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Abstract: Future air mobility will consist of increased unmanned aerial vehicle (UAV) traffic operating
in urban areas. Currently, the lower airspace in these environments is mainly used by traffic operating
under visual flight rules, particularly helicopters in emergency medical services (HEMS). In the
presented work, we analyze urban HEMS missions with automatic dependent surveillance-broadcast
(ADS-B) data to identify the potential benefits to support UAV traffic management (UTM). In our
methodology, we first restrict an existing HEMS ADS-B data set to a specific city and then further
process it to extract the valid HEMS flights. Because no other mission information is available, we
apply rule-based algorithms to define different helicopter flight segments and characterize specific
HEMS mission segments. The resulting data set is analyzed to extract the characteristic information
about the HEMS traffic within the city. The methodology is applied to the ADS-B HEMS flight data
in the area of Berlin. The results show that the HEMS and flight segments can be identified robustly,
and specific flight patterns are characteristic for them. Based on the results of this analysis, UAV
traffic alert strategies are proposed to demonstrate the potential benefit of integrating ADS-B data
statistics for UTM.
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1. Introduction

The number of UAVs has doubled in Germany since 2015 and is predicted to continue
its growth in the future. While the consumer market is saturated, the number of UAVs in
the commercial sector is predicted to triple from 2020 to 2025 [1]. Most small UAVs will
operate in low-level airspace where manned traffic can be encountered. Since 1997, there
have been 16 confirmed and 11 suspected mid-air collisions between UAVs and manned
aircraft worldwide that resulted in damaged or destroyed aircraft. The increasing usage of
UAVs correlates with the reported encounters and sightings of UAVs by manned aircraft [2].
Due to their small size, UAVs can hardly be detected by pilots of manned aircraft which
is why the see and avoid principle, used under visual flight rules, is not applicable. As a
result, regulators require small UAVs in low-level airspace to avoid manned traffic at all
times in order to mitigate the risk of mid-air collisions [3].

For the safe integration of small UAVs in the airspace, the European Union Aviation
Safety Agency (EASA) is implementing the U-Space [4]. The U-Space will enable UAV oper-
ations in urban areas, where manned traffic, especially in the form of HEMS missions, can
be encountered. In recent years, the German HEMS operator ADAC Luftrettung gGmbH
(ADAC) has seen an increase in the number of rescue missions. While around 35,000 mis-
sions were flown in 2005, this number rose to over 50,000 in 2021 [5]. Berlin recorded the
highest number of 2195 missions in 2021, which corresponds to about six flown rescue
missions per day [6]. This trend of increasing HEMS missions is also observed in other
countries, such as the USA and Japan [7]. HEMS missions are of an unscheduled nature
with unknown landing sites and high time criticality. Therefore, dynamic airspace closures
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for UAVs in the event of an HEMS flight are to be implemented in the U-Space. However,
detailed guidance on how this rule set might look has not been proposed yet [8]. As a
starting point, the U-Space regulation requires all manned aircraft operating in the U-Space
to make itself electronically conspicuous by regularly transmitting position information
(e.g., ADS-B) [9].

In the literature, there have been some advances to research the conflicts of helicopters
and UAVs as well as possible mitigation strategies. In the whitepaper of the project
Air2X, the authors focus on necessary technologies, such as 5G, for HEMS helicopters
to communicate with other civil domains, e.g., when landing on a highway during a
rescue operation [10]. A co-existence of UAVs and HEMS helicopters in lower airspace is
anticipated, but the possible benefits of flight data integration are not further analyzed.
Ref. [11] developed a concept to support disaster relief through UTM with an interface
to connect manned aviation and UTM services. The conducted flight tests showed that it
is possible to coordinate and deconflict HEMS operations and UAVs when the necessary
technology interfaces are installed [11]. Ref. [12] developed an encounter model for HEMS
helicopters using the data of an HEMS operator in Massachusetts and derived a near
mid-air collision risk. Based on this risk, a clear definition of a hockey puck shape with
a horizontal separation of 2000 ft and a vertical separation of 250 ft for small UAVs was
proposed [12]. There have also been studies with a focus on the analysis of helicopter ADS-
B data. Ref. [13] identified helicopter flight phases for anomaly detection [13] and applied
clustering methods on the ADS-B data of a helicopter air taxi operator [14]. Ref. [15]
analyzed helicopter flight regimes in ADS-B data as well [15]. Currently, there is no
literature that analyzes the specific characteristics of urban HEMS missions from ADS-B
data, considering possible UAV traffic conflicts.

Therefore, this paper proposes a methodology for the analysis of urban HEMS missions
to define the potential implications on UAV traffic management. As the main research
question, we analyze if HEMS flights can be characterized with ADS-B data and support
UTM strategies. The derived methodology for the HEMS flight analysis is described in
detail in Section 2. For the application, the urban area of Berlin is chosen, and the extracted
information is presented. In Section 3, a UAV traffic alert strategy is proposed that uses
the analysis results. This paper concludes with a discussion of the overall approach and
findings in Section 4 and a summary in Section 5.

2. Analysis of Urban HEMS flights

The overall goal of the analysis of urban HEMS flights is to describe the patterns in
this specific mission type with its implications on traffic conflicts. As a data source, the
ADS-B data from the OpenSky Network are used, which are extracted from a larger data
set of German HEMS flights covering the years 2017 to 2021 [16,17]. In Germany, a large
network of more than 70 HEMS station locations exists, each hosting operations of one or
multiple helicopters with the callsign Christoph [7,18]. Mostly, (Airbus EC135/ H135)-type
helicopters are used for the main mission type of primary rescue transport [7]. For the
extraction of HEMS flights from the OpenSky Network, the ICAO 24-bit aircraft address
(ICAO24 identifier) has been used, as other filter features have shown to be unreliable.
In addition to the research of the ICAO24 identifiers of German HEMS helicopters, the
information of all German HEMS stations and hospital heliports in Germany is used for a
further analysis [19]. More information on the extraction of the raw data set and HEMS
flights can be found in [17].

2.1. Processing and Analysis Methodology

In a first step, a circular geofence is defined with appropriate size to cover the mission
area of the city of interest and extract relevant HEMS flights that passed through the
area. Although flight IDs are given in the data, they are not accurately assigned to each
individual HEMS flight and new IDs were assigned based on the given timestamps. Only
complete flights without missing data points are of interest; flights with less than 120 data
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points and a maximum time delta of 10 s between data points are filtered out. Outlier data
points, with unrealistic measurement values, showing an altitude >10,000 ft or >180 kts
(max. indicated airspeed of vNE = 150 kts from an Airbus H135 helicopter + 30 kts of
plausible wind velocity) are removed as well. For the aggregation of the flight data,
the geofence area is divided into indexed hexagonal cells using the Uber H3 definition
system at an appropriate size level [20]. Additionally, elevation data are added with the
EU-DEM v1.0 digital surface model provided by the Copernicus program [21].

With the cleaned data set, the data points are classified on three different layers: flight
class, HEMS segment and flight segment. The flight class is defined according to the start
and end location of each flight in relation to the geofence: inbound (outside -> inside),
outbound (inside -> outside), within area (inside -> inside) and transit (outside -> outside).

An HEMS mission can be divided into typical HEMS segments: to patient, to hospital
or station and between hospitals and stations. To identify these segments, the takeoff and
landing locations are associated with known hospital (Ho.) and HEMS station locations
(St.), provided as points of interest (POI) by the Federal Agency for Cartography and
Geodesy of Germany [19]. Around each POI, a buffer zone is defined and the first and
last data point of each flight are defining whether a flight was associated with this POI.
All unknown locations (Un.) are considered to be the location of a patient. With this
classification, there are nine possible combinations of start and end locations that can be
summarized: St./Ho. -> Patient, Patient -> St./Ho., Ho. -> St./Ho. and, vice versa, St. ->
St. and Un. -> Un.

Finally, the flights are divided into the three main flight segments: takeoff, cruise and
landing. For this, the altitude (ALT) data are smoothed with a moving average and the
rate of climb (ROC) is calculated. The altitude data provide pressure altitude information.
Without the actual mean sea-level pressure setting (QNH), it is not possible to derive
the actual flight height above ground. Therefore, only altitude differences are taken into
account. A rule-based logic for the definition of the segments is developed, considering
the current ROC, ground speed (GS), ALT as well as the maximum altitude ALTmax of the
flight profile. The logic can be applied in the analysis but would need to be adapted in a live
traffic strategy, accounting for additional data, such as wind speed and pressure settings.

With the processed data set, the HEMS flights can be analyzed in terms of spatial
characteristics within the urban area (e.g., per hexagonal grid cell). Furthermore, it is
possible to study specific features of the different flight and HEMS segments.

2.2. Application and Results

The presented approach is applied to the urban environment of the German capital
Berlin as a use case city. The main HEMS station in Berlin is the Christoph 31 Airbus H135
helicopter located at the university hospital Charité Berlin, Campus Benjamin Franklin. It is
operated by the ADAC Luftrettung gGmbH and has the highest number of HEMS missions
per year in Germany [6]. A geofence with a 30 km radius is defined around the Berlin
city center at 52°31′12′′ N, 13°24′18′′ E. All the other preprocessing steps are performed as
described in Section 2.1.

The geofenced data set originally contained 2,150,329 measurements and 3347 iden-
tified individual flights. After the assignment of new flight IDs and the filtering process,
1,250,248 data points (−41.86%) remain, with 3274 identified flights. The final data set
contains measurements from seven different HEMS helicopters with 2722 flight IDs belong-
ing to the helicopter registration D-HXCB that operated the Christoph 31 station for most
of 2021.

The flight classes of all the flights are determined: 2865 are classified as within area
(87.5%), 196 outbound, 199 inbound and 14 as transit. As most flights stay within the
geofence area, the chosen geofence radius is considered appropriate. Furthermore, all the
flights are divided into the described flight segments, with 2774 flights (84.7%) consisting
of all three segments.
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In Figure 1, an overview of the geofenced Berlin area is shown. The urban area
is divided into 607 hexagonal cells with the level 7 Uber H3 grid. There are a total of
19 helipads at hospitals or HEMS stations, with the main HEMS station at the Charité
located in the southwest of the city center. The sizes of the buffer zones for each POI are
defined after a manual data analysis of the probable takeoffs and landings at these locations.

POI locations & bufferzones

HEMS Station

Hospitals

Landings per Hex Cell

1 to 9

10 to 25

> 25

Landings per Hex Cell

1 to 9

10 to 25

> 25

1

Figure 1. Map of the urban area of Berlin with known helipad locations (POIs) and color-coded
number of landings per hexagonal grid cell.

The map shows that the landings are concentrated at known hospitals (yellow) and in
the outer districts of Berlin. As one main objective of the HEMS missions is the transport of
emergency doctors to patients, one possible explanation for the distribution could be that
in the outer districts, regular ambulances cannot get to the emergency scene fast enough.

With the shown buffer zones, all the flights within area are classified into the HEMS
segments. The results are verified with random samples and appear plausible with the
manual sizing of the buffer zones, which mainly depend on the ADS-B coverage quality.
Only a few takeoffs and landings can be tracked directly on the ground and nearby the
helipads, which is why a manual setting of the radius has to account for some distance
between the first and last measurements and the POI location. In Figure 2, an example
HEMS mission, consisting of two flight legs (to the patient and back to the hospital), is
illustrated with information of the classified flight segments with the typical patterns,
HEMS segments, POIs and landing area.

For each identified flight segment, several analyses have been conducted to understand
the HEMS operations in more depth. Of particular interest are the duration and ground
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speeds in each flight phase and the changes in the track. The ground speed did not
vary significantly for the different HEMS segments. During takeoff, the median ground
speed is G̃S ≈ 75 kts to 76.5 kts, during cruise G̃S ≈ 109 kts to 116 kts and during landing
G̃S ≈ 22 kts to 28 kts. A summary of the other statistics for the different HEMS and flight
segments is given in Table 1.

Table 1. Statistics that showed significant differences for HEMS (Station—St., Hospital—Ho.,
Unknown—Un.) and flight segments (Takeoff—TO, Cruise—CR, Landing—LA): median duration t̃,
median of the track standard deviation of each flight σ̃T and covered landing area A.

HEMS Segment n f lights t̃(s) t̃TO(s) t̃CR(s) t̃LA(s) σ̃T ,TO(◦) σ̃T ,CR(
◦) σ̃T ,LA(

◦) ÃLA(km2)

St./Ho. ->Patient 1059 409 49 278 74 33.8 23.8 83.5 0.142
Patient ->St./Ho. 1077 329 63 206 52 48.5 8.2 10.6 0.135
Ho. ->St./Ho. and vv 334 378 61 256 56 39.1 5.8 11.8 0.184
St. ->St. 225 593 56 466 57 49.9 91.7 12.2 0.217
Un. ->Un. 170 457 60 305 71 44.1 40.0 85.5 0.143

The longest flights are from station to station. These flights were examined and are
characterized as aborted missions, where the HEMS helicopters fly to an emergency scene
but return to their station during the cruise. This can also be observed in the high track
changes, as the helicopters turn approximately 180° during the abort. During flights with
a known landing location (at a hospital or station), the track varies only insignificantly
during the cruise phase with σ̃T,CR ≈ 5.8◦ to 8.2◦. The mainly straight flight path can be
examined in Figure 2a. As the station helipad is best known by the pilots and has defined
departure tracks, the takeoff time is considerably shorter than for other HEMS segments.

For flights to emergency scenes, the landing time of 74 s is considerably longer than
for return flights to hospitals. The analysis of the landings at unknown locations revealed a
characteristic circling pattern, where the pilot examines the landing site. This characteristic
is also reflected in the track changes at unknown landing locations, which are significantly
higher than at known locations with σ̃T,CR ≈ 83.5◦ to 85.5◦. To gain further intuition of
the overflown area during the landing segment, which could lead to necessary warning
areas for UAV pilots, a bounding box for each landing segment with its associated area
is calculated. At emergency scenes, the landing segment covers a median area of ÃLA =
0.142 km2. This area and the typical circling pattern can be seen in Figure 2d.

In order to aggregate the flights into missions with several flight legs, the distance
of the start and end locations of consecutive flights in the data set as well as their time
difference are analyzed. For this analysis, only 2766 flights are considered, which operated
within area and included all three flight segments. In total, this results in 818 missions
containing only one flight, 626 missions with two flight legs (1252 flights), 178 missions
with three flight legs (534 flights), 23 missions with four flight legs and 6 missions with five
flight legs. Even though many missions are aggregated correctly, the number of missions
with only one flight leg is too high. It includes all the flights that may have been patient
transports from one hospital to other hospitals, as well as aborted missions, but also flights
where preceding or consecutive flights were filtered out because of their data quality.

After the assignment of the missions, the corresponding ground times at emergency
scenes are calculated with the time difference between the consecutive flights within the
mission and at unknown landing locations. During this time, the helicopter does not send
any ADS-B information and UAV operators would not be informed of ongoing rescue
missions. The average ground time at an emergency location in the data set is calculated
to be 34 min and 33 s, with a standard deviation of 14 min and 31 s and a maximum time
at an emergency scene of 113 min and 19 s. In Figure 2b,c the ground time is ca. 41 min,
which can be observed with the timestamp delta between the flights.

Because small UAVs are currently only allowed to operate below an altitude of 120 m
above ground level, all the flight profiles are further examined in relation to this threshold.



Eng. Proc. 2022, 28, 10 6 of 10

As the flight data do not contain height-above-ground-level information, the altitude
difference from the first observed data point is used. During the takeoff segment, the time
to climb 120 m after the first observed data point took an average of 49.3 s (σ = 34.1 s)
with an average traveled distance of 1039 m (σ = 386.5 m). During the cruise segment, the
average altitude difference to the first observed data point of the flight was approximately
560 ft (σ = 242 ft) and a median of 575 ft, showing the low-altitude operation of the HEMS
missions. Of the cruise data points available, 78.7% are higher than 120 m above the first
available data point. It can therefore not be assumed that the cruise phase of every mission
will always be above 120 m ground level. During landing, the HEMS helicopters fly for a
median time of 47 s below the threshold altitude when landing at a helipad or station and
71 s when landing in an unknown spot. Respectively, the distance below the threshold is
716 m for a helipad/station approach and 575 m for an unknown landing area. Figure 2
explains this observation. The landing at the unknown location shows a circular approach
segment while the approach to the hospital is on a more direct trajectory, resulting in the
differences in duration and distances.

Area covered during
landing segment

POI locations & bufferzones

HEMS Station

Hospitals

HEMS segments

to patient

to station

Flight segments

Takeoff

Cruise

Landing

Flight segments

Takeoff

Cruise

Landing

1(a) Map of the example mission with two flight legs.
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(b) Altitude profile of flight from station to
patient.
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1200
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(c) Altitude profile of flight from patient to
station.

(d) Landing area and bounding box.

Figure 2. Example flight consisting of two HEMS segments (altitude profiles with associated altitude
profiles and landing area.

3. Proposed Separation Strategy

The analysis of urban HEMS missions from Section 2.2 builds the foundation to derive
strategies to safely separate UAVs from HEMS helicopters. The proposed strategies are not
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complete and serve as an example of how an analysis of urban HEMS missions could benefit
the UTM. The strategies are intended to be implemented in a future U-Space framework [22].
No-Fly-Zones (NFZ) are intended to provide separation and can be defined statically or
dynamically (e.g., around a helicopter). To inform UAV pilots about an arriving helicopter,
a caution volume is defined, covering a larger area than the NFZ. For the proposed concept,
it is assumed that UAVs are capable of clearing the airspace within 60 s, following today’s
operational requirements for UAVs [23].

As a first step in the separation strategy, the HEMS mission is identified as to patient
or to St./Ho., based on the takeoff location. Next, the flight segments are identified during
the flight. For each segment, individual separation strategies are proposed, consisting of an
NFZ and a surrounding caution zone. For takeoffs from a helipad or station, a permanent
NFZ should be applied, as already in use today. However, the size should be adjusted.
Based on our analysis, the median area of the bounding box for the takeoff phase is ca.
0.2 km2. To account for uncertainties, this size should be increased with a safety buffer.
Although we identified prominent departure and arrival trajectories for some helipads or
stations, it is difficult to predict the behavior of the helicopter without knowledge of the
intended destination. That is why a static NFZ should be chosen for the takeoff segment.
After takeoff, most missions consist of a straight cruise flight to the destination, with only a
few track changes. During this cruise segment, an NFZ and caution area surrounding the
helicopter are proposed to clear the airspace mainly ahead of the helicopter as a function of
the ground speed. To account for unforeseen track changes, the zones can be considered
as a combination of a cylinder and a cone with an opening angle. For the definition of
the opening angle, the relative bearing between the starting point of the cruise segment
and each following point can be calculated. To illustrate the approach, Figure 3 shows an
example flight with the bearing arc. In this case, the maximum bearing is between the first
cruise track and the last point in the cruise.

Bearing

1

Figure 3. Example flight with illustration of the bearing calculation.

In the case of the example flight, the maximum bearing is approximately 38◦. This
calculation could be performed for all the flights in the data set to receive a reliable es-
timation of a maximum opening angle of the cone. The length of the cone and cylinder
is determined based on the current ground speed and the necessary clearing time of 60 s.
With a ground speed of 110 kts, the zone has a length of ca. 3.4 km.

As soon as the flight segment filter detects the landing segment of the mission, the area
is scanned for known helipads/stations. If no known location can be detected, a cylindrical-
shaped NFZ is established, similar to the takeoff phase. In our analysis, a median landing
area of 0.142 km2 was observed for the landing area with the typical circling pattern. As
with the takeoff segment, a safety buffer should be applied to account for uncertainties.
After a landing at an emergency location, the helicopter transponder will be shut off and
the ADS-B signal is lost. The NFZ will remain at the last landing location until the takeoff
of the helicopter is detected, because the duration of the ground operation can hardly be
predicted. This assures that no UAVs will accidentally interfere with the takeoff of the
HEMS helicopter.
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4. Discussion

Applying the proposed filters reduced the amount of available data points by 42%, as
shown in Section 2.2. This provided us with a clean, complete and logical data set. Many
of the flights that were filtered out showed gaps in the recording of the data points. The
splitting of the data into HEMS segments allows to differentiate between flights that are
directed to an unknown location or a known helipad or station. The differences between
the characteristics of the various segments have been described but require further analysis
and verification. The algorithm to split the flight into segments was specifically developed
for the use case city, Berlin. The first evaluations showed that a generally applicable,
parameter-based definition of the boundaries between the flight segments is difficult.

In general, the HEMS missions seem to show an arc-shaped departure, a straight
cruise and a circling landing phase. These patterns occur in many flights and might be
used to predict the behavior of the helicopter with a certain reliability. However, the data
also showed aborted flights where a sharp turn is flown to return to the departure point
in low altitude without prior indication. This underlines the significant uncertainty in
predicting the trajectory of HEMS flights, justified in their ad hoc and high-priority nature.
The analysis of the cruise altitude showed that a significant number of flights fly below
120 m which means they could potentially be in conflict with UAVs during their mission.
As a consequence, special separation methods are needed not only for takeoff and landing
but for the entire HEMS mission. We therefore proposed a basic rule set to ensure the
separation between UAVs and HEMS helicopters. While the static NFZ for takeoff and
landing should provide sufficient separation, the flight segment filter mechanism needs
to be tested to ensure there is enough time for UAVs to clear the area. Additionally, the
proposed cone-shaped NFZ and caution area need to be defined in more detail. The strategy
is not complete and is intended to apply our gained knowledge through the performed
analysis and should be validated with detailed simulations. The strategy could be improved
in terms of the airspace usage efficiency when having additional information about the
HEMS mission, e.g., the intended destination. Such information is partially available today
with systems such as rescuetrack [24] and might be available in the future for the purpose
of traffic management.

5. Summary

In this paper, the potential of the ADS-B data from the OpenSky Network for a
systematical characterization of HEMS flights performed over urban areas as an input
to the design of future air mobility concepts is investigated. A methodology for how
to analyze the flights is presented, consisting of geofencing, filtering and splitting into
mission and flight segments. The following statistical analysis of the flight segments is
then compared against the typical characteristics of UAV missions. A strategy is proposed,
including which areas and time periods should be considered for NFZs or caution areas
when an HEMS flight is detected, based on its respective flight segment and ground speed.
A key requirement to apply a live ADS-B data-based separation strategy is that all airspace
participants send the ADS-B data reliably and enough ADS-B receivers are available to
receive all the signals. Although this strategy is only a starting point for the future research
of urban airspace design, the general approach of using statistics of historic ADS-B to derive
an airspace avoidance strategy proved to be feasible and promising for future research.
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