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Introduction

A large range of possibilities
Many design choices
“Right tool for the job”
Classification

Approximate
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Types of Nodes

Special purpose nodes 
Generic sensor nodes

Wide range of processing/communication capabilities

Gateway nodes

Special 
Purpose 
Nodes

Generic 
Sensor 
Nodes

Gateways



Platform Classes



Specifications



Asset Tags

Highly integrated
On the order of mm3

Examples
RFID
Smart Dust
System on Chip - SoC



RFID

Radio Frequency Identification Tag
Simplest “Sensor Node”
No batteries
Uses received RF energy and transmits data
Limited range
Application

Badges
Inventory Management RFID 

Reader



Smart Dust/SoC

Energy efficiency by placing everything 
on one chip – custom ASICs

Radio
Processor 
Sensor

Very low energy
Low cost in volume
Potentially thousands of nodes



Generic Sensing Platform

Most active area of research
Stepping stone to Smart Dust
Different levels of integration

Modularity Integration

Flexibility Efficiency



Examples

Crossbow
Mica series

Dust Motes
iMotes
Telos Motes
Mass Motes
Particle Motes



Example System



MicaZ Motes
TinyOS
16 Mhz Atmel ATMega128L
128 kB Program FLASH
512 kB Serial FLASH
Current Draw
8 mA – Active Mode
<15 uA – Sleep Mode
Chipcon CC2420 802.15.4 Radio
250 kbps
26 Channels – 2.4 Ghz
Current Draw – 15 mA



Range of Capabilities

Highly integrated
New Chipcon chips  

Atmel Processor + 802.15.4 radio

Component level integration
Processor+radio+sensor interface (SPI, I2C)

Stackable architecture
Interfaces for radio and sensor interface

Fl
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Mote Comparisons



Radio Choices



Processor Choices



Power Costs



Memory

How much?
Internal or external?
How long is storage required?
Permanent memory

More energy consumption
In network reprogramming

Temporary memory
Does not last as long



High Bandwidth Sensing

More complex sensors
Audio
Video

Requires 
More processing power
More bandwidth

Motivation
More interesting applications



Sensor Examples

Audio
Microphones

Images
Cameras

Video
Multiple images

Interfaces
Must be sufficiently 
fast

~1 Mbps

~10 kbpp

~10 kbps 

Bit rate

1 – 30 
frames/secVideo

64 - 320000 
pix/imag Image

4 – 128 kHzAudio

Sampling 
RangeSensor



Applications

Surveillance/Security
Cameras have traditionally been used

Consumer Applications
People like Audio/Video 

Higher level processing
Face recognition
Deeper understanding of environment - AI



Gateways

Miniature PCs
Connection to Internet
Can have multiple radios
Stargate
Embedded Linux



Grey Area

When does a high BW node become a 
gateway?
Placement

Gateway – connected to other networks
High power nodes – within the sensor network

Other 
Networks



Summary



Mobile Nodes

Sensor mote on wheels
Robotics

Range of sizes
Distributed robotics/telerobotics

Newest work in very small mobile motes



Other Mobile Nodes

Other mediums
Aircraft
Underwater schools of motes
Ground motes

Larger “nodes” – UAV’s
Fewer nodes
Energy less of an issue

Physical movement 
overshadows  
communication costs



Energy Harvesting/Scavenging

Extend lifetime
Solar Cells

Size
Efficiency
Availability of light source

Kinetic Energy
Sporadic
Low yield
Consistent vibrations



Energy Sources



Extra Hardware

CRICKET
GPS
RFID Reader
Structural Monitoring 
Sensor/Actuator



CRICKET

Ranging system
Ultrasonic + Radio
Benefits 

Accurate
Simple Processing

Drawbacks
Limited range ~10 m
Not low power

S

R



Conclusions

Many different platforms
Different capabilities
Design choices motivated by algorithm
Hardware get smaller, cheaper, etc. 
Battery size becomes limitation
Hardware will not provide complete solution
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