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Why Touch-Immersive VR?  

With the advent of faster processing power, lower cost of electronics, and recent 
push for commercial head-mounted displays (Oculus, MS HoloLens, Google 
Magic Leap), virtual reality (VR) is becoming a reality and truly a formidable 
technological and market-driven force in revolutionizing the way we interact with 
machines and each other. In deed the VR industry is poised to explode from $5B 
in 2016 to over $150B by 2020.  

Haptics is a mechanical simulation technology that enables physical interaction 
with computer-generated objects in VR through active hand-held mechanisms, 
known as haptic devices.  Haptic systems are currently is use for collaborative 
training of surgeons, sonographers, or dentists or for gaming in a shared virtual 
environment. As haptic technology rapidly integrates with VR (MS NormalTouch 
and TextureTouch), its market is expected to expand at an impressive annual 
growth rate of 16% to $20B by 2022.  

What is the Problem? 

Haptic devices are prevalently made of DC motors, which are digitally controlled 
using motor angle measurement samples provided by analog-to-digital 
convertors. Due to the digitization process, haptic systems have severe limitations 
in the range of the virtual object dynamic properties they can render. For example 
in a surgical training setting, virtual bone tissue simulated and rendered to a 
surgeon user without oscillations is softer than what it should be. This results in a 
loss of realism for the surgeon operating in VR.  

In addition, to this date, most of the commercial simulators use simple linear 
damper-spring systems to implement their virtual objects. This limits the scope of 
the environments to homogenous non-deformable virtual objects. As a result, the 
interaction with objects such as liver tissue is not realistic at all!! 

Our Solution and Roadmap! 

We will develop hardware and software technologies to enable high-fidelity touch-immersive interaction within virtual 
reality (VR). Specifically, we plan to increase the range of implementable virtual environment dynamics through the 
following two projects: 

I. Project 1 (Mixed Analog and Digital): Analog systems avoid digitization and they are fast, however, they are 
often noisy and have sizable footprints. We will use analog and digital system to take advantage of the benefits.  

o Fuse analog electronics and computer-controlled digital systems for modeling deformable objects 

o We will also try to implement analog system on Field Programmable Analog Array (FPAA).   

 

This project may lead to the prototype of a novel haptic actuator. The candidate is expected to be experienced 
with circuit design. 

 

A pantograph haptic device 
in BioRobotics Research lab 

Haptic-based ultrasound simulator 
developed in BioRobotics Research 
Laboratory 
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II. Project 2 (Digital): In this project, we will focus on digital control techniques to increase the dynamic range and 
vary the type of the virtual environment. 

o Use optimization to find the best digital filter for the digital implementation of damper-spring systems 
with the largest dynamics range.  

o Implement deformable virtual objects, by approximating them with a network of basic damper-spring 
systems. 

 

The projects are independent and each can be accomplished by one 4+1 BSc/MSc student. The duration of the 
project/program is May 2017 (starting with summer NSERC USRA) to August 2019.  

In BioRobotics Research Lab, students have access to a large array of haptic devices, and can receive technical support 
from peers and PhD students.  In the past two 4+1 students have worked in the BioRobotics Research Lab. Interested 
candidates can be introduced to these two students. A tour of the research lab can also be arranged. 

Skill/Knowledge to be learnt during the Project: 

1- Knowledge in optimization for Project 2 (ELEC-273 or similar) 

2- Knowledge in linear control systems (ELEC-443) 

3- Knowledge in digital control systems (ELEC-444) 

4- Knowledge in signal processing (ELEC-421/422) 

5- Knowledge in haptics and robotics (ELEC-448/848) 

6- Work with real-time control systems (Quanser Quarc used in teaching labs) 

7- Writing technical papers and presenting at conferences 

 

Minimum GPA:  >85 
 

More Information and Research Lab Visit: khz@queensu.ca 
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