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Problem Statement
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MavTech Q4X AED 2023

Dolomites Rescue Race 2022

UAS-AED Location
& Routing

Heart Attacks cause 23% Fatalities

in Alpine Mountains

TIME IS CRUCIAL

to Increase Probability of Survival

Drones are Efficient to Deliver Defibrillators

Especially in Rural Areas

Standardize Drone Operations for the U-Space

Improvements Required

• Suitable Locations

• Optimal Routes

Cartographic Approach

to Support First Responders
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Research Objectives

Design a Map-Driven Distributed Emergency Drone Service Network

RO1 Identify Suitable Areas to Deploy Drone-Defibrillator Missions in Alpine Regions

RO2     Propose a Cartographic Workflow to Program Automatic Drone Missions to

             Deliver Defibrillators in Mountain Areas

 



Innovation
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• Cartographic Approach Applied in Cross Disciplinary Studies 

Related to Drone Automation and Mountain Rescue

• Emergency Drone Routing for the U-Space

Contribution

• Healthcare Services Coverage Improvement

• Local Companies Technological Development
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UAS-AED
Missions



MAP-DRIVEN PROCESS

Geodata
Processing

Geostatistics

Spatial 
Analysis

Towards an automatic UAS-based Mapping Tool for First Responders: Defibrillator Missions in Alpine Regions7

Methodology
General UAS-AED Mission Workflow

AED Arrival

Emergency
Medical
Services

OHCA
Emergency Call

Automatic
Deployment 

Route Generation

Coverage Area
Network 

Placement

A N
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Methodology
UAS-AED Network Placement

Land Use

Feasible

Restricted

Prohibited

Unfeasible

UAS Geo-zones

0 m

25 m

45 m

60 m

120 m

Placement 
Suitability

80% - 100%

60% - 80%

40% - 60%

20% - 40%

0% - 20%

Weighted Overlay

+                          =

Distance
Accumulation

Density Analysis & 
Spatial Selection

Suitable Locations Query &
Nearest Neighbor Clusters 

N
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Methodology
UAS-AED Network Distribution
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Methodology
Low-Altitude-Flight Elevation Model (LAFEM)

Spatial Raster Filters AppliedElevation Surface Modifications

A
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Methodology
UAS-AED Map-Driven Routing Workflow

UAS-AED
Stations

LAFEM

UAS-AED
Flight Plan

Emergency
Site

Features 
SimplificationOptimal Paths

Distance 
Accumulation

3D Features
Interpolation

Features 
Simplification

Waypoints 
Generation

Low-Cost Paths

Vector Line Simplification
Douglas-Peucker Algorithm 

R
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Experimental Setup
Routing Approaches

Soleon Octagon MAvTech Q4X

Provider Eurac Research MavTech

Brand Soleon MavTech

Model Octagon Q4X

Configuration Octocopter Quadcopter

Length 1260 mm 1200 mm

MTOM 7500 g 9000 g

Autonomy 25 min 32 min

R
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Experimental Setup
Study Cases

Summer Scenario
Trail Running

Ritten

Field Test

Winter Scenario
Recreational Ski

Corvara

Field Test

Route Testing
Mountain Hiking

Lake Braies

Simulation

UAS-AED Network
Regional Model
Autonomous Province
of South Tyrol, Italy
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Results

Simultaneous Drone Routing over Challenging Terrain

Distance Accumulation with/without Barriers Optimal Drone Routes with/without Barriers

Lake Braies Aerial Perspective

ARoute Testing Simulation
Mountain Hiking Lake Braies
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Results

Drone Routing with Different

Simplification Parameters

10 m Simplification Parameter

Suitable for Practical Tests

ARoute Testing Simulation
Mountain Hiking Lake Braies
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Results

Flight
Total 

Distance
Delivery 

Time
Return 
Time

Total Time

Optimal (E) 602.00 m 00:01:19 00:01:19 00:02:38

Euclidean (E) 763.89 m 00:01:32 00:01:32 00:03:04

Manual 718.72 m 00:02:30 00:01:40 00:04:10

Manual Flight

require on-flight 

adjustments

Optimal Paths estimate shorter

delivery time and flight distance

RWinter Scenario Field Test
Recreational Ski Corvara
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Results

Flight
Total 

Distance
Delivery 

Time
Return 
Time

Total Time

Optimal (E) 1,582.88 m 00:03:11 00:03:11 00:06:21
Ritten 1 1,638.50 m 00:03:36 00:06:35 00:10:11
Ritten 2 1,736.63 m 00:03:06 00:03:39 00:06:45
Ritten 3 1,532.17 m 00:02:59 00:02:30 00:05:29

Optimal Paths adapted to the terrain

considering a 30 m Safety Threshold

Flights required

take-off and land 

manually due to 

high obstacles

RSummer Scenario Field Test
Trail Running Ritten
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Conclusions

Simulation
in Corvara

Flight Tests
in Ritten

Cooperation with
DRONE-AED Project

Suitable Zones to Place Drones Identified in South Tyrol

Extended in Mountainous Areas

542 Potential Locations Selected to Place UAS-AED Stations

Proposed Cartographic Workflow Generate

Optimal Flight Paths Adapted to Challenging Terrain

Proposed Paths Showed Significant Improvements 

Against Other Routing Approaches

Tests and Automation Required for Implementation
with Rescue Operations



Thanks
Danke
Grazie
Gracias



Towards an automatic UAS-based Mapping Tool for First Responders: Defibrillator Missions in Alpine Regions20

References
Ahlqvist, O. (2009). "Overlay (in GIS)."
Arunachalam et al. (2021). "Ambulance Booking Application."
ASTAT. (2021). "South Tyrol in figures."
Ball et al. (2022). "Strategic placement of automated external defibrillators 
(AEDs) for cardiac arrests in public locations and private residences."
Baumgarten, M. C. et al. (2022). "Drones delivering automated external 
defibrillators—Integrating unmanned aerial systems into the chain of survival: A 
simulation study in rural Germany."
Bauranov, A. & Rakas, J. (2021). "Designing airspace for urban air mobility: A 
review."
Bennett, L. R. & Calkins, J. (2013). "The Language of Spatial Analysis."
Bereg, S. et al. (2022). "Optimal placement of base stations in border 
surveillance using limited capacity drones."
Boutilier, J. J. et al. (2017). "Optimizing a Drone Network to Deliver Automated 
External Defibrillators."
Brugger, H. et al. (2021). "Mountain Emergency Medicine."
By, R. A. de & Huisman, O. (2009). "Principles of geographic information 
systems: An introductory textbook (4th ed)."
Caballero, E. et al. (2021). "An automated UAV-assisted 2D mapping system for 
First Responders."
Carel Viljoen, Dina C (Christa) et al. (2022). "Trail running injury risk factors: A 
living systematic review."
Cheskes, S. et al. (2020). "Improving Access to Automated External Defibrillators 
in Rural and Remote Settings: A Drone Delivery Feasibility Study."
de Smith, M. J. et al. (2021). "Geospatial Analysis: A Comprehensive Guide to 
Principles Techniques and Software Tools (6th ed)."
d-flight. (2023). "D-flight."
Dolomiti Superski. (2023). "Dolomiti Superski."
EASA. (2022). "Easy Access Rules for Unmanned Aircraft Systems."
Elmi, M. (Ed.). (2018). "The Alps in 25 maps."
Elsensohn, F. et al. (2006). "The Use of Automated External Defibrillators and 
Public Access Defibrillators in the Mountains: Official Guidelines of the 
International Commission for Mountain Emergency Medicine ICAR-MEDCOM."
ENAC. (2021). "ATM-09A. UAS-IT: CRIT ERI D’IMPLEMENTAZIONE E 
PROCEDURE PER ZONE GEOGRAFICHE."
ENAC. (2022). "ENV-002—Aree protette della Provincia di Bolzano.“
Esri. (2023a). "Connect locations with optimal paths."
Esri. (2023b). "Distance Accumulation Algorithm."
Esri. (2023c). "Find Point Clusters (GeoAnalytics Desktop).“

Esri. (2023d). "How distance accumulation works."
Esri. (2023e). "Interpolate Shape (3D Analyst)."
Esri. (2023f). "Use ModelBuilder."
Esri. (2023g). "Weighted Overlay (Spatial Analyst)."
Fischer, M. M. & Getis, A. (Eds.). (2010). "Handbook of Applied Spatial Analysis: 
Software Tools, Methods and Applications."
Fischer, P. et al. (2023). "Automated external defibrillator delivery by drone in 
mountainous regions to support basic life support – A simulation study.“
Gamberini, L. et al. (2023). "Factors associated with the arrival of smartphone-
activated first responders before the emergency medical services in Out-of-
Hospital cardiac arrest dispatch."
Gonzalez, R. C. & Woods, R. E. (2018). "Digital image processing."
Griffin, J. (2023). "Italian tourism hotspot caps visitor numbers and restricts 
access to famed lake.“
Habib, S. M. et al. (2020). "Spatial modeling for the optimum site selection of 
solar photovoltaics power plant in the northwest coast of Egypt."
He, X. et al. (2022). "A route network planning method for urban air delivery."
Hildemann, M. & de Campolide, C. (2019). "An adaptable and scalable least cost 
network for air-taxis in urban areas Study area: Manhattan, New York."
Hildemann, M. & Verstegen, J. A. (2023). "3D-flight route optimization for air-
taxis in urban areas with Evolutionary Algorithms and GIS."
Hong, I. et al. (2018). "A range-restricted recharging station coverage model for 
drone delivery service planning."
IDM Südtirol. (2023). "Südtirol."
Italian Alpine Club. (2023). "GeoResQ, the mountain rescue app becomes free for 
everyone."
Jung, H. & Kim, J. (2022). "Drone scheduling model for delivering small parcels 
to remote islands considering wind direction and speed."
Lifeng Liu & Shuqing Zhang. (2009). "Voronoi diagram and GIS-based 3D path 
planning."
Lim, J. C. L. et al. (2022). "The Role of Drones in Out-of-Hospital Cardiac Arrest: 
A Scoping Review.“
Liu, C.-H. et al. (2021). "Strategies on locations of public access defibrillator: A 
systematic review."
Mangiameli, M. et al. (2013). "A GIS application for UAV flight planning."
Martiny, J. (2023). "South Tyrol grapples with mass tourism."
Meng, L. (2021). "Douglas–Peucker Algorithm.“
Liu, C.-H. et al. (2021). "Strategies on locations of public access defibrillator: A 
systematic review."
Mangiameli, M. et al. (2013). "A GIS application for UAV flight planning."



Towards an automatic UAS-based Mapping Tool for First Responders: Defibrillator Missions in Alpine Regions21

References
Liu, C.-H. et al. (2021). "Strategies on locations of public access defibrillator: A 
systematic review."
Mangiameli, M. et al. (2013). "A GIS application for UAV flight planning."
Martiny, J. (2023). "South Tyrol grapples with mass tourism."
Meng, L. (2021). "Douglas–Peucker Algorithm."
Mermiri, M. I. et al. (2020). "Drones for Automated External Defibrillator Delivery: 
Where Do We Stand?"
Metzler, B. (2022). "A UTMB Participant Died on Course. Is the Race Too 
Dangerous?"
Mitterer, S. (2023). "Alpinunfälle in Österreich 2022 – ein Jahresrückblick."
Mohd Daud, S. M. S. et al. (2022). "Applications of drone in disaster 
management: A scoping review."
Murekatete, R. M. & Shirabe, T. (2021). "An experimental analysis of least-cost 
path models on ordinal-scaled raster surfaces."
OpenStreetMap. (2023). "OpenStreetMap."
Paal, P. & Elsensohn, F. (2021). "Automated External Defibrillators."
Romeo, R. et al. (2021). "Mountain tourism – Towards a more sustainable path."
Sabino, H. et al. (2022). "A systematic literature review on the main factors for 
public acceptance of drones."
Sato, H. P. & Sekiguchi, T. (2014). "MAPPING OF TOPOGRAPHY AND 
VEGETATION IN SHIRAKAMI MOUNTAINS “WORLD HERITAGE NATURAL 
RESOURCES” IN JAPAN."
Schierbeck, S. et al. (2022). "Automated external defibrillators delivered by 
drones to patients with suspected out-of-hospital cardiac arrest."
Schierbeck, S. et al. (2022). "Use of a Drone-Delivered Automated External 
Defibrillator in an Out-of-Hospital Cardiac Arrest."
Schwartz, K. (2013). "Ski Slopes Demographics Change As More Senior Skiers 
Suit Up."
Scuttari, A. et al. (2023). "The Sustainable Turism Observatory of South Tyrol: 
First Anual Progress Report."
Südtirol Ultra Skyrace. (2023). "Südtirol Ultra Skyrace."
Südtiroler Bürgernetz. (2023). "GeoCatalog."
Szczepanek, A. (2023). "Bilinear Interpolation Calculator."
TenBrink, J. (2019). "Doing more with Euclidean Distance: Barriers and Paths."
Tourist Office Pragser Tal Valley. (2023). "Pragser Wildsee Lake."
UN. (2023). "Global indicator framework for the Sustainable Development Goals 
and targets of the 2030 Agenda for Sustainable Development."

Van Veelen, M. et al. (2023). "DRONE-AED Project."
Van Veelen, M. et al. (2023). "Drones reduce the treatment-free interval in search 
and rescue operations with telemedical support – A randomized controlled trial."
Vanat, L. (2021). "2021 International Report on Snow & Mountain Tourism."
Vigili del Fuoco. (2023). "Corpo Nazionale del Vigili del Fuoco."
Vögele, A. et al. (2020). "Can drones improve survival rates in mountain areas, 
providing automated external defibrillators?"
Wankmüller, C. et al. (2021). "Drones in emergency response – evidence from 
cross-border, multi-disciplinary usability tests."
Wankmüller et al. (2020). "Optimal allocation of defibrillator drones in 
mountainous regions."
Xu et al. (2020). "Recent Research Progress of Unmanned Aerial Vehicle 
Regulation Policies and Technologies in Urban Low Altitude."
YesAlps. (2023). "Rifugio Capanna Nera."
Younes et al. (2022). "Spatial suitability analysis for site selection of refugee 
camps using hybrid GIS and fuzzy AHP approach: The case of Kenya."
Yukun, J. et al. (2023). "Improved immune algorithm for sudden cardiac death 
first aid drones site selection."
Zupan, R. et al. (2022). "CRISIS MANAGEMENT AND CARTOGRAPHY."



Towards an automatic UAS-based Mapping Tool for First Responders: Defibrillator Missions in Alpine Regions22

Data Sources

d-flight

ENAC

South Tyrol

Geoportal



UAS Geographical Zones
Max. Permitted Altitude
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Real Land Use
UAS Feasibility
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UAS-AED Placement Suitability

Towards an automatic UAS-based Mapping Tool for First Responders: Defibrillator Missions in Alpine Regions25



Feasible UAS-AED Station Clusters
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UAS-AED Stations Density
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Flight Speed (m/sec)

3 5 10

Distance (m) Approx. Flight Time (min)

500 2.8 1.7 0.8

1000 5.6 3.3 1.7

1500 8.3 5.0 2.5

2000 11.1 6.7 3.3

District Surface
UAS-AED 
Coverage

UAS 
Barriers

Bolzano 52 km2 28% 58%

Burgraviato 1,100 km2 52% 3%

Valle Isarco 624 km2 68% 7%

Val Pusteria 2,071 km2 42% 12%

Salto-Sciliar 1,037 km2 54% 11%

Olt.-Bassa Atesina 423 km2 68% 10%

Val Venosta 1,441 km2 41% 3%

Alta Valle Isarco 650 km2 48% 7%

South Tyrol 7,399 km2 49% 8%

UAS-AED Network Coverage
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Process Automation
Low-Altitude-Flight Elevation Model

Model Builder

ArcGIS Pro 3.1
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Process Automation
UAS-AED Routing

Model Builder

ArcGIS Pro 3.1
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