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Figure 1: Six example shapes of a BEXHI prototype: a tablet that can be expanded and bent in 2 dimensions.

ABSTRACT
In this paper, we present BEXHI, a new mechanical structure
for prototyping expandable and bendable handheld devices.
Many research projects have pushed bendable surfaces from
prototypes to commercially viable devices. In the meantime,
expandable devices have become a topic of interest letting one
foresee that such devices are on the horizon. With BEXHI,
we provide a structure to explore the combined capabilities
of these devices. The structure consists of multiple inter-
weaved units allowing non-porous expandable surfaces to
bend. Through an instanciation, we illustrate and discuss
that the BEXHI structure allows for the exploration of the
combination of both bend and expansion interaction spaces.
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INTRODUCTION
From mobile phones to tablets, we now use interactive surfaces
on a daily basis empowering us to complete many of our tasks.
The current evolution of our lifestyle will, arguably, have the
tendency to reinforce our nomadic usage of devices. To im-
prove the interaction bandwidth of our devices, researchers
are seeking to break the expressiveness1 barrier. One way of
doing so is to make our devices more ‘organic’, through Shape

1Expressiveness refers to the number of modalities used to transmit
the input vocabulary. The greater the number, the more expressive
the device.
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Changing Interfaces (SCI) [2]. Organic User Interfaces (OUI)
[23] are SCIs in which the display is an input, that changes its
shape through manual/automated deformations, enriching the
interaction vocabulary.
There are many directions explored from screen(s) reconfigu-
ration, such as Cubimorph [17] or Doppio [19], to bendable
screens, such as Codex [8] or FoldMe [9]. The latter category
even starts to be commercially viable, for instance with the
Huawei Mate X and the Samsung Galaxy Fold. The technol-
ogy is catching up with research concepts, and fully bendable
screens are on the horizon. Concurrently, new features are
studied, such as expansion. Expandable surfaces, such as
Xpaaand [10] or EXHI-Bit [12], aim at dynamically changing
their form factor by modifying the area of the screen real-
estate. It is important to note that both the expansion and
bending features are orthogonal (ie. they can be combined),
and increase surfaces expressiveness. These surfaces are al-
ready studied through user elicitation studies based on videos,
highlighting a need for physical tools [13].

In this paper we use these observations as a premise, and aim
to provide the research community with a mechanical structure
for exploring devices that combine expansion and bending. We
propose BEXHI: an upgraded version of EXHI-Bit. We pro-
vide a thorough description of the BEXHI structure, as well
as an instantiation of it (a bendable and expandable tablet). We
also provide all the digital material needed to build and easily
replicate such a device. Finally, we discuss the possibilities
enabled by BEXHI through possible applications.

RELATED WORK
Deformable surfaces is a well known topic in the shape chang-
ing interfaces literature. It has been tackled through different
angles, whether through the deformation of a surface casing
(eg. [14]) or of its screen. This section is an overview of works
focusing on deformable screens through bending and expan-
sion only. Due to their nature, ie. bending along predefined
axis, we do not consider folding.

https://doi.org/10.1145/3343055.3359703
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https://www.samsung.com/global/galaxy/galaxy-fold/


Figure 2: Plexiglas Interweaving layers: EXHI-Bit (left) vs BEXHI
(right). BEXHI �ngers are printed, in TPU 95A, making them �exible.

Bendable screens, of which Gummi [18] is one of the �rsts,
can be deformed along an in�nite amount of axes. In some
cases, like HoloFlex [6], all the axes are parallel, along one
edge. This type of device was studied by Ahmaniemiet al.
who investigated which kind of control should these bend-
ing gestures be used for [1]. In other researches, multiple
bends can be performed simultaneously along any axis of the
device [20]. Even though the screen itself is not bendable,
FlexCase provides several examples of how these bending ges-
tures could be used as inputs (eg. map navigation, gaming, ...)
[15]. Similar to [1], Girouardet al. investigated one-handed
bend gestures and emit recommendations on which gestures
to prefer and use [3].

About expansion, a thorough survey can be found in [12],
which also presents EXHI-Bit, the recent work we built on.

Due to the current lack of prototyping structures, combination
of both bending and expansion has not been explicitly explored
yet. As precursors, we can consider the 3 following works.
PaperFold is a prototype device using detachable screens that
cannot only be connected or broken apart to modify the screen
footprint, but also dynamically folded along their bezels [5].
DisplayStacks are fully bendable screens whose screens can
be stacked or slid over [4]. They are used to contextualize
views on documents, as well as expand the view port in one
dimension. Similarly, PaperTab [22] is a tablet composed of
multiple bendable touchscreens. However, a mechanical struc-
ture for allowing both bending and expansion in a integrated
way was still missing.

BEXHI
For creating BEXHI,ie. integrating bending into EXHI-Bit,
both the interweaving mechanism and the covering system
were redesigned. These aspects are presented in the following,
after a short description of EXHI-Bit. Figure 5 resumes the
difference between an EXHI-Bit unit and a BEXHI one.

Starting point: EXHI-Bit
EXHI-Bit is an aggregation of identical elementary units. Each
unit is mechanically connected up to 4 other units, and can
slide away from the others. A unit is a sandwich of plexiglas
layers, topped by a paper tile. Two of these layers, called
interweaving layers (Figure 2left), ensure connection with
the neighbours (see Figure 5 in [12]). The paper tile ensures
the non-porosity [16] of the complete surface. An external
projector and a tracking system are used to display digital
content.
Considering bending interaction, an EXHI-Bit surface has not
enough �exibility. Plexiglas is too brittle, and the paper tiles
do not stick the surface when bent.

Figure 3: a: EXHI-Bit tiles (simple paper squares) lift away from the
surface when it is bent.b,c: BEXHI tiles (with magnets) allow bending
in both directions without lifting.

BEXHI Interweaving Mechanism
Starting from the layering principle of EXHI-Bit units, we
propose to keep the main core of a unit rigid, and to support
bending through the�ngers of the interweaving layers only.

We �rst tested to laser cut bending-cut patterns on each �nger,
but after testing and due to the short nature of the �ngers, plexi-
glas was still too brittle to support marked bending movements.
Moreover, when bent, such �ngers do not slide smoothly into
the neighbor units. We then looked for another material, and
in order to keep the sliding properties between the units, we
opted to change the material for the �ngers only. We kept
using plexiglas for the central part. In BEXHI, the �ngers
are 3D printed with �exible plastic (TPU 95A), and locked in
force into the central part using notches that maintain them in
place (Figure 2). Two neighbouring units can be easily bent
beyond 90 degrees, and the TPU 95A plastic is strong enough
to endure bending stress2.

BEXHI Covering Mechanism
EXHI-Bit paper tiles are not adapted to bendable surfaces,
especially when bending up,ie. screen center moving towards
the user. First, as shown in Figure 3a, the un-pasted parts
of the tiles lift away from the surface, breaking the surface
continuity. Next, due to the extra length implied by a curved
junction between two tiles, the size of the interstice can be
larger than the size of one unit. To keep the non-porosity
property, the tiles should then be larger than two units, creating
interferences with their neighbouring tiles.

Two questions have then to be answered : (1) How to make
the tiles stick to the surface while it is bent, and (2) how to
make larger tiles while avoiding collisions ?

Keeping tiles pasted on the surface
We �rst tried fabric. However, as in [12], we were left with
rigidity issues: it wrinkled when bending down (screen cen-
ter going away from the user) and tessellated when bending
up. We then came back to paper, which already have good
intrinsic bending properties, and opted to improve the �xing
principles by using a magnets. Tiles in silicon or �exible plas-
tic could work as well, however depending on the tracking
system used, re�exion properties of these material might cause
interferences.

We �rst added a thin metallic layer atop each unit, under the
paper tile (Figure 5). Next, we placed magnets under the
corner opposite to the one �xing the tiles to their unit (Figures
5 and 4). The metallic layer allows tiles, augmented with
2https://ultimaker.com/en/resources/49917-tpu-95a
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