Sensor Technology
“Never before in historyhas innovation offered promise of so much to so manyin so short a time.”
-Bill Gates
Atypical wireless sensor networkconsists of spatially distributed sensors that cooperatively monitor some physical phenomena. This networkformedbythe sensors could contain nodes withvarying capabilities and sometimes completely different underlying platforms, which must collaborate and communicate with each other. There are several advanced research platformsfor wireless sensor networks in usebyresearchers all over the world with each platform offering unique differentiators such as sensor size, power consump​tion, nature of operating system or, basic sensing abilities [8], [7]. In the rest of this chapter, we examine some sensor platforms and their associated software tools commonly in use today. Most tools used in the managementof wireless sensor networks canbe classiﬁed into3distinct categories:
· Sensor Level

· Server Level

· Client Level
3.1 Sensor Level
This is comprised of devices which measure some physical phenomena/quantity such as sound, motion, light intensity, or temperature and converts it into some quantiﬁableform which can then be readby de​vices or human observers. Each sensors mote contains an onboard sensing, communication, power and processing module whichallowsittoperform sensing tasks.Inthefollowing sectionswe discuss someof the most commonly used sensor platforms and theirfeatures which makes them unique.
3.1.1 The MicaFamily
The micafamilyof sensorsis oneof the most common sensing platformsin use;itis supportedby numer​ous operating systems and sensing modules, including TinyOS, Mantis OS, Contiki amongst manyothers. It includes the MicaZ, Mica2(Cricket) and Mica2Dot series of sensors.

Eachofthese moteshasuniquephysicaland functional capabilities,whichservesasakeydifferentiator. The table presented below summarizes their similarities and differences effectively:

Toextend the functionalityof these motes, additional sensor data acquisition boards canbe attached using the expansion connector provided on the Mica motes and a general-purpose interface on the Mica2Dot motes. The diagram below shows a typical sensor data acquisition board. Some other acquisition boards include the MTS300, MTS310, MTS101, and MDA500.

The Telos family of sensors consists of Telosa and Telosb motes [5]. They are a newer generation of motes when compared with the Micafamily,havinga usb interfacefor data collection and programming.

Ina similar design, the Tmotesky sensors containa usb portfor easeof programming and are anexact replicaof theTelosb suiteof sensors. Thesefeatures make themwell suitedfor wireless sensor network experimentationinthe research community.ThediagrambelowshowstheTelosband Tmotesky sensors.

The functional and physical characteristic of both platforms is compared in the table below

Just like the Micafamily of sensors, additional data acquisition boards can be attached to these motes to allowfora morediverse sensing ability.OnesuchexampleistheBumblebeeradar board whichprovides a pulsed dopplerradarforTelosband Tmotesky sensors.
3.1.3 Imote2
The Imote2 is a sensor platform built around the Intel PXA271 Xscale processor with a built in 2.4Ghz antenna [1]. It is a powerful platform supporting computationally intensive tasks such as digital image

processing mostly due to the scaling capabilities of its processor from 13Mhz to about 416Mhz. It has about32MBof Memoryand supportsdataratesupto 250kb/s.Itis currently supportedbyTinyOS, some variants Linux and canbe ordered with the Microsoft .Net MicroFrameworkpre installed. The diagram and table shown below provide more information about the functional and physical characteristics of the sensor platform.
3.1.4 SHIMMER
SHIMMER, which represents Sensing Health with Intelligence, Modularity, Mobility and Experimental Reusability,isa sensorplatformfor health related technologies.It supportswearable applicationssuchas captureof real time kinematic motion andphysiological sensing. SHIMMER motes aredrivenbyTinyOS and support up to2 Gigabytes of data storagefor ofﬂine data capture (Micro SD Storage). Some appli​cations of this platform includes sleep studies, cognitive awareness, vital signs monitoring and chronic disease management.

Apartfromthefewplatformsbrieﬂycoveredinthischapter,thereexistsseveralequallyimportant sensor platforms not covered in this book such as CSIRO's ﬂeck platformfor environmental monitoring, SNoW5 platform and manyothers.
3.2 Server Level
Gateways and programming boards that handle thebufferingof data from the wireless networkconstitutes most devices at this level. Most programming boards are dual-purpose devices allowing direct access to motes for in-system programming and at the same time serve as gateways for communication with an

existing sensor network. These devices maysupport remote access to a sensor network as in the case of Crossbow's MIB600 ethernet interface board or basic base stations relaying data from the sensor network to the computer over their USB connectivity. The purpose of gatewaydevices is to connect sensor nodes toexisting Ethernet networks.Thetablebelow summarizesthefeaturesoftwo popular interface boards MIB520, MIB600 and a fully conﬁgured gatewaydevice Stargate Network[2], [4].

Unlike the software that runs on devices in the sensor level, all programs running on the server class of devices are in an always-on mode which ensures the timely translation, processing andbuffering of data that emanates from the wireless network. These programsform the link between isolated sensing motes and the traditional Ethernet network running on an internet client. One such example is the Crossbow's XServe [3] software from their Moteworks development suite of applications based on TinyOS. XServe acts as a primary server running on a PC or gatewaydevice from which the data gathered from the sensor networkis interpreted. Otherexamples includethe Global Sensor Network(GSN) middleware [6].
3.3 Client Level
The clientlevel consistsof allpublishing, visualization and monitoring applications.A numberofpowerful platforms exist todaythat supportadvanced publishing of sensor data. Global Sensor Networkmiddleware supports publishing sensor streams to RSS feeds, SMS text updates, web publishing amongst several others. Other examples include the MoteView from Crossbow [3].
3.4 ProgrammingTools
Setting up and conﬁguring your sensor programming environment can be daunting task if there is no adequate knowledge of available resources. It is for this reason that we discuss how a TinyOS based programming environment canbe setupfor both Linux and Windows operating systems.
3.4.1 InstallingTinyOSin Linux
Using the very popular Ubuntu operating system, this guide explains how TinyOS can be installed and conﬁguredina minimalnumberof steps.In administrator mode perform thefollowing steps:

Step1:Inyour fresh installationofUbuntu, open the ﬁle 'sources.list' locatedin '/etc/apt/' withyourfavorite text editor.

Step2:AddtheTinyOS repositorytoyour sources.list ﬁle

deb http: //tinyos .stanford .edu/tinyos/dists/ubuntu hardy main

Step 3: Run the aptitude package management program to update local repositories

Step 4: Ensure all necessarytools required are already installed

sudo apt−get install build−essential

Step 5: Install TinyOS

sudo apt−get install tinyos−2.1.0

Upon installingTinyOS,afewenvironmentvariableshavetobeset Step6: Edityour .bashrc ﬁle storedinyour home directoryand add thefollowing lines

YourTinyOS installationand conﬁgurationisnow complete.Your canrunthe 'check-env' commandtoview system sanity information.
3.4.2 InstallingTinyOSinWindows
TinyOS is supported on the windows platform through the use of unix emulation software cygwin. The following steps describe how TinyOS libraries can be installed on a windows workstation: Step1: Install theJava JDK. The latestversion canbedownloaded from the sunjavawebsite Step 2: Download and install Cygwin from

http: //www.cygwin.com

Step3: Install native compilersfor sensor motes. The MSP430 toolchainfor telos and tmotefamilyof motes orAVR toolcahinforthe micafamily.Canbedownloaded from

http: //www.tinyos.net/dist −2.0.0/tools/windows

Step 4: Install the nesC compiler from the tinyos website

Step 5: Finally install the TinyOS source tree that will enableyou compile and install TinyOS programs. It can also be installed from the repositorylisted in step 4.

An alternative windows installation method is to install the MoteWorks package provided free from Cross​bow. Some more resources on Tinyos.net describe how TinyOS can be installed and conﬁgured in Redhat, Windows and other Debian based linux distributions.
3.5 Homework Problems
· What are the three distinct categoriesof tools usedfor managing wireless sensor deployments

· Usingthe procedures outlinedintheprogramming tools,installand conﬁgureyourTinyOSprogramming environment.

· What does the term 'Middleware' refer to?

· Using the Global Sensor Network(GSN) reference provided, install and conﬁgure the GSN middleware.

· What is the primarydifference between server tier tools and client tier tools.

· List3otherexamplesof data aggregating

