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Abstract

This paper covers development work on a novel wabithd
autonomous cargo aircraft and ground system. Weeptea
system that combines autonomy in the aircraft wittonomy
in the ground system to create a flexible combicadjo and
payload capability. The system includes several ehov
elements including self-balancing cargo attachmesduced
ground processing time leading to more time in Hie
reduced structural requirement for cargo modulesraodular
design for different flight profiles, including miesin and high
altitude reconnaissance payloads, and low altitedego.
Including missions from space launch to aerial nivagpp
through to humanitarian aid.

Figure 1: Simulated high altitude UAV flight

1 Introduction

1.1 Why logistics

At last count [1] there were sixty commercial comigs
world wide building and supplying unmanned aeriahicles
(UAVs) of one sort or another. It is fair to sawtlall of these
companies are targeting the defence UAV market, thiad
they are all developing for low to medium altitudiee.
medium altitude, long endurance; MALE). Fewer conips
support the high altitude market, and only two g®uare
attempting to exploit the logistics market — MMI&Tc. that
produce the ‘Snowgoose’ para-wing logistics UAV,dan
UnKnown Aerospace (Figure 1).

1.2UnKnown Aerospace

technology’. We have many contributors and severate

permanent developers. The three main developersthere
author, who is a designer and business developehaRi

Brough, head of avionics and electronic systemst Baul

Lyon, head of aerodynamics and structures. Welase (and
have had in the past) considerable help from a euna

industry specialists in the areas of aircraft desigvionics,

marketing, business development, aerodynamicsgtocknd

other areas: to them our grateful thanks.

We are also working with Auriga Energy Ltd. to dieye
environmentally friendly engines based on hydrogen,
hydrogen fuel-cell and compressed air systems. Wmin
Aerospace is amassing an Intellectual Property fqlamt
covering both this and a full range of logistics WAircraft
developments from tactical (hand-held) UAV unitsotigh to
designs for a supersonic/hypersonic logistics UAV.

2 The business case for logistics UAVs
2.1Business case

The use of UAVs for logistics operations has beeggssted
several times over the past few years and is, hoesat least,
an obvious market for such aircraft. For examplee t
following FAA quote [2];“if effectively integrated within a
larger logistical framework, [UAVS] could becomevaluable
asset for companies like FedEx and UPS. ‘Effegtivel
integrated’ means that [they] would operate moreless like
an aircraft, and thus not require [their] own spalized ...
pad”.

The perceived problem with using UAVs for logistids is
thought, is that they would need to operate frompaats
alongside commercial air transport. Of course, thises the
issue of operating UAVs in non-segregated airspmwe the
technology required to support such operations. Wik
present, later in this paper, some technology aoskiple
policy solutions to resolve this concern. The addil
concern is with the amount and complexity of grobaddling
equipment required to support dedicated logistiéd&/sl Also
in the paper we will address this by showing howMdAare
being developed that can work in harmony with aufrre
manual cargo practices whilst also providing addiil
features to support fully autonomous cargo capgbili

There are three logistics markets that can be iftkhtas

We like to describe ourselves as, ‘a small group opotentially viable:

entrepreneurs and engineers with a passion fosspace and
for developing marketable leading edge
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aerospace

1. Cargo transport capability
2. Humanitarian aid and disaster relief services
3. Specialist payload transport



Each market has unique problems to solve, but \lith
correct choice of technology we show that a sirggiiition
can meet the operating and business goals ofral threas.

Cargo transport capability

In 2004, the cargo carrier FedEx Inc., spent $loibfuel,
$6.5b on staff and supported 670 aircraft serving &irports
[3]. Many of these aircraft are Cessna Caravangjleiengine
aircraft, with a single pilot, and having a highagidesign.

In the same year, another well known cargo cart@sS Inc.,
operated a worldwide fleet with $11.6b of aircrasets
supporting 108 airports [4] and spent $824m onraftand
spares. In 2006, UPS used Boeing 737 aircraft Hortshaul
cargo at a cost of $59m each, including suppotiscos

To complete this summary of the market, one othajom
cargo operator is DHL GmbH., which operates a raofje
small aircraft, including Cessna Caravans [5]. lynahere

are the cargo operations of the major airlines,ctvtprovide

an additional, and substantial, cargo capability.

What drives our interest in this market is that thajority of

the assets are mid- to small-scale aircraft, sushtte

indomitable Cessna Caravan, and the scale of theatipns is
vast, encompassing whole continents: for examaliy,dvast

fleets of cargo aircraft converge on processingshgiich as
the FedEx Inc. hub in Memphis, USA [6]. There, caig

processed and the loaded aircraft return to thestidations.
This happens from all over the United States, akég place
every night of the year; this is an enormous opanaepeated
in similar fashion at hubs all over the world.

To put this in perspective, let's consider the ¢gbioperating
costs for a Boeing 737-300 aircraft. Over a 500tNalmile
flight profile, the direct operating cost can beken down as
follows [7]:

Ownership (depreciation and financing) 47%

Flight crew 18%

Maintenance (airframe, engine, overhaul) 17%

Fuel 17%

Insurance 1%

From these figures it can be seen that even a moelisction
in aircraft complexity (there being no requiremefar
crew/passenger support equipment), reduction inntiraber
of flight crew required to support cargo aircrafteoations,
improved aerodynamics (no flight-deck and windowt;.)
and the resulting reduced weight leading to a réoiuén fuel.
Further, because the aircraft has less interfdlses;omplexity
of maintenance is also reduced. What is evidetitasa cargo
UAYV capability provides significant cost benefiteen current
manned cargo operations.

To confirm this, a study carried out at George Maso

University [8] looked at the business model of swargo
operations and concluded that with a fleet of éifteCessna
Caravan sized aircraft, and using typical assumptior the
market sector, return on investment (ROI) woulduoagithin

5 years.
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The conclusion of our business analysis and ofdtipiarty
research is that this is an extremely lucrative aiable
market. However, to reap the benefits, a cargo hilityais
required: currently, no airline or UAV operator cprovide
this capability, and this is the market sector tbaknown
Aerospace has developed patented intellectual pope
order to exploit.

Humanitarian aid and disaster relief services

As our planet responds to global climate changs,dtear that
major adjustments in supply routes along with tleec to
provide aid to resource stricken populations aniibna will

become an increasing concern. Being able to mehitianned
and unmanned cargo capability for humanitarian gsep is
an obvious solution to these problems. As an iritinaof this
change in emphasis, the United Nations has recéamnigered
for supply of UAV capability [9]; it is apparentdhif this
tender is successful, further operations are alsylto be
tendered, including supply of humanitarian aid odtights.

Specialist payload transport

Interestingly, but perhaps not surprisingly, theuieements
for humanitarian aid services are similar to thoesguired for
supporting military operations; such services ideluthe
following operational capabilities.

- Mapping: humanitarian aid teams often operate in areas

where maps are out of date or non existent, tylpica a
result of the disaster itself; tsunami and earthgaacan
dramatically alter the geography and change aiglgup
routes

- Logistics: being able to create and support lines-of-
supply from aid centres to relief agencies at thatfline,
typically where prepared runways and infrastructare
non-existent and over-ground access is limited

- Situational awareness as aid teams deploy, it is
important for their security, and for efficient apgons,
to know where they are, what aid they have, andtwha
routes they are following

- Communications infrastructure: communication is a
requirement for supporting all the above operationa
capabilities, and for general communication witld ai
agency teams on the ground.

The largest sector in the specialist payload mastethe
moment is that of military UAVs but, as noted pomasly,
this is a very crowded market. However, this crowdis
offset to some degree by the total value of thekatawhich,
it is claimed by a number of analysts, is extrentatge: ‘The
market for reconnaissance/surveillance UAVs is etqukto
be worth $11 billion over the next 10 years. ... doés not
include research funding, which is likely to betlie billions
of dollars [and] does not include funding for unmax
combat air vehicles (UCAVs), which could add $iloh in
procurement spending by 2013, and another $3.80hillLO
years after thdt [10]. Since the aircraft and systems
developed by UnKnown Aerospace meet the requiresrfent
humanitarian aid and disaster relief operationsreghs an
obvious overlap with those similar requirements tbe
military market.



2.2 Regulatory issues

UK UAV regulatory requirements cover the same arass
those of manned aircraft, and are described infatewing,
and related, documents.

CAP 722

JSP 550 - Military

CAP 658 - Model Aircraft: A Guide to Safe Flying
CAP 393,

UK ANO (2000)

UK AIP

Rules of the Air Regulations (1996)
UK-CAA Policy for Light UAV Systems
JAP 100A-01 - Military Eng. Policy and Regulation

In practice, the regulations are different for @ftof different
take-off weight and four weight ranges are ideatifi

<7kg Small UAV (ANO Art 129)

- No airworthiness standards

- Minimal operational constraints
7-20kg Small UAV (ANO Art 129 & 87)

- No airworthiness standards

- No fly rules as described in ANO Art 87a-e
20-150kgMedium UAV

- As 20kg class with additional constraints
>150kg Large UAV

- Follows normal aircraft regulations

- EASA air worthiness certificate

There are many other bodies and groups workintptwardise
UAYV qualification and airworthiness, including, feference:

ASTM-F38 Committee
EuroCAE Working Group 73
EASA

NATO STANAG 4671
RTCA Sub-Group SC-203

What is clear is that the development of an unmdrnogistics
UAYV is no more onerous than developing a more cotiopal
UAYV, or indeed a light aircraft.

2.3 Standards

Along with the aircraft regulatory requirementsgra are also
standards for interoperability of UAV systems. Tédeare
primarily driven by military UAV control compatibily
standards (Figure 2), NATO STANAG 4586 [10], and WWA
imagery product data link and data format standasdsh as
NATO STANAG 7085.

It is worth noting, however, that the STANAG 458&rslard

1. Being able to sense and avoid other air traffic
2. Reacting to air traffic control advice

The problem with the current air traffic systemtlat it is
designed for use by piloted aircraft; eyes-outstligdow in
VFR (Visual Flight Rules) flight allows pilots tovaid other
aircraft, and information from ATC (Air Traffic Cdml) in
IFR (Instrument Flight Rules) flight allows safégfit in non-
visual conditions.
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Figure 2: NATO/CAA UAV control architecture

ATC is able to provide information on aircraft pish because
of access to ground radar information and airdraftisponder
(Mode 3A and C) feedback - called “squawk”. Reaggertthere
has been a move to allow access to some of thignaftion

between aircraft in the air through the deploymanADS-B

(Mode-S) receivers in aircraft. Using ADS-B (Autaima
Dependent Surveillance Broadcast) aircraft canrgete the
position of other air traffic in the vicinity for fiective

avoidance. ADS-B relies on all air traffic carryifdode-S
transponders, whereas on larger aircraft, radaemsgs allow
direct detection of other air traffic.

The problem with UAV aircraft is that although ADBS-radar,
cameras and transponders can be added, therernsntbu at
least, a considerable weight penalty in doing setigularly for
small and medium-sized UAVs. In addition, the pssieg and
in particular the algorithms required to identifyyderstand and
respond to ATC spoken requests are currently nistezx.

Many groups are working on this problem, includitige
Astraea programme in the UK, and standards are

development and some have already been adopted; for

example, the ASTM F 2411 Standard Specification for
Design and Performance of an Airborne Sense-anddAvo

Systerh [12] has been adopted by the US Department of

Defence.

[11]; “mandates neither a particular design nor a unigue

hardware and software architecture. However, it slaaply a
functional architecture and set of interfaces thigdhered to,
will provide the commonality necessary to achige desired
level of interoperability”.

2.4 Flight in non-segregated airspace

The one area considered to be a limiting factorthie
introduction of commercial UAVs is the issue ofjfit in non-
segregated airspace. At a fundamental level thisesadown to
two problems.
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In the meantime there are several approaches @habe used
to progress logistics UAVs, and it is understoodt thhe

and iv).

i) Utilise manned logistics aircraft and provide unmeach
flight upgrade capability in the future

i) Agree (potentially new or temporary) flight routes
specifically for logistics and cargo flights andilisé
pilot-in-command (UAV-p) for the take-off and landi
phases of the flight



iii) Remote flight with pilot-in-command (UAV-p) for all

phases of the flight

iv) Automated flight with fall-back to pilot-in-commarah
detection of traffic or on reaching a defined pdimta
mission script

v) Full automation with all aspects of the flight idieal to

manned flight; ATC communication with voice advice

in the usual manner

It would naively appear that the solution to thehtem is

either;
(a) the development of high quality speech prsiogs or

(b) provide ATC information in a machine acceksformat.

It seems that the latter will be required for se¢ueliable
UAV operation in non-segregated airspace, and adthahis is

feasible technically, the roll-out of such a tedogy will take
some time.

—_— Customer I
Infrastructure and | |OPerations
Product Operations Fulfilment Assurance Billing
Marketing Support
Customer Relationship
Logistics Management
Development IT IT —

Service Management
and Operations

& Management

Flight Assets T T T

Development

UAV Management
& Management

and Operations

Supply Chain
Development
& Management

Ground Systems Management
and Operations

B : ~ Logistics Assets :

Figure 3: UAV logistics Enterprise Architecture

There are several solutions, as noted above, teamnip

operation of logistics UAVs and in anticipation @frther

changes and developments in policy, UnKnown Aercspa

researching and developing intellectual propertis area.

3 A new approach to logistics
3.1Infrastructure

Current UAV solutions are typically designed as et of
modules, with the aircraft being one module, thightl

Core UAV UAV-p Enterprise Customer
Control System Human-Machine Resource Service
(Cucs) Interfaces Planning (ERP) Interfaces
‘ Middleware Enterprise service bus
UAV Ground Route Stock Control &
Operations Operations Planning Management
P p Systems Systems
Data Link Industrial Flight Logistics
Interface Automation Planning Operations
(DLI) Systems Systems Support
T SaneEet
I I ; Communications layer
Vehicle Specific Conveyors, Air Traffic
Module Storage, Control
(VSM) Fork-lift, ... Operations

Figure 4: Enterprise Architecture solution

The additions include extensions to the typical Uadhtrol
suite to support Enterprise Resource Planning (ERP)
applications, route planning applications, stocktm and
management systems, and so on. However, to meet
interoperability and compatibility standards, thestem still
supports STANAG 4586 control.

3.2 Supply chain integration

In developing an automated supply chain approathis i

apparent that an automated supply chain hub wowd b

preferred, if not required, and further that arcraift system

capable of integration into both an automated sumpblain

system and current airfields is a necessity. Thadlme

requirements for such a system can be identified as

- Instrument Landing System Category 3 C (ILS CAT IlI
C) runway, in order to support fully autonomousetaiff
and landing

- Integrated cargo ground handling systems; suchhas t
UnKnown Aerospace system illustrated in Figure 6

- Integrated cargo carrying aircraft; such as thehsas the
UnKnown Aerospace aircraft illustrated in Figure 5

k'p

management and avionics as another, the groundeses
another, and so on. At UnKnown Aerospace, howenerare
attempting to address the solution as a whole,usedsystem
engineering practices to partition and derive tloelates.

Given a goal of logistics UAV operations, Figurdl@strates
the system level breakdown of capability. It wi# hoted that
it is extremely similar to Enterprise Architecturesich as the

Figure 5: UnKnown Aerospace test article firstlilig

4 Automated logistics system

4.1 Aircraft and ground system

Because aircraft do not make money when they ar¢hen

operational support services (OSS) model of the BGO

0OSS/J standard [13].

In order to implement this approach, several aokliti are
required to the middleware enterprise service lastibted in

Figure 4.
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ground, it is critically important to ensure thaetaircraft is
utilised as much as possible. Utilisation fundarakytcomes
down to how fast the aircraft can be turned aroahdhe
airport. The bulk of the time on the ground is dpéan
replenishment and maintenance. If this can be padd
quickly, the aircraft can be returned to flight \dee,
increasing utility and improving revenue.



R«-

Ariving Cargo

Departing Cargo

Figure 6: lllustration of the logistics ground héind system

In a commercial logistics operation, the ideal aiton would
be one in which an aircraft arrives at an airptitg, cargo is
replaced, the aircraft is replenished, it is réeéas and is
released for take-off in a very short amount ofetiffthe way
we have approached this at UnKnown Aerospace @e$ign
an aircraft and ground system to operate in anogoalk
manner to a cargo carrying lorry: we have, in dffdesigned
a ‘UAV truck’ (Figure 5).

O e™Y

Figure 7: Example cargo section elements

The aircraft consists of two units; the aircrafctgan, and a
replaceable cargo section (Figure 6). Cargo unés be
custom units or variants of standard commercialg@ar
containers (Figure 7), and could be variants oftanit ISU,
QUADCON, TRICON containers or other such units.

On arrival at an airport, the aircraft may be dified
manually (as illustrated in Figure 8), requiringnimial ground
handling changes to current airfields, or can beraatically
offloaded, re-tasked and reloaded (as illustrate&igure 6),
for more cost-effective operations.

ccccc

Figure 8: lllustration of manual loading

The UnKnown Aerospace aircraft solves two problems,gume for fuel and moved the structural

inherent with current cargo systems.

First, the side-wall structure of the cargo ungsot load-
bearing and thus full access can be made to tlye caea.

Second, the method used to detach and reattacbatige
section includes a patented measuring technique
automatically ensure the correct centre-of-graviy the
aircraft.
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Aircraft centre-of-gravity is extremely importard avidenced
by the fact that the layout of the UK Watchkeeped ather
UAV aircraft means it has to be rebalanced whenavaew
piece of equipment is added as payload. This takes
considerable time and effort to achieve. The UnKmow
Aerospace system does this automatically, reduding-
around time for mission changes; allowing the sas®set to
be quickly re-tasked for multiple operations in gmr
humanitarian aid or military roles.

Since the only additional ground units required tre two
support stands which support, refuel, re-task aadmbse the
aircraft, the system is simple to deploy and opemnat turn-
around time is dramatically reduced.

Figure 9: Scale development model

To support the wider market need, we are also deuay our
flight control and avionics system for potentidttifig to a
Cessna Caravan as an alternative short term solutio

4.2 Aircraft design and development

As noted previously it was a design goal of thetaysto
make it as simple to service and as simple to régteas
possible. The way this is achieved is to push dherg that
controls the aircraft up to a high wing (Figure ®)wvas found
that a low wing design requires more ground hagdlin
equipment than a similar sized high wing design.

Jj

Figure 10: lllustrative aircraft planform

A dual boom planform was selected as it provideditazhal
elements f
supporting the tail section away from the centago attach
point (Figure 10).

Powerplant for the full-scale aircraft was idewtifi as gas
turbine jet engines, as this removes the need fopgiler
clearance, and has potential upgrade path to hgdrbgsed

as turbines in future. It was also noted that wlih chosen
planform a push-pull propeller solution could atsachieved



if required. With this approach then, and with dldi
repositioning for weight, we are able to have salvproducts
from one modular design (Figure 11).

Figure 11: Modular design approach

Level 3 Aircraft Dynamics
The aircraft dynamics model contains the procespdathat
control the aircraft surfaces and maintain therafts attitude

Level 4: Locale Model

The locale model takes the sensor inputs from fheradt,

such as GPS, and drives both the control elememtshe
surfaces and the power to the engines. From timgaési and
outputs it creates a model of the current statéhefaircraft
and its locale.

4.4 Ground station software and flight simulation

In order to test the logistics capability of theceift and
system, UnKnown Aerospace implemented the desigma as
simulation. Using commercial simulator software apthted
Software Development Kits (SDKSs) it is possiblectmtrol an
aircraft within the flight simulator from the proction ground
station software (Figure 13). The approach alsmwall
monitoring of aircraft information and retrieval Gfut-the-
window’ images. We are investigating further whettigs is

The modular design allows for manned or unmanneglso a suitable method for the testing of visuan& and

capability with propeller or jet powerplant.

4.3 Avionics and flight control

The avionics and flight control must integrate intbe
enterprise architecture highlighted previously.abhieve this,
the flight control software - acting as a VehiclpeSific
Module (VSM) implementation - has four levels (Rigi.2).

Gound Telemetry
Remote Comms Comms

[Command / Satus Script

Wat chdog Mission

Monitor Planner
AliveTick

Command / Satus

OverrideSelect
Lights
Powerlevel
Parachute

Autopilot

‘A\mude ‘Sneed ‘Dvecnon

Engine Speed
AlleronPosition
BevonPosition
RudderPosition

Aircraft
Dynamics

‘ Air speed ‘Local\on ‘Sandards\x

Aircraft Ancillary Locale
Gontrol Control Model
Ailerons Rudder Powerlevel @S Air Speed Height
Engine Hevons Lights Parachute  Rate Gyros  Altitude Accelerometers Temperature

Figure 12: Top-level aircraft software architecture

Level 1: Mission Planner

The mission planner is used to store the missiaptscand to
automate dynamic management of the flight profienteet
the script goals whilst not exceeding the capaidlitof the
aircraft

Level 2 Autopilot

The autopilot ‘flies’ the aircraft according to thequirements
of the mission plan
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avoid’ algorithms.

Figure 13: lllustration of prototype ground statewftware
controlling simulated aircraft

Using simulation allows the development of the grbstation
software to take place independently of the aitcraf
development. With suitable control of the flight ded it is
also possible to arrive at a first approximationtioé flight
dynamics, particularly if one of the more aerodyiaily
accurate commercial simulator packages is used.

5 Extending capabilities

Finally, it is worth noting other capabilities thee enabled by
logistics and cargo UAV systems.

Using a cargo carrying system of the type describetk,

potentially any type of payload can be carried.sTihcludes
rocket launch capability, a useful service givemttht is

extremely difficult to launch a rocket from the W€cause of
local populations, close proximity to other naticsusd vast
numbers of oil platforms, both in the North Sea afidthe

Norwegian coast. Being able to fly to a more su@dbunch
point in order to avoid these constraints allowes shfe launch
of unmanned orbital rockets from bases on the Uknlaad.

UnKnown Aerospace is undertaking a design studyhis

area.



6 Conclusion

In this paper we have described the issues andegpnstfacing
unmanned logistics vehicle systems, and shown gueniull-
system approach that treats the aircraft as aneslewithin a
larger logistics system. We have also explained dineent
market situation and the potential exploitable readegments
that exist. From this larger perspective we hdmws how the
requirements favour a specific type of aircraft igieswith
unique cargo carrying characteristics, which we ehdlvren
demonstrated how to achieve. Following this, we ehav
described an overview of our current design anceldgvnent
work in this area, and finally, we describe relateatk being
explored in our future developments.
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