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Exploring immersive learning in multi-
domain ground training
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XR-SPACE (XR Simulation and Presence at the Cloud Edge) results seminar
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- Exploring XR capability for challenging simulation and extreme control environments

- Immersive training & maintenance support for complex systems and platforms  

- Investigate novel human-machine interaction in XR environments

- Use cases: Civil aviation flight training, fighter pilot training, maritime maintenance

XR-SPACE
Introduction & 
background
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Introduction & background 

- Capability for challenging simulation and control environments

- Immersive training & maintenance support for complex systems and platforms, e.g. 

fighter jets and ships

- Exploring digital twin technology through latest XR technology: Varjo, Unreal Engine, 

OpenXR, SteamVR, UltraLeap

- Aim & possibilities: 

- Enhanced learning through increased repetition and immersion

- More training -> more efficient learning results

- Remote learning, multi-crew learning

- Procedural training visualization -> novel interaction

- More data to utilize – ie. digital learning history, tailored exercises

- Biometrics utilization -> monitor health data or cognitive load under stressful tasks

- Sustainability -> no need to be at the physical location
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Case 1: Commercial pilot training

- Aim: What is the impact of XR technology on traditional pilot training?

- Commercial pilot training on ground before moving on to full motion simulator training

- Off-loading full-motion simulators

- Test case: 

- Learning avionics such as MCDU (Multi-Function Control and Display Unit) and FCU 

(Flight Control Unit)

- Finnair Flight Academy, TAU, Metropolia

- Airbus A320 environment built in Unreal Engine 5 

- Varjo XR-3 + OpenXR

- Saab custom cockpit environment in UE 5.3. 

- HEL-ARN-HEL flight simulation
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Case 1: Commercial pilot training

Features 

• Virtual flight deck, Airbus A320 in Unreal Engine, SteamVR

- Taking off and landing animations 

• Video see-through using mask meshes 

- Utilizing Varjo markers in the positions of the real MCDU, FCU

• Hand tracking 

- Utilises digital twins of hands, tracked using UltraLeap

• Can toggle in real-time between partly-visual (VST) or be entirely virtual 

• Depth occlusion 

• Data logging

• Weather effects

• Eye-gaze data logging, Varjo XR-3
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Case 2: Military pilot training
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Case 3: Maritime maintenance training

General idea:

• Training on real devices can be expensive and challenging due to hardware 
complexity and availability 

• XR software acts as a virtual trainer for physical systems

• Like with real systems, virtual trainer creates muscle memory of executed operations

• Can act as an immersive introduction to a system

• Can be used for existing or future products not yet manufactured

• Succeeds in true-to-scale virtual models, materials, and media

Proof-of-concept:

• Aims to showcase the technology and its viability as a trainer system

• Future-proof, modular, and target system agnostic design for the core application

→Supports multiple target systems

• Created with as much hardware-ambiguity as reasonably possible, to accommodate 
for various target system environments
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Case 3: Maritime maintenance training
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Maritime maintenance training

• Modeled virtual tools according to real ones

• Learning results based on performance

• Task checklists based on operational manuals
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Key findings & Conclusion

• Commercial pilot training (Finnair, Saab, TAU & Metropolia):

- Pilot study participants reported tiredness after wearing the Varjo headset, dataset still gathered

- Eye-tracking data utilization (LHIPA study) -> learnings and knowledge from gaze analysis could be applied to other 

projects

- Procedural training with checklists could be applied in other projects

• General findings & learnings:

- Utilization of hand controllers -> better tracking for example for tools

- Button presses can be cumbersome in fully virtual environments, big FOV

- Prefer modular systems that can be scaled to other use-cases

- Keep user testing use-cases simple without introducing too many variables

• XR as a technology:

- Supports and enhances training – doesn’t always fully replace real training (ie. flight characteristics)

- Excels in training muscle memory and portraying systems in real size

- XR in defence is here to stay - compact devices leads to more potential use cases
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Thank you!

Juha Vuorenalho
Juha.vuorenalho@saabgroup.com


