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Abstract

2.5D shape display is a recent idea in the market that emerged as a platform
of interaction between a computer and human. 2.5D shape display is essentially
a grid like matrix consisting of actuators and pins moving up and down in
vertical motion to create pseudo 3D images. Focused as a visual display in some
applications and as a medium of input or output in others, this technology holds
a lot of potential to be explored in present and future applications since it is a
unique type of hardware that can actually show images in a real world. Recently,
many such platforms have been created by the use of di erent hardware solutions
and have found applications in gaming interface, physical tele-presence, dynamic
objects etc. Some research areas that can still be explored are applications for
the blind, building and object modelling etc.

With advances in applications, there is a need for hardware with higher res-
olution at lower cost. Also, being an interact-able display, safety and comfort
of the user is of utmost importance. This has been seen to be lacking in the
existing projects. In this thesis, we focus on designing a prototype for building
safe display with minimal cost. We then go on to understand safety and com-
fort for the chosen display prototype and design some safe actuation algorithms.
These are later evaluated using a combination of an experimental survey and
simulation to nd and propose a good solution for safe 2.5D shape displays.
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Chapter 1

Introduction

Shape perception is an important part of our everyday experience, and still the
idea of an interactive shape display remains a huge challenge. A hardware with
a perfect combination of actuation, safe tangibility and easy con guration can
become a revolutionizing interface. Such a hardware with rich perception can
be a great display for people with visual impairments. This can also create a
wide range of applications in virtual reality.

An ideal tactile interface is a human-machine interface that provide a physical
material which couples the digital world to the physical world. A simple example
is the computer mouse. As we move the mouse in the physical world, the pointer
in the screen traces the hand motion, thus creating a link between the two
worlds. Though there are many such interfaces developed, they are limited by
their physical attributes and leads to interfaces that cannot exactly represent
all the necessary information. A shape changing device tries to overcome this
setback by providing a platform which can change its shape, size, and orientation
thus bringing the digital interface into the physical world. One of the state-of-
the-art type of interface aimed for this is the 2.5D shape display. Consisting
of a grid like arrangement, 2.5D shape displays have equally spaced actuators
capable of vertical motion. These actuators when placed at di erent vertical
positions, create a semi 3-dimensional structure, thus giving it the name 2.5D
model. Figure 1.1 shows how these pin actuations will look like.

Research in the area of tactile shape changing devices have been growing over
the years. The majority of the research groups in this eld have been working
on the hardware interface, on how to make the actuators smaller to increase
the resolution [27],[9], how to make the actuators withstand the pressure while
not compromising on the resolution [19], interfacing the real world scenarios to
the hardware[15], [26], or development of advanced applications limited to the
currently available prototypes of the display[25]. There are very few researches
on the user experience side [8], where they are limited to how the texture feel
is provided or to develop haptic feedback systems. While all these are major
challenges in this eld, one of the most important aspect, the safety and comfort
of users has not been considered in most of the research scenarios that we came
across.

There have been multiple applications developed based on 2.5D shape dis-
plays. Some of these are physical tele-presence, city-scape design, geographical



(a) Pins at lowest position (b) Pins creating an image (c) Pins at highest position

Figure 1.1: 2.5D Shape display - Pin motion

modelling, gaming, creating physical forms, braille displays etc.[16], [25], [17].
Each of these are created on di erent display having di erent resolution. What
happens if we can increase the resolution further? When the resolution in-
creases, most of the applications mentioned can be ported to this one display.
This will create the application scenario with much better accuracy. In addi-
tion, it widens the scope by making it possible to create further applications
such as guidance system or virtual view for the visually impaired, high de nition
gaming interface etc.

As the resolution of the displays increased, we observed that the cost increased
as well. How can we design a cost-e cient display with a higher resolution?
Figure 1.2 shows a placement of these applications in a resolution vs price plot.
The red circle shows our area of focus for this thesis. Most of these applications
need a tangible aspect. To make it tangible during actuation, the safety and
comfort of the users needs to be considered. We need to ensure that the user
will not be injured or experience any form of physical pain or discomfort when
interacting with the display. With this as the base, the next session will explain
the problem statement of this thesis and its motivation behind the same.

1.1 Problem Statement

For a human being, the haptic sense is composed of two main aspects[21] : the
tactile sense and the kinesthetic sense. Tactile sense refers to the sense of touch
and kinesthetic sense refers to the sense of force or motion. With these being
the main two aspects of focus for any tactile interface, best user experience
can be achieved by improving these experiences. Higher the resolution, better
will be the tactile experience. Similarly, smoother transition will provide better
kinesthetic experience.

From the earliest of the researches in the eld of shape changing devices,
resolution was the biggest challenge for many years. Since the 1990s, multiple
researchers [27], [19], [9] have been devoted to create actuators with best res-
olutions possible. Some have been successful in their endeavors as well. But,
these had their own drawbacks in terms of cost, refresh rates, maximum stroke



Figure 1.2: Applications - Resolution vs price

lengths, stalling pressure etc. This leads us to think what can be good trade o
to ensure good resolution, without compromising much on the other areas.

It was seen that very few researches focus on the user experience, but tends
to be more inclined towards how the user feels with the e ect of resolution or
haptic response and much lesser on the safety aspect of their applications. But,
what can be deemed as a safe transition or what can be the best transition for
a given application instance? Though the shape changing technology eld has
matured in the recent years, these questions are not an area of focus in most of
the projects.

With these queries and objectives in mind, the following research objectives
were created.

1. How to build a 2.5D shape display with adequate trade-o
between resolution and cost?

2. What can be deemed as safety and comfort for a 2.5D
shape display? And how can this be achieved by better
controlling the actuation when creating 2.5D images?

The aforementioned objectives are coupled with the following challenges:

There is no de nite de nition of safe and comfortin 2.5D displays. So,
what is safe and comfortableneeds to be de ned and evaluated.

There is no standard method to evaluate the algorithms that we design
without an actual prototype at hand. This method of evaluation needs to
be formulated.



1.2 Solution Approach

To meet the research objectives, in this thesis we design a three part approach.
First, we will determine the hardware requirements and then design a 2.5D
shape display based on these requirements. For this, we study a set of existing
actuators, sensors and design structures to generate a design that satis es the
requirements.

Second, we de ne some safety and comfort guidelines for the chosen design.
For this purpose, we create a small prototype and by the method of survey from
few people, we conduct an initial study to understand the human interfacing
experience. Based on this result, we extend the study to create speci ¢ scenarios
that we replicate in the hardware. Some participants tested this experience to
generate asafety guidelinefor the chosen design.

Finally, based on the initial safety study, we create a few actuation algorithms
to control the movement of actuators. To understand its performance, we create
a simulator which mimics the working of a 2.5D display and implemented the
actuation algorithms in the simulator environment. Next, we evaluate these
algorithms to understand how they perform against various parameters such as
refresh rate, power e ciency and safety and comfort. We test this for static and
dynamic image creation scenarios to conclude whiclsafe actuation algorithms
are best based on di erent scenarios and needs.

1.3 Contributions

The main contributions of this thesis are as follows:

1. The choosing of appropriate parts for the prototype design and coming
up with a design to create a cost-e cient and high-resolution display.

2. De ning safety and comfort guidelines for the chosen design by prototyp-
ing, survey and analysis of the results.

3. Designing and implementation of di erent safe algorithms in a simulator
environment that can be directly ported to the actual hardware.

4. Evaluation of the implemented algorithms to ensure safety and perform-
ance as per the required application instance.

1.3.1 Changes due to covid-19

The initial plan of the thesis was to build the complete hardware and test the
safe actuation algorithms in the hardware. After the initial study phase, we
approached Eindhoven University of Technology to fund the project. They ap-
proved the funding and o ered to provide lab support to design and build the
hardware. But, due to covid-19 measures, the university had to be closed. Be-
cause of this, the prototype could not be built, and we had to create a simulator
setup that mimics the working of the 2.5D display which was used to test the
algorithms.



1.4 Report organization

The report is organized in the following manner: Chapter 2 provides a brief
description of 2.5D display and its related research. In Chapter 3, we study
and compare various hardware components of the display to create the required
design. Chapter 4 outlines the way a prototype of the design is created to study
the safety aspect, addressing the second research objective. It also discusses the
survey conducted and the results of the analysis to describe safety and comfort.
Based on the results of the survey, we design six safe actuation algorithms which
are discussed in chapter 5. Due to the unavailability of the hardware, we need
to create a simulator and evaluate the performance of the designed algorithms.
These are done in chapter 6. The conclusions of the research and possible future
works planned are presented in Chapter 7.
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