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Sensor Webs: A Geostrategic Technology for
Integrated Earth Sensing

e Definitions:

»Remote, In-Situ and Proximal Sensing
» Sensor Webs




Remote Sensing

e hor Workshop on Sensing a Changing World, Wageningen,hle Netherlands

. Page 3




Chronology Interlude:
Earth Remote Sensing History Highlights

700 BC: Socrates: “Man must rise above the atmosphere and
beyond to fully understand the world in which he lves”

1859: Aerial Balloon Photography (France)
1903: The Bavarian Pigeon Corps \‘.

1909: Photos from an Airplane ‘J@‘*‘
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1972:First Landsat Remote Sensing Satellite (ERTS-1)

1959-1960First Weather Satellites

2007:US NRC publishes “Earth Science and Applications fsm
Space: National Imperatives for the Next Decade anBeyond”

Workshop on Sensing a Changing World, Wageningen,hle Netherlands

P. M. Teillet, 2008-11-19 Page 4

27 November
2008



Definitions

* Remote sensing
»“sensing from a great distance”

* |n situ sensing:
»*“sensing in place”

* Proximal sensing:
»“sensing from close range”
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Definition: Sensor Web

A sensor webhcan be defined as:

» A system of autonomous, wireless, intra-communicatg,
spatially-distributed sensor pods that can be depied to
monitor and explore new environments, i.e., a smarhacro
Instrument for coordinated sensing (Delin, JPL).

In space Cooperating, interoperable satellite platforms aml
sensors (aka satellite webs).

Sensor network elements collect data; sensor weleaients collect
and share data, and modify their behaviour on the &sis of
collected data. Sensor webs are also www-enabled.

Sensor webs are now seen by many as being morelat t
information level, connecting sensor networks.

e hor Workshop on Sensing a Changing World, Wageningen,hle Netherlands

. Page 6



NASA’s Earth Science Vision:
An Agricultural Example

Managing the End-to-End Information Flow

Autonomous, In-space  Interaction Between
Petabytes Calibration and Data  Modeling/Forecasting
Reduction and Observation

Interactive
Dissemination

Multi-platform, multi- Systems R
parameter, high spatial Terabytes Predictions
and temporal resolution,

Gigabytes Megabytes

remote & in-situ sensing

Advanced Sensors Sensorwebs I%f}(,’r{{ﬁztsi?sn Access to Knowledge
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NASA’s EO-1 Satellite Web Experiment

* Earth Observing One (EO-1) launched November 2000: dvanced Land
Imager (ALI); Hyperion (hyperspectral); Atmospheric C orrector (AC)

TemralAgua

MODIS Low-

Resciution. e
Data {250 m to

Rapid downlink of
relevant data
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Chronology Interlude:
Sensor Web History Highlights

* 1997:NASA/JPL (Delin et al.) start working on sensor web

* 1999:“The Earth Will Don An Electronic Skin”, Neil Gross in “21
Ideas for the 21st Century” in Business Week Online

olications”, JPL Workshop,




The Need for Integrated Earth Sensing

“Ground-based (in-situ)
monitoring systems are_inadequate
by several orders of magnitude.

The majority of space agencies feel
that an integrated approachto :‘f "
monitoring the Earth demands £
that the in-situ sensing be a funded_..
part of the solution offered by
space agencies.”
World Space Congress 2002 Panel on

“An Integrated Approach to
Monitoring Planet Earth”

NASA and NOAA

Significant advancements in Earth sensing are expead to come about only by
developing more systematic capabilities for the fusioof remote sensing
observations and in-situ measurements for use in modglat relevant scales, to
generate terrestrial information products for operational uses.
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Chronology Interlude:
Integrated Earth Sensing History Highlights

e 1983:International Satellite Land-Surface Climatology Project
(ISLSCP) begins

1986: International Geosphere-Biosphere Programme (IGBP)
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Chronology Interlude:
Integrated Earth Sensing History Highlights

2000: Canada Centre for Remote Sensing (CCRS) begins amsitu
sensing program and works towards integrated Eartlsensing

2001: Global Monitoring for Environment and Security (GME S)
(now called Kopernikus) initiative adopted by the Eiropean Union

2002:First International Workshop on Future Intelligent Earth
Observatior ellites (FIEOS), Denver, Colorado

Fr .
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CCRS Project Experience:
Initial Framework 2001

Goal: To develop the capabilities to monitor

Objectives remote environments, hazards and disasters,

and natural resources using new data

e Design, develop and deploy acquisition strategies and systems for
smart sensor webdgor in integrated Earth sensing.

situ data acquisition. Framework Elements

Develop_methods to fuse
and assimilatein situ and
remote sensing data into

In Situ
Sensorwebs

Data Assimilation
and Validation
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CCRS Project Experience:
Ottawa Deployment 2002

* Central Experimental Farm meteorological station inOttawa

* Mer Bleue (McGill University meteorological station near
Ottawa

* CCRS building roof in Ottawa

e | ocal outdoor environments

* Debugging of protocols
between the microsensor-
microcontroller packages and
the satellite transceivers

* Testing of RF telemetry ranges
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CCRS Project Experience:
Saskatchewan Deployment 2002

* PBratt's Lake Station (BLS), Saskatchewan, in collabration with the Meteorological
Service of Canada (MSC), Environment Canada.
* |deal test deployment and RF conditions:

» Homogeneous Chernozem soil [> 70 % clay]
» < 2 m elevation change between sites
» Station infrastructure

* Sensor measurements included:
» Soil moisture (Adcon C-Probe

with sensors at 15, 45, 75 cm

deployed to match soil core

sampling locations)

Relative humidity

Precipitation

Global radiation

Leaf wetness

Air and soil temperature

Rainfall

Wind speed and direction

YVVVVVYVYY
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CCRS Project Experience:
Manitoba Deployments 2002-2003

Flood Hazard Monitoring : Satellite-based soil
moisture maps and strategically deployed in situ
sensor webs can monitor soil moisture changes in
space and time without ongoing field work. In
collaboration with Environment Canada National
Water Research Institute specialists.

* Soil moisture (Adcon C-Probes

with sensors at multiple depths
to match soil core sampling
locations)

Roseau River (Red River Watershed)
Indlan Reserve Apr|I 30, 1997

R N
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Wind speed and direction

3
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CCRS Project Experience:
Manitoba Deployments 2002-2003

Vistar

MT-2000 5 network nodes and base station

Satellite

Transceiver For soil moisture probes only
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CCRS Project Experience:
Alberta Deployments 2004-2005

Intelligent Sensorweb for Integrated Earth SensindISIES)

Smart
Sensorwebs

Vegetation
Modeling
Agents

OpenGIS Web
Infrastructure

Precarn Inc.
MacDonald Dettwiler & Associates Final Products: Imprm?ed

Natural Resources Canada (CCRS) " . S
Agriculture and Agri-Food Canada Erediciion ol € raop ) i5ld nd

York University Rangeland Productivity
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CCRS Project Experience:
Alberta Deployments 2004-2005

Sensor 1 i Sensor N i

Signal Board

e
J e
Microcontroller Board
™y

4 Serial
Sensor
Devices

Battery Solar Panel

— I C
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CCRS Project Experience:
Alberta Deployments 2004-2005

ISIES Prototype Sensor Web

Workshop on Sensing a

F

&

1.6 km

Soil Moisture

Antelope Creek Ranch

Soil Moisture Patch
Patch Precipitation
Node fimly)
Precipitation
1| ‘/O Node
N O]
@
WY .WNZ
SmartCore &
SmartCore &
Weather Node Weather Node
SP3

e .WN3

Soil Moisture SmartCore &
Patch Weather Node
100 km
Spring Wheat Field
.WNd
Soil Moisture SmartCore &
Patch Weather Node




CCRS Project Experience:
Alberta Deployments 2004-2005

ISIES Framework Elements | customer Base Decision Support
& User Dm— Information
Requirements * Rangeland Stocking
Forecast
* |rrigation Demand
: Forecast
Canadian
Geospatial * Crop Yield Estimates
Data
| Infrastructure

ISIES Plant Growth

ISIES System )
| Maps
& Server Model & Spatia p
0GC Moisture Stress
Ancillary Data SensorML OS * Biomass
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Sensor Network Examples

Vital sagn sensers ano agive lags
.ﬁ Location beacons
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Arbufanee MOT:z

Cther Hcs,m-‘u
informadion sysiems
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The CodeBlue communication substrate. Autanomous
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Underwater Current Acoustic Nuttient Wave
Vehicle. Meter Rover & Uahls Doppler Monitor Sensor
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Recommendations on Sensor Webs

e Data Acquisition
» Sensor web hardware and architecture: Automation ad intelligence
» Adaptation of converging advanced technologies: Rable and robust performance
» Sensor coverage: Densification by three orders of agnitude

e Data Quality

NS




Recommendations on Sensor Webs in
Support of Satellite Webs

* Autonomous satellite image acquisition tasking desions based
on near-real-time data

» Atmospheric optical conditionsfrom autonomous ground-based
measurements, satellite retrievals (same day), and mduhg

> Surface reflectance propertiesrom autonomous ground-based
spectrometer data and satellite optical sensor monitmg (same
week), and modeling

» Soil moisture conditionsfrom autonomous ground-based
measurements and satellite microwave sensor retrievsa(same
day), and modeling

* Use existing Earth observation calibration and vatlation test
sites as sensor web R&D test-beds
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Global Instrumented and Automated Network of
Test Sites (GIANTS) for Post-Launch
Spectroradiometric Calibration of Optical Sensors
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Geostrategic Technologies and Perspectives




Chronology Interlude: Geostrategic
Technologies and Perspectives Highlights (1)

* 1925:Noosphere concept of Pierre Teilhard de Chardin
* 1945:Arthur C. Clarke proposes satellite communication gstems

e 1951:F.L. Wallace envisions a subcutaneous human-bodyrcuit in
his short story “Tangle Hold”




Chronology Interlude: Geostrategic
Technologies and Perspectives Highlights (2)

e 1983:GPS is made available for civilian use

* 1986:K. Eric Drexler's Engines of Creation — The Coming Era of
Nanotechnologyis published

1989:World Wide Web created by Tim Berners-Lee
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Chronology Interlude: Geostrategic
Technologies and Perspectives Highlights (3)

* 1997:News that US Department of Defense and Universityf o
California-Berkeley are working on “smart dust”

e 2000:“Robot technology today is where computer technologwas
in the 1970s”, MIT Al Laboratory

2001:Long envisioned in speculative fiction, work intensies on the
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What Might the World Look Like in 50 Years?

Global Foresight Conference, 2002
Woodrow Wilson International Center for Scholars

* Among the top 10 goals selected by the conferencarpicipants:

#8. Develop the capability to understand and manage gbal systems
#10.Make the world into a truly global organism

Science & Technology Foresight — Looking Ahead toZH)
NRC Scenarios Workshops, Ottawa, Canada, 2003

*Geostrategic technologies will include:

» Geospatial data sensing
» Ubiquitous peer-to-peer sensor webs
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Selected Notes from the Millennium
Project’'s 2007 State of the Future Report

* Cities augmented by ubiquitous computing for colletive intelligence
* Decision-making augmented by integration of ubiquibus sensors
* Telemedicine, biochip sensors for self-diagnosisnd other systems

* Environmental sensors connected to global informadin systems

‘ “It is clear that the world has the resources

- t 4 to address our common challenges. Ours

® ‘ /_f . is the first generation with the means for
many to know the world as a whole,

identify global improvement systems, and ‘._-

ﬁH-.kh _ﬂ_’ seek to improve them.”
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Geostrategic Technologies and Perspectives
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This true-color image shows North and South

America as they would appear from space 35,000 km

(22,000 miles) above the Earth. The image is a

combination of data from two satellites. The Moderate .
Resolution Imaging Spectroradiometer (MODIS) instrument”
aboard NASA's Terra satellite collected the land surface data over
16 days, while NOAA's Geostationary Operational Environmental
Satellite (GOES) produced a snapshot of the E'arth} clouds.

Image created by Reto Stockli, Nazmi El Saleous, and Mar:t-Jentoft-Nllsen, NASA GSFC

‘% " Learn more about the Earth Observing System (httpJ//eos.nasa.gov/)
| \iA Learn more abgut the Earth at the Earth Observatory (hifp://earthobservatory.nasa.govi)
-'=%"  Getmore Earth images al the Visible Earth (hitp: :‘mmblecarlh nasa.gov/)
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“The power of technological convergence will bringneasurable benefits to
each and every individual.”Our Molecular Future, Douglas Mulhall (2002)
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