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Wireless Sensor Networks for an Information

Technology-Driven Viticulture and Vinification
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Abstract

Wireless Sensor Networks is one of latest trending technology because of its wide array of usage in various
fields. This article talks about related studies and literature regarding WSN applications in agriculture and
in the winemaking industry. Specifically, this study focuses on how WSNs can help in grapevine cultivation
and grape wine production. Furthermore, a list of the most popular cultivars of grapes was provided as
well as their respective other known names. Because of the fact that these varieties of grapes are the most
desired by the people, WSNs will probably be utilized frequently in these cultivars in order to maintain

quality and increase the quantity of products to meet the demands of consumers.
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1. Introduction

Grapes is one of the most important agricultural products worldwide [1]. The raw fruit can be
consumed anytime, it can be made into raisins, juice, jam and it can also be used for ethanol
production. But what makes it a more in demand product is that it is being used to make a
wine. Wine is an alcoholic beverage made from fermented plants and fruits [2]. Of all types of
wines, the one made from fermented grapes is commonly consumed by the people [3].

Viticulture is the science, technology, production and study of grapes [4]. This furthermore
involves environment monitoring, irrigation management, pest control, soil fertilization, plant
growth and fruit development monitoring.

Traditional viticulture practices went well, but problems could sometimes be uncontrollable
due to lack of knowledge about these problems. Past experiences and additional knowledge
about many factors that could affect grapevine agriculture has led to the modern viticulture
practices which employs technology in order to improve plant growth and increase plant
productivity. Improvement of quality and increase in quantity of grapes to be harvested gives
a good raw material for wine making [15].

The winemaking process is known as vinification. The basic processes involved are harvesting
and destemming, crushing, fermentation, aging, blending, clarification and bottling [5,6,7].

Traditional vinification involves manual work in the processes mentioned lately.  With
technology, modern vinification practices deploys machines and gadgets in the vineyard for
grape harvesting and in the winemaking factory for destemming, crushing, fermentation,
aging, blending, clarification, bottling and other processes deemed necessary by the business
entity [16]. These things can help save time and improve quality of products [17].

One of the latest trends in technology is the Wireless Sensor Networks (WSNs). This
technology enables wireless connectivity within a system by linking an application platform at
one end of the network with one or more actuator devices in any part of the network [18].
WSNs can provide many functions for agricultural practices [1] as well as in the winemaking

procedures [19].
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2. Review of Related Literature

This section shall cover past studies and literatures relating to technologies and techniques
applied in agricultural management as well as industrial production management.

In the field of agriculture, especially in plant growth and environment monitoring, many
technologies can be of help such as canopy monitoring, remote sensing systems,
ground-based and soil monitoring systems [15]. WSNs, being one of these technologies,
collect data from the plants as well as their environment and forward it to the server where
raw data are being organized to create information useful in decision making [20].

Plant growth monitoring is important in agriculture. Knowing, the growth level plants will
tell you how much nutrients and water will be needed for their further development and
yield production [25]. Ligiang, et al., designed a WSN that gathers crop growth images in
Beijing [26]. Aside from crops, researchers in India also designed a WSN-based
tree-monitoring by utiliziing GPRS as well as photosynthetically active radiation sensor,
microcontroller and bridge rectifiers. Their system was programmed that when a canopy
growth reaches a defined threshold measurement value a message will be displayed in the
printed circuit boards, and a notification through short message service will be sent to the
owner's mobile phone. [27]. There are also WSNs used for fruit monitoring. In the study of
Krairiksh et al., sensor networks were used to detect the maturity of durian fruit [30].

Environmental monitoring is also important. That's why WSNs are also deployed to acquire
environmental parametric data from water, air and soil [1]. Water monitoring as well as
irrigation management is important for plant growth. Each type of plant has its own water
requirement. When water is not enough or too much for the plant, it can create stress
which can interfere with photosynthetic activity and reduce the potential growth of the plant
[22]. In the study of Lea-Cox et al, WSNs were utilized for irrigation, nutrient management
and frost protection of strawberries [23]. In the study of Simon and Jacob, sensor networks
were also utilized for water level monitoring in the paddy fields in order to have good crop

yield [24]. In addition water pH level must also be monitored [28]. Along with irrigation
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management is the soil monitoring, soil moisture data transmitted through the sensor
networks will help in the amount of water to be irrigated to the plants [29]. Air humidity is
also important to plant growth [23,26]. All plants draw in carbon dioxide through their leaves
for their photosynthesis. As the plant opens its leaf pores to take in carbon dioxide, some
of the moisture in the leaf can escape. Thus the plants secrete water vapor into the air
whenever they respire [31].

In the study of Valverde et al, WSNs were used for a real monitoring application in an
instant coffee factory. The industrial processes involved in the factory can both create
harmful gas emissions and polluted water discharges. To ensure that the factory has a safe
environment for workers and that it is in compliance with the environmental laws, they have
deployed devices to monitor emissions which are harmful to human and other living things
in the environment [21].

The usage of wireless sensor networks in the industry does have security threats such as
Denial of Service, wormhole, Sybil, hello flood and sinkhole. But these things may be
countered through incorporation appropriate defense mechanisms such as encryption,
authorization, certificate identification, and other detection techniques [32]. When deployed,
the connectivity of these WSNs can easily be monitored [33]. When applied in farming
especially in growing environment monitoring, these tools can be installed in various
methods depending on the farming system [33]. Employing WSNs in the vineyard means

additional costs, so this technology must be used wisely.

3. Grape Varieties

Grapes can be propagated by seeds or cuttings and they may have unstable reproductive
properties which results to different varieties. Table 1 is a list of the popular varieties of
grapes which are commonly being used for wine production [8] and their other known

names [9-14].
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[Table 1] Top Varieties of Grapes being used for Wine Production

Common Name Other Names
Cabemet Franc Acharia, Ardoonst, Aroia, Armouya, Auxquels, Baro, B-"""-:.":I' Bidurz, Bordeanx, B
Bordo Maghsr, Boubet, Bouchst, Bouchet F 5-:[1'...—5-1’"I|I-;..: B
Breton, Burdeaz Tinto, Cabsrnat, Cabemat Aunis, Cizno, ..::\a:r.a:D_J..,rl

i Cabemet Franc Cmd, Cabernet P"'" T=ro, Cavemet Frans Moi

Franco, Ca =t Frank, Cabams . Cabonet, Cabnuy
: \_-:.__:l':"_ n.-:"'""'"d'._. Carboust, Camena, Carmen
E‘:ﬂ:er-‘-:{.-'.-_fk Cams F'ar Cowshort, Crovchen \a=_'e: Crouchen Noir, Fer Sarvadou,
Far Barvandou, Caem {'rf"- Iu:e:‘r-'h: -:':'1 v |"1" Gro Vidvoz, Gros ‘Bouch 21, Grros
Bx_,=._1'-'-: Cns 'l-'ir_',}'.:,:: Grosze Vidurz
1 : ofl, Kamsans,
2. Morenoa Veron . Moir Dasr, Fﬂ_zi: For, Peatit
¥ P-;:i:a Vidurs, 2, Plan D2z Sables, Plant Braon, Plant De L'Abbe
Braton, Oiro Eaberna, (ro Vidyuz, Sable Rou uchat, T"v'-:te: Noir, Tsapowrnako
W erdsjilla Tinto, Veron, Veron Bouchy, Verona 7
Cabemet Sauﬁl-ignnn Bidura, Bc.**d-;c.,;. Bm_a-'-a‘u}. Bordo, Bc‘;,:te: Bouchat, Bouchat Savviznon, Bourdsos
Tinte, Bow savizmon, Breton urdaos Tinto, Caber Sauvignon, Cabame,
=rnet Detit, Caberns t Biccole, Ca:\a::'.a:[-.;..,\l nen Black, 'E-::‘-"":l'.a[
. Cabernat ‘:._utlg_*r.m'. Cl. Rs, wviznon Croi, ©
Sa'.;'«la"*d' Maro, vignon ol vignon Be .
Carboust, Carmenat, Caztat Dzanati, Enfin, Eg Joir, F.abemea Sovinjon, Kaberna
Sowv |1'.L..:Iﬁ...=9£r.a Sovi in v 'vr.: Kzbernat 5o I Lafit, I_-: iz, Marchoupst, M=bi
=t, Detit Bouvschet, Petit Cabernst, Petit Cavernst
Patirz PE:‘:.',a: Patita Vidurz, Sa

auc 'ase: Veron, Viders, Widuse Patite,

Caberns Son

Savvignon , Vidure Sauvizn
C arthenstrs Borde, Bouwton Elenc, Cabsrne Kamensr, Cabernslla, C;_'M'r-'-lle: Cabamst
Carmsaners, Czbemat Cosme, Cabemst Gerpicht ;
Gernigcht, Csbemet Gemizeht, Cabernet Grands, Csbemst iv:assc-: Czbames

&

d Carmenet Grand Vidura, Grands Vidus
Grands 3 Faberne Farmsensr, Kabemel, Earmens,
Farmenzel. Uva Fram
Chardonnav Arboigier, Armaison blanc, Ameodison, Avbain, Avbaine, Awverznat blnc, A
- Avvernas blanc, Avvemat blanc, Auxerss, Auxama: blanc, Avxerroiz blanc, f'..,}_ iz

Auxois blanc, Barzeois blanc, Beauvnois, Bizk Klsvanjiks, Blanc d2 Champazns, Blcf-
gaver Suessling. Breizzaver Bus:zlinz, Burgundi Fsher, Chab
Chardanst, Chardennst, Chardonay, Chardonnet, Chatenait,
]'_a',-..ﬂ_rrr. ._L-_vr.-r: Clwvnar W Cravner,
Fehar
et
. Luizant,
MMslon
.L"'"‘{.‘I: \I-"-'-:...-'- MMoremn bla : C“'_'\aldﬁ_?'.:FE[iI
Chater, Patit Balr:-'h\h'l_: Pn_.le 5-=I:I'.E }.IEE: Pinazn ‘:-k=_1'.-_: Bine Sardons. Pino

Chaudenst

Shardons, Pinot Blenc & Cramant, Pinot Blanc Cherdonnay, Pinot Chardonnay, Pinot de
Bourzoene, Pinot Gizllo, Pinod FE.._: Blant d= Tonnerrz, Fomsers, Fomerst, Fouci Bils,

Fouzzaan, Rovssot, Bulinder Waizs, Sazinte Mariz Patitz, Sardon
Spiter "Wail Burzundss, Waizz Burgunder, Weiss Clawvner,
Weiss Klewner, Wais Silber, Weizzadler, W, 1 Clevner, ¥
GevwurFratinet Awvernas rosge. Bhnc brun, EBlanc Coun, Ben  blanc, Christkindeltmw
"‘]'.l:.ﬂ m.,l-'-:.r_'.:.,‘:\a: Clevenar, Clevnar, C:‘-ra'ar.a Ruziva, Crovenaz FRuzica, Difedi
Drrumin Ljbora, ]};:at
; } Fl-'-l t . Formentin
.,:‘:':'.-"_-".t-'-;.:,.cuz-'- Frencher, chﬂ-'-f:—'- F-‘cr.a:r. S EL, 1-'..,=_-'-'-'-=» 1-".,=:-'~'-'-=»T = i,
2 Aromatiquoe, Centil-durat oo Z=. Cantile &
uge, Haiden, Kirmizi Tram 4 ECE Itl-"'l:l""""'"
ivosm ._-'--‘t-'hr; MMals Dir_La '_ i . M i T"‘!’!’.I:I'.;_.

Shardons, Shardonne,
“-‘-L Eildar,

L P:i:r.-:: E:en'af.a. Br
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qu—'- "_-.a"az\rir. b=
7. Termano .-'L-‘e-r“'.;n
Traminac Dizeci

""1 i i, T*-:r“' nac

Traminec, Trami . Traminar E"‘"l__. Traminsr "-.I.:.'ab—'- Traminas
Parfums, Trzminz . Tramin=r Foze .Lad':'.;th_, a2, Traminar Fot T:'a:':'.l:r.—r Foozovyi,

Tramini Pisos and

(zrenache

o, Akanrz Pogziaszlli, Alicant Blu
z Jzuna, Cannonaddu, Cannonadu Nisddo,
Cariznans sozzo, Elszamse, Fra
CGamachs Comun.
. Gamama Pais,

Avundantz, Alkan

(1] . Ba '*d'_r_-_t R—'-" {':'-:r
"':I'TI!'.'E" R.\..., zillom, ‘E.*‘";lug'c, "_-: (-
o, Tint=llz, Tincilla, Tinte Al=nudo, Tinto

i Vematua .

MMalbec

‘ozin, Luockens,
Megrzsz, Moir De C©

ord, Biad De Pard ix, Bled

. Blant D Merzou, Plant Du Food, F_
oaus ‘::_auza. Quille De E‘a}: Fuodrdsn

Merlot

me da I,-_ 'E'-r_..r_f. S:r“'-'- a.,c-.., FI,-_..,

Plant Madoc
S2mea Dou P
Sud des Gran

MMuscat Ottonel

zavia, Mi:ls.:a:'}.a: Wligker Cronal, MMeoscasto Otonel bizn
s. hozzonsl, Muscadel Ottonel (in South
=

Nebbiolo

Barbazinoe, Brsnants, Femmina,
zzcoma, Alichet, Mlomfer |r_.-_ no di Ca
=bbiclin Canavesano, MNebbio
\a"u_b Nabiol du Piadmont
dra, Picote, Picosnere, Picoultenar, B
T a\r-'-:: P'..,r.er[ F'..,r-:r[,: Pusnat, Fosetta, Spama. Span.
and Uva 5::\-_1'_1:-_

Pinomge

Pinot Grigio

Pinot Noir

Agprofelbars, Arbet, Agsbst Blau, Arbst Bluer, Azzmann:d

Apvernas Fouoze, Avnvarnat Avvemar

N L.-rr_‘:ta' . Blauwer Ssaklewnar,
Swlvansr. Blaw Shpet Bursunder, Bodensssravbs . Bodenzszewavubs Bl =
Eon Fla:r:_ B;.h:s{.t" Mam, Borgosnz Naro, Borzogn: Focso, Bourziznen
Bowrrpimon Gros, Bouwsuiznon MNeoir, Bou
iwmpdac Camii, Burmunda: Cnd, Bosmun

Eh-"_-'r_a: Chiawven

‘—‘*Ia'.,-"-' Itl-'v"f-"-' Elsaszer Rm Els-
FL-.r.[ Drora, Formentin MNipir, Fraenki
Franc Pina Franc Pimot, Erancois Mo

=r . Fruhblauer, {.—=_:'_'_¢|=:
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. Gut Blap, Gutlap, Jakabzzoslos
KJ-: Elevner, K2k Fulandi Eiz B
. Elazvner, KElkavner Schw £
= Is.l—'-u'—"-r B.:.-‘z‘-.,r.:."..a.' Elzinrot, Klzinsoth, Is.l—'"rlr.z—"-r Klavnar, Elowvner Esk,
KE‘\-T.—"_"' S.t'ﬁ'a::*lgu Ko :I If..—'-l:m,:‘zur.c.L I_ar.z—y_'.—'-: "-.I;—'-]'_-':]'.ar.. ".I;IF"""ITEE.".

"-.I'\'.',:'-': R|=’v'Ech "-.I{:c.:'a B.E"--::I'._I
wrchen, hlchrenkoeni hlohrenkoenizin

Moir, Moreotische ?\Iaclll"vr.: hlogillon
Mavron Petit, Wobla
hizun, Woited , Wod MNoirien Franc, Woirien Tement, Notrin, MNods
O rdinaarsr Blau:"r Ordinasrar Fother, Orlsans, F=-t|t W, F—'-:l \{H:
Batit Verot, Plﬂ'.{.‘l. Pignola, Fl-:r.'tlﬂ Biznoliza, Piznolo,
Dinzzz Dz Bo wrzozns, Pinsau De B{.t.,:‘zaw.a: Flr.ac._, D= C]‘.;rr.ba:'n... P|. ¥,
Pinzauw Fra Binzzp MNeodr, Pine Black, Pino Caren, Pine Camii, Pine E]‘.—"_-u_-r: Bino
Chemyvi, Pino Charnyj, Dino Cor orni, Pino Commnij, Pine Fran, Pine {.\. Binge Moz, Bino
Mearo, Pino MNusr, Bine Qo, Binot Dinat Cemii Pinot Clevnar 1. Nlaiz- Feld, Pinet Crnd,
Dinot DrAv, Pinot Dre Chambanin, Binet D2 Floury, Pinet D2 Gavray, Pined De MMizraine,
Pinot D:"‘I‘[: Pinot Fin, Pinoet Fr Moir, Binot hlas, Pinot Mariafeld , Pinot Ne o, Binot
Nera, Pinot Nero, Pinot Noar, Pinot Neir Corzilled, Binot Nodir Cosailled B, Binot
Moir Salvarnin, Pined Salvaznin, Pinoet Tinto, Plack Moegillon, Plant A Ben Vin, Plan
Dra=, Plant Dre Cumisrez, Plant De La Dols Nedr, Plant De 5. hlamin, Plant Dogs, Blant
Fin, Plant hl=dzille, PlantMNoble Bynez, Qara Pine, Fakin Dre Bourgeen:, Fasoy,
Wlzle, Foter Azsmannhasusar, Foter Azzmanndhasussr, Fote Burzundar, Fothar

Azzmannzha af;,se:': Fother Bussundar, Fouwci, Foouci hak, Fouci hWodss, i
Fouget, Fulandske Modrs, Salvaznin, Salvasnin Neoir, Sameoirsau
Saumenzods, S;..r:.'w:'_:u Ssvarmin Neir, Savamnin Nedr
Ekwna, S5ch suble, 5C tlaver Klavnar, Schwarze Frasnkischa,
Schwarmer Assmennshaspser, Schwarzer Bursundar, Schwarzer Champamner,
Elkevner, Schwars Elevnar, fzar Fissling, zer Rissling, Sc
Swpessling, 3 warzklaevner, Schwar Schwrar
Servamnin =1, Sevamnin Noir, Shpachock. Shy
Spacek, Spastbur zundar, Spastburzonder Bluer, Spazier Burm
Spastazs Nloerchen, Spatburmundar, 5
5...—'-;5:'1: Suessroth, Soe

Z“-.I'k..:" Is.lat;r.}'l.a: Z\.I'\.,:‘l Plr. L
roahblans. hlcr Bursundasr, Wlorsois
Noir, Na
iar, Moir Dre Vars

Iz 1=

Riesling

schavina,

inz. Pussi Faizin Dz Fhin, Rajin
Fuzling, Rano, Beichsrissling, Raizsler, Femo, Fandu, Feno,
Feazlin, E._Ilfi-.. RJ'-'-' RI-"=-|I1'._: Fhein zaver, R.!'DIT'F':.LIT._:
i D= Fhin, Fis

Fizzh Fainzkii, Fissling R...er.a..: Fizszlinzg
Fiz 1|r.ar.*1-.. F..I:lﬂ'.“-]-.: Rl_l = ]'_|"_ra:: Rizling Fajinski. Fizling Fajnai,
Rizting Faeindcii. Rizling er..i-‘l- Fosszsling, Fohsc, Foessling
Fou=s:li Fuszszl Fon-Fissli Fyzlink Fynsky, Stsroswvet
Rizling Uwva Pussila, Weisser Ri

Sauvignon Blanc

Bevaz Savvignon, Bld’._ Doux, E|d’._ Foms, Bordeaun bianco, Dovce blanche, Feher
Savvignon , Feigentraube, Fiz, Fi= dans 1= Neuvilleis, Fome, Fume Blanc, Fome Surin,
Gonatin, Gennatin, Gontin a Rf.‘ﬂ".\'.“."-::l'...l:l'.: Groz Szuviznon, Libournais, hIslkii Sotsrn,
Mlvskat Silvansr, DMluskst Svilvansr, Muskatani  Silvensc, Musksmi  Silvan
hlvslkarzilvanar, Painachon, Pallagsina, Potit Savviznon, Pi-:E"_'H."d'.: Biccabon, Binot M=y
E=zly, Pizzota, Puinachou, F..,:r—'-_l'ar B.,r.__]'a... . Foonchalin, Sampelzsina,
Sa:'\«"r.en: Sanrzems 2 ViTnon .BL_|—'-I Savviznon blanco,
Sauvig Sauviznon Gros, Sauvizno .j I = 3 E Vi P—"'[i.[:
Savvignon Savviznon White, Savamnin, Savaznin : i
Szvaznou, Savimnon, Servanisn, S=vomisn, Sovoven, Scusmas,
Sovinjon Bzli, Sovinon, Sporoolina. Surin, Syvlvaner Musgue, Uwva Pelagrina, WWeizzer
Savwviznon , and Z6ld Orlibi

Semllon

Bamawartha Pinot. Blane Doux, Blnc Simillon. Boal, Boal No Douro,
Chevrier, Chevrier Blanc, Colombaer, Colombarride, Colombizr, Daune Ve
Fehar Ser_'_ill-nr_: Goulon Blanc, {ii‘-‘...'

Derit Simillon,
Szmijon, Semilko, Samithzo, S=milion,
. 5émillon Blaven, S2millon Cruc cillanr,

Iz, Maf.'aeis
% Simillon, Sautzmes,
5_.__|JI'~r_ Bl.:.r__L Simillon Bijeli, Sémillon Blan
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Semillon Feher, Simillon Grusillent, Simillon Muscat, Semillon Picolo, Semillon Roux,
Samillon Weizsar, Samillon White, Semilon, Semilyon, Seminon, Sercisl, Sotamn, St
Emnition. Teizos, Wine Graps und Wenadruif
Shiraz Anpumesin, Antournerein Naorir, Anzher Wlpskarnyi, Balsemins, Bisuwns BElaus
Schirzz Blauar Swrzh, Bragiola, Cendive, Candive Modr, Cosrigliola, Costiola, Nedr
Damsz do Puy de Doms Damaszens Blau, D Senti, Entoumeirsin, Entoomersin,
Entoumsrin, Fress (mossa Hignin Noir Marsenne Wodr, Marsanns Nodne, Mazane MNodr
Mairet i  Saluzzo, Weiretta Conese, Neirstta del Conesss-Fassansss, Neirstta  dal
Alonragaless, Meiretta del Fosso, Nekstta dellalbese, Neirerts di Szlzzo, Neirero del
Cunssze Neirstte di Beane  Weirstto di Camo, Neirsto di Costigliols, Neirstto di
Farizliane, Meirsmo di Saluzzo, Nerstz Piccola di hlonrs Galezs, Marerta Cuonssss, Werara
dzl Cunssza-Faszansss, MNarsrta del Mlonsszalazs, MNaretta di Costizliole, Nersra di
Saluzzo, Merstta Piccols, Mersita Piccola 4i Dozlani, Nereto del Beinsle, Narstio i
Doglan, Nerarte di Saluzzo.Petita Sirmmh, Petite Swvras, Plan de2 Lz Bizuns, Plant of
Bizuns, Plant of La bianne, Blant of La Bisune, sarene, Ssrins, Schimms, Schimz,
Serzans, Sersins | Serens, Serenne Serine Serine MNoir Serinne, Ssvens, Shirsz, Shisz
Shyrac, Sira, Sira, Sirzh, Sirsh  Wlamsanne  Nedr, Swrisc, Sirica Syrs, Syrec, Syvmc d=
I'Ermitaga. Swrah Cmi, Jizak
Tfﬂ]pfﬂﬂ'lllﬂ Albillo negro, Aldspengs, Arzgon, Arasones, Aragomez, Arszomes da ferrs, Aragones de
alvas, Arsums, Argsnda, Asined tineo, Cencibal, Cencibel Cancibera, Chinchillans,
Chinchiltano, Chinchilvanoe, Crujidera, Copeni, D por aca, Escobsrs, Gamacho fono,
renache de logrono, Jacibers, JTacibisra, Jacivers, Toen garcia, Wemrs de mesa, Nagrero,
Ojo de lisbre, Olho d2 lebre, Palominoe nssro, Pinuvsla, Foriz, Ssnsibsl, Tempranilla
Tempranille, Tempranille cmi, Tempranille de B rioja, Tempranillo d= perralis,
Tempranille d= ricja, Temprenillo d= rioza, Tempranille rioja. Tintz amgonses, Tints
codrisnez, Tinta de madaid, Tintz d= sanriazo, Tinta de toro, Tints d=l paiz, Tinte do
inacie, Tinta do pais, Tinta fina, Tinta madrid, Tints montzisa, Tints monteire, Tint rods,
Tints rogiz, Tintz santisgo, Tinte am=zon, Tino smzonss, Tinte srasenss, Tinto de 1z
ribara, Tinto da madrid, Tinto d= rioja, Tinto da wodo, Tintoe dal pais, Tinto del toro, Tinte
fing, Tinte fino da Madhid, Tinto madrid, Tinto paiz, Tinte ribiera, Tinte ricjane, Tinwe
=mpranille, T de lishrs, T d= lebrs, Valdepenas, Vardisll, Vid de arenda

YV iognie-r Barzeron. Barbin, Febolet, Greffou. Picetin Blanc, Viennisr, Pariti Viennisr, Vie=zns,
Galopine
Finfandsl Crljenak K attelanski Primitivo

4. WSN-based Viticulture

Viticulture deals with the production of grapes and this involves series of events
happening in the vineyard. WSNs can be used in various processes during the grapevine
development up to the grape fruit harvesting. This includes environmental monitoring, pest
detection and controlling and of course — the plant growth and fruit monitoring. Figure 1

shows the deployment of wireless sensor networks in the vineyard.

[Fig. 1] Deployment of WSNs in the Vineyard
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4.1. Environmental Monitoring

The environmental conditions are needed to be monitored in order to know the current
situation of the grapevines in order to regulate water and nutrient needs. These tools things
can help provide a real-time monitoring of grapevine environment by providing parametric
data regarding the wind, atmospheric pressure, temperature, soil nutrient, pH levels, humidity,
dew point, frost and rainfal. ~ Many other environmental monitoring tools may also be
linked with the sensors.

Temperature and radiation can affect the sugar level and ripeness of fruits. Data about air
humidity can help prevent the development of fungi on the leaves and stem of the plant.
The wind and temperature as well as soil moisture is also monitored for proper irrigation

management.

4.2. Pest Management

Pest infestation is one of the common problems in viticulture. Mites, worms, caterpillars,
moths and bugs are naturally in the environment but too much volume of these organisms
can harm the grapevine and thus affecting fruit production. There are WSNs which has the
ability to detect the specific type of pest that infests the vineyard. Data regarding this is
transmitted to the server which helps the management to react immediately and perform

pest infestation prevention actions.

4.3 Plant Growth Monitoring

Knowing the growth stage of the grapevine can help the management in deciding the
amount of fertilizer and the level of water needed by the plants. WSNs can help with this
which may lead to an effective production. In addition, there are also sensors that transmit

fruit data and informs the management when the grapefruit is ready for harvesting.
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5. WSN-based Vinification

Wine quality may be affected by many factors. One is the quality of the grapes harvested.
But having a good quality of fruit is not enough. The vinification process is also a factor
that contributes to the quality of the product being produced. Basically, vinification involves
stem and fruit separation, fruit crushing, fermentation, aging, blending, clarification and
bottling. During the winemaking process, there are complex series of chemical and physical
reactions that transforms grapes into wine.

The industrial applications of WSNs in the vinification are focused on the monitoring of
the parameters for wine fermentation and production. Temperature in the fermentation
process can greatly affect the quality of the wine as this affects the fermentation process
where the yeasts transform the sugar into alcohol and carbon dioxide.

Figure 2 shows the sensors attached in barrels in the winery. These sensors can measure
the temperature, humidity, level of the wine in the barrel and pressure to control the
fermentation process.

Figure 3 shows the system architecture of using wireless sensor networks in the vineyard

and in the winery.

-3
-

J =2

[Fig. 2] Deployment of WSNs in the Winery
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WSNs in the Winery WSR3 in the Vineyard
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[Fig. 3] The System Architecture

6. Conclusion

The presence of wireless sensor networks can help improve processes in cultivating
grapevines, production of grape fruits and processing wines. The different varieties of grapes
which may have varying monetary and economic value can be produced at its maximum
quality and quantity because of the proper monitoring with help of WSNs. The winemaking
process can be monitored in real time; this is faster and simpler than the traditional
monitoring processes. Since this is a form of business, as a general rule, the cost involved in
the utilization of WSNs must not exceed its benefits to be profitable. For sure there are
many low-cost WSNs in the market available for owners or administrators of vineyards and

wineries.
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