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Abstract 
 
Inspired by adaptive possibilities of agents in 
multi-agents system, we have developed the new 
concept of modular artefacts using intelligent 
building blocks (I-BLOCKS) [2]. This paper 
describes early a scientific research related to 
technical design, inheritable development and 
evaluation of a concept of neighborhood 
information awareness among I-BLOCKS 
allowing users to develop modular systems.  The 
processing technology presented in this paper is 
embedded inside each DUPLO brick by housing 
microprocessor as well as adding selected 
sensors and actuators. Behavior of an I-
BLOCKS modular structure is defined by the 
internally processing functionary of each I-Block 
in such structure and communication capacities 
between I-BLOCKS. Users of the I-BLOCKS 
system can do “programming by building” and 
thereby create specific functionalities of a 
modular structure of artefacts without the need to 
learn and use traditional programming language. 
From approaching different fields e.g. modular 
robotic system, pervasive & ubiquitous 
computing, etc, I-BLOCKS may have potential 
possibilities to apply for many distributed 
modular systems. To illustrate these possibilities, 
the paper presents different scenarios in which 
modular artefacts have been used to set-up: 
information awareness of modular robotic 
system, exploration of behavior among mobile 
robot group, localization of a moveable artefact 
and reconfigurable context awareness. The paper 
reports briefly about earlier experiments of I-
BLOCKS in different research fields, allowing 
users to construct distributed systems by using 
modular artefacts. 
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Introdution 
 
Modular Artefact is a key issue of appliances in 
interaction between modules of distributed 
system.  In the artefact research published, a lot 
of problems are involved in the development of 
agents based technologies embedded in different 
majors. In this paper we describe an innovative 
multi-agent environment consisting of intelligent 
building blocks explored by a variety of agents 
ranging from modular robotic system, pervasive 
and ubiquitous computing, distributed control, 
etc… An essential characteristic in our work is 
that intelligent building blocks as an agent needs 
to be centered on the individual while behaviors 
of building blocks structure as agents system is 
based on adaptive interaction of building blocks 
in such system. The building block has 
capabilities in order to share its functionality and 
it is enable to interact and work together all well 
as their environment. 
By implementing a series of experiments we 
discuss the embedded agents model embodied by 
modular system of I-BLOCKS, explaining how 
building block as an agent enables 
communication, interaction and cooperative 
operation between sets of different building 
blocks 
 
Intelligent Building Blocks  
 
We have developed a series of intelligent 
building blocks [2] in the first generation Each I-
BLOCKS contains itself internal processing and 
communication capacities. In our 
implementation electronic control board is 
housed inside LEGO DUPLO bricks, which 
contains a PIC16F1876 28-pin 8 bit CMOS 
Flash microcontroller for processing. Each I-
Block provides capacity of bi-directional serial 
communication via 4 physical connectors, two 
male connectors on the top two female ones on 
the bottom. Energy power from a battery 
building block is supported via connectors in the 
top-part of bricks, where the connectors have 



been distributed to 8 studs and in the bottom-part 
at 4 corners of bricks. 
 

 
 

Figure 1: A CPU building blocks 
 

When building blocks are physically connected 
together in order for a physical construction, they 
can communicate with each other over 
connection(s) of half-duplex communication. In 
the sending building block, data are sent via at 
least one of two connections while receiving 
building block is received by attached 
connection(s). In typical setup, each building 
block will receive input from neighbours on its 
communication channels, processing this input 
data, and then sending the output data to 
communication channels as output. A 
construction of such building blocks will have 
specific functionality defined by the physical 
construction, input of each building block, 
internally processing of the individual one, and 
communication scheme. If input, processing, and 
communication are predefined, the user of such a 
system can decide the functionality of the system 
by manipulating the physical structure.  
In order to make a I-BLOCKS interact with other 
I-BLOCKS or inhabited environment, we have 
developed a lot of different types of I-BLOCKS 
that all have the same building technology of 
processing and communication capacities but 
numerous number of them are extended with the 
addition of sensor as input building block and 
actuator as output building block in the first 
generation. Input building blocks include 
standard building blocks obtaining LDR sensor, 
microphone, potentiometer, switches while 
output building blocks include standard building 
blocks with servo motor, DC motor, LEDs, 
sound generator, etc. 
To evolve inter-interaction between building 
blocks or interaction of bricks in inhabited 
environment, the second generation of building 

blocks including multi-infrared (M-IR) sensors, 
ultrasound (US), radio frequency (RF), 
accelerometer (ACC) have been developed. The 
development arises much more capabilities of 
interactive communication between 
neighborhood structure of building blocks 
therefore such structures are now able to 
communicate via not only physical connection of 
maximum of 2 building blocks on the top and the 
bottom is connected together but also by using 
wireless communication among many of 
building blocks as well as structures of building 
blocks (e.g. up to 128 wireless channels if RF 
building blocks are used). 
In the first generation of I-BLOCKS, basically 
different kinds of processing in the I-BLOCKS 
such as making the I-BLOCKS become 
arithmetic blocks, behaviour blocks, neural 
blocks were implemented. However the I-
BLOCKS of the first generation was limited in 
specific research field because of their 
communication capacities as well as functionary 
possibilities of building blocks that are able to 
interact with human beings and used 
environment. In order to extend variety of 
application of I-BLOCKS in different fields that 
one can impressed from multi-agent system, 
pervasive and ubiquitous computing, complex 
system, etc…the second generation has been 
developed to partly fill up.  
 
Modular Robotic System 
 
A paradigm of modular robotic system is a 
distributed control system in which each module 
is self-processing for coordinated behavior. In 
such system, coordination between sensing and 
actuation are major factors for setting-up. The 
importance of a modular robotic system is 
emphasized on distributed control of each 
module and interacting capabilities between 
them in order for reconfigurable possibilities. 
However, to control such interaction, input data 
from sensing technique becomes the most 
important. In this experiment we implemented 
multi-infrared building blocks using sensor 
fusion of multiple infrared transceivers allowing 
neighborhood awareness to possibly 
communicate and register the position and 
orientation of neighboring I-BLOCKS.  
 
We made an implementation of modular artifacts 
using cheap sensing technology for being aware 
of information between neighbours. In the first 
version, 4 infrared transceivers are located at 4 
sides of the square standard building blocks and 



controlled by the microcontroller. Each infrared 
transceiver is added a local identification (ID) 
depended on where it located and each M-IR 
building block is programmed a global ID in 
modular system. Base on such design of I-
BLOCKS each building blocks in a modular 
robotic system can be automatically aware of 
information of communicating orientation of 
other modules. By changing infrared electronic 
techniques, positioning awareness between 
multi-infrared building blocks can be involved 
by measuring distance of the couple of infrared 
sensors that are communicating.  
 

  
 
Figure 2: A model of modular robotic system 
housed in LEGO DUPLO is implemented.  Two 
multi-infrared building blocks containing 4 
infrared sensors located at 4 sides of LEGO 
bricks, controlled by a PIC16F876 
microprocessor.  
 
Each multi-infrared building blocks have been 
designed upon using standard building blocks, it 
is therefore able to communicate with other I-
BLOCKS via physical connections as such a 
module.  For potential thought of global 
interaction of distributed system one can 
assemble a RF building blocks to each M-IR 
building blocks in which RF building blocks are 
acting as global communication units. 
In the future we will be able to develop the 
second version of M-IR building block that can 
use a different share and material, e.g. octagonal 
blocks, in which each side is added a couple of 
IR transceiver. Such a module will raise 
reconfigurable possibilities of a modular robotic 
system with distributed controllers. 
 
Group Behavior of Mobile Robots 
 
Exploration of behavior of mobile robots is 
traditional research but a focus of group behavior 

of mobile robots constructed from reassemble 
intelligent artifacts is rarely interested in. We 
developed an experiment of mobile robots, 
which can be assembled from specialized I-
BLOCKS in order to explore group interactive 
behavior. In this application a robot (named as 
CR-ROBOT) is configured from modular 
components that include sonar ranging finder, 
radio frequency communication, motor driver, 
accelerometer, all of which are controlled by a 
PIC16F876 microprocessor.  
 

 
 
Figure 3: CD-ROBOT designed in LEGO 
standard, including modular components and 
open slots. 
 
The power supply is inter-connected by 9V 
batteries. The robot constructed is basically 
designed in LEGO standard, e.g. wheel motor, 
LEGO DUPLO base that can physically connect 
to any I-BLOCKS in order to communicate. 
There are a lot of open slots that can be used to 
measure signals and connect extra modular 
components.  
Further, we assembled two LEGO cars by using 
LEGO materials and I-BLOCKS. Each LEGO 
car is configured by at least a radio frequency 
and two motor, a power supply building blocks 
but they can be attached other building blocks 
obtaining different functionalities. 
We first experimented possibility of 
automatically tracking a way between corridors 
using sonar characteristic of measuring distance. 
Based on the design two ultrasound range finders 
symmetrically attached controlling board at 30 or 
60 degrees with forward direction of the robot 
will real-time measure the two distances from 
robot to corridors. The measured results are 
transferred to CPU building block at two 
different ports. The results are compared by 
processing in PIC and then sent to two LEGO 
motor building blocks in order to control speeds 



of motors. Thereafter speeds of two LEGO 
motors are controlled by rules: the robot turns 
right if the left measured distance is shorter than 
right one, and vice versa. To be able to easily 
change speed of motor, we divided the measured 
result into 10 grades corresponding to 10 
controlling grades of motors. The controlling 
information is stored in a data package that is 
encoded to transfer to the other LEGO cars by 
using radio frequency technology as global 
communication system. In the experiment, CD-
ROBOT behaves autonomously in interactive 
relationship with the environment as a master 
and LEGO cars work as slaves. However, any 
robot may become a master and the others is 
slaves by using “programming by building”. 
 

  
 

Figure 4: Group of mobile robots 
 
 
Modular Location System 
 
Many localization applications of people or 
movable objects have been essentially enhanced 
in the world. Most of them use ultrasonic system 
cooperating with other communication 
technologies [5], [6], [11]. Ultrasonic location 
systems commonly use the measured 
propagation delay, or time of flight, of signal 
between ultrasound transmitters and receivers to 
perform positioning. The propagation delay is 
related to the physical distance between the 
transceiver and receiver by the speed of sound 
traveling in air. A number of propagation delays 
are collected between fixed transceivers or 
receiver units with an unknown location. By 
using algorithms based on the principles of 
trilateration/multilateration, the location of the 
movable unit can be found. Either ultrasonic 
transmitters are placed at known locations in the 
in door environment and receivers are worn by 
people or affixed to objects to be tracked, or vice 

versa. Such system is normally big, complex, 
unreconfigurable and fixed because of 
unification of components.  
In this section we, however, developed an indoor 
location system that is configured by different 
building blocks with self-processing, 
communication capabilities. A communicating 
unit is physically constructed by assembly of an 
ultrasound, a radio frequency, a display and a 
power supply building blocks. In such system, 
ultrasonic building blocks obtaining both of 
transmitter and receiver are employed to 
calculate a transmitter-to-receiver distance by 
estimating of the signal’s propagation speed 
while radio frequency building blocks is utilized 
to generate synchronous pulse for distance 
measurement. The measured distance may be 
displayed on LCD screen of display building 
blocks. In order to perform multilateration 
algorithm, at least 3 communicating units are 
needed to be fixed at the identified coordinate 
but we located 4 ones at corners of the identified 
square. This setup increases the operating range 
of the system, to compensate for occasion when 
one signal is lost and 4 times accuracy of 
distance calculation (by average value of 4 
sequentially different trilateration 
measurements).  
 

 
 
Figure 5: Communicating units of ultrasonic, 
radio frequency, display and power supply 
building blocks 
 
Because of combination of both transmitter and 
receiver in the ultrasonic building block, the 
system we set up is operating at two modes: 
Mode 1: Fixed receivers receiving 
simultaneously cooperating with mobile 
transmitters; or Mode 2: Fixed transmitters 
sending signal to mobile receiver at different 
time slots assigned. In this system each data 
packet sent out or received by such unit has to be 



encoded ID number that is own number of such 
unit.  

2 2( ) ( ) (i i id X x Y y Z z= − + − + − 2)i

i

   (1) 
 
We experimented with Mode 1 instead of mode 
2 because of practical simpleness and fast 
measuring speed. Formula 1 shows 
multilateration algorithm of a set of the 
transmitter-to-receiver distances, used for this 
experiment, where a roaming transmitter’s 
location (X, Y, Z) can be related to the distance 

 to a given receiver i, and the receiver’ 

surveyed 3D location (
id

, ,i ix y z ). For executing 
this location awareness, a radio synchronization 
pulse from the RF building block of the mobile 
unit is broadcasted simultaneously to all of 
ceiling fixed receivers in order to synchronize 
such system. After receiving the synchronous 
signal from mobile unit, the RF building blocks 
are transferring command pulses to US building 
blocks in order to start sending an ultrasound 
signal while RF building blocks at all of 
receivers generate a pulse to start timers 
synchronously. The speed of radio is 
approximately equal to light traveling so all of 
communicating units are treated as operating 
synchronously. Receivers will collect a set of 
transmitter-to-receiver distances and then 
transfer such results directly to mobile unit. The 
mobile unit will use the multilateration 
algorithm and such result to compute an estimate 
of its position. The position may be not only 
presented on display building block but also sent 
to PC for real-time simulation via serial 
communication port by using wire/wireless 
communication technology. In addition, we 
planned to real-time simulate position of mobile 
unit on graphical interface in the future.  
 
Modular Context Awareness  
 
Beyond location awareness, we implemented a 
context awareness system established by 
intelligent building blocks. In inhabited 
environment, we actually wish that the most of 
computing technologies could be disappear but 
such a disappearance that is only a fundamental 
consequence not of technology, but of human 
psychology [12]. By using “programming by 
building” we constructed pervasive & ubiquitous 
computing appliances that make users free to use 
them without thinking and so to focus beyond 
them on new goals.  

 
An open concept of context aware is developed 
through implementing dynamic distributed 
structures assembled from a different various 
numbers of sensors and actuators building 
blocks. As numerous number of context 
awareness system issued, sensing technologies is 
applied to construct these dynamic structures e.g. 
LDR sensors, microphones, touch sensor, IR 
sensor, sonar sensor, accelerometer sensor, etc… 
that may be used to capture data. All of different 
kinds of sensors are embedded in artifacts that 
have capabilities of self-processing and inter-
communication in order to make multi-sensor 
integration that is contribution of a sensor or 
group of sensor to perception of a given context. 
With specialized specification of integrating the 
number of predefined building blocks the 
dynamic structure is completely capabilities of 
situational interaction with their environment 
and humans.  
 

  
 
Figure 6: Two dynamic structures of the modular 
distributed system. 
 
The traditional concept of the human-computer 
interaction is explicit, such as command-line 
interfaces, graphical user interfaces, speed 
interfaces, etc… that user instruct the computer 
to do. This concept contrasts completely with the 
vision of invisible and disappearing computing 
system that we evolved. But it is further than 
traditional context awareness system because the 
context information of different situations is 
implied through behaviors of the structures by 
adding actuation technologies. Furthermore, the 
property of the new context awareness system 
can be assembled/reassembled by different 
building blocks as modules. 
Besides, we developed a small game with 
playing LEGO car to improve the concept of 
computing implicitness. In this experiment, the 



LEGO car is controlled by a modular structure of 
building blocks, which obtain battery building 
block, two LEGO motor building blocks and 
radio frequency and accelerometer building 
block. A user can control behavior of LEGO car 
by shaking remote accelerometer building blocks 
where data of motion and acceleration generated 
by user is transferred via radio waves controller 
(RF building block) of the car. Obviously, 
computing is completely invisible and 
disappearing in user’s perspective in the 
situation.  
 

 
 
Figure 7: LEGO car remotely controlled by user. 
 
In the framework of building blocks many main 
characteristics of context awareness in pervasive 
& ubiquitous computing field are to be 
manifested, for examples: autonomous 
awareness: automatically capturing situational 
data of their environment or users, context 
sharing: communicating between building 
blocks, or context use: using captured data to 
emerge functionality of such building blocks 
structure.  
 
Discussion and Conclusion 
 
In this paper, we present the varieties of 
experiments related different research field. In 
different approaches, adaptive relation between 
building blocks is appropriative to adaptive 
interaction of agents in the multi-agents system. 
But, all of such experiments have been involved 
from intelligent building blocks by using 
“programming by building”. Based on 
substantial experiences gained, traditional 
concepts used I-BLOCKS has been evolved 
though a variety of application in different 
research fields in which some of them is beyond 
their original concepts 

Finally, we wish to contribute further to the 
development of new perspective of how to build 
a modular distributed system from modules that 
have capabilities of self-processing and 
communication. This is a first exploration in this 
direction, studying an interactive and 
communicating applications of different research 
fields developed from a unique concept 
“Modular Artefacts”. 
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