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Abstract—Blinky Blocks are cubic modular robots, which
communicate with their neighbors through their faces, and
change color using LEDs. We previously used sets of Blinky
Blocks to display images on the basis of one Blinky Block being
one pixel. In this paper, we build a multi-resolution screen
with modular robots. This screen benefits from its distributed
architecture: being able to work if some nodes fail, and being
completely customizable. We propose a hardware architecture
and related protocols to attach a 8×8 LED matrix to a Blinky
Block. The architecture allows us to build distributed multi-
resolution screens by mixing regular and enhanced Blinky Blocks.
We demonstrate the usage of our integrated screen through
experiments with continuously fed Blinky Blocks as well as an
autonomous scrolling.

I. INTRODUCTION

Personal computers and smartphones have become part of
our life, and they are now joined by connected objects forming
the internet of things (IoT). The integration of computing can
be pushed one step further by integrating it into inert objects
of everyday life using distributed intelligent micro-electro-
mechanical systems (DiMEMS) [3], [2]. Each DiMEMS,
called a module, would contain a processor, sensor(s), actu-
ator(s) and a mean of communication with its neighbors and
would fit in a very small individual volume of less than a
cubic millimeter. Each module taken in isolation would not
have a visible impact, but would prove useful when acting as
a set in a coordinated way. Each object containing modules
could then perform intelligent functions. With intelligent paint,
we could imagine switches placed on demand on the walls,
repositionable and reprogrammable, screens integrated directly
into objects, biometric sensors, etc. It would also be possible
to obtain expandable and segmentable electronics, or even
cuttable, with the same functionality but with a different
surface. We could imagine a computer working on a thin
support, which could be cut or “glued”.

For example, one can imagine an object that looks like a
tablet, running a single-player game. The tablet could be cut

in half to form two smaller tablets, which now allow two
players to continue the game together. Later, the modules
can be grouped back to form a longer screen better suited
to reading text. A number of obstacles need to be overcome
before such a goal can be achieved. In this article, we tackle
the multi-scale display based on a modular structure.

This paper presents a new complete hardware and software
architecture for including LED matrices on a set of Blinky
Blocks. Blinky Blocks are 4 cm-wide cubic shaped modular
robots. They can change color, and were already successfully
used to render pictures. We propose to add LED matrices
to some Blinky Blocks to improve the display quality and
provide a multi-resolution display mixing LED matrices on
top of Blinky Blocks, along with simple Blinky Blocks. In
[4], Dhoutaut et al. present a new hardware called XBlock
that adds an ESP8266 board on Blinky Blocks to provide
Wi-Fi communication capabilities to Blinky Blocks. In this
work, we improve XBlocks with a screen connected to the
ESP board. The newly created block is called D-XBlock for
eXtended Blinky Block with Display. The hardware design of
our solution is guided by the limited choice in the off-the-
shelf components we could use, and their compatibility with
Blinky Block’s form factor. Stemming from the hardware used
and the possible applications, new problems arise in terms of
data size and processing power. We propose algorithms and
protocols to address these problems. First, we present related
work in the field of modular and multi-resolution systems.
Second, we describe our contributions: a hardware and a
software architecture to integrate and to use the more precise
LED matrices in a Blinky Block network. Third, we describe
experiments with our system.

II. RELATED WORKS

Early developments of objects linking physical and vir-
tual worlds have occurred in the Tangible Bits project [7],
with many revolutionary technologies and in particular, the



(a) Example of a low-resolution
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Fig. 1: Low resolution image and communication protocol.

metaDESK prototype including the activeLENS, an arm-
mounted flat panel display interacting with a larger display.
Some years later, the same authors presented their vision of
Radical Atoms [6], which introduced Tangible User Interface,
i.e., a user interface integrating digital information in physical
space. At the same time appear the Sifteo mini-tablets [9],
which were a follow-up of the Siftable project. Sifteo can
exchange information through wireless communication and
were intended to be used as a tangible gaming platform.
The CubiMorph [12] has pushed further the idea of recon-
figurable and interactive displays. If the Tilt Display explores
the interactivity, CubiMorph, which is a chain-type modular
reconfigurable robot, is able to change shape. In the direction
of reconfigurable interactive displays, PickCell [5] is the most
advanced project so far, which however ended without produc-
ing a prototype embedding all the functionalities. A modular
smartphone project [13] envisioned a modular structure for a
computing device, but did not provide a real hardware. Wixi
[8] and the follow-up development [10] study the wireless
infrastructure needed for a modular display. To sum up, all
past projects have proposed visions or non-scalable prototypes.
They mainly focus on the interaction with the users, whereas
we aim to designing a scalable real device with a distributed
operating system.

III. CONTRIBUTION

This paper mainly deals with multi-level images and dedi-
cated distributed protocols to display and animate them over
potentially large ensembles of existing devices called Blinky
Blocks.

A Blinky Block is a complete system driven by an ARM
Cortex M0 microcontroller. It provides two RGB LEDs (both
displaying the same color), a buzzer, a microphone, an ac-
celerometer and 6 serial interfaces, one per side. Programs
are stored in and run from the microcontroller embedded flash
(128 kB available), with data stored into its RAM (32 kB). A
2D array of Blinky Blocks thus already can be used as a form
of display (cf. Fig. 1a), where each Blinky Block corresponds
to one pixel. Using basic Blinky Blocks to build a display
meets several limitations: The image’s definition is limited by

the number of available blocks and its resolution is limited by
their size.

Moreover, in previous work such as [11], a crude software
approach was used. A simple protocol was attributing coordi-
nates to each block relatively to a unique initiating block. Each
Blinky Block was also keeping a copy of the whole image. The
local color of a block was thus taken from the image depending
on its own coordinates. As Blinky Blocks have a very limited
memory (32 kB RAM) they cannot hold large images.

Integrating a display is not an easy task as a standard Blinky
Block cannot manage a led matrix directly. An intermediary
controller is required, along with dedicated communication
protocols between these two new components. Adding a
display means connecting the two systems (the Blinky Block’s
board and the LED matrix) via hardware and software.

The contribution of this new work is three-fold:
1) Transforming some Blinky Blocks into D-XBlocks by

adding a multi-pixels display covering their top face. The
matrix is managed by a pair of MY9221 LED drivers
coupled with a dedicated STM32F031 microcontroller.

2) Designing and implementing a communication protocol
between the ESP8266 and the STM32F031 MCU (over
an I2C bus).

3) Designing and implementing a communication protocol
that allows for distributed multi-resolution images and
animations of ensembles of blocks (using both serial and
wireless communications).

Note that it is not required that all blocks from an ensemble
are of the same variety. Typically, standard Blinky Blocks and
D-XBlocks can be mixed. Thanks to our distributed algorithm,
an image sent to the block array will be correctly displayed, the
new XBlocks will use their screens to display a more detailed
sub-section of the image corresponding to their position.

A. Hardware Addition

To better understand the extension of Blinky Blocks to D-
XBlocks, we first present the regular Blinky Block architecture
and system. We then describe the addition of ESP8266 micro-
controllers and LED matrices to a regular Blinky Block.

In addition to a description at the begiing of Sect. III, let’s
mention that a Blinky Block is physically a cube with a case
divided into two parts: the lower one, 1 cm high, and the
upper one, 3 cm high, enclosing the Blinky Block’s PCB. Holes
matching the PCB connector are located on each side, and
duplicated on top and bottom to ensure that a connection exists
with any rotation of Blinky Blocks. Connectors provide serial
wires (receive and transmit), as well as GND and +5V power
supply. Magnets on the sides and top/bottom faces provide
attachment between Blinky Blocks.

We have designed a two-layers software architecture with
30 kB for a bootloader, and 96 kB free for user defined
applications. The bootloader has a protocol to allow deploying
applications on a set of Blinky Blocks, potentially hundreds,
then run the application. An application is a full program,
i.e., it performs a new initialization of the Blinky Block when
started, and remaps its interrupts handler addresses onto the
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