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Abstract. One of the major exponents for ubiquitous computing may be found 
in smart home environments, where a great deal of different devices must inter-
act, process received information and actuate. Devices like sensors, effectors, 
microcontrollers, PDAs, personal computers, laptops, multimedia centers, mo-
bile phones, etc. must operate together in order to suit user preferences. This 
paper proposes a hardware architecture for ubiquitous computing in smart home 
environments where the devices may autonomously act and collaborate with 
other devices. Proposed architecture supports previous work about agent-based 
service personalization software architecture. 

1   Introduction 

In this paper we discuss our approximation to ubiquitous computing in smart home 
environments. We show our progress in this subject and propose a hardware architec-
ture for ubiquitous computing in smart home environments. Proposed architecture 
supports previous work about agent-based software architecture for service personal-
ization [1][2][3]. 

The rest of this paper is as follows, Section 2 recalls the most relevant concepts our 
research is based on. Section 3 discusses our proposed architecture. The last section 
sheds light on our future work. 

2 Smart home environments 

In this section we show the state of the art in smart homes environments. We discuss 
smart home devices, smart home networks, distributed object architectures, software 
agents and microcontrollers. 

When designing a smart home we can find the followings elements: Control and 
telemetry devices, to perform light control;  power consumption and security and 
alarm services; video and audio devices, to distribute multimedia contents across 
home rooms; telephony and data devices, to supply inbound and outbound communi-



cations; and communication and integration elements, to provide proper mechanisms 
for communicating home devices.  

 
The most extended technologies in smart home networks are wired technologies 

as: X10 [4] Lonworks/Lontalk [5], EIB [6], Home Plug&Play [7] and IEEE 1394/ 
FireWire [8]. On the other hand, wireless technologies, like Bluetooth [9] and Wifi 
[26], are used in most data communication processes. Zigbee [10] may be seen as a 
new approach to include wireless communications into smart homes. 

From the software engineering point of view, most software architectures for dis-
tributed objects separate interface and implementation CORBA [11] or SOAP / Web 
Services [14][15]. Others are operating system oriented as DCOM [12] or language 
oriented as JINI [13].  

These ideas have been extended to software architectures for distributed objects in 
smart home environments. In such way Open Systems Gateway Initiative (OSGI) 
[16] is based on JINI. Universal Plug and Play (UPnP) [17] uses a TCP/IP stack and 
Web technology to interconnect electrical devices, wireless devices, computers, etc. 
by using XML documents. Home Audio / Video Interoperability (HAVi) [18] was 
designed for communicate audio and video systems using Firewire. Aladdin [19] was 
designed to manage modified X10 devices using DCOM. Heterogeneous Inhouse 
Networking Environment (HINE) [20] is aimed to residential gateways. Finally, Ser-
vice and Networks for Domotic Applications (SENDA) [21][22] is based on CORBA 
architecture as a middleware for communications.  

 
Jennings and Wooldrige [23] defined agents by summarizing their characteristics 

as autonomy, social ability, reactivity and proactivity. We have used software agents 
in previous works [1][2][3] for service personalization into smart homes, and we are 
extending this approach to smart environments. 
 

Finally, a microcontroller is an integrated circuit in which CPU, memory system, 
and input output system are packaged together. It’s a whole computer in a single chip. 
[24]. There are a lot of different microcontrollers for different purposes. From simply 
8 bits microcontrollers to J2ME native microcontrollers, prices and capabilities differ 
a lot. Our solution mixes software agents, microcontrollers and wireless communica-
tions to propose the final architecture. 

3   Proposed architecture 

We propose a three-layer architecture where the lower one handles sensor and effec-
tors. This layer can communicate with the other two ones by using Zigbee protocol. 
Currently, an 8 bit ATMEL microcontroller with a Zigbee RF module may carry out 
this task. This level is composed by end devices (Zigbee network terminology).  

The second layer is a set of nodes based on embedded Linux system with RF com-
munication capability.  This layer is the middleware between both upper and lower 
layers. Each system hosts a JADE LEAP platform [25] where software agents may 
live and communicate via Zigbee with the lower layer and via Bluetooh with the 



upper one. Zigbee nodes of this level act as Zigbee routers for a Zigbee network. 
Moreover, by using Bluetooth, this layer is part of a Bluetooth piconet. Different 
embedded systems belonging to this layer act as piconet slaves. Each one of the sys-
tems can communicate with the other ones by using Bluetooth or Zigbee. 

Finally, the upper layer is a Media Center running OSGi[16] and JADE[25]. The 
OSGi supports the functionality of a residential gateway at low cost. This layer is able 
of RF communication via Bluetooth with the second layer. This layer is the master of 
the above described piconet. The upper layer is also the coordinator of the Zigbee 
network. This level also uses Wifi to communicate with multimedia devices, PCs, etc.  

An application example of the proposed architecture is shown in Figure 1 (only 
two nodes of the second layer has been drawn for the sake of clarity). 

 

Fig. 1. Application example for smart home environments 

This architecture is being used to implement our context hierarchy proposal, de-
scribed in [3], where sensors feed data to context aggregators that are used by service 
and device agents to perform their tasks into the smart environment. 

4. Future work 

We are currently developing the lower layer of the proposed architecture, in which 
one of the Zigbee nodes must act as the network coordinator to form and test the 
Zigbee network. The main drawback of Zigbee nodes is that routers and coordinators 
need always be powered and never put to sleep. To solve this problem, we are con-
sidering to design as coordinator the upper layer and as routers all the nodes 
belonging to the second layer. 

We are also considering to extend the first and second layer of the piconet to one 
scatternet if necessary if the number of the nodes belonging to the second layer in-
crease. 
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