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ABSTRACT 
Commercially available development platforms for flexible 
displays are not designed for rapid prototyping. To create a 
deformable interface, one that uses a functional flexible 
display, designers must be familiar with embedded 
hardware systems and corresponding programming. We 
introduce Flexkit, a platform that allows designers to 
rapidly prototype deformable applications. With Flexkit, 
designers can rapidly prototype using a thin-film 
electrophoretic display, one that is “Plug and Play”. To 
demonstrate Flexkit’s ease-of-use, we present its 
application in PaperTab's design iteration as a case study. 
We further discuss how dithering can be used to increase 
the frame rate of electrophoretic displays from 1fps to 5fps. 
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INTRODUCTION 
As flexible display technology has matured, so has the 
design space of next-generation deformable interfaces [9]. 
Thin-film flexible displays have enabled new form factors, 
ones that are paper-like [12], twisted [7], and even shape 
morphing [10]. These interfaces more tightly couple the 
interplay between interaction and industrial design and 
present many new design challenges [6]. When a user picks 
PaperTab [12] or Morephee [10], will it flop too much? 
When they twist and contort the Kinetic [7], is it 
comfortable? Unlike before, designers must carefully 
consider thinness and elastic modulus, and how they relate 
to the user experience and usability of an interface.  

To further advance shaped-interface design then, it is 
important to reimagine how existing sensing techniques 
and machinery can be repurposed and specialized to design 
next generation interfaces [5,11,13]. Like architects or 

industrial designers, the designer of a deformable interface 
should be able to quickly sketch a design concept and 
dispose of it, before moving onto a more informed and 
refined prototype [2]. For a Morephee, iteration should 
move from a passive physical prop—a piece of taped 
cardboard perhaps—to an interactive sketch with a 
functioning and flexible electrophoretic display, one that 
they might even cut to form. This should happen all in one 
design session. 

To achieve this fluidity, flexible display technologies must 
be easier for a designer to use for interaction. Off-the-shelf 
electrophoretic display development platforms produce low 
frame rates (<1fps) and make it hard to create a design 
concept. Typically, a designer must first render an image 
and then manually load it onto the electrophoretic device’s 
SD card.  If a designer wishes to explore more than a 
‘PowerPoint’ prototype, they must have knowledge of 
embedded Linux systems, be familiar with electrophoretic 
drawing behavior, and be comfortable developing software 
in C. Each of these delays an idea’s conceptualization and 
dampens the usefulness of sketching and prototyping.  

With Flexkit (Fig. 1), we have repurposed Plastic Logic’s 
[8] off-the-shelf development kit so designers can better 
sketch and prototype with a “Plug and Play” electrophoretic 
display. By mirroring a laptop's screen on the 
electrophoretic display, its usage is much like connecting to 
a projector during a presentation.  

Concept & Implementation  
Flexkit consists of four components: a monochrome 
electrophoretic display with 27cm-diagonal [8], a laptop, a 
Freescale i.MX50 device [3], and a network link between 
the two. The link is implemented as TCP/IP over USB 
using the RNDIS/Gadget protocol. 

The laptop runs a .NET application that continuously 
captures its screen content and sends the bytes over the 

 
Figure 1. Flexkit mirrors a laptop’s display, making it easier 

to design and iterate with electrophoretic displays.  
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network link. The Freescale reconstitutes the image on the 
electrophoretic display, using a custom C application and 
Plastic Logic's SDK. This initial version of Flexkit ran at 1 
fps. 

A designer can now create a bendable interface using just 
their laptop; the electrophoretic display is a peripheral 
device. For example, a designer could tape a bend sensor to 
the back of the electrophoretic display and wire it to an 
Arduino that is plugged into the laptop. Interactions with 
the bend sensor could be quickly visualized in Processing. 
Since Flexkit mirrors the visualization directly (Fig. 1), the 
drawing to the electrophoretic display is automatic.  

CASE STUDY - PAPERTAB 
To validate Flexkit’s concept and system design, we briefly 
report on its use in PaperTab [12]. Early versions of 
PaperTab relied on dismantled hardware from Plastic 
Logic’s first eBook readers. The designers created 
predefined images and then loaded them on an SD card. 
They swapped between these images by sensing bend 
interactions using an Arduino and transmitting signals to 
the eBook's GPIO pins. The implementation was time 
consuming and when the designers refined the interaction 
techniques, they had to create and load new images. 
With Flexkit, PaperTab's interface software was simply 
mirrored on an E ink display. As PaperTab used multiple 
displays, we extended Flexkit's software to control many 
Freescale devices on a laptop (where each Freescale 
operates a different electrophoretic display), and to send a 
laptop’s GUI window to a specific electrophoretic display 
using a dropdown menu in Flexkit’s desktop app.  

ELECTROPHORETIC FOR INTERACTION 
The refresh latency of electrophoretic displays is a known 
bottleneck for interaction. To improve interaction, we 
propose the use of dithering [1] to increase the refresh rate 
of electrophoretic displays, an approach that increases 
Flexkit’s drawing from 1fps to 5 fps.  

Detailing this approach requires understanding how 
electrophoretic display differ from other types of displays 
(LCD, CRT, FOLED) and we refer the reader to [4] for a 
detailed discussion. There is a fundamental tradeoff in 
electrophoretic displays: higher quality drawing has richer 
gray levels and takes longer to draw, whereas faster 
drawing has more ghosting [4] and is limited to a 
monochrome palette. Ghosting is removed by flashing [4] 
and a designer sets its frequency in the Flexkit desktop 
application.    

The use of monochrome is the reason for Flexkit’s increase 
to 5 fps. As a monochrome palette is limited, we used 
dithering. Dithering uses quantization error to distribute the 
pixels in a palette and create the illusion of gray depth. 
Flexkit uses Bayer’s ordered dithering [1] as it is optimized 
for animation. The result is that the electrophoretic display 

refreshes at 5 fps gray levels, a suitable result for sketching 
and prototyping. 

CONCLUSION AND FUTURE WORK 
Flexkit makes it easier for designers to ideate with flexible 
displays. It also demonstrates the potential for 
electrophoretic displays to be further explored as an 
interactive display technology. In future, we will explore 
more advanced forms of dithering. 
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