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Abstract – We present the Smart-its platform, a tool for embedded context aware systems. Smart-its are an ideal development tool for evaluating concepts and ideas that require embedded sensing and wireless communication solutions. Two complementary platforms are described. The Lancaster DIY Smart-its platform was specifically designed for rapid prototyping affording easy hardware and software customization. The TecO Particle Smart-its are miniaturized in size and optimized for power and communication efficiency. 
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I. Introduction
Despite recent advances in miniaturization of embedded systems it is often a challenge to develop context-aware systems that require customized wireless sensing solutions. Researchers coming from a software centric background often face the dilemma that context-aware applications cannot be developed without suitable hardware, while the design of suitable hardware depends upon an understanding of how the hardware fits into the application environment. 
During initial prototype development the actual sensing task is in the foreground. From our experience it is therefore more important to support the developer in finding the appropriate sensing solutions than offering efficient communication. The Lancaster DIY Smart-its platform are tailored for rapid prototyping offering easy customization of hardware and software. They require little to no experience in electrical engineering on behalf of the developers. In a later development phase the focus usually shifts towards software development for a system of Smart-its that is deployable beyond the lab. At this stage the size, power and communication efficiency of the devices together with suitable APIs are of importance for the developers. These issues are addressed by the TecO Particle Smart-its. This extended abstract provides a technical overview of both platforms.
II. Lancaster DIY Smart-Its
The Lancaster DIY Smart-its have been developed at Lancaster University as part of the Smart-its project [9]. Its modular design is based on a core board that provides processing and communication capabilities. These core boards can be extended with add-on boards. The core board are available in two sizes variations: the standard core boards measures approximately 70mm by 53mm. It provides a RS232 connector that can be used for debugging or connecting the Smart-its to other devices such as a PC. It can be powered by AAA batteries, rechargeables or an external power supply. The mini Smart-its measures 44mm by 44mm and is powered by a 3V lithium coin cell. This version sacrifices the RS232 connector in favour of a smaller form factor more suitable for mobile applications. 

Add-on boards extend the core boards with sensors, actuators or additional computing power. A wide range of existing add-on boards is available including a 

· Generic Sensor Board. Features a passive infrared sensor, temperature sensor, 3D accelerometer, touch sensor, two light sensors and two LEDs
· Load Sensing Board. Interfaces industrial load cells
· Actuator: A generic actuator board, e.g. for switching halogen lights
· RFID reader. A RFID reader for the DIY Smart-its
· Wearable 3D Accelerometer Network. An add-on board that interfaces wearable 3D accelerometer boards.
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Figure 1. Lancaster Smart-Its are based on hardware modules that are purposefully simple in composition. The module on the left is a core board with microcontroller and radio. The other two are examples of add-on sensor and actuator boards.
The hardware is obtained by downloading the PCB layout files from the web [3] and sending it to a PCB manufacturer. The website also provides a list of components that have to be soldered on the PCBs. Usually we offer workshops to assist in assembling and programming the first DIY Smart-its. This approach is quite successful in making the developers familiar with the platform [4].
A typical setup of Smart-its consists of one or more sensing nodes that broadcast their data to a base station. This base station consists of standard core board connected to PC via serial line which can be easily interfaced from virtually any programming language. As a permanent setup we use a Smart-its connected to a BECK IPC [1], an embedded PC that broadcast the Smart-its packet on the local network.
Software development for the DIY Smart-its is in C. Developers base their applications on a set of libraries providing an API for communication and for the hardware of add-on boards. The software that can be downloaded from the web also provides a set of templates for various tasks that can be easily extended. In this fashion a range of applications have been developed by ourselves and other researchers, most notably [5, 6, 7, 8] 
III. TecO PArticle Smart-Its
The TecO Particle Smart-its have been developed at the Telecooperation Office (TecO) at University of Karlsruhe, Germany [10]. In contrast to the DIY Smart-its the particle Smart-its are less suitable for own hardware extension but are competitively small in size (see Figure 2). They are also optimized towards energy efficiency and scalable communication. Similar to the DIY platform the particle Smart-its are based on a core board mainly responsible for communication. In a typical setup the sensor board uses an additional processor allowing the MCU to be used for more elaborate and reliable communication protocols [2].
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Figure 2. TecO Smart-Its modules are optimized for small scale. This device measures 17x30 mm with sensors for audio, light levels,3axis acceleration, humidity, temperature and pressure, and LED and speaker output.

Development on the particle smart-its is based on an extensive C library for interfacing the sensor, for communication and power saving control including over the air programming. As both Smart-its platforms are based on the microntroller family (Microchip PIC 18F) it is feasible to port algorithms from the DIY to the Particle platform.

Particle Smart-its are better suitable for peer-to-peer communication than their DIY peer. However, a bridge can be used to broadcast particle data in the local network for application development or debugging and analysis, e.g. with the provided particle analyzer software.
IV. Conclusion AND OUTLOOK
We have introduced the Smart-its platform as a valuable tool for researchers in need of a hardware platform for wireless sensing applications. The DIY Smart-its platform has been presented as a tool for rapid prototyping. The Particle Smart-its have been introduced as a platform to address deployment issues.
The development of the Smart-its platform is continuing answering our own needs and those of other researchers. For the DIY Smart-its we are currently developing a second generation that will feature better modularity, more reliable communication and in-system programming. We are also collaborating with the TecO developers to interface the Smart-its sensor add-ons by the particle devices.
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