovery
46) Follow flight plan. Note time to complete mission and note any flight-plan deviations. Log
wind behavior throughout the mission and airspeed vs. groundspeed. Log vitals. Note
remaining battery charge
47) Repeat steps (18) thru (44) at 3 different controlled initial battery temperatures (-10ºC, 10ºC,
35 ºC) by storing the batteries at controlled temperature prior to installing and using it **
Unrestrained Outdoor Test – Medium-weight Payload
48) Repeat step (5)
49) Install a selected medium weight camera payload. The same camera and same gimbal are to
be used whenever possible, with the obvious exception of systems with integral payload.
Note the time elapsed and adjustments required when changing a camera, or changing
gimbal with camera is possible
50) Repeat steps (43) and (44)
51) Repeat steps (18) and (19)
Unrestrained Outdoor Test – Maximum Takeoff Weight
52) Repeat step (5)
53) Install additional weights to obtain the maximum payload approved by the vendor (verifying
that this is the value indicated in system specifications).
54) Repeat steps (43) and (44)
55) Repeat steps (18) and (19)
Unrestrained Outdoor Test – Large Mission Area
56) Repeat step (5)
57) Define a scanning flight pattern across a rectangular area of 1500m × 1500m at an altitude of
400ft and ground speed of 8m/s, a continue mission option for lost data-link recovery and a
return-to-home option for low battery power recovery. This may be beyond the limitations
of some systems. Note if not achievable.
58) Repeat steps (53) thru (55) at 3 different controlled initial battery temperatures (-10ºC, 10ºC,
35 ºC) by storing the batteries at controlled temperature prior to installing and using it **
59) Remove the weights that were installed in step (51).
60) Repeat step (44). Note if system does not allow automated flight beyond signal range
61) Repeat steps (18) and (19)
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Repeat this step on two different days for each system, preferably with different weather
conditions (humidity, temperature, wind conditions, and precipitation, as permissible for the
system at hand).
** It has been noted [10] [15] [16] [17] that initial operating temperature has a significant effect
on the life and operation time of LiPo batteries. Reportedly, these batteries are adversely
affected by cold weather conditions (as well as high humidity). It is therefore recommended
to keep batteries at room temperature (or inside a vehicle or pocket) until they are installed. It
is desirable to measure the impact of temperature on different batteries, installed in different
system configurations (different discharge rates), at different ambient conditions, and under
different loading conditions.
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7.0

Conclusions and Future Work

The system selection project reported herein has arrived at a reduced set of commercially
available systems through careful evaluation of the various needs, restrictions, and requirements
and a view of key-requirement satisfaction by the various systems. Analysis has primarily
related to the UAV component of these sUAS, based on business-level preferences and based on
the interchangeability of some other system elements across systems, with attention to the fact
that not all systems are fully modifiable or upgradable after purchase, leading to a need to
allocate higher cost for such modifications by the system vendor. Still, it is recognized that
various system configurations must be evaluated and a complete system lifecycle analysis should
be performed in order to support sound financial decision-making.
The application of a systems engineering approach to this problem has proven beneficial through
the development of a clear rationale integral to the system selection process. The systems
engineering approach has resulted in delayed market-entry of AerialX, but it is very likely that
the benefits of a better selection process will lead to improved future capability and profitability
at AerialX. It is worth mentioning that during the completion of this project AerialX has
secured an international partnership with a Dutch company that has similar values and follows a
similar approach. The Dutch partner has committed two full systems (based on DJI S800) to
AerialX and has begun referring North American customers to AerialX. The availability of the
supplied systems does not imply an end to the system selection process, as these are available on
loan and AerialX wishes to acquire its own equipment. Nevertheless, it is expected that the
availability of fully-functional equipment and true customer-contracted missions will lead to
better understanding and will assist AerialX in the selection of systems.
AerialX, as a business, has defined several tasks that have yet to be completed. These include
additional analysis for system selection as well as research and experimentation toward the
possibility of developing a system, so as to achieve capabilities that superior to what is currently
offered by commercially available sUAS.
Future tasks have been listed hereunder.
1) System energy analysis and improved power management
Further analysis and experimentation shall be performed to arrive at a better
understanding of total energy consumption, for the purpose of system performance
comparison, as well as for the development of means to potentially enhance the
performance of an available system. It is recognized that energy consumption in the
sUAS is shared by various system elements, including, such as:
- Telemetry / data links (air and ground segments)
- Data storage (air and ground segments)
- Vehicle propulsion/thrust; vehicle stability and control (air segment only)
- Sensors (or other payload) operation (air segment only)
- Payload control (e.g. through gimbal operation, air segment only)
- Ground control station and mission management (ground segment only)
- Battery charger efficiency (for all battery chargers)
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* Note that the focus is on the air segment (aerial vehicle and its mounted systems),
since this part of the system relies entirely on stored energy (in the case of fixedwing gas-powered UAVs, generated power is also available)
It is desired to identify means for energy optimization throughout the system by means
of, for example, different batteries available for different energy-consumer groups,
thus also optimizing battery life (e.g. by matching it to different discharge rates), or
possible reduced-power modes applied based on system activity throughout a mission.
2) Safety and recovery devices
Explore the possibilities of adding optional system components for the purpose of
enhanced safety and improved recovery capability in the case that the aerial vehicle
crashes or lands beyond line of sight during a mission.
Possible safety devices might include, but are not limited to:
- Mode C Transponder (see ROV-09, section 5.1)
- Ultrasonic distance-measurement devices
- Radar-altimeter
- LIDAR and other laser-sensing devices
Possible recovery devices might include, but are not limited to:
- Radio-frequency Identification (RFID)
- GPS Tracking Unit
- Distress Radio Beacon / Emergency Locator Transmitter (ELT)
3) Complete lifecycle cost analysis
Complete lifecycle cost analysis is necessary for adequate consideration of product
selection in the business world. This type of analysis has not been considered herein for
a number of reasons, including:
- Initial system selection at AerialX has been limited within a specified price range, as
indicated previously (see section 4.0)
- Initial system selection at AerialX is based on factors that AerialX considers to be of
higher importance, such as safety, payload and flight endurance capabilities, system
reliability, modularity (for the purpose of system modification), lead time, and other
factors.
In the event that test results (see subsection 6.3.2.1) are equivalent for the top competing
systems based on the requirements presented previously, more through cost-analysis may
be called for. As always, lifecycle cost analysis shall include costs such as
acquisition/purchase costs, operation and maintenance, modification/development, and
disposal. An estimated outline for this complete system lifecycle cost analysis is
provided hereunder, as a list of factors to be evaluated:
- Total system purchase cost, based on possible combinations of system elements,
including air vehicles and other elements indicated in section 6.2 (comparison of the
components considered in section 6.2 is part of the future work to be completed).
This includes the cost of spares, including batteries, and including the possibility that
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such spares must be acquired or shipped separately in the event that a mission
requires air-travel to a distant location (because batteries, for example, are in some
cases not permitted on board commercial aircraft). Also, for each such system
configuration, compare:
Estimated annual cost on system maintenance activities
Estimated annual cost of spares, including batteries (the life of LiPo batteries is
limited and is sensitive to battery-usage regimes)
Estimated annual cost of gasoline or other energy sources for the purpose of
powering the ground-based system components in situations where battery power is
insufficient and including the use of a vehicle power for battery-charging. This cost
can be obtained from test results (see subsection 6.3.2.1) or from total system energy
analysis (see point (1) in this section), which implies the total energy that is to be
supplied as input to the system’s battery chargers and power supply ports (if any)
exclusive to battery-powered operation.
Cost of labor for mission completion, based on the expected workload imposed on
the mission team by a given system – for example, if the workload of the payload
operator and air vehicle operator is too high then it might be necessary to include a
fourth person for mission-management or to monitor system vitals, in addition to the
two operators and (at least) one observer. On the other extreme, in some cases,
system operation may be automated at such level that a single person may be able to
operate both the air vehicle and the payload (however, compliance with regulatory
requirements must be verified)
The cost of launch and recovery devices, if applicable (note that, as indicated
previously, the goal is to avoid the need for such devices, hence the preference for
VTOL systems)
Legal and insurance costs including liability coverage, company registration, etc.
System-selection has little impact on these expenses, however it is important to note
that some insurance companies (and other administrative/legal service providers)
might adjust their prices based on predicted or estimated system reliability or the
degree of damage that could be incurred following a crash event, particularly when
liability is involved, as well as based on the cost of damage repair or system
replacement.
System reliability, in terms of its impact on the expected cost of maintenance and/or
system replacement (e.g. in the event of failure resulting in damage to equipment) in
terms of both Mean Time between Failures (MTBF) and Mean Time between
Maintenance (MTBM). It may be desired to obtain data on accelerated life testing, if
available. It is notable that electrical sUAS are very reliable and most incidents
involving damage to equipment result from errors in maintenance (particularly of
batteries and data links) and/or operation, as well as from lost data links – it is also
advisable to use high-quality data links with built-in redundancy, which in turn may
significantly reduce the MTBF and lead to a reduction in expected costs associated
with repair or replacement of system components
The expected service life of the system (see accelerated life testing mentioned above)
will have an impact on the cost. This comparison can be performed only if system
service life estimates are available, in which case the cost of system replacement
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shall be factored in together with a time factor, comparing various system
configurations based on the system configuration with the longest service-life
estimate
Licensing and other fees that may be required for operation of a proprietary system
or for operation of a modified system. This can include software and hardware
components on all system elements. Also, in some cases there are political influences
that could result in added cost – for example, The International Alliance of Theatrical
Stage Employees (IATSE-669) is an international union that, among other things,
governs the right to produce film in certain locations; in Canada, only IATSE-669
members are allowed to perform activities contributing directly to film production,
including the act of filming from an aerial platform. It may be possible to offer
services through a unionized sub-contractor, but a cost will always be involved
Disposal of system components must be considered. Some components may be
possible to reuse, even in the event that they have been involved in a crash, as
opposed to typical regulatory restrictions in commercial aviation. LiPo batteries
require special treatment and their disposal requirements must be included in the
analysis of maintenance costs, since batteries will be disposed of during the system’s
lifecycle
System upgrade costs. It may be important to consider the costs associated with
system upgrade in the event that significant technological advances are made with
which AerialX must keep up in order to maintain a competitive edge. System
upgrade costs can include the cost of system modification (and cost of obtaining
permission to modify it, if applicable), or an estimated cost of system replacement in
the event that system upgrade is not allowable or not feasible (the latter estimate is
difficult to obtain, however this cost can be assumed as a fixed cost that is within the
same range as the capital (purchase) cost of the existing system
Training costs. Some vendors (such as Draganfly, Aeryon Labs) offer training as
part of the system purchase cost (it is offered “for free”), while others charge a fee
for training. In either case, most operators offer training only at their own location,
which would then require travel to that location, therefore the cost of required travel
is also included
System capabilities – these have an impact on the potential revenue that can be
generated from different mission types with different capability requirements, thus
potentially offsetting some of the cost

4) AerialX product development as an objective
AerialX wishes to offer services using a product that offers unique capabilities. Product
development at AerialX will consist of a combined effort on system modification (for
improved performance) as well as creating its own VTOL sUAS products. Product
development may benefit significantly from operational capability and
knowledge/experience gained from the completion of various missions with an available
system. Consequently, it is important to consider the various types of knowledge and
capability that are desired. Any resulting criteria shall be accounted for when selecting a
system.
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8.0

Literature Review and Other Sources

Numerous sources have been identified and will be reviewed in more depth as the project
progresses. A list of sources is provided hereunder.
1. G. Payson. Unmanned Vehicle University – “Small Unmanned Aerial Systems Course.”
Recorded lectures, taken in January 2013
2. J. LeMieux. Introduction to Unmanned Systems: Air, Ground, Sea & Space: Technologies
and Commercial Applications (Volume 1). AZ, USA, Unmanned Vehicle University, 2013.
3. R.K. Barnhart et al. Introduction to Unmanned Aircraft Systems. FL, USA: CRC Press,
2012.
4. G.M. Hoffman et al. “Quadrotor Helicopter Flight Dynamics and Control: Theory and
Experiment”, American Institute of Aeronautics and Astronautics
5. Erdal Torun, Technical & Project Management Department, Turkish Land Forces
Command.
“UAV Requirements and Design Considerations.” Warfare Automation:
Procedures and Techniques for Unmanned Vehicles (Ankara, Turkey), 1999, pp. 26-28.
6. Headquarters, Department of the Army. “Army Regulation 95-23: Unmanned Aircraft
System Flight Regulations”, USA, 2010.
7. International Civil Aviation Organization (ICAO). “ICAO Cir 328: Unmanned Aircraft
Systems” (AN/190). QC, Canada, 2011.
8. Transport Canada Civil Aviation. “TCCA SI 632-001: Staff Instruction”. ON, Canada, 2008.
9. A. Kossiakof et al. Systems Engineering Principles and Practice, 2nd ed. NJ, USA: John
Wiley & Sons, 2011.
10. Cameron Waite, Sales Engineer at Aeryon Labs, phone conversation on February 10, 2013.
11. Kip Morison, R&D Officer at BC Hydro, phone conversation on February 20, 2013.
12. Jason Rule, Vancouver region representative for UAS at Transport Canada Commercial
Aviation (TCCA), phone conversation on March 8, 2013.
13. SkyVision Drones (The Netherlands), Skype conversation on March 21, 2013.
14. G. Payson, Owner at Troy Built Models, phone conversation on February 15, 2013.
15. Ivanka Kösters Marketing & Sales Director at SkyVision Drone Technology (The
Netherlands), Skype conversation on April 6, 2013.
16. Denis Boulet, Microdrones Operator at MDVision (Montreal, Canada), phone conversation
on February 15, 2013.
17. Neil Bailey, Customer Service Engineer at Draganfly Innovations Inc. (Saskatoon, Canada),
email correspondence and phone conversation on January 15, 2013.
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