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● Research Scope:

- GoA 3/4 Operation under state of the art signalling

- Operational / Technical Analysis

- Development and Testing of

 Automatic Train Operation (ATO)

 Obstacle Detection System (ODS)

 Signal Detection System (SDS)

 Remote Train Operation (RTO)

- Planning for future GoA 3/4 Operation

What is ARTE?
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● Development of new roles and job profiles for manually driving 
an automated train in case of disruption: 

- Remote Train Operator (e.g., in a control centre)

- Train Attendant Plus (train attendant with additional operational 
training)

● Development and evaluation of a tablet based Remote Train 
Control

Human Factors Scope

Researching Remote Train Operation at ARTE
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Naumann, A., Adam, J., Fritsch, M., & Hofstädter, R. (2024). 

ARTE: Neue Aufgaben und Rollen für Betriebspersonal. EI –

Der Eisenbahningenieur, 08/24, pp. 42-45.
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● Concepts up to now only for more elaborated control room remote operation 
workplaces (e.g., Brandenburger & Naumann, 2019)

● unsuitable for operation within or nearby the train

● Approach in ARTE: develop and test a minimal and mobile solution

● ARTE aims at full ATO Operation

- RTO is fallback or maintenance mode only (seldom use)

● Movability and Flexibility – variety of use 
cases

- Operation on/at the train 

- Operation from the control room

- Shunting 

- Maintenance / Depot Service  

Mobile Control Solution for different situations

Why choose a tablet?
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● Tablet computer (13’’)

● Adapted Application Z21 (model railway app): development in iteration steps

● Connection with the train

- Wifi for operation from within the train

- LTE for operation from control room

Connecting Tablet and Train

How does that work?
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● Three user tests, with 36 participants in total:

(1) in a model railway layout

(2) on the Alstom test track in Salzgitter 

(3) on public infrastructure (Northeim – Bodenfelde)

Human Factors evaluation for interface and interaction improvement
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Naumann, A., Arslan, B., Herholz, H., & Schöne, 
S. (2024). Evaluation of train remote control via tablet in 
a railway model layout. HFES Europe Annual Meeting, 
2024, Lübeck, Germany.

1. Test in a model railway layout

User Tests within ARTE
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● Four working positions for RTO with the tablet:

● from the driver's cab, 

● from the passenger compartment,

● from outside the vehicle at the track, and 

● from a remote control centre

● Driving Task: 

● practice/ familiarize over ca. 300 m, drive 10 km/h over 400 m 
and 25 km/h over a further 400 m, finally stop as precisely as 
possible at a red flag 

● in the condition at the track: move the vehicle for approx. 80 m 
and stop precisely at a step tread with the first door of the 
vehicle

● Measurements and Instruments:

● Driving performance

● Usability (SUS), Acceptance (van der Laan Scale), Cognitive 
Workload (DLR-WAT), Situation Awareness (MARS)

● self constructed pre- and post test questionnaires and interviews 
+ structured observation 

2. Test on the Alstom test track
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Adam, J., Arslan, B., & Naumann, A. (2025). Entwicklung und 

Realerprobung einer Steuerung über Tablet für Remote Train Control. In: 

7th Scientific Railway Signalling Symposium, 2024-11-28, Berlin, pp. 7-22.
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● Tablet / Z21 User Interface:

● revised after the first user test in the model railway
(e.g., now two controllers: one for acceleration and 
one for deceleration)

● Participants:

● n=13

● 30-59 years old and mostly male (n=11)

● three active train drivers, all others had basic 
knowledge of railway operations 

● slightly above-average affinity for technology 
(M=3.68; SD=0.37) (scale of 1-5; TEiSel)

2. Test on the Alstom test track
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© “Automatisierte Regionalzüge in Niedersachsen”; Forschungsprojekt: ALSTOM-DLR-TU Berlin   All rights reserved. Information contained in this document is indicative only. 
No representation or warranty is given or should be relied on that it is complete or correct or will apply to any particular project. This will depend on the technical and commercial circumstances. It is provided without liability and is subject to change without notice. Reproduction, use or disclosure to third parties, without express written authorisation, is strictly prohibited.

● Information

- Written Information on Operational Procedures and Remote Control Manual

- 1 hour online briefing on testing procedure and safety

● Introduction

- Participants picked-up at Northeim station

- Information on test procedure

- Consent, Pre-test questionnaire

● Driving task (2x 7 km, 40 km/h max.)

- 1st run from cab, direct view on track possible

- 2nd run from passenger area, no direct view on track, within train

- Start at standstill, end at standstill

● Measurements and instruments: 

- same as in test 2

Test Design and Procedures

3. Test on public infrastructure (Northeim - Bodenfelde)
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Adam, J. & Naumann, A. (2025). Performance and usability testing of a 

tablet based train remote control. 6th German Conference on Rail Human 

Factors, 2025-02-18 - 2025-02-19, Berlin, Germany. 
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● n=10

● age (years) M=34.9

● professionals only : 8 train drivers, 2 train attendants

● job experience in years: M=12 (SD=9)

● with valid medical certificate (G25)

● slightly above-average affinity for technology (M=3.16; SD=1.55) (scale 
of 1-5; TEiSel)

● self rated knowledge 

- Railway Operation (Scale 1-7) M=5.3, SD=1.5

- Train Driving (Scale 1-7) M=5.0, SD=1.79 (train attendants rated lower than 
train drivers)

- Remote Control (Railway, Drones etc.) 5x Yes, 5x No

Participants

3. Test on public infrastructure (Northeim - Bodenfelde)
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● System Usability Score - SUS

- average to good usability

● Van der Lan Scale - VDL 

- System is viewed as useful

- System needs improvement for acceptance

● Interview:

- Driving experience is comparable

- Concept of remote driving is remarked positively

- Observing of camera and control rated as 
exhausting  

Usabilty, Acceptance, User Experience

Results (2nd and 3rd User Test) 
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● DLR-WAT

- ‘on/at the train’ in the 2nd user test (‘short’): 
values closest to the optimum of 100 

- 3rd user test (‘long’): slight cognitive 
underload

- long driving task with a lower number of events than 
in the 2nd user test

- ‘Remote Operation’: highest ratings, a bit 
above the optimum 

- distance from the operator to the real train the biggest

- long latencies

- disruptions in video transmission

Cognitive Workload

Results (2nd and 3rd User Test) 
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● MARS 

- 2nd user test: probably learning effect between the first run 
on the cab and the second run from the passenger area 
(participants mainly no train drivers)

- lower situational perception together with a higher 
workload on perceiving and understanding information:

- when no direct view from the cab is possible and the video is the only 
source of visual information 

- when video quality is not sufficient

- mental strain was also reported because of continuous 
and focussed visual attention to the tablet

- especially difficult to gain SA when train controlled from 
remote (control room) 

Situation Awareness (SA)

Results (2nd and 3rd User Test) 
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(the lower the rating, the higher the subjective quality of the SA content or the easier to 

either identify, understand or predict relevant information and decide on the next action)
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● Enlarge Video, Improve Colour Contrast:

- Idea: Allow for changing camera views

● Integrate status symbols of train controls

- Brake status

- Large Speedometer

● Include track side info

● Combine Tablet with haptic controllers 

- The idea of using a tablet was regarded well / not questioned

Design, Information, Interview Data

Results (from all tests)
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● ARTE project proved possibility of driving a 
train by tablet control - especially when 
personnel is still on board the train

● a mobile device including video and 
controls is a possible future solution

● improvements of the user interface and 
technical preconditions are necessary

● enhancement of video quality, a smooth control, 
and direct feedback

● sufficient mobile data or Wi-Fi coverage with low 
latencies is a mandatory requirement for low 
latency of feedback

● suitable additional feedback for using RTO in the 
control room (to enhance SA) should be 
investigated

Conclusion and Outlook
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