US 20190380283A1

a2y Patent Application Publication o) Pub. No.: US 2019/0380283 A1

a9y United States

CHONG

43) Pub. Date: Dec. 19, 2019

(54) SYSTEM AND METHOD FOR FARMING

(71) Applicant: GREENPHYTO PTE. LTD.,
Singapore (SG)

(72) Inventor: Suk Shien CHONG, Singapore (SG)

(73) Assignee: GREENPHYTO PTE. LTD.,
Singapore (SG)

(21) Appl. No:  16/478,853

(22) PCT Filed: Jan. 19, 2018

(86) PCT No.:

§ 371 (e)(D),
(2) Date:

PCT/SG2018/050032

Jul. 18, 2019
(30) Foreign Application Priority Data
Jan. 20, 2017 (SG) vceeevreeeiineerienas 10201700512T

Publication Classification

(51) Int. CL
A0IG 914 (2006.01)
AO0IG 9/02 (2006.01)

100

104

il

airmas
i

T

l!lll

7
i

=

7
17
H

L
iiiiii%."
it
?.-’!!.’:':;5_
s

7

feof

i

W
FELELES
2 ,‘.."i
TiT7
WA
L
e,
7
A

£

v
.
5

N

AO0IG 9/24 (2006.01)
A0IG 31/06 (2006.01)
B65G 1/04 (2006.01)
(52) US.CL
CPC oo AOIG 9/143 (2013.01); AOIG 9/023

(2013.01); B65G 1/04 (2013.01); 401G 31/06
(2013.01); A0IG 9/249 (2019.05)

(57) ABSTRACT

The present invention relates to a system and method for
farming. In particular, there is a system for indoor farming
comprising at least one growth rack, the at least one growth
rack comprises a plurality of cells; a plurality of farming
modules, each farming module configured to be stored in a
cell, each farming module configured to grow at least one
type of plant; a machine arranged to move each of the
plurality of farming modules in/from each of the corre-
sponding cell; wherein each of the plurality of farming
module comprises one or more self-contained nutrient tray
portion specific to the type of plant, and wherein each
farming module is independent with respect to other farming
modules.

112




Dec. 19, 2019

Patent Application Publication

Sheet 1 of 27 US 2019/0380283 Al

4 /
ll!/////!/

i1l Tl i/

T\

T T T T 77 e

NN

!ii/!

11777 4

[ [ 7

PN an .

A A

; ) \
////’/i////i!i/\\
17 Z 3N

Iil'/.’ ii!//ll!fiflii////!//////I
/’"/’f/f/f// [ /7777 '/L/ ,
[N /’////////
i //!!//i”//////// 7 /
!//,/i!Ii////// vomasy/l/
;7 £ J 1] 7 i 7 /4’_! /
: ,
Ji
I
/
7
i
5 v 777 -
11T /
[N NNE ///ll/i!ij/i/l/\xll/i/// @1
‘ AT A
-lﬂl'lllll'l’l:""m' XTI 717 ™

ﬂl’ -...-m-n p O

100

i 1Av'11
if 8 l-lg..'.g.u"g .'...""...'.'::g..ﬂ‘vd- 174
-'




Patent Application Publication Dec. 19,2019 Sheet 2 of 27 US 2019/0380283 A1

o~
i
™
3
¢)
-
c
%
S S
v J
-
\ =
\ X % o
{ ; i
L AT WY
\\H\\\ \xx\\‘\\\\ %

A T T o TR\
“’ \\\ \x \\ \\ \\ \\\ \‘\ \‘ \ \\ \\ v \\\ \\\\ \\\ \\\\\\ ), {
’H LUV W W W WL W WL AR\

i

AL WA WY

LY
i *} “{ \\ “\ \t x& Xl \\ \x ‘\\ \\ \\ \\ \\ \\ \\ \ v \ \ " A%
CEEVERTY) YO W Y W W WO W iy
AAYYY W‘X@ L W W p—" - X
1!1111;;//;1;;1/1//1’;’?

RN T
] AR A\YNi
I EEN ;l;!f:’i/!/i!i}'i/ii’!//i/if‘{:\vf .




Patent Application Publication  Dec. 19,2019 Sheet 3 of 27 US 2019/0380283 A1

109,
o o
i 4
L]
W0
-l =i
B //,/Tmi
3 'd
==
- e
' @
- 3
ﬁ — -
— = —
x =
1 o
IR RN O
e, M Q
. - =
"‘EE @
Ny L
]
i B s
- 98]
o |
3 i




US 2019/0380283 Al

Dec. 19,2019 Sheet 4 of 27

&7 T 80E08T-Ld9 QWS W3 1545 350H3 9 NSy T e ¢
7 ety RIGIVINIS OLHd N3SYD } @ Tt m
2 ]
-
i i
S8 e e et
Z31e oo e o e S e e
=i N 0 W S0 U A M 0 S D 0 W
2 { —
Lk
+ 1y

i

b A X R K Ay KSRGS X K KRN RGN NS I RSN EXCNGRIAS LYK R R

BRI R R R R aRE
b2 e X E XL KON KRN XU RTINS X CX KN NINNCIENENDN NI IR ENL NN
O CH TR DT UNG TP C T TF R T E T CY CF T LR TR E T Ty CF TR DT UR AT X PR h O AT A T T CE R TR TTIND
D S e T R R T T T

i

FENURARGNI XS EREADRORGTN

LAXENTRDAINILIRIENL KA LEEXLNLKIND.

EXEAINIRI VI ERERARTAEY

CXIRIIEAANREIEIRENING AL

L EASRES BRI LSS SR

AR RO A LA RN AR
TEo k.

NIRRT T LTy

PRETITTEITITIIT
ESEXERGNANGEINT
FCALRTRTKT

bttt St

h

Py R N AR ARG AT AT LT ERNRGRRNINT
ASIRERNASARINETEEEE]

P TTERA VAN AV A EU AL SR AR AL T ._:H'ni_.:::nn..:x.n!ﬁm.ﬂu:;vm.::::::

Q005
[FERER] 'HH H-“Hil AR AN

& R )

ALALAAAETAARR
LLLLLLLLLLL L L

s SRR B L R REH,
N it ia i
o8 FUXRERANXE XD X
. 3 Y= e e e
SiaAd 1 § XS ¢! R T R
STVIHIIVIN MV - Z(E,CEC,
L B~ S - S - - o L
TR 911
AT AR A AU AR A KACI VR AR AR AN AN TSP A RERUR AN AN PRI U AR AU R R RARARI C AR NN AN RTX AW A R UR AN AN TIBE
@Au)mg wJ I3 nw/dm Vlﬁkvhknahvuk.;&lﬂvlﬂk- |klu¥-nk.nurn.k.n|i§k.uLrnk.ubru_-ﬂk-ﬁ:hrnk-nhrnkr:nrﬁhlnbrnk.uhrnLrb x Hm
SKO! ::;;:::ru.v am.h....r..u-.__.h..u...#t.*w«.ﬁﬁtﬁ.ﬁ.#whmWW&.&.@.&#&#&#&%&&@P&P@%& e \\ lf/
SEEAEEE LI ENENENRRT RS EAEY WENEHRATRB AT EXCNENS N NA RSO KN RN AN A FENCHHRE 0D € T ] ... \\\
.n..ru JEXIASRIAILIL AASXSAIRDAISSENENSADAIAS LN ER AR RDALAILE EX LR DRI,
SNLENY 1d - NOLIVD FYEVETETATS¥T LR R A LI L b LA R LT
neesenmenii et o bfesezersuasansins HEH PR P
e TSNP E T TX Y ERERDS % \/
m Fosrey vy T L T h 2 ®8B B B8 @A ® 2 2 @
23 PR E R EV AR TS A ¥ ST TE AT A F RV AT VNS ¥ e S ET AR T IS /
e S €A hENeRAAAT AR IENENG RANG NS LA ENENSNARD KB LS CNENENRNOASERENE AN RGNS L KRR NEUE LT ﬁﬁ Q ..m” N
N G a G i mnnann s liw e W “\\/f/
bl 2 2 8 AN KA IS S X ANAAANRNNSI N K EEARIREEREEE g
IR P FER AR URA IS LFEFERUR AV XFCAEFURGN ARV RV CFEFLF ARG N TR T T SRR FURFR TR LXK FERT ¥ 5 AT 3] ..il‘..«.-\\\\\\ \\/
RF e F T TR AR R TR T O AR A TR KA A PA R T EX DX AR A KT T T LT TN CN DA DN T AP ERE N HIN A TC LR AL m Q .m” /
R S T e R T TR LR T e Y M /
) i s © © © # B & @ oo \f/
s H R R A e SR T e R U U EL BT L L RERRTEALAL LR T Le RATAR LS //
TR TN TR CXN G ER AN TSR AN TEAG (T ] CESEEEETI SILEE LAY T3LE CHTRT T FFV IR TS R R RS
pg e R EEL LT axbixzis xrRREXE bR AXEERUTUREIPNARRARIARENE
BT e T FTE ECAVERT B A ey
o, = [+ 2] oot Fen Bommadd 7 -]
113 934095 ¢ LY T R 4 ] —
NOLLYDIAIZA4S ANTHOVIA ¥/S LY [[eNNrA4 5 -

Patent Application Publication




US 2019/0380283 Al

Dec. 19,2019 Sheet 5 of 27

Patent Application Publication

¢ "bid

/d 1IN0 0TT 1 NI

H

MAIN NV'1d AdONVdXd

o

Lo
i




Patent Application Publication Dec. 19,2019 Sheet 6 of 27 US 2019/0380283 A1

AN

7777 Z7 V)

106




US 2019/0380283 Al

LI00J PIoD B84 Ui DRI0IS
Buiaq alojeq soigeyabon
$13}J00 BuiYoRW Bupped @

pa.e Bupped

8} 0y pajlodsury pue
paybiam aue sajqelabap <

Da8}8S B4 SajgRIehaA

Jsilyeay auy pue Ajend
10} pyIayD 2ue sajgeiabapn «

BaJe Busaasey

Y} 0} sAed) suodsuen

sinoy vm Amewixoldde
ey 580E5 7 158 BYL «

$19]1233. 03
paJBAIRD aie sajgeebop «

Dec. 19,2019 Sheet 7 of 27

G "bid

abeys yimoJB 03
s6Uiipaas Jo uoielodsuR
10} SARJ) SBARLIIES WBISAS
[eABLIBJ pajBLIOINg ‘sAep
11 Aplewxoldde Jayy «
I 0O S &w\,, %%Mmmmsm padde s1 buiypi a31 <

: i Agimys-nnuw
LIBISAS [RASIIRS PRIBUIOINY <@ ST m%,%m mﬁwgmwm N

Bunsaaiey Joj Apesd un
shep 17 Amjewixosdde oy
sheay auy ur mou6 saiqeyeBap <

paijdde Jayyny si buiybr <

~ uiebe pappe  yzsAs jeAsLR pajeoINY <
Qe SJLBANU pue J3ie @ SjusLny Butieyuod
m\,mww ymosb shei) 03U paLssisuen

0} PaLIRJSURL 248 SBUIIDIIS « 248 SWNIPIUE YIMOID) <

. .

7
oz

b

shep ¢ Ajpjewixoudde
iBye Inods spess «

spuauinu pue Bunyby

NOUIIM PAYEOS 218 SPIS @

SWINIPaLI 243 03U Spaas
SMOS AUIYDRW DUPDIS =
WO} 03 PoppE Jajem pue
posedaid ale swnpow

mosh ‘Asesinu 2yl uj<

Patent Application Publication

abeys abeys Bupioed abejs
AIBAR( B BuSIAIeH UOIIBLIULISE)
1 1 1 1
018 808 908 20s

005



US 2019/0380283 Al

Dec. 19,2019 Sheet 8 of 27

Patent Application Publication

Bunson mwwm_mswﬁ ustsbeurpy 9 .@E
ity Ppoid | "eiang' J\ @9 Bunuie:
SLLI00ING

19pjod
awodul |

ma@mmam t@(_m:m

/ / R, ﬁ SIBLI03SND :muusmo,hi
_\ gseqeled UuoeISILILpY| | S955200.4d
—

abueyoxg
eje(
ony

Wa)sAS 90AD a8y

HIOMIBN _
m@u%,%m SDIAIDS UOREJIUNWWOY) SIA S0IAJBS [043U0T) DRRLLOINY 20IAIBS 109]107) B3R BRUD)
ssauisng 201AJDS UOIBIYNON/LLR)Y DOIAISS UIBWIOG IVIAIDG JUDWIBINDIY S|BLSIEN
sddy sso004d sniels Y Buiuueid [Buitueld Buiuueld Jauswubissy] Buinpsuds
SHIA | aseadel | Buimodn S{eLIIeW vsel ® Buiuueld
wawsbeusy AJOIURAUL 5 5 5 \ =
A1oniRq § Wwaldinby wawsbeuep | [ wswsbeuey ULOHUO uswsbeurp
AIOIUBAUT 5/4 /s|erisien UOIINPO.d UOIBUILLISY ¥Sel /5580044 BP0 JBWoIsn)

Afwzmma Awmm‘_ﬁm chm@mxum& Amcmic‘_@ Amﬁmcm# A@Emcmékww ch%mmm &SEEEH A‘“@EQ
_

4 mﬁoﬁmﬁmw& goaw__mu.;u 15873404 HY%| Do
TIAH  |uonejusA| Buiybi SWs/jlews gwmm%ww X c02
pauueid - ﬁ UOIINI8X3/j03U00 _ MelY g sisAjeuy Q BuLioyuop
Butob-uo - (] N [0JU00) g BULIOJIUOK SIBLWID
ajaidwoo - (J

SIUBUOALUOD/MIIAIBAD WBISAS



US 2019/0380283 Al

Dec. 19,2019 Sheet 9 of 27

Patent Application Publication

SWO4 4o
3d0ods ulyIMm

WBI5AS 03 Od
JBL0ISNT Ja3ug

A3_YD
Ayeden
/SjeuUs1e

43P0 MI0M
jeI2UdD)

$955330.4d
|lenpayos/ueld

uswiubissy
ASEL

swdinby/sieuUsiep

DALY /UBld

ooooooooooooooooooooooooooooooooooooooooo

MOIMIOM

Od Jawoisny
CYNEREN

SIA

¢ paxdanoy

k4

FETGSE IS
03 uoieiond)
PIBMIO

poaotddy
=B

uoneiond
Sul=ERlg!

H

Adinbug
JBuiosny

559204
2UIHO

oooooooooooooooooooooooooooooooooooo

Juswsbeuely J9pJQ 18WOISND




US 2019/0380283 Al

Dec. 19,2019 Sheet 10 of 27

Patent Application Publication

sbumes | 8 D

suoneAlasal aepdn e
SUOIIBAIDSDE MDIA e
SUOIBAIDSDL DY e

SUOIIBAIDSDY
SIRUBSIRIN MY/
juswidinby

Ajoeded asnoysiem qoayD e

doeyn Aypeden

sassaoodd snpayds e
SNIEIS JOPIO HIOM JOHUOK e
19pJ0 MIOM D1BI3USD/2]EPIOSU0D) e

12p40 MH0M

DNPIYDS AIDAIBP IDJUT e
Od ISWO0ISND 123U e

Od J8wo1sn)

SUOIIOUN

SB|NPOW

SUOIDUNL /SOINPOW

Juswabeue)y J8piQ JoW0ISND)



US 2019/0380283 Al

Dec. 19,2019 Sheet 11 of 27

Patent Application Publication

6 "bid

SWO4 40
2d00S UM

UOIINDAXT 1SBAIRH

2l ASD 1S8AdeH
Buimoln

ueld 15eAleH
AR

HoInoaxy Buimodo

SOA

Apesy
Buimoan

3l ASD Buimoun
alelduss)

(auoq Jojsueiy)

181] vsel o3epdn e
(puoQ wueD) UOIRUIWISD
15| 1se) ejepdn
(ouog Buipoasg) buipsag
3s1] jse3 e3epdn ‘
e SS8D0.1d
B3LIDUDL PHIO

ueld Buimoldsy SiNpa24yos
jeiouan LoIIINPOo.Id

Juwsbeurj UORONPOId

MO0




US 2019/0380283 Al

Dec. 19,2019 Sheet 12 of 27

0T "bid

sbumes

SNILIS DSNOUSIEM MIIA e

sSNIeIS asnoya4epy S4IA

B ASD D1RIDUI5) e
uejd 1saAlBRYy D1RIBUBSD) e

ueld 1seAleH

SuUoRED0] sbeI0lS MIIA e

Y ASD DIRIDUSE) e
uejd BUIMOID DIRIBUSE) .

URld BUuimols)

SUOIIoUN.]

SBNPOW

Patent Application Publication

SUOIIDUNL /SIINPOW

Juauwsbeur|y UCIIDNPOIY



US 2019/0380283 Al

Dec. 19,2019 Sheet 13 of 27

Patent Application Publication

s|eLRIB
BAIBDY

Janddns wioyy

SOA

¢ Pa1sIX3
W3l

AlOJUBAUL d3epdN

AJOJUBAUT
03U Wial] J83ul

s|ela1ep 3NSs]

7

=J1=IB 1IN
159nboay

SWO4 40 \ .....................................................

3doos UIYIIM

cubnousy
AJOIUDAUT

J3PI0) JOM
L0} UOIIBAIDSDY
SEREREN

ABPIO AdBALRY

1

Janddns 031 Od
Xed/|lews

paaolddy

43I0 9seyoind
3= g)

i

sisanbay aseudingd
D1BPHOSUCD

1sanbay aseydind
S|RLIBIEW MBY

1T b4

$SB30.4d
SUHLO

Adojusau] juswidinbl/sjesie



US 2019/0380283 Al

Dec. 19,2019 Sheet 14 of 27

Patent Application Publication

sbuiies C1 @muh

SSPDIUDA/SIBALIT e

Sidped e
DUIYIB JDJSURE] e
aulyoe buipassg e

swsbeuey Aypeden

Adojusaul 3epdn e
1sonbad 0] sjeLISlRW MBI BNSST e

s|e1d1R Y SNSS]

sisonb aiepdn e
sisanbag BuisIXe MBIA e

1sanbay s|eLIaiRp

Alojusaul a3epdn e
Jalddns wody spoob SAISD3Y e

s|elaiep SAIZDIY

S BUISIXD MBIA e
SWIS} MU JB3UT e

SN EINEREIN

SUCIDUN

SaNPOK

SUOIIDUNL /SDINPO

AJojuaAul Juswdinbz/sieaiey



€1 "Oid
AlojusAul aiepdn

US 2019/0380283 Al

o~
(o]
“ (duog bupped) buibeyoed
= 1517 Msel ajepdn .
&
o ; $S2204d
[—] H
% paJdinbal SUIHO
S Si3Xoed 231eulsy :
2 SWO4 j0o
2d0odS UIyIM m
£
Z s|npayds
= 1S3AIEH
v :
E
olw |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| k]
<
=
m MO PO AJOJUDAUT SPOOD) YSiui



= R LRL LR OO PP PP OO PP PRI TP ODOPPPPRRTRIEROLRROPES Adoo paubig
e u@ H .
0 i : :
S vl = : ARAIIBG Co | sunjeubis aswiolsny
& bo| Adojusaul a3epdn :
S m abpajmowioy m pue AlBAlRJ 9/4
S W m \
(=] ' H
o H H
2 m :
=~ w ; Buipeo
N H :
L : '
=] H B
= m A m
" lapig AdBAlR “
s m X mwcc ed | $5900.d
2 W Hd m BUILO
2 ;
< w SIBALIP 03 SI2pd0 | |
a W AdBAjjeg ubissy | |
w m
S m m
s siaplO AdeAlRg | |
S m 3jei8usn :
2 m m
A SWO4 JO W m
= . H
S 2d0og uIyIMm | "
s W 2INPaYIS w
2 : uoINPOId m
= : :
< e e e e e e e e e e e e e nan :
g
= MOIOM uawsbeuep AlsAlRq ©/4



US 2019/0380283 Al

Dec. 19,2019 Sheet 17 of 27

Patent Application Publication

GT "bid

sbuiyes

SISALD 03 SO ubISSy e

wswubissy 0OQ

AJOJUBAUL 23epdn e
OC 20psMouwNdyY e
OQ Juild e

O 21LI3U3D)

12pd0 AdsallRg

SUOIIOUN|

SO|NPOW

SUOIIUNY/SBINPOY

uswisbeuey Alsalaq: juauocduwio)n



- 971 "B
g
&
S |Bumes 4a/a3 HO/UO 181y /SISAleu 5
[99]
-]
m 2P0 ld 03 pUBRLLLLIOD
- j013U0D 103195 j0JJUOD) pUBS
m eleq
x J0SUS
= STEIS g rlzals ES% gleq 124suel)
g [ FVaTTmeA 4A/QTT YD
) N
2 /
[sXnlilo)g] eieq bunles eie(] sjewyD
TiAlH 4AA/QT7 2ALIDY tob] [ U]

j043U0D) 03Ny

MOLPHOM [0.3U07)/BULIOIUCY 23D

Patent Application Publication



US 2019/0380283 Al

Dec. 19,2019 Sheet 19 of 27

Patent Application Publication

LT "bid
sbumes

ploysadyl puocAag ob sanjea Josuss
UDUM SI3SN 0] SWIS/HIRWUD PUDS e
SON|BA PDIOUSSIUI 19SS e

Haty/sisAleuy

Ued jOJIU0D e
Buiiybyy jo13uoD e

[0J3U0D SjeWI|D

20D H0}UOK e
AUPILUNE J0JIUOKW o
dwis] J0UCK e
YD1 JoHUOW e

Buiojiuoly ajew|d

SUOIIDUNY

Sa|NPOW

SUOIIDUNL/SDINPOW

|043U07) /BULIOTIUOIY 318UHD



US 2019/0380283 Al

Dec. 19,2019 Sheet 20 of 27

g1 "bid

sbuiies

SpPIODBY e

SINSDY Y24easay

SPI0IDY e

UOIIND9XT Yo4easay

Old o
sjuswiadxg e

uoneniul 100{odd e

100{0id yoiessay

SUOIIOUIN]

S3|NPO

Patent Application Publication

SUOIIDUN- /S3INPOIA

Jusuisbeury Y bulliied 100puUl



Dec. 19,2019 Sheet 21 of 27  US 2019/0380283 A1

o

ot A_‘Z MAINA NV Id
L WD
x
:
V-¥ NOILLDES
I
o N
\v (o)) ok i <
N IS =.._J fad < %
=) _ o @ 4] &
o e
674
~»] e I l—
8T 8t
WALYA ONINIVLNOD ¥04 TI8YLING 13S04UNd
WG SSINNMDIHL G811 o1
HLOOWS 309-uNS TNYILNT o
O
{z000 1) ATYD LHOTT - WNEZDE 14N0T0D v
{(ZT00 v} ATED LHOTT - TWNYRLNT DMNOTI0D e L o
SeeT
INTNOTOD JIXOL-NON TR IYELYI
SSYIOUIEIS IVIEIVI MAIA INOHA > o
SNOTIV T Ia% m ﬁ%_\ AL \ _
la N
- GeeT
g I 7 ] 3 I g ] 7 I 3 I Z I

Patent Application Publication




US 2019/0380283 Al

Dec. 19,2019 Sheet 22 of 27

Patent Application Publication

009

Al yimoab yoes Joj popoau ade sodyz 07 .@E
232Ul WW0P X sou 09 1sinoiny 3joH
OiHL)wwge x (Mwwpee X (1JwWwoooT ezs
. :SII0N
0S 00T
T O O 0 O 0 0 0 O O O
"l 00000000
—T0 O 0O 0 0 0 O 0 0 O
—HO 000000 0 00
%x@.\@ © 0 0 0 0 0 O O
ONNORNONONIONNONNORNORORNNO
000T




US 2019/0380283 Al

Dec. 19,2019 Sheet 23 of 27

Patent Application Publication

1Z "bid

Pbeis | Lieubom Bumny gl 208 0 BUIPABS e UONBUILIBY fe—— BUIP3DS
_PI%S | Buiios ‘bunsansey HMOID Jodegsued )

_ipaw Buimoub
9 sajqeyeban  |je------ _
915eM JO [Bsodsiq




US 2019/0380283 Al

Dec. 19,2019 Sheet 24 of 27

Patent Application Publication

4 .@mum WBISAS Juswabeury/jo4uo) aseqgeled
/
WDIsAS spaq-buiwied UIRISAS WDISAG
i Bunsaaden JBAR-13N buipeojun/buipeo buipassg
Ajddng WISISAS
UOIHINN /4938 M buiybI

(uone|IUaA 4 pue ‘J043u0d [19A3] UsboJIpAH/Z0OD
‘aanisiow ‘samesaduisl) WSLSAS |041U0D WD




Patent Application Publication  Dec. 19, 2019 Sheet 25 of 27  US 2019/0380283 A1

Property Value Unit
A Density 7850 kg m*-3 [¥]
Isotropic Secant Coefficient of

= Therm?ai Expansion

A Isotropic Elasticity

A Alternating Stress Mean Stress B Tabular

A Strain-Life Parameters
A Tensile Yield Strength 2.5E+00 |Pa [¥]
A Comprehensive Yield Strength 2.5E + 00 Pa 4
A Tensile Ultimate Strength 4,5E + 00 |Pa [¥]
% Comprehensive Ultimate Strength 0 Pa [v]

Fig. 23(a) Cage material properties

404

/

Trays(110 Kg)

80m (15 sec)
& 5.3 m'sec

80m (15 sec)
& 5.3 m'sec

Fig. 23(b) Boundary Conditions
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AN

Velocity
5.3 m’s

o Time
7.453 sec 15 second
Acceleration
0.711m/s?
e Time

Fig. 25(a) Cage acceleration and speed

Fig. 25(b) Dynamic analysis results at cage
movement cycle
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SYSTEM AND METHOD FOR FARMING

FIELD OF INVENTION

[0001] The present invention relates to a system and
method for farming. In particular, this system and method is
suitable for, but not limited to indoor farming.

BACKGROUND ART

[0002] The following discussion of the background to the
invention is intended to facilitate an understanding of the
present invention only. It should be appreciated that the
discussion is not an acknowledgement or admission that any
of the material referred to was published, known or part of
the common general knowledge of the person skilled in the
art in any jurisdiction as at the priority date of the invention.

[0003] Countries that are land-scarce face the challenge of
traditional vegetable farming that is land intensive. Conse-
quently, most of the demand for vegetables is met by import.
However, overdependence on imports of vegetables is non-
ideal as the volume and price of vegetables are susceptible
to fluctuations. Being able to produce vegetables in a land-
scarce country in a space efficient manner can act as a critical
buffer against sudden supply disruptions.

[0004] Another challenge of traditional vegetable farming
is low productivity due to uncontrollable environmental
factors and pests. These include extended periods of heavy
rain or drought and diseases which can spread from other
countries through wind-carrying spores, and soil damage
resulting from soil erosion or contamination.

[0005] Additionally, exposure to pests such as insects can
destroy the quality and yields of vegetable crops.

[0006] A further challenge of traditional vegetable farm-
ing is labor shortage. In advancing economies, fewer from
the younger generation are interested in farming as a career
which limits the scalability and productivity of farming.

[0007] Various farming solutions have been developed to
alleviate some of the aforementioned problems. For
example, ‘vertical farming’ solutions have been developed
to address the need of land scarcity. However, such ‘vertical
farms’ typically require a proper nutrient/water circulation
system. The main downside is that such circulation system
is susceptibility to the spread of plant-related disease, i.e. a
diseased plant in a part of the vertical farm system could be
spread to other plants within the same vertical farm system
due to the circulation of fluids which carry the virus or
bacteria from the diseased plant. Another disadvantage is the
relatively large number of moving parts in such vertical
farming solutions to support the circulation system. Outdoor
vertical farming solutions are also susceptible to changes in
temperature, weather, sunlight intensity etc. Furthermore in
a circulation system, washing of the trays containing the
farmed plants and vegetables may not be easily done,
inadvertently leading to the growth of algae which may
compete with the growth of these farmed produce. In
hydroponic-based farming, there is a further challenge of
providing constant water circulation for balancing the nutri-
ents. Consequently, the need for water connection between
hydroponic containers for water circulation limits the poten-
tial of hydroponic-based farming to scale vertically at least
due to the risk of water leaking.

[0008] Therefore, there exists a need for a better solution
to ameliorate the aforementioned problems.
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SUMMARY OF THE INVENTION

[0009] Throughout the document, unless the context
requires otherwise, the word “comprise” or variations such
as “comprises” or “comprising”, will be understood to imply
the inclusion of a stated integer or group of integers but not
the exclusion of any other integer or group of integers.
[0010] Furthermore, throughout the specification, unless
the context requires otherwise, the word “include” or varia-
tions such as “includes” or “including”, will be understood
to imply the inclusion of a stated integer or group of integers
but not the exclusion of any other integer or group of
integers.

[0011] A technical solution to be provided is the arrange-
ment of a plurality of farm modules, each farm module
adapted to stack on top of or below or adjacent to another
farm module, each farm module being self-sufficient to grow
at least one type of crop or plant based on hydroponics
principles which achieves a highly automated, space effi-
cient and farm system which is less susceptible to soil-based
diseases.

[0012] The innovative solution seeks to combine logistics
management principles with farming solutions.

[0013] This invention seeks to provide a system and
method for stacked or vertical farming. In particular, this
system and method is suitable for, but not limited to, vertical
hydroponics farming.

[0014] In accordance with one aspect of the invention
there is a system for indoor farming comprising: at least one
growth rack, the at least one growth rack comprises a
plurality of cells; a plurality of farming modules, each
farming module configured to be stored in a cell, each
farming module configured to grow at least one type of
plant; a machine arranged to move each of the plurality of
farming modules in/from each of the corresponding cell;
wherein each of the plurality of farming module comprises
one or more self-contained nutrient tray portion specific to
the type of plant, and wherein each farming module is
independent with respect to other farming modules. The
growth rack and cell are suited for various purposes not
limited to the growing of plants and vegetables. The
machine is capable of carrying, moving and/or holding the
farming modules, and is not limited to any specific action.
Advantageously, the multi-storey nature of the growth racks
is space efficient as it allows vegetables to be grown by
stacking and retrieving farming modules. The independence
of the farming modules from each other omit the need to
have conduits or pipes for circulation of nutrients or fluids
such as water. The invention is therefore also advantageous
because, without the need for pipe infrastructure, one or
more dimensions between the farming cells (such as heights)
may be adjustable. The farming system is hence able to
accommodate for growing all sorts of horticulture and
agriculture such as plants, vegetables and floral/flowers.
Further, each farming module arranged independent with
respect to another farming module achieves the ease of
storage and retrieval by one or more machines. Moreover,
the invention is advantageous because it is able to make use
of an industrial storage and retrieval system in farming,
combining logistical technology for the storage and move-
ment of live produce.

[0015] Inaccordance with another aspect of the invention,
there is a process for indoor farming, comprising the steps
of sowing a seed for sprouting in a farming tray of a first
farming module; storing the farming tray of the first farming
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module in a cell of a first growth rack; retrieving the farming
tray of the first farming module from the first growth rack;
transplanting a seedling from the sprouted seed to a farming
tray of a second farming module; and storing the farming
tray of the second farming module in a cell of a second
growth rack, wherein the process includes filling each of the
farming tray with liquid nutrient specific to the growth of a
type of plant, and wherein each farming module is indepen-
dent with respect to other farming modules. Advantageously,
de-coupling the nursery and growth stage of the farming
enhances space efficiency. The invention process is advan-
tageous because it is an automated process and reduces
labour costs and increases efficiency.

[0016] Other aspects of the invention will become appar-
ent to those of ordinary skilled in the art upon review of the
following description of specific embodiments of the inven-
tion in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will now be described, by
way of example only, with reference to the accompanying
drawings, in which:

[0018] FIG. 1 shows various isometric views of a vertical
farm.
[0019] FIG. 2 is an engineering layout showing plan and

side views of the vertical farm.

[0020] FIG. 3 is an expanded plan view of the vertical
farm, showing the travelling path of a vehicle along the aisle
of the growth racks.

[0021] FIG. 4 shows an embodiment of the modular units
comprising of growth trays and a plurality of LEDs above
each growth tray.

[0022] FIG. 5 shows the various steps in the process of
vertical farming.

[0023] FIG. 6 schematically illustrates the integrated
nature of the Farming Operation Management System
(FOMS).

[0024] FIG. 7 is a flow chart showing the integration of
upstream customer order with FOMS.

[0025] FIG. 8 summarizes the functions of the various
modules in FOMS for managing customer or consumer
order.

[0026] FIG. 9 is a flow chart showing the production or
farming process as managed by FOMS in tandem with other
offline processes.

[0027] FIG. 10 summarizes the functions of the various
modules in FOMS for managing the production or farming
process.

[0028] FIG. 11 is a flow chart showing the management of
materials and/or equipment inventory by FOMS.

[0029] FIG. 12 summarizes the functions of the various
modules in FOMS for managing the materials and/or equip-
ment inventory.

[0030] FIG. 13 is a flow chart showing the management of
the finished goods inventory by FOMS.

[0031] FIG. 14 is a flow chart showing the management of
the delivery process of finished goods by FOMS.

[0032] FIG. 15 summarizes the functions of the various
modules in FOMS for managing the delivery process of
finished goods.

[0033] FIG. 16 is a block diagram illustrating the climate
monitoring and control system within FOMS.
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[0034] FIG. 17 summarizes the functions of the various
modules in FOMS for monitoring and controlling the cli-
mate in the farm.

[0035] FIG. 18 summarizes the functions of the various
modules in FOMS for managing indoor farming research
and development.

[0036] FIG. 19 is an engineering drawing illustrating the
side and plan views of the self-contained or self-sufficient
farming tray.

[0037] FIG. 20 is an engineering drawing illustrating the
plan view of the lid or planting board.

[0038] FIG. 21 is a flowchart of a vegetable farming
process.
[0039] FIG. 22 is an overview of the overall farming

system comprising components of a preferred embodiment
of the invention.

[0040] FIG. 23 is an example of a farming module in the
form of a cage, and the properties of its cage/frame.
[0041] FIG. 24 is an embodiment of the design of a
farming module in the form of a cage/frame.

[0042] FIG. 25 are diagrams showing the preferred cage/
frame cycle movement.

DESCRIPTION OF EMBODIMENTS OF THE
INVENTION

[0043] Throughout the specification, unless the context
requires otherwise, the word “comprise” or variations such
as “comprises” or “comprising, will be understood to imply
the inclusion of a stated integer or group of integers but not
the exclusion of any other integer or group of integers.
[0044] Furthermore, throughout the specification, unless
the context requires otherwise, the word “include” or varia-
tions such as “includes” or “including” will be understood to
imply the inclusion of a stated integer or group of integers
but not the exclusion of any other integer or group of
integers.

[0045] In accordance with an aspect of the invention as
shown in FIG. 1, there is a farming system 100 for growing
various types of plants. The farming system 100 comprises
one or more growth shelves and/or one or more racks
typically utilized in logistics management and is capable of
being extended to a height where different types of plants,
such as vegetables or fruits, may be grown in the at least one
shelf and/or rack in an indoor environment. Further, the
plants may be harvested in an automated manner. The
growth racks are suitable for holding growth cells that allow
plants to grow within and for storage and holding purposes
wherein one or more types of plant or vegetables can grow.
[0046] Ina preferred embodiment, the farming system 100
includes the following elements:

[0047] an automated system comprising hardware and
control software of farming beds, loading and unload-
ing of one or more farming modules, water/nutrient
supply and lighting;

[0048] An environmental control system for controlling
parameters such as temperature, moisture, CO*/Hydro-
gen level control, and air ventilation; and

[0049] a farm operation management system that inte-
grates the foregoing systems and provides effective
operation of the farming process within a farm.

[0050] FIG. 21 shows an overview of an embodiment of
the vegetable farming process of the invention.
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[0051] The various elements will be described in further
detail below. An overview of the farming system comprising
the above elements is illustrated in FIG. 22.

[0052] The farming system 100 comprises a building or
enclosure 102 which partitions or isolate the indoor envi-
ronment from the outdoor environment. In various embodi-
ments, the walls of the building or enclosure 102 may be
opaque to prevent outdoor radiation from entering the build-
ing 102. Further, the walls may also be well-insulated to
minimize heat exchange with the outdoor environment. The
building or enclosure 102 may also be equipped with
temperature regulators such as air-conditioners to provide a
desired range of temperatures suitable for growing certain
types of plants. The foregoing partitioning features of the
walls and/or barriers allow the indoor environment to be
controlled more precisely. Additionally, the walls may form
a barrier against pests, or may comprise the application of
chemicals, equipment or the like to disable, immobilize or
kill pests.

[0053] The building or enclosure 102 may be a warehouse
suitable for the storage of goods, but may be adapted to grow
plants, described as follows.

[0054] The building 102 houses at least one growth rack,
but typically a plurality of growth racks or shelves 104
which may be used to store farming modules 106 that are
used for growing plants such as vegetables and/or fruit. In
various embodiments, each growth rack 104 is elongated in
the longitudinal direction of the building 102 and capable of
storing a plurality of farming modules 106 along the vertical
and longitudinal directions as shown in the side view of the
farm layout in FIG. 2. In various embodiments, a plurality
of growth racks 104 may be arranged laterally to define a
3-dimensional (3D) array of growth cells (hereinafter
referred to as ‘cells’) along the lateral, vertical and longi-
tudinal directions. Each cell within the 3D array may receive
and store a farming module 106. Hence it is appreciable that
the building 102 can correspond to a growth area which
includes one or more growth racks.

[0055] In various embodiments, individual farming mod-
ules 106 are transported and loaded or stacked onto the
growth racks 104 using one or more devices or machines
108. As shown in FIG. 1 to FIG. 3, the farming modules 106
may be transported vertically and along the longitudinal
direction of the building 102 by the machine(s) 108 for
loading or stacking onto various cells in the 3-D array of the
growth racks 104.

[0056] In various embodiments as shown in region A of
FIG. 3, one machine 108 may be used to load or stack one
or more farming modules 106 onto cells in two opposing
growth racks 104. In this case as shown in region A of FIG.
3, the machine 108 is moveable along an aisle separating the
two opposing growth racks 104. The farming modules 106
may then be loaded sideways 302 into either one of the
growth racks 104 (see double arrow on FIG. 3). To further
enhance space efficiency as shown in region B of FIG. 3, two
adjacent growth racks 104 are stacked abutting each other so
that each growth rack 104 is not serviced by two machines
108. Advantageously, the foregoing arrangement allows the
farming modules 106 to be closely packed or stacked and
accessible at the same time.

[0057] In various embodiments, each aisle (and hence two
growth racks 104) may be equipped with one machine 108.
In other embodiments, one machine 108 may simultane-
ously be used for more than one aisle. In various embodi-
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ments, each machine 108 may be guided to move along the
longitudinal direction of the building 102 by a bottom track
110 and a top track 112 respectively mounted on the floor
and ceiling of the building 102 along the respective aisle. In
some embodiments, the machine 108 may be reach stackers,
forklifts or other types of transporter typically utilized in a
warehouse environment. In some embodiments, the machine
108 is programmable for storage and retrieval of each
farming module 106 in an unmanned and automated manner.
Such automation may be realised in a way where each
farming module 106 comprises an identifier indicating its
position of the racks or shelves, and the machine 108 is
equipped with reader(s) to scan the identifier so as to load
the farming module 106 at the desired cell. The route of each
machine 108 within the enclosure may be programmed.
[0058] Growth of plants may be divided into a number of
stages. In particular, a seed to sprout stage, a sprout to
seedling stage, and a seedling to a full grown stage. In
various embodiments as illustrated in FIG. 2, the system 109
or enclosure 102 is separated into regions corresponding to
the various stages of growth of the plants.

[0059] Referring to FIG. 2, the growth racks 104 may be
divided into at least two different regions, a nursery region
202 and a growth region 204. The nursery region 202 is used
for cultivating plants from the seeds to sprouts and/or from
sprouts to seedlings. As the sprouts and seedlings are rela-
tively smaller in size as compared to a fully grown plant, a
smaller area per plant is required during the initial germi-
nation and seedling stage. As such, the nursery region 202 is
relatively smaller than the growth region 204 and each rack
may contain more seeds/seedlings. Thereafter, the farming
module containing the germinated seeds and seedlings are
further transported or transplanted to another rack/shelf to
grow to maturity.

[0060] The arrangement of farming modules within the
growth racks 104 for different stages may differ. For a rack
of similar dimensions, it is to be appreciated that the seed to
sprout stage comprises more farming modules being stacked
closer to one another, compared to the seedling to full grown
stage. This is because the farming modules at the stage of
seedling to full grown requires more space for the plant to
grow to maturity. By de-coupling the germination, seedling
and growth stages, productivity is be enhanced because
space is optimally allocated depending on the growth stage
of the vegetable. This is in contrast to traditional farming in
which the seeds are initially sowed with a large inter-seed
spacing in anticipation of the size of the vegetable during
maturity.

[0061] In various embodiments, there may also be a third
region 206 for the preparation of farming trays 404 used in
various stages of the growth cycle such as during nursery or
growth stage. In various embodiments, the preparation of
farming trays 404 may include the soaking of foams with
nutrients and placing or arranging the nutrients impregnated
foams into the farming trays. Advantageously, preparing the
farming trays in advance reduces the processing time
required for transplanting the plants to the as-prepared
farming trays 404 during the different stages of farming.
[0062] The vertical farming system 100 may further com-
prise a sorting transport vehicle (STV) loop 116 that is
coupled with the respective loading platform 114 of the
machine(s) 108 for serving as a loading and unloading bay
for the growth racks 104. In various embodiments, the STV
loop 116 may receive farming modules 106 at loading points
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118 after seedlings in the nursery are transplanted and
transported to the loading points 118 along the lateral
direction of the building 102 to the machine 108 of their
respective designated growth rack 104 in the growth region
for loading. In various embodiments, the STV loop 116 may
also transport farming modules 106 unloaded from the 3D
array of growth racks 104 to a harvesting point 120 wherein
farming modules 106 containing mature vegetables may be
transported from the growth racks 104 and harvested. There-
after, the harvested vegetables may be packaged and directly
loaded onto cargo trucks 122 for distribution.

[0063] The layout of the farming system, not depicted,
may comprise of a hall that may be partitioned into different
segments. In a preferred embodiment, additionally, the hall
may include a plurality of floors in which preferably each
floor is preferably connected/positioned adjacent to a growth
area. For example, there may be two floors, wherein one
floor could be for the nursery, seeding and transplantation,
serving materials to growth racks and various growth stages
of the plants and vegetables to take place; while the other
floor could be for harvesting and the packing of vegetables
into boxes. Naturally, the invention includes other activities
that could take place on these floors. This is advantageous as
it optimises the space available for the farming system. In
various embodiments as shown in FIG. 4, the farming
modules 106 may comprise of a 3D frame 402 for support-
ing a plurality of farming trays 404 which are spaced
vertically apart. Frame 402 may also be referred to as a cage.
The vertical spacing allows sufficient space for vegetables to
grow vertically at each stage of growth. In various embodi-
ments, one or more LED lightings 406 may be installed
above each farming tray 404 to provide artificial light for
photosynthesis necessary for growth of the plants. The LED
lighting may be pre-installed on suitable locations or posi-
tions on the cell of the growth rack/shelf 104, such as
horizontal beams or bars.

[0064] In some embodiments as can be seen in FIG. 23,
each farming module 106 can be made up of a cage-like
frame 402 made of structural steel. The frame 402 houses the
farming trays and LED lighting system. FIG. 23(a) is a table
listing the material properties of the frame 402. In a pre-
ferred embodiment, as illustrated in FIG. 23(b), the total
weight of three (3) trays at working condition may be around
110 kg and the lighting system is 15 kg. In some embodi-
ments, the frame 402 may be configured to hold at least one
farming tray, preferably three farming trays.

[0065] In some embodiments, the frame 402 is loaded into
a farming module 106 at the start of a growth cycle through
a combination of vertical and horizontal movement at a
speed of 5.3 meters/second. As such the frame 402 is
subjected to both static and dynamic loading. FIG. 24 shows
a preferred embodiment of the design of a frame 402.
[0066] Each frame 402 is designed to house 3 to 4 trays
404 vertically. The optimised space between each tray 404
is determined by the tray height, lighting system and veg-
etable type/size.

[0067] The lighting system determines the distance S
between the lights and the average vegetable top, which can
be calculated by the following equation:

B
@
Ztan( 5)

S=D+c= +c,
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wherein  is the distance between lights, a is the diffusion
angle of the lights, D is the distance between lights and the
designated tallest vegetable heights among the vegetables to
grow, and ¢ is the gap between the tallest and shortest
vegetables among the designated types. The total height of
the frame 402 for each tray is hence Height (H)=T+P+S+
L+M, where T is the height of tray 404, P is the vegetable
height, L is the Led lighting module height and M is the
height of the LED device mounting.

[0068] In various embodiments, the distance between the
LED lightings 406 and the farming tray 404 may be adjust-
able for controlling the intensity of light incident on the
leaves of the plant. In order to power the LED lightings 406
when a farming module 106 is loaded into the growth racks
104, each farming module 106 may be installed with a first
central electrical fitting that is electrically connected to the
arrays of LED lightings 406. Correspondingly, the cells in
the growth racks 104 are installed with a second electrical
fitting for coupling with the first central electrical fitting
when the farming modules 106 are loaded or mounted onto
the growth racks 104 for electrical power to flow in order to
activate the LED lightings and/or other electrical equipment
located on the farming module 106. The first central elec-
trical fitting and second electrical fitting may be shaped and
adapted/aligned such that when a farming module 106 is
inserted into the growth racks 104 for storage, the LED
lightings 406 are switched on upon insertion. In various
embodiments, removing or unmounting the farming mod-
ules 106 from the growth racks 104 un-couples the first
central electrical fitting from the second electrical fitting and
the LED lightings 406 are switched off upon unmounting.

[0069] Advantageously, the use of LED lightings 406 is
energy efficient as compared to other types of light source
such as fluorescent or incandescent light bulbs. Furthermore,
the narrow band emission of LEDs 406 allow the spectrum
of the artificial sunlight to be tuned more precisely for
optimal growth of different vegetable or plant varieties.
Additionally, artificial sunlight may be provided to the
vegetables in a consistent manner (by pre-defining cycles of
illumination) as compared to traditional sunlight which tend
to varies. Advantageously, the growth rate of the plant or
vegetable is increased, allowing quicker harvesting.

[0070] In various embodiments, the farming trays 404 are
hydroponic-based (soil-less) which eradicates the problems
associated with soil-based farming. In various embodiments
as shown at least in FIG. 19 and FIG. 20, each farming tray
404 may be self-contained without the need of water circu-
lation as plants or vegetables are grown on growth medium
impregnated with nutrients that are held in place within the
farming tray 404 through a plurality of holes made on a
planting board, wherein the planting board is fitted and held
in place within the main recess of the farming tray 404.
Advantageously, the self-contained nature of the farming
trays 404 eradicates the need for the installation of pipes for
water circulation, allowing the growth racks 104 to be scaled
vertically. In various embodiments, the growth medium may
be a foam. In various embodiments, the foam may be
Polyurethane based. The density or porosity of the foam may
be optimized or tuned for adjusting the amount of nutrients
absorbed in the foam. Advantageously, the foregoing allows
the foam be catered to different plant varieties.

[0071] Each nutrient loaded tray holds the nutrient liquid
for vegetable growth. After the nursery vegetables are
planted in the farming tray 404, a machine 108 for example
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is used to move the farming tray 404 inside a frame 402 to
a module 106. This involves the start, acceleration, decel-
eration and stop in both the vertical and horizontal directions
as illustrated in FIG. 25. To avoid spilling of the nutrient
liquid out of the farming tray 402, the acceleration and
deceleration of lifting the tray using the machine 108 is
controlled. This could be done, for example, by causing the
tray 402 to start moving at an acceleration rate that causes
no or little relative movement between the liquid and the
tray, and the momentum of the liquid is fully absorbed
before the tray stops. Another example of controlling spill-
age of the liquid is to partition the tray 402 cavity to prevent
the liquid from pilling up. This can be done by having cross
partition boards in the tray, crossed ribs in the tray, using
longer nursey/vegetable root sponge and adding ribs from
the tray’s inner bottom between the sponge lines to
strengthen the effect. In various embodiments, the partitions
do not need to touch the bottom of the farming trays 402.

[0072] In various embodiments as described above, there
may be at least two types of farming trays 404 for the
nursery stage and the growth stage. Holes may be made on
the planting boards. In this regard, the hole cutouts in the lids
or planting boards fitted in the main recess of the nursery
farming trays 404 for holding the seeds may be spaced
relatively closer as compared to the hole cutouts in the lids
or planting boards for the growth stage farming trays 404.

[0073] In accordance with various embodiments of the
invention, there is an automated retrieval system for auto-
mated storage and retrieval of farming modules 106 in the
3D array of growth racks 104 comprising a central process-
ing unit (CPU) in communication with the plurality of
machines 108 and STV 116. In various embodiments, the
CPU keeps track of the status of every farming modules 106
in the system 100 including the stage of growth the plant in
each framing module 106 is at and the location within the 3D
array of growth racks 104. When a certain milestone corre-
sponding to a stage of growth is reached (for e.g. after 10
days) for a type of plant in the farming module 106, the
automated retrieval system transmits a control signal to the
corresponding machine 108 to retrieve the farming module
106 from the growth racks 104 for advancement to the next
production stage (for e.g. sprout to seedling or growth to
harvesting stage). The CPU may comprise one or more
processor servers and/or cloud servers to facilitate the imple-
mentation of the necessary logic control and control signals.
[0074] The machines 108 and STV 116 may form part of
an automated storage and retrieval system (ASRS) consist-
ing of a variety of computer-controlled systems for auto-
matically placing and retrieving loads from defined storage
locations. Retrieval of items is accomplished by specifying
the farming module(s) 106 to be retrieved at a pre-deter-
mined time. The CPU determines where in the growth racks
104 the farming module 106 can be retrieved from and
schedules the retrieval. The machine 108 take loads into and
out of the storage area and move them to the manufacturing
floor or loading docks. To store items, the pallet or tray is
placed at an input station for the system, the information for
inventory is entered into a computer terminal and the ASRS
system moves the load to the storage area, determines a
suitable location for the item, and stores the load. As items
are stored into or retrieved from the racks, the computer
updates its inventory accordingly.

[0075] The ASRS could be in the form of fixed aisle or
vertical lift modules (VLM).
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[0076] A machine 108 in a fixed-aisle ASRS can be
single-masted or double-masted and supported on a track
and ceiling guided at the top by guide rails or channels to
ensure accurate vertical alignment. In various embodiments,
the machine could be suspended from the ceiling. The
machine 108 travels between fixed storage shelves to deposit
or retrieve the farming modules 106. The machine moves
horizontally within an aisle and are able to elevate up to the
necessary height to reach the farming modules 106 located
at several positions deep in the shelving.

[0077] VLMs can be built quite high to match the avail-
able overhead space in a facility. Multiple units can be
places in ‘pods’ whereby an operator can retrieve items from
one unit while the other units are moving.

[0078] The VLM is a board controlled automated vertical
lift module. Inventory within the VLM is stored on front and
rear tray locations or rails. When a tray is requested, either
by entering a tray number in the built in control pad or by
requesting a part through software, an extractor travels
vertically between the two columns of trays and pulls the
requested tray from its location and brings it to an access
point. The operator then picks or replenishes stock and the
tray is returned to its home upon confirmation. The VLM
systems could be customized to fully utilize the height of the
indoor. With the capability of multiple access openings on
different floors, the VLM system is able to provide an
innovative storage and retrieval solution. The rapid move-
ment of the extractor as well as inventory management
software can dramatically increase the efficiency of the
picking process.

[0079] In some embodiments, the building or enclosure
102 is equipped with a plurality of sensors arranged in signal
communication with the CPU. Non-exhaustive examples of
such sensors may include carbon dioxide sensors, light
sensors, thermometers and image capturing devices.
[0080] As shown in FIG. 16 and FIG. 14, there is a farm
operating management system (FOMS) comprising of the
CPU that is in signal/data communication with the plurality
of sensors such as carbon dioxide sensors, light sensors,
thermometers and image capturing devices. Based on the
feedback information from the different sensors, the FOMS
enables control of environmental factors that influence the
growth of the vegetables including light intensity and
colours, temperature, humidity and carbon dioxide levels. In
various embodiments, the sensors are distributed spatially
across the building 102 forming a network, allowing spatial
variations in environment parameters or conditions be cap-
tured and monitored. Following which, FOMS may then
control environmental parameters spatially to cater to dif-
ferent plant varieties that are growing at different regions of
the building 102.

[0081] Invarious embodiments as shown in FIG. 6 to FIG.
15, FOMS may also enable some form of “Intelligent
Farming” by integrating the value chain or production chain
of vegetable or plant farming or production, allowing farm-
ing to be managed dynamically depending on consumer
demand. In various embodiments as shown in FIG. 7, FOMS
may interface or communicate with a platform for consum-
ers or customers to place order for a plant or vegetable in
advance. The consumer may provide order information such
as, but not limited to, the type of plant, the quantity required
and delivery date. Thereafter, FOMS is operable to process
the order information and verify with at least one inventory
stored in a database if sufficient farming resources (for e.g.
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the number of farming trays 404 and raw materials required)
are available to fulfil the order.

[0082] Subsequently, FOMS may allocate and reserve
farming resources by generating a work order and initiate
farming on a pre-determined day so that the plant may be
harvested at or near the delivery date. In various embodi-
ments, FOMS may update the at least one inventory in the
database once farming resources are allocated to prevent
over-subscribing of farming resources. In various embodi-
ments, the pre-determined day to initiate farming for an
order may be calculated based on at least the delivery date
and growth cycle of the type of plant ordered. In various
embodiments, the pre-determined day may also factor in the
time taken for delivering the plant to the consumer. Once the
farming or production process is completed, the plant or
vegetable may be harvest at or near the delivery date and
subsequently packaged and delivered to the consumer.
Advantageously, it at least allows the farm to manage
seasonal fluctuations in demand for plants while at the same
time ensuring the quality of the delivery while maintaining
a low cost.

[0083] In various embodiments, FOMS may utilize arti-
ficial intelligence to analyse historical order information
from consumers for predicting future demand for plants.
Advantageously, it at least enables raw materials such as
seeds, nutrients and foams to be procured in anticipation of
seasonal changes so that the probability of rejecting an order
due to insufficient farming resources is reduced.

[0084] FOMS may function as a holistic platform that
fully integrates the entire value or production chain of
farming, from order taking to delivery. FOMS may be in
charge of plant capacity management by updating at least
one inventory in the database for allocating of farming
resources. In various embodiments, a user interface, which
may be in the form of a dashboard, may be provided to allow
an operator visualize and monitor important parameters in
the entire value chain of farming so that abnormalities may
be rectified quickly. These parameters may include, but not
limited to, raw materials inventory, order information from
consumers, information from the network of sensors and
delivery statuses.

[0085] In various embodiments, FOMS may also be pro-
grammed to detect for abnormalities and issue an alert to the
operator. In various embodiments, FOMS may provide the
operator with a corrective measure to rectify the abnormali-
ties. For example, when there is a surge in demand for a
particular type of plants which is depleting raw materials for
growing that particular type of plant, such as tomatoes, the
FOMS may issue an alert to the operator and recommend a
corrective action such as “Please purchase more Tomato
seeds”. In various embodiments as shown in FIG. 11, FOMS
may also integrate with suppliers for raw materials so that
procurement of raw materials may be automated and man-
aged dynamically according to consumer demand. For
example when there is a surge in demand for tomatoes, the
FOMS may automatically place order with the relevant
suppliers for tomato seeds and the growth medium and
nutrients suitable for growing tomatoes.

[0086] The present invention will now be described in
greater technical detail relating to the process of operating
the vertical farming system 100 for growing a plant. In
various embodiments, there is an indoor vertical farming
process 500 for growing plants. The vertical farming process
500 comprises the initial stage of germination 502 which

Dec. 19, 2019

involves the preparation of growth mediums and adding
water and/or nutrients to the growth medium. Following
which, a seeding machine sows seeds into the mediums and
the seeds are soaked without lighting and nutrients. In this
case, the seeds may sprout after a pre-determined number of
days. The next stage is the seedling stage 504 in which the
growth mediums together with the sprouted seeds are trans-
ferred into farming trays 404 which contain further nutri-
ents. The farming trays 404 are subsequently mounted on the
farming modules 106. The farming modules 106 containing
the farming trays 404 with the sprouted seeds are then
transported by the machines 108 to the 3D array of growth
racks 104 for storage in which the sprouts are illuminated
with LED lightings 406 for further growth into seedlings.
The farming modules 106 may then be retrieved after a
pre-determined number of days via the machines 108 for the
next stage.

[0087] The next stage following the seedling stage may be
the growth stage 506 in which the seedlings are transferred
to growth farming trays 404 in which water and nutrients are
added again. The automated retrieval system re-transports
the farming modules 106 loaded with the growth farming
trays 404 into the growth racks 104. The seedlings are
further illuminated with LED lightings 406 that are installed
on the farming modules 106 for further growth. After a
pre-determined number of days, the vegetables that grow in
the growth trays are ready for harvesting.

[0088] The next stage is the harvesting and packing stage
508 in which the automated retrieval system transports the
farming trays 404 to the harvesting area via the machines
108 and the vegetables are checked for quality and the
healthiest are selected, weighed and transported to the
packing area. The packing machine then collects the veg-
etables before storing them in a cold room. The last stage is
the delivery stage 510 in which the packed vegetables are
loaded into trucks and delivered to retailers.

[0089] In various embodiments and as described above,
the vertical farming process 500 may integrate upstream and
is triggered when an order for a plant or vegetable is
received from consumers via an order platform in commu-
nication with FOMS. In various embodiments, the vertical
farming process 500 may integrate downstream taking into
account the preference of the retailers or end consumers. For
example, the harvesting process may be planned to take
place near to the preferred delivery time of the retailers,
ensuring that quality or freshness of the delivered plants or
vegetables. In various embodiments as shown in FIG. 14,
FOMS may also keep track of each delivery order and alert
the operator if any delivery is delayed or is unsuccessful.
Thereafter, the operator may rectify the unsuccessful deliv-
ery accordingly, either with or without suggestions provided
by FOMS. In various embodiments, FOMS may also update
the inventory as soon as the delivery is signed off and
successful.

[0090] It should be further appreciated by the person
skilled in the art that variations and combinations of features
described above, not being alternatives or substitutes, may
be combined to form yet further embodiments falling within
the intended scope of the invention. In particular,

[0091] Automation may be adopted in other production
stages, leveraging the appropriate machineries for sow-
ing of seeds, harvesting with a robotic arm, and packing
of vegetables.
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[0092] The vertical farm may be configured to grow a
large variety of vegetables or plants, including but not
limited to Pakchoy, Naibai, Chyesim, Romaine Let-
tuce, Butterhead Lettuce, Swiss Chard, Kale, Arugula,
Basil, Cherry Tomatoes, Strawberry, rice (padi) and
Japanese Cucumbers.

[0093] In various embodiments as shown in FIG. 18,
farming resources (such as raw materials, growth racks,
farming trays, farming modules) may be allocated for
research and development (R&D). A research project
may be initiated via FOMS which will verify if suffi-
cient farming resources are available for the research
project by checking with at least one inventory in the
database. Thereafter, the research project may be
executed and the progress may be automatically moni-
tored by FOMS and the research results may be
recorded in FOMS. In various embodiments, FOMS
may be programmed to self-learn from the R&D results
and continuously update the most optimal growth
recipe for each plant variety for use in the next farming
or production cycle.

1. A system for indoor farming comprising:

at least one growth rack, the at least one growth rack
comprises a plurality of cells;

a plurality of farming modules, each farming module
configured to be stored in a cell, each farming module
configured to grow at least one type of plant;

a machine arranged to move each of the plurality of
farming modules in/from each of the corresponding
cell;

wherein each of the plurality of farming module com-
prises one or more self-contained nutrient tray portion
specific to the type of plant, and wherein each farming
module is independent with respect to other farming
modules.

2. The system for indoor farming of claim 1, wherein the

growth rack is a warehouse rack.

3. The system for indoor farming of claim 1 further
comprising an automated retrieval system, wherein the auto-
mated retrieval system is a storage and retrieval machine
operable to travel along an aisle between two growth racks.

4. The system for indoor farming of claim 3, the system
further comprising a sorting transport vehicle loop for
serving as a loading and unloading bay for the cell.

5. The system for indoor farming of claim 4, wherein the
sorting transport vehicle loop receives each farming module
and transports it to the automated retrieval mechanism.

6. The system for indoor farming of claim 3, wherein the
machine is capable of moving each farming module com-
ponent along a longitudinal and lateral direction.

7. The system for indoor farming of claim 1, wherein the
growth racks are installed with LED lighting having a
pre-determined distance from the nutrient tray.
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8. The system for indoor farming of claim 7 wherein the
distance between the LED lighting and the nutrient tray is
adjustable.

9. The system for indoor farming of claim 1, wherein the
nutrient tray is suitable for hydroponic-based farming.

10. The system for indoor farming of claim 1, wherein the
nutrient tray comprises a growth medium held in place
within the tray through holes of a planting board.

11. The system for indoor farming of claim 1, wherein
each of the plurality of farming module is divided into one
or more distinct regions, each region being suitable for a
different stage of plant growth.

12. The system for indoor farming of claim 1, wherein the
in-use vertical distance between each storage module from
another is adjustable.

13. The system for indoor farming of claim 1, wherein one
or more nutrient trays are enclosed in a frame to be retrieved
together by the machine.

14. The system for indoor farming of claim 1, further
comprising an automated retrieval system for arranging the
one or more cells on the growth rack in accordance with
timing of placing the cell on the growth rack.

15. The system for indoor farming of claim 1, wherein the
machine moves the cell from the growth rack based on the
time the cell is placed on the growth rack.

16. The system for indoor farming of claim 1, wherein the
system further comprises a growth area, and wherein the
system further comprises a hall having a plurality of floor
levels for the processing and/or growth of the plant growing
in the one or more self-contained nutrient tray, wherein the
hall is positioned adjacent to the growth area.

17. A process for indoor farming, comprising the steps of

sowing and sprouting a seed in a farming tray of a first

farming module, wherein the first farming module
comprises one or more farming trays;

storing the farming tray of the first farming module in a

cell of a first growth rack;

retrieving the farming tray of the first farming module

from the first growth rack;

transplanting a seedling from the sprouted seed to a

farming tray of a second farming module, wherein the
second farming module comprises one or more farming
trays; and
storing the farming tray of the second farming module in
a cell of a second growth rack,

wherein the process includes filling each of the farming
tray with liquid nutrient specific to the growth of a type
of plant, and wherein each farming module is indepen-
dent with respect to other farming modules.
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