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Abstract 

This paper covers development work on a novel uninhabited 
autonomous cargo aircraft and ground system. We present a 
system that combines autonomy in the aircraft with autonomy 
in the ground system to create a flexible combined cargo and 
payload capability. The system includes several novel 
elements including self-balancing cargo attachment, reduced 
ground processing time leading to more time in the air, 
reduced structural requirement for cargo modules and modular 
design for different flight profiles, including medium and high 
altitude reconnaissance payloads, and low altitude cargo. 
Including missions from space launch to aerial mapping 
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 companies 
world wide building and supplying unmanned aerial vehicles 
(UAVs) of one sort or another. It is fair to say that all of these 
companies are targeting the defence UAV market, and that 
they are all developing for low to medium altitude (i.e. 
medium altitude, long endurance; MALE). Fewer companies 
support the high altitude market, and only two groups are 
attempting to exploit the logistics market – MMIST Inc. that 
produce the ‘Snowgoose’ para-wing logistics UAV, and 
UnKnown Aerospace (Figure 1). 
 
1.2 UnKnown Aerospace 
We like to describe ourselves as, ‘a small group of 
entrepreneurs and engineers with a passion for aerospace and 
for developing marketable leading edge aerospace 

technology’.  We have many contributors and several more 
permanent developers. The three main developers are the 
author, who is a designer and business developer; Richard 
Brough, head of avionics and electronic systems; and Paul 
Lyon, head of aerodynamics and structures. We also have (and 
have had in the past) considerable help from a number of 
industry specialists in the areas of aircraft design, avionics, 
marketing, business development, aerodynamics, rocketry and 
other areas: to them our grateful thanks. 
 
We are also working with Auriga Energy Ltd. to develop 
environmentally friendly engines based on hydrogen, 
hydrogen fuel-cell and compressed air systems. UnKnown 
Aerospace is amassing an Intellectual Property portfolio 
covering both this and a full range of logistics UAV aircraft 
developments from tactical (hand-held) UAV units through to 
designs for a supersonic/hypersonic logistics UAV. 
 

2 The business case for logistics UAVs 

2.1 Business case 
The use of UAVs for logistics operations has been suggested 
several times over the past few years and is, to some at least, 
an obvious market for such aircraft. For example, the 
following FAA quote [2]; “if effectively integrated within a 
larger logistical framework, [UAVs] could become a valuable 
asset for companies like FedEx and UPS. ‘Effectively 
integrated’ means that [they] would operate more or less like 
an aircraft, and thus not require [their] own specialized … 
pad”. 
 
The perceived problem with using UAVs for logistics, it is 
thought, is that they would need to operate from airports 
alongside commercial air transport. Of course, this raises the 
issue of operating UAVs in non-segregated airspace and the 
technology required to support such operations. We will 
present, later in this paper, some technology and possible 
policy solutions to resolve this concern. The additional 
concern is with the amount and complexity of ground handling 
equipment required to support dedicated logistics UAVs. Also 
in the paper we will address this by showing how UAVs are 
being developed that can work in harmony with current 
manual cargo practices whilst also providing additional 
features to support fully autonomous cargo capability. 
 
There are three logistics markets that can be identified as 
potentially viable: 

1. Cargo transport capability 
2. Humanitarian aid and disaster relief services 
3. Specialist payload transport 
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Each market has unique problems to solve, but with the 
correct choice of technology we show that a single solution 
can meet the operating and business goals of all three areas. 
 
Cargo transport capability 
In 2004, the cargo carrier FedEx Inc., spent $1.7b on fuel, 
$6.5b on staff and supported 670 aircraft serving 375 airports 
[3]. Many of these aircraft are Cessna Caravans; single engine 
aircraft, with a single pilot, and having a high-wing design. 
 
In the same year, another well known cargo carrier, UPS Inc., 
operated a worldwide fleet with $11.6b of aircraft assets 
supporting 108 airports [4] and spent $824m on aircraft and 
spares. In 2006, UPS used Boeing 737 aircraft for short-haul 
cargo at a cost of $59m each, including support costs. 
 
To complete this summary of the market, one other major 
cargo operator is DHL GmbH., which operates a range of 
small aircraft, including Cessna Caravans [5]. Finally, there 
are the cargo operations of the major airlines, which provide 
an additional, and substantial, cargo capability. 
 
What drives our interest in this market is that the majority of 
the assets are mid- to small-scale aircraft, such as the 
indomitable Cessna Caravan, and the scale of the operations is 
vast, encompassing whole continents: for example, daily, vast 
fleets of cargo aircraft converge on processing hubs, such as 
the FedEx Inc. hub in Memphis, USA [6]. There, cargo is 
processed and the loaded aircraft return to their destinations. 
This happens from all over the United States, and takes place 
every night of the year; this is an enormous operation repeated 
in similar fashion at hubs all over the world. 
 
To put this in perspective, let’s consider the typical operating 
costs for a Boeing 737-300 aircraft. Over a 500 Nautical mile 
flight profile, the direct operating cost can be broken 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 modest reduction 
in aircraft complexity (there being no requirement for 
crew/passenger support equipment), reduction in the number 
of flight crew required to support cargo aircraft operations, 
improved aerodynamics (no flight-deck and windows, etc.) 
and the resulting reduced weight leading to a reduction in fuel. 
Further, because the aircraft has less interfaces, the complexity 
of maintenance is also reduced. What is evident is that a cargo 
UAV capability provides significant cost benefits over current 
manned cargo operations. 
 
To confirm this, a study carried out at George Mason 
University [8] looked at the business model of such cargo 
operations and concluded that with a fleet of fifteen Cessna 
Caravan sized aircraft, and using typical assumptions for the 
market sector, return on investment (ROI) would occur within 
5 years. 
 

The conclusion of our business analysis and of third party 
research is that this is an extremely lucrative and viable 
market. However, to reap the benefits, a cargo capability is 
required: currently, no airline or UAV operator can provide 
this capability, and this is the market sector that UnKnown 
Aerospace has developed patented intellectual property in 
order to exploit. 
 
Humanitarian aid and disaster relief services 
As our planet responds to global climate change, it is clear that 
major adjustments in supply routes along with the need to 
provide aid to resource stricken populations and nations will 
become an increasing concern. Being able to mobilise manned 
and unmanned cargo capability for humanitarian purposes is 
an obvious solution to these problems. As an indication of this 
change in emphasis, the United Nations has recently tendered 
for supply of UAV capability [9]; it is apparent that if this 
tender is successful, further operations are also likely to be 
tendered, including supply of humanitarian aid cargo flights. 
 
Specialist payload transport 
Interestingly, but perhaps not surprisingly, the requirements 
for humanitarian aid services are similar to those required for 
supporting military operations; such services include the 
following operational capabilities. 
- Mapping: humanitarian aid teams often operate in areas 

where maps are out of date or non existent, typically as a 
result of the disaster itself; tsunami and earthquakes can 
dramatically alter the geography and change aid supply 
routes 

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

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

- Communications infrastructure: communication is a 
requirement for supporting all the above operational 
capabilities, and for general communication with aid 
agency teams on the ground. 

 
The largest sector in the specialist payload market at the 
moment is that of military UAVs but, as noted previously, 
this is a very crowded market. However, this crowding is 
offset to some degree by the total value of the market which, 
it is claimed by a number of analysts, is extremely large: “The 
market for reconnaissance/surveillance UAVs is expected to 
be worth $11 billion over the next 10 years. … and does not 
include research funding, which is likely to be in the billions 
of dollars [and] does not include funding for unmanned 
combat air vehicles (UCAVs), which could add $1.2 billion in 
procurement spending by 2013, and another $3.8 billion 10 
years after that” [10]. Since the aircraft and systems 
developed by UnKnown Aerospace meet the requirements for 
humanitarian aid and disaster relief operations, there is an 
obvious overlap with those similar requirements for the 
military market. 
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2.2 Regulatory issues 
UK UAV regulatory requirements cover the same areas as 
those of manned aircraft, and are described in the following, 
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 aircraft of different 
take-off weight and four weight ranges are identified: 

    <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 

    20-150kg Medium 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 working to standardise 
UAV qualification and airworthiness, including, for reference:  

�  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 unmanned logistics 
UAV is no more onerous than developing a more conventional 
UAV, or indeed a light aircraft. 
 
2.3 Standards 
Along with the aircraft regulatory requirements, there are also 
standards for interoperability of UAV systems. These are 
primarily driven by military UAV control compatibility 
standards (Figure 2), NATO STANAG 4586 [10], and UAV 
imagery product data link and data format standards, such as 
NATO STANAG 7085. 

It is worth noting, however, that the STANAG 4586 standard 
[11]; “mandates neither a particular design nor a unique 
hardware and software architecture. However, it does imply a 
functional architecture and set of interfaces that, if adhered to, 
will provide the commonality necessary to achieve the desired 
level of interoperability”. 

 
2.4 Flight in non-segregated airspace 
The one area considered to be a limiting factor to the 
introduction of commercial UAVs is the issue of flight in non-
segregated airspace. At a fundamental level this comes down to 
two problems. 

1. Being able to sense and avoid other air traffic 

2. Reacting to air traffic control advice 

The problem with the current air traffic system is that it is 
designed for use by piloted aircraft; eyes-out-the-window in 
VFR (Visual Flight Rules) flight allows pilots to avoid other 
aircraft, and information from ATC (Air Traffic Control) in 
IFR (Instrument Flight Rules) flight allows safe flight in non-
visual conditions. 
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Figure 2: NATO/CAA UAV control architecture 

ATC is able to provide information on aircraft position because 
of access to ground radar information and aircraft transponder 
(Mode 3A and C) feedback - called “squawk”. Recently, there 
has been a move to allow access to some of this information 
between aircraft in the air through the deployment of ADS-B 
(Mode-S) receivers in aircraft. Using ADS-B (Automatic 
Dependent Surveillance Broadcast) aircraft can determine the 
position of other air traffic in the vicinity for effective 
avoidance. ADS-B relies on all air traffic carrying Mode-S 
transponders, whereas on larger aircraft, radar systems allow 
direct detection of other air traffic. 
 
The problem with UAV aircraft is that although ADS-B, radar, 
cameras and transponders can be added, there is, currently at 
least, a considerable weight penalty in doing so; particularly for 
small and medium-sized UAVs. In addition, the processing and 
in particular the algorithms required to identify, understand and 
respond to ATC spoken requests are currently non-existent. 
 
Many groups are working on this problem, including the 
Astraea programme in the UK, and standards are in 
development and some have already been adopted; for 
example, the ASTM F 2411 “Standard Specification for 
Design and Performance of an Airborne Sense-and-Avoid 
System” [12] has been adopted by the US Department of 
Defence. 
 
In the meantime there are several approaches that can be used 
to progress logistics UAVs, and it is understood that the 
Predator military UAV utilises some of these approaches (ii, iii 
and iv). 

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

ii)  Agree (potentially new or temporary) flight routes 
specifically for logistics and cargo flights and utilise 
pilot-in-command (UAV-p) for the take-off and landing 
phases of the flight 
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iii)  Remote flight with pilot-in-command (UAV-p) for all 
phases of the flight 

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

v) Full automation with all aspects of the flight identical to 
manned flight; ATC communication with voice advice 
in the usual manner 

It would naively appear that the solution to the problem is 
either; 

  (a) the development of high quality speech processing; or  

  (b) provide ATC information in a machine accessible format. 

It seems that the latter will be required for secure, reliable 
UAV operation in non-segregated airspace, and although this is 
feasible technically, the roll-out of such a technology will take 
some time.  
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Figure 3: UAV logistics Enterprise Architecture 

There are several solutions, as noted above, that permit 
operation of logistics UAVs and in anticipation of further 
changes and developments in policy, UnKnown Aerospace is 
researching and developing intellectual property in this area. 

3 A new approach to logistics 

3.1 Infrastructure 
Current UAV solutions are typically designed as a set of 
modules, with the aircraft being one module, the flight 
management and avionics as another, the ground segment as 
another, and so on. At UnKnown Aerospace, however, we are 
attempting to address the solution as a whole, and use system 
engineering practices to partition and derive the modules. 
 
Given a goal of logistics UAV operations, Figure 3 illustrates 
the system level breakdown of capability. It will be noted that 
it is extremely similar to Enterprise Architectures, such as the 
operational support services (OSS) model of the NGOSS 
OSS/J standard [13]. 
 

In order to implement this approach, several additions are 
required to the middleware enterprise service as illustrated in 
Figure 4. 
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Figure 4: Enterprise Architecture solution 

The additions include extensions to the typical UAV control 
suite to support Enterprise Resource Planning (ERP) 
applications, route planning applications, stock control and 
management systems, and so on. However, to meet 
interoperability and compatibility standards, the system still 
supports STANAG 4586 control. 
 
3.2 Supply chain integration 
In developing an automated supply chain approach, it is 
apparent that an automated supply chain hub would be 
preferred, if not required, and further that an aircraft system 
capable of integration into both an automated supply chain 
system and current airfields is a necessity. The headline 
requirements for such a system can be identified as: 
- Instrument Landing System Category 3 C (ILS CAT III 

C) runway, in order to support fully autonomous take-off 
and landing 

- Integrated cargo ground handling systems; such as the 
UnKnown Aerospace system illustrated in Figure 6 

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

 

 

Figure 5: UnKnown Aerospace test article first flight 

4 Automated logistics system 

4.1 Aircraft and ground system 
Because aircraft do not make money when they are on the 
ground, it is critically important to ensure that the aircraft is 
utilised as much as possible. Utilisation fundamentally comes 
down to how fast the aircraft can be turned around at the 
airport. The bulk of the time on the ground is spent in 
replenishment and maintenance. If this can be performed 
quickly, the aircraft can be returned to flight service, 
increasing utility and improving revenue. 
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Figure 6: Illustration of the logistics ground handling system 

In a commercial logistics operation, the ideal situation would 
be one in which an aircraft arrives at an airport, the cargo is 
replaced, the aircraft is replenished, it is re-tasked, and is 
released for take-off in a very short amount of time. The way 
we have approached this at UnKnown Aerospace is to design 
an aircraft and ground system to operate in an analogous 
manner to a cargo carrying lorry: we have, in effect, designed 
a ‘UAV truck’ (Figure 5). 
 

 
 

Figure 7: Example cargo section elements 

The aircraft consists of two units; the aircraft section, and a 
replaceable cargo section (Figure 6). Cargo units can be 
custom units or variants of standard commercial cargo 
containers (Figure 7), and could be variants of military ISU, 
QUADCON, TRICON containers or other such units. 
 
On arrival at an airport, the aircraft may be offloaded 
manually (as illustrated in Figure 8), requiring minimal ground 
handling changes to current airfields, or can be automatically 
offloaded, re-tasked and reloaded (as illustrated in Figure 6), 
for more cost-effective operations. 
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Figure 8: Illustration of manual loading 

The UnKnown Aerospace aircraft solves two problems 
inherent with current cargo systems. 
 
�  First, the side-wall structure of the cargo units is not load-

bearing and thus full access can be made to the cargo area.  
 
�  Second, the method used to detach and reattach the cargo 

section includes a patented measuring technique to 
automatically ensure the correct centre-of-gravity for the 
aircraft. 

Aircraft centre-of-gravity is extremely important as evidenced 
by the fact that the layout of the UK Watchkeeper and other 
UAV aircraft means it has to be rebalanced whenever a new 
piece of equipment is added as payload. This takes 
considerable time and effort to achieve. The UnKnown 
Aerospace system does this automatically, reducing turn-
around time for mission changes; allowing the same asset to 
be quickly re-tasked for multiple operations in cargo, 
humanitarian aid or military roles. 
 
Since the only additional ground units required are the two 
support stands which support, refuel, re-task and diagnose the 
aircraft, the system is simple to deploy and operational turn-
around time is dramatically reduced. 
 

 
Figure 9: Scale development model 

To support the wider market need, we are also developing our 
flight control and avionics system for potential fitting to a 
Cessna Caravan as an alternative short term solution. 
 
4.2 Aircraft design and development 
As noted previously it was a design goal of the system to 
make it as simple to service and as simple to replenish as 
possible. The way this is achieved is to push everything that 
controls the aircraft up to a high wing (Figure 9). It was found 
that a low wing design requires more ground handling 
equipment than a similar sized high wing design.  
 
 

 
 
Figure 10: Illustrative aircraft planform 

A dual boom planform was selected as it provided additional 
volume for fuel and moved the structural elements for 
supporting the tail section away from the central cargo attach 
point (Figure 10). 
 
Powerplant for the full-scale aircraft was identified as gas 
turbine jet engines, as this removes the need for propeller 
clearance, and has potential upgrade path to hydrogen-based 
gas turbines in future. It was also noted that with the chosen 
planform a push-pull propeller solution could also be achieved 
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if required. With this approach then, and with a little 
repositioning for weight, we are able to have several products 
from one modular design (Figure 11). 
 

 
Figure 11: Modular design approach 

The modular design allows for manned or unmanned 
capability with propeller or jet powerplant. 
 
4.3 Avionics and flight control 
The avionics and flight control must integrate into the 
enterprise architecture highlighted previously. To achieve this, 
the flight control software - acting as a Vehicle Specific 
Module (VSM) implementation - has four levels (Figure 12). 
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Figure 12: Top-level aircraft software architecture 

Level 1: Mission Planner 
The mission planner is used to store the mission scripts and to 
automate dynamic management of the flight profile to meet 
the script goals whilst not exceeding the capabilities of the 
aircraft 
 
Level 2: Autopilot 
The autopilot ‘flies’ the aircraft according to the requirements 
of the mission plan 
 

Level 3: Aircraft Dynamics 
The aircraft dynamics model contains the process loops that 
control the aircraft surfaces and maintain the aircrafts attitude 
 
Level 4: Locale Model 
The locale model takes the sensor inputs from the aircraft, 
such as GPS, and drives both the control elements on the 
surfaces and the power to the engines. From these inputs and 
outputs it creates a model of the current state of the aircraft 
and its locale. 
 
4.4 Ground station software and flight simulation 
In order to test the logistics capability of the aircraft and 
system, UnKnown Aerospace implemented the design as a 
simulation. Using commercial simulator software and related 
Software Development Kits (SDKs) it is possible to control an 
aircraft within the flight simulator from the production ground 
station software (Figure 13). The approach also allows 
monitoring of aircraft information and retrieval of ‘out-the-
window’ images. We are investigating further whether this is 
also a suitable method for the testing of visual ‘sense and 
avoid’ algorithms.  

 

 

Figure 13: Illustration of prototype ground station software 
controlling simulated aircraft 

Using simulation allows the development of the ground station 
software to take place independently of the aircraft 
development. With suitable control of the flight model it is 
also possible to arrive at a first approximation of the flight 
dynamics, particularly if one of the more aerodynamically 
accurate commercial simulator packages is used. 

5 Extending capabilities 

Finally, it is worth noting other capabilities that are enabled by 
logistics and cargo UAV systems. 
 
Using a cargo carrying system of the type described here, 
potentially any type of payload can be carried. This includes 
rocket launch capability, a useful service given that it is 
extremely difficult to launch a rocket from the UK because of 
local populations, close proximity to other nations and vast 
numbers of oil platforms, both in the North Sea and off the 
Norwegian coast. Being able to fly to a more suitable launch 
point in order to avoid these constraints allows the safe launch 
of unmanned orbital rockets from bases on the UK mainland. 
UnKnown Aerospace is undertaking a design study in this 
area. 
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6 Conclusion 

In this paper we have described the issues and problems facing 
unmanned logistics vehicle systems, and shown a unique full-
system approach that treats the aircraft as an element within a 
larger logistics system. We have also explained the current 
market situation and the potential exploitable market segments 
that exist.  From this larger perspective we have shown how the 
requirements favour a specific type of aircraft design with 
unique cargo carrying characteristics, which we have then 
demonstrated how to achieve. Following this, we have 
described an overview of our current design and development 
work in this area, and finally, we describe related work being 
explored in our future developments. 
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