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Metropolis 2
A UNIFIED APPROACH TO AIRSPACE DESIGN AND SEPARATION MANAGEMENT
FOR U-SPACE
This Project Management Plan is part of a project that has received funding from the SESAR Joint Undertaking
under grant agreement No 892928 under European Union’s Horizon 2020 research and innovation programme.

Abstract
Metropolis 2 will provide the fundamentals for concrete solutions for U-space U3/U4 services that are
needed to enable high-density urban aerial operations, with a unified approach to the following Uspace services: strategic deconfliction, tactical deconfliction, and dynamic capacity management. Thus
far, U-space efforts have focused on developing a set of baseline services (i.e., U1 and U2 capabilities
enabling services such as identification, flight planning, and tracking). When deployed, these services
will enable low traffic density applications such as agricultural surveillance and infrastructure
inspection. Urban, high-density operations, however, will require a different approach, and a degree
of autonomy that does not yet exist in current-day air traffic management. First, in order to sustain
high traffic demands, the urban airspace must be able to allow a shared use of airspace, rather than
the approach used today of exclusively assigning parts of the airspace to individual flights. Secondly,
at the expected extremely high traffic densities, airspace design, flight planning, and separation
management become increasingly interdependent. With the traffic densities that are considered for
urban applications these interdependencies necessitate a unified approach to all aspects of traffic
management that determine how vehicles interact with each other. This project will develop a unified
approach to airspace rules on the one hand, and flight planning and separation management
approaches on the other hand. It will build upon the results of the current U-space projects, the first
Metropolis project, and established separation algorithms. Several concepts, differing in how
separation is performed (strategic/tactical, ground/air) will be compared using simulations, and the
most promising concept will be validated in a real-world demonstration. The results of Metropolis 2
will contribute towards enabling safe and efficient U-space operations in urban environments.
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1 Introduction
The Metropolis 2 project will make use of the BlueSky Open Air Traffic Control Simulator for simulating
traffic scenarios, to compare the three concepts created in Work Package 4. BlueSky is an open-source
fast-time and real-time simulation tool developed by one of the project partners (TU Delft). The goal
of BlueSky is to provide everybody who wants to visualize, analyse or simulate air traffic with a tool to
do so without any licensing restrictions or limitations.

Figure 1.1: The BlueSky Open-source ATM simulator

The BlueSky traffic simulation is composed by default of several different components:
•

Point-mass aircraft motion based on WGS ‘84

•

Multiple available aircraft performance models:

•

o

OpenAP (the default model, open source, open data)

o

BADA (coefficient files should be provided by user)

Autopilot/FMS implementation based on conventional aviation logic
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•

Separation: conflict detection and conflict resolution models

•

A plug-in system to allow extensions of the simulation (replacing/extending existing parts, and
adding new parts) in self-contained plugins.

BlueSky was initially created for the simulation of conventional aviation, but lately, development has
been directed more towards the integration of a wider range of aircraft and types of operations,
especially focusing on the urban mobility domain. Current extensions already include:
•

Drone-specific route following modes

•

Basic geofence implementation

•

Basic geovectoring implementation

The following report presents the upgrades and modifications performed to the platform to improve
its ability to simulate small hover-capable aircraft in urban environments necessary for the Metropolis
2 project. Several features were added to improve the urban airspace simulation capabilities of
BlueSky, as well as performance optimisations.
The master version of BlueSky is available on GitHub, through the following URL:
https://github.com/TUDelft-CNS-ATM/bluesky. By using the Git system, any user of BlueSky can create
branches (on the current repository) or forks (to a new repository) of the BlueSky source code at any
point in its commit history, and add new or modified functionality in this alternative version. New
changes on the master version can be merged into these forks/branches, and adaptations of a fork or
branch can be merged back into the main version.
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2 Platform updates
For the development of new functionalities and modifications specifically for the Metropolis 2 project,
a Metropolis 2 ‘organisation’ was defined on GitHub, and a fork of the BlueSky master was added to
this account, so that all work specific to the project can be stored and maintained in one place. The
Metropolis 2 fork of BlueSky can be found here: https://github.com/Metropolis-2/bluesky. Each of the
concept teams can then again fork this version for their individual development on their respective
concepts. Finally, all concepts and auxiliary scripts will be provided online through the Metropolis 2
GitHub organisation page.

2.1 Drone performance models
To increase the variability and realism of the Metropolis 2 project traffic scenarios, two aircraft types
(based on the same aircraft model) are used, in equal proportion. The aircraft model is based on the
performance parameters of the DJI Matrice 600 Pro hexacopter. The two types of aircraft, labelled
MP20 and MP30, are differentiated by the maximum and cruise velocity, as presented in Table 1. These
models have been added to the default, open data OpenAP performance model.
Table 1. DJI Matrice 600 Pro model parameters

Parameter
Maximum velocity [m/s]
Cruise velocity [m/s]
Maximum vertical velocity [m/s]
Maximum altitude [m]
Maximum take off weight [kg]

Aircraft Type 1 (MP20)
18
15.4

Aircraft Type 2 (MP30)
12.9
10.3
5
2500
15.1

2.2 Autopilot improvements
The original BlueSky autopilot is designed to follow the logic of conventional aviation FMS. To enable
proper functioning of aircraft with hovering capabilities, several tweaks were implemented to improve
this ability and adapt it for small aircraft and urban environments.

2.2.1 Improved turn logic
BlueSky has a feature that permits the designation of waypoints as “speed-constrained turn
waypoints”, with a specified turn speed. When such a turn waypoint is active, the aircraft will slow
down to the turn speed in advance and will perform the turn to prevent overshooting. However,
BlueSky is only aware a turn is incoming if the active waypoint (the waypoint it is currently heading
towards) contains such information. Thus, if waypoints are too close to each other, such as when
describing a curved street, aircraft do not have time to slow down to perform a turn.
This functionality was therefore extended to always keep track of the next turn waypoint regardless of
whether it is currently active, ensuring that aircraft slow down in time for a turn.
Founding Members
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2.2.2 Path following assurance
Another limitation of BlueSky for the simulation of vehicles in an urban environment is that there is no
control algorithm that ensures aircraft are adapting their speed to their current path, sometimes
resulting in the aircraft overshooting some curved streets. Thus, a check was implemented that slows
down aircraft if they are more than 2 degrees off their intended course.

2.2.3 Autopilot commands
Several commands were implemented that would improve the capabilities of aircraft to follow any
desired path, based on the “AT” command. Thus, the following commands were added or improved:
•

AT

The AT command accepts a waypoint name, and was augmented to accept any other stack
command using the DO argument.
•

ATDIST

The ATDIST command enables the execution of any stack command when the aircraft is at a
certain distance from a location or a waypoint.
•

ATALT

Permits the execution of any command when the aircraft reaches a given altitude.
•

ATSPD

Enables the execution of any command when the aircraft reaches a given speed.
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2.3 Urban topological characteristics and environment
2.3.1 Buildings and restricted areas
The Metropolis 2 project aims to simulate a simplified urban environment. For this, the ability to
determine if aircraft breach delimited areas was added in the form of a geofence plugin. The geofences
take the form of polygons, and BlueSky constantly checks if an aircraft breaches such areas. Thus,
urban elements such as buildings and general areas expected to be restricted (parks, cemeteries) can
be modelled as geofences, as shown in Figure 2.1.

Figure 2.1. Buildings modelled as geofences in BlueSky.

The detection logic is implemented using vectorised point in polygon calculations. During the concept
simulations these detections will be logged, and will be used in post-processing to assess drone
adherence to trajectories with each of the concepts.
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2.3.2 Wind modelling
Wind is employed as a source of uncertainty within the Metropolis 2 project to test the robustness of
the air traffic control concepts. However, vehicle performance and disturbance rejection, and complex
wind modelling and compensation are beyond the scope of the project. Thus, within BlueSky, wind is
modelled with a constant windfield, independent of position. Because the comparison in the
Metropolis 2 simulations doesn’t consider the ability of drones to eliminate lateral path following
errors, the impact on each vehicle is implemented only as a velocity increase or decrease in the
direction of travel (direction of the streets), as presented in Figure 2.2, where the black vectors
represent the global wind field, and the blue vectors are the projection on the direction of the street.

Figure 2.2. Wind vector field projected on direction of streets.

2.4 Urban topology visualisation
2.4.1 Tiles in BlueSky
By default, BlueSky visualises traffic in a top-down view in the main window. The background of this
view is composed of a single texture of the surface of the Earth. Even though this texture is quite big
(> 16k x 8k pixels), on the zoom level of streets, no detail is visible. One of the developments for
Metropolis 2 was therefore to allow BlueSky to display ‘tiled maps’ in the background. Such tiled maps
are available online for dynamic downloading, from many different providers (e.g., Google Maps,
OpenStreetMap). These tiles are available on many different zoom levels, and therefore provide detail
up to the street level. Users have the option of using online or local tile servers following the Slippy
map tile naming conventions [1]. This development allows BlueSky to show detailed maps at the scale
of a city which is very useful for Urban Air Mobility operations.
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Figure 2.3: OpenTopoMap in BlueSky

BlueSky uses OpenTopoMap as the default tile server because it is open to use [2] and provides
sufficient detail for streets.

2.4.2 Custom tiles
This functionality also allows users to add custom tiled maps. This is particularly helpful for Metropolis
2 because the streets were simplified so overlaying the original geometry will not align with the project
streets.
OpenMapTiles [3] provides guidelines for creating custom tiles and TileServer GL [4] shows the process
for setting up a local tile server. Maputnik [5] is an open-source visual editor that can be used for
creating map styles. Figure 2.4 shows the Metropolis 2 map with the open airspace, constrained
airspace, and geofences.
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Figure 2.4: Custom Metropolis2 tiled map

Moreover, these tiled maps can be adapted for individual concepts. For example, Figure 2.5, shows
the decentralised concept map. The red and blue streets represent the two different layer types of the
concept and the direction of the streets.

Figure 2.5: Decentralised concept tiled map
Founding Members
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2.5 Performance optimisations
2.5.1 CD optimisation
By default, BlueSky provides a vectorised implementation of state-based conflict detection, based on
plain Python and NumPy. Also provided is a compiled, C-based version of the same state-based conflict
detection algorithm, which, in contrast to the vectorised NumPy implementation, allows to make peraircraft-pair optimisations to as much as possible reduce the required computational steps. Using
compiled code allows to take several short-cuts, without a resulting performance penalty. This results
in the following, per-aircraft-pair calculation flow:
1. Vertical relative position and convergence are a one-dimensional problem, and therefore have
the lowest computational impact. When this calculation is performed first, all successive steps
can be omitted when no vertical conflict is detected.
2. Horizontal conflict detection can be preceded by a coarse relative position check, based solely
on lat/lon offsets. When distances are sufficiently large, no further calculations are required.
3. Full horizontal conflict detection is only performed when both conditions 1 and 2 are met.
The logic above is tailored to the scale of conventional aviation (large lookahead times, large distances,
and high airspeeds). These optimisation parameters need to be tuned to the scale of urban operations
to reach the same benefits. The Metropolis 2 logic of the per-aircraft-pair calculation flow should
consider the following:
•

Vertical detection should be possible over multiple altitude layers to allow merging operations.

•

Horizontal filtering in constrained airspace should be performed on the street level: aircraft
can for instance seemingly be in conflict based on state extrapolation, but in reality are
separated by buildings, flying on different (near) parallel streets.

2.5.2 Bulk waypoint processing
The ADDWPT command of BlueSky is used to add a waypoint to the path of an aircraft. This command
is unsuitable for path creation in an environment where a lot of waypoints are needed per aircraft, as
with every added waypoint, the aircraft recalculates the whole flight plan.
Thus, the ADDWAYPOINTS command was created, that can process waypoints in bulk. It works by
deleting the old path of an aircraft and adding a new path. It accepts an unlimited number of
waypoints, and the creation of a route is tens of times faster than by using the ADDWPT command.
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3 Conclusion
This document describes the additions that were required to accommodate the Metropolis 2 concepts
in BlueSky (developed in WP4), as well as the scenarios and metrics developed in WP3. In addition,
several changed are presented that were made to optimise computation speed of the simulation. The
current status of the concepts, scenarios, and metrics is that they are finished on an individual level.
In year 2 of the project the comparative simulations of the concepts will take place. To prepare, the
first two months will be devoted to the integration of the three concepts, the scenarios, and the
metrics together in a single version. This will likely require several further adjustments in terms of
computational and memory efficiency to allow all concepts to work for all different scenarios, together
with the registration of required data for metrics computation.
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