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.J . v '• : ·'· J . i !~ 1UV1l'1'1.JB1A"Jl fl1 . _ fl-r\lL~!_.· · . .. _ .. :;.}1 .. ... /- ···;· l. "' ::; ,J\ \ "' . li,j . · .• ->;,,;; ,;'. 

RHYl 1,~~ru~~n _"JU"Jj.n~~91. .. .. ........... ........ . 
<:L:!L! ,_,_1~-~:.·/ 



"" <V ("" ~I I 'i - 'U1~Vl U-Healthy ... 33 1,380 ... 'U 1Vl A\?l bu'W 20% "U €l~~61A 111d..I In Cash bA1~f111) 

f11';i~1d..161-:JVl'W In Kind 
' 

- u~~Vl U-Healthy ... 50,000 ... U1Vl 
' ., 

QJ.::ij l QJ 

1'UVlb?f'UeJ bfil':i\lfl1':if'l':i\lbb ':ifl ...... .. ....... .. ..... ... . 
., ' ' ., "" ( ......... u" u ) fl'j\lVJ 1 mruVll.lfl1'J 'JU 1'1 .... ..... ... ...... ....... . 
" ' ' ri1'-:iVi 2 (mruVii1m'Ju1'uu1-:i) ........ .. .. ... ... .. .. ... . 

q 

101cs~mcs~t1l?lt!eJ61JeJ'5uvit1'<\11mnl1tM1t!~t! 
q 

1 ' ' • dJ D b?l'W €l 1~'UVl'Wlt.M1'W ... .. ..... ...... ... . .. ..... .... ..... .... .... .. ....... ...... ..... ........ ........... . . 
q 

5. f11mcw1~fi1'Vl~'UnT'i~'U'V!1 (key word) 

'J~'U 'U fl1Ufll.l?l.fl1'V'm1\9l~en.J bb 'J\l~\l 'J~ b'VltJtl11 'UeJ1fl1f'l1 l 'J\l\l1'Ue-.J~ \91 ~"1J'IJ'U1\9lb~fl 

l/QQ,/ 111 C\ 
6. FlW~e-.J1~£.l/e-.J'J111 bfl1.:Jfl1'a 

'U 'U 

d 
6.1 'ijeJ ('W1eJ/'W1.:J/'W1.:J6'111) 

40:::.V ~ q 

trn.J ?f'Jl~'W ?f1fl'J11?f 

~1bb'Vlt.i.:J ~~1tJf'l11?fm11il1'JcJ f1W1~ U~ruru1beJfl 
'ti ~ Cl QJ QJ 

Fl113.J'!11'U1ru/fl113.Jtl'U 1~-w brl'l:t ?l~';ilVI CJ1"UeN f111 i;,i~ (9)~'1Jb 'W W U'UU (?) f111~\?I f11';it511'1 €J1'V!1';i~'1J 
., q 

?fm'W~~\9l~ei ?116/J1~"1Je'rn Aru~e-.Jil\91m 'JJJfl1 'J bn~m JJ'Vl1lVltJ16i'mbJJ14 

1'Vl1~'W~/1'Vl16'111 053-878-596 

ri1111~uN~6!1eiu\9iei 1ri1.:im1~ b6'1'Wei C 1~u~1u.:i1u) ~1V11.J11A1-:i m1~eJtJ~ 1 m1~~'U11~uuri1uflJ.J . ' 
bb';i\l~\lJ11'UeJ1fl1f'llb~8'J~U'UU61fl~"llbb'UU m-PFAL ~~(9]~\lm.i1'Ub~eJ~folil 8~ 

~ ~ 

""' ~. Fl\9lbu'U 70% 

f11111-ru~\91"1Je:iu~e:i 1F11·:m1''J~'W 6'I Si1.:ii!.:ie:i~1::'Vl11.:i~1b<U'Wn11 ct11m: tl-a\91-a~u~e:i 1fl1.:im''Jbbi;'l::bb 'Vi~.:i 
I 'U ' 

'VJ'W6'1uu6'1'4'W) 

1. 1A1\lm1~~ml91'Wbb'Urn~u'UlJ\9lbb61~1~u'U lo T b~8e-.J~\91?fmm'U ei~~mtJ 1191 m1\lb ~bVlcm1 'W\911°18'1.JbVl'Ll 
~ 

b't.rn{ (bb V16'i'lVJ'W'<il1f1 ?lm. ~1tJffW'U ?l'Ll'Llf11';il~tJ b 'W8 \91 611Vlf1'fil.I) 
• q • 

d 
~1\!1fe:J .. .. .. .. .. ... ..... ... ............ ..... .... ........ ... ... .. . 

(. ....... ..... .......... ..................... .... ..... .) 



d 
6.2 "!Je> ('L!1~/'L!1.:t/'L!1.:ia11) 

mt'.l h~mP1 mti.Jlil'UU';i~ h~ 

t'i1bbV1'll.:i ~61l1t'.li'l1?1m11i11 d c1 Aru1~ LJ~ruru1beif1 (irnmdd.J) 
'U 1i Ci v v 

fl1111"!11u1ru/fl1111a'Ll1~'W bA'eJ d:t'U'Ubf1~Vl';i51ilu~tJ:t b~'Ub•1m1~1'Ufl1dbf1~Vld ., 

am'L!~~~~e> riru:til'l11m dmb61:tei\9l?11'Vlmdmn~m :wm1'Vlcn~mb:w1~ 
' 

1'Vl-aA'w'V11t'Vl-a~1-a 053-875-869 

A11ii-!u~~"!Jtl'U~B LA-a.:im-a~ b~t.m C-a~uril1'L!.:iTw) ~tJ~n~11m-:i fl1"J bbrl:t~1'Vl~11m-:im"J~m.J~ 2 
' 

fl1';i?l~1\l bbeJ'VfV'l~ bri-&'Ub~€l fl1 ';iA1'UAd.Jbb61:t~\l bf1 V1 fl1drud~'U'UU61 f1 m-PFAL 'U'U6'l:w1{'VI 1 'Y1'Llbb61:tfl1"J 

'VJ(7)6'f €J'U 1 oU\l1'U 

fiinbll'L! 30% 

' 'U 

A11ii-!u~in"!leiu~ei tA-a.:im-a~u si ~.:i~.:ie.J~-a~V111.:i~1b1ium-a ct11ffi ct.J-ain-a~u~ei 1A-a.:im-abb~~bbV16i.:i 
I 'U ' 

'VJ't.!atl'ua'4'W) 

. 1. bA"J\lfl1"J~\9l.J'U1~'Ubb'Um :t 'U 'UlJ~ bbi:l:td:t'U'U lo T b ~e:i~~Vl?IVldeJb'Uei1~mt.J 1~bb?1.:i lvkVit.idJ1 'U~AffUb 'Vl'U 
'U 

b'Ue:i{ (bb'Vl~\l'Vl'Ulil1n ?Im. ~ 1t.1?1i1'U?l'U'Ufl1';il~t.11'Lle:iV1?11'Vlm';i&.J) 
' ' ' 

"" 61\l'ileJ .. ·· ·· · ...................... .. ..... ... ...... ..... .... ....... .. . 

(. .... .... .......... .... ...... .. .. ....... ... ........ .. .) 

7. 1~~t11~a.:iA' 
' 



dcv 1 Cf ~ 61 ~ ~.di! do cu 
-b 'V'IB'V'lw.J'W1'H~'\J'\JA1'UA :W A 1bb1-:i l'l -:i1~b vt CJ 'W 1'U B'lB1rnf'1b'W1~ 'lJ 'lJb1'1'11'Wt"JG1 l'l'\Jll61J'U'k!11'1 b61 n6'11vrrn m1 

' 
&i \?l Jf \11 'U b 'vJ e:i{'iJ b "iJ e:i{ bbr;'l ~ b lJ 'U i5'1 'U b '\11 Ab 'U br;'l ~ v( ?11lJ 1dfitJ 11 LJ'W' w.J'U 1 ~ eJ tJ eJ \?lb yj eJ 1-Ul 'U n1dfl1'lJ fl lJ rl 1bb1 'l ~'I 

.,, ' 
1~LvttJtl1'Ue:i\le:nmf'11'W11\11,°1e:i'WLJ ~n-Y161J'UeJ\I 1,m~l'11m 

a. m-:iW\91J'W1b 'Vlfl 1'W1fla 

' "" ... 'Vl3J1bbfl::bb 'U1fl~ 

1~'U'Uh\l\11'U~~\?l ~'i.f 'U 'U 1\?lb~fl (micro-Plant Factory with Artificial Lighting V!~eJ m-PFAL) 

fl n 1-if b~tlfl11Dfl n~'lJb 'UA-r1 b1eJ 'Ubbfl ~ \?l1lJ?lfl1'U~?l1511tu~ b ~ eJ"il \?1Ud~?l\IA1 'Wfl1dUd~{?)'lJ\?l fl bbvl\l?lfl1'Urti\?lti 
~ ~ ' 
b tJ 'U~'d 'WV!tl \l'Vm b yJ e:i{{l b "iJ B fori~ ~ ~ \?! ~'i.f eJ1 V!11vl ?f ~m (i1tJ11 Pl"il1fl?f1'Jrl 1~ \i1¥ll'l 'J~'i.f vh b "il 611 A ru'VeJ\I d~'U'U.Q 

~ ., 

fie:Jfl11A'd'UAlJ?f .fl1'V'J bb 'Wl~ e:JlJ 1 m~'U'U U(;'l fl ~'lJ ~ ~~ \?l e:Jl "il e:Je:Jfl bb 'U'U 1 Vl'J~'U'U :W~ fl~ru~ b lJ'Wbb 'U'U ~\!ti (9)V!~e:JtJ\i1 ' ~ ~ 

1(i1 tJ ?flJ'U d ru n1JJ d~'U'U bb 'U'U ~\Ill (i1 :n1f B~1 'W b ~ B \I'll B\I fl11\011 'U A lJ B\I r1 u "j ~fl e:i'U 'VB \le:i 1fl1 P11 V!lfli1 bA tJ \I n'U 
~ ' 

51'JlJ't11~b11· e:J \l "il 1n'J~tJtJ:iJ n1 1 bb61 n b iJ ?!' CJ'W e:i1n1 P1 n tJ .fl1 CJ'W ei ne:i CJ, 1?161 e:i \9l bb61~fltJI'WVJ'W1?1~1 bb\?1° if e:i b?i t.J ~ e:i 
~ ' 

?f m'V'J bb 1\9l~e:ilJ 1 'W'J~iJiJ"il ~:n m1~mb tJj 1 tJ m:w?f m'V'J bb 'd\i16i' ei:wn1CJ'Wei n J11 CJ 1 'W~'d'W'Ve:i\11~'lrntJ (i1 bb iJtJ?l:w'U'Jru 
~ 

il-V'B~fi eJ6'f1d.Jl'JflAlJ?l.fl1'V'J bb 'd\i1 ~ €ld.JJl1CJ b 'U 'J~'lJ'lJ 1~~ 1tJ bb~-V'm?le.1f1Bl'i''UVl'U'UB\!BtJmruvl191 B\lb-Ul 'Ufl1'JA:W 
'l , , 'l 

6'1.fl1'V'lbb1\i1l1e:i:w b'li'W bl°l~e:J\ltJ-r'Um fl1P1 bA~eHv11m 1:w~'W bl°l~B\lf!\i1A11:W~'W (Dehumidifier) bl°l~B\IA'd'UA:W 
' 

tJ~mrul"l11rnm 11i1e:iBfl 161l t?i' ~\l:W 11m?1-:i bb61~:W'V'W1 \i11 V1 ru "il'Wm"il~-:ie.i61~e:im1:w?11 CJ\11:W'Ve:i-:i'J~tJtJ1 'Wmruvl1 off 
~ ., 

bD'Ub-We:i{Db"ile:i{ 

' ' ~ CIC! ' II "! 
l;1.:l'Vl:l.1€ltlbbfl1 b 'U~fl1~ 

'U 

1 'WtJ1~b 'VlP11 'VltiiJ 'U~ ~Vlvl e.J~ l?l m-PFAL €l cJ bbi11~'l'J~'U'Ull\i1 bbfl~ bb 'U'U ~ -:itJ \i1 b 'li'W 'U~~Vl B'W b Vlfl 
~ 

B~1m ~1tl\i1 (Intel Aoro Co. , Ltd) vl~1V1u1 tJ m-PFAL b\i1tiil~mmJ ~blJ'Wl'i'tJ61neYnrff-:ivr'W 'U'W1\i1b~flvl?f\i1vl 
:::> 'ti 'ti q 

°'il1vt1.J1tiiJtJ~m l'l 'J 1 'W\'ltJ 'J~m ru 0. 35 61 n'U1P1 n b:W l'ld \'l.Q' fl fl BB m1, 'U '\J d..11 b ~ €lvttJ1v/1 \Jfl1'JU61 fl~ m fl tJ\I B cJ 1\1 
'U 'ti 'ti 'ti 'ti 

b~tn~\l 1~?11m'Jt11 oifLJw btJ61J1.fo cJ1-.J ~ 'Ll 1Ji1 'UA-r1 b1e:i 'Ll 'WB fl"il 1fldt'T\ln'Ll 1 v-JriBu.LJ1\lmfl (l.J'J~mrum'Jru11 bnti 

200 11'1191~e:i~) rh 1 v-J~mtJum'J~ ri11 oif~ 1ti vlmoif m-PFAL ~eJ\lbb'Ufl~'U bbfl~bU\Jvt~\11 tJD"il~ti611ri'ruvler'lJ~bnl°l 
'ti 'ti v 'ti 

1murn1~\i1?J'Wh~e:i 



fl1W~ 1 m-PFAL 'IJeJ..:!'U~~'Vl Intel Aoro \l:mf! 'Ll11t9i'tJ i.lneYfl'Otineieirnb'U'Umb~eJ\l~l'l.J'j~6'f..:!flL'Llf11'jUi.ln'iA161.J s 'U 'ti 'U , 'ti 

1~ muv'rnm61~ihru1~i1 V!b1J 'Lle..l n\!1 ndff:i il'Ll 1 vJl°l eJ 'Ll~ 1-nn n (Jl1V'l\!1rn liJ 1'1lr?i'IJei._:iiJ~~'Vl Intel Agro H\ ~ ei 

m'j8'1._:i8..:i bvi1tT'Ll) 

Control Pcr10! 

f"C) ~ ·, {;,1 fS) '~'" L,1 ~~) t::r 
[:iJ it! 1*'1 @ 
-~-- \~ -::...--' .... ~./ 

~-( ~-

·­• ,, 

[)1W~ 2 m-PFAL 'IJeN'U~~'Vl Civic Media zjei11 " Smart Counter" eieirnb'U'Ulnb~ei1itJ61n'iA161.Jb~EJ'leJ~1'l 
" 

b~tJ1 iJ'IJ'Ll1~b~ nn'Ll1 vJue:i tJ dJm~iJrn1J ~ ~._:iv111 ~f11'jb\J~~b~u hnrn._:i'iA161.J11911'tJBvi5viJ61\!1mtmviJbb1~~ e:iJ.J 



mn ":i:::uuifbzje:i~l'le:inubb8'Vi 'Vi ~bfl~'W'U'W?1m1''V11vh,i Jl1t.1 (.n1'Vi"ll1m~ u161Jl'i''1le:i-:iu~~'Vl Civic Media b~e:irn":i 
... 

e)1-:1B-:ibvi1ir'W) 

'U~cM'Vltl~A11a.l~'W11\l~~'W1 b'VIA b'W b~~ 

u~,;''Vl U-Hea l thy n 'El ~'1~ 'W b\71 CJVl:l..1'11'W'V1i:ith:>::rt'U fll'H\n 'WM TU fll1rl1 b 'Y'le:i{il b '<\) e:i{ eJ~G'j ~hihnnn 
'U 

blJ'Wblrl1'W1'Wbb6l:>::JJfldT!Jl'l8'1fl1 '1 'il:>:: ~l?1J'W1 '1 :::Uu m-PFAL b'1i'Wn'W bbM'JO::'U'U m-PFAL ~'U~~'Vll'ltMfl1'1JJfl11jj 

bbMn~1~~rl1ri'nin'U m-PFAL ~~e:i ~1tiYfmvim~lwtb~b'VlA1vme:i~ 3 th~nTrn~n th~m·m·rn~e:i m-PFAL 

'1J8'1 U-Healthy 'il:>::il'1J'W1171b~ n (u1mmb~nn11 0.15 6lnu1f"1nb:uvi1) bbfl:::bll'W;;11'WV1ti'1'1JeJ'1b'Y'le:i1''Llb'ilt11' b-d'W 
'U 

~'U11-:ivtir-:i~e:i 1~o::'Vi'1-:i1'Wvt~ti l'lbR 'U 'VeJ-:J1 'Wri-r11\?l 'lJ1:::m 1~?1e:i-:i m-PFAL 'Vtl-:J'U~~'Vl'il:>::l'le:i-:in'W1 °v'li!mJ (i!mJ 
'U 

fll1 1001\9\~) bbflQ::b~bth.! fl1 'J Q::rh1°v'l.W1 bbrlmob?!-:J'il'Wbfl'WbU D'JQ::f11";j~ 3 m-PFAL '1JeJ'l'U~~'Vl~tl'liJW'U'U 
'U 'U 

fll'Ufl:!J?!flT\/~ bbl\7l~eJ:!J~iJ'lJ1::: ~'VITi fl1~?!'1b\71tJ1~'<\l1 b lJ'W~eJ'11 ~e:i'lJ mru~lJ'1J'W1\711 'VltU bbfl :>::n'W b °v'l:!Jlfl 'We:Jfl'illfl.Q' 
q q,J q Q.J 

1:::'U'U m-PFAL vl"IJ:::~\1J.J'W1~Wil :::il f11 1flTl.Jfl:Wf111vl1'11 'W 'Ve:J-:Je:J'lJ mru f111 bU \71-U\9J bb(;l:::tl1vt'U\9Jb1e:i'W1 '1J f11'J 
' ' 

'Vi'1-:i1'W'1Je:J'I ~:utl1, ~\716l:!J, 1 °v'l LEO bb?l-:J?!l1'1 mm111~'1bf1Vlf11'1tUA1e:iruvtflihbflQ::fl11:!J~'W1 'W~bb'U'U real-time 
' 'U 'U 

~TW smartphone bb6l:::iJ:o1 'WoLJeJ~ 616'1'1Vlfo 1 U'1bbfld :!J fl1'~U61 flvhml'161:::'1JtJl'J mi'leJ'Wfl'Wfl'U'U~~'Vl~'W "" ~ ~ 

fl1'W~ 3 ~n~ru:::'1Jti'lb°v'lti~fa'ilti ~~iJ1 :::'U t1 m -PFAL ~\l~le:J~~tl~~'Vl U-Healthy ~e:J\lf11'1'\J:::~11J.J'W1~'W (blJ'W 
'U 

b ~ t.1'1m~'lJ 1o::fl€1'\JbYl01 Vtb .V11 'il lb m A \71 l vi1Ju 1, 'l"lti ~D b 'il ei~'Vt1'1'il ~ '1t11 'il il1'lJ ~ fl~nfavi fl 1'11'11 'lJ 'ill fld 
'U 

..,: .,jg, OJ 

li'l.:J'Vll'lel.:J f11i'W \1J.J'W1 

-:!1'Ul~t.J'if~-:i~ei-:im'i ~\1J.J tn m-PFAL ~ilf1ru6'1:wLJ'~1911:w~n~ 11hJ l\9Jt.J1mdei-:i~v<il:::1~'i:::'l.J'l.Jbb'l.J'l.JM-:i 
' 

tJ \7lzj'1iJ~tJ'Vl'W ~1 bbl'i m 1:uVf 1'Vl 1 t.1 ~1A ru'V ti'1'1 :::'U'U M '1U \9J ~ eJVl1 nu'\J~ t.1?!fl1~ bb 1 \716\' t1:ufl 1t.1'Wt1fl1~ b Vlmo::?!:u ~'W 
' v 

~'IJ~eJ~.U1-:i1 'W'J:::t1'l.J'lJfl nRen 'il 1~ ?1 1m'J11 b~tJ11911171' vt~\l1 'WD'<\J~t.J?11f1ru~~-:ir-Jfl~timwu1rul~'l.J L\9\'1J~M~'IJ~e:i 
q,J q,J Q.J v 

bb 'J\l~\l'J::: b vtt.1tl11 'U'l.J'J'1t.11f11f31 (Va por Pressu re Deficit) zj\l b ll'W\?1'LJu~ilm1:u~:w~'Wfin'U f11'Jbtl~tl \9J'LJ8\IU1fl 



1ucVi611 011 VPD ~~..:ibn'W hJ1ii ~'Y111vhJ1n1 uuvi ~6lJ'il~V1CJvi m161'..:ibm1~~bb61-'.lbbG1~vivi~:wa11?1envt11 b 'U61lru~~~1 
\J 'I q,,J 'I 

VPD vl~1bn'\.J hJ~~~\JeT-.!lfll'jf11CJJ1 bb61~fl1'jl')l')~:IJD11'1 €J1'V!Ta'LJeN-Yl 'U ~-:idi'i-a-1CJ-:J1'Wl1rl1 VPD Y1 b'VlaJ1~6'f:W 
'J ' 

61'1vt~um1tJG'lnVl'IJe:icitJwmru 6.85- 1. O kPa zj-'.l b umh-'.lVivh 1VftJ1n1 u bD~bbG'l~Yl'lliieYvi11m1ir-:i bfl11~~ bb?f-!! 
'J 'J 

61-!!vl?l~ 1 'Wth!'1U\J~-:J1:iJ:ih1CJ ..:J 1'Wf11';itl1b'VlA fo fa~mUAlJA1 VPD m 16lil 'Uf111tJ~U6'fi11'Wbb1V1~€llJ 1 'W1~'U'U 
\J 'I .. q 

" " 11-:i-:J1'Wt:-!~VlVJ6lJ -!11'Wl"ilCJA~..:Jti~..:i\9)e:i-:im1~~'W11~U'lJA1UAlJA1 VPD 6'f1vt~'U1~'UU 11~~1'Ut:-!~Vl.W'IJ61J'U1~b~f1 
' 

bbUU ~-:itJV1 b ~e:ivh 1 VfVl6lJiJm1 b'il~ru b~'lJ 1\91~~ bb1i'111~1J'lJ'il ~rim1~m.i'l 'LILJ~b 1 ru~iJ?in1'W bb 1 V1~ e:i:w hl b V!m~?fii 
v 'J 'J 

~Bn1'H"il~11Jb~'U 1M6UB~Yl'l1nM1dJ 

~1~1..:i.vf 1 b't.l~t.1rnVit.1u~n~ru~bQ'W1~"Ue:i..:i1~uu m-PFAL vliJe:iCJ'1m1e:i-:iVlG'l1~bbG'l~vlu~~'Vl U-Healthy 
'J ,, ., .., .,, 

\91€l-'.Jf111'1~'W~'W161J'U 

.., 
G'ln~ru~bu'W1~ 

m-PFAL "IJeJ..:tu~,;''VI Intel I m-PFAL "l.JeHlU~,;'VI Civic 

Agro Media 

1 11-b'tJ~n~'llhi\~t.1-:ie:ici1-:ib~m I 1.UtJ ~nYl'IJ1~b~ti -:ie:ici1..:ib~t.n 

2 n'Uhl:w1mn'Un11 200 1 \91 191 I ntJ1'V'J 1s 11?1'91l9ie:iVltl-:irK 

I .d ii 

VlBVl'U~Vl 
'J 

3 
1 

iJ~-:JbbUU';i~UUDV1bbG'l~';i~~r~D'W~~~~~~~ b1'11tY'W 
M-:itJ~ 

'U 



~ f<:j 

4 I bilm~'\J'\Jfld'\JAdJ VPD 
~ ,,,. 
bd.Jd.JW'\J'\JflTUfl lJ VPD 

' 
, 

5 I il bb 'El'V'l'V'l~ bfl'll u fl 1'U ri, m i, ri:::: I i11,1, e:J'V'l 'V'l ~ 1, A'll u fl 1 'U fl, mi, ri:::: 
Cl.I c( I ~ .c;!il CU I) I ..::Y .dj 

?! ,'.lbn\91 m1rue.nu:w e:itie:i ?! ,:lbn \91 m1rue-.11'U:we:i11 e:i 

1::::'U'Ufl1'Ufld.Jfi1 VPD l})uV1tJ ~1vl"il::::i~'W1~'W'\Jd::::n ei'Uhl~1CJ~1mh::::rn:iuvi~n 4 ~1'U fiei 1. 
' ' 

t:w 1rrmei'W 1 Vldbfl ti{ 2, ~~m:w 3, bfl~e:J\l 'V'i'LI1ml1 4. b~'U b'll tifi1?1ri1 1J.J ~'Ubb!;l~e:JruvtnD 1 'Llfl1Tvl1\l1'Ub~'Ub6lle:i~ ' \) 

"il::::l'vifi1eiruvtfli3bb6'l~m1:w.;ff m~e.il"l1'U1 ru fi1 VPD ~\ldb~ e:i fi1 VPD 6'1\lffJ 1 °1i1 \l~n1vt'UV1111 bf11fle.J'W b 'Vl1b6'le:J{ ' \) \) 

"iJ::::i\lm11~1.fl~ei-:ivi'Ll1ml1v11 \l 1m~e:i b~11A11l.J~uslt-:i"iJ::::a-:i~~1Vt'fi1 vPo ~l?l~\l'1'Ui.'i.:if11vl~.:iH 1'Umruvlfi1 

VPD ~1n-i1vi n1vtuvi 1:w bfldf1el'U 1 Vl1 b6'l e:i{ "iJ::::i\l L ~~viri:w"il ::::vtl.J'Ub ~1~m ~e.ivm1 CJ1m::::'U1CJfl11l.J~'Ue.Je.J n"il1n 
' 

1::::'\J'U mdfl1'UA:w vPo bb 'Uud"iJ ::::vh 1Vt'LJ1n1 uvhl bllvi 'l'.il·1.rumdvivi61i11B11?1mvt111~m1:w 1 '\Jmil md~\lbfld1::::-v1 
' \) ' 

bb?i\l 1~1?16'le:ivi~\l"il::::~\le-.iri 1~V!'IJ1191 b ~1 hl116'1m'V'I bb 1 vi ~e.iw1 1CJue:in"iJ::::b~ 'U e.itl1\l 11n1111:w 

9. V16"nm-a b V1~f..J6'lfl11 1Pil1 bll 'Ubb6'l~tH:i -:i 1'LI~ilmrieJu 
' 

bd\l\l1'U~f\1?1Yl'll (Plant Facto ry with Art ifi cia l Light Vl~ 'El PFAU fim::::u'U'\J~ff~'llbb'U'UDl'l~il 

fl15A1'lJAiJ?f fl1'11'm 11?1~e:iiil'l1e:i ci 1wd'U e:i ruVtniJ wnd.J~'U u~mruA1fo e:J'U bl?le:Je:J n b61ll?lb 'U'Ud'd'c.nml"lm1 ::::u CJ 
' ' 'U ' 

e::icJ1.:ib.U11\l1vi bd\l\11'Ue-J~ 191'1'.il'IJ~ 1 'LI1 vtajil'IJtnvi hi~1rn' 1 16 l?ll d1\l b1i\9l dbb6'l::::t11"il1 vtaj1~fi\l1::::1?i'uvt6'l1CJ1'eiCJ 

1?1111\lb:W1?11 1::::uu 11\ln1.mf\ 111 V1 '1JtY'Wtin H\b:::: bCJ'IJU~\lL 'Ub~\l'V'l1ru'IJ81.1.6'l:::: 1 'Llnu1~CJ l?ieimilmdi~'U1d::::uu 
" 

b 1\l\l1'We-J~ 1?1Yl'IJ'1J'U 11?1L~ n~1wfom11-d\l1'U L 'Urrr1 L~e:J'U'\ll~e:i1111:w1'1'Uen'\ll11~i1~'LI~himn b~CJn-i 1 micro-

PFAL Vl~tl m-PFAL b1?1CJi1'\J~mm'1Jm1::::uu e:i tl1::::'\lll1\l 0.03-2 6'lfl 'U 1~nb:W1?11 ~m.'l·ru::::bQ'V'l1::::~~1Atu'1JeJ\l 
\) 'U v 

m-PFAL ~e:i 1. Hf1::::uu'tJ6'ln .W'IJ bb'UUH~'LI 2. VJ'IJ1Ji'~'Ubb6'1\l b~CJ:W"il1flVl fl eJl'l1'1"J LED 3. ilm'jeJeJflbb'U'U"a::::uu~ 
\) 

6'11CJ\l 1:Wb~m~:wm1m~CJ1'1J~1~nu6'1m'W~ 4.1-d\l1'Ubbri :::: vibbri-rn~1~1CJ 5. 1~:Wmd1i6'11dn1~vif1191'jYJ'IJ 6. 
\) " 

od1.:i bb?l\I e:iru'V!Jl:n m11 Vt'J1bbfl :t: U\i]~CJ ?lill'V'lbb11'1Gl'El :W ~'W 611 'Ud::::uul'lei\l r;inmu A111'11 CJd::::uu B\91 b 'W~~'Vl'1ei~1 CJ q ,_, I ,_, q 

A'W (Takagaki et al., 201 6) 

1 'LIU"il"iltl''Ui1u1~V1 viv11 m -PFAL 11\l '1J1 tJ 1 'W'\J5:::: b'Vl 1"11 'VlCJ bb~11viCJil~n't'fru::::blJ'U<J1'1J'U1Vl 1 Vtruvi?11'1\I 
' \) v 

~'Wm bv1eJm'j'\J6'1mAl'll1.~CJ \l eJ ~ 1\lb~ tJ1 (.n1'V'l~ 1 bbri :::: 2) \?),:nf'Wn ri' m.J'U 11.nA~blJ'UbU1Vl111CJ'1JeJ\l m-PFAL 
\) ' 'U 

~n~ru::::dfim~'vi61'W 1\J md'\J G'I nYl 'IJ1 'W~6.l L ~ti fl1'j'LJ~1.n Ati~1\l'11\l~\l b vh ii'W :wei'11 'LI~n:w:wvtti-:in111<ild1~u11nPJ~ 
\J "ll (j 'U 

ei1"il 1~ <X ei-:i n1'j r; '\Jri n~ n'lJ'W1 vi 1 Vtru':t \l\i) ~ n ei 1 ~ bn vi.n 1d :::: b~ ei\l fi 1111-l bbM?t 'U L"il n15'\Jri nYi'IJ1'W'il.J1, v1e::i?t~1\1 
'U 'U QJ ,_, 

uddtnm~.n1CJ 1 'Liu1tJ1 ~:W~b ~ m Lb~:::: 1 'W'IJru::::L~ m n'U n (}) mmd L'l"Jei1D b"ilei4 b v1 eimd1 i6'1ei CJ b 'lit! fl1'jbfl'U'1Jei\I 

bb6'l::::md11-:ibfl~m 1 i~1CJ u~~'Vl U-Hea Lthy ~\l?i'U h\J ::::vr~m b 'l"Jei1fa"ile:i1vi:W~'\J~ner n'1J'U11?1 b~ n~l?i~\leitl L ~ e:i 
'U 'U " 

191 eiu h'Vl ~m 1ii~ eN m1'Um ~u11.n fl n~:w'Vl~ -:idzj\ltJ1';\J~ L U'U n~:w~il'Uml?i 1 'Vlru n11 n~:w Lb 1 n 
\J q q v q 



vr-d -:i 1 'l.J'1 rn~ru~~ bl"l ~'IJ€l'l1~'\Ju m-PFAL Yi u1~'Vl U-Healthy '1~-W' ~'\.J1~ '\.JA m:::uumurp-1fi1 

VPD zj..'.){9)11!'\J flMLL!K1iJm51-1f L~8A1UA1lfl1".i LD<i161.1'€J'lth n 1 U61.1'€J'l~61.l.yjUG1 fl l 'W b ".i'I b'1B'W ".i:::uudiim".ib oUtl'WB ~ 1'1 
' 'U 

n1'1'1'1J11'11'1.Jb-:i L1ei'Wtlmrvh1 L'li 'W :w~ L~m'Vll"l 'lleNtl1 ~b'Vll"l~U'W (Lu et al., 2015) r11 VPD Jml'l~61eici1'1 
'U ., ' 

otllPWil'W~eir11mdth1vr;;:i'lJmu 1nhJ (Sakhonwasee et al., 2017) 1(Y) mrleifi1~1n1dfi1tnl1'llei'l'!Al'IJ'1:::61(P)£;M 

Lb61~vh1 ~fl1d\Pl\PlS5:w'51\9lmvt1 d'1 1 n i'?1\PlU61 flvt~eim di;i ~m tJ 61(Y)61'1~1 tJ LL~vt1nr11?1'1Ln'U1tltl1fl1 LJ'V~tl \Plvh 1 ~ 
'll q 'I 'U " 

' ., ' 

el\9111~'1 bfld1~~bb?f'lfl \Pl~161'1 bb61 ~ tJ'U tJ'lfl1 ~ ~\Pl61i:W'51 \?l e:J1Vf1d~dtJ :LI~1 tM1'\.Jl1fl1 VPD Vi b vrm~?f:W~1Vf-r'Ufl1d 
'U ' 

'\J~n~'Ub~tJ~11'\JmJ~'\J1~mru 0.5-1.0 kPa (Lu et al., 201 5; Zhano et al., 2015; Niu et al., 2016) rn~ 
'U 'U :, 

'\J~\Jfl1 VPD l 'U".i~U '\JtJf!mr'U ?f 11!1".i'1vl11Ji'?f B'l'\/11'1 '\/11'1LL ".iflA'€lfl1".ib u~ t.J'WLL tJfl'IBruvtniJzj'l b 'U".i~'IJ'IJUG'l mJ~'I 
'll q 'll 'ti 

v111~tJ1n bb61~i11K'W'Vl'W?f'I 'Vl1'1~G1 ei ~ fieim~ L tJ~ tJ 'W Lb tJi;i-:im1:w~'Wzj'li:JtJ:w 1 in'Wmfl~?f (P) b~ eN'11 flv111~~1ti bbfl~ 
• 'U • 

ii~ '\.JVl'\.J~ 1 ei cJ 1'11dn\9l1:l.J fl1d b ~ :w m 1:wtff 'Ll 1 'Ll d~uutJ fl fl n ei1'1 b ~ :wf111:w b~ tJ'l 1 '\.J fl1d bn (Pl 1 dflvi m'<\11 fl b tff eid1 
' 'U 

b'li'Wn'W '11'Ui~ti-d~'l'1~vl1fl1dVl ~ ?feJ'U fi1df1d'Ufl:WA1 VPD 1 'W'lil'l~b Vl :\J1 ~?f:w rl1vrfo~'IJ bbl9ifl~'IJtJ(Pl t(Pl tJ1 imd 
' 

~'11 L.h°bbm:w~·1'LlVl1..:J microcontroller b f1e:i1 Vlb~ d ~uu'\Jfl n~ 'IJ'll 'U 1(Y) b~ fly/ li'\Jd~Rvi5 il1'W?i ..:i bb'1 ~ b VllJ1~ 
'U 'U 

rlTVt1'Ufl1d1oU~1'W1'Llfl11b1eJ'W 

'\! 1nm~~u rl'W~Vl TIU\?l d'Wu11li~vi6u \?l d b~ m nu fi1dfl1Ufl:WA1 VPD ~1Vl~UflT~tli;i n'!Al'IJeicJ ?feJ'I 
' 'U 'U 

d1tlfl1d B'WbbdflbU'W~VJ5um'lle:i ..:J ?f vt~~m:w~m'Vfmmi;i 'll US4856227 A bU'Ll d~uur11'W1rur11 VPD ?!1V11'U 
"' 

fl1d~ \Pl~'W 1'11 ~J11 'W ld'I b~ ei 'Llu i;i fl ~'IJ ~ 'leieim~ eitJ fl .1"1 . 1989 B'Llvl ?tei·rnJ 'W'lleJ'l?f'Vf i11'W tJ btlvt:w1m0'1l 
'U • 

EP0352031A 1 bU'Ud~uulJ\Pl rl1V1fo fi1db 'W1~ b:W ~(P) bb61 ~u0 fl~'IJ~ :Li~ ~u'U~ ~u1timfl11"1?11mdt:itJ-r'Ufl11:w b ~1 
'U 

'lrn..:ii~'1ii 1~ ih~uuvJ'Utl1 eJ e:itJm tJ 1 m~m~:wfl1 1:w~'W eieimi1e:iu fl . ~ . 19921li'Wu~vi6D'l?l';i~1rni'L~ti..:in'W 
1m.b~Lvil"11'VltJ 

i/Q I Q.liJd 

mmn:ie.n..:iv..:i Cbuw1::~1'U6ll v..:i 1116llei vi 9) 

- Takagaki M., Hara H., Kozai T. (20 16). Chapter 5: Micro- and Mini-PFALs for Improving the 

Quality of Life. In "Plant Factory: An indoor vertical farming system for efficient quality food 

production" (ed. by Kozai , T., Niu, G., and Takagaki, M.), Ed. 1. Academic Press, Elsevier. p 3-5. 

- Lu Na, Nukaya Tsunaki, Kamimura Taichi, Zhang Dalong, Kurimoto lkusaburo, Takagaki Michiko, 

Maruo Toru, Kozai Toyoki, Yamori Wataru (2015) Control of vapor pressure deficit (VPD) in 

greenhouse enhanced tomato growth and productivity duri ng the winter season. Scientia 

Horticulturae, 197, 17-23. 

- Niu G, Kozai T, Sabeh N (2016). Chapter 8: Physical Environmental Factors and Their 

Properties. In "Plant Factory: An indoor vertical farming system for efficient quality food 



production" (ed. by Kozai, T. , Niu, G., and Takagaki, M.), Ed. 1. Academic Press, Elsevier. p 129-

140. 

- Sakhonwasee S, Thummachai K, Nimnoi N (2017) Influences of LED light quality and intensity 

on stomatal behavior of th ree petun ia cultivars grown in a semi-closed system. Environ. 

Control Biol. 55(2): 93-103. 

- Zhang Dalong, Zhang Zhongdian, Li Jianming, Chang Yibo, Du Qingjie, Pan Tonghua, Aroca 

Ricardo (2015) Regu lation of Vapor Pressure Deficit by Greenhouse Micro-Fog Systems 

Improved Growth and Productivity of Tomato via Enhancing Photosynthesis during Summer 

Season. PLOS ONE, 10, e0 133919 

10. 15~1bil'lm1-a1~t1 bbft~bbe.J'WnT:i~1biJ'l..!~1'1..!1~£i 

lrica.:im-;;~e.it1~ 1 m-;;~l'A!'l..!1 -;;~uuri1uri :u bb -;;.:i~.:itl11 'l..!mmflb 'iila-;;~uu'l.Jftn'~'Ylbb uu m-PFAL ~~~~.:ie.i~ 
• 'II 'II 

b'L!b~aiikileii 

' 
fl\ln'a"a:UVi 1.1. n1'ai;l~1~~'Vl~E;la'Un1':ifl1'Ufl:UYl1 VP D 

'II • 

V V I V 

1'u.rr'Ubb ')ff'iJ~~1btJ'l.tn1''.irt1'1 .::i 'llwJ 61 n'IAi '1l~ .:J U')~ne:iu 1LJ~1 tJ '1ie:i.::itJ61 n-W"l.1bbiJU m-PFAL ~'l'Vlll~ 4 
" " 

'1ie:i'l~'lbltJne:ie:in'il1nn'Ue:i~1 .::i8r1')~ bbl'l61~'1ie:i'lil'V 1l 1~ 0.5 x 0.5 x 0.5 bllm ~'l~'1imtf 'il~tin1il~e:im') 
" 

'Vl~?leliJb~B'U1'V'Vel.:J 1 U';ibbll')lJbbiJUl'i 1.::i ~~ 'il~ 1-lil 'Ull1':ifl1iJ~:lJ VPD b 'U m-PFAL ~'l~'1ieJ'l'il~~b~'Ub61leJ{6f 1vi-ru 

111')1 ~e:iruvi.n~ bb6l~fl111loff 'U 1~tJoVB:lJ6l~'l 'Vl:lJ ~'il ~ lntJ ')'d iJ ')'rnm.11 t! Data Loooer bl6l~~'Vlif T'ileJzj-:i?111JTrn 
q cu '\J '\J ;:,:::, 

b t'.1'U ll1':ib tJ~ CJ'Ubl tJ61-:i'Vei-:ieiruvi nlibl6l ~fld 1:w<ff ti b 'Ubbvl 61~'liei-:itJ61n1til 1>rn.J b 1611'il~-:i (Real-Time) ~-:i~'lie:i-:iilnT'.i 
• 'U 'U 

~~~<Jmrn~1'V'J LED 1Vfbbrt--:i ~m1m.U:w 150 PPFD 'Vln'li e:i --:i il111':i~~~.::i~~6lrn~n'V'U1~n1i;r.::i1vJtJwmru 0.4 A 
' 

r1e:i<J~1 ~1 bb ':imll161:w<il1nmCJ'We:im .U11'11'U 1 'W ~1~?1m btl161:w<il1nmCJ b 'W €le:in61l'i'1'W'We:in 1 'Wr11:w'1i€l--:itJ6lni1111".i 
'U " 

~~~--:i~1v11vi:we:imb uu Ultrason ic cl1vifo b ~ :!Jfl11:w~'Uil 1CJ b 'W'1i€1.:J U(;1 n b 'U611'U'V€l'l".i~iJiJU 61n-vl61l'il~1 i ll1':i 
'U 'U 

tl61 n-vl'1l1 'U?l1".i61~mmluiJ'lhd-:i 1~ CJ 1.Um~m1:w 'il 5 ~1>m11vifo 161?11<:i6l~mtJlJ CJ 
'U ' ' 

111';ivh-:i1 'U'Ue:i-:ie:i 1.J m ru1'\Al .w 11 t!bb \91
1 

61 ~'Ii' e:i-:i 1.J 61 n 'il ~ti n fl 1iJfl:lJvi"1(J1:w 1 fl ';j fl el 'U b 'Vl ';j 61b61 El { 
'I " 'U , 

(microcontroller) 1 ~1 (Raspberry Pi) ~-:i~m~tJ'Ultl<:ibbmll1~vh-:i1mb\9llll'i1-:inm~ei'Vl~?leJiJb~eJ'U1'V~ 

b'Vl:l..11~?!1!~?!~ 11l 1mflEJ'U b 'Vl':if1b(;1EJ1'U~v11viif 1~mufl:iJll1".ibU~u~ 1 'Wbb6l~r11 VPD b 'U'1ie:i.::itJ6ln wuufl1Uflll 
, 'I \J q 

fi1 VPD ~'il~~~'U1:ff'UtJ':i~ne:iu1tJ Ji'1CJ611'UtJ<:i~ne:iuvii;rn 4 611'U f1e:i 1. 11lbfl".iflffUbVl':ib61€l{ 2. ~~6l:iJ 3. 

bfl~e:i'lvi'U 1ml1 4 . b~'\.Jb61l€1H~m1:iJ:«mb61 ~ €l ruvin il b 'Wm1v11--:i1'Ub~'Wb61l€l{"il~1'1?1r11BruviniJ bb(;1~f111:w~'Wb ~e:i 
, ~ q ~ 

A1'U1tufl1 VPD ~-:i-d'bd8A1 VPD ?f'ln11 '1i 1 -:i ~ rl1'Vl'U~ 1:w lfl':ifl8'U b 'Vl':ib6leJ{"iJ~~'lll1';i 1~bfl~eJWl'U1mJ1v11'l1'U 
'U 



I I i./ I I 2.1 I I 1 

.c::i .Q. ~ t:;;f I q ii I &:f I ..cl QJ 12.1 6} c:I c:I I 0 I Q o 
b'\!'Hlb'\!'UJfl11:W'IJ 'U•1H'i1~ 6'! 'l ~HHV!fl 1 VPD 6l\9l ~H 'ili.Jb1 'l fl1'Vl l'l 'I 1 bi.Jn"H"\J'Vl 1"11 VPD l'l 1fl11'Vl n1Vl'U\9l 

1 j "\ d' ~Cl} tJ' IV ~ ~ d &' .J"v q 

:w bfl"iflerw b vi1 bG'l eJ'J'il ~6'1 'I b vt 'V'J \9l6l :W 'il ~vt:wm 11'1! 'Wb 'V'J ei'V'l CJ1i:.11:w1~iJ1 CJ A11:w61Jirnein'il1 m~uu 'UeJfl'il1fl'U CJ'l:W 
q 

fl1':in1Vl'U\7l b~ €l'Ll1'1.J'IJB'!fl1 ':iY'iUvtmlf11 vf11h'11'U \Yi rn ,j €l'l r1'f~~~ hWl'W 10 'WlYibb~~\91 eN~ n 20 inYi nB't.!'°'1 ~ 

?11ll1':itlvl1.;J1'U rif .;J \91° €11 u1~ b ~B'l'<\1 1 fl fl1 5vl1.;J1 'U b lJ'Ub 1 ~ 1&1 \7l tl'U'U1 'Ll €ll 'ilvl11 ~ bfl~ €J.;j~€J'U:l.J1 fl bn'UbbG'l~iJ m CJ 

fl151.Unu~'U 

DC FAN 

DC FAN 

LED 

RASPBERRY Pl 3 MODEL B~ 

SOLID STATE RELAY 

ULTRASONIC HUMIDIFIER 

ADAFRUIT SENSIRON 
SHT31-D 

TEMPERATURE & HUMIDITY 
SENSOR 

OlCDSCREEN 

q 

.n1'Vl-vi 4 bb?f \71.;j bb 'Lllfi \7l fl1 5vl1'1 1 'U ~1 :1.Jn'U 'IJeJ'leJU mru\91°1.;J 6').yl b U'UeJ .;J AU5~fle:JiJ'IJeM5~'\J'U A1'\JA:l.JA 1 VPD 
' I ' 

1:1.J 1ri1rie:i'W 1'Vl1~ b61 e:i{'il ~v11V1tl 1~ b U'Ll r1'Ll tl flm\l'IJ&:imJnw1~,rnmi fl15vl1\11'Ll'IJB\I~ \7l~lJ brn ~ (9)1vJ'LlV1:1.JBn 
" ' 

bb'U'U Ultrasonic '<\l~~'Ue:it.1' nurh VPD ~1 'Llhfae:i ~ 5~'il ~ vl1\11'Ll\111 J.J nm riru?1:wiJ~'IJme:iumruvr\IV1:1.Jl7liJ 
" ' ' 

51t.1~ ~ b5 t.1\91 e:iCJ1 'Ll?i1'U'IJe:i.;im rie-i'Ll1 fl (blJ'Ll b v:l CJ.;j m 5ri11?1 m1ru b 'V11tT'Ll 1 'Llm5v11.;i1'LI'il~.;i11CJ61~ bB CJl7le:itJ mru 
" q 

m'iliJm5tJ-r'U bu~ t.1'LI ~rnJm1:w b Vlm~mJ) 

b~ €JU5~fl€J'U 191 'Vl\?1?1€1 '\J bG'l~ 'iJ bbiK 1 'ii ~vr1 fl15 'Vl \91G'I €).;j ~\I ri' 1 VPD b 'Ubb~ 61 ~'11 €J.;JU6'J flbb61 ~vr1 fl15 bR 'UoLJ €1:1.JG'I 
" " " 

~m~e:i'I bD'Ub1G'l1tJwmru 1 i1LJl7l1~ 111~'\J'Uvl1'11'W '1l'll'11:1.J~A1\9lvt~ti '1~ '111'1b1mdm'iJ~ti'li'.lm1L.Jfo b LJ~ CJ'W 

eiu n5ru \111:1.J A111l b 'V!m~?l:ll • 



.fl1'V'l~ 5 ~fl~ru:::61.Je:i,:wi'Vl\7l?lfflJn 1'~f\TUfl:WA1 VPD ~Ae:J 'l fl1"J';\J:::?l~1'1~t!b~e:J1m'Llfl1"Jl~CJ A'd';\J:::blJ'UA"Jnru6V1 
'U 'I 'U 'i 

~b?f'UeJ°IJeJ~~vh 1 'U bl°l"J'lfl1"J.Q' (bD'UbflCNfl1 "Jl°l 1 ~ nTHW 1tl bb'U'U°IJeJ'l\9lvfl i'<il'1'lm'<il:Wm1 bU~tJ'Llbb i.J~-:i ~1111°11111 
.... .... 

b'Vlln:::?tii) 

ihJn':i':ilJ~ 1.2. f11':i'Vl~ae:iutl~nvh11'1.J m-PFAL ~iif11"JWJ'Ufllll°i1 VPD 
.... ' 

b~ e:it'lvi \71?! e:J'U'W~e:J :W';\J ::: b~ :W l'll b 'Ll 'U fl1"J'Vl\716'1 e:J'I U61 fl.W'li b\71 tJ l 'U f\ ~'I bb "Jfl';\) :::Vl\7161 e:J-.'.JU6'1 flt'l'U~ fl f\1\71Vte:J:W .... .... .... 

rleJ'U bodbb?l-.'.lbVlCJ:W~1fl'Vl6'1e:J\9l LED vl~ f\0 le:JfW'VIJ1iJbb?l-.'.l 6500 K f\llm.Umb?l'I 150 PPFD llcivl1-d'dJ'U?l\9l"J 
'I 'U , 'll 

Modified Hoagland (Epstien and Bloom, 2005) 1"11 EC 'lh:::m ru 2 ms Alf\ll:WblJ'Um\71\911'1U"J:::mru 

5 .8 fam1:::vJlfl1"J'Vl~mN 4 ~1 -r'U1~tJi1n1"JrYtnbU "Jl°l0 l VPD ri1vln1 V1'U~1mb\91~:::~1f'Urr~beJlrll VPD ~ 

bbtrnt11?1'1V1f'Ufl1"JU6'1fl~'li';\J lflf\1"J \9l"Jl';\J b eJfl?l1"JblJ'UVl~fl (Lu et al., 2015; Zhang et al., 2015; Niu et 
.... 

al., 2016) ~1-ru~ 1 1:Wbul7l~vi ~:w 1:iJilm1m'Uri:wr11 VPD ~1-ru~ 2 m'Uri:wr11 VPD 0.7-1 kPa ~1-ru~ 3 
'I 'I •. 

f\l'Uf\:WAl VPD 1-1.2 KPa ~1-ruvf 4 blJVl~Vl~:W\9l~eJV1 b1m 1:Wiifl1"Jf\l'lJfl~A1 VPD ~-:idm11°1Tt..nrur11 
' ' 

VPD bU'UbU\911:W?lllfl1"J~-.:i.Q' 
VPDAir = eoTair (1 - ((%Relative Humidity of air)/100)) 

b\?H:J eoTair = 0.6 1083 X 10 (7.6448T/242.62 + T) 

- f"i1 T il'Vli.hmlJ'W Celsius 

- f"i1 VPDA;r ~l"l1mru1~iiV11.hmuti kPa 

vllf\1"J'VlVl~ f)-.'.J bum 1~1 1 b~ eJ 'U bfl u.U e:J :W ~'\J~m ruJ 1vl1i?f1V1-r'l.J fl1"J'VJ'U'Vl:We:J fl f\111J?l-.'.l ~ fl~ru:::\9l 'U f\111J 
.... .... 

fli'1-:ivi"J-:ivi11 \i11'U1'Ll1'1.J tl1V1irfl?t ~bb~~i.hviirmvvf-:i 
' 
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'I.I ' 
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~ ' 'I.I 
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devices ";l~trntJ5u&Jm1 Android bb6'1~ ios b\?lmb B'V'rt·~ faf1-a°'mf.;irim~tJbbUUvl1'Vl'Ll1~:l.le:ifa~e:i1bb61~'l1e:i'Ll 
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bba\l~\la~bV!t.1tl161JB\l tn fl1 \21 (Vapor Pressure Deficit of air) Vl~B VPD blh.Ju~~m=11ri'qjvlfl1'Urp.J 
fl1a bU\9lltJ\9l"UeNU1fl 1'1.J'W'111\91 CJ 1 'U?Lfl11~~eJruVJ[liJ ?f\l brn~fl11lJ~'U~1 VPD ~~iiA1?f\I zj\leJ1\\1~\Jt:-J(;j 1 i~\hn1 u 
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fl1'V'lv1 8. bfl'J\l?f~1\lfl1'Jvl1 \1 1'W'IJeN m-PFAL software 

---..J klOd'Ul!lf 
Farm 

JSON 

f-t cy-;~tt 



m~~ 9. bU;.Ju ~-:ib1tJ161l~ (s itemap) bb 61\91 -:JbA'j-:J61~1 -:J 'LJeNblU161l~ 

d QJ .,: 1 ' 1 ., .i:. 11 ' Jl1~'Vl 9. bb~tit:NbdtJ 61J(?l (s itemap) bb?fl?l 'l A1'l6'!11 'l 'l.leNb1 u 61!1'1 

Roles 
10 

rurt~ 

~mi,;i:~:.n 

t:C:~ 

" 
•""' 
.~~~ 

Logs 

(ff.'lll;~)Ua 

ildl!Jil 

t""'1~ 

"™'~-~ 

------------·--~;,L 
-"7;;:'.;;;~ 1 / 

['11· =~., 
11 ......... o 

II r1~-~ 

l
t.:!l1l'>~ 

\J7= 
:P~" 

W"lt<Jd 

~~ti~ 

1~~L~n 

'

'""fl 
Hf')(!! 

~ :;.jn:'.lL"A 

<~ 
... ," 

\ 
\ 
\ 
\ 
\ l 

\; 

__ ,_9~ ,. 
1,.--s~_-<!! 

"'1_;$ 

rail'_d 

-~uei~_ 
id 

r'1l~e-i~o;!r_4 

~,.}'.! 

cr~:i: u_·1;:i\.:i 

Q:;,,!'l~f .... :/!! 

Uniis 

!'~:~ 

C-OOi 

~~•Y<:cll 

·----

Setting 

" 
M.ffle 

"fMM' 

.. 
\-O'lirti'i1,.tr!I¥ 

~V-A(~ 

.,~~ 

Sensors .. 
~n:J_~ 

tni(,)i do:e =-:s 

t~~\j>!il1i::ffl .• iB 

EITOfS .. 
~';to~; 

n•~~mi:. 

"""" ""(bm 

Cootroflers 
· ,!ti 

lij~l_ii:I 
l ma , :,,;;.¢¢"tr-1 

;\ 
I \ 

/ \ 
/ 

IZW'.-"1!'9_<ri 

ti~!.>..¢ 

Lookup \. 
ltd:._.i,:.tnt 

U$t...(:tf~~ 

b::::i:l ,,.$~l1ff:t:'S:i 

U!11ti ypes 

!·:~~~ rtrl-..i; 

I"---~-~$ 

~ ';)~~.tn"' 
1~-tl!!!I@-
- %itSUPl$l ftH 

--.p--· 
~~__..,,..-_..... 

,. 
~te"~~ 

!''": 
~...,...., __ ,_, wt;;nr. 

1'1ttotl 

~111 

SeoSO!'· •S 

~ 



m'Vl~ 10. ERO bb~'W~-:!f111l.l ~d.J'W'B'U eN~1'LloUBl.16'l'UeJ\lb 1LJ161Jl?i 
"" 'U 

ill'Vl~ 1 o. ERO bb~'W~-:im1ii ~ii'W'5'U€l -:!~1'WoU€lil6'l'U€l-:J nLJ16Z11?i 
"" 'U 

rh1rrrn.1~ 2.2. fl11G'l~1-:Jl?i''Wbb'U'U rn-PFAL application bb6'1~Vl\91 G'le:J'U1'0-:J 1'W~1-:i 

v11m11ii1b 'Llt!m1mii .fr'Wvi €l'Ll~-:i~€l 1 LJ~ 

... ., 
"" 'U 'W \9l €l 'W 11CJ6'l~b€lCJ\91 

1. lbfl11~~-W-:i-li'Wfl11 vl1fl11rl1Vl'WV1.W-:J no1J'Wfl11vl1-:!1'W bb'1~~ru~fl'\jb1J~'UeM application 1 Vt 

0 

G'l1ll11t1 '1'11-:J 1'W~1Wl'U1 ~'U'U m-PFAL 1111 Vl1-:!1'W 

2. €l€lflbb'U'U vl1fl11€l€lflbb'U'U UI (User Interface) bb6'1~1f11-:!61~1-:J application 1Vf 

application b V!m~?fdJ nu~-:i n-ti'WnT~v11-:1 1m1,'1~?11m1t1~-:ivivim1d.J61'W 1 \()''innm .U-:11'W 1111 
'U 'U 

3 . TI~'W1 application vl1fl11TI~'W1 applicat ion b ~ei 1Vf0 oV-:!1'WG'l1lJ11t1JJe:Jfa1weii bb61~fll'U~JJ 

':i~'U'U m-PFAL ~1'Wb{j\9lblifl 

4 . VlVl?IB'U fl11vl1-:!1'W v\'1m1V11w~Bui'l..:in-li'WmTv11..:i1'Ll'IJeN Application 'V'J~BJJnum1'Vl\9lmN'll~n 

Yl'1N1-:i 1 til9i'LJ61 n\9lm1, 'U 'U 
'U 'U 

5. tl1~biJ'Wbb'1~mtl~i;i t11 i;..ii:l m1~11, U'W..'.ll'Ll'IJB..:J'VI n.fr'W\9lB'Wmtl1~biJ'W~ld.Jfl'W b ~B 1 Vtb D'W 1 tlmJJ 
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l\9l~D WG'l..:JA'IJEJ..'.l m1-W'V1J 'Ll1 application bbG'l~l \9l~DWG'l..:JA'IJ B..'.l 1m..:im1 

belflli'l1'ael1..:i~..:i (bQ'V'l1::6'f'"J'lJ'IJeN~1oUeJ~ 10) 

- Epstein, E., Bloom, A.J. (2005). Mineral nutrition of plants: principles and perspectives. Second 

edition.Sinauer associates 

- Lu Na, Nukaya Tsunaki, Kamimura Taichi, Zhan g Dalong, Kurimoto lkusaburo, Takagaki Michiko, 

Maruo Toru, Kozai Toyoki , Yarnori Wataru (2015) Control of vapor pressure deficit (VPD) in 

greenhouse enhanced tomato growth and productivity during the w inter season. Scientia 

Horticulturae, 197, 17-23. 

- Niu G, Kozai T, Sabeh N (2016). Chapter 8: Physical Environmental Factors and Their 

Properties. In "Plant Factory: An indoor vertical farming system for efficient quality food 



production" (ed. by Kozai, T., Niu, G., and Takagaki, M.), Ed. 1. Academic Press, Elsevier. p 129-

140. 

- Zhang Dalong, Zhang Zhongdian, Li Jianming, Chang Yibo, Du Qingjie, Pan Tonghua, Aroca 

Ricardo (2015) Regulation of Vapor Pressure Deficit by Greenhouse Micro-Fog Systems 

Improved Growth and Productivity of Tomato via Enhancing Photosynthesis during Summer 

Season. PLOS ONE, 10, e0133919 

10.1 bbi;.J'lm11\911bil'Ll..:i1'U1'1i't.J (bbi;.J'Ll'\Jlju'1i..:i1'Ll/n'lm1:w 1'Llbb~61~-d1..:i1~t.J~b1m'llm1fl1..:im1 i.l1b?t'Llti 

1'Ui;lm~ru~ Gantt Chart) 

l?\111'1bbt:-J'U'll'Ll1~~ 
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3-5 I -oLJfl:WG1 A1 VPD ~b ~m~?f:u6'11~~1Jfl11Uli'l n~61l 1 'W1~'U'U m-PFAL 
'\J '\J 

-User Interface l. l.6'l ~ bf11\l?l~1\J application 

5-6 I -ii'emm1 e:i 'W 1'u 1 'Wfl1'arl1'11'U'IJe:J'l'a~IJ\Jfll\Jfl:U VPD 
'\J , 

7 -8 I -oLJe:JdJ6'l m1'Vl\?\?le:iu1-d.:i1'U b 'W?ltntJ~1il1-:i 1. tJ~CJIJI. VJCJLJ nuLJ1~'Vll°l 1.1. 6ll-:i 

8-12 

'\J '\J 

-application b~eJ 1 ~0 od\l1t1?l1m1ri :we:i'Llb 1?1 eJ1°bb6'1~fl1'Ufl:wd~'U'U m­

PFAL ~1'UbiJ l91 1.1 1°A 

-1.~ e:i {fa1ile:i{~'Ubb1J'U~nm1~\?\~\J 1~ \JIJ m-PFAL zj,:inm1m1JA:UA1 , 

VPD 

- ~6'1m1v\'1 -:i 1'U'tl eJ\J Application 'V'J~eJ:W~\l~ li'lfl11'Vl\?\6'leJ\lU~fl~61J1il1\l 

-11CJ\l1'W'U'Vlll.fl1 1 ~~fl11vl1'1 1'U'tl EN application m-PFAL l.l.6'l~IJ'Vl'1~U 

ol 'i ~.J 1'"'' =~ 11. u'a::: bf.161l'IJ 'Wil::: ~'a'U'il1fl e.J €1\l 1'W1'ilCJ 

1J~1 



1. 11?1'1~uurnuAJ.Jrl1bb1 .:i ~.:i1 ~ b V1ml1"1.le:m:nml"11u1~uul1.:i .:i 1ut:-J~1?1~'1J"l.l'Ll1\9l b~ mhV1~um1~1?1~.:i 
' 

1 m vh:i {'ikv tJ { 

1" "" "" Q.J I 61 " •• I '"" 'd Q 2. \9l"il\91G'l'Vl5'\Jm1~'\J '\Jfl1'\Jflllf11 VPD b'U m -PFAL bb6'l~M'Ubb'\J '\JbYfe.ld'Ub"ilv1'VlJ.J1~'\J'\J m-PFAL 
' " ~~~'! 

12. ~~"il~'l~tJ1~11:.1"ll'th11n bf11,mTa 
'II 

1. tJ~~Vl U-Healthy ~1'Vl1'tJrn 11.hlt.l~1?1~.:i1tll.~ e:i 4fa"ile:i4~?11J.J1'rntJ~ffW'1J1~ 
2. 1.n~rn1rmTim1.:i1.~m.11u n 11e-i ~rn V1"1! 1.-d'U 11~ 1.:Vm'Vl01 'W~nV111u 1.1.6'1~1.116'ie:i'U "il~G'l1m1ri1-ti1.1.6'1~1.D'U~ 

" " 
1'"" 'i ' div 1 1?11'\JtJ1~ bCJ61l'U"il1nd~'\J'\J'U \91 1 CJ 'Utl'l.!lfl\?1 

Q ti Cl. ~ :'i° d' .d Q. I 'l t/0,1 ~ 
13. tJ1~1.11'LI~a m::'Vl'Um'LI 1.f11t~H1mH'l .:Jfl :u ua ::tJ1~ bCJ "ll'LI 'Vl.fl1fl1.m~wi11.1.a::1.f11't~Hiffil~1'LI11ll"il ~ ~1'U'Vl.:i 

~ ~ 

1::1:.1::~m1.a ~1~1:.1~m1m11f11 1:1.1 1. ut11 u'l~ 

- u1~Vl U-Healthy lJ':i1C.J1~b~:JJ;ff'W"il 1n fl1 ':i '1J 1m~ei{fa"iJei{~ih~'U'U m -PFAL 

- fl1':i 1-b'':i~tJ'UfntJfl:JJ VPD 1 i.J'j~ 'lJ'U m-PFAL bb'U'U ~\llJ\9lvh 1 ~~'1J~fl11b'il'1rub~tJ b\>l~~'W ?i\lb?l'1:J.Jrn1ViTvh{:JJ 
' v 

1t11.61.J\>l 1.iie:i\l tJ1~'1J1'1Ji..! 1~u~ln fl enV11 1~ ?l\91LV1:i.lhJ Jlei\1 '1Ji..!6'i\lm "il 1 n~vi1\l1n6'1 91111 ~i1~i..!~i11. ~en 1 miiei-:imn 

" 6li'U 

- bf)~\>l':im~U11~'U'U1 tJ1 m i..! fl1 ':i fld'U fl:JJ ?l f11'W bl.1\91~ eJ:JJ1 'W b ':i\l b~eJi..!W ~M ~'1J"il~1\7lr.-ir;ir.-i~M~lJflruJl1'\fllJ.J1f)ffJ1 
' ' 

1.~:JJ ~1ei~1 -:i 1.'1i i..! L 'WffHU'1Je:l\l fl1 ':i W~ M :JJ ~b~mvil"l1i..!1 ':i'l 1.1 e:ii..!"1i-:i~n tJ ·rnG'l 'UU ~'Vl1l1rir.-ir;intll.i.l11 mh-:iti19Ji'e:ii..! 

11ridi1611bVIM6'i1i..!Vl~\lll1"il1n fl11 bfl~eJ i..! cJ1C.J'1JeJ\1151M 81'V111bbfl6'l b~ C.J J.J 1'\.J 1.i C.J\l L i..!6'i1i..!~6'l 1:Ji1LJ1~~Vl6fl1'W fl11 
' ' 

fld'Ufl:!Jrl1 VPD U1"il~611:JJ11fl '\J11bVl1U illV11 d6'1\l117l 91111 mJle-i;;i ~~M~:rlflruJl1'WJ.J1flffJlb~J.J 
' v ' 

14. ~~WIB'U bb 'Vl'Wbrn ~15m"abb ti -!I U'W~~ 'lh~ bEJ"lli1~1'U n"l'H~'Lll'i eicl'1tl' fl·!ll'U 

vi-r'W ~~i..!vi1-:iu ru ru 1~1vl'"il 1 n m 11oS' C.JJl 1CJ1t?lll"l 1-:i fl1':i .... 1fl':i\lfl11~ ~m1~uumufl:JJ 1.1. 1-:i~-:i':i~ 1.vtmJ11 'W 
v v q 

mml"l~1vtfo~i..!1.1.'\Jm~uu11\l\l.:i 1i..!~~M~"1l'1Jm\911.~n~\91 ~-:i1i..!1.~e:ifu1."iJe:ii ..... 1~1..0'Wm1:JJ~vi~~1:J.Jn'W1~V111-:i 
~111n\11'W~~'W1fl1':il~ C.Jfl11bfl~M1 ( eJ\l~ fl11:JJV!1'1J'U) bb6'l ~ :JJVl1lVlCJ1~CJ .... :JJ'Vl1l'Vl CJl~CJbb:!Jb~ 1.:St.1'11 'Vl:J .... 

'Vl1n bfl1\lfl11?11m1fl'1J818 r.-ir;i?i b :U \l '\fll1 ru'1J tJ fl11~ \91 ?f ';j';j r.-J r;itJ d~ bCJ'1J'W1~V!nri11-ti~ 1 CJ rl1'U ~'\1111~ \91 fl11Vl1''W ~~'W 
" 

Vl1\IU ru ru11'BCJ~ ~ 15 61.JeJ\l r.-J 6'l tJ 1~ b C.J '1J'W1'Wbb~6'l~\11\9lrl B'W~ \9l?l11W6'ltJ1dCJ6111.Jd~VrJ1\lm ~Vli..!fl'\J~foVl'W b'W~\9l?i1'W 
v Q.I cu q cu q 



50: 50 (IPn:IJ~~bDtJUflru~ fld~:1Jm~u~Vf1~G11i!n 'l 1'W~nJ'W1fl11l~CJfl11bm~\P\1 11Jl1CJm1~n'l:J-1~'VlTI1mr1~'V'l~~'W 

'Vl1'1Ub1Jb1J1bbfl~nTJ~\9lffJ1t:-Jfl'lh~1tJ'lJtleJrni'w1'1l1m.m-:i11J1~CJ 'V'l.1"1. 2555 ) 

1s. A'J1:1J~'nii1e:inu~mu'Wfil'W 

- 'U~~VI U-Healthy ?ti!'U?l'lJ'lJLW eJ5UL"ileJ5 LL'i;"i~ lfl':i'l?J,;\.:J'1JeJ'l~Vl\9l?!eJ'Ufl11A1'\Jfl:W VPD 
q " q 

. . 
16. A'J1:1J-li1'W1qj6llel~fl ru~~!)~ fl Vi~ el tj bb~ 'J bb61~4/i iJ~<Jl el ~W ~'W1 

.:::..~v ti .c.:::I 

-~1"1 . m. ?111~'U ?11m11?1 

cj ,d "' ') "' "" ') ~I "'a I "' G ') "" OJ 
1 

- :Wfl11tll'/Jt.J1'1J1rumm~ '\J '\J 1, 1·N1'U ~i;"l\91'\"J'IJ 1, \91CJb u'l.J~u1~\91'l~Hi "1~'\J'U 1, 1'1'11'U'V'l'IJ" (?l\91?11'Ufl11 
~ " ~ 

<t.J1~~~~ 100%) ei'U~vi6uvi1 bG1'1l~ 13493 
~ q 

- ~G1'11'Ul~ t.J~ b~ t.J1oLJ'mn'\J 11-:i -:i 1'U~~ \91 ~'1J~~:w'V'l'1 'U1 1 ':i?1111~~'U'U1'U1'1J1~~eit.J b 'U:01'UoLJeJ:WG'l Seo pus 
" ~ " 

- Sakhonwasee S, Thummachai K, Nimnoi N (2017) Influences of LED light quality 

and intensity on stomatal behavior of three petunia cu lt ivars grown in a semi-closed system. 

Environ. Control Biol. 55(2): 93-103. 

- Phansurin W, Jamaree T, Sakhonwasee S (2017) Comparison of Growth, 

Development, and Photosynthesis of Petunia Grown Under White or Red-blue LED Lights. 

Hortic. Sci. Technol. 35(6):689-699. 

-~ 1"1. \911. 1 'll ~'\AM l'1 fl111J "il 'U 'Li 1~1'IJ ~ 

- i1fl11:Wb zjcn'IJ111Jb~eJ'l1~'U'U lo T 1 'Llfl11'U~Vl11~\9l fl111~'U'U bf1 ~\911eJ'<\IQ~t.J~ bb~~bfl~eJ'l~f1dbf1~\911 

L\9lt.1i1~G1'11'Ul~t.lm~vhb?!~"ili'U bbtl'1 m'Vlb'li 'U n1<:irln~1bbi;'l~~~'U1mJ mru\9111'<\ll\9l'V11'1fl11bf1~\911bb'UU11?11t.1 
q 

rl1vi1'u1~uu bf1~\91d"bb~'UcJ1 , 1~u'lJ b 'V'l1~~1 -:i ei rnJmJ V1?11 1Yi~eYvi 1 'Llmi bb1Jutl1vi:w'Llbl t.J'Ufl1Ufl:W~1 t.1'1lV1UeJ1°V1 
q q q 

Arduino, 1~'\JU 1~J1M''Ll6111m1'1l u1CJ ~ fld 'U fl:lJ ~1t.J1:w 1mfleJ'U L 'Vl1bf1eJ~ bbG'l~fl11eJeJf1bb'UU1~UU fl11fl1U bbLl'U 
q 

1M~'U~'U~Tll!fo1~'\J'\Jfl111 ~tl1eJ\91 L 'UiJ~ 

11. t1tlmcl~iit1~bb~~6tm'W~ffioff~1bil'Wm1 
q 'U 

- mn'Ll~i1fl11:w'V'l1'ei:w bbvleJU mruD1-:i ei~ 1 -:i ~ ei-:ii1m 1 ?1~1'l~'U1vi~m&.J~1~ei5'U1t.11 LJ bbtl'11 'U6'i1'U'1JeJ-:iitlm1 
q 

~1b'Ll'U'11'U 



18. .:iui.h::inru 
~ o l ~ ~u 

bb 'U 'U"lleH~'UeJ.;)'U u~::inru bfl ~.:ln1~'J 'iltl 

611 tl'n .:1Tu<Wt9ll'W1m11:5'~m1Ln~V1"5 (e:i.:ifi'm1~'11i1"!1'W) 

11f.Jfl1'j 

I II 91 I c..4.1 ti 91 dd 
1. fl1'il1'l~"U'Jf.J1'ilf.Jbblil~b'il1'Vi'U 1'V1B'U 61 

1flJ':m1J~tW~ 1 

u ~'ll1tJ1-.DtJ (1~ 1.Jlv1 1 fl 'W 12 b~'i.l'W ) 
" ' 1 ' .; fl'i'lfl1'HJ8tJ'l/l 2 

i.2 ~'ll1tJ1~tJ (1iiil u.l'VI 1 fl 'W 12 b~'iJ'Wl 
" ' 

2. fl1VIB'UbbVl'Uflt1..!::f1:5't1 

flru~ITT~tJ 
" 

lflJ.:Jfll'i~'iJtJ~ 1 

1) e-Jl'f. \91J. ~~1\9!Jtl 6'11 1°111 1~ (12 b~'iJ'W ) 

1 ' .; l"ld.:JfllJtJ'iJtJ'VI 2 

2) e-Jl'f. \91J.1'1J~'IAJ.:il'i° fll f!J';J 'LlU"l~l'IJ~ (12 b~B'Ll) 

3. fhl-!i'mw 

1fl'i.:Jfl1'i~8tJ~ 1 

3.1 A1~1'1bVllJ1b~tJ'W11J'ibbfl'i:Wfl1U ~:W A1 VPD brn~'i~UU~'l..!1 
3.2 A1~1.:Jb'Vil.!1'l.h~flmJ m-PFAL 'IJ'Wl\91 0.5 x 0.5 x 0.5 bl.J\91"l -;;l1m'U 3 <;{ (lmu 

" 
1h1m'iuVi 4) 

bl"l'i.:Jfl1'i~8tJ~ 2 

3.3 fl
0

1"ii'1.:ibV1mv1'1 Mobi le Application 'i,\Ufl"lru m-PFAL d~uuuBu~fll'i 

Android bb'1~ ios 

- Domain name bb'1 ~ Hosting J ~ tJ~b1m 1 tJ 
- bb6'1\9l.:Je-J61-rreiii'1-;;J1fl 

" " 
• 8tUVIJ1iJfl11:W~'W 

' " 
• fl11l.J b-rrl.lbbG'l.:i 

" • A1 eiruV1niJu1bbr!~A1 EC 
' " 

• fi1 VPD 

- G'\1'W fl 1Ju eiu.rr eiii 61 b ~ B ni J ~-:i fi 1'V'I 1 Jlil b\91 B1 mu fl:w fl 1'iv\'1.:i1u 
" ' 

- mufliifllJbll\91 h1J bb6'1.:i6'111.:ibbi:l~J~uu6'1~1.:iV1iiBfl 
' 

- muflm~uu~\91'1l.l '\Jfomml'f 
' 

3.4 fi1~1'1bV1lJ1~\9l~mmu19f'J 'l'°11 
"' 3.5 A1~1.:Jb 'Vil.ll~V!\ll.:iJ~'U'U bfl~€loLJ1tJ b~m'11 €l1 bb'1~ network 

tJ~ 1 

1iJ1'1J1'1Jb~'IJ (U1VI) 

a1n. 

420,000 

210,000 

210,000 

192,000 

96,000 

96,000 

193,000 

30,000 

36,500 

76,500 

25,000 

25,000 

Li-Healthy 

(In Cash) 

0 

0 

193,000 

30,000 

36,500 

76,500 

25,000 

25,000 



11eJfl1'j 

4 . f'i11'a~ • 
1ri"J\lfl1"Jti€! 8~ 1 

4.1 llt1~1V1fofl1'J'll~n-W'll1m::::'U'U 6'1 Trn::::mt1 
' 'U 

4.2 1611?1'1.Jd::::nt1'1J!il'v11?161t1'1J1m'Wn~ m"i:w~ 4 '/J'W1\?l o.5 x o.5 x o.5 b:W\il"J 'il1'Ll1'W 3 
' " 

!il LoV'Ll m~ri~i:1n 61181'\l'J m A vii'l?l Gi:Wb~n um~1'\l'J :w 
" 

4.3 1'61~~'ll1fl::::~'Lll LoV'W LLm1nmlEJ~ 1'\l'J :w 'll~n tl1 tJ 'll~ n 611t1l'V'J m1m1:::: ~'WI 
bl'l"J\lfl1"ititi tJ~ 2 

4.1 l611?lm'Uri:wm"iLll1?1-Lu1?1lvJ (m 'Uri:w m ::::bml 'V'JVJ1!il't..! 'v11 -:i ) 'ii1'W1'W 1 'll \91 , , , , 

4.2 161\91 fl1'1Jfl:Wn1"i LUA-6lJ 1?1'VYA;;i:w'\.Jf'Ut1 1n1 1'1 .fl1 tJ l 'W ( l'll 'Ul'l:W m:::: LL61l 'V'JVJ 1!il't..!'v11\I) 
' ' ' 

ll1't..!1'Ll 1 'i)(9] 
' 

4.3 loT Gateway 

4.4 l61Ab'V'JVJ1~1'\ll-r'U!il!il'Wbb'U 'U 'ii1'W1'W 1 Iii' 
' " 'U 

4.5 1611?1 €l L~ n'v1"i€JU ni~1V1fo V1 '01 tJ tb:::: m;;i ~rn nm.:i LLGi :::: m"ifo~.:ioli t1 :w 'fl l 'Llti 1'Ll 
' 'U 

.d 
1'111:Wfl 2.4 Ghz 

5. f'i1R'.ifiru,;' • 
1fl"J\lfl1"Jc.l€JtJ~ 1 

5.1 l'i''v1V161€l 'lJn1"il"n'Ufl:W VPD bb 'U 'U 4 °lltJ~tJ;;in bb~ S1 ::::'llt1 ~ '/J'W1A 0.5 x 0.5 x 0.5 
'U ' 'U 

L:Wl'l'J <lm'Wn'ilnm:w~ 1 LL~ :::: 2) ~~ru~n~ru::::~\ld 
,, 

- iJ data Logger Lb'fl ::::L~'W b'1Jdbnu-V't1:wS1t1ruV1.n :W bb'fl:::: 1'1 11:w:fl'Ll'il1'W1 'Ll 
" ' " 

4 '1!(91 
' 

- iJV11.i'1~t1'11't..!1'Ll 1 ~€! vl ?11m"it1AoU't1 m1 t1 ruV1.n iJbb'fl::::ri11:w:ff 'W1'W -tlt1~'\.J S1 n 
\I \I , \I 'U 

~\l'Vl:W(9Jl~\911:1Jb1fl1'il~\I (Rea l-Time) 

- u~i;;i::::'li€1\1Ufln&'i(9] ;\l'i :::: 'U 'Ufl1'1J fl :W VPD ~ \l 'll'i::::n€!'1J~1tJ 'V1'(9J G1:W 2 1'11 
" ' 

1:w 11'1'il'1€J'Ll 1 V1'i6Git11 61'1~€!\lvl1 Vl:W€Jn ml?l'l.J Gi n LL'fl:::: L 'V'J b6€!6'1B~ 
'U 

\.nm1 Wl\91 '.itl u uu'IJ e:i-:i ~ ei1 'il iJ rn"iL tJ ~ tJ'Ll LL '\.J 61.:J \911:!.I fl 11:l.I L 'Vl:w1::::a:w 
i 'U "U 

1 ' d fl'i·:Jn1'imltJ 'v1 2 
G tr Q.I .::::.. Jf o 

5.2 b'1J'Llb'1J€J'J\9l'J1~1\91€Jill'Vl i1:W fl11:W'll'l.J €11fl1 1'1 ~1'W1 'l.J l 'll \91 
' 'U ' 

5.3 b~'Wb'1J€1{\9l d'l'ill\9lfl11:W boLJ:Wbb?l\I 'ii1 'l.J'J 'l.J 1 'll\91 
' 

5.4 L~'Llb'1l€11111 'J1'ili'l?l'll~mru EC Lrn::::mwV1.niltl1 
' 'U 

5.5 V161€!\9ll'\l'J6661\l?ll1\l'llU(9] LED (A1 €1 ruV1.n il ~ 6500K 6661:::: 3700K) 'ii1'Ll1 'W 20 'll\91 
' 'U ' 

5 .6 ~:wtl1611wfot1'\.Jmnh::::uu b ~d-!ri 11:w~'Ll 1'1.rn1ml'1 bb6'l ::::'i::::uuJ11't..! 
' 

5.7 ~'l.lmru Ultrasonic v11V1:wt1mb;;i::::ir1vl t.JV1 :w t1n61'1 V1fuL~:wri11:w~'W1mnml'1 

tivl 1 

'il'1u'Jm~u Cu1'Vl) 

a1n. 

149,620 

24,000 

40,000 

25,000 

10,000 

15,000 

15,000 

5,000 

15,620 

185,753 

140,000 

5,000 

5,000 

10,000 

5,000 

5,000 

15,753 

U-Healthy 
I 

(In Cash) 

138,380 

24,000 

40,000 

25,000 

10,000 

15,000 

15,000 

5,000 

4,380 

0 



tJVf 1 

~'l'U'l'Ul~ll ('IJTVI) 

1'ltJfl1'i 
U-Healthy 

a1n. 
(In Cash) 

6. fi1u~m11111mo:; (10% b frrnfi1 f11i\'rusv1) • 0 
I .. ., 

123,527 fl1'B'i'i:l.Jb'l.ltl:IJB\91Vl'Ll'Ll?lfll'U'Ll , , 
It ii I d 

7. fl1 'll'il1fltl'IJ "l 30,000 0 

r11H'ii1tJ~'W'l 1~\tfi r11tl'i~ '1pJ ~1~ 1 r1 1~(;1Lb?f(;l ~ eJ-a~1u 1tl ?lttl1 ei { vt~ei~u1 Cn'iru ?11n. 

01rnm1:1J11:1J:i'.i til111t iJ'l.rn1'i l VI ~ tiri 11oif'ii1 tJil 'W 1vlhiM 'i~L.!11 bb l'i b~ tJ1 '!J' ei .:i n'Un1'i 

~lb ii'Ll.:i1'Ll'11€l'l 1ri'i.:im'i1~ tJ 30,000 
:: " 

"J'J l.!Vl'l~'IJ 1,293,900 331,380 

nTa~1:U~HIVJ'U1~tib'Ubfl1'lf11 1'lJeJ'l 'U . U-Healthy b'U~U bb'U'U In kind 

1fl'j-'.Je:J~G'lilbtJtJiie:ie:irnbtJ'U~bl'l1~?11V!~'U ?1~1-'.l lli'iJG'l n'Vl~?!mJ VPD -'.ltJIJ'j~mru so,ooo u1'Vl 
'U ~ ~ 

... Ji 0~1"1 <V Ji <V ~ 
11tl G'l ~ beJ tl~ '1l bb:U 'l b 'VI{?] ~~fl11:U:U 1 b u'U b 'Wf11'~:U ~611elfl'a.fl WSVI • • 

m i1ru611 • 

1,625,280 

- 19i'LJG1 n~'LJ ?11vt1''lJf11'j'Vl~?!e:J 'lJf11 'j fl1'U fliJA 1 VPD ~ei~1 liJ'LJeNf11'j'Vl ~G'l eNdb ~e:i 1m~-LJ'm.JG'l~bb&Ji.J~h1 i.Jf11'j 
'1 '\J ~ 'U 

'Vl\1lf!B-'.l nTrn~?le:iu~ n~ru~dhJ ?11m'jtrvJ11Ji"l W.'Lfl1'V'J btl ~ LJ n ~ ~'Vl ~ ?! eJ'U~?\~1-:i~tJlil ~ b Ui.J ~1 bb 'Vli.J'LJeN ';l~'U'U 
'U 

m-PFAL ~"il~1-il'~~~-'.l1m'V1ei1fa"il eJ 1"il~-'.J 

~ n~ru~ f11'j 1 i bbG'l ~m1ii~1 bU 'Ul9i e:i1A'j -'.J f11 ';J1 "5' tJ ~'lJe:i 1u nTH'fU'U?!i.JtJ 
' 

- 1-ti'Vl~?lffUBVlfJ'V'Jfl'lJB-'.lAl VPD ~ Bfl 1'H4J~ qjb~'U1\9l 'lJ el-'.J~'1l 

iJ';l~ 1tJ'1ltJ'LJe:J-'.Jfl'ji1ruo/id4J~il \9l e:i 1iJV!~.:J lil1 n1m -'.J f11'j1"5' tJ b?! ~ "il~i.Jm 
' 

- 1-ti'~n~1B'Vl~'V'JG'l'LJeJ-'.lA1 VP D fl1 1lJ~'Wbb G'l ~bb?!-'.l19ieim';lb"il~ t1Jb~'U'LJeN-W '111~mntJ'LJtJ~ 

?!tni.Jfl1'V'l'LJ e:i-:i fl'j i1 ruo/iffi i.JV!,J1 tJ -'.l 1i.J'll eJ-'.l vJ1'U ( m ru1v11 b fl~eJ-'.lV!&.ntJ~ vt'Ll1~1.LJ e:i) 
' . 

x 1d.Ji1A';Ji\'ruo/i • 

D 1".l4J4Ju'Liil ei~bb~1 1~ tii1 ?JmtJmmb;;i~m 'j1-ti'-:i1tJ~-:id 
' 'U 



A"5nrusv1 • 6'1 fl1'Llfl1'V>J bb~~f11"51 oti~1'UU~~LJ'Ll • 

fl11"l e.J 'U1n 

1. flrn~a-iu1i"ll a \l atln1n!~m~11 'il ::.: 1·nl unTn111::.: uu fl1ufla-i VPD 
q q q 

111C1J1tiL1111J1 bum Vl ~hm11m~nTHUb rh«u 11 t.1~::.:b5t.1~"1J a\lmJn1cl~1 i"il1\l m'iliim11Jfu blJ~uuma-i • 
fl11aJb 'Y\aJl:::~aJ 

1. Raspberry Pl 3 MODEL B+ 

flEJaJv:i1b~Erf01m1 ~Li'in Raspberry Pl aJV1 '\.bt.1tl1:::a-i1~~~ 1.4GHz 64-bit quad-core 

processor 

~1~1'H"H~tl~ ~tilf~1t1i.<;)'r.J 1 u dual-band w ireless LAN , Bluetooth 4.2/BLE LLIN:'. Ethernet ~113Jl~1 

~\j 
'lJ 

·rn\lflJ-;\1 tin~::brn'L V'lV!1 bb1J1J Power-over-Ethernet support 

11'11 1,520 1J1'Yl 



0 ., 

2. Power Supply ITTVl"'HJ Raspberry Pl 

bbYi~-:1~1rJn1~bb~LWW1~1'V\ fu Raspberry flvleJ Stontronics n1~-:11w 12.75W 1in1~bb~LWW1 

5. 1V, 2.5A 1~irn.h~ff'YlTI111iAJ Level VI ilnTH~EldJ~r.HbUU Micro USB 

11fl1 270 Ul'Yl 

3. ADAFRUIT SENSIRON SHT31-D TEMPERATURE & HUMIDITY SENSOR 

b61l'tw1rnf1~ e.rn.1;irn ilu ~:::f111:JJ~U.'JJ e:i -:i Sensiron bUUb61lUb61le:if~iiffn:JJ bb~u.ih ~-:i ii 
q 'll 'll 

' ' ' i:::!;i ~ ~ ,;;;:,., d ~ I 

f111:1Jf1~1~bfl~eJU.ffJ1:JJ"lJUb 'l'HJ .J ±2% bb~~eirnvnrn :t0.3°C dJn11b"1JeJdJ!ileJbblJ1J l2 C (lnter-
q 'll 

Integrated Circuit) ~1m1m~ti :1Jl?l m"ll1nu1:1J 1~rrntiu. l 'Yl1~rnrnfl~ 

11fl1 600 lJTYl 

4. L293D Motor Drive Expansion Board 



I C.- d ()' O Q...I W: Q...I 

~1'1.1."ll m £.JnT:ilfl1:1Jlfl :um1"lJrnl'l iN ei u:u ei L(9l ei1~1 1-wu!fl1Ulfl:1J!fl11:u L 11V.J~iN:1J ~1m1ril'l1Ulfl:1J 
q q q 

n1:::LLR1vh~1~~ 4.5-25V bl~::: 600mA <7i e:i°.rl elJ ff-.rn~1(1]'4.:iJdiu 1.2A LLuu1:iJ<71mrte:i\I f11Um.J L~HJ 
'IJ q q 

n1:::bb~~Wl~h Logical i\1Lb<71 O ii .J 1.5 V 

11m 1 oo u1Y1 

.., ""' "' 5. V'l~lil:IJTIEJ:IJ'V-l1bl11El1 DEEPCOOL 120 MM WINBLADE (WHITE) 

"' ,ct C-o'A t:=:>.. Q..o' a 
:IJfllliR:l.JlJ!1l'Yl1.J b 'Ylfl'Ufl~.JU 

q 

Overall Dimension 

Operating Voltage 

Fan Speed 

Net Weight 

Started Voltage 

120X 120X25mm 

10.8_,1 3.2VDC 

1300±10%RPM 

118.Sg 

7VDC 



Max. Air Flow 65.16CFM 

Bearing Type Hydro Bearing 

Rated Current 0.2±10%A 

Noise 26dB(A) 

Rated Voltage 12VDC 

Power Input 2.16W 

11m 190 lJTYl 

0 Q..I Q.; A 6' 
6. Power Supply G1'1'V\11J'l"l11 ~3Jf1 83J'Vf"J b ~8d' 

DC Adapter G1'13J1d'rllin1:::: bb~lv.J Yl'1"1lU111 12V 2A ~1'Vlfu-W11~3Jf183Jv:i1b~eJf 2 i1 

d'1fl1 330 tJTl'l 



7. 'ilElLLff~h'l~fl OLEO 

OLEO Display (Organic Light-Emitting Diode) bDU9leHLrf<ih'.!~Sl~bU~\lbU~·\l 1'illl~11EJU'Yl1LJ 

' ' ,cl a I c:::t V J::i 

1Jn1W.lHl1J'i1Elbb1JlJ 12C f111 1JS1 ~ b eJtJ'il'V\U19leJ'Yl 1.28 x 64 

11m 200 u1'Yl 

8. Ultrasonic Humid ifier 

b f1~El\ltl1 'V\6J ElnLLlJlJ 5~ <iif11 615 'Ufl n1~ bb~ 8A bl 1\l~U 24V 1 iJ11Un11rl"f1\l'V\6J e:inu1~mru 
350-400ii~~~'il';if 1 -i11:JJ \j 

11'11 380 lJTYl 



9. LED 

LED Ceiling kit DOB ~iEI EVE "lJ 'U1!il 12 l!il~ 1ifl11:1-J ~l1\Jft\I 1020 "'L:l-J'ULU'l::::iimu,V111il 
'lJ 'lJ , 'lJ 

.d ~'1 v d ~ ,c::::t 'l tJ d 
~ 6,000K LL~\l ".l.1 1 1 El nl.'VII1:1-.lb"11 '11 U -2 0 Ih'I 5 0 El \l<i111b6UG'l b "1H.I ~ ~El1 E.JnTH"11'11lt£.111U1Uih'I 50,000 

, 'lJ , 

i1 L1J \I 

·.nm 300 1..11'\'l 

10. Solid State Relay 

Solid State Relay (SSR) 1 LmJb El1~Yl~bb1.1 1.I SPOT ~1U1U 2 °liEJ\I ~11JTH1Lin1.11'Vl"'!ilbUYl1:::: • 
LL1\liulv.JYl'1 AC 100 tl\I 240 VAC n1:::: LL ~~\1~1i1l3J Lnu 2A 11ilr.i1i'iruru1ru1unTffl11.lfl1Jn1"JYl1\11'U 

q q Q)Q) q 

Liluiruru1rufa~n,.~iu TTL ., ., 

11m 1 ao 'IJ1 'Yl 



11. Ultrasonic Humidifier(1:::1J1J.;'Ubb1J1J) 

J-I"''""""•;-....-,_,_~, 

~~ ultrasonic '1J'W~ 10 ~1 Size:253x9 1x35mm Humidification Method: Mist Discharge Mist 

Output (gallon I day):SOOOML/H Type: Ultrasonic Humidifier Classification: Humidification 

Application: 11-20 Humidity 

"d11'11 7 ,500 'LJ1Vl 

12. Digital EC/Temperature Electrode 

1?1~~11'V'lvh Platinum utn'Wbb'U'U bln1VfllViJm?i\ilm'h:i~n'Llm':in~n~e:i'Ll 'lh~:in6'1t;.J6'1A1 EC bb6'1~ 
' ' 

eiruV1.fliJ?l1'Ji:l~mti1'Llod1~ -5 to l00°C 1mtlbb'U 'UoLJE:llli:l ~~(9\eJi:l 
1 'U 'U 'U 

"d11'11 15,000 'LJ1Vl 
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' 
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flW%lm~W~6ZleM ~'V1~6l el'l.Jn 1"afl'"J'Ufl:l.J VPD bb'UU 6 "lle> ~tJ6'1n ~~el~n11~~~el 
, 'II , 'II 

- ~'VW16'1€l'Un1'afld'Ufl:W VPO bb'\J '\J 6 61JeJ-:JtJ61n bb~61~61JB-:J 'U'Wl\91 0.5 x 0.5 x 0.5 b:W\il1 
'U ' 'U 

- fa~'Wb611€l{l\91~1€JDJVlfliJ l\91 ~11\ill 'LJ~'N -40 °( ~\! 100 °C Vl1€1:1Jlflfll1 oJl'LJl'LJ 6 "IJ\91 
q 'U q 

- ilbsilm61le:i~l'~ri1A11ii:ff1..1 ri1A1 1llfl rn~bfl~e:i1..11iibn 1..1 1.5% 1mh~m1ll:ff1..1 0-80% "ii'Tu11..1 6 'll~ 
q 

- lJ'J~'U'UbnU6Vtl:lJ'f1~€l'UVli;r~r)1 €ltUVl.fl lJ fld1:lJ~'U bb'fl~A1 VPD (A1bb'J~~~J111..1mml"l) 
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- ~Vl~TilffihWl'LJ 6 "il€l ~6'11:W l'a b1 \9l ~B:W61BDJVldliJ fll l:W~'W bb61~~1 VPO 1'W~mtJ61fl~-:JVl:W\9lhlti11l.lblbll"il1-:J 
'U '\J 'l cu 'ti 

(Real-Time) 
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(Microcomputer) bfl~mvl1Vl:W€lfl 

- 1:w fa·rnmJ~ 1 btil Bf~ B-:i?11:w1 'J ri'vh mhvl i-:i n1'J B tJ n'Jru b ~ Bwrnru.J A
0

1 VPD 1 ti(9)1~ bb'fl~~ mfiviih tJ 
' ' 'U 

U";i~mmJ6'1bb'U'U Quadcore vi~mNn11 
'U 

-bb~i;:i~odB-:i~~~-:i 1 'V'l bb€li;'lB~~?11m'Jrimu fl:w Arumil'J bb?l-:i 1191 iJ~tJ bb€1!;1B~vfl ~bb?l-:J~'(J11 bb61-:J~bb~M bb61-:i~tl1b~ti 
' ' 

bbi;'l~bb?l-:JB'W'V'l1b1~ iJm1:wb6if:W bb?1 -:J vl 1~'<il1flVli;'l€l~ 1 vhA1-:i 30 cm 1ii~1n11 200 PPFD 

-bb~i;:i~odm ~\9l~-:im~tJi;:inv11 '<il 1n PVC m1:wviti11d.JifotJn11 5 m.1.~1Vl~'Um'JtJ6'1nvh11..1'J~'U'U61116'1~rntJ 
'U 'U 

-1'?1111v1'Un1tJ1u~vr~viii111~e:i wh'<\J1fl Plastwood 6'1 1u~tiA11iivim1iii!e:itJn11 10 :wii. 6'11ui:-i'l!~1iiile:itJfl11 
q q 'U 
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