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Abstract: - This paper describes recent advances in sensondiegy and wireless radio frequency (telemetry
architecture) with the capability for measuringndite change with weather and atmospheric conditionhen
combined with GPS (global positioning system) fiumeality enabling geo-referenced information toga¢hered and
analysed in real-time, new opportunities emergdHerdevelopment of wireless sensor networks (WBNjlecision
making in precision agriculture (PA). The use oEM/technologies in precision viticulture (PV) totelés mostly
confined to on-farm and narrow regions within & @t in the case of a larger region the data ctilads limited to
monitoring weather conditions alone. This paperews three application scenarios: a) within a vareyb) regionally
within the state of Washington in the USA and tesiwithin the Asia Pacific Region. It then detdiie development
of a system proposed for comparative analysis néuliure management information from two countriramely
Chile and New Zealand that have the same latitutlete at different longitude points. The pap@kiat a variety
of remotely located real-time sensors (telemetryiads), associated hardware devices (server, waiitist
architectures and topologies) and software suitédnledata collection, logging, distribution andestming. Data
gathered by the sensors is relayed via a serigspgfaters to a workstation, which logs the dataianmbnnected
directly to the Internet for transmission to a senacting as the final collection and data analysint for a
comparative information matching synthesis. The datlected is to be used for building models tiatld enhance
our understanding about the effects of climate ghamn grapevine growth and wine quality within nnajine regions
in the two countries being studied in the initiebearch. Finally, the paper describes variablanparers considered
for analysis in this research so far in relatiopleEnt growth, weather, climate, atmospheric inflees such as climate
change, pollution and also wine quality factorssas soil, terrain and grape variety.
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1 Introduction tool in precision viticulture (PV). They could emite

Recent technological advances in remote microfelect ©n-farm management decision making, such as the
mechanical systems (MEMS), digital electronics and€ngaging an helicopter to disperse cold air mass fo
wireless radio frequency technologies with GSP av0|d|ng frost, and with the use of the Internet, t
information, their functionalities combined witheth ~Streamline the data collected through sensor nésvor
Internet, provide opportunities for the developmeht 2and display them online, the latter regionally witthe
multi function sensor nodes wireless telemetry ogkw ~ State Washington in the USA and in cities from Aséa

for use of these devices in a wide range of apiptica Pac!f!c Region, mark a significant improvement owxsr
areas, including Precision Agriculture (PA) [1]. eTh traditional use [4,5]. _ o

deployment of small sized low-cost and low-powered _Apart from the benefits multifunctional WSN can
multifunctional sensor nodes, designed to commumica offer to grapevine growers in vineyard management,
undeterred in short distances is increasingly seen data gathered through telemetry devices can be tosed
feasible, particularly because of the node-to-rpea ™Model important and interesting aspects that link
gateway topology enabled by wireless sensor nésvor viticulture practices gnd enology, one such ;lgaﬂt
(WSN). Sensor nodes of contemporary design consist aSPect being the ability to model the effects ahate
sensing, data logging and processing,  with change on grapevine growth and wine quality for the
communications components, all contained in verglsm World’s major wine growing regions. The varialyilibf
devices. These are available at steadily decrgasinclimate change across the globe is inconsistenaiél
manufacturing and maintenance costs with longerSO are its effects on plant growth. In the caseaof
battery life and energy optimisation features. [ 3 Vineyard, during berry ripening atmospheric corudis
Recent studies reviewed in section 2 show how WsNnfluence the berry components, such as sugar and
with remote real-time sensor nodes can serve agfalu  Proteins levels that form the wine aroma and color



which in turn define the fineness of the wine. sThi the crop to maintain the temperature above the
notion of linking vineyard conditions and berry freezing point 10
components to wine quality comes from the centuries In a similar manner, WSN could be used for a wide
old Mediterranearterrior x cultiva concept (for details range of possible sub programmes such as, in crop
please see [7,8]). Sections 3 and 4 detail a WSNsensing (stress, nutrient yield, potential) envinental
proposed for modeling the effects of climate chaoge (soil-moisture, compaction nutrient and disease),
grapevine and wine quality in different wine regon Seeding (seed bed preparation-seed zone versusgoot
using example data deemed as reflective of therfact zone management, placement in the profile, moisture
related to the concept and in this example beingseeking, uniformity across machine) fertilising
collected from vineyards in Chile and New Zealanatt (placement in profile), spraying (incorporationargoil
have the same latitude but with at different lomg@t  profile, spot spraying) mechanical weed controtefin
points. The paper looks at the WSN sensor compsnent row and inter plant), harvesting (quantity and guyal
associated hardware, software, for data collection,assessment and separation) that could enable
logging, distribution and streamlining the data agriculturists and horticulturists in their daily-farm
monitored from remote sensors to a central serveroperations as well as decisions relating to thg kenm
system for comparative analysis of weather, climmate management of the farm, such as economic vialufigy
atmospheric influences on plant growth, berry pest control measure [11,12].
components (formation of sugar and proteins) anmewi
quality, such aroma, colour and taste. 2.1 WSN and sensing in precision viticulture
As described earlier in this section, the use oNN&
monitoring a variety of site conditions for on-farm
2 WSN in precision agriculture decision-making in PA is becoming feasible and cost
WSN deployed in croplands, orchards, and Vineyardsyeffective endeavor. With the recent advent of lastc
are used for measuring site conditions, (mainlyngisi 0w powered remote sensor nodes, a significantass
environmental, weather and atmospheric data), usindn the extent of coverage area and the sensor jpéeasn
parametric Variab]es’ such as air’ soil temperatsmar measured at real time and remotely could be obderve
radiation, relative humidity, wind and terrain peoges,  In view of this fact, three scenarios that expléne
for management decision making purposes. For instan benefits and constraints of remote wireless sensor
in temperate regions, severely cold winter tempeest deployment in viticulture are outlined herein.
can significantly impact grapevine productivity abhgh
tissue and organ destruction caused by freezeyif@lr 2.2 WSN and sensing in vineyards
Hence, viticulturists need to decide on when toilbeg Using a ZigBe&[13] multi-powered wireless acquisition
one or a combination of the following active frost device as a PV tool, local grapevine growers friwa t
protection measures to avoid any freeze damageaas s world’s oldest Demarcated Region of Douro, are &ble
as a warning has been issued in the weather farecas learn more about the natural variability of their
1) fog or smoke clouds to reduce radiative heat lo Vineyards that is described to be challenging duthé
from the surface. region’s unique topographic profile, pronounced
2) wind machines: on calm, clear nights, the ayet climatic variations and complex soil characters{it4].
near the ground is colder than that of aloft, aamisi  The research conducted at laboratory and in-fietdips
temperature inversion. Wind machines or helicoptersshows how the variability of all these conditiormulci
are used to bring the warmer air down to the cropbe measured via a mesh-type ZigBeeTM network
level to replace the cold air layer at the surface,consisting of MPWiNodeZ element as acquisition
effective with large temperature differences betwee devices, to improve quality and quantity of their
air layers near the surface and those up higherproducts. There are two major features that codd b
Equipment and operating costs are high. considered as significant in this MPWiNodeZ device:
Effectiveness varies in the range of 1 to 4 degizes 1) the nodes powered by batteries are recharged using
3) sprinkling: very low rates of water applied thgh energy harvested from the surrounding environment,
irrigation can be effective in preventing freeze  possibly three sources, namely, photonic, kinetit a
damage through the release of heat during cooling Wwith potential to obtain from moving water in the
and freezing. Effective range has been reported as
low as -60C for low growing berry and vine crops,

; ! ZigBee is one among the various standards esteblifor wireless
when 1.5 to 2.5 mm per hour of water was applied. communications by IEEE, the major ones being LAMEE

4) heating: intended to add enough heat to therlalye  gq; 11}, (wir") (1EEE, 1999b) and wireless PAN,E 802.15.1
air surrounding the crop and through radiant heat t (juetooth) (IEEE, 2002) and IEEE 802.15.4 (ZigBgepre widely
used for measurement and automation applications.




irrigation pipe from wind, all of this without any speed and combined air temperature/ relative hdaynidi

replacement, and hence involve no labour cost. for calculating the dew point.
2) simplistic and compliance to IEEE standards along
with an ability to accommodate nine sensors. 2.3 WSN in the Asia Pacific Region

A complete Internet based GPRS solar powered weathe
2.2 Regional and on-farm WSN in Washington station developed bydarvest [5] is described to be
The WSN system being implemented in agricultural capable of reporting real time weather data through
applications consists of two major networks 1) oegi pages every 60 minutes. This also has an ahilitystue
AgWeatherNet, an agricultural weather network,tfe  frost alarms immediately. The basic unit has senfar
Washington State, and 2) on-farm AgFrostNet, used f temperature, rain fall, wind speed and directioni] s
mobile, real time farm operations [4]. This is a moisture and humidity for calculating the dew point
collaborative research effort by the Agriculturedan temperature. The website consists of live dathegat
Extension Centre, Washington University and from stations installed in China, New Zealand and
Washington Tree Fruit Research Commission, C&M Australia displayed using graphs and bar chartgoall
Orchards as well as USDA Cooperative State Resgarctweather conditions alone. The basic unit suppgetso
Education and Extension Service, initiated to uggra five sensors, three wireless and two wired, howéver
the Public Agricultural Weather System (PAWS) in unit and the other accessories required to setrap a
Washington State. PAWS, originally installed in thi expensive, hence their use could not be cost eféett
1980s, to provide weather data and related infaomat precision agriculture/ viticulture.
on an Internet website, lately developed problerite w
its aging telemetry devices and this led the aitibsrto

venture into the new WSN system. The two networks3 The proposed WSN system

have been sucqessfully implemented, except forogsens The WSN system proposed herein is designed to aptu
node power issues, for full details please seeanq relay data on weather and environmental camifi
www.weather.wsu.edu Sensors cur_rently _supported bY the major influencing factors that reflect the clim

the on-farm WSN are able to monitor: air tempemtur ariapility, and their effects on phenological siagf

leaf wetness, relative humidity, rain gauge, wipeedl, yarious grapevine varieties to local work statiGmsi
wind direction, soil moisture, pressure and Switch then to a central server. All these variables agasured
closure with other forthcoming. The main intereéSth®  gjmyitaneously through sensors attached to nodes
frost protection application is monitoring  air |ocated in vineyards and relayed in real time via

temperature; the node is designed to monitor Otherrepeaters, gateways and the Internet (Fig. 1).
sensors useful in frost/ freeze production, suckviasl
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Fig 1: A schematic diagram of WSN layout for modeling ithftuence of climate change in weather, atmospheric
and environmental conditions and on grapevine tiag@nd wine quality in different styles. The W8ahsmits
real time data collected through remote, wirelek=nmetry devices via repeaters, gateways and temkt to a
central sever for display and comparative analysithe variability in climate change across theldismrmajor wine
regions and grapevine varieties.



plant physiological changes, such as sap risengubie
sensors. The parameters measured from variougrsens
include:

1) Temperature

2) Wind Speed

3) Wind Direction

4) Wind Chill

5) Humidity

6) Solar Radiation

7) Pollution factors(CQ

8) Rainfall

9) Pyrheliometer

10) Barometric Pressure

11) Soil Moisture

12) Soil Temperature

13) Leaf Wetness

14) Sap Flow (volume and speed)

15) Dendrometer

16) Chromatographer

4 Modeling the effects of climate change
The WSN ability to capture and relay real time data
(displayed online) for analyzing the variability in
climate change in the world’s major wine regiond &s
effects on plant physiology in this case, in difer
) o ) ) grapevine varieties simultaneously is significamhis is
Fig. 2: WSN unit with microprocessor, transmitter, pecause modeling the relationships between theatdim
battery and built-in sensors for monitoring change, its variability captured in weather and
atmospheric temperature and humidity and wiredatmospheric ~ conditions and the  surrounding

sensors for wind speed/ direction and environment using parametric variables along whiirt
Fig. 3: Wired sensors for monitoring soil effects on grapevine and wine quality requires loiata
temperature and humidity. on the cause and effects recorded without any time

discrepancies and of course with spatial infornmatio
Gaining more insights into natural systems andrthei
Hunctioning including climate change involves many
complex, dynamic and diverse processes with naafin
interactions that pose huge challenges to modgl@is
part from the complexity, understanding the
relationships between complex natural processesn oft
described with terms such as “cryptic and chaotic”
requires that data captured for modeling, to blecte
of spatial and temporal variations and that thmsetiand

Each WSN node refers to a location where one oemor spatia_l.variations matc_h the plant responses semsed
sensors plugged into the WSN unit. Each node Couloquan_tmable parametric va_nablgs; th's has _been
consist of one or more sensors. Some sensors beuld considered f[o be a challenging, if not impossibiéil u
used for sensing plant variables being consideced f recently. With the advent of low powered low cost

modeling. Data captured by each sensor is traremitt multifunctional wireless sensors (telemetry devices
within an interval as low as 10 second nodes with more computing and data relaying caipbil

and their convergent with the Internet enable tq#wre

of data required for analyzing the complex procgsse
such the one being studied in this research, flieetsfof
climate change on grapevine plant growth and wine
quality.

3.1 The WSN network

The proposed WSN systems consists of networks wit
sensors, transmitters and repeaters located ficatri
locations within vineyards for monitoring weather,
atmospheric and environmental factors as well
sensing plant responses. So far, in this inittabe,
sensor nodes have been installed in locations ohose
this research in Chile and New Zealand.

3.2 The WSN Sensors

The database design (Fig 5) details the entitidstlaeir
relationships relating to the raw data being moeio
on major influences in weather, climate, atmosgheri
conditions due climate change or pollution and isgns



Fig 4: User interface for displaying the various data beiollected from vineyards in Chile and New Zealand
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Fig 5: Database showing the relationships between therranjdies on world’s wine regions and grapevine



TbINode contains information about a particular node
including GPS coordinates. A node may associate [3]
with one or more sensors.

TblSensorsontains information about various sensors
used (i.e., sensors for temp, humidity, wind-speed,
rainfall, etc).

TblPlantscontains all information about a plant being [4]
monitored.

TbiCountry contains name of all countries with their
codes.

TbIRegions contain regions within each country.
TblSensorNodecontain all the captured data from [5]
various sensors.

[6]

5 Conclusion

The paper looked at the recent advances in remote
wireless multifunctional sensor (telemetry) devjcasd

how WSN of these devices could be combined with them
internet and used in on-farm operations, such as
management decision making, by providing weather
atmospheric, environmental conditions and plant
physiology, and for online display of -climate
information at larger scales, such as regionalihiwia

state and cities in the Asia Pacific Region. Italso
possible that using the data collected with suchNWS
and an example proposed herein complicated naturats]
processes could be modeled to gain more insights in
these processes, such as the effects of climateehan
grapevine and wine quality.
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