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Setting of our activities: LOFAR
Low Frequency Array Radio telescope

� ICT project primarily for 
astronomy 

� New generation radio-
telescope

� Thousands of antennas



Large number of small antennas



LOFAR antenna grid

� Exloo



ICT infrastructuur

� High capacity glass fibre to connect 
antennas
� Spread over the rural area

� Signal Processing by “Stella”
(IBM Blue Gene) 
� Filtering
� Parabolises astronomy antennas

Chip
(2 processors)
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System
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More applications for the ICT infrastructuer

� Now 
� Astronomy
� Geofysics
� Agriculture

� Recent
� Meteorology

� Future
� Water management



Can this infrastructure be used in agriculture?

� New possibilities for?
� (Wireless) Sensors
� Infrastructure
� Models
� Processing power

� Business?
� Farmers
� Industry
� ASTRON
� Researchers



Precision agriculture

Optimal treatment for each 
distinguishable unit of land



Based on detailed spatial information

� Obtained from:
� Soil sampling, etc
� Remote sensing
� Yield maps
� ……. I II

I

III

II



Need for temporal information

� Fertilization

� Crop protection
� Irrigation



Need for continuous sampling of

� Soil moisture

� Soil nitrate
� Crop reflection

� Micro climate
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Precision lifestock farming

� Animals are identified by 
RFDI technology

� Their perfomance is 
measured

� They are fed to individual 
requirements

� Health will be monitored



General tendency in Agriculture

� We go from uniform mass production to individual 
treatment of biological objects 

� More focus on society
� Production within strict environmental regulations
� Animal welfare



“Smart Dust”

� A „Smart Dust mote“
exists of: 
� Power supply, 
� Sensor(s), 
� analogue and digital 

converters 
� Systems for 

transmission and 
reception of of data

� In ten mm3
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The idea

� The by DARPA (Defense
Advanced Research Projects 

Agency) supported idea:
� Thousands of small 

wireless sensors 
� Monitor intrusions
� Send only relevant 

information.
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A Network

� The „Motes“ construct 
themselves a network.

� There are „Gateways“
with then capability to 
forward messages
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Translation to agriculture



New dimension for More’s law
� Is: processing power doubles 

every 18 month

� New: the same power realised in 
dimensions that half every 18 
months

� � prices half every 18 months.
� 2005 100 - 2011 6
� 2006m 50 - 2012m

3
� 2008 25 - 2014 1.5
� 2009m 12 - 2015m         < 1



Market and prices



Processing power

� More processing power and 
intelligence by the large 
numbers 

� Intelligent sensor networks



Objectives LOFAR_Agro

� Explore future applications of an 
advanced ICT infrastructure for 
agriculture.

� Distributed sensor networks
� Wireless sensor networks

� High data rates
� Remote sensing
� High resolution, sub milimeter, 

remote sensing
� Advanced presentation techniques



Lofar_Agro Projects

� Phytopthora: 
� micro climate measurement and 

modelling

� Precise Soil and Water: 
� dynamic real time decision support 

model

� Livestock: 
� tracing and tracking of moving 

objects

� Last Mile (Agro): 
� Connection to the Lofar 

infrastructure
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Why Phytophthora control

� (Starch) potatoes are important in the north-
east of the Netrherlands (LOFAR region)

� Phytophthora is a huge problem

� Micro climate measurement is technically 
feasible

� The basis for DSS’s is there. 



Technology

� MICA2, MICA2DOT from Crossbow, developed in 
cooperation with Berkely and Intel
� Processor + Sensor (+ Battery)
� TinyOS Operating System + Software (open source)
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Technology in Phytophthora experiment

� TNOde (Mica2dot clone)
� TinyOS Operating System + 

Software (open source)

� T-MAC protocol

� Sensirion T & RH sensor



Measurement of propagation in a potato crop



Received Signal Strength Indication RSSI



Crop Development

June                                July                        August



Clear effect of distance 

june

july

august



Number of correct received packets (max 30)



Reliable distance 



Influence of climate on propagation



RSSI (dBm) against Temperature



Residuals as function of time.



Conclusions on radio wave propagation

� Packaging proved to be critical !
� Chipcon software on the PC proved to be buggy

� Now replaced by a Java implementation

� The 90 dBm threshold compares well with the 100 dBm
found by Alippi and Vanini (2004)

� At full canopy , 11 m can be bridged
� Clear diurnal pattern
� Best reception under moist conditions
� Signal strength can not be fully explained by ambient T 

and/or RH, rainfall and calculated leaf wettness did not help



Pilot project

� Monitoring of microclimate in a 
potato crop for precise decision 
support on Phytophthora (Late 
Blight)

� Challenges
� Standard solutions for (wireless) 

communication
� Energy saving 
� Positioning



Technology in Phytophthora experiment

� Sensor assembly



150 sensor assemblies



Architecture
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Field Gateway
� Stargate (400 MHz X-Scale)

� Converts time stamp to UTC

� Collects network information
� Performance and diagnoses

� Adds task information
� Field, Farmer, responsible person, 

etc
� == Board computer on tractor
� XML file 100% conform ISO11783

• With some added Process Data Elements
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Agro Data Warehouse (by Ordina BV)

� Collects field data by requesting the XML files from 
the Field Gateway

� Checks reliability of the data
� In the time domain
� In the spatial domain

� Eventually corrects values based on calibration 
tables
� Should be done by the sensors themselves !

� Provides data to authorized users
� Following ISO11783 XML files.



KNMI

Yieldmaps

SoilCompany

Wave/Tipstar

GUI

Gendata.in
Climdata.in
Cropdata.in
Soldata.in
Nitdata.in

Watdata.in
Tempdata.in

*.out

Sensor Observations

textfile

shapefile

XML parser

CropRelectance

proprietary

Farmer

ServiceProvider

Loris

?

FieldOperations

Agro-Data-
Server

ISO11783

mapsForms

shapefile

XML 

Crop parameters
Soil parameters
Default Wave settings

Fertilizer
Optimizer

XML request

attribute

Parameter
Optimizer

Architecture for soil and water



Decision support systems

� Based on models
� Micro climate
� Crop growth (Fortran) 

� Scenario analyses with
� Actual situation (based on sensors) as starting point
� Different levels of input  (kg N/ha) 3-4 levels
� Weather scenario’s from long term predictions 

• 15 days prediction has 50 scenarios.
• > 15 days: last 30 years? (limit to those that fit � 10)

� For all locations in the field. (10 x 10 m) = 4000 / field of 40 ha
• Some redundancy � 1000

� � 3.5 * 50 * 10 * 4000 = 1.750.000 calculations



Exercise
� 6 farmers 
� Parcels of  32, 14, 33, 20, 11 and 22 ha ( total 132 ha). 
� Calculation per grid point 18 * 18 m, (30/ha) = 3960 grid 

point. 
� 30 weather scenario's per grid point 

� Minimum of 3 weather predictions for 2 weeks
� 10 weather scenario's (10 year average) for long term prediction

� Fertilizing. At start of season 50 scenarios. 
� � 1500 calculations per grid point 
� � 45000 per hectare. 
� � For 2008 only for 2 ha/farmer 6 x 2 x 45000 = 540,000
� One calculation on a normal PC = 12 sec
� � 75 days for one PC



Animal production

� Positioning of animals

� pH monitoring of rumen fluid

� Monitoring behavior of animals

� Detecting lameness



Positioning of animals 
� Positioning with GPS 

� Too energy consuming !

� Positioning with sensor nodes
� Based on signal strength

• Strength not constant (same behavior as in potato fields)

• In an animal house unrelated to distance due to iron constructions

� Based on finger print
• ?

• position in pasture in relation to repeater



Monitoring of Rumen






Test with temperature
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Measured pH values
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Dairy production

� Real time’ observing and interpretation of sensor 
data from moving cows

Repeat
er

Repeat
er



Real-time monitoring animal behaviour and health 

conditions

� Where to mount on animals

� Protocols for interpretation of sensor data
� Accelerometer data on position of head and legs
� Translate data in activity: grazing, walking, rest, 

ruminating



Last Mile Problem

� Must solve data communication to the fixed infrastructure 
for: 

� Sensor data from agricultural fields (including data from animals in 
pasture)

� Remote animals
� Fleet management

� Requirements document
� Data rates
� Acceptable latency

� Within acceptable cost 
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Agro infrastructure



Investigated alternatives

� 868 MHz
� Licence free, but limited band width

� 802.11 Wifi
� Uncertainty on distances in open space

� 802.16 WiMax
� not available yet in license free frequencies

� 802.20 MBWA
� Not license free

� GPRS / UMTS 
� not license free 



Last Mile Solution
� Low cost, of the shelf components

� hybrid architecture of WLAN (wifi) and GPRS.
� Distance realized via multi-hop architecture
� Adequate Performance (throughput and response time)
� Configurations of 50 field gateways are feasible

� Successful roll-out of LM prototype 
� 1 edge server and 4 field gateways (XScale) )
� Prototype developed with power-saving 
� Out-performance on WLAN coverage, 

• under line of sight conditions, 2000 meter is possible (Omni 
directional antennas, 100 mW output power).



Four ‘projects’ addressed

� Last Mile: connecting wireless sensor networks 
in a rural area to the LOFAR infrastructure

FGW
-1

FGW
-2

FGW
-3

FGW
-4

ES



Challenges left

� Standardization
� Management systems should not see a difference between wired 

(tractor - implement, animal house ) and wireless data.
� Coexist with non-agricultural applications

� Packaging
� Weather proof
� Employ and deploy with minimal cost

� Energy supply 

� Positioning
� An obvious technique does not work in an animal house environment



Challenges

� The toughest challenge of all is:
� creating motes clever enough to function without 

constant tending. 

� "How do you ensure that people build motes that can 
be deployed by a local farmer?" 

� I'm sure it's going to happen, but I'm not sure 
how."

• Beckwith, head of Intel's sensor experiments in vineyard 
maintenance. 
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