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IT growth is rooted in IT growth is rooted in ““ MooreMoore’’ s Laws Law””

• Transistors per chip doubles every 12-18 months
– Microprocessors
– DRAM
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The New Power PointThe New Power Point

• Microcontrollers: 
– 1-10 mW active, 1 uW passive  => 10-100 uW average 

• Micro-sensors (MEMS, Materials, Circuits)
– acceleration, vibration, gyroscope, tilt, magnetic, heat, motion, 

pressure, temp, light, moisture, humidity, barometric
– chemical (CO, CO2, radon), biological, microradar, ...
– actuators too (mirrors, motors, smart surfaces, micro-robots)

• Micro-Radios
– CMOS, short range (10 m), low bit-rate (200 kbps),  1-10 mW

• Micro-Power
– Batteries: 1,000 mW*s/mm3, fuel cells
– solar (10 mW/cm2, 0.1 mW indoors), vibration (~uW/gm), flow

• 1 cm3 battery => 1 year at 1 msgs/sec
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Embedded systems on the marketEmbedded systems on the market

• Specialized devices and information appliances are 
replacing the generalist PC
– variety of forms: set-top boxes, fixed-screen phones, smart 

mobile phones, PDAs, NCs, etc.
• Traditional systems becoming dependent on 

computation systems
– Modern cars: up to ~100 processors running complex software

• engine & emissions control, stability & traction control,  diagnostics, 
gearless automatic transmission

• http://www.howstuffworks.com/car-computer.htm

• An indicator: where are the CPUs being used?
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Where are the CPUs?Where are the CPUs?

Estimated 98% of 8 Billion CPUs produced in 2000 are used for embedded apps

Where Has CS Focused?Where Has CS Focused?Where Has CS Focused?

Interactive
Computers
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Servers,
etc.

Servers,Servers,
etc.etc.

200M
per Year

200M200M
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Where Are the Processors?Where Are the Processors?Where Are the Processors?

Look for the CPUs…the Opportunities Will Follow!Look for the CPUs…the Opportunities Will Follow!
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Sensor networks: networked embedded Sensor networks: networked embedded 
systemssystems

• Distributed systems 
consisting of small, 
untethered, low-power 
nodes capable of 
sensing, processing and 
wireless communication.
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Sensor nodesSensor nodes

• A large range of possibilities
– Millimeter-size custom silicon to PDA-size integrated units.

• Choose the right tool for the job
– Special-purpose sensor nodes, asset tags

sacrifice flexibility for being small and inexpensive. 
– Generic sensor nodes

rich expansion interface for making flexible connections
– High-bandwidth sensors

Build-in processing and communication, e.g., video and 
voice processing

– Gateway nodes
Build a link between sensor networks and traditional 
networks.
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Platform classesPlatform classes
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Platform classesPlatform classes
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Mica2 mote: a generic sensor nodeMica2 mote: a generic sensor node
• CPU
• On-board flash memory or external memory
• Radio, Antenna
• Sensors: temperature, humidity, vibration, seismic, light, 

position, movement, chemical, etc.
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MobilityMobility
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MobilityMobility
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Energy harvestEnergy harvest
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Hardware: the state of artHardware: the state of art

• Lots of varieties with different capabilities.
• Nodes are becoming smaller and cheaper.
• Battery seems to be the bottleneck.
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Why is sensor network interesting?Why is sensor network interesting?
A new way of sensing the worldA new way of sensing the world

• New technologies of observing the world 
bring us new discoveries.
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Sensor network applicationsSensor network applications

• Long-term, inexpensive, unobtrusive
monitoring or data gathering in hostile, 
remote, harmful environment or emergent 
situation. 
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Habitat monitoring on great duck islandHabitat monitoring on great duck island
http://www.http://www.greatduckislandgreatduckisland.net.net

• “At the end of the field season in November 2002, 
well over 1 million readings had been logged from 
32 motes deployed on the island.”

petrel
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Redwood MicroclimatesRedwood Microclimates
• 70% of H2O cycle is through trees, not ground

• Complex interactions of tree growth and environment
– Effected by and effect the microclimate

• Need to understand dynamic processes within the trees

Slides made by David Culler
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State of the ArtState of the Art
• Solid understanding of leaf physiology

– Good models, good empirical data, good fit

• Extension to the entire tree canopy is open 
problem

– Various models focused on particular aspects
• Nutrient transport, transpiration, …

– Extremely limited empirical basis

• Data Dirth
– Satellite observations: wide coverage, low 

resolution, canopy surface

– Spot weather stations: single point in space
– Instrument elevator: haul data logger along 

vertical transect
– Wide range of sensors: climate, sap-flow, dew, …

• Goal: dense monitoring of trees throughout 
forest

Slides made by David Culler
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Wireless MicroWireless Micro--weather weather ‘‘ MoteMote’’

Slides made by David Culler
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Dense SelfDense Self--Organized Organized MultihopMultihop NetworkNetwork

Slides made by David Culler
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Study FormatStudy Format
• Site: Sonoma Coast “Grove of 

the big Trees”
– Near Occidental, CA
– Adjacent to winery

• Interior and Exterior Trees
• 40-50 nodes per tree

– Range of elevations
– Multiple nodes per level, 

center and periphery
• 25 day duration
• 5 min sample interval

- all sensors, battery, parent
• Ground level weather station, 

fog sensors
• Sap Flow sensors

– Internal indicator of level of 
photosynthetic activity

Slides made by David Culler
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Instrument PositionsInstrument Positions

Slides made by David Culler
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Climate data in a forestClimate data in a forest

Slides made by David Culler
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Not just data collectionNot just data collection……

• A group of networked sensors that 
communicate and exchange knowledge 
with each other.

• Networked sensors have much greater 
potential to achieve more complex sensing 
and reasoning of the physical environment.
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Networks of simple sensors can be intelligentNetworks of simple sensors can be intelligent

• Simple local interactions v.s. globally 
optimal behaviors. 

The "V" formation of the flock enables each 
individual bird to save about 23% energy.
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And achieve what one sensor can notAnd achieve what one sensor can not

• Swarm intelligence: “systems of non-intelligent robots 
exhibiting collectively intelligent behavior” [Beni, 89]

Ants forming a bridge Shortest path routing
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Source: Feng Zhao
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Source: Feng Zhao
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Source: Feng Zhao
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Revolutionary ApplicationsRevolutionary Applications
• Monitoring Spaces

– Env. Monitoring, Conservation biology, ...

– Precision agriculture, 
– built environment comfort & efficiency ... 

– alarms, security, surveillance, treaty verification ...

• Monitoring Things
– condition-based maintenance

– disaster management
– urban terrain mapping & monitoring

• Interactive Environments
– Ubiquitous computing
– handicap assistance

• home/elder care

• asset tracking

• Integrated robotics

CENS.ucla.edu
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Sensor networksSensor networks
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Sensor networks for oil tanksSensor networks for oil tanks
• Intel & BP use sensor networks to perform 

continuous vibration monitoring of the 
engines on one of BP's oil tankers off the 
Shetland Islands in northern Scotland.
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Fire detectionFire detection
• Wireless fire detection network at Santa 

Marguarita Ecological Reserve in California 
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Scaling up sensor networksScaling up sensor networks
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New Challenges, New SolutionsNew Challenges, New Solutions
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Energy constraintsEnergy constraints

• Battery-powered devices.

• Communication is much more energy 
consuming than computation.

– Transmitting 1 bit costs as much energy as 
running about 1,000 instructions.

– And the gap is only going to be larger in the 
future.

• Load balancing
• Coordinated sleeping schedules

• Explore correlation in sensing data.
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SelfSelf--organized networkorganized network
• Multi-hop routing to save energy.

– Energy consumption is 1/r� , where � =2~5.
• Ad hoc network: 

– Nodes are autonomous. 
– Every node acts as a router and relays messages for 

others.

• Ad hoc deployment, no fixed or predefined 
topology.

• Highly dynamic:
– Sensors die, links come and go.
– Wireless broadcasting, interference.
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Difficult calibrationDifficult calibration

• Localization
– Where the sensor is.
– Give a meaning to the data.

• Synchronization
– No global sync server.
– Important for in-network reasoning such as 

target tracking
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InIn--network processingnetwork processing

• Data aggregation
– Suppress redundant data.

• Data-centric query or semantic routing
– Users’ interest is the data, not the sensor.

• Smart reasoning
– fire detection, intruder detection.

• Massive data

• New query engine.
– “google” the physical world.
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Distributed, localized, collaborative protocolsDistributed, localized, collaborative protocols

• Measurements are local, computing and 
communication are distributed;

• Yet, the attributes we are interested in are global.

• The local/global interaction is one of the most 
mysterious phenomena in nature that we don’ t 
understand.

– Think about the Internet, the society, the economics, etc. 
– They do not easily crash, quite resilient.
– They are more efficient than what we usually thought.
– Divide-and-conquer approach v.s. combinatorial 

complexity.
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Lack of an architectureLack of an architecture

• An architecture is a set of principles that guide 
where functionality should be implemented along 
with a set of interfaces, functional components, 
protocols, and physical hardware that follows those 
guidelines.
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New network architectureNew network architecture
• Applications are different:

– A large variety of applications
– But each sensor network is application-specific.

• Hardware:
– Lots of options
– Be aware of the future
– Energy concern

• Traffic patterns are different:
– Internet provides generic point-to-point communication
– Sensor network exhibits various traffic flow patterns: 

• many-to-one: data collection. 
• one-to-many: message broadcasting, software upgrade.
• one-to-one: sensor tasking, target tracking. 
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Traditional system architectureTraditional system architecture
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Embedded networking systems v.s. the InternetEmbedded networking systems v.s. the Internet
Different sets of goals and principlesDifferent sets of goals and principles

The Internet Embedded systems
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Internet v.s. Internet v.s. SensornetSensornet::
different scale and scopedifferent scale and scope

• IP: best effort forwarding
• TCP: end to end reliability
• Assume cheap, reliable, 

connected networks + 
human user

• Extends the existing 
Internet deep into the 
physical environment.

– More expansive;
– More dynamic;
– Entirely new traffic 

pattern;
– Massive data;
– New query interfaces 

and search engines.

The Internet Sensornet
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Functional layer decompositionFunctional layer decomposition
Separation of concernsSeparation of concerns
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Software challengesSoftware challenges

• Writing software for sensor network is hard.

• Uncertainty
– System uncertainty
– Data uncertainty 

• Lack of a common architecture
• Energy constraints
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Unique characteristicsUnique characteristics
• Coverage: 

– distance/area covered, number of events, 
number of active queries.

• Spatial diversity: 
– dense spatial sampling, multi-entity sensing, 

multiple sensing modalities.

• Survivability: 
– robust against node/link failures

• Ubiquity: 
– quick/flexible deployment, uniquitous access, 

information timeliness.
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ReRe--do everythingdo everything

• New architecture design
• New software and programming model

– No manual programming, software installation 
and upgrade through wireless communication.

– New programming application specific prototype.

• New algorithms
– How to organize a large communication network 

with autonomous nodes?
– How to handle the massive amount of spatially 

and temporally distributed data?
– And, in a distributed fashion?
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Course overviewCourse overview
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Course overviewCourse overview
• How information sensed in a distributed manner is collected, 

delivered, and queried?

• Where is the data about?
– Localization 

• How to transfer data?
– Location-based routing 
– Location-free routing

• How to query the data?
– Multi-dimensional query
– Data-centric query

• Data storage, compression, replication.
– Information compression and replication

• Misc
– Sensing coverage and topology discovery
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LocalizationLocalization
• Find out where the sensor is. 

– Data collection, sensor tasking.
– Location information is helpful in routing.

• Solutions.
– GPS does not always work and is inappropriate in terms of 

size and cost.
– Derive the locations by local measurements such as signal 

strength.

• Two categories.
– Anchor-based methods: anchors (some nodes who know 

their locations). 
– Anchor-free methods: In many cases relative position is 

sufficient.

• Deep theory behind.
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LocationLocation--based routingbased routing
• Naming and routing are tightly coupled.

– IP address, Internet routing table design

• Sensor network is closely related to the physical 
environment --- the geometry is useful.

– Get the temperature from room 110.
– Routing to a geographical location. 

• Greedy geographical routing: send the message to 
a neighbor who is closest to the destination.

– Simple
– No routing table
– Localized protocol, no global information
– Robust to topology change.
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LocationLocation--free routingfree routing

• When the geometry is complex, 
geographical routing gets stuck.

• Reason: mismatch between the 
Euclidean proximity with the 
network distance.

• Come up with virtual coordinates 
that correlates well with the global 
topology of the sensor field.
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MultiMulti --dimensional querydimensional query
• How to deal with massive data?
• Aggregation-type of query:

– E.g., tell me the average temperature of the sensors.
– Average, max, min, median, etc.
– Double count, packet loss, etc.. 

• Multi-dimensional range query:
– Are there sensors with temperature higher than 80F in the 

conference room? In a geometric range?
– Data storage, efficient query, data aging.
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DataData--centric query: where is the data?centric query: where is the data?
• Information consumer meets information producer.

• Challenges:
– Information retrieval is content-based, not location-based. 
– Spatially/temporally distributed multiple producers, 

multiple consumers.
– Limited storage, limited communication resources.
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Data storage, compression, replicationData storage, compression, replication

• Another view of sensor network: distributed 
encoding/decoding of spatial data.

– Where to store?
– What to store?
– How to encode?
– How to decode?
– How to update?
– How to handle node failure?
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Class organizationClass organization
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Course informationCourse information
• 3-credit course. 

• http://www.cs.sunysb.edu/~jgao/CSE590-fall05/

• T/Th 12:50pm-2:10pm at Physics P129.

• TA: Pengfei Sun, Email: pfsun@cs.sunysb.edu

• My email: jgao@cs.sunysb.edu. My office hour: 
1415 CS building, Thursday 2:10pm - 4pm or by 
appointment. 

• Interactive class: ask questions whenever you 
want. 
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Course materialsCourse materials

• Research papers.
– Required reading (covered by lectures)
– Additional reading.
– Use “google”

• Recommended textbook.

Wireless sensor networks: 
An information processing approach
By Feng Zhao and Leonidas Guibas
Elsevier/Morgan-Kaufmann, 2004.

On 2-hours reserve in CS library.
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Course requirement and gradingCourse requirement and grading

• 20%: class participation
– Prepare a 25min presentation of a paper in 

class. (about 12 papers)
• A powerpoint, transparent, or blackboard presentation.
• If you don’ t have a laptop, you can put your powerpoint 

file on a flash drive.

– Or, scribe lecture notes (about 16~17 lectures).
• Use Latex, use xfig to draw figures
• Templates can be found from the course webpage
• Send everything (source file and pdf) to TA within a 

week of the lecture.
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Course requirement and gradingCourse requirement and grading

• 80%: research project in groups of 2 or 3.
– Theory track

• Choose a topic of interest.
• Prove something, come up with an algorithm…
• If significant progress is made, then you get an A 

automatically.
• Otherwise, evaluation is based on a survey paper of at 

most 15 pages on related work, possible techniques, 
your observations and thoughts, and future directions.

– Applied track
• Simulation or implementation of an existing or new 

algorithm and performance comparison.
• A report on your discovery.
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ProjectsProjects
• Milestone:

– By early-Oct, find your groupmate(s), find a topic of interests, do 
some preliminary reading. 

– Mid-term project presentation 10/11 (tentative): present to the 
class your project idea and get feedback.

– Project presentation on 12/13 (last class).

• Start early.

• If you want to discuss your idea, come to my office hour or 
email me for an appointment.

• Talk (or email) to the TA for questions on Latex, software, etc.



9/1/05 Jie Gao, CSE590-fall05

ProjectsProjects

• Good projects can turn out to be a research paper. 
– For top conferences, you can get travel support from me to 

attend the conference.

• Suggested project ideas will be handed out in class 
in a couple of weeks. You are also highly
encouraged to come up with your own.

• What I am looking for in research projects: creative, 
innovative ideas. 

• Have fun. �
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The EndThe End


