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ABSTRACT

Nowadays, organic lettuce cultivation is becoming very popular. However,
without the agricultural chemicals used to protect vegetables from germs, organic salad
vegetables tend to be damaged by diseases, and these damages could lower
productivity. Gray mold rot is one of the most important and damaging diseases in
vegetable crops. Therefore, the simulations of airflow and spores in different types of
greenhouses were conducted in order to develop a detecting system with biosensors for
gray mold rot in lettuce.

First, the necessary information for designing the system including the
occurrence of gray mold rot in salad vegetables, the diagnosis of the disease, the
application of biosensors in the system and the precision equipment development was
studied. Then, a 3D biosensor device was desiened. Next, a flow simulation was
performed and the flow behavior of fluids was analyzed using a software. Later, the
installation of biosensors inside the greenhouse was simulated.

According to the test result, it was found that the outlet air volume flow rate
which depending on the capacity of the exhaust fan affected the air in the system. The
initial wind could blow the spores; however, the sizes of the spores did not affect their
movement. The position of the door, the exhaust fan and the biosensors had a high
impact on the scattering of particles. The biosensors should be installed in the area with
sufficient wind speed. In addition, the air should be circulated throughout the

greenhouse before it came into contact with the biosensors.

Keywords: biosensors, grey mold, computer aided design, virtual simulation
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2.1 UVBYAVIINYIVDINUNNEAN

2.1.1 dnvaigmiluvesinadon

Ann1avew (Lettuce) w3e Anadna FoInenmans Lactuca sativa L. Anadaduiiv
gofien dawuervdu 9aded Tuazasgaindedunqu e1aviensslie dnvaegusg
wazdunnssiulunstvued fuaneiug J80erdeuau feddendy Hmavuung dune wazd
S a v = Y o a a ! < 1 &
W1n1a (UN 2.1) dnnevensissuusinuminiansnsaasyadivlufuegenag Yeneniduiuy
LENWILY g3 2-4 ln Uszneudienen 10-25 nenmets Wunenauysalina ndunendinied
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gauniiNInyauegsendng 10-24°C [1] dnadndduniiialunivglsy uaziede deuuilaa

9 Y

dauvedlu dnadauwdssenliilu 3 nqulve Ae Knniaveureind1enzvaiua (Head

Aa o v

Lettuce) NN UTLASITUAN UMDY (Leaf Lettuce) haginnInvauidaiauenl (Stem

Lettuce) § 6 angiudninsimizdgniiuuin [5]

JUN 2.1 fnadavanvanganeiug [1]



2.1.2 aeug wazUsslevivesdnadn

1) n3uldm (Green Oak Lettuce) H3pn19IN81AIMSI Lactuca scariola var.
sativa L. - var. integrata L. - var. Integrifolia lngn3ulgnagluisd Asteraceae anwaziinadn

aa a =

Ndean Tlundnddeinaeanslulasinu degun 2.2 IanulaniuwassaviRindlagaiuisn
18a fisaunfmiu nsou Tanvasduny dnadadssianididuiiadn wazenmsaudu o la
=] ' D v I A A S Aa a aAa a o ¢ ] i
g9 finnledaglvigesomnsimduegned nfuldaiinifiud Inniiud uazlivesgedieises
viewrn Ungeanenn nanuile wasidunulailuegned Supaesfianunn 9 wondasuuseniuing

aliazoainludnasau nieunusinnadn viosuusymuan ¢ lamuveu [6]

;s‘l.l‘ﬁ 2.2 n3ulda (Green Oak Lettuce) [6]

2) 15918A (Red Oak Lettuce) dinaaniiinisuslaaiuuivateiosd Iauniuin
nUseinanisag dn13e198sluntisdoncudt a.a. 1699 Fsseunla lin1sisuisluviemanaty
U A 1771 wazveneguseimaginguludnasanamsseil 18 lwefives Jusaldnidinniuuay
anssasusyyadaszas 1w Indue 3n3ud Inian wazsmvan Fveusaldaasdduaudy
wasfuauIaveulundn q Famsanuiie JaFeuetN fAegun 2.3 waldaldudniiininle
a9 winzdmsuiiduaneennuiedaynsesnistuaty mssuusznuseldnssyaelidu
98197 Lsnldatuliimungiunsussiou wungdmsunismiuanuinndl wu Tdusuuyade

visemudnuyiilensefuusemuan 9 Siuduyemnsulsalzesesnit [6]
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Ul 2.3 15018A (Red Oak Lettuce) [6]

3) Apd M50 WNN1ALSLUY (Cos Lettuce or Romaine Lettuce) 4% 8N4

INIAMI@n3IT Lactuca sativa L. var. Longifolia luusgimasinguinazisunin “Aoa” wely

v aa

Useinaansgalusniawsnidnaziiendn “lsww” amduindnuinueaiodgud waste “noa”

Ao

YUYNAITBUIRILFATENSNIAYAITDRIUNILADAVDINS NTULDY xTanuwaeNTlanwurliniiau

Y

'
a

Anadeauszinnau q wsedludidendeealudnnseu dagun 2.4 lreelindumdudeives

=

Kninlusin femeatuanuisanuanuieulannilinaaneiindu 9 mesananniiduniuiey
THluaydensadn visasniglsdiousuvigy dmsudnpeatuiiedndudniivselussuy

vaeueg wazmizd iUl idesnisanumn Yredesiunisiinueise darsdiueyya

2ase [6]

;J‘Uﬁ 2.4 Apd 198 ANNALSLIU (Cos Lettuce or Romaine Lettuce) [6]
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a) flawad (Frillice Ice Berg Lettuce) atadledidsn (Juadnii fouuinly
ansgeuisnuarSuldumnuiounntulusemalnelusseendsnd faadledidsn flud
ensounardidondy fdnwazeru nseu wanm Snwasiduny dosmdn 9 Wiy degud
2.5 lnuddussainnuganinduinassgaadaiianunsaugnludiu vdeugnuuulelasiusinds
FongUszanas 40-50 Jufianansaiiuienld dvadafiandlodidinmfuroutidlinuauiouis
denarite duuvman o gasluseansomsivu Indue Ianiiud Iendudu  Snfiey Bl
Usglovtidretigai ufitan fuiauve deafuuenss trsssiene Paeduiuniedsunmusl

= 1 I =] A 1 1% I~ 14 v 1 Y & 1 a a
Jolwl adlndon Yivanviasdanoile ‘UUﬂ’]EJ"LG‘lL'UUEJEJ’NﬂLEJEJiJ [6]

;J‘Ll‘ﬁ 2.5 awad (Frillice Ice Berg Lettuce) [6]

5) Ummasian (Butterhead Lettuce) 819t58UNINNNIAUDARY %158 TU U

a3 Wudnadnfirenmailnguinis nisuiuanunseu Yaslid sulsemuidnantudu 8

aa a

widdelndifseiuniuldauddunniie  Tamesienaznanuunit dauuundt Inuaiey

a

adnendusenlyl Asgui 2.6 Wudnadaivinleivatswyeses wu Suuseniuan o aunsalalu
wauLUBsINes anunsanniduresiuseu q Aesesludnuuu nieavuruiunseng Suuseniu
Suduiiatignaen 9 Wuadanuna (6] Tassnamutieuizuduny 113987 annoisamasea

Urgsdszam wazdesiulaiining [2]
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g‘l.l‘ﬁ 2.6 Unmasian (Butterhead Lettuce) [6]

6) Unniie (Batavia) udnadmngu Crip Leaf fdnunslufuukugunemi
voulunBniduadu Wunsaiu viewuuuna 4 Siddoasiung fasuil 2.7 Dudnadad
feuunlusavglsuneulduazlulssinaansgowsniuasuauin densuuszunuanduadn
WNT2AMAININEIT8IMNT ARYIgU1Tea8nY U15aduNy ﬂ"ngWizmmLazﬂé’mmfa U139
Anssa Jeadulsadinunnszaen Yaglunisaadaiden iduleamsge vine yyadase

Josiulsania [2]

sUl 2.7 Ynn3e (Batavia) [2]
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2.2 ANWAUSNIINONUANEAS

2.2.1 nmadgn

nsdgnitsuuulelasluing wiensugnitalaglildAuddadudidonstennly
Useineilne (3U71 2.8) lullaqtuasiiiulsingsiansugnitauuulalastuindlutssmelnefnds
dulmegnesnda [2) defvesnisugniiwuuulelasTusiing fe THnanluninndouiuiiugniies
mnduAudesiimaniesfuuasmin ity vonmnddansamuaunisliasewnsléfua
yifenin villiaansadmunvunavesiiglidulalndidestuld [3] dmdunsineasealnl

ManwAstusu (Indoor Farming) Wunilslumsusdfgyussniansinensnees o Junumlu

'
a ¥ a

a A & £ = & = o
Wamalvdundululve Fadusvwuumsinuasanglulsusounsedslgnasne 1

Y

1n1sAIUAY
ANINWINRBNANY 9 AEITITUNITIATYLAULAYRINY LU 9l Lawuan ANTU USua
T . & v o oa A A ° PRy =

11 Yo 1Uudu Fealgusuumsinnzdgniteivainiate lnganunsaduunla danisnei 2.1 anu
szuumszdgn uaglaseadegunsalildlunisinizdgn JULUUNMSINEATAINATIEY Y
Usgndamslaninens v Jo fiuimisdgn uasussnu suddsaunsonivaudsunauag

AMANNANAALARNUNFDINTT F9B20aAANY HUNILTUATUUS U ULASAAINYDINANA A LA

9 9

D

ANIINITLNEATLUUAIAN [7]

a a 6 v

Auigauran1sUgninadn AITTIuge dadugauanysal wazlidunidingge

£% ¥ '
¥ o A a

niAuan wazduinladuiunas anmaulunsn-aAsvesAusgsening 6-6.5 Nuivgnas

9

las nazlasunasunnag1ndun esanluidnadn vsonnn1anauldnwuzue lunusany

Aatilugganuas amsuanlalsaseu (1]

sUN 2.8 nisUgndnadanuulalasiuiing (2]
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M19199 2.1 JULuUMSIIzUgniiy [7]

JTUUMIIIEUgn

laseas1eaunsnl

Hydroponics: nMsugnitylaglvisnugedlu

nilsmemsdmiuisazaieey

Glass or poly greenhouse: NurUAKazIUTY
waslpeldlaseasradunsyanuse

polycarbonate

Aeroponics: NMsUgniitlagsiniuudes e

Tuanne

Indoor vertical farm: WUNUAkaENULEAILAE

Tuasluglunisinizdan

v
13

Aquaponics: NITIUTZUUNITABIERTUN

wazmsUanisiinmei

Low-tech plastic hoop house: TAs3a514

ATNauvisogluadlagldununaradinlanqy

Soil-based: NMsUgnitulagldiu

Container farm: uenglnugnivuudazaulag
TgnsmnzUgnuuinsuazuasiuelunis

Wzdgn

Hybrid: nMsugnitwwuunangse UUNEaINa1Y

A1

Indoor deep-water culture: NunUauaziy

waslagldszuuihdndiglunisimizdgn

2.2.2 Fpgiey

p1anunuaureuly nueunseyian venusuiululuuITrErINITRTYHAULY U
avlunwuluszeznan 20-25 Tu [1] daulvadnussianiluduuasuiniu wenanneiniel

WILNTELLAY AD 50U wARdT nalmnawwas bW [8]

2.2.3 lsAily

Tuszezndn 20-25 u annsanulsalauitld usndsandreugnauisszesiiuien
avanunsonulseluge lsasauh uaslsasnuuunu (1] lsnasmatsiionmeadoutiu waned
nswsgiulnvedse dnndnadanilstuindelsawezannlivihnssafianou uieravihls

Tuliumdneungaanis [8]

2.2.4 ANSIAS8UAU

Aslansuninfiu wazyefumnuan faliuu 7-14 Ju lseyuvnivselalalunly

L + =

U8B ININ

]

8n371 0-100 N3N/A5u. il iyisuianny MnAsiivgnazsesiuaiededunsd «
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gnseine q FausunailduegiudeudazUszinn uenanilfesimsimisunal lnensimienan

TuiavausuuUsedln AUNIzAITIEUIBUIR 9ena1Useann 3-4 aiind [1, 5, 8]

2.2.5 mawzdgn

spogmeTEIaguInzUaniluzthe 30x30 axeu. luggieu uas 40x40 n3.au.
Tuggru ietesiunsszuinvedlsa [1] Hragguunazugnliiadellunausledd dudy
wihFou visentey Anavlidesln ilgnssevdanuanin sveevindinasenisiasyiule o
Ugnvirslemaifnlsaties s1ziinsszuigenmaii fugndnauduly exmasudniodndu

wnasazauialsalen vinlmanlsaladnedadu [8]

2.2.6 msbidazn1sguainw

AITIAUIegNEL @l waiganananislsyaule nislwmildaasunniuly 919
yMbmnalsalaui [1] ssuvinldalsanass nNaenansuseain 300-400 LT RaI91NTY
| v Y % & v o D% o w % P ~ = v =~ o
soszuuliieendiy-van Wuiadan vilvauisaddunarludanlannfiumsiedinisidntia

1A [8]

227 mMsfiuife

deinadniionglsusyann 40-60 Sundsretan msiiuiedlildiingn wazimdsly
uen 3 T iiedestuanudemelumsvuds vandessnsiiuisneudonmsiiuiisiney
e viderudisauluiisy uasdmnsn theyuuniiisesdaitotesiunsunddelsaitng i

PN UALUTIIAITINAERN FiaguN 2.9 [1]

JUN 2.9 nsussarnadnasdswanafinuasiuies (8]
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2.3 Tsainvaernaan

Tsauhwosiniidaandoninindulsaiidfyuazadrsmmundemennlsanis
Iiﬂﬁwulﬁﬁgﬂul,mawqﬂ warnendafuiennds lnedusudnnainnatseidnunnit 500
¥in SedmaliAnnnugydomansvsiafaud niudureaans fs uauduaeaarsialan 9]
IsmﬁwﬁLﬁmmﬁzmmaéwqmmLﬁmmnl,%aswﬁl,m Botrytis cinerea Tunnaven 1Wes1il
wnsvaneiindoulaniidnniaven mnlifnnsmsudlafidyanausnvenisindsorainnis
goyLdefyagaguuse [10]

231 9nslsA

Tulsadou Botrytis anunsansliiianisindolalussevdundt wazneliinlsalay
uh Tuvaigilsamduaioiln Simaseusnausngiuuudidusasiigiuveduii Tufiga
fufifioauds wazme ameldanmifianady Wosdm (wdidey wazades) wwdowdud
dhana videduny annsasguuluden waranadlulumvesinniaven (U 2.10) 91713

Sunsnvadlsaunensianaluiilasdunsaiunsizainindulusealuldfidamnuruiwdy [10]

5UN 2.10 WendAwnluinnianey [10]

2.3.2 awmnlsn

o1 Botrytis cinerea Yaduides lunandlaifinnsveneugniana (Imperfect
fungi) Tumana Deuteromycetes il o1a5afiulafiudi avasvavesnielaiifie (Conidia)
FnwazgUlY (Ovoid) 7liT& (Hyaline) 3oeanindntosinizfuidunguniiouniaodu
(Botryoid manner) UuAudu q fisensenu1andau Conidiophore fuanisiuanen ales
yielafifeilagyinthilveneiug vieunsnszarelasinlufuasiindeulmynudailududa

#sovdalumuanladuszegnielng 9 wenanil e1vaviinisassainaslsifie (Sclerotia)
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[ <

[ ) 1 = 1% a 1 gj = 13 I & [~
anwauzluwNy niodauwuy 9 (Flat) @audswuinee o asusanuosnignlatiouliiiu
o o & = & I ! & A g a & a ° v o v
uien3ein awmaslsifiewinil avnvegauduvesiendulsavielifinuau vivnin ase
alod wallmnuamusioanIndandoufidaunflauiunit unazlinmuasautuAazLL

N I I ] S | a XA o aaa A a v
Woegladine mnanluaglul MeunTeunuaimaslaiiedillennludinniomvsedwindou
winzannavsensanududulasaivinaely [11] Wesiaenanuanalasuuiuiives
2 da & X X vy ! N A A & a & A
Fudwnfnwe Wenamsaunsideldiiounndiuvesiviilolinudu lngamsusnaiilode

AUBUUN JUawka LUaLEa%s1 wailiawtanniewnad [10]

2.3.3 nsvianeiiy
dielailiienseanaslsiiiognuilunnasuuiivesiviazian Germ tube dudly
aeluialaeriuniauwnaluasayiivlnegniegld Epidermis 581319 wad Parenchyma nialviiin
° U o ) | cs' = a a & ada v L.
nsvansuazaatefiiuwadainadtuian Wesyaulafuffagdsiiu Conidiophore
gonuUeNRINYRsIdINNgniiate wdlaselatdidetuduiuumnunaquuiianuneg vinli
@ <) = a v 1 dglj 1 A & a a dill a da d’{l 1
wiuduyevseledwnaingns [11] wesineasiadilluiuvanesda uunuiinfae 1w
caa gé’ o/ = % 3 ) 1 Y
- ulgdiumdnlauanaa@aaizntdauead wasiuuiusy wazsiludnisaanesiives
\altio
- ansfiwnduminluanaideeaduesivy Wesanidule Hypha wsgiulely

A A a a ¢ - ¢ a _a
LUDLYD NARAIILYAAILNDINU (Sesqwterpenes) IuﬂiSU’mmiLmLLVIU@VLaGquG]EJQu [12]

2.3.4 FwWnaeuNtivadasunIsiinlse

Botrytis cinerea f9an1sANTUNABULNgmluNsInvetalaiviealailifsuas

'
= a

ANSLUNYINAN8NY (Infection) 1A8aEH BINAINTUDI9AD UAINI BT ANUTUFUNNS (Relative

q

humidity) laisnnd1 90% dwsueumgiitu 3nnsnfignaassiendesduniesduemis

Weade luremaassnuitaunsaniyiulalaludiavesoumainue 0-35.5°C uragiian

¥ [ [
Y I

539 2-25°C dlunsidihanefiviuegsening 22-23°C Wenlvouaamglisiantos

2.3.5 MU ULALANIRLSA
1) msbiduiivievgnegluiuas aasvilurasndiduauanauusiag
noswanla Metielrminsemenrsannduialaesi Tussozionniadu AsuiiASuNy Lwe

A o Y o

110 AISIAAUITIATII NITLNBAUNNTION LATNITINYINANeNYYDWTD
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2) daviudund viefusouvesinilifiedregnsieinesaass naniuua
Uuau egay 5 Fourn (20 nd) w1 1 Tu (20 Ans) Tesmsedidasldtundriiugnlundas
YA 2x5 w3 msaaviun 4 57 Yu lunsdififlsafintu venantenaldudu 50 n3u ude
wiesuuy 100 ndusteth 1 Yy

3) mafuimdnnaseSoglAnuns viesestniufivlaglisniu s
aulviRafiausts deuvssgadlunivuzlifisiuiumed mmaugildussmsazerausanidodn
og] msshdaidedoulnemsdndliasennvideldaaiaiienido wwu weiAsanaslsd Wosudu
y3e CusOd 1dunou sewinesenisvuds msiAvlilulsadeudiuialuss enmaaiemazan

PaunNIAITEINIT 25°C [11]

2.4 n15731URlsALUNYBNHNEAaR

2.4.1 FFNSHUUALAY

I
v a

aetiug Botrytis MalU lasunisdwunwuunainlaedsiliwiugt Tdssasiiaiuiu

waglilsianisuesiiueinis BBmawisidende wayisnisnigane diven (U 2.11) seee

NAINTAALYBILYNTINUNBE198AEA18lATIATINTDTIENT YT 0FUMAUUNURINFARALYE
pgnslsimunIsAndessuzsuny nieszuzNnftueInagnsanuluduiliuaniennis
wanaNdug uIne1ves Conidiophores 184 Botrytis ssp. #invzlidaau waznisldaundas

yanssavtulifenluniaauy [13]

SUN 2.11 W31 Botrytis ssp. WenHIunaeganssa [14]
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[y [y [y

2.4.2 MIITLINVANNITNAAOUNIING1ANAY

q

v A

FnsadugiduiuvaieiFldsumstautuioldede wasmuimalussduiis
niUsinureadelsaiy Taedsddeuldfuinniiandmsy Botrytis ssp. iugansandlan
(Enzyme-Linked ImmunoSorbent Assay) ”ﬁgﬂﬁ 2.12 ensaearsiuansielunseang 14
YPnTTIwoUAIULA LY ue SuuATIRn ULy ilefvunssduLauRiauYDs Botrytis Tuth
aquiiiaide Tuitnsiientu delululrauosueufvefiinaniy (MAB) BC-12.CAd gnldlu
MA92980U WagmUTual B. cinerea Tuddugnund ansoluess equiuesd Tawuedd was
nsenide B. aclada widluluney nsuan MAB d113u Botrytis spp. moulireuthaduianis
ndn yansaadlaniidned fuukuluiesujuiinisldnauudaisdosiutunounsiadou

LAURLAUTIUAUAILATANANNLL LT DNVN AN BAUNINEN1SUNM L aenulululAaUea

= ¥

wouAvefiduduoulesisos uoufived uazansieiuiiinisvednssninusiagtuney fenis
dumududuresueufivefises vilinaiwvmeiiAsfesiunmsidaduanasmie 20 uid Tu
vaupifetugunsaifnduateuavniduiu (gunsal MTIST) Aldszuunsgailednduoyna
omAlnenssgagnldsaniunouiued BC12.CA8 dm3un1snsI9aoueEs5IAL37 Az
USinavea B. cinerea 9ntuld BC-12.CAG fuamiadlaruuunisutedu iomuiuinmes

B. cinerea luwaUila a4u waviloigagnuns lunismaaeuil weudlauves Botrytis ssp. ot

Y

luansafnaniiloideninlieazudaduiu B. cinerea UIANTS WOUAAULANTIVUNURIVDIUNY
Taglaasnyinlmnanisieulee kilinn15ns293glIaUseanas 40 Wi neddnannnlunis
A5293ULNEY 0.97 tulasnsumefiadans 9957u09nN15AA a7 iLanI81nN1s WikaURAUDR v

BC12.CA4 Auansliiuinlifinnnuwansisves Botrytis luwsazaneiug [13]

JUN 2.12 nseseuasunuwuYegansIadlag [15]
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2.4.3 myiladuszauluana

uumMadenunuInisuuusaia LaENIINAFRUMINe1ANiY MTIladuanie
dmsuunay Botrytis spp. awﬁwmi@aiﬁﬁaé’uimaqaﬁaamwumLﬁaLﬂmmmaww GRiaT
DNA) §eiimnuatios waslanwivlundvosinenmlumsifauins dafuddinsesuednuas

a aa o U . = a L3 ]
nsadaAadNUULNEMSUNISATIA B. cinerea SINAINTIATITIUIaT9vadlslulay (IGS),
B-tubulin, Cutinase A waz RNA helicase 9819l5An11N1501979a0U8 U108 MRNILLAN2

1 Cutinase A wag [B-tubulin fdnwaziasfaufiseriunvaneiuglndifsetie B. fabae
vatluegfuaudesauuvesdruluusinauisgisedlsluley IGS nMsvagey PCR
gnimwLuuSalndaeyalnswes LR12R / CNST dmsunismusunaives Botrytis aclada,
Botrytis allii \ai¢ Botrytis byssoidea lusdniviey Aeandinis PCR wuuSualnives TagMan
G’fam;mlwamai‘ B squa_up221/B_squa_lo361 tien1UTuau Conidia U89 B. squamosa 7
) o Y o a [ aa o . I 14
Wuamguesnsviatsluvesivey luihuesdeniunisitiady B. cinerea Tuaju aae PCR
WuUSEalndTued U IGS THTATIANITNTINTUN 6.3 pg Uszana 540 Fluwd

[

WaUTuUTIANamsalunIsnAnIveIn1IngIRdaTgvseaulianamaianig

ye18 DNA Wi59nfulutio LAMP lasunisimwd@svenensailinddndienisdenadhiuaysanss
v a0 a o e < vy i A Ay A’

nelian1izgaumgiin ndnda LAMP aunsausunulamenivdalagnisiiuddouniouie
o 1 & . 2 Y] a I aa N

fustlanylovau CuSQy, Calcein md%ﬂﬁmmﬂwummwmmmmﬂmsazammm%m

Inlswoawln Weoasunisiiuduvesnnududuvesioueveiy (JUil 2.13) nandus LAMP &

'
v a

JULUUNITATINTUAINIAID3E wnmrasaan wazlingsaunl lneddndiad 6.5 pg Useuna
140 lusd [13]

5UN 2.13 AT UNILVDINTATINAU B. cinerea MEHARI NI LAMP [16]
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2.4.4 guwnansidaduesglulowuses

Tulawuwesidugunsaliiasziildnnaduluanadvnelasasadygransuld

AudndIureIn1sius A uYeInIsInTIzdiuasUszneunddn Insldlulewsugesidu

(%
=

LA DINBIUNITIAT LA INABUDINNT AZNITILATITINARTN LUREINUNITILATIZILTD

o

lsafiy dn1sldgduvudugasnarnuateUssiandnsunisidadelsanasnislnge

Y

29AUTENOUNITININANG 9 Tuszaulliele 9aunsd Mmsuwas sosuniuad oulwl waufiven

)
waznIntiaAaan

Tutlagiuiinisinszvimaadlidmsunisitadelsaiiy Botrytis spp. MNITes
Auszeriindaluiveunlun1svetetdmuny damaasy AuNPs-DNA uagn1snsaluiana

streptavidin TugUuuuimdudea dau5a9 60 w1l wazavidendou 214 pM w3 Uszuna

3x10° aUas/IL uonaniinsvageunuunilasunisiaundwionsiadu DNA wedtalsaity
NdAey warlsAlasn Botrytis spp. Wdllrman1saIanuiigelsald wisldly Wen1sinnis

= v A ! a & A o~ a
ﬂ')’]llLaENleﬂxﬂiﬂ‘V]u‘V] LLﬁﬂ‘iﬂumam%ﬁﬁ’l B. cinerea 1”3388LL5ﬂsﬂaﬂﬂqimﬂL6ﬂaL3JE)ll@']ﬂ']ﬁ/l

weaiulamenaedndiin nsnTadutiosnin 0.3 pg/IL (Uszana 6 alas/I) Wielin

7 dnudn B. cinerea TunARNNIA UagiivusilanAr1un1  URuUNTITaduNoAARN1UNIS

Snwnwaunlaely SERS way RPA 35115207 mariinan PCR e 100 i1 LaZaIu1sanIIam

7 7
v A

¥ . Y Y ad aa o v Y ' -
€\]I‘Llll‘sUEN B. cinerea lm‘wmaaam ‘1/]Q‘LW‘!ﬂ’Jﬁﬁ]%ﬁ’]ﬂ’]iﬂ'ﬁ‘L!‘i]Q813?11@ﬁ]’]ﬂﬂ’]iLﬂU@’JEJEJ’NW“UiJ’]

AFDUMUU [13]

2.5 ngeinltluniseanuuululewuiyes

251 anuiilewuneiululowuges

<

TulawuastJuaunsain1Im9I9IA NI INLAE NS aN ST N UASUUS LN UE15 T

9

foansnnvinlndudygramsliihfaunsessaainls Ussneulusie 2 dudsenounan

a

un3e aldanuay

<)

1) @519 (Biological elements) lauwn toulas

v & a A

&0 wouRAlauLazLouAuen Weanstininlasuansii 7031730 (Analyte)

=b -

AULEDNLANTY
awviliAnURRse el nadundnduen wSeuduasdyaalidiudaly
2) NIUERIe3 (Transducer) Wovimtiuasudyaunlasuiweiazilu

aa ¢ = = NG v A Yo
gamaidnd maadl wazdaedl Wdudygrauniali wedsdeliiuadiuvesnisig

ege e@e

e
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[
Y

ASNAUNATUAIUYDIANTVININ ASNITIUARNYDITANUNSOLADNLANAINAY BTN
Usinglunuiddesazliusingluauide Tuasean 2.2 wansdrulsznevuasiulaiguwos

ansatludssendlalaglduufnvesiulewuges dio19avusngluauidslueuian

AN5199 2.2 drulsznauiianuisalidululewuees [17)]

Biological elements

Transducers

#9817 (Organism)

[
=1

\lawda (Tissue)
\gad (Cells)
2935n1LUaa (Organelles)
WLUSUE (Membranes)

wulayd (Enzymes)

Tnmudlowvsa (Potentiometry)
wosLUoslsun3aA (Amperometry)
AOUANLYLUYSA (Conductometry)
dUNAINIA (Impedimetric)
2aNAADA (Optical)

LARDILUYSA (Calorimetric)

duusznauveseulal (Enzyme avAaRAd (Acoustic)

components) wAlaea (Mechanical)

Swwmo3 (Receptors) Imaqa&gﬂmaﬁﬂﬁ (Molecular electronic)
woUAUDA (Antibodies)

nIntiaAada (Nucleic acids)

luianaasdumsd (Organic molecules)

Tunsnsraasiieviildduann wazemuald sududedlddinutsznauiunisuens
Faramndyaiudauins (Amplifien) n15Usyaranadains (Processor) wayn1331a
Feyeyad (Signal evaporation) Lﬁa‘lﬁsﬂ%’a”mﬁiﬂé’ nadnuazveslulawuesifdesausn
avainansliedned Inglulowuwesnasnialdaludiessifiuning (Matrix) wuunildléd
& Wldmnemnuinarasisldmdlewdouamsnd dulsfivhlilulewesnsiataldiinae
yilo Wy gauugil ANuiu Aua a1ssuniuluseuy audnvazvadlulawuwesasulafini s
7l 2.3 wonanil Snvazanizvedlulewuresiilimsmenumdnvazane fecuanen
Insrian13ns1aTa (Limit of detection, LOD) AnAuidutdunss (Linearity) Anan1nln
(Sensitivity) @1355UnU (Interferences) yonINIATAs IR AT ISR EIUS I (Limit of

quantitation, LOQ) unsassnsndudiessieau [17]
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M19199 2.3 Aaudnvazvestiulawuwes [17]

ARANYY

AINUNUNY

(% IS

1. donadenuduiusiuans

A

f708199IUEUNITDE199NE
(Simple mathematical

relationships)

Audnvarilidndudmiugusesaan

(Smart sensor) Niau1saa1uAkazUaduUsuule

v a

NUN

2. LifiFawesTa

(None hysteresis)

Fyaauesndugiualan (Baseline) Lloinansiiegng
<

LESIA7

3. mavausdliis)

(Fast response)

NN UNOUAUDITI019981UDIUNIANANT LT
wsulumsnsasaiinanlawfndvesarsigrvintnlal

A11307AT121081991ULIA7 (Real-time monitoring)

4. Widysyrausedonaiiugs

(Good signal to noise, S/N)

1 1Y 1

Insraudynredyy ity vndlatgeasyili

YAFAALUNITIATIZY (Limit of detection) JA1mnas

5. HPNULEDNRNIY

(Selectivity)

saa

s dAMEDNANNEgWoaTIATIER A9

A1FIASIZRTANUULTBED

6. fannla (Sensitivity)

[y |

anmhifesnsn1silasuwUasdgumenuieaIy

A

Wntu mnwumesianimligs mslddeguiies

I3 t4 @
LANUBYNLNEN

7. Aimyingnlags

(Reproducibility)

Tulawugasnisivszananinlumyingigs IA1Ainy

AANALAADULDY

8. @18n3ldau (Working

lifetime)

pigmsliumnedsiuundmiesrernaves
TWlewumeslnesuuandyaaiisuldadusn
unszisdnnanaseimiliasads

wsn Tulawuweimsiiongmsldauiion waganunsn

Talenanansa

2.5.2 AsaunUssnnvaalulowusas

1) wslauunibulawuieas (Resonant Biosensor) @usululawuiasuseuny

Y =

UiundasdyaniudesernaindasUsenaudniulauiued (23dUsenaun1adainin) e

luanafifenisin (M3ewaudiay) Anduidevuiwad wiavenderiuwanazidsuly s
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= A a X = a s a & = 4
WagulasnatuluniaaglaguanudLs b UUNUINs1uaA s Nsasuklasnnunil
wgnIn [18]

2) eonAnealulowulLes (Optical biosensors) deyaiidseanitinladniu
Tulawuasyiaifanas Ingas1991nn1588LUUTaIwad (Electrochemiluminescence) Tag
a a 6 :j 1 a o U 6 % a a
sonfnoansiuaineesiuiiauladuiiavdmsunisuszgndldlunisnsiadunuaiiise
<@ [ 1 dy [ d' @ v v a v A dl‘ a d"" d'
UL SANTA U159 UNSHUA s UBUaLA N U s TUAYLRN 13 8ANUNUITILAATULLD
wadduiudisugnasuuiuRivesklasdyaas windudiauduiusiunisiuasunas
YIAMUT T uIIanTe T wINvadluanatun1sldsulladaensdudnyasuauas dn1s
NHUNATANILEINANYDENFINSTUNITHIIVTULB LS AT ARINLUATLS 8F9 Tawn viataay
1adLENNSA AB URINAIANBULILILUUDY (SPR) AITUNUIRNEUUNY NTSAINALNOU LAY
duwmaswialsiiwas Wusu [19, 20 wag 21]
A a & a A A P
- AAURINANAUDULS LU UUS (SPR) ms1a@auusaidsumelulaelaidy
NBIAIUN 7 WNBNIIATIITU N15IUSINAUTENIanNafineInsIna nanudumeswen
NWUUATIUUNURINBIAIIEYNNTITABUHIUNITATIATUNTAL VB ULAN R ULLAIDULYD S
A9295UNME8 SPR Uszauanudinsalunisirluldlunisnsiamuuaiisenvinldinlsasie
W|NIagRAuiu [21 uag 22]

9

- eledianyialulowuees (P2) Wdygruidiesniuuivalngd Luidn
lUiuIuegiunisiedeuiivesdues PZ measdudaiifniidon wu woufvedseuuniiisy
& Ao o ~ o Y a & = a &
ntuIatluaaraeNiLuAnisy LWUATSEAEIUAULOUATER karuIavaImanIziuTLlY

= = ¢ < o
YUTIANUDLS YU UUTVBIN1TE UL ARRIMUEAEIY [19 way 21]

3) lulowuigaini1aAIusou (Thermal Biosensors) luleawuigasviaily
Ustlevianauaudinugiuedimilaivesjisemnatininfenisaadunsenmsuananuiou
FaviUasugam)iivesinasiuisenintu windugnassvulaenissiuluanaveseuleyd

v @

psafuduresgungll Weluanandesnsindudaduieuled Ujiseimnuioureseuluiox

De

gnin uazaouifisuiumnutudurestuanafidesnista nsldnumlvedulemwuwesviing
ToA AsmsIvmengtlas kaguuafiisenslsa [21]

4) lulowugesniaaillwia (Electrochemical Biosensors) @aulugjagld
dmsunisnsiasumsuelousa visinanniuiuisule At uduvesnalag a8

Y Y

Tulawwwasniaailluiiauisasnunaunisinanisfwasnisluil iy Conductimetric
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LAz Amperometric HnNLATIEMINUAUAIBE19YY warAUYUYBIRUNTAIAININTTNITNIUEN

WIS n1IedlnTuiinisidenkazandhnsAenIwaIRUUALANTes [19 way 23]

Y

ca o \/str:s

- il (Conductimetric) wis1dwesndnlade A1n1surlui1/AIy
fumuresansazany Weufizeueillihaislossu viedidnnseunsunlnilagsiuvie
ANNAIUMUYBIATaTasaziUA ouly ﬂﬂiLUﬁISULLUaQﬁJQﬂfﬂ waziisuiduningdiud
wangay myinadetiliihdansldouthasi [19]

- wammelsama (Amperometric) 013:8uisnsmsavae ATl dldiu

aaa a

unfigadlélululowuses lulowuweeiitanulgsiannsonsatusinfifuiizemedidn
Tnsladiifloglusogrmaaeunistanim wesmelsupinuannszualvlfiaudngiutuainy
Wuduvesansiingaduld wdafiwuanniiaelddroondiauves Clark 119 uaz 21]

- Tmnudlawum3a (Potentiometric) & wnaniidud siinulddesdianves
lulowwuwosianmn uteranunagnsiiumneafulueugesussinni winiwesiialdfons

panTLaty n3vanloniaiiaunsenad il nann13vi Ut uey AuAINaTIN I N9

¢ &

'
= =

wssaulningnihluldiudidninsaluasasarenislmavenszuaaziinuilesnnujisenis

willwih wsadulihiieuisewariivsuenfsufisename wasallawme [21 wag 24]

5) WUWBTNNNITIBAINITININ (Bioluminescence sensors) TduUselew

¢ @ 1 = & £% aaa o
Pnanuasaveseuleduiiilunisuasslineudadunanasslianufisevesnindu
U51nn130d 3803101543 09ua391nd 98339 N15UseendlddslddisTouwadlunisnsiadu
WUATILTBLTUAUINNITHAILIUDS Luciferase reporter phages (LRPs) 8UL3990ae (ux U943
wuafiselagniunldedianitewing anududuvesansussnevanunsalinseiiBalinnalag

a

N1IATIAABUANILTUYDIANTDINAS TENTITURAUIENaINvaevlin [21 uay 24]

6) lulawuwesildnsniamddn (Nucleic Acid-based Biosensors) {ugunsal

)]

wseiisiuledlninedlelndidndudmulasdyain Wiansnianiangnaiavudiulas
ey LLazﬁfmﬁwﬁL‘ﬁquLaqa%’uim%amwLﬁamwé’uﬁumu DNA/RNA [21]

7) wilululowuiwes (Nanobiosensors) @ansndnduldulgesmunanuily
walulad nmsaunnlululewuees dunisuanuinuiagaludunlumelulad Gu
LLazaumﬂquIamﬁmzQaﬁu q fweundiadudidrdguinuigludiunisidaaindmiu

HAAAMNTININ S2UUUEYT AINTOI UASEIFTUFATI VSOLTULLRIAIUATN [25]
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2.5.3 gunsaliiuislunsinadesiuainie
.:4' v ° % a v oA | 1Y)
dianwasnsseansthaunsallulewsugesiuldnuatud Wesdulsenaundnues
lulewwwees suldun a19n1edin1n wagnsruaiiwesuueialiiganesenisiluldau
= € o & t4 ad a v v U W 1 A A o 1
Weosnnmsnaaeugunsalinduasdedinuinduladudiegrsisiumaaeulaense lu
ausansndalaegafmniunnmameugn msmdeyalumdeilagydisihluiauigunsel
A 9 v Y A YYvd = oa X
WelianunsansIadulsaiialanitagy
sEuUnTIATuaUesvasiuafiilefednlul@ (BSDS) lasumswauiiensiamans
ANANUNINTININ (W Bacillus anthracis) Tuiiufl szuudsenausisiasoiufieg19aroes
a9 (Aerosol) Micro-fluidic chip-A (@wsunistenuesales wagn1saasieaa) Micro-fluidic
. o [ v a ® = = a ¢ o Y A
chip-B (@ wsun1sanna warns19AdweTLun) UazlATRIATIE Ae3UN 2.14 arosapenil
aUosveIwuAfisagnsIuTIASINTWTBuAUYDITU A f8A1M57 300 8ns/unl wazdy A
o o ' = a ¢ sl a o £ '
gnt1eenanmeditazees kazlranadluaIediiasiey Slelurussludy A gnihluldeds
sewliadluiies ansadafduedlunanalesialaangnateleuaindy A ldudy B lales uay
Wanasluasasliasgidluumoueludy B gndvegluwninfdiniudien (Glass bead) a13678
319LuArN4 9 wazgnasludiiowmirdulagnisnewuudaludiinuddu n1sveeiivense
famddn (ICAN) memsinvigeaisauiuuulinusey ioveneuaznTI99u DNA Wning

294 Bacillus subtilis @u15a95293vaUsle 104 asanelu 2 TAluenananszuIUnIg [26]

"o . (D)
() ° Chip-A Acrosol

_.'_._“ ’ ¥ Storage for ma:i- Jl ll \; o Bacterial spore

i

Collection and reaction chamber

!

| | \
Air connecting port

JUT 2.14 lassaievesgunsainsisduazeasaseiilalesvesuuniise [26]
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2.6 ABNNANDIAUIUIAINTTY

2.6.1 Pauitumaswazn1sUTEYnNAldu

ARNIWES (Computer) MUAHTIIAAINNTBININIUNTHRTUT I NTingan Y AB
i3 edidnnseinduuusnluiavimifiasiouauaena Iddmiuudtamiaig 4 nefldenas
Fudaulnsismendamant Tngluiagtuanuvnefissyanziangawensufianes fe
iwsesiunBidnmsedindianunsadiuin warlSsuifisummugaidsheanuiiigliogs

o v

seiflos wazanansavihanldlaeselulfi dnsthdeyaluifulilumheanuddewiliaiesdle
annsaddeyauaradsld TnefldanunsofiavisdoyaniomdsmniioulUujuaau waglv
HATWEAUAIUADINTVDIE LY

Ao unesTunu miiddyd siedsauesyudlutagiu ununnaanisdiui
poufiumed ULy Hedmiunmsinduiiowarnsmauludinszdtu degenns
Ussgnaldrouiiawasiuaug o wu msldreufiawesiunumunisfing msldreuiianes
AUUAUIAINTTUNTEAAIMNTTN NstdABuRmBsAUMUAUNISLINTE Nsldaauiinm s
AUNUALEIAY NSRRI RABSAUIUATUNIININS NMSLERRURIRBINIAIUAaYE N3
a$1viusiauniniensadian i iaiieusis naenaunisldaoufiaimesduaudu

L3

UeuyUsenug (Al Artificial Intelligence)

JagUuladnisiimelulaglusunsuasunames u1¥ielunisudndunily
AAAANMNTTH 61911999 WleLfiNANANYRSELA anduy waznanlunsnanas Jadu
nsifiuauage Tumsuisiuluasnisgeamnasilifasiu Tnsvluaudussnneueud
aunsallaifi ndesdinsnasie q awUszneuetudulsznovannunnuanetuddefuauls
AuAAUABINTS %uﬁ’mﬂizﬂaudaa‘ﬁmmﬁ%gaa@ﬂLLUULLazﬁ?TugiJmmﬂ CAD 3D #9311
fudnhdudiudnanuniiasiginisimnssu (CAE) wisudlugunsaazanaudd suldn
smsgIufmuakesi e T LAINaSTunUR LY (Prototype) WaaiATERE U LA uLUUAL
anwilfrusiuaianaaiifetugousuld Jeuadeya CAD 3D lusunsu CAM seniuy
wiifian Tullagdumaluladduuuusiniga (Rapid Prototyping, RP) a@nunsaadssuwuuldedis
sam§adensiutoyan CAD Taemss drlvgsinagihduunuululddeansiugniudedne
WAN uarUSuU wilaguiavessanSasilinsmiuanudoinis uonanbu RP daanunsavi
wifiuldlasnss dmsumandnduilionn uenandumeluladaunuues 3 fagnianld

[

18353AINTINEBUNGU (Reverse engineering) e¥ivantiananidelunisainauuuaiass 3
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a o k4 =) =

17 7 sudounseiveualiiioene Insinalulad CAD/CAM/CAE/RP/3D Scanner 11l

Y

AT IeLdoaiufagUn 2.15

|4

Y

Prototype testing Report

: i

< CAE

%

A
A 4 v \

¥
aauiinandudIu

Y

Rapid Prototyping

ry
2
>
=)

y
0
N
=
(==

3D Scanner

Ul 2.15 mnuduiusseming CAD/CAM/CAE/RP/3D Scanner

2.6.2 ABNNADSYIVDDALUY
AONNALABTTI8TUNITOONLUY MIDLSNYD 9 91 “CAD” nuedIn1suIluTLATY
a ¢ | Y 2 ° Y v = & | ° ‘:4'
ADLNILADINITIBAT NN UIBLUUT18DY (Model) wartudininuliluniisnaugi awnsad
9% LTHNBUUAINANITULILEAIULIBA TN LAgausaga-vens vyunanain wie Ysuildeuls
AUAIINABINTT hazd1dsadliiuneonituunseatuls Insunfneuiinesnazuunldlu
& Y o ¢ a ¢ ] Aa a Aa a =
Nulszamil agdesianinfan (Hard disk) NiAggeunn 9 dsenmnianiuazidengs wagil
fuszanananyinaulasInga
NslgARUNILADIY 8T UNNTOONLUY WHULUU Larvas1aluuTassdudiuluanuey
JUNTS 2 R w3 3 TATingUszasdlieliuAun MYy Fglvivuesnuuulinunn wiug
< 1 1 o a a 'S a ~
A¥AINTIAG EsonIsuAlY wazausatuieontuulUias18nIgIeInTst (CAE) o
AUANTBI WBNIINTULNDLNLUNAKES LazanaIn1suan n1stdpeumesyglunisoaniuue
Hrgantunsulaziatlumsihauliiudesnuuy Bnnstheanlym anteiianain uazdiiese
msvheudile wasdvanunseldilugudeyadmviunuenamnssy dmsulddugrudeyaly
msldnaufinnesdienisndn (CAM) wagldilugrudeyaioldlunisnnununisudn (CAPP)
1Usun38 SOLIDSWORKS tJunildlugensuisarunouiiannesyigeaniuuiign
WAIU1T UlAgUT 99 Dassault System Uszinaelssiaa Tud 1995 wieldasnaluuinaosvsy

Handailunsuiiines neunvzadramnuwuuate Wunsuidauawisaganhlldaule

MaNVaNeJULUY @11150a19kUUTIaed 3 Ruunsuiawes Mnaueuusevesiuaulin
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suued Tosannsoimuatan uazuenamanting 4 vesuuusiaedld venandddileddy
swdud 3 Sdadetuiievszneuiudunalnviowniesdnanasg q glfnuamnsoata
wuuuUaunInate 2 37 nduau 3 57 westufinlidld Snisiedestiodmiunamnasunis
\douiivostuau itonrvaeumiuduiidatu uaradrsnmedeulmuansnisiiauyes

FuFIU

2.6.3 ABUIILADIYIBIIUNAIUIAINTTY

ADUNIADIYILIUNIWUIMINTTY TBLSENED 9 91 “CAE” Lﬁumiﬁ’]‘ﬁ@%ﬁ%ﬂiﬁu
fiTu 35U CAD 3D 13iAsgineiaminssy Inedin1sdnassnmandaniedaniningsy 31aeq
Foulvrewswing 9 wagdrassanimdwandenlilndfesiuan1nzase wdilusunsuazaiuan
nadnsAnTutUTu il ldnuaursautlugunss Wisutan viedoulusis 9 auld
FoyamumnudosnisiemuAuinsgu aintuaistunuiuuuuandeyaiiafianues CAE
Wi mpEpUTuIduLUUALan Wl uese WelSeuifisuturiildanmsieseide CAE
quAdiananiiintuseusuld Suiteyadld Tuldmulnelidndudesadredunuduuuy
$1aUN wena Nty CAE Franusadnssidamildanansanageuluaniignisiinuse
19 wu ﬁaqummgﬁﬁammﬁuqmﬂ o 1Wuiu Yaymweansld CAE Tunsimsieideym
#19 9 Ao Fodldnenfiumesfiuszansnings gendwasTistaun uazldasdeadanuinim
Frungyiiesnu Msldreniuiuasdymfiieset Inauni CAE axilmnuanunsaimszrinig
AFMINTIUAIUAN 9 LU IATIINIATIATIANTIVAIAIUALLAZ ALLASEARTY ¢ TLATIZN
n1eAusou Inssimaniiingaunaimnssy waglnsinisivavesvedlnauaziia [27]

SOLIDWORKS Flow Simulation t{uzevsu299 Add-in Tu SOLIDWORKS #¥i1#
AU UL UUNUNTRLALAT I NaANSAIUA FaeTiaTzingRnTTuvesesiva uazlEns
wadndidudriias land vienmindeulm Hremlildmudrlanginssuvesesinalsiie
Fu AuEsandn 9 ves SOLIDWORKS Flow Simulation fsfsseluil Sins1evnisinaves
yeavmaziald Tinswivedinaiisamldlduarsasald srassnislnaldiauuunelunay
A1BUDN FIMNITDIATIZUNITINALUY Laminar kaz Turbulent 10 wazdsau1sadasizin

° | Y v A PN ° v
ﬂ']?llL‘Vill']%ﬁll“ﬂ@\'iﬂ']i']%‘m’]LLVUQGU@QSUUQ']‘UJY]UELW LQ@Ul‘UVlLT]ﬂWV‘u@VL@ (28]
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1

2.7 UMDYV

¥
va o

TumdetnidelaAnwuidenneltesiululawuaslunisnsiadulsane wuzin

e

TBN1308NKUY NMINAaRIUTEENALElUNITINWNUNMTERNLUY a3 NAaeY kazUseiluna

MseonkuvlulawuwasiunIsnsaanlsain iUl NadnTIRiisgasdunnese LUl

N. F. Starodub kazanie tawaunlulauseas wUunnwIa1nsuina1n1siud e

nsvudliivespaslsiladisoas warnismavaunsindalisauisuinvesinegnesinsy

s 1

lulewwugasiitodn“ Floratest” Yrelvlasutayaiiuafunszuiunisduasigiaisuadly

\Wededsaziouliiudsanuslaesiuveadn (3UN 2.16) dwsunismuaunsinidelisaves

= U

Anuein AnAuiudedlseAunaalsiladisaauataindinin Kan1sinsIeyiaieg19aIenanns

Y

alifuiudiauduiusnduradnsilaain PCR Toyan1sinsiziazgnangleuaingunsailuds

[
¥

f
Audnsunmenionesujufinisiaeldvesdayaraivg uenaniideyanlidududeyaieafiu

(%
a ]

A a I3 ! vaa | ) Y] = 9]
A01UNNTT Lﬂﬁ"lm/iﬁq]ﬂﬂ']EJI@TJI@EJISU'Jﬁﬂ'ﬁ‘UaQ%@\TﬂEQQﬂﬂJTV]E(J' GRNEAY LﬂWWNWEJUQSELsﬁigU'U GPS

Feas1auinI esdsd ey 1aIng ¥ann13vINNUT LY AUN1TaelauT oy an INUAKTUN I

Y

gosdyaaing(aeldinalulad GSM) lneasdluddunesidawazarntulududsnnesves

' o (%
¢ a o Y v v

psansunng ldalunsdlle 9 Alddesasdoiasinlulowuwes NWaund9vsdosiuaiunsa

i lUldldegnefg sdusunisufdamudedunanisAanses ndnnisveslulaiwuigesnig

[y o

piiAuiwhnuduegiumaiauisensdnm lulawuwesilenatielunsitadelsavane

U 9

sunNSa wuATSe wazkiasi [29]

5UN 2.16 aunsaleendrealulowugeiiiensindunisinelisaluiy [29]
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Shahrul A.B Ariffin uazang letauigunsallulewwuisesseiduainuiluile
ppadulsau Talumauns (CMV) wag Tsalussgmauvluszazne (PRSV) 91ngufl 2.17
n158eNLUY Nanowire I3ufudetuanesdanou (Fvn) Qﬂﬂﬂﬂqmé’w%ﬂmaLﬁﬂm%ﬂ%ﬁﬂau
ponlen SO, (@undes) wasddroululasa Si;N, @Tg7) Lﬁamii’]aaﬁ’ummLﬂ?ﬁﬂﬁuaﬁa@ way
nsiafiufteenludiviliAluingisn @) fudalududuiiddyiiaansgsuandulasaia
Youduanuly ansaduianla 9 Aagih Tane Taveeenles wazdu 9 asuladidud

[y a

NITLanIBLIIRUL (b) nasantunseurunsarenmmewasszgnilUldiuTaniiu Ivane
NTZUIUNTT UTzNOUMEaNSIAaRURIAIELAY N15IALLINITODNLULNTINIA NMSUasulas UV
1 <@ 1 1 b4 U Y a v -dl a ;74 Yo

drunlauazaeuy (o) anvenelitinnisiauiieldamesuwuy (d) uainululdsunis
USuagunuiisisansazatonquesiily wazioulainlasu uansdliiuinsevanstluanall
Audn 9 vesauu i Afiusylovdlunisenu wisedwalinsiaduliSamanduls aunvedu
anuludesiudegramaming inszalugiiuluanulveusuresazanas kazn13nsINTY

TiaagRanatn uidaniulufvzgnsunmuladie Tnefinaudmedagui 2.18 [30]

TubdUaIR UL [30]

5UN 2.17 nszuiunsUssRvginUasdsy

2

CMV

Bl’(}'ecepmr

§
. PRSV
Si Substrate | % (R

Surface Modification

Nanowire

+ bioreceptor

5UN 2.18 TEnsesvaeulsaiiviisaesvile [30]
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Ye J. wazany eaSurendnnisvinauveauieladidnnsalulawuieas (PZ) dmsu
& . . ¢ v ' ) a o )

N13A319U NV Salmonella typhimurium 9UNTUUTENBUAIYUNULANDINANATARD AU
senIne s lnfinlaveaesdu Tilimandiinsdeudegunsaliu Oscillator N1eueNI9asTH
[ d' a 9] e‘d' I~ [ d' d' ﬁy a 5 = d'
JULAADUASANAAIDAT ML TUTIMEAUD N5 UABULUAIILIAUUNURIYRI T larsdaUasy
AUNB3Y899UNTal Microbalance Aadaatond (QCM) (JU 2.19) ueudvensagnulde
Salmonella MinSsagiuiuRnanaTadandoutilanenasimmiumaila Polyethyleneimine -
slutaraldehyde Laalae Salmonella yi1UfAZelnsaN s kagduRUSTUATAFAUUIURT dina
Truaiudulpensaduanududuluaisazaie lulowuleas InN159oUaNsIwaANULTUT UV

S. typhimurium Tuaia9 5.3x10° §9 1.2x10° CFU/mL Tu 25 uil [31]

Antigens !
e .®e 0@ @
© %0 » ' ® @ @
OO Antibodies i ® 00

Metal electrode

B33 . .

= —."""m

Metal electrode

JUN 2.19 Tuleduwesifinsavauunavuiuiiniass [31]

Fratamico P.M. wazate bawaurlulawuleasaian1slgnanni1sve9mna uhn
NANAUBULS LLUUS (SPR) @15 UNTITASIFIUVDNTD E. coli O157: H7 AAURINANANDULS
Tawuudiluemoauduusingmsalwasliii Fuegiuanuasanindsnunaemelnouveiuas
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n.1 nan1magaulilainauidnsnsinavesdsuinsvisen 7 gnurAfiuns/Aund

Results summary

Project Name: Project(1)
Configuration: Default
Version: Flow Simulation

File Type FLD

lteration 212

Physical Time 0 s

CPU time O s

Total cells 181631

Fluid cells 181631

Fluid cells contacting solids 80357
Trimmed cells 10

Maximum refinement level 5
Xmin-1.371m

X max 2.637 m

Y min 1.446 m

Y max 5.474 m

Z min 1.756 m

Z max 8.689 m

X size 4.008 m

Y size 4.028 m

Z size 6.933 m

High Mach number flow No
Time-dependent No

Heat Conduction in Solids No
Radiation No

Porous Media No

Internal Yes

Gravity Yes
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Basic Mesh DimensionsNx = 18, Ny = 18, Nz = 30
Pressure [100776.37 Pa; 101912.70 Pa]

Velocity [0 m/s; 26.211 m/s]
Temperature [29.79 °C; 30.03 °C]

Density (Fluid) [1.16 kg/mA3; 1.17 kg/mA3]

Reference Pressure 101325.00 Pa

Min/Max Table ? X
Parameter Minimum Maximum ~ | Close
Density (Fluid) [kg/m"3]

Pressure [Pa] 100776.37 101912.70 Help
Temperature [*C] 2979 30.03

Temperature (Fluid) [*C] 29.79 30.03 Farameter List...
Velocity [m/s] 0 26.211

Velocity (X) [m/s] -19.673 19.608

Velocity (Y) [m/is] -16.316 19.743

Velocity (Z) [mi's] -5.552 16.932

Mach Number [ ] 0 0.08

Velocity RRF [mi/s] 0 26.211

Velocity RRF (%) [m/s] -19.673 19.608

Velocity RRF () [m/s] -16.316 19.743

Velocity RRF (Z) [m/s] -6.552 16.932

Vorticity [1/5] 2.09e-05 762.02

Relative Pressure [Pa) -548.63 587.70

Shear Stress [Pa] 0 451

Bottleneck Number [ ] 0 1.0000000

Heat Transfer Coefiicient [W/m*2/K] 0 0

ShortCut Number [ ] 0 1.0000000

Surface Heat Flux [Wim"2] 0 0

Surface Heat Flux (Convective) [Wim"2] -6109818.809 3008803273
Acoustic Power [W/m"3] 0 1.149e-06 W
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n.2 nan1magaullaNnauiansNTsinavesUsuinsviaen 12.5 gnulAniuns/Aundi

Results summary

Project Name: Project(2)
Configuration: Default
Version: Flow Simulation

File Type FLD

Iteration 185

Physical Time 0 s

CPU time O s

Total cells 181631

Fluid cells 181631

Fluid cells contacting solids 80357
Trimmed cells 10

Maximum refinement level 5
Xmin-1.371m

X max 2.637 m

Y min 1.446 m

Y max 5.474 m

Z min 1.756 m

Z max 8.689 m

X size 4.008 m

Y size 4.028 m

Z size 6.933 m

High Mach number flow No
Time-dependent No

Heat Conduction in Solids No
Radiation No

Porous Media No

Internal Yes

Gravity Yes
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Basic Mesh DimensionsNx = 18, Ny = 18, Nz = 30

Pressure [99579.92 Pa; 103421.69 Pa]
Velocity [0 m/s; 47.881 m/s]
Temperature [29.30 °C; 30.06 °C]

Density (Fluid) [1.15 kg/mA3; 1.19 kg/mA3]

Reference Pressure 101325.00 Pa

Min/Max Table ? X
Parameter Minimum Maximum ~ | Close
Density (Fluid) [kg/m*3]

Pressure [Pa] 989579.92 10342169 Help
Temperature [°C] 29.30 30.06

Temperature (Fluid) [°C] 2930 30.06 Farameter List...
Velocity [m/s] 0 47.881

Velocity (X) [m/s] -36.255 33.630

Velocity (Y) [m/s] -20.836 32.490

Velocity (Z) [m/s] -11.877 30.236

Mach Mumber [ ] 0 0.14

Velocity RRF [m/s] 0 47.881

Velocity RRF (X) [m/s] -36.255 33.630

Velocity RRF (Y) [m/s] -20.836 32.490

Velocity RRF (Z) [m/s] -11.877 30.236

Vorticity [1/s] 7.42e-06 1374.76

Relative Pressure [Pa] -1745.08 209669

Shear Stress [Pa] 0 6.81

Bottleneck Number [ ] 5.8392970e-27 1.0000000

Heat Transfer Coefficient [W/m"2/K] 0 0

ShortCut Number [ ] 7.6148488e-26 1.0000000

Surface Heat Flux [\Wim*2] 0 0

Surface Heat Flux (Convective) fWim*2] -1.108e+07 4507151.496
Acoustic Power [W/m*3] 0 4.140e-05 W
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n.3 nan1megaullaNnanidnsNTsinavesUsuinsvizen 15.5 gnuiAnuns/Aundi

Results summary

Project Name: Project(3)
Configuration: Default
Version: Flow Simulation

File Type FLD

[teration 451

Physical Time 0 s

CPU time O s

Total cells 181631

Fluid cells 181631

Fluid cells contacting solids 80357
Trimmed cells 10

Maximum refinement level 5
Xmin-1.371m

X max 2.637 m

Y min 1.446 m

Y max 5.474 m

Z min 1.756 m

Z max 8.689 m

X size 4.008 m

Y size 4.028 m

Z size 6.933 m

High Mach number flow No
Time-dependent No

Heat Conduction in Solids No
Radiation No

Porous Media No

Internal Yes

Gravity Yes
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Basic Mesh DimensionsNx = 18, Ny = 18, Nz = 30

Pressure [98833.12 Pa; 104078.19 Pa]
Velocity [0 m/s; 59.324 m/s]
Temperature [28.94 °C; 30.09 °C]

Density (Fluid) [1.14 kg/mA3; 1.20 kg/mA3]

Reference Pressure 101325.00 Pa

Min/Max Table ? X
Parameter Minimum Maximum ~ | Close
Density (Fluid) [kg/m"3]

Pressure [Pa] 9883312 104078.19 Help
Temperature [°C] 2594 30.09

Temperature (Fluid) [°C] 2694 30.09 Farameter List...
Velocity [m/s] 0 50.324

Velocity (X) [mis] -44.889 42.588

Velocity (Y) [m/s] -37.131 38.709

Velocity (Z) [mis] -15.426 37.499

Mach Mumber [ ] 0 017

Velocity RRF [m/s] 0 50.324

Velocity RRF (X) [m/s] -44 889 42 588

Velocity RRF () [m/s] -37.131 36.709

Velocity RRF (Z) [m/s] -15.426 37.499

Vorticity [1/5] 1.68e-05 1827.93

Relative Pressure [Pa] -2491 .88 275319

Shear Stress [Pa] 0 7.22

Bottleneck Number [ ] 0 1.0000000

Heat Transfer Coefficient [W/m*2/K] 0 0

ShortCut Mumber [ ] 0 1.0000000

Surface Heat Flux [W/m"2] 0 0

Surface Heat Flux (Convective) W/m*2] -1.383e+07 5680223.002

Acoustic Power [W/m*3] 0 1.741e-04 W
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9.1 Nan1snadauLiladinsenday 0.5 WAS/AUN BrenanIauasauin 10 lalasiuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02488466 0.933 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.9051427 0.838 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81722493 0.767 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75521616 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65735937 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04646531 0.946 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.94857591 0.867 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87126272 0.808 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.79703909 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.70345558 0.703 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.48819716 0.630 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46637757 0.611 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45247215 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44281864 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.43782246 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57582417 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54567075 0.602 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.5210112 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49685064 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46127565 0.574 Opening
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9.2 nan1snadauiladinsenday 1 1Was/Auii drenaniduasvuin 10 lulasiuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02494255 0.933 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.90515915 0.838 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81722718 0.767 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.7553165 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65724595 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04619662 0.946 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.9485862 0.867 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87126502 0.808 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.79704231 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.7034553 0.703 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.48840989 0.630 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46638787 0.611 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45247412 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44280838 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.43782297 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57584473 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54556404 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.52102144 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49685885 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46129429 0.574 Opening

82



9.3 Nan1snadauiladinsenday 1.5 Was/AuN Brenaniauasauin 10 lalasiuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02494164 0.933 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.90515428 0.838 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81770976 0.767 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75516393 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65725032 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04631339 0.946 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.94858198 0.867 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87125579 0.808 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.7970378 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.7034475 0.703 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.4883912 0.630 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46638193 0.611 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45247348 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44281445 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.437824 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57582216 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54553188 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.52101173 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49686225 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46127924 0.574 Opening
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A.1 nan1snadaunszudaundrenaniauasvuia 2 lulasuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02735373 0.935 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.9068342 0.840 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81852514 0.768 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75541091 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65729799 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04950494 0.948 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.95095738 0.868 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87305408 0.809 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.79863105 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.7052437 0.704 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.4918396 0.632 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46953683 0.613 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45410049 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44415296 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.43871577 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57562714 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54471428 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.52025499 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49652413 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46214427 0.574 Opening
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A.2 Han1snadaunssudaundrenaniduasvuna 4 lulasuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02715038 0.935 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.90675057 0.840 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81854795 0.768 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75554166 0.709 Opening
#5 (1.248 m; 2.620 m; 5.257 m) 3.65714606 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04921186 0.948 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.95074713 0.868 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87297494 0.809 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.79856737 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.70513731 0.704 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.4913692 0.631 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46902606 0.612 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45388624 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44381384 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.43854593 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57566916 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54475539 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.5202527 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49638546 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46198811 0.574 Opening
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A.3 Han1snadaunsEudaundrenandUasvunn 6 lulasiuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02672886 0.935 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.90644714 0.839 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.8184308 0.768 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75546766 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65682189 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04857667 0.948 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.95053172 0.868 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87250721 0.809 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.79822846 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.70482548 0.704 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.49069013 0.631 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46810044 0.612 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.4532673 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.4435145 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.43838151 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57553151 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54478425 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.52020953 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49631299 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46201132 0.574 Opening

87



A.4 nan1snadaunssudaundrenaniduasvuna 8 lulasiuns

Save to ASCII Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02587966 0.934 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.90573958 0.839 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81789469 0.767 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75501558 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65608453 0.658 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04753791 0.947 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.94938913 0.867 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87169614 0.808 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.79750705 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.70392346 0.703 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.48909006 0.630 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.4671669 0.612 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45266047 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44281429 0.582 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.43778429 0.571 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.5753568 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54456249 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.52009219 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49633815 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46101637 0.573 Opening
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A.5 nan1snadaunszudanndrenanidUasvuia 10 lulasiuns

Save to ASClI Length [m] Residence time [s] Fate
#1 (1.128 m; 2.620 m; 5.257 m) 4.02494164 0.933 Opening
#2 (1.158 m; 2.620 m; 5.257 m) 3.90515428 0.838 Opening
#3(1.188 m; 2.620 m; 5.257 m) 3.81770976 0.767 Opening
#4 (1.218 m; 2.620 m; 5.257 m) 3.75516393 0.709 Opening
#5(1.248 m; 2.620 m; 5.257 m) 3.65725032 0.659 Opening
#6 (1.113 m; 2.605 m; 5.257 m) 4.04631339 0.946 Opening
#7 (1.113 m; 2.575 m; 5.257 m) 3.94858198 0.867 Opening
#8 (1.113 m; 2.545 m; 5.257 m) 3.87125579 0.808 Opening
#9 (1.113 m; 2515 m; 5.257 m) 3.7970378 0.760 Opening
#10 (1.113 m; 2.485 m; 5.257 m) 3.7034475 0.703 Opening
#11 (1.128 m; 2.470 m; 5.257 m) 3.4883912 0.630 Opening
#12 (1.158 m; 2.470 m; 5.257 m) 3.46638193 0.611 Opening
#13 (1.188 m; 2.470 m; 5.257 m) 3.45247348 0.596 Opening
#14 (1.218 m; 2.470 m; 5.257 m) 3.44281445 0.583 Opening
#15 (1.248 m; 2.470 m; 5.257 m) 3.437824 0.572 Opening
#16 (1.263 m; 2.605 m; 5.257 m) 3.57582216 0.617 Opening
#17 (1.263 m; 2.575 m; 5.257 m) 3.54553188 0.601 Opening
#18 (1.263 m; 2.545 m; 5.257 m) 3.52101173 0.591 Opening
#19 (1.263 m; 2.515 m; 5.257 m) 3.49686225 0.584 Opening
#20 (1.263 m; 2.485 m; 5.257 m) 3.46127924 0.574 Opening
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Virtual Simulation for Detection of Gray Mold with
Biosensor Technology in Greenhouse

Nattida Juewong! Kiattisak Sangpradit”
Department of agricultural engineering Department of agricultural engineering
RMUTT RMUTT

Pathum Thani, Thailand
nattida_j@mail.rmutt.ac.th

Abstract—Lettuce (Lactuca safiva) is a plant that is native to
Asia and Europe and is widely accepted as a popular salad
vegetable. Indeed, they are rich in vitamins like other nutritious
greens. People are more concerned about chemicals are paying
more attention to their food. While farms are able to grow
lettuce without pesticide, fungal disease especially gray mold
(Botrytis cinerea) is a true challenge. A quick diagnosis must be
done to reduce harvest loss and quality deterioration. A
biosensor is an advance technology used in modern farming to
analyze health of plant in any stage. This study aims to
determine the optimal location of the biosensor based on the
configuration of the greenhouses for detection of gray mold
using SOLIDWORKS software as a computer simulation. A
virtual 3D greenhouse prototype was built in the program then
run with simulations of different scenarios to obtain insights on
velocity zones in the greenhouse and how they affect the particle
scattering of fungi spore. The results have been represented in
cut plot and virtually flow trajectories. For this particular test,
the sensor seemed to be badly placed take into the account the
air velocity near two exhaust fans of the greenhouse. The sensor
was not able to collect spore particles for the measurements. The
particles flow through to the exhaust fans, not the biosensor’s
fan.

Keywords—compuler aided design, computer graphic, virtual
simulation, particle study, biosensor, technology, fungal disease

I. INTRODUCTION

Lettuce (Lactuca sativa) is an annual plant of the aster
family, Asteraceae. It’s a plant that is native to Asia and
FEurope. Lettuce can have taproots or fibrous root systems. The
stems are plump and short and the nodes are frequent. As the
intemodes elongate, the leaves grow from the nodes into
overlapped groups. Lettuce varies in shape and color and the
head can be loose or hard depending on the species. Some
varieties may have thick and stiff leaves while others have
softer leaves. Leaf colors can range from pale green to dark
green, reddish brown, red and brown, etc. [1], [2]. Lettuce can
be grown in a variety of ways. Currently, hydroponics or
soilless cultivation are becoming popular in Thailand [3].
Lettuce can be planted in the ground like any other vegetable
if the space is suitable, both soil and climate permitting. There
are 6 types of lettuce that are commonly grown and eaten as
salad vegetables, which are: Green oaks, Red oaks, Cos,
Fillets, Butterheads and Batavia [4]. Lettuce is regularly
consumed fresh. It is high in vitamin C, also provides
hemoglobin to help prevent anemia and relieve constipation

(1.

Nowadays, people are starting to pay more attention to
themselves and are concerned about pesticides or other
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chemical residues in their food. Growing a chemical-free
lettuce is definitely in favor of this food trend. Nevertheless,
eliminating chemicals also means allowing vegetables to be
plagued by numerous diseases. This directly affects the
perceived value and selling price of lettuce. The use of bio-
fungicides must be safe for both producers and consumers [5].
Gray mold (Botrvtis cinerea) is a fungus that is considered as
major damaging diseases in lettuce. Under humid conditions,
gray fungi (mycelium and spores) turn brown or tan. It can
grow on young leaves and deep in the head of lettuce. The
early symptoms of the disease sometimes go unnoticed
because they often occur in dense leaf shoots [6]. Gray mold
can also be found in planting plots, causing infection in the
seedling stage and resulted in root rot. An obvious sign of root
rot can be discolored stems and the base of old leaves
appearing light brown. A plot size of 2x5 meters should be
sprayed every 5-7 days in the event of disease occurring [7].
‘Without corrective action taken at the first sign of infection,
the plant eventually withers and dies, resulting in severe plant
loss problem in greenhouses. To reduce the chemicals while
preventing loss from gray mold, gray fungi should be
diagnosed on time before a serious outbreak occur.

Botrytis species used to be identified and classified by
plate culturing and histopathological methods. The biggest
disadvantage of this traditional method were inefficiency and
inaccuracy, not being able to diagnose on time. Several
immunization methods were then developed in terms of
evolutionary potential. Enzyme-Linked Immunosorbent
Assay (ELISA) is the most common method where individual
Botrytis spp. or gray fungi was specified by molecular-based
diagnostics, targeting the probe like DNA sequence or nucleic
acid-based. For modem farming, biosensors are currently the
most advance technique to enhance a rapid, specific and
sensitive pathogen diagnostics. A biosensor is used to detect
target molecule at the level of tissue, microbial, receptor,
organelle, enzyme, antibody or nucleic acid [8]. In one study,
an electrochemical immunosensor is used to detect Bofryvtis
spp. from plant pathogen samples. The AuNPs-DNA assay
had a speed of 60 minutes and a sensitive of 214 pM or
approximately 3x 10® spores/pl [9]. A novel examination was
developed to detect DNA of important plant pathogens,
including Botrytis cinerea by assigning a yes/no pathogen
detection, limit of less than 0.3 pg/ul (approximately 6
spores/ul) [10]. However, these methods requires plant
samples for diagnosis. A semi-automated bacterial spore
detection system was then developed to detect biological
threat agents on-site in the form of an aerosol sampler [11]. In
another study, quartz crystal microbalance sensor is able to
direct detection of aerosolized influenza A virions, limit 4
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particles/mL [12]. Among all the studies carried out, none
created an automatic biosensor to detect gray mold on-site.

The main objective of this study is to design and apply
virtual simulation to help to determine the optimal location of
the biosensor for detection of gray mold in greenhouses. More
specific objectives are; (1) To study aerosol particles using
flow simulation techniques; (2) To determine an optimal
condition for biosensor installation based on the configuration
of the greenhouses: and (3) To study the efficiency of
biosensor installations in greenhouse.

II. MATERIALS, METHODS AND THEORIES

A. Processing Devices

Computer systems are made up of many categories of
hardware, such as input, output, storage and processing
components. Processing devices are main hardware that are
responsible for data processing within the computer system.
The central processing unit (CPU), graphics processing unit
(GPU), motherboard, network card, sound card, and video
card are the most common processing devices in a computer
[13]. Intel Core i7-10% gen was mobile processor for laptop
used in this study. This laptop also had a dual storage system
and NVIDIA GeForce graphic to perform on a high-
performance computing device. The processor ran on
Windows 10 and 16.00 GB of random access memory (RAM).

B. Compuiter Aided Design

Based on 3D design software, SOLIDWORKS was
developed in termed of computer aided design (CAD)
program. Its comprehensive design features helped in creating
realistic parts and assembling designs quickly and efficiently
[14]. Using this software, a biosensor for detection of gray
mold was created in 3D model. The piezoelectric properties of
a quartz crystal wafer were the basis for the development of
novel sensor. The electrodes of quartz crystal consisted of
1000 A thick gold (Au) plates and 100 A thick titanium (Ti)
adhesion layer. Electrode 5.1 mm diameter adhered on
transparent surface 14.0 mm diameter. The characteristics of
the chosen component correspond to a pre-existing model.
They allow the proper functioning of the system without
developing a new quartz crystal microbalance. The electrode
holder was made of Acrylonitrile Butadiene Styrene (ABS)
plastic that is resistant to chemical corrosion and will not rust.
Copper wire of | mm diameter was used in electronics
circuitry. Fig. 1 shows quart crystal microbalance with holder.

Fig. 1 Quartz crystal microbalance 14.0 mm Ty Au

Alternating current was amplified then Arduino UNO R3
electronic board and Mini Breadboard were used for signal
processing. Fan module using 5V of direct current can connect
with Arduino and directly control speed by Pulse Width
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Modulation (PWM). This fan specifications were 30 mm
length x 30 mm width x 7 mm height. All devices placed in
waterproof plastic electrical enclosure, using Assembly
function in SOLIDWORKS as shown in Fig. 2.

Fig. 2 Biosensor device in elecirical enclosure

‘We aim to build a cost-efficient biosensor, thus allowing
general farmers to take benefit of the technology. The size of
the greenhouses is adjusted to common size build in Thailand.
Fig. 3 shows the installation of biosensor on an elevated
lettuce bed, 5 m length x 1.2 m width x 1 m height, with the
40 x 40 centimeters distance between planting plots. The
greenhouse size was 4 x 6 meters, which was 24 square meters
with a parabolic vaulted roof. Two exhaust fans kept the air
moving throughout the entire greenhouse.

Fig. 3 Schinatic diagram of growing lettuce in greenhouse

C. Virtual Simulation Software

SOLIDWORKS Simulation is able to optimize design,
determine product mechanical resistance for finite element
analysis and also perform sequential multi-physics simulation
[14]. For this research, particle study in SOLIDWORKS Flow
Simulation was tested to present behavior of airborne spores.
According to Solid Solutions [15], governing equations for
sphere particles were force equation (1), drag equation (2), and
Reynolds’ Number equation (3).

dv, pr(V =) |[Vr-Tp|
m—b= ML 0lc v A+E, ()
_ 412
Ca= Re = 1+0.03Rg+0.48 /R, +038 @
P pflVFVold @)
i n

Where: m is the particle mass; V, and Vy are the particle
and fluid velocities; py is the fluid density; F, is the
gravitational force; A is the particle frontal area; C, is the
particle drag coefficient; R, is Reynolds Number, d is the
particle diameter; and  is the dynamic viscosity. Governing
equations and assumptions were summarized in Fig. 4.
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Governing Equations

Forces from fluid flow

vity

@

Fig. 4 Governing equahons and assumptions for particle study [15]

An internal analysis investigated the flow through the
structure. This flow simulation takes into account both
Laminar and Turbulent flow type. The default settings were
kept, except for temperature of 30°C and gravitational effects
of -9.81 m/s? were selected on the vertical axis in a plane
coordinate system (Y-axis). The outlet volume flow rate was
set at 15.5 m%¥s according to regular exhaust fans. An
environment pressure of 101325 Pa was set at the inner face
of the door. The inlet volume flow rate was applied at 0.00755
m?*/s on the face of biosensor component.

D. Experimental Procedure

The objective of this virtual flow simulation was to study
aerosol particles movements and efficiency of biosensor
position. Limitations of this case study corresponded to the
size of the greenhouse. The results were obtained by analyzing
particle detected in biosensor in various scenarios. This
simulation aimed to be a first step of determining the optimal
position for biosensor installation. The position selected in this
study was at one corner of the greenhouse shown in Fig. 5.
Green vegetables represent healthy lettuces where yellow
vegetables indicate one infecting lettuce on 12 different
positions (A to L) on vegetable bed. Particles omnipresent in
the greenhouse was shown on the simulation plot to determine
the lowest and highest particle regions.

Fig. S Position of biosensor and different position of an infected vegetable

III. RESULTS AND DISCUSSION

A. Viewing Cut Plots

The selected cut plot was the top plane which is on the Z-
axis. At the parameter level, the default offset was 3.47025791
meters. After simulation, the velocity contours were then
displayed. The velocity was split into ten color zones
according to its value in meter per second. Unnecessary

components in the calculations including the volume of the
room adjacent to the greenhouse, rotor blades of fans, and
vegetables were ignored for the simulation. The small room
and the fan is independent of the main greenhouse volume and
the vegetable size was not the focus of this study. This action
allowed the software to run faster.
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Fig. 6 Velocity contours on Z-axis for 4 cases of various position: case (a)

the door is diagonally to the two fans, case (b) the door is in the comer and
two fans separate, case (c) the door is in the middle and two fans are in the
comer, and case (d) the door 15 1n the muddle and two fans separate

The simulation result in Fig. 6 shows us that the
phenomenon air speed on Z-axis changes when the door and
two fans have relocated. The configurations chosen for the
location of the door and the fans allow to represent all the real
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installations. The speed of air entered through the door
decreases in scenario (a) and (b) that the door was placed
facing a vegetable bed. It is clear that the area of the high
velocity in case (d) was greater than the other case, and the
strongest air speed is always at the fan regardless of the
position of the door and the fan.

(2)

Vielocdy [mfs]

(e)

(d)

Fig 7 Flow trajectories represented in 3D line with arrows for 4 cases of
various position: case (a), case (b), case (¢) and case (d)
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B. Flow Trajectories

The airflow was represented as a line with arrows to
understand the direction and movement of air throughout the
greenhouse in Fig. 7. The parameters used for this flow
trajectory was the size, the width and the number of the arrows
displayed. The values were respectively 0.04 meters, level 2
and 20 regarding high readability. This allows visual
presentation of air paths from the door to the fans. When the
door was placed closer to the fans, the air flow faster and
circulated better as in case (c) and (d). Some amount of air
rises to the ceiling then slowly travel towards the fans,
whereas some flow directly to the fan position. Although the
velocity in case (d) is great, the flow trajectory isn’t consistent
across all locations in the greenhouse. In fact, the air didn't
flow through some area of the greenhouse, thus may not be
thorough enough to bring spore particles in those area into the
measurement zone. Based on velocity contours and flow
trajectories, case (a) seems to be the most suitable
implementation for this study.

C. Particle Studies

The spore defined for particle studies was created using
Solids-user Defined feature. Based on the research of Madsen,
fungal fragments were aerosolized when exposed to an airflow
of 1.5 m.s™ or 0.5 m.s~! and their sizes were between 2 and 10
pm [16]. Mean spore density was 1.1 g/cm’ as observed by
Zanatta et al. [17]. Particle properties of this simulation were
therefore diameter of 1x10-° m, mass flow rate of 1100 kg/s
and initial particle velocity of 1.5 m/s. The trajectories band
was set to 0.04 m width. The simulation was tested for each
infection position (A to L) in which an infected vegetable will
give 100 injection points or particles. The goal was to see the
distribution of particles in case (a) on three surfaces which are
at the faces of the two greenhouse air extraction fans, and that
of the biosensor. Fig. 8 presents one example of the particles
detected on each surfaces from an infected vegetable in
position A.

Fig. 8 Separation of particles in position A

All simulation shows that particles do not get a chance to
pass through the Surface Parameter 3 as the other two surfaces
have much stronger volume flow rate. However, the other two
surfaces pick up different amount of spore in different
scenarios presented in Table I. In most scenarios, the total
particles detected from Surface Parameter 1 and 2 were close
to 100 particles, indicating that most of spores could be found
and detected. In some scenarios, not all particles went through
the fan due to gravity and air confined position in the area of
infected vegetable. We tried to move the position of the
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biosensor to be place in front of the exhaust fans. Still,
particles cannot be detected on the device. Because the spore
particles are small and light, they are camried over the
biosensor’s fan to the larger fans. For the same reason, more
particles went through Fan 2 than Fan 1. Except in the case of
position B and E, considered the lower velocity and air flow
trajectories, particles are not blown directly to the Fan 2 like
most scenarios. Instead, they circulate in the greenhouse and
scatter towards both fans. The air didn't flow through position
J: spore particles didn’t enter into the measurement zone.

TABLE I SEPARATION OF PARTICLES IN EACH POSITION

o Surface Surface
Position Parameters 1 Parameters 2 Total

A 0 100 100
B 96 4 100
C 18 76 94
D 0 100 100
E 100 0 100
F 0 99 99
G 0 98 98
H 19 33 52
I 0 100 100
J 0 0 0
K 0 98 98
L 0 94 94

IV. CONCLUSION

The simulations on SOLIDWORKS made it possible to
design a prototype greenhouse with real parameters. It also
enhance the study of detecting spore presented in various
positions by simulating air and particle trajectories. The result
reflects that the location of the door, fans, and biosensor
greatly affects the outcome of particle scattering. Indeed, the
installation of biosensor should be placed where there is a
good amount of air velocity. The air must also been circulated
throughout the greenhouse at that time of exposing to the
biosensor. The reason that the spores were not allow to reach
the sensor was due to the location of the sensor being too close
to the exhaust fan. To eliminate the effect of both ventilation
and exhaust fans, an additionally chimney is recommended to
mstall outside of greenhouse where the exhaust fans are
located. Forcing the air to flow towards sensor device in the
chimney before letting the air out. This research helps in
designing a more inclusive greenhouse prototype for future
regarding biosensor installations test and certain types of
greenhouse in reality.
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