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Abstract

At present, the country is vigorously promoting the development of plant factories, but the light
source accounts for more than half of the energy consumption of plant factories, which limits the
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development of plant factories. At present, the traditional plant fill light lamp has the disadvan-
tages of high energy consumption, low performance, and single function. In view of these prob-
lems, this paper proposes a plant fill the light lamp with the lighting mode of combining LD and
LED, and adds the loading functions of ultraviolet disinfection and sterilization, crop detection,
environmental parameter detection, etc. This paper optimizes the light source position through
particle swarm optimization algorithm and combines the “L” type slide rail, the energy consump-
tion of the plant fill lamp is reduced, the performance of the plant fill lamp is improved and the
functions of the plant fill lamp are enriched. Through the trace Pro simulation, the illumination
uniformity of the plant fill lamp is 89.72%, the color mixing uniformity is 92.73% and the power is
16 W.
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Figure 1. Schematic diagram of step planting in plant factory
E 1 ENI mXMErEE

gt MM WIRRE AT LED 83 LD fEvi, HATCA &l 7 LD 5 LED &5 & R [2],
X HE AR QAR D5 2 T AR HT LD 078 ik 56 AR e Mot A2 AL 1 5 e I WA e (i B, i w] AR H i LED
T2 AT LU i T A AT DG 1K A DR 54 Rt R A A A e i W WAL B (EL A S Ao RIS 3G el T P O PR
Sz, BRI 5 B QOB BEih . BRI Ah, B TR AT IEAF eSS f L/, Thig

DOI: 10.12677/app.2022.127047 404 I EEY/BEH


https://doi.org/10.12677/app.2022.127047
http://creativecommons.org/licenses/by/4.0/

YrE A

AGEE, JCEARE L B ATILRAEY T bR M 2, 3G R 1 RERIIR 2%, B T
R BFIIEASCR I EL LD 5 LED fE YA G B, Jf B b i T A e &
MRS SIRE, JF it 7 HE “L7 IS AR A IR SAME AR . IR 4G I DL S5 1)
BERRER AN B, A AT DU At A K

2. EYRATEERRIEHFEEBREXR

IR B op 1 R A 0% 248 5 PAR (photosynthetically active radiation)it & 24, PAR #&5E K
FRAR SRS A E A H AR e PAR TFERF EE S N=F0: ¥R, RREZRRNE T
R, =GR (Im/W?) 8 5 8 R (W/m?) Rl 7 38 512 52 (umol/m?-s) SR R [3]. b e
“f-if % ¥ (Photosynthetic Photon Flux Density) A7~ 400~700 nm a] WOtk K P, 6 77 A7
6] P B L AL AR ERIEE , JE AR N PPRD, =3 Z AR EE#06 R W1 R FR

K[V (2)E, (1)dA

T [E(wd @
Un,heK,, [V (2)E, (4)dA

" [E,(2)d2 @

Heb, KON, WG E R REZ A 683 Im/W,  E, AOEIREE, A7 lux = Im/m?, E, NEEE,
fir: WIm?, U J9tE Tl 8% (PPFD), #ifir: umol/m?s. n, NETHRNED # %, h NEWTHE, c
A V(A)+ E, (A) IR B %

2.1. A ETFIBE(Photosynthetic Photon Flux)

PPFD ZUMEHY AN G, FTEEEMEEKTIEPMTEENLRRE. MAtAETER
(Photosynthetic Photon Flux) & LAYGIR X G, HRAE 1 HURTE AL [ YRS i, Bt 780t
ALK umol/s, IXEAAHE P, JEX4EE N PPF. HitE AR N[4]:

p_ 1
N ,hc

Hrr, g, (1) K R BB v Fa i i .
22. BEMSE

FERYDIE AT T, R B 40 FE 2 PPRD 450 FE MR (.35 51 BE[4] [5]. AN T35 B W55 H
JCVE R AR B A, AEYORYRAG PPFD 51 RVR GBI S AR E KR L REEREE,
U R AE YD AE AR DX IR 52 S RPN 25 0 2 ) FEAR, IR A E KR T UK 2 R 3555, 13T A
AF R, BT PPFD 57X DL ELEEM &, DRl ah mT DA gk o) 2 B8 2 459 50 B il i S 1A (R i ok &
RFAE PPFD #5) %, HFEAWTF:

o @.(2)-2d2 @3

1 X v N '
z::lz;:lz:‘:lepFD/(x Y-2) KfoﬂZy:lZn:l EV/(X Y-Z)
a= - - Lo - @

PPFD max — E

K vV max

m

Arb: K, AEHL BHARTLAE W, MR PPFD 5] B rl LA IR B &) BEAR RS, 78 R I sg
SO 21 73 9 O ANSF AR X I, HOREAN X3 o s R R BEAE 9 R R

DOI: 10.12677/app.2022.127047 405 I EEY/BEH


https://doi.org/10.12677/app.2022.127047

v %

23. Ra¥sE
TR B SR € SUNREA 15 CIEL976 kbR u. v INZER, FISAEER S OAPR I3 T IRE R TR

" 1 M , , \2 )2
AUV :\/VZ” [(ui—uavg) +(vi —vavg) } (5)

S (6)

Ucolor
1+k, - Au'vy,

b, ki Z2—ANEERER, M RFEARSEH, A3k H23.7,
3. |WHAR
31 BRIHER

AMERGRAR BRI, (IR B RIEMA IR, RO BERHERR I 2 T
TNe BEANZRGIH PWM 1 1] H 0T R BRI ER st AT AR RO, MR AR R R B IR S B o
SRR TR KR, 45 5 (s e, SIS s AR S B, SRR P AT R AL T
RAEVR IS, DY) RS R NG S, IR BB S 5 B R 1) 6185 5 4 1B 45 e i ik %
Wb, DR A 3 B A R Y A5 I RN A 4 > 60 mw K 280 nm 1) NCSU %
IR ANUV-C) IR S %, HonT DU R0/ it . 2000k 2558 HRU A 5 Kl L 2 R S5 HR ) R

AT
+i ISSIENER
s RESIENR
| =sreD Rﬂgﬁmgﬁﬁ%ﬁ
Arduinoﬁ;ﬁoiﬁ' DHT11E/REE = RS
EERE = =
FEE e I 25
S T T T b el e e i e sl B e el el Al
58 | . B 151 RIS ¥
g : PW’V“E%U J‘ 1"‘7'5*]. *E"F@ : :
I S el W
h : 1
L s :
- #rik R
e e e . 1
R MR

Figure 2. System overall frame
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Figure 3. Design idea of fill light system
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Figure 4. Schematic diagram of lighting device structure (a) left side view of lighting device; (b) front view of lighting device
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Table 1. Initial parameter settings of particle swarm optimization algorithm
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Figure 5. Light distribution curve of light source
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Figure 6. Mixed lighting simulation diagram
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Figure 7. Irradiance analysis diagram and U-V coordinate chromaticity analysis diagram (from left to right)
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