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Remote Tower Center (RTC)

• Provides air traffic services to small airports
• Replaces local tower with cameras and sensors
• Increases efficiency:  HR  and ATS costs are split 

between several airports
• First RTC: Sundsvall RTC
• New RTC build in Stockholm
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Remote Tower Center
• How to distribute the total taskload from several airports over several air traffic 

controller (ATCO) working positions?
• How to assign a qualified ATCO to each position, respecting the constraints on the 

duration of controllers shifts, breaks and the necessity of maintaining ratings?
➡ Development of general optimization framework designed as a flexible tool for staff 

planning/shift scheduling

KODIC I/II: Kompetens, kapacitet och optimering 
i digital flygledningscentral 2016-2017
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Remote Tower Center (RTC)
• Which factors contribute to ATCO’s workload? 
• Difference in workload at RTC vs. conventional towers?
• How do we factor in unscheduled events: weather?
➡ Study of ATCO workload in RTCs
➡ Integration of probabilistic modeling for increased predictability of the extra workload due 

to unscheduled events (extreme weather conditions) into optimization framework

  CAPMOD: Capacity Modeling for Controller 
Workload Evaluation at RTC Arlanda, 2018-2021



Assigning Airports to Remote-Tower Modules
Given: 


(1) Example schedules IFR traffic schedules for 1 day 
(movements = arrival + departure flights) for five 
Swedish airports


(2) Specifications of additional  special traffic at these 
airports     (military, school, hospital  etc.)


(3) Airport opening hours

(4) Number of airports assigned to one module bounded 

(1, 2, 3, ?)

(5) Total number of moves within a module is bounded


Goal: Propose optimal assignment of the airports to RTC 
modules 

T. Andersson, P. Axelsson, J. Petersson, T. Polishchuk, V. Polishchuk, C. Schmidt. Configuration and Planning of the Remote Tower Modules in a Remote Tower Center. In ICRAT'16, Philadelphia, USA. 

B. Joseffson, T. Polishchuk, V. Polishchuk, C. Schmidt. A Step Towards Remote Tower Center Deployment: Optimizing Staff Scheduling. In ATM Seminar 2017, Seattle, USA.

https://weber.itn.liu.se/~tatpo46/rot.pdf
http://www.icrat.org/icrat/7th-international-conference/
https://weber.itn.liu.se/~tatpo46/atm-kodic-paper-final.pdf
http://www.atmseminarus.org/12th-seminar/


ATCO Rostering at an RTC

B. Josefsson, T. Polishchuk, V. Polishchuk, C.Schmidt: Scheduling Air Traffic Controllers at the Remote Tower Center, In 36th 
IEEE/AIAA Digital Avionics Systems Conference (DASC), 2017.
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ATCO Rostering at an RTC

• Workload from several airports (#movements per airport)
• Maximum time “in position”
• Scheduled breaks
• Endorsements and trainings
• 24/7 operation
• Automation needed

B. Josefsson, T. Polishchuk, V. Polishchuk, C.Schmidt: Scheduling Air Traffic Controllers at the Remote Tower Center, In 36th 
IEEE/AIAA Digital Avionics Systems Conference (DASC), 2017.
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ATCO Rostering at an RTC—Objective: min #ATCOs

B. Josefsson, T. Polishchuk, V. Polishchuk, C.Schmidt: Scheduling Air Traffic Controllers at the Remote Tower Center, In 36th 
IEEE/AIAA Digital Avionics Systems Conference (DASC), 2017.

Minimum 17 
ATCOs needed 
to cover 5 
airports during  
2 weeks



RTC Efficiency Evaluation

B. Josefsson, T. Polishchuk, V. Polishchuk, C.Schmidt: Scheduling Air Traffic Controllers at the Remote Tower Center, In 36th 
IEEE/AIAA Digital Avionics Systems Conference (DASC), 2017.



RTC Efficiency Evaluation

B. Josefsson, T. Polishchuk, V. Polishchuk, C.Schmidt: Scheduling Air Traffic Controllers at the Remote Tower Center, In 36th 
IEEE/AIAA Digital Avionics Systems Conference (DASC), 2017.

After 
optimization, 
the RTC 
provides 
savings of 
42-55%



ATCO Workload Investigation

• Within CAPMOD project: 
Data analysis from Simulations

-  DLR simulation data
-  Sundsvall validation trials (May-June 2019)

B. Josefsson, J. Jakobi, A. Papenfuss, T. Polishchuk, C. Schmidt, L. Sedov Identification of Complexity Factors for Remote Towers. In SESAR Innovation Days (SID 2018),  December 3-5, Salzburg.


B. Josefsson, L. Meyer, M. Peukert, T. Polishchuk, C.Schmidt: ﻿Validation of Controller Workload Predictors at Conventional and Remote Towers, In International Conference for Research in Air Transportation (ICRAT 2020), BEST 
PAPER AWARD


L. Meyer, M. Peukert, T. Polishchuk, C.Schmidt: ﻿Investigating Ocular and Head-Yaw Measures as Indicators for Workload and Fatigue under Varying Taskload Conditions, In 10th International Conference on Research in Air 
Transportation (ICRAT ’22)
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ATCO Workload Investigation

• Within CAPMOD project: 
Data analysis from Simulations

-  DLR simulation data
-  Sundsvall validation trials (May-June 2019)

Observations and data collection in conventional towers (field study) + data analysis
     -  Field study at Bromma airport (March 2019) video-recording, audio, 

questionnaires 
Statistical learning: Subjective vs. objective assessment (workload rating vs. 

quantitative measures derived from eye tracking and video analysis)
• Now running: OWL project (On WorkLoad Measures)

B. Josefsson, J. Jakobi, A. Papenfuss, T. Polishchuk, C. Schmidt, L. Sedov Identification of Complexity Factors for Remote Towers. In SESAR Innovation Days (SID 2018),  December 3-5, Salzburg.
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Bromma Field Study
Weather Impact

Ground communication takes the largest share in total communication duration


Snow sweeping coordination is a major part in ground communication




Weather Impact on ATCO Work
• Increased communication with ground services and pilots

• More frequent out-of-window observations

• Changes in Arrival and Departure routes and procedures

B. Josefsson, A. Lemetti, T. Polishchuk, V. Polishchuk, C. Schmidt. Integrating Weather Impact in RTC Staff Scheduling. SESAR Innovation Days (SID) 2020.

E. Hérnandez-Romero, B. Josefsson, A. Lemetti, T. Polishchuk, C.Schmidt: Integrating Weather Impact in Air Traffic Controller Shift Scheduling in Remote and 
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• Increased communication with ground services and pilots

• More frequent out-of-window observations

• Changes in Arrival and Departure routes and procedures

•  Conventional towers: staff adjustments are quite rare despite noticeable influence 
of weather


•  Remote towers: weather impact to be integrated into automated rostering

•  Multiple operation: ensure no controller is confronted unmanageable workload
No good measures or classifications for weather impact on ATCOs exist
Research questions:
How do different weather phenomena impact ATCO workload at different airports?
How to quantify the weather-induced capacity reductions?
How can we integrate this impact in RTC staff scheduling?

Contributes to: safety assessment of multiple operation (required by unions and regulation bodies)
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To integrate weather impact into RTC staff scheduling we propose these steps:

1. Identify impactful weather phenomena for each considered airport

2. Define threshold values for these impactful weather phenomena 

3. Obtain weather data in form of EPS

4. Obtain flight movements data for all airports for the chosen dates.

5. Calculate a distribution of the necessary number of ATCOs for RTC staffing
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1. Identify impactful weather phenomena for each considered airport

2. Define threshold values for these impactful weather phenomena 

3. Obtain weather data in form of EPS

4. Obtain flight movements data for all airports for the chosen dates.

5. Calculate a distribution of the necessary number of ATCOs for RTC staffing

ATCO interviews, identify 

additional tasks because 

of different weather phenomena 
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Weather Impact on ATCO Work

To integrate weather impact into RTC staff scheduling we propose these steps:

1. Identify impactful weather phenomena for each considered airport

2. Define threshold values for these impactful weather phenomena 

3. Obtain weather data in form of EPS

4. Obtain flight movements data for all airports for the chosen dates.

5. Calculate a distribution of the necessary number of ATCOs for RTC staffing
Snow
Precipitation
Low Visibility
Strong Winds
Convective Activity

 We summed up the numerical values reflecting controller’s answers and divided by the number of additional tasks
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Weather Impact on ATCO Work

To integrate weather impact into RTC staff scheduling we propose these steps:

1. Identify impactful weather phenomena for each considered airport

2. Define threshold values for these impactful weather phenomena 

3. Obtain weather data in form of EPS

4. Obtain flight movements data for all airports for the chosen dates.

5. Calculate a distribution of the necessary number of ATCOs for RTC staffing
Input:  Flight movements at several RTC airports per hour + requirements for single operation
Output: Optimal assignment of controllers to RTC airports per hour
Constraints: Operational + controller shift constraints (in multiple mode  - max 2 a/p per ATCO)

+new constraint to force single operation


Formulated as MILP (mixed-integer linear program)



Weather Impact on ATCO Work

B. Josefsson, A. Lemetti, T. Polishchuk, V. Polishchuk, C. Schmidt. Integrating Weather Impact in RTC Staff Scheduling. SESAR Innovation Days (SID) 2020.

E. Hérnandez-Romero, B. Josefsson, A. Lemetti, T. Polishchuk, C.Schmidt: Integrating Weather Impact in Air Traffic Controller Shift Scheduling in Remote and 
Conventional Towers, In EURO Journal on Transportation and Logistics

February 16, 2020 (6:00 - 14:00) winter weather	 July 29, 2020 (14:00-22:00) summer weather

No weather impact: 5 controllers needed 



Shift Scheduling for Train 
Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level
• What could be improved?

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level
• What could be improved?
Shift scheduling today:

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level
• What could be improved?
Shift scheduling today:
• Manual process

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level
• What could be improved?
Shift scheduling today:
• Manual process
• Very complex and time consuming

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level
• What could be improved?
Shift scheduling today:
• Manual process
• Very complex and time consuming
• Should fulfill many legal and operational constraints

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024



Now: Train Dispatchers

Image source: https://www.flickr.com/photos/americaspower/3418746613/

• The role of a train dispatcher:
• Monitoring & controlling train traffic
• Routing, communication, administration, …

• Operating 24/7: risk for fatigue
• High tempo: high workload (WL) level
• What could be improved?
Shift scheduling today:
• Manual process
• Very complex and time consuming
• Should fulfill many legal and operational constraints
• May result in over/understaffed shifts: cost vs safety

CAPMO-Train: Capacity Modeling and Shift 
Optimization for Train Dispatchers, 2021-2024
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Problem
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Experiments: Stronger Formulation
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Ia,b,Ar 

• a is the endorsement ratio
• b is the maximum size of area combinations
• Set Ar contains the areas that have been removed from the 15 areas in the basic scenario



Handling Handovers—Approach #1: Minimize #Handovers
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New constraints with binary variables zi,j,k=1 if a dispatcher i gets a new area j in period k:

New objective function: 



Handling Handovers—Approach #2: Minimize #Handovers of CCs
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New constraints with new variables hi,k=1 if dispatcher i is involved in a handover:  

New objective:   



Handling Handovers—Approach #3: Minimize #Newly Assigned Areas
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New constraints with variables si,k= #new assigned areas to dispatcher i in period k: 

New objective: 

Δℓ,ℓ′ =#areas in the set ℓ and not in ℓ′.



Handling Handovers—Approach #4: Minimize #Givers
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bℓ,ℓ′ = 1 whenever area 
combinations ℓ and ℓ′ have at least 
one common area

uℓ,k =# dispatchers (givers) that, in 
the previous time period k − 1, 
were controlling the areas in the 
area combination ℓ



Experiments

T. Lidén, C. Schmidt, R.Zahir: Improving Attractiveness of Working Shifts for Train Dispatchers,

Presented at 25th Euro Working Group on Transportation Meeting (EWGT 2023) and submitted for publication
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evening), 8 used dispatcher:
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Fixed the time resolution: 12 periods, 2h/period 

Fixed #areas: 12 areas
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Approach 1: optimal solution in about 102 minutes
Approach 2: optimality gap even after 72
hours, but with good handover-measure values.
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• Expand the time horizon
• New project (04/2024-09/2026) Dispatching Areas: Combinations 

and Design (DACoD)
• Which combinations of area qualifications are good?
• How to split the large area into smaller areas?
• Deduct and integrate workload thresholds into the framework

• Planning for en-route ATCOs (Area Control Centers and even Virtual 
Centers)

• Continued study of ATCO workload



Thank you.

https://www.itn.liu.se/~chrsc91/

christiane.schmidt@liu.se

https://www.itn.liu.se/~chrsc91/
mailto:christiane.schmidt@liu.se
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1. Number of airports assigned to one module ≤ mA
2. Total number of movements within a module 
≤maxMov 
3. One airport assigned to only one module
4. All scheduled traffic from 5 airports is handled
5. All opening hours at 5 airports are covered

T. Andersson, P. Axelsson, J. Petersson, T. Polishchuk, V. Polishchuk, C. Schmidt. Configuration and Planning of the Remote Tower Modules in a Remote Tower Center. In ICRAT'16, Philadelphia, USA. 

B. Joseffson, T. Polishchuk, V. Polishchuk, C. Schmidt. A Step Towards Remote Tower Center Deployment: Optimizing Staff Scheduling. In ATM Seminar 2017, Seattle, USA.

https://weber.itn.liu.se/~tatpo46/rot.pdf
http://www.icrat.org/icrat/7th-international-conference/
https://weber.itn.liu.se/~tatpo46/atm-kodic-paper-final.pdf
http://www.atmseminarus.org/12th-seminar/


Assigning Airports to Remote Tower Modules—Objectives



Assigning Airports to Remote Tower Modules—Objectives

1. Minimize the number of remote tower modules in use



Assigning Airports to Remote Tower Modules—Objectives

1. Minimize the number of remote tower modules in use
2. Balance workload between the modules



Assigning Airports to Remote Tower Modules—Objectives

1. Minimize the number of remote tower modules in use
2. Balance workload between the modules
3. Minimize assignment switches



Assigning Airports to Remote Tower Modules—Objectives

1. Minimize the number of remote tower modules in use
2. Balance workload between the modules
3. Minimize assignment switches

As much as possible!


