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Abstract: This paper discusses the SESAR’s ASTAIR (Auto-Steer Taxi at Airport) project, which 1

seeks to advance airport ground operations including engine-off taxiing to move a step forward 2

to sustainable airports. The ASTAIR concept integrates Human-AI Teaming to optimize aircraft 3

movement from gates to runways, with the primary objectives of improving predictability, efficiency, 4

and environmental sustainability at large airports. Building on previous initiatives such as SESAR’s 5

AEON, ASTAIR brings high-level automation to tasks like autonomous taxiing and vehicle routing. 6

The system assists operators by calculating conflict-free routes for vehicles and dynamically adjusting 7

operations based on real-time data. Based on workshops with several stakeholders, we describes 8

operational challenges for implementing ASTAIR, including managing parking stand availability 9

and adapting to unforeseen events. A significant challenge highlighted is the human-automation 10

partnership, where AI plays a supportive role but humans retain control over critical decisions, 11

particularly in cases of system failure. The need for clear and consistent collaboration between AI and 12

human operators is emphasized to ensure safety, efficiency, and improved compliance with take-off 13

schedules, which in turn facilitates in-flight optimization. 14

Keywords: Airport ground operations;Automation in aviation;Human Automation Teaming;Conflict- 15

free routing;Autonomous taxiing 16

1. Introduction 17

While the most significant reductions in fuel consumption and noxious emissions 18

in aviation occur during flight, these optimizations for aircraft trajectories are contingent 19

on each flight adhering to its schedule. As a result, improving departure punctuality 20

and smoothing trajectories become essential for realizing the full benefits of in-flight 21

optimizations. Today, ground operations are managed by a human operator assisted with 22

decision support tools. In addition, emergence of engine off taxiing techniques will raise 23

the number of vehicles to guide because of additional towing tugs. Increasing the level 24

of automation thanks to an Artificial Intelligence (AI) capable of planning conflict-free 25

trajectories, for both departures and arrivals given their interdependent nature, and manage 26

the routine movements autonomously, on behalf of the operator, could help increase the 27

general predictability of airport turnaround operations. 28

ASTAIR goal is to design a seamless partnership between Human and AI to manage 29

and perform engine-off and conventional taxiing operations on all the airport surfaces 30

(including aircraft and towing vehicles steering from the gates to the runways) at major 31

European airports. 32
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To safely guide all vehicles on the taxiways, it is essential to manage not only the routes 33

they follow but, most importantly, their speeds since it allows deconflicting trajectories. The 34

SESAR AEON project [1] has investigated the management of heterogeneous conventional 35

and engine-off taxi traffic to reduce the taxiing environmental impact. In the resulting 36

concept of operations (CONOPS), tug fleet managers and ground controllers work as a 37

team relying on decision support tools to schedule autonomous resources allocation and 38

optimize vehicle surface movements. Especially, the AI developed in the project AEON[1] 39

and reused in ASTAIR is capable of calculating conflict free routes for all vehicles through 40

speed management. 41

Increasing the level of automation for both tug fleet managers and ground controllers 42

in ASTAIR could have the potential to increase airport ground traffic capacity while miti- 43

gating the impact on human workload and the environment. For example, depending on 44

the level of automation, AI will be able to initiate timely actions such as giving clearances 45

to vehicles on the airport aprons and taxiways according to optimal routes. 46

Unfortunately, this routing with speed profiles cannot be implemented yet since air- 47

craft taxiing on their jet engines are not finely operated. Nevertheless, solutions are being 48

developed like Taxibot [7], autonomous follow-me cars [8], auto-taxi aircraft [6] and these 49

techniques will allow a better control over trajectories and speeds of mobiles. It becomes 50

reasonable to envision future ground operations as being AI-driven with human supervi- 51

sion for routine tasks, while Human-AI Teaming is employed to manage unexpected events 52

or specific requirements. ASTAIR must consider the challenges of human-automation 53

collaboration, not only in terms of interface design but also technical issues like computing 54

time. These factors can create obstacles in mutual understanding and hinder the ability to 55

share a consistent level of information between humans and machines due to processing 56

delays. Challenges will arise in managing unforeseen situations and specific needs that AI 57

may struggle to anticipate. 58

ASTAIR aims at defining automation capable of performing complex tasks involved in 59

the management of surface engine-off and conventional taxiing while maintaining human 60

engagement with the automation. Current airport taxi operation procedures have been 61

tailored to optimize human performance while maintaining human workload to a level 62

that does not compromise safety. With the taxi traffic capacity and the human cognitive 63

availability increases offered by high-level automation and optimized execution support, 64

the role of operators and airport operation procedures will significantly change. 65

Figure 1. EASA Artificial Intelligence Roadmap : Possible classification of AI/ML applications.

ASTAIR objectives are to characterize levels of automation and identify pathways to 66

full automation. For example, AEON’s decisional routing support technologies can help 67

shift towards an automated routing clearance system under operator supervision. ASTAIR 68

will explore all automation opportunities and target the 2B level per EASA’s AI Roadmap 69

[3] as shown in Figure 1. In this paper, we report our initial efforts to better understand the 70

operational context and identify automation opportunities. We first describe the scope of 71

the project and its envisioned concept of operation. We then describe the results of several 72

workshops and interviews conducted with several stakeholder to identify relevant use 73

cases and associated levels of automation for our CONOPS. We also discuss implications 74

related to human-automation teaming and liability. 75
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2. ASTAIR’s scope and envisioned concept of operations 76

ASTAIR concept targets large airports that handle commercial flights, are intercon- 77

nected to the airports networks and implement a minimum of concepts like airport collabo- 78

rative decision making (A-CDM) and Advanced Surface Movement Guidance and Control 79

System (A-SMGCS). These constraints are driven by the need to get reliable information 80

on the flight schedules and taxi operations to feed the ASTAIR AI. The counterpart is 81

that it also means large airports with many stakeholders that will need to share their data 82

and constraints. Focused on ground operations, the current airport operations can be 83

summarized as the management and two sequences: arrivals and departures. 84

Figure 2. Current ground operations in a nutshell.

A-CDM [5] is a concept that promotes collaboration among airport stakeholders, 85

including airlines, ATC, ground handlers, and airport operators. The primary goal of A- 86

CDM is to enhance predictability and reliability in airport operations by sharing real-time 87

information and coordinating activities more effectively. 88

Advanced Surface Movement Guidance and Control Systems (A-SMGCS) [4] play a 89

pivotal role in enhancing the safety and efficiency of aircraft taxi operations. A-SMGCS is a 90

system specifically designed to enhance situational awareness for both ATCO and pilots 91

during aircraft movements on the ground. It integrates surveillance, routing, guidance, 92

and control capabilities to improve the overall safety and efficiency of surface operations at 93

airports. 94

2.1. Normal operations for a departure aircraft 95

In the preparation phase of an outbound flight, information are shared amongst the 96

airport operators and in particular the Target Off Block Time (TOBT, the time at which an 97

aircraft is expected to leave its parking position and begin taxiing). When the aircraft is 98

ready to taxi, the captain asks ATCO for a pushback clearance which is delivered once it 99

has been checked that TOBT is respected and the aircraft movement is safe. After pushback, 100

ground ATCO gives routing clearances to the pilot, helped with the A-SMGCS radar image 101

and guides the aircraft to the runway entry. All along the movement, ATCO will check that 102

no other vehicles come in conflict with the aircraft and if needed issue route modification 103

clearance or right-of-way clearances to ensure the safety of movements on the airport 104

platform. After that, line-up and take off are managed by the tower ATCO who the aircraft 105

has been transferred to. Ground ATCO has also the responsibility to bring the aircraft 106

to the runway on time to keep the schedule, the departure sequence, and update flight 107

information if necessary. Indeed, the departure schedule is impacting the overall in-flight 108

traffic and delays may disturbs operations or create less efficient operations. 109
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2.2. Normal operations for an arrival aircraft 110

About 15 minutes in advance, implementation of arrivals manager provides reliable 111

estimated arrival times for inbound traffic. The tower ATCO handles the landing phase and 112

runway movements and then delivers the aircraft to ground ATCO for the taxi phase until 113

the parking position. The stand assigned to the aircraft has been previously assigned in 114

A-CDM platform by the airport operator. Similarly to the outbound taxiing phase, ground 115

ATCO is responsible for the safe and efficient navigation of inbound aircraft to the stands. 116

Ground ATCO will deliver routing clearances to pilots as well. But additional constraints 117

may appear like managing stands availability when departure are delayed and occupy 118

their parking longer than planned. 119

2.3. Envisioned concept of operations 120

The solution aims to enhance predictability, safety, and efficiency at large airports 121

using A-CDM and A-SMGCS, upgrading guidance services for greater autonomy. It will 122

address vehicles, aircraft, and tow tugs in the movement area, from gate to runway and vice 123

versa. The ASTAIR concept builds on the AEON project results, utilizing ecological routing 124

with speed profiles to compute conflict-free routes for ground vehicles and integrating tow 125

tugs into traffic management. 126

The ASTAIR AI can forecast 20 minutes of vehicle trajectories, deconflicted by speed 127

regulations, centralizing information from stakeholders to inform routing computations. It 128

provides routing information to ATCO, issues clearances with speed profiles to aircraft and 129

tow tugs, and allocates tow tugs to the Tug Fleet Manager. All data will be updated in real 130

time to adapt to operational events. 131

For departures, A-CDM allows modification of TOBT up to 5 minutes before the actual 132

time, relayed to tower control. ASTAIR will consider estimated arrival times confirmed 133

10 to 15 minutes in advance, allowing parking assignments to be modified similarly. It 134

will compute conflict-free routes for the next 20 minutes and adjust as needed, ensuring 135

conflict resolution through speed regulations. Human operators can input constraints or 136

new information to assist AI in managing ground movements. 137

In summary, ASTAIR seeks to automate A-SMGCS routing and guidance services, 138

enabling airport operators to share information and supervise ground movements. Lever- 139

aging AI for conflict-free route computation, routing clearances can be issued automatically, 140

with operators overseeing safe operations and providing updated traffic information. 141

3. Workshops and interviews to explore the concept and identify use cases 142

3.1. Method 143

In order to explore our envisioned concept of operation and define relevant use cases 144

to further develop and evaluate it, we carried out several activities with stakeholders. We 145

conducted interviews and observations with air traffic controllers, apron managers, ground 146

handlers or airport operators. We also conducted several workshops with stakeholders to 147

identify opportunities for automation; use cases; justifications for the use cases and future 148

needs of an automated airport. 149

We transcribed the interviews and the workshop results before conducting an analysis 150

to refine our concept and identify relevant use cases. 151

3.2. Results 152

The workshops highlighted unique airport characteristics and common concerns 153

regarding automation. Each airport’s layout significantly impacts operations, revealing 154

that managing parking stands is crucial for smooth ground operations, often more so than 155

runway capacity. For example, CDG’s extensive routing network allows for aircraft delays 156

during taxiing, while Frankfurt’s limited taxiways necessitate on-the-fly holding spots. All 157

configurations would benefit from computed vehicle routing and speed management to 158

address gate occupancy issues. 159
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A shared feature among the airports is parking along a single taxilane, requiring 160

precise pushback synchronization to avoid aircraft blockages. A 20-minute conflict route 161

computation could assist in this synchronization. Temporary holding points are also used 162

to resolve ground conflicts, with AI potentially aiding in selecting predefined spots and 163

suggesting new locations to enhance operations. 164

Concerns about automation failures and AI handover were common in interviews. 165

Attention must be paid to AI inputs and tuning for each airport’s operations, consider- 166

ing technical constraints like wingspan and vehicle weight, as well as human cognitive 167

limitations. Finding optimal routing may help in recovery scenarios after automation 168

failures. 169

Managing dead-end taxi lanes and limited remote holding space is critical for Fraport, 170

CDG, and AMS, making holding a key ASTAIR use case. The multi-agent system should 171

also synchronize pushbacks, though this may be a lower priority. 172

In ground handling, we identified a need for improved mission planning, where AI 173

could optimize resource allocation. Fraport’s airport manager oversees the taxi phase, 174

unlike CDG’s split responsibilities. ASTAIR would be more efficient managing traffic from 175

gate to runway, potentially optimizing departure sequences for tower control. 176

Runway configuration changes are frequent at AMS but easier at CDG and Frankfurt. 177

This presents a use case for AMS, where long taxi times complicate rerouting. While full 178

towing is not a universal goal, the trend towards efficient ground operations favors it, with 179

AMS targeting full towing in its roadmap. 180

Lastly, the implementation of speed management alongside routing introduces vari- 181

ous liability concerns. Currently, pilots are responsible for preventing ground collisions. 182

However, if AI systems are given full control over vehicle navigation, the shift in liability 183

will need to be carefully addressed and managed. 184

3.2.1. Selected use cases 185

The various interviews also enabled to draw up a list of use cases that would help to 186

test the concept, study its operational feasibility and design the tools needed to implement 187

it. The selection was driven by the potential of each use case to show the different issues 188

that a higher level of automation would bring in real life ground operations. In addition 189

to normal operations of inbound and outbound traffic taxiing on a low to normal load, 190

the other use cases featured unexpected event that were not in the planning given to AI 191

algorithms and impact the ground operations in short delays. 192

Normal Operations 193

Normal operations for departure and arrival aircraft are derived in two sub use cases, 194

with and without the use of tow tugs. The introduction of towed aircraft impacts the 195

number of actors involved but also the management of engines start-up, which is not 196

specific to ASTAIR (but to sustainable taxiing even not automated), however the artificial 197

intelligence can help optimise the timings of the start-ups. This normal use case aims at 198

show casing how to build trust in AI for the operator. 199

Normal Operations with rescheduling 200

The first operational event to be studied will be rescheduling a departure, for instance 201

because of a passenger being late. The aspect under investigation here is the impact of 202

the time needed for the AI to integrate this new information and how the system should 203

behave in the meantime, the operational constraints it would add on the normal workflow. 204

The visualisation of the impacts of one rescheduling over other traffic is also considered 205

here. 206

Arriving traffic without parking 207

In the same manner, the next use case looks at an unexpected event for an arrival 208

aircraft and the unavailability of its parking, the previous aircraft being late for departure. 209

In this case, the interesting part to investigate would be the different potential solutions. 210

Indeed it is hard for the AI to propose the best one without additional contextual and real 211
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time information from a human operator (expected occupancy time, impacts of parkings 212

reallocation...). 213

Automation failure 214

Dealing with higher level of automation, a use case about automation failure is in- 215

evitable. Malfunctions could happen at two levels in ASTAIR concept, either the AI fails to 216

compute a conflict free solution with the given planning, or the vehicles, that automatically 217

follows the routing and speed clearances issued by AI, deviate from the computed solution. 218

ASTAIR validation will focus on the first case to analyse how the service level degradation 219

could be perceived and managed by the human operator. In case of such a failure to find 220

a conflict free solution with new traffic or constraints, the system would still be able to 221

operate safe operations for a limited time, since the previously found solution covers a 222

20 minutes time frame. If no solution is rapidly found, the system would not totally stop 223

but first revert to a simpler algorithm giving only locally optimal solutions, requiring 224

more attention from the operator. This use case addresses issues with operator’s situation 225

awareness on the available service level and information actually processed by AI. 226

Runway mode of operation modification 227

In case of runway mode of operation (RMO) modification, lots of aircraft and vehicles 228

need to be re-routed in a short period of time. The point of interest here for ASTAIR 229

concept is the different timings of operations compared to current operations. Indeed, 230

today once the decision of RMO changed is acted the new routes computation can be quite 231

rapid for a human operator but the implementation of these routings can be long due to 232

the number of pilots to contact and the number of clearances to issue. On the contrary, 233

ASTAIR AI may take a few minutes to compute the new routing and speed clearances, 234

but the implementation of the solution would be quite fast thanks to automated digital 235

communications. 236

Remote Holding 237

Another case in which ASTAIR concept would have an added value is the implementa- 238

tion of departure remote holding process. The remote holding procedure is implemented by 239

certain aircraft operators in response to air traffic control (ATC) notifications of anticipated 240

significant takeoff delays. This allows flights to log an on-time departure and/or frees up 241

a gate for other uses. The process involves ground positioning the aircraft to designated 242

remote parking stands. In this location, the engines are turned off ATC grants permission 243

for engine restart and taxi to runway. The collaboration between the operators and would 244

lead to optimal timing for restart and potentially to find holding locations that would not 245

disturb other traffics. 246

Arriving flight with technical issue 247

This use case describes a situation in which an arriving aircraft faces an emergency 248

at landing and need to reach quickly its parking stands or requiring inspection escort the 249

aircraft to the parking. In that case, the human operator may want to rapidly gives a route 250

to the aircraft and set it as a new constraint to ASTAIR AI for the routing of other aircraft 251

and vehicles. This manually set route would reduce the potential solution for ASTAIR AI. 252

High level taxi strategy tuning 253

This use case describes a situation in which case an operator can adjust the AI routing 254

strategy to respect strictly or not the airport rules (e.g., preferred taxiways directions in 255

specific configurations). For instance, when the operator expects a lower traffic load in 256

the next hour, the level of compliance to the rules can be relaxed to give more freedom 257

to ASTAIR AI. The solutions found maybe more efficient even though the complexity of 258

the situation increases and it would potentially be more difficult for the operator to take 259

over the operations. On the contrary, such a feature could be useful to prepare the human 260

handover. Specific recommendations were made toward having the AI using human-like 261

procedures such as known preferred directions or standard holding points to facilitate 262

handover if necessary. 263
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4. Discussion 264

4.1. Human-Automation Teaming 265

Several expectations and concerns regarding human-automation teaming and the 266

impact of the ASTAIR concept on Human Performances were raised during our workshops. 267

First, we identified that using higher levels of automation on ground operations could shift 268

the roles of humans toward supervisors as illustrated in the proposed use cases. Such a shift 269

poses specific challenges in terms of training but also in maintaining skills and situation 270

awareness. 271

Other concerns raised were specifically focused on user confidence with the AI and the 272

system in general. Participants in the workshop expressed concerns about how to handle 273

situations in which the AI could fail. This leads to specific questions such as: "how to hand 274

over to humans? If manual actions are required, does the operator need to be an ATCO in case of 275

failure?”. For some, using automation was a way to pack more traffic and as such in case of 276

failure, this would cause high workload on operators taking over. Such results highlight 277

the need to design and assess interactions enabling humans to understand the status of the 278

AI and facilitate handover when necessary. 279

4.2. Liability 280

A key aspect of the project is assessing its feasibility regarding liability implications 281

among stakeholders. Current liability risks identified in concept development include: 282

1. Speed clearances/speed profile: The airport assumes responsibility for incidents if 283

speed clearances are issued. 284

• Solution #1: Advise pilots a point with a time constraint instead of issuing speed 285

clearances, although this may lead to non-conflict-free taxiing. As noted in a 286

workshop, changing recommendations frequently can reduce pilot trust in the 287

system and increase workload. 288

• Solution #2: Have tug drivers manage taxiing while towing aircraft, which 289

would utilize their familiarity with the ASTAIR platform and reduce pilots’ 290

mental workloads. 291

• Another suggestion was to use speed recommendations rather than strict con- 292

straints, placing the speed management responsibility on pilots. Then the AI that 293

computes conflict free routes shall take into account this additional uncertainty 294

in the execution of its routing clearances. 295

Specific safety nets for autonomous taxiing vehicle surveillance and gradual alerting 296

systems may be necessary. 297

2. Higher levels of automation: These raise questions about trust in AI and its liability 298

implications. Participants expressed concerns about regulatory views and who is 299

responsible in the event of an incident; for example, a participant noted, "AI can plan, 300

but execution should remain human." 301

In summary, the ASTAIR project emphasizes the importance of human responsibility 302

in executing AI-driven plans and the need for effective human-AI Teaming, which will 303

be validated through the project’s objectives. Trust in the system and the responsibilities 304

of ATCOs and pilots regarding speed control also require thorough validation and clear 305

communication among stakeholders. 306

5. Conclusions 307

At this stage of the project, three major constraints to the deployment of the concept 308

have been identified: 309

• Vehicles able to follow a routing clearance with speed profile are required. Even 310

though several solutions exist, the resilience of the Multi Agent System towards 311

deviation from plan shall be evaluated as well as the impact on airport capacity. 312
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• Transforming operator work into supervisory work requires a high level of confidence 313

in AI and good communication between the operator and the system. Human-machine 314

interfaces and interactions must be carefully designed. 315

• Taking full control on the taxi phase of aircraft gives the full responsibility of the 316

vehicles to airport managers. Potential mitigation solution should be studied. 317

Next steps will consist in implementing the concept by designing ASTAIR AI, built 318

on Multi Agent System, together with HMIs that allows supervision of operations and 319

collaboration with the algorithms. Finally, ASTAIR concept shall be validated with a 320

combination of test techniques: 321

• Fast Time Simulation to finer validate the multi agent path planning implemented in 322

ASTAIR AI to measure the capacity of the algorithm. 323

• Real Time Simulation to showcase the concept and the dedicated HMI designed to 324

facilitate the Human Automation Teaming 325

• Workshop with professional operators to validate the feasability of the concept, al- 326

though the TRL level is still quite low. 327
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