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Introduction

We have developed a low-cost 

multimodal Virtual Environment (VE) 

system for engineering design tasks. 

We will show how a small number of 

wearable tactors can improve the 

suitability of a multimodal VE for 

engineering design. 

VE in design process

VEs are becoming increasingly integrated into 

engineering design processes, due to their 

ability to: reduce the costs associated with 

physical prototypes, explore design issues 

earlier in the development process, and 

investigate a greater number of design 

iterations within a given time period [1] (Refer 

Figure 1). However, to be useful, the spaces 

in the VEs must be perceived accurately; it is 

well reported in the scientific literature that 

depth perception in virtual reality is inaccurate 

[2]. There are however ways to improve the 

accuracy of distance judgements, including: 

sensory realism by adding additional modality 

like uses of shadow, lighting and scale 

reference and interaction fidelity (action 

realism) which depends on the sensors’ 

accuracy, avatar design, collision design and 

kinematic realism [3]. Additionally, feedback 

improves distance judgement by 

acknowledging task completion, e.g.: via 

haptic or physical information [4]. 

Our poster and demo present a multimodal 

VE for engineering design. It uses a Head 

Mounted Display with haptic feedback (Figure 

1), and a game-based VE. Our collision 

detection includes: handling of complex 

surfaces or collections of objects, real-time 

performance, and rigid body simulation that 

tells the exact time and position for collision. It 

also offers real time avatar rescaling, so that 

engineers can experience a design from the 

perspective of different-sized users. Our on-

going work aims to explore the task 

advantages (accuracy, error, time) achieved 

by the addition of haptic feedback in 

engineering tasks (Refer Figure 5).

Figure 1.  VE in design process

Matching real world and VE 

object
For a VE to match a real world physical scale, 

positioning and orientation, the system needs: 

• To calibrate the physical and virtual position

• Correction to LM sensor errors outside the 

centre of its useful workspace

• Rescale and reposition of VE objects to 

match HMD capability in reproducing the 

physical scene.

• An accurate collider system that does not 

deform or displace during interaction with 

complex shape

• A full body kinematic sensor for adjusting 

the limb position and orientation and to fit 

the user size correctly in the VE.

Handling complex collision

Skin-mesh based collider is based on the 

normalized lines generated at the centre of 

the vertices' triangulated mesh.  (Refer Figure 

2).

Figure 3. Resizable avatar

Resize avatar and collider

The normalized rays is checking for Unity’s 

onCollisionEnter and onCollisionExit to 

identify the collision event. These rays will 

match the changes to avatar’s size. Refer 

Figure 3)

Figure 4. vertices-level collision tracking and 

highlight

Vertices-level collision tracking

The normalized rays can highlight the active 

interaction region on the target complex 

object. This is particularly useful for collision 

tracking, examining specific region and 

accurate representation of interaction space 

(Refer Figure 4).
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Haptic feedback
The system is based on Arduino Mega with 

Firmata code, which is then controlled by a 

Python codes that generate vibrations during 

a collision. (Refer Figure 6).

Figure 5. Haptic-feedback on the wrist with LM 

and VE.

Figure 6. Python interface for producing the 

Haptic feedback

Figure 2. Normalized rays as Skin-mesh 

based collider


