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Abstract: While many modern industries are tending to use UFV (unmanned flying vehicles) in a near future, there are also many 

problems of yet unknown procedures to make possible the usage of such UFV. In a current age of aviation development there is an approach 

of FRA (free routing area) utilization to support growing congestion of many flying vehicles in air space. From our prospective, those 

manufacturing implementing "Industry 4.0" ideas are expected to use UFV to support supply chains. Hence, both problems and solution 

approaches to support many aircraft in airspace and to control airspace congestion within safe boundaries can be used also in a local scale 

of UFV supported manufacturing. This research paper is focused on problems and ability to build routes within FRA and analysis of possible 

use of known approaches to solve similar problems of modern automated manufacturing. 
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1. Introduction

Transformation of modern manufacturing to meet concepts of a 

4th Industrial Revolution [1-2] or concepts of an “Industry 4.0” 

platform, as it has been called and developed in Europe [3-5] 

requires deep changes in technologies and organization schemas. 

The idea of an automated manufacturing makes an impact on 

understanding of transport logistics and produces a demand for 

automated supply chains [6-7]. These changes are often supposed to 

be done via exploitation as a primary transporting unit of a so called 

UFV (unmanned flying vehicle) or UAV (unmanned aerial vehicle), 

also known widely as “drone”. Different kind of drones are known 

already to serve wide range of purposes, mostly military but with a 

large growth of commercial and civil interest [8-10]. One good 

example of using robots for every use is an Estonian initiative with 

food deliveries [11]. The Estonian company “Starship 

Technologies” offered wheel robots cruising sidewalks to deliver 

food to customers of food delivery companies, supermarkets etc. 

Flight delivery drones were announced to make first delivery from 

Amazon in December of 2016 [12]. Such drone deliveries are still 

in current discussions [13]. 

About a hundred years ago development of aviation as an 

industry was hazy. The role of aviation in World War I was not yet 

clear even in military prospective. Nevertheless, invention of new 

engines and weapons had made aviation a terrifying force in World 

War II – it was just in a few decades after World War I. Planes, 

which could hardly perform a takeoff and carry itself in air, now are 

recognized as one of the effective cargo transport [14, 15]. Both this 

experience and modern trends in use of drones allow us to expect a 

big growth of interest to UFV supported manufacturing. Drones are 

expected to be used in a nearest future as both heavy cargo and 

precious delivery units. Enormous quantity of drones in the air will 

make a demand on organization of not only a global airspace, but 

also the local ones. This paper is focused on discussion of possible 

approaches that could help in planning airspace environment of 

automated factories with UFV supported supply chains. 

2. Prerequisites and means for solving the problem

The problem of coordination and intercommunication of flying 

vehicles, at first sight, looks similar to a current problem in aviation. 

This means, that the solution could be found in a known way, like 

aircraft flights are organized. However, there are some differences 

between aircraft or helicopter flight and a flight of UVF in a factory 

local area. 

First, an air traffic is being organized to perform most flights 

between airports and each aircraft typically performs a flight with 

takeoff/landing and cruising phases. Meanwhile, drones can be 

intended to make tasks with a long-time in-air phase (this implies 

no landing at all, until a re-charging, re-fueling or maintenance is 

needed). 

Second, there are airways in airspace for aircraft flights. 

Considering drones and factory local air space, there are no airways 

defined. Aircraft flight is expected to connect departure and 

destination airports (points) and from the prospective of known 

network the flight can be determined strictly enough. Unlike to air 

network, there are no network can be expected to be in use by 

drones for flights in the local factory airspace. This may look 

similar to a FRA organization principles and approaches [16-18]. 

Third, drones should be able to become a self-organized fleet, 

while aircraft is typically an independent subject in the air, which is 

governed by some set of rules, restrictions, circumstances, 

dispatcher commands, and pilot decisions. This also means that 

safety for aircraft is supported by long distances between flying 

vehicles, but drones should operate on short or close distances. In 

short ranged interactions any decision making process becomes a 

very time sensitive. Either rules consideration or making a decision 

should be performed fast and safely with no or minimal delays (to 

be able to support effective supply chains). 

Finally, the drones management system is expected to become a 

part of the whole automated manufacturing control system and 

should be fully integrated in enterprise resource planning. Unlike to 

this requirement, the aviation is providing typically a separate 

service to other industries, it is involved in resource planning but 

not fully integrated within factory systems and manufacturing 

processes. 

3. Solution of the examined problem

The overall look at manufacturing needs of UFV flights gives 

us three possible approaches for constructions of airspace structure: 

 Airways network.

 Zoned or cellular structured airspace.

 Free routing airspace.

It is obviously, that any approach or some of its combination

can be used. But anyway, the key features that the problem has are: 

 Long-time without landing.

 Time sensitive decision making.

 Short-range interactions.

 High congestion of airspace.

As one may notice, when the UFV is ordered to perform some

specific task and this task is repetitive within manufacturing 

process, then an airway for this UFV can be defined. However, this 

airway could be a dedicated route and no one other UFV should use 

this airway or create obstacles on such airway (for example, by 

crossing it and arising the menace of collision). Ones the quantity of 

UFV becomes big, the number of airways can become 
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inconveniently large and it may go close to each other. This same 

problem was identified in aviation, when the number of aircrafts in 

the air grew significantly and the capacity of airways was not 

enough to satisfy this growth. The FRA concept was offered instead 

to meet aviation demands. 

If to consider a zoned or cellular approach, then a very 

important and difficult question can block the ability to implement 

the solution. The question is how to split the whole airspace 

effectively? This means that some kind of uniformity of each zone 

(cell) is required both with no intersections between zones (cells) 

and no empty spaces between zones (cells). One of the easiest ways 

to make such split of airspace can be suspected to use cubes. And it 

may look reasonable way due to ability of vertical and horizontal 

moves of drones. However, the trajectories are not always so 

“square” formed and in many cases there can appear the necessity 

to move by some curve trajectory. Some other forms of zones 

(cells) can be also considered, but on any case it may produce some 

unique problems in each of such airspace distribution. These 

thoughts lead us again to a concept of FRA as a most suitable 

approach. 

The FRA (free routing airspace) concept allows to directly 

connect any pair of points within airspace. There are, of course, 

some sets of rules that should be followed strictly to perform flights. 

And one of main benefits of FRA utilization is that FRA can have 

almost any kind of shape. This can be considered very useful for 

defining the airspace within factory area. The whole factory 

airspace can be split into a set of free routing airspaces (set of FRA) 

and each FRA can also have some specific subset of smaller 

airspaces within. Within each FRA there can be some airways, if 

needed. And one of the most important benefit from utilization of 

this aviation approach is that there is already a strict format that 

implements rules and restrictions. In aviation this is called route 

availability document (RAD), which provides each flying vehicle 

with detailed description of flight information. One may consider a 

little bit excessive utilization of such formats as AIXM 

(aeronautical information exchange model [19]) to provide local 

flight with current information. Nevertheless, this gives us a fully 

functional set of instruments and tools to organize and co-ordinate 

the fleet of UFV. 

How can this system work within a manufacturing process? 

First, we can define a set of end-points for UFV. These points can 

be coupled with the actions needed to be performed. Each action 

type can also depend of type of drone or type of drone task. 

However, in a most simple manner, we may assume that there 

would be two typical task for drones: 1) bring resources and 2) take 

products away. The whole UFV fleet will require to have a flights 

co-ordination center or central management server. This center 

should take care of: 

 Resource demands and relocation. 

 Products transitions. 

 Safety of planned flights (analysis of routes). 

 Re-charging or re-fueling and maintenance cycles. 

 API for integration into global enterprise environment. 

The full list of responsibilities for such co-ordination center can 

be formulated from comparison of role of Eurocontrol [20] services 

in organization of air traffic in Europe. 

4. Results and discussion 

Further tasks, that should be solved: 

 Routes optimization with respect to time sensitivity of 

supply process. 

 Optimization based on extreme loads of UFV utilization in 

supply lifecycles. 

Most of the problems and its solutions can be found in aviation 

flight planning researches. This can become a good initial approach 

to provide a platform for global automated manufacturing and 

logistics. 

5. Conclusion 

The problem of flights planning within factory airspace to 

satisfy automated manufacturing needs and meet requirements for 

supply chains can be solved via implementation of known approach 

of FRA in modern arrangement of air traffic. 
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