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Motivation

Precision agriculture requirements

» soil moisture measurement with high spatial resolution
* real time data availability for irrigation control

* low total costs

* low maintenance
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Vineyard irrigation project
* Development of a soil
moisture monitoring
and irrigation control
system for vineyards
* Vineyard irrigation in
Germany allowed
since 2003

Funded by the
German Federal Agency
for Agriculture and Food (BLE)
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Vineyard

Drip irrigation
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Irrigation
management

GPRS upllnk




Low cost moisture sensor

* SOl

* building materials (concrete)

' b

« powders, grains, emulsions

Micro-
controller

e compost, woodchips

 custom design for other applications




Soil moisture sensor placement
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Sensor installation |

20 positions with each
4 sensors in different
depths
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Sensor installation Il
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Wireless nodes In the vineyard
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Wireless sensor networks

« Sensor nodes monitor and control the environment

» Nodes process data and forward data via radio

« Attachment to other networks with a gateway

* Energy efficient (e.g. 5 mAh per day with a pair of AA batteries)
 Potentially a very high number of nodes at very low cost per node
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Selection criteria for the radio chip

« Long range (> 500 m line of sight), unlicensed operation
* Low power consumption and low data rate (kbps range)
 Preferably mesh networking (depending on protocol stack)
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Zigbee
Application

Security

encryption ZigBee

Network Alliance
Star / Mesh / Cluster-Tree l
B

IEEE
802.15.4

l

Software

@ ZigBee Alliance

 “the software”

* Network, Security &
Application layers

IEEE 802.15.4
+ ‘“the hardware”

* Physical & Media
Access Control layers
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Zigbee topology (cluster tree)

Network coordinator

‘\ ‘ Router
' End device

Star or mesh topology also possible
(problem: routers are non-sleeping)
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Real Time Clock

Radio module

Mikrocontroller
Atmega128

RS232
Interface

Soil moisture
sensor interface

Power
conditioning
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Radio propagation experiment (2.4 GHz)
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Wireless modules at 5 d
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Node height
above ground:
10 cm

-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
-90 dBm

-100 dBm

Signal level

Datenquelle; Geobasisinformationen der “ermessungs- und Katasterverwaltung l_%_l'!eirj.and- Pfalz - @
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Node height
above ground:
60 cm

-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
-90 dBm

-100 dBm

Signal level

oo, -
Dltcnquelle: Geobasisinformationen der ‘ermessungs- und Katastervenwaltung Rheinland-Pfalz - @
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Node height
above ground:
110 cm

-40 dBm
-50 dBm
| -60 dBm
-70 dBm
-80 dBm
-90 dBm

-100 dBm

/8 U
om0 m ¥

Datenquelle; Geobasisinformationen der “ermessungs- und Katasterverwaltung Rluei';iand- Pfalz - @

Signal level
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Node height
above ground:
160 cm

-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
-90 dBm

-100 dBm
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Node height
above ground:
210 cm

-40 dBm
-50 dBm
-60 dBm
-70 dBm
-80 dBm
-90 dBm

-100 dBm
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Dltcnquelle: Geobasisinformationen der ‘“irmessungs- und Katastervenwaltung Rhei';iand- Pfalz - @
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Gateway solution

 Embedded PC (500 MHz, 256 MB RAM, 4 W power consumption)
* GPRS modem
 Standard Debian distribution, Compact Flash card ( / ro, /data rw)

* Autossh for tunneling
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e 20 mW transmitter
 temperature sensor
» software defined radio

* up to 5 km range
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Conclusions

 Soil moisture sensor networks for precision agriculture
» Wireless nodes, gateways and geographical information systems

» Radio propagation models for range prediction and deployment

* Request for complete and reliable systems




