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[Document Name] Description
[Title of Invention] LIGHTING SYSTEM FOR PLANT CULT
[Technical Field]

[0001]

The present invention relates to a lighting system
plant cultivation that is used in a plant cultivati
for cultivating plants using artificial light sourc
[Background Art]

[0002]

Plant cultivation using artificial light sources i
generally performedinaflowinwhich seeds arefi
germination (seeding period), seedlings are then gr
(seedling growth period), grown seedlings are plant
medium (planting period), and plants grown to an ap
size are harvested (harvest period).

[0003]

Photosynthesis of plants progresses in accordance
a cycle of a light reaction that requires light ene
darkreactionthatdoesnotrequirelightenergy,a
in Patent Literature 1. According to past research
saidthatthe cycle ofthe lightreactionand dark
about200to400usecperiod(seeNon-PatentLitera
may therefore be possible to significantly save the
consumptionbycontrollingexposureofplantstoli
the above-described period so that the plants are e
lightonlyduringthelightreactionandarenotex
duringthedarkreaction. Forexample,settingthe
ofexposuretolightat50% allows the power consum
half as compared with the case of continuous exposu
[Prior Art Literature]

[Patent Literature]
[0004]
[Patent Literature 1] JP64-020034A
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[Non-Patent Literature]
[0005]

[Non-Patent Literature 1] “Effect of Pulse Light o

Photosynthesis Rate of Plants,” Plant Factory Labor

(online, searched on March 20, 2015), Internet <URL

http://www.sasrc.jp/pulse.htm >

[Summary of the Invention]
[Problems to be solved by the Invention]

[0006]

Thus, efficientcultivationofplantsbylighting
realized to suppress the power consumption in the p
period using a lighting system in which the light s
controlledtoachievealightanddarkperiodcorre
the cycle of photosynthesis. In the seeding period
seedling growth period, however, a spindly growth p
may occurdependingonthetypeofplantsifthepl
exposedtocontinuouslight. Itmaythereforeben
tousealightingsystemthatintermittentlyexpose
tolightastheabove, whichmay be problematic. M
somecases,suchasduringtheharvestperiod,work
the cultivationroomtoworkthere, butthismay po
to deconditioning of the workers due to the work in
flickering light.

[0007]

The presentinvention has been made in considerati
theabove and anobjectofthe presentinventionis
alightingsystemforplantcultivationthatcanap
controltheexposedstatetolighttomatchvarious
such as growth situations and cultivation environme
plants and cultivated varieties.

[Means for solving the Problems]
[0008]
Toachievetheaboveobject,first,thepresentin
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providesalightingsystemforplantcultivationco

be capable of switching between an intermittent lig
andacontinuouslightingmode, theintermittentli
beingamodeinwhichalightsourceemitslightwi
cyclecomprisingalightperiod ofturningonthel

for a predetermined time period and a dark period o
off the light source for a predetermined time perio
continuouslightingmodebeingamodeinwhichthe
continuously emits light (Invention 1).

[0009]

According to the above invention (Invention 1), wh
exposure to lightinalightand dark period corres
the cycle of photosynthesisis required, the light
be controlled to be in the intermittent lighting mo
when the intermittent lighting mode is disadvantage
lightsourcecanbecontrolledtobeinthecontinu
mode. It is therefore possible to appropriately co
exposed state to light to match various conditions,
growth situations and cultivation environmentsfor
cultivated varieties.

[0010]

In the above invention (Invention 1), the switchin
between the intermittent lighting mode and the cont
lighting mode may preferably be capable of being sc
accordance with the variety of a plant to be cultiv
(Invention 2).

[0011]

According to the above invention (Invention 2), th
efficiencyinplantcultivationandpowersavingca
because the switching at each time is not necessary
preliminarily  scheduling the switching between
intermittentlightingmodeandthecontinuouslight
accordance with the variety of a plant to be cultiv
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[0012]
Second,thepresentinventionprovidesalighting
forplantcultivationcomprising:alightsource;a
driving unit that drives the light source; and aco
thattransmitsapulsesignaltothelightsourced
thecontrolunitcomprising:afirstpulsegenerati
generates a first pulse signal of a predetermined f
a second pulse generating unit that generates a sec
signal of a frequency different from the predetermi
frequency; and a pulse signal selecting unitthat s
one of the first pulse signal and the second pulse
transmittheselectedonetothelightsourcedrivi
lightsource driving unitcomprising: afrequencyd
unitthatdetermineswhetherthefrequencyofthep
received from the control unit is the frequency of
pulsesignalorthefrequencyofthesecondpulses
driving unitthat, whenreceiving the first pulse s
thecontrolunit,convertsthefirstpulsesignalt
currentoutputtodrivethelightsource;andasec
unit that, when receiving the second pulse signal f
control unit, outputs a pulse with an original puls
ofthesecondpulsesignaltodrivethelightsourc
3).
[0013]
Accordingtotheaboveinvention(Invention3),wh
exposure to lightinalightand dark period corres
the cycle of photosynthesis is required, the pulse
selecting unit may select the second pulse signal,
generated in the second pulse generating unit of th
unit,andtransmitthe second pulse signaltothel
driving unit, and the second driving unit may drive
source, which can thereby be controlled to be in th
intermittent lighting mode. When the intermittent
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mode is disadvantageous, the pulse signal selecting
selectthefirstpulse signal, whichisgeneratedi

pulse generating unit of the control unit, and tran

first pulse signal to the light source driving unit
firstdrivingunitmaydrivethelightsource,whic

be controlled to be in the continuous lighting mode
therefore possible to appropriately controlthe exp
tolighttomatchvariousconditions,suchasgrowt

and cultivation environments for plants and cultiva
varieties.

[0014]

Intheaboveinvention(Invention3),thelighting
forplantcultivationmayfurthercompriseadatas
that can store control data for controlling the pul
selecting unitinaccordance withthe variety ofa
cultivated, and the control unit may preferably con
operation of the pulse signal selecting unit on the
thecontroldatastoredinthedatastorageunit(l

[0015]

According to the above invention (Invention 4), th
efficiencyinplantcultivationandpowersavingca
because the switching at each time is not necessary
preliminarily  scheduling the switching between the
intermittentlightingmodeandthecontinuouslight
accordance with the variety of a plant to be cultiv
storingthe schedule ascontroldatainthe datast

[0016]

In the above invention (Invention 3, 4), the light
systemforplantcultivationmayfurthercomprisea
exitinformationnotifyingunitthatnotifiesthec
ofentryinformationinaccordance withentry ofa
a cultivation area and notifies the control unit of

information in accordance with exit of a person fro
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cultivation area and, during a period from when the entry and
exit information notifying unit notifies the contro | unit of
the entry information to when the entry and exit in formation
notifyingunitnotifiesthecontrolunitoftheexi tinformation,
thecontrolunitmaypreferablymakethepulsesign alselecting

unit select the first pulse signal (Invention 5).
[0017]
According to the above invention (Invention 5), wh ena

person enters the cultivation area, the mode can be

automatically switched to the continuous lighting m ode
regardless of the schedule and it is thus possible to prevent
deconditioning of the person due to work in the fli ckering
light.

[Advantageous Effect of the Invention]

[0018]

The lighting system for plant cultivation accordin gto
the present invention can appropriately control the exposed
state to light to match various conditions, such as growth
situations and cultivation environments for plants and

cultivated varieties.

[Brief Description of Drawings]

[0019]

[FIG. 1]FIG. 1is an explanatory view illustratin gthe
overall configuration of a lighting system for plan t
cultivation according to an embodiment of the prese nt
invention.

[FIG. 2] FIG. 2is an explanatory view illustratin gthe
configuration of a controller according to the embo diment.

[FIG. 3]FIG. 3is an explanatory view illustratin gthe
configuration of an LED driver according to the emb odiment.

[FIG. 4] FIG. 4 is an explanatory view illustratin ga
situation of constant current output based onthe w aveform of

a first pulse signal and the first pulse signal acc ording to
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the embodiment.

[FIG. 5] FIG. 5 is an explanatory view illustratin
situationofpulseoutputbasedonthewaveformof
signalandthesecondpulsesignalaccordingtothe

[FIG.6]FIG.6isasetofexplanatoryviewsillu
examplesofschedulesinwhichplantsare cultivate
lighting system for plant cultivation according to
embodiment.

[Embodiments for Carrying out the Invention]

[0020]

Hereinafter, one or more embodiments of the presen

invention will be described in detail with referenc

drawings. FIG. 1 is an explanatory view illustrati

overall configuration of a lighting system for plan

cultivation 9 according to an embodiment of the pre

invention. Thelightingsystemforplantcultivati

configuredtoincludeacontrollerl,apluralityo

2 (six LED drivers 2 in the present embodiment) tha

connectedtothecontroller1,apluralityofLEDa

LED arrays 3 inthe presentembodiment) that are co
respective LED drivers 2, and a computer 4 and a hu
5thatare connectedtothe controller1. Theligh
forplantcultivation9maybeusedinaplantcult

(not illustrated) in a plant factory in which plant
desired leaf vegetables are cultivated by exposure
In the present embodiment, all of the LED drivers 2
thesameconfigurationandalloftheLEDarrays3

the same configuration. The numbers of the LED dri
LED arrays 3 connected to the controller 1 (one con
are eachsixinthe presentembodiment, butare not
this and may be appropriately changed in accordance
locationoftheplantcultivationfactory,thesize

cultivation area, the number of necessary light sou
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other factors.

[0021]

The controller 1 may generate pulse signals that a re
necessaryforthe LED drivers2todriverespective LEDarrays
3, and transmit the pulse signals to the LED driver s 2. As
illustrated in FIG. 2, the controller 1 may be conf igured to
include a first pulse generating circuit 11 that ge nerates a
first pulse signal, a second pulse generating circu it 12 that
generates a second pulse signal, a pulse signal sel ector 13
through which the first pulse signal is transmitted from the
first pulse generating circuit 11 and the second pu Ise signal
is transmitted from the second pulse generating cir cuitl2,a
controlcircuit14thatcontrolsthe pulsesignals electorl13,
anoperationpanel15foroperatingthecontrolcir cuitl4,and
aschedulesettingtablel6thatsetsaschedulefo rcontrolling

the pulse signal selector 13.

[0022]

The first pulse generating circuit 11 may be a cir cuit
thatgeneratesafirstpulsesignal S 10fafrequencyoflkHz,
and can freely vary a duty ratio of the first pulse signalS 1.
The generated first pulse signal S 1 may be transmitted to the
pulsesignalselectorl3viaatransmissionpath. Aknownpulse
generatingcircuitcanbeemployedasthefirstpul segenerating
circuit 11.

[0023]

The second pulse generating circuit 12 may be aci rcuit
that generates a second pulse signal S o of afrequency of 2.5
kHz, and the duty ratio of the second pulse signal S; may be
afixed value that is determined within a range of 30% to 50%
in accordance with the type of plants. The generat ed second

pulsesignalS 2maybetransmittedtothe pulsesignalselector
13viaatransmission path. Aknown pulse generati ng circuit
can be employed as the second pulse generating circ uit 12.
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[0024]
ThefrequenciesofthefirstpulsesignalS iandthesecond
pulse signal S o are not limited to the above and other

frequencies can also be employed, provided that at leastthey
are different frequencies from each other. The fre qguency of
the first pulse signal S 1 may preferably be set around 1 kHz
whichisused,forexample,insignalline-typedim mingcontrol
ofacommonly-usedlightingapparatus. Suchafreq uencyallows
the light sources to be appropriately controlled. The
frequency ofthe second pulse signal S 2may preferably be set,

for example, within a range of 2 to 5 kHz because i tis said
thatthecycleofthelightreactionanddarkreact ioninplants
isabout200to400pusecperiod. Sucharangeallo wsthelight
sources to be appropriately controlled.

[0025]

The pulse signal selector 13, whichis connected t othe
first pulse generating circuit 11 and the second pu Ise
generating circuit 12 viatransmission paths, mayr eceivethe
first pulse signal S 1 from the first pulse generating circuit
11 and the second pulse signal S 2 from the second pulse
generatingcircuitl2. Thepulsesignalselectorl 3mayselect
any one ofthereceivedfirstpulse signal S 1and second pulse
signal S, and transmit the selected first pulse signal S 1 0r
second pulse signal S > to each of the LED drivers 2 via a
transmissionpath. Inthepresentembodiment,the pulsesignal
maybetransmittedtothesixLEDdrivers2viasix transmission
paths.

[0026]

A circuit having a switcher configuration of a
commonly-useddigital ORcircuit,forexample,can beemployed
asthepulsesignalselector 13, butthe pulse sign alselector
13is not limited to this. It suffices thatthe pu Ise signal

selector 13 can selectively transmit a pulse signal received
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from any of two pulse generating circuits to the LE D drivers
2 via transmission paths.

[0027]

Thecontrolcircuitl4istocontroltheoperation ofthe
pulsesignalselectorl3andmayspecificallycomma ndthepulse
signal selector 13 to select any of the first pulse signal S
and the second pulse signal S 2 to be transmitted to the LED
drivers 2. The operation panel 15 for operating th e control
circuit 14, and the schedule setting table 16 which sets the
schedule for controlling the pulse signal selector 13, maybe
connected to the control circuit 14. The computer 4 and the
humansensor5mayalsobe connectedtothecontrol circuit14.
Thecomputer4canstorecontroldataforcontrolli ngthepulse
signalselector13inaccordancewiththevariety o fplantsto
be cultivated. The human sensor 5 may be provided in the

vicinityofanentrance(notillustrated)throughw

can enter the plant cultivation areain the plant f actory. A
known control circuit, suchasusingaCPU, canbe employedas
the control circuit 14.

[0028]

By employing the controller 1 as described above, itis
possibletogeneratetwopulsesignalsS 1andS havingdifferent
frequencies and selectively transmitany one ofthe generated
first pulse signal S 1 and second pulse signal S 2 to the LED
drivers2. Thecontrollerlcanspecifyanyofthe firstpulse
signalS jiandthesecondpulsesignal S 2tobeselectedviathe
operationpanel1l5ateachtime. Thecontrollerl canalsouse
the schedule setting table 16 to preliminarily set aschedule
as to which of the first pulse signal S 1 and the second pulse
signal S, is to be selected at which timing.

[0029]

The LEDdrivers2 may outputcurrentfordrivingt he LED
arrays 3 tothe LED arrays 3 on the basis of the pu Ise signal

hichaperson
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transmitted from the controller 1. Asillustrated inFIG. 3,
eachLEDdriver2maybeconfiguredtoincludeapu Isefrequency
determining circuit 21 that determines whether the frequency
of the pulse signal transmitted from the controller listhe
frequency ofthefirstpulse signal S 1 orthe frequency ofthe

second pulse signal S 2, a drive circuit selector 22 that

transmits the pulse signal, which is transmitted fr om the
controller 1, to a pulse signal constant current co nversion
driver 23 when the pulse signal is the first pulse signal S
andtransmitsthe pulsesignaltoapulsesignalam plification
driver 24 whenthe pulse signalis the second pulse signalS »,
the pulse signal constant current conversion driver 23 which
convertsthefirstpulsesignalS 1toaconstantcurrentoutput
andoutputsittothecorrespondingLEDarray3,th epulsesignal
amplificationdriver24whichoutputspulseswitht heoriginal
pulsewaveformofthesecondpulsesignalS stothecorresponding

LED array 3,and alevel comparator 25 thatadjusts the height

of the pulse signal in the pulse signal amplificati on driver
24.

[0030]

The pulse signal constant current conversion drive r23
ofthe LED driver 2 may correspondto afirstdrivi ng unitfor
driving the LED array 3 in a continuous lighting mo de on the
basis of the first pulse signal S 1 transmitted from the
controller1. Thecontinuouslightingmodeisamo deinwhich
the LED array 3 continuously emits light. The puls e signal
amplification driver 24 and level comparator 25 of the LED
driver 2 may correspond to a second driving unit fo r driving
the LED array 3 in an intermittent lighting mode on the basis
of the second pulse signal S 2 transmitted from the controller
1. Theintermittent lighting mode is a mode in whi chthe LED
array 3 emits light with a lighting cycle comprisin g alight

period of turning on the LED array 3 for a predeter mined time
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period and a dark period of turning off the LED arr ay 3fora
predetermined time period.

[0031]

Thepulsefrequencydeterminingcircuit2lmaydet ermine
whetherthefrequencyofthe pulse signaltransmitt edfromthe
controller 1 is the frequency of the first pulse si gnalS ;or
the frequency of the second pulse signal S 2 and transmit the
determinationresulttothedrivecircuitselector 22. Aknown
frequency determining circuit can be employed as th e pulse

frequency determining circuit 21.
[0032]

When the pulse signal transmitted from the pulse

frequencydeterminingcircuit21isthefirstpulse signalS 1,
the drive circuit selector 22 may transmit the firs t pulse
signalS ;tothepulsesignalconstantcurrentconversiondr iver
23viaatransmissionpath. Whenthe pulsesignal transmitted
from the pulse frequency determining circuit 21 is the second

pulsesignal S 2,thedrivecircuitselector22maytransmitthe

secondpulsesignalS otothepulsesignalamplificationdriver

24 via a transmission path. Whether the pulse sign al
transmittedfromthe pulsefrequencydeterminingci rcuit21is
the first pulse signal S 1 orthe second pulse signal S 2 may be
determinedonthebasisofthedeterminationresult transmitted

from the pulse frequency determining circuit 21.

[0033]

A circuit having a configuration of a commonly-use d
analog switch OR circuit, for example, can be emplo yed asthe
drive circuit selector 22, but the drive circuit se lector 22
Is not limited to this. It suffices that the drive circuit
selector22canselectanyofthepulsesignalcons tantcurrent
conversiondriver23andthepulsesignalamplifica tiondriver
24 as a destination on the basis of the determinati on result

transmittedfromthepulsefrequencydeterminingci rcuit2land



10

15

20

25

30

13

transmitthe pulsesignaltransmittedfromthepuls
determining circuit 21 to the selected destination
transmission path.

[0034]

The pulse signal constant current conversion drive
mayconvertthefirstpulsesignalS
thedrivecircuitselector22,toaconstantcurren
outputittotheLEDarray3. Whenthepulsesigna
to a constant current, the duty ratio of the pulse
in proportion to the constant current output, as il
inFIG. 4. Forexample, whenthefirst pulse signa
apulsewaveformofdutyratioof30%istransmitte
signal constant current conversion driver 23, the ¢
current outputis three fifths of the constant curr
obtainedwhenthefirstpulsesignalS
ofdutyratioof50%istransmittedtothepulsesi
currentconversiondriver23. Thus,byemployings
signal constant current conversiondriver 23, the L
can be driven in the continuous lighting mode with
function.

[0035]

Acommonly-usedcircuitforan LED dimmingscheme
employedasthepulsesignalconstantcurrentconve
23. Forexample,suchacircuitmaycompriseadut
circuit, a current adjusting circuit, and a constan
circuit. Whenapulsesignalisinputtothe duty
circuit, its determination value may be input as an
signal to the current adjusting circuitto drive th
current circuit. However, the pulse signal constan
conversiondriver 23isnotlimitedtothe above.
thatthepulsesignalconstantcurrentconversiond
convert the first pulse signal S
thedrivecircuitselector22,toaconstantcurren

efrequency

via a

r23

1, whichistransmittedfrom

toutputand

lisconverted

signal is
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IS 1having
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entoutput
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gnalconstant
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output it to the LED array 3.
[0036]

The pulse signal amplification driver 24 may outpu

pulses with the original pulse waveform of the seco
signalS ,,whichistransmittedfromthedrivecircuitselec
22 totheLEDarray3. Whenthesecondpulsesign
aspulseswiththeoriginalpulsewaveform,the LED

be driven in the intermittent lighting mode in whic

array 3 emits light so that the lighting and extinc
repeatedwithaperiodofthatpulsewaveform. In

when the second pulse signal S
original pulse waveform, the output current may inc
decrease in accordance with the height of the pulse
(pulse wave height), asillustrated in FIG. 5. For
whentheLEDarray3isrequiredtobedriveninth
lightingmodewiththelightpowertwicethelight

case of transmitting the second pulse signal S

waveform of a pulse wave height of h to the pulse s
amplification driver 24, the level comparator 25 ma

to adjust the height of the pulse waveform so that

wave height is twice the pulse wave height h, that

[0037]

A circuit having an appropriate configuration, suc
acurrentamplifier circuit using one or more trans
amplification,forexample,canbeemployedasthe
amplification driver 24. A threshold determining c
usingananalogcomparator,oracircuithavingan
configuration, such as an AD convertor, for example
employedasthelevelcomparator25. However,the
amplification driver 24 and the level comparator 25
limited to the above. It suffices that the pulse s
amplification driver 24 and/or the level comparator
output pulses with the original pulse waveform of t

nd pulse
tor
alS sisoutput
array3can
hthe LED
tion are

anembodiment,

2 IS output as pulses with the

rease or
waveform
example,
eintermittent
powerinthe
2havingapulse
ignal
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the pulse
is, 2h.

has
istors for
pulsesignal
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, can be
pulsesignal
are not
ignal
25 can
he second
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pulse signal S
selector 22, tothe LED array 3. Inan embodiment,
signalamplification driver 24 and/or the levelcom

may preferably be able to adjust the pulse wave hei
second pulse signal S 2.

[0038]

EachLEDarray3maybealightsourceinwhicha
of LEDsisarranged onasubstrate orhousingorin
TheLEDsmaybeconnectedinseriesorinparallel.
and arrangement of the LEDs can be arbitrarily dete
accordancewiththelocationofthe plantcultivati
thesizeofthe plantcultivationarea, necessary|
and other factors.

[0039]

The computer 4 may function as a data storage unit
preliminarily stores control data for controlling t
signalselector13inaccordancewiththevariety o
be cultivatedintheplantcultivationarea. Thec
may be prepared, for example, for each variety of t
tobecultivated,suchaslettuce,butterlettuce,
Japanesekomatsuna,andmaybeusedtocontrolthe
selector13sothatanoptimizedlightingstatecan
with consideration for growth situations and cultiv
environmentsforplants. Thecontroldatamayber
controlcircuit14fromthe computer4asnecessary
the
intermittentlightingmodeandthecontinuouslight

preliminarily  scheduling switching  between
accordance with the variety of plants to be cultiva
storing the schedule as control data in the compute
efficiencyinplantcultivationandpowersavingca

because the operation panel 15 may nothavetobeu
timetospecifyanyofthefirstpulse signal S

pulse signal S 2 to be selected.

2, which is transmitted from the drive circuit

the pulse
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[0040]

The human sensor 5 may be providedin the vicinity
entrance(notillustrated)throughwhichapersonc
plant cultivation area in the plant factory. When
enters the area through the entrance, the human sen
detect the entry of the person. When detecting the
aperson,thehumansensor5maytransmitanotific
tothecontrolcircuitl4. Thenotificationsignal
the control circuit 14 of entry information. When
exits the area through the entrance, the human sens
detecttheexitofthepersonandtransmitanotifi
tothecontrolcircuitl4. Thenotificationsignal
the control circuit 14 of exit information.

[0041]

An operation process of the lighting system for pl
cultivation 9 will then be described. When the LED
arerequiredtobedriveninthe continuouslightin
operation panel 15 may be used to make the control
commandthe pulse signal selector 13toselectthe
signalS jandtransmitittothe LEDdrivers2. Whenthe pu
signal selector 13 selects the first pulse signal S
transmits it to the LED drivers 2, the first pulse
may be input to the pulse frequency determining cir
the LED driver 2. The pulse frequency determining
may confirmthatthe frequencyofthe pulse signal
fromthecontrollerlislkHzanddeterminethatt
signalisthefirstpulsesignal S
Is transmitted to the drive circuit selector 22.

[0042]

Thedrivecircuitselector22maytransmitthefir
signal S
determining circuit 21, to the pulse signal constan

conversiondriver23viaatransmissionpath. The

1, Which is transmitted from the pulse frequency

ofan
anenterthe
a person
sor 5 can
entry of
ationsignal
istonotify
a person
or 5 can
cationsignal

istonotify

ant
arrays 3
gmode, the
circuit 14
firstpulse
Ise
1 and
signal S
cuit 21 of
circuit21
transmitted

heinputpulse

1. Thedeterminationresult

stpulse

tcurrent

pulsesignal
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constant current conversion driver 23 may convert t he first

pulse signal S 1, Which is transmitted from the drive circuit

selector22,toaconstantcurrentoutputand outpu tittothe
LED array 3. Thus, the LED arrays 3 can be driven in the
continuous lighting mode.

[0043]

When the LED array 3 are required to be driven in the
intermittentlightingmode, theoperationpanel 15 maybeused
tomakethecontrolcircuitl4commandthepulsesi gnalselector
13toselectthe second pulse signal S s andtransmitittothe
LED drivers 2. Whenthe pulse signal selector 13 s electsthe
second pulse signal S 2 and transmits it to the LED drivers 2,
the second pulse signal S 2 may beinputtothe pulse frequency
determiningcircuit21loftheLEDdriver2. Thepu Isefrequency
determining circuit 21 may confirm that the frequen cy of the
pulse signal transmitted from the controller 1is 2 .5kHzand
determinethattheinputpulsesignalisthesecond pulsesignal
S,;. The determination result is transmitted to the d rive

circuit selector 22.

[0044]

The drive circuit selector 22 may transmit the sec ond
pulsesignal S 2, Whichistransmitted fromthe pulse frequency
determining circuit 21, to the pulse signal amplifi cation
driver 24 via a transmission path. The pulse signa I

amplification driver 24 may output pulses with the original
pulse waveform of the second pulse signal S 2, Which is

transmittedfromthedrivecircuitselector22,to theLEDarray
3. In this manner, the LED arrays 3 can be driven in the

intermittent lighting mode.

[0045]

Thus, according to the lighting system for plant
cultivation 9 of the presentembodiment, the expose dstateto
light can be appropriately controlled with one conf iguration
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of light sources to match various conditions, such
situations and cultivation environments for plants
cultivated varieties, even without using different
sources in the continuous lighting mode and the int
lighting mode. In particular, when the exposure to
a light and dark period corresponding to the cycle
photosynthesis is required, the pulse signal select
select the second pulse signal S
second pulse generating circuit 12 of the controlle
transmit the second pulse signal S
the pulse signal amplification driver 24 and the le
comparator 25 may drive the LED array 3, which can
controlled to be in the intermittent lighting mode.
intermittentlightingmodeisdisadvantageous,the
selector 13 may select the first pulse signal S
generated in the first pulse generating circuit 11
controller1,andtransmitthefirstpulsesignal S
driver 2, and the pulse signal constant current con
driver 23 may drive the LED array 3, which can ther
controlled to be in the continuous lighting mode.
therefore possible to appropriately controlthe exp
tolighttomatchvariousconditions,suchasgrowt
and cultivation environments for plants and cultiva
varieties. Forexample,the LED arrays3maybeco
be in the continuous lighting mode during the seedi
and seedling growth period while the LED arrays 3 m
controlled to be inthe intermittent lighting mode
planting period and it is thereby possible to achie
lighting which matches the growth situations of pla
[0046]
Moreover, the lighting system for plant cultivatio
according to the present embodiment may have the sc
function using control data and it can thereby be p
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further promote the efficiency in plant cultivation
saving. FIG. 6 illustrates cultivation schedules t
different in accordance with the varieties of plant
cultivatedandexamplesofcontrolofthelighting
matchtheschedules. IntheexampleofFIG.6(a),
3maybecontrolledtobeinthecontinuouslightin
the seedingperiodandthencontrolledtobeinthe
lighting mode during the seedling growth period in
lightpowerisincreasedthantheseedingperiod.
aftertheplanting,themodemaybeswitchedtothe
lighting mode in which the LED arrays 3 are control
ten days pass after the planting, the LED arrays 3
controlledtobeintheintermittentlightingmode
light power is slightly reduced. When twenty days
the planting, the LED arrays 3 may be controlled to
intermittentlightingmodeinwhichthelightpower
reduced again.

[0047]

In the example of FIG. 6(b), the LED arrays 3 may

controlled to be in the continuous lighting mode wi

substantially constant light power during the seedi
andtheseedlinggrowthperiodand,aftertheplant

may be switchedtotheintermittentlightingmodei
LED arrays 3are controlled. Thismay be followed

in which a human work is needed. In this period, t
deconditioningduetotheworkintheflickeringli
arrays3maybecontrolledtobeinthecontinuous
withsubstantially the samelightpowerasthatin
period and the seedling growth period. Subsequentl
twenty days pass after the planting, the LED arrays
controlledtobeintheintermittentlightingmode

light power is slightly reduced. This may be follo
period inwhichahumanworkisneededagain. Int

and power
hat are
S to be
systemwhich
theLEDarrays
gmodeduring
continuous
which the
Subsequently,
intermittent
led. When
may be
inwhichthe
pass after
beinthe
isslightly

be
th
ng period
ing,themode
nwhichthe
by aperiod
o prevent
ght,theLED
lightingmode
theseeding
y, when
3 may be
inwhichthe
wed by a
his period,
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therefore, the LED arrays 3 may be controlled to be
continuous lighting mode again with substantially t
lightpowerasthatintheseedingperiodandthes
period. Suchschedulesandcorrespondingcontroli
forthelightingsystemmaybestoredinthecomput
data,andthecontrolcircuitl4canreadthecontr
IS suitable for the cultivated variety.

[0048]

Furthermore, the lighting system for plant cultiva
9 according to the presentembodiment may be prepar
interruption functionintothe continuouslighting
thehumansensor5. Whenthe human sensor5 detect
ofapersonintotheplantcultivationareainthe
the human sensor 5 may transmit an entry notificati
to the control circuit 14. Receiving the entry not
signal, the control circuit 14 may command the puls
selector 13 to select the first pulse signal S
ittotheLEDdriver2toswitchtheLEDarray3to
lighting mode even when the pulse signal selector 1
selectsthe second pulse signal S
driver 2 and the LED array 3 is controlled to be in
intermittent lighting mode. Thereafter, when a per
completingtheworkintheplantcultivationareae
the human sensor 5 can detect the exit and transmit
notification signal to the control circuit 14. Rec
exit notification signal, the control circuit 14 ma
the pulse signal selector 13 again to selectthe se
signalS ,andtransmitittothe LED driver2toswitchthe
array 3 to the intermittent lighting mode.

[0049]

Such an interruption function into the continuous
lightingmode may be achieved usingothermeanstha

sensor 5. For example, a manually-operable switch
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transmitting a signal to switch between the intermi
lightingmode andthe continuouslightingmode may
inthevicinityoftheentranceintotheplantcult
intheplantfactory. Inadditionoralternatively
may be contrived to transmit a signal to switch bet
intermittentlightingmodeandthecontinuouslight
accordance with the opening and closing of a door a
action of unlocking and locking a key.

[0050]

The lighting system for plant cultivation accordin
the present invention has been described hereinbefo

reference to the drawings, but the present inventio

limited to the above embodiments and various modifi

embodiments can be carried out.

[0051]

For example, the duty ratio of the second pulse si
S,generatedinthesecondpulsegeneratingcircuitl
at30%, butisnotlimitedtothis. Inanembodime
ratio of the second pulse signal S
theratio ofthe light period and the dark period t
inthelightingcycleintheintermittentlighting
the duty ratio of the second pulse signal S
insuchamanner,theexposedstatetolightcanbe
controlled because the light and dark period can be
accordance with the cycle of photosynthesis to matc
conditions, such as growth situations and cultivati
environments for plants and cultivated varieties.

[0052]

Inadditionoralternatively,whentheratioofth
periodandthedarkperiodinthelightingcycleis
emitting output of the light source may also be var
therewith. That is, when the duty ratio of the sec

signalS ;isvaried, the pulse wave height of the second pul

ttent
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Ivationarea
,thesystem
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2 may also be varied along with the duty ratio. Whe

thedutyratioisvaried,theenergyoflighttowh

areexposedperunittimealsovaries. Iftheligh

unittime is unduly high, a so-called tip burn phen

possibly occur. If the light energy per unit time

low, problems may arise, such as poor growth. By v

emitting output of the light source along with the

to be varied, the light energy can be maintained co

[Description of Reference Numerals]

[0053]
9 Lighting system for plant cultivation
1 Controller
11 First pulse generating circuit
12 Second pulse generating circuit
13 Pulse signal selector
14 Control circuit
15 Operation panel
16 Schedule setting table

2 LED driver

21 Pulse frequency determining circuit

22 Drive circuit selector

23 Pulse signal constant current conversion driver
24 Pulse signal amplification driver

25 Level comparator

LED array

Computer

Human sensor

ichtheplants
tenergyper
omenon may
is unduly
arying the
duty ratio

nstant.
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[Document Name] Claims
[Claim 1]

Alightingsystemforplantcultivationconfigured
capableofswitchingbetweenanintermittentlighti
a continuous lighting mode, the intermittent lighti
beingamodeinwhichalightsourceemitslightwi
cyclecomprisingalightperiod ofturningonthel
for a predetermined time period and a dark period o
off the light source for a predetermined time perio
continuouslightingmodebeingamodeinwhichthe
continuously emits light.

[Claim 2]

The lighting system for plant cultivation as recit
claim 1, wherein the switching between the intermit
lightingmodeandthecontinuouslightingmodecan
in accordance with a variety of a plant to be culti
[Claim 3]

A lighting system for plant cultivation comprising

a light source;

alightsourcedrivingunitthatdrivesthelight
and

acontrolunitthattransmitsapulsesignaltoth
source driving unit,

the control unit comprising:

afirstpulsegeneratingunitthatgeneratesafir
signal of a predetermined frequency;

a second pulse generating unit that generates a se
pulse signal of a frequency different from the pred
frequency; and

apulsesignalselectingunitthatselectsanyone
firstpulse signalandthe second pulse signaltot
selected one to the light source driving unit,

the light source driving unit comprising:

tobe
ngmodeand
ng mode
thalighting
ightsource
fturning
d, the

lightsource

edin
tent
bescheduled

vated.

source;

elight

stpulse

cond

etermined

ofthe

ransmitthe
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afrequencydeterminingunitthatdetermineswheth
frequency of the pulse signal received from the con
isthe frequency ofthefirst pulse signal orthe f
the second pulse signal;

afirstdrivingunitthat,whenreceivingthefirs
signal from the control unit, converts the first pu
to a constant current output to drive the light sou

a second driving unit that, when receiving the sec
pulse signal from the control unit, outputs a pulse
originalpulsewaveformofthesecondpulsesignal
light source.
[Claim 4]

The lighting system for plant cultivation as recit
claim 3, further comprising

a data storage unit that can store control data fo
controllingthe pulsesignalselectingunitinacco
a variety of a plant to be cultivated,

wherein the control unit controls an operation of
pulsesignalselectingunitonabasisofthecontr
in the data storage unit.
[Claim 5]

The lighting system for plant cultivation as recit
claim 3 or 4, further comprising

an entry and exit information notifying unit that
notifies the control unit of entry information in a
withentryofapersonintoacultivationareaand
control unit of exitinformation in accordance with
person from the cultivation area,

wherein, during a period from when the entry and e
information notifying unit notifies the control uni
entry information to when the entry and exit inform
notifyingunitnotifiesthecontrolunitoftheexi
the control unit makes the pulse signal selecting u

erthe
trol unit

requency of

tpulse
Ise signal
rce; and
ond
with an

todrivethe

edin

rdancewith
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oldatastored

edin
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notifiesthe
exitofa
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tinformation,

nit select



the first pulse signal.

25



