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0 population increase by
m 2050, doubling the
o demand for food and feed
o of all freshwater withdrawals
0 are for agriculture

e PROBLEM: WAIER SCARCESS

Credit: waterforfood.nebraska.edu



http://waterforfood.nebraska.edu

Water on earth
Freshwater

e PROBLEM: WAL ER SCARCHES

4 Credit: usgs.org



MAKING SOIL B
TALK

|. Understand (sensors)
2. Communicate (wireless)




SENSOR-GUIDED IRRIGATION MANAGEMENT

u Electrodes

\

Sensor
collar

Hand-held meter

Up to 40% improvement in
water use efficiency Is
possible with In-situ soll
water content measurements

S. Irmak, et.al., "Watermark granular matrix sensor to measure soil matric potential for irrigation
management," University of Nebraska-Lincoln Extension Circular, EC783, 2006.
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HOW DO WE MEASURE SOIL
WAITER CONTENTY?

» Gravimetric sampling (direct, » TDR (Time-domain
standard!) reflectometry)

» Electrical resistance units * FDR (Frequency-domain
(granular matrix sensors- reflectometry-capacitance
VWatermarks) Sensors)

» Pseudo transit time » Heat dissipation

» Neutron probe (standard!) » Filter paper technique

» Gamma ray attenuation » Remote sensing



Plant Transpiration

a7 t ? !

Soil and Canopy

~

Evaporation
o
Root Zone Surface Runo " Saturation
Available i Gl T oee ol
Water R NG < |l — Field Capacity
Upper Limit

Lower Limit
Wilting Point
Dry Soil

Stress

Coefficient , .
(Ks) Drainage and/or Deep Percolation



CAPACT TANCE SENSCHS
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NEUTRON AT TENUATION PROBE

The most accurate soil moisture sensing method exist today!
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Irmak et al. (2008) Statewide soll moisture monitoring locations
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HOW DO WE &=
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SO

PureSense

y “, “
/',g{

‘i AquaV|ew

v/ »
FleIdConnect SmartField
AquasSpy (John Deere)

MOISTURE MONITORING TECHNOLOGIES

|/




» Monitor single location (a
single root)

» Cannot capture field
variability (soil type, runnoff,  ggEeneess
topology, etc) L

R high cost

Variable Rate Imaation



A NEW FRONTIER

ZUSGS

WIRELESS UNDERGROUND SENSOR NETWORKS St

/.Monitoring nodes
Olnfrastructure nodes

OMonitoring central

~N

AMobile sinks
—) UG2AG Link
~=AG2UG Link
) Cloud Comm.
oY
—— | L Amt.mm ;-.mmmm‘gmmml-
an 7 : TR : &
[ ~ |
’
» On-board sensing capabllities * Inter-connection of heterogeneous
(soll moisture, temperature, salinity,) machinery and sensors
» Communication through soll - Complete autonomy on the field

* Real-time information about soll and crop
conditions

. F. Akylldiz and E. P Stuntebeck, “Wireless underground sensor networks: Research challenges,” Ad Hoc

Networks Journal (Elsevier), vol. 4, pp. 669-686, July 2006.
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WIRELESS UNDERGROUND
CHANNEL

AG Nodes I

 Two types of nodes
 Underground nodes
A2U  Aboveground nodes

Air e Three channels [1,2]
v  Underground-to-underground (U2U)
i e Aboveground-to-underground (A2U)
 Underground-to-aboveground (U2A)

Soil
v u2u S
L < B
\ UG Nodes

[1] M. C. Vuran and I. F. Akyildiz, “Channel model and analysis for wireless underground sensor networks in soil medium,”
Physical Communication, vol. 3, no. 4, pp. 245-254, December 2010.

[2] X. Dong, M. C. Vuran, and S. Irmak, “Autonomous Precision Agriculture Through Integration of Wireless Underground Sensor
Networks with Center Pivot Irrigation Systems,” Ad Hoc Networks (Elsevier), vol. 11, no. 7, pp. 1975-1987, Sept. 2013.
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-50 ' : UG2AG
8 UG2UG

-110 Underground Node

0 20 40 60 80
Distance (m)

X. Dong and M. C. Vuran, “Environment Aware Connectivity in Wireless Underground Sensor Networks,” in
Proc. IEEE INFOCOM ‘13, Torino, Italy, April 2013.

WIRELESS UNDERGROUND CHANNE

2|



8 BT W %ot

A. Silva and M. C.Vuran, "Development of a Testbed for Wireless Underground Sensor Networks, * EURASIP Journal on
Wireless Communications and Networking, 2010.
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Characterizing Wireless Underground Communications...
.




Air

Lateral Wave

RN
Soil k| 7 ey
| 7~ RN h,
] C—. Uo \
Transmitter Direct Waye — * = -
e d ----------------------------------------------- > .
Receiver

X. Dong and M.C.Vuran, “A channel model for wireless underground sensor networks using lateral waves,” in Proc.
IEEE Globecom | |, Dec. 201 |

@

Closed-form model for underground-to-underground

communication
S
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X. Dong and M.C.Vuran, “A channel model for wireless underground sensor networks using lateral waves,” in Proc.
|[EEE Globecom ‘I |, Dec. 201 |
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Model validation with empirical results

Dl



A. Silva and M. C.Vuran, =" Communication with Aboveground Devices in Wireless Underground Sensor Networks:
An Empirical Study, Proc. IEEE ICC '10, Cape Town, South Africa, May 2010.
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X. Dong, M. C.Vuran, and S. Irmak; “Autonomous Precision Agriculture Through Integration of Wireless
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First software-defined radio experiments for wireless

underground communications in the 300-800 MHz range




Path Loss
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Path loss experiments and modeling in 300-800 MHz
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X. Dong, M. C.Vuran, and S. Irmak;, “Autonomous Precision Agriculture Through Integration of Wireless

Underground Sensor Networks with Center Pivot Irrigation Systems,” Ad Hoc Networks Journal, vol. | |, no. 7, pp.
EsSIEcT iSept 201 3.

WUSN CENTER PIVOT INTEGRATION
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J. Tooker; X. Dong, M. C.Vuran, and S. Irmak, “Connecting Soil to the Cloud: A Wireless Underground Sensor Network
Testbed,” demo presentation in IEEE SECON '12, Seoul, Korea, June, 201 2.
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Web Interface
e

Agriculture 2.0

Use the above menu to navigate between the GPS and Data views. The GPS view depicts the location of the underground nodes. In addition, the GPS view
marks the node on the center pivot. Furthermore, the green marker denotes the currently connected underground node. The data view lllustrates the soll moisture
collected by the underground nodes over time.

Node 1: East Node 2: North Node 3: West Node 4: South

Map | Satellite




Web Interface
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Agriculture 2.0

Use the above menu to navigate between the GPS and Data views. The GPS view depicts the location of the underground nodes. In addition, the GPS view
marks the node on the center pivot. Furthermore, the green marker denotes the currently connected underground node. The data view lllustrates the soll moisture
collected by the underground nodes over time.
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with Wireless Underground Sensors
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