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ABSTRACT
This research investigates the design space of combining touch-
screens with passive rich-ID building block systems to support the
physical construction of contexts in touchscreen interactions. With
two proof-of-concept systems, RFIPillars and RFITiles, we explore
various schemes for using tangible inputs for context enrichment
in touchscreen interactions. Instead of incorporating an electronic
touchscreen module that requires per-module maintenance, this
work intentionally makes each tangible object passive. We explore
rear-projection solutions to integrate touchscreen interactions into
these passive building blocks with capacitive touch sensing tech-
niques and deliberate physical forgiving to retain themerits of being
both batteryless and wireless. The presented research artifacts em-
body the interaction designs and elucidate scalability challenges
in integrating touchscreen interactions into this emerging tangible
user interface.
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1 INTRODUCTION
Passive rich-ID building blocks [16], based on ultrahigh-frequency
radio-frequency identification (UHF RFID) sensing, were recently
proposed to support the interactive semantic construction of digital
information. These rich-ID building blocks support wireless ge-
ometry resolution by leveraging a paired magnetic contact switch
mechanism, which ensures a reliable low-ohmic connection and
physical alignments between the modified RFID tags such that the
(un)stacking events can be resolved from the concurrent presence
or absence of two tags. Thanks to the batteryless and wireless UHF
RFID tags, these rich-ID building blocks provide virtually unlimited
IDs without a battery or microcontroller, making deployment and
maintenance easier than for active building blocks when at scale.

Figure 1: Two conceptual systems that provide fluent transi-
tion between touchscreen and tangible interactionmodes on
passive rich-ID building blocks. (a) Constructive assemblies:
an expansible touchscreen made with rich-ID cubes, allow-
ing for a semantic screen construction by stacking them on
the base station; (b) Stackable touchscreen: a tile-like touch-
screen that recognizes transparent rich-ID cards stacked on
it and allows for touch interactions through the cards.
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Nonetheless, because these passive building blocks are not touch-
screens, they do not support touchscreen interactions, which are
often more effective and intuitive. Interacting with these building
blocks usually relies on only stacking operations; thus, the inputs
are discrete, gross-grained, and effortful. Furthermore, because the
building blocks do not provide a dynamic display, interaction with
them usually relies on an external screen, which makes the vi-
sual output indirect. Hence, a seamless integration of touchscreen
interactions that enables the performance of more fluent user expe-
riences on this emerging tangible user interface [18] is desired.

Simply adding an active touchscreen module to the surface of
each rich-ID block can be a straightforward yet effective solution,
as demonstrated in PickCells [10]. However, introducing power
electronics per unit increases hardware and maintenance costs,
burdening further system deployment. Therefore, we explore a
more challenging solution to the following research question: How
might touchscreen interactions be integrated into the building blocks
in a more scalable manner?

In this paper, we took a research-through-design [53] approach
to investigating a plausible design for touchscreen integration using
passive rich-ID building blocks.We realized two conceptual systems
(Figure 1) to embody touchscreen interactions on passive rich-ID
building blocks, either as constructive assemblies or as a stackable
touchscreen, through prototyping two proof-of-concept systems,
RFIPillars and RFITiles. With deliberate technical designs using
rear-projection and RFID-capacitive sensor fusion techniques, we
enabled a seamless and fluent transition between touch and tangible
interactions without adding power electronics to each block. We
constructed fantasy applications upon these prototypes to demon-
strate the interaction styles.

1.1 Constructive Assemblies: RFIPillars
The first system, RFIPillars (Figure 2), comprises cubes and stations.
A cube is a passive rich-ID building block augmented by a rear-
projection screen with an overlain transparent capacitive electrode
matrix; a station is an active unit in which a pico projector and a
signal processing unit are embedded. Through the lens and mirrors
built into the cubes, each station projects a dynamic visual display
for each cube stacked upon the station and processes the touch
input events from the cubes to enable touchscreen interactions.

Figure 2: (a,b) RFIPillars is an interactive building block sys-
tem that enabled occlusion-free touchscreen interactions on
rich-ID passive stackables by leveraging rear-projection. (c)
passive cube.

Defining the Touch Interaction Context through Semantic Stacking.
The cubes in RFIPillars are in a 3D form that provides rich possibility

and tangibility for interaction design [25], and they have a bezel-
less visual display that provides continuity. Therefore, the cubes
form an expandable touchscreen that allows users to define the
interaction context through semantic stacking.

Figure 3 depicts an advanced Tangible Minecraft game, which
was extended from a previous work [16]. We deployed a 1×2 grid
of stations as a playground and used several cubes to represent
four types of building blocks: grass, tree, rock, and chicken. The
user first stacks a tree on the grass and sees the tree root sink into
the grass yard. The tree block displays the weather through the
movement of clouds. Thereafter, the user places a stone next to the
tree and puts the chicken on the rock to see a chicken nest atop the
rock. The user then teases the chicken by touching the block and
sees the happy chicken lay eggs into the nest.

Figure 3: In Tangible Minecraft, the touch interaction con-
text is defined through semantic stacking operations.

Two-Dimensional Stacking Using Portable Stations. The cubes can
only be stacked in one dimension on each station, but the stations
can be stacked side by side to extend the stacking operations to the
second dimension.

Figure 4 portrays a Tangible Room Escape game. We deployed
three stations as the playground and three cubes representing dif-
ferent rooms: one with a gate and a upward-facing ladder, one with
a downward-facing ladder, and one with a wall splitting the room
into two compartments, where a treasure chest is in one of them.
The user stacks the rooms on the ground and touches the screen to
move the character to the desired location. The user merges two
stations to connect two rooms, allowing the character to walk into
another room. When there seems to be no way to obtain the chest,
the user finds a new route by swapping the two stations and stack-
ing them. Finally, the user builds a path downstairs by stacking a
room with a ladder down on another one with a ladder up and then
walks the character out the gate to escape.

These examples demonstrate seamless transition between the
modes of touchscreen and semantic stacking interaction. The users
use rich-ID building blocks to define the context and perform fine-
grained touch inputs on the focus. The building blocks afford se-
mantic constructions that make screen expansion meaningful. The
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Figure 4: In Tangible Room Escape, users solve a puzzle by
stacking the cubes in one direction, and stacking the stations
in another direction.

rear-projection and capacitive touch sensing support occlusion-free
touchscreen interactions.

1.2 Stackable Touchscreen: RFITiles
The second system,RFITiles(Figure 5), is an improvement of the
previous RFIDesk [15] system that is aimed at reducing the visual
parallax problem and providing higher-resolution touch interac-
tion. The RFITiles system comprises cards and tiles. Each card is
a thin-form passive rich-ID building block augmented by an over-
lain transparent capacitive electrode matrix. Tiles are tiled on a
rear-projection surface and connected to a signal processing unit.
The rear-projection interactive surface provides a dynamic visual
display for each card and tile stacked upon it, and the system pro-
cesses the touch input events from the capacitive electrode matrix
to enable touchscreen interactions through the cards and tiles.

Upgrading Modes Through Semantic Stacking.The cards are stacked
at the same location, allowing for the upgrading of the modes ac-
cording to the cards used in the semantic stacking. Figures 5 and 6
are images of an improved tangible version of a grid-based tower
defense game, Plants vs. Zombies1, that has been implemented
in RFIDesk [15]. In the game, users can deploy, upgrade, and com-
bine weapons and defenses by stacking the ID cards at the grid
position and can still perform touch inputs to trigger events. For
instance, the user can upgrade a weapon by stacking the same cards
or fuse di�erent weapons by stacking di�erent ID cards. Notably,
the rich-ID stackables proposed in this work provide better visual
experiences and higher touch input resolution than does the previ-
ous implementation, which was disadvantaged by notable visual
parallax and tag antenna occlusions.

Rich Touch Interactions through the Stack.Input methods may
vary between input modes. Figure 7 demonstrates the greater vari-
ety of touch interactions in a cooking game that were made possible
by stackables. The user can stack the passive cards to bring mate-
rials into the game. The user can stack the passive cards to bring

1https://www.ea.com/studios/popcap/plants-vs-zombies

Figure 5: (a) RFITiles is a tile-like touchscreen that support
touch inputs through a stack of rich-ID cards on the tiles.
(b) The card implementation in RFITiles provides better vi-
sual experiences and higher touch input resolution than do
(c) the block implementation in the previous RFIDesk sys-
tem [15].

Figure 6: In Tangible Tower Defense, the user incrementally
updates the mode of touch inputs at the same location by
stacking rich-ID cards. The order and combination of the
stacked cards enrich the context.

the materials onto the production line and then modify their pa-
rameters (e.g., quantity, frequency, and amplitude) through direct
touch inputs, which allow the user to complete these tasks more
e�ciently. For instance, instead of stacking three tomato cards, the
user can achieve the same result by calling out a numpad with a
double-click gesture and then typing the number (Figure 7c and 7d).
The tap and swipe operations also make the discrete interactions
more engaging (Figure 7e) and �uent (Figure 7f). More importantly,
these touch inputs are volatile. Thus, they do not occupy the stack,
and users can fully utilize the rich-ID stackables for semantic con-
struction. Users can bring a stack of a sorted list of materials to
the stage and perform the operation in a batch, as in the tangible
programming example demonstrated in RFIBricks [16].




	Abstract
	1 Introduction
	1.1 Constructive Assemblies: RFIPillars
	1.2 Stackable Touchscreen: RFITiles
	1.3 Summary and Contributions

	2 Related Work
	2.1 Tangible User Interfaces With Stackables
	2.2 Reconfigurable Displays
	2.3 Sensing Touch on Interactive Surfaces
	2.4 Transparent Tangibles on Screen

	3 RFIPillars
	3.1 Design and Implementation
	3.2 Technical Evaluation
	3.3 Summary

	4 RFITiles
	4.1 Design and Implementation
	4.2 Technical Evaluation
	4.3 Summary

	5 Discussion
	5.1 Rethinking Scalability
	5.2 Generalization and Preliminary Results

	6 Conclusion
	Acknowledgments
	References

