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WY, A OGS SIS 3. 6 min J5, BEEEMN) S E BT
R R 25 PR, 10 A TR S A0 BB 12 min J5 B SAE K
R E SRR ERN, WOt A RES (R R A
RS, A sz B AR T va R A . RGP0 o)
RIS RN R, 8 He-Ne B0t (5.23mW/em?) X #4
WA BEAT 4 AR ALFE (3. 5. 7. 9min), R
SERRW, F O TAL B RE S AN IR A T R R Y
B e ER A RS R

IR TR I T OB A BT DA R T T SRR
i, BGEHMEMMAEKARE, WEHEDFITHIER.
EROEH AR ES, FSRBOEH (laser diode, LD)
FHAC AR B B0 88 A & e s R . 8 5 B B E
I A EGK. BEERRBIE . BN RER.
ek 1 4 U, 8 LD 1/ AN 68U 5 LED
MIEAH LR A 1D BN, RARERS, 5 REFE;
2) FHd, FHAMEK, HREASE S 3) LR
FElr, PATE S, sEm, ERKERETE 4 K,
KU aE, FREVERE)T, FTRESFRALL) N LED YA
KAT it o 1/48,

FIFH N TGI8 BEAT $M e 2 A DA E P 4 4w U E P2 1
HEEREK, R RS 68X Ak A = AR R A
Bagtr. Hur, EWAMEYAE KN TR TS R
Z LAWK AT A LED 4T A E, (HIEE 5 7E SEFR B
Mzt 2 | B R RH . BO6Z L LED B fE ik
(DGR, T 24 F O 7R RS P AN 6 7 TR 787 FH AR 08 55
o RUETIHAEMFHE, B R LR, &
T FoRE A R ARFETT RER T B RE O A 2%
IR B TR AR A KRN AR g 7 E 7 AN B AR AR Ak
BIFTPRALA R4 .

1 BREBLEPA IR AR
1.1 gt

BREWOCAE AN e A el E YR . B, JER
B BOCIRBh . BHAMBREM S G4, Ly
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Fig.1 Intelligent laser light-supplementation devices
1.1.1 REAEE
JGUEAEZE Y LD HGAR BAHOU AT R B4R,
VR S5 I 2 s . KRERTEERY, 4. §Ot

A SR P i E BRI, BRI I A
KRB, NADALINI M 97 26 WA W5 % il A i3k 525
[ 7= B A B S 1) i . DIAZ-GALIAN 2500 1 97 6 B 41
T B 37 fik ik 25 4R v R R B T A SRR SR S R
RETIEAERO) gy e, 40, WRCHA 4.9:1 F13:1 [ LED
Rz EA B e, 20, WAL 4.9:1 A R 5 5A T
KEVER, ZClERCEE N 3:1 BAE R Ve S 'R . )
PEREAL IR 35 MK N 450 nm (H%) A 660 nm (41
) MILD, LD HISHIE 1.

L5efh 2 AR E 3. LR RB0L S 4. MEEIEEE 5. —F RS
1. Shell 2. Heat dissipating arrangement 3. Laser diode 4. Collimation lens
5. Straight wave mirror

B2 RRARMLEME
Fig.2 Structure diagram of light source module

Table 1 Laser diode (LD) parameter

e Bk Mz TfERE RERR
M Wavelengths/ Light output Operating ~ Threshold  Operating

TAE R

Type nm power/W  voltage/V  current/mA current/mA
PL TB450B 450 1.6 4.8 200 650
ML101J29-C 660 0.18 2.6 80 300

FEKIS ] TAERS, LD &= mi, S
IR K, R IR 2 3T B AR B
WFE R LD fEE b s, HEHCRAE, LD
[ IR 2 06 AR R . O T B X PP L, S
K EFR A d, SRAER T2 BORIa s A 3
PEME I 5 2 R R, AR LD (W Ih R R i 4k,
Wit —MEA S NHEAEE, I HIRBIZ 6 LD oK
HINE AN 0.15W, WA LD HAKHHIIERN0SW, 4.
W LD s KM RN 2:1, 4. HITHELL AN 32:3.
RS B 3 B

a. IEFLIA

a. Front view

b. HHLE]
b. Top view

B3 #®ARE

Fig.3 Heat dissipating arrangement
WHEA LD EH 5 PN 45107 MR R I7m, P47
T PN &7 AR N8 TT 1), T LR R AR R B
XN T5 ) PR R R R U AR AN . R T R
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BOLKDL R R Z . DhRE K, fREEYHL
MR, @2 LD AT R . e B H AR IR
oAk T E BN Pk REEMATHNE, #
S A e o TS B X N AR ' ROHEAT 3 S AT S B 3R
By AR A RO S T R e OB R AR BR
1877 ) b 4 B8 AT PR S DL SRR . AT ATE R o
B HEOE A IR IE AR AL SEBD R B . Horp, $TihE
FRSHEA 2 LD B 5 K5 Rk, i 450
B REEE A . ARSI s T T
%, 4 LD IER @R BERRE, ZREHEEE
B —FRARGIAR, HSLWnlE 4 fos. s ed
PRcE A, LD KDURBERSES, A5, JFHaily
Bt

b. —FBIREL
b. Straight wave mirror

B4 AREHEE
Fig.4 Beam shaping device
112 #OtIEs)d ik
B LD D 2R it 2wl 0, A R FE A 3K 5l Hy
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+24V

a. fEEIE BT

a. Collimation lens

3 VIN BOOT 6&“—

1l — GND 2

PR T — PG E, LD 1 AR R E
E, ML IR A HL 2 G D R ME— R 3R . N PRIERR
FEROE,  RLZAE AR R IR 30 (1) 7 A i LD SRR A,
JAEEThE AT, Wit ROGH R . LR T A
LRk 58 P2 A (pulse width modulation, PWM)
WO, AL G A B LR KNSR B DG AR, PWM
WG AE — N 8 A PN 38 I g o 2 bl Oy Qs B
RRBSOL, m LD i K e — R & 2 TARE R,
R e 1) 7 XA = m LD bk, JFH
AL G PWM 16 FLR T 2 A i, DRGSR L
P 7 BT T PR E R IR S L, IR NN R
{147 B JAE IS TR L B A B IR Bl R BT, LR I S
Fw .

% HL % & BT TPS54202DDCR 5 A ¥ it B 18 it
BUCK % . TPS54202DDCR & — X 4.5~28 V #i A .
2 A K RDD B R e a%, %A R R T 148, 78 mQ
) N 438 MOSFET, JF &A% [ & 4 500 kHZ. %05 7
HTAEE B Z: FB Sl RBHRIE (V) 585N
MERERIE (V) HTIHRES/E—MRERES, O
Jr PR I o A AR R R 22 (5 5 3% MOSFET 58 5 ¢
[ TPNTTTE el s NS00 N NP S S - 3
o, BANIRETEAVE. f£24VIRAT, fiEik%
A[RVE 4 AN LD B BcEl 8 N5 LD # k. F2. F3
D HL R PREE A, A I8 SRR A8 I A L R S T IR
M, FREETES, & MEEe .

o SW

—|— — EN FB
J?— TPS54202DDCR

Res

VE: Cl. C2. C3. C4. CS AHHZ; L1 AHE; RI. R2. R3. R4, R5. R NHFH; Fl. F2. F3 NIBEHCKAE:; LDENEOL M ; TPS54202DDCR Hy

[FI B HE 43 Vins Vipae NHUE.

Note: C1, C2, C3, C4, and C5 are capacitors; L1 is the inductance; R1, R2, R3, R4, R5, and R, are resistors; F1, F2, and F3 are operational amplifiers; LD+ is a laser
diode; TPS54202DDCR is a synchronous step-down converter; Viy and Vi, are voltages.

B 5 #MOLIKs) dk

Fig.5 LD driver circuit schematic
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Vi =Ves *Rs/(Ry + Rs) + Vpac - Rs/(Ry + Rs) Q)]

V_=Vis-R;/(Ry+R5) @)
X VoM FL AN R, Vs VoA FL AR A
M, Vi Ve ARFEHRBHRIBE, Vi Ve A F3 IFEE
HINHLH, Vi Vs y TPS54202DDCR #5 4 FB 5] B H
JE, Vi Ryx Ryv Ry R NHPBHIFEME, Q.

WRIEFBOCERE “RE” SRR ().

V,=V_ (3)
4: Ry=R; =R, =R; (4
Beoral (1) ~ (4) A/
Vig = Ves + Vpac (5)
IXE) L R R (60 i
Iip = Ves/Res = (Vs — Vpac)/Res (6)
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KA I, NIRRT I B IR, Az Res ASRFEHLFHY
FEAE, Q.

Voac HIUE T HLIFT DAC iy i $@ 6, 3R 50 Ha 2 it FEL
WA AT LUAE] 1 mA. Vpye BTN (7)) 7743, Hodr,
Vi RIVE & 2.4~3.3 V.

VDAC = Vref . DOR/4 095 (7)

KXt Vi, N EEAER R, Vi Doy N H R HLI
DOR ZF {7 fE -

Hel 6 &H GRS (photosynthetically active radiation,
PAR) fAEVIMEE RS, —MERMNEERE, ¥
SRR . ARG AEET I, B —MtE il E
% & (photosynthetic photon flux density, PPFD), ifiid
B ARG BRI EIRS, FEHTEMERAS,
RGP, FERMAE RS, JHRE SR T
WEHEE A, LD )% E SiEhE s % EE X
FHE, XA EERG AT HRE . 2R3 R
BESZIL T LD (M SRR, e R LB AT R
2L, WEATHOGRERREE, WEGRLLL.

1.2 BT
1.2.1 s pait

FEREFRAENE 6 Frax. W& LR TYIGMHE,
SAWETHEMCEIRES N, WA MIZEE AN
AR BTN G, TR S NIRRT AL S
FXs WEREA, SREUE & X AR R AT AN,
AT DRI A FEMIRR G TR R, BAT B E AN R
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Fa-IF
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b. Subflowchart
Be6 d=#lifH

Fig.6 Control flowchart
1.2.2 Efsduigit

IR B YAN R B AL A N 5y, G

i B A B ARy AL AL e TR AT,
B . AL BT Rl S I 7S $h 62 B 1 2 FiT B[]
AEERIE L KOG AN 2 AN ST DU
G By R %, NARFESHAAOCSEOEATE
B AWACE S INE 7 Fros .

a. Master flowchart

a. “RGURE”

a. “System status” screen

b. “ZHULE I
b. “Parameter setting” screen
B/7 AMZEZRE
Fig.7 Human-computer interaction interface
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2.1 MRl

1 F1 A4S 4 DP3020 1A 8 B K s B Y50 b ol 2
BIHMTIAR, W diik: BADEE R K IR,
R TAER R, BmATER; A58 VMS-300AL-
GH-NO1 1ot &8 20k 5 A% 838 Il e Mt 2¢ & 1) PPFD,
WE ik AL E R K D%, HIHREE
PEE AR ES 1.5 m &b, FEAMBLEE IR Va N #2 3 1%
JEER AT E, MK 16 Y P .
2.2 #HRHE

9T IR RE O AN B AR A AR, B 2021
12 HZ 2022 4F 4 HTEEF X MFEBAT T il
NV, IR —HREA H R E, 2K 100 m. FE 6.5 m,
BB RN 400 m?, I R 70 ZBEEAE, RS AR ON
CULET . RHERRUNRMIEEL, EAAE SRS, pHH
5.6~6.7, HETTE. ®E IR, HApxtig
HNERHE, KA BRI LR BT A Ly
80 cm 4b, THFK 18:00—22:00 4T 4 h kM GALFE,
R RS, R 8 s,

a. WIS 5t
a. Experimental scenarios

b. AMERCR

b. Light-supplementation effect
B8 Ryw
Fig.8 Experimental scenario

M Fabr ST ik: R mE e, A LA Blae
Hrp X BENLBEE 12 PRERHER, SRR,
HUs Py AN 5 AN B RS, g I R A R S T
o 1D R FEEHE M R B REE, WETrik: B
FTECT R B v I 2 (6, ORI R Ay,
Sy 2 a el B, s B S . 2) f#E ] SPAD-
502Plus {3 185 M- 25 3 I R 0T 5E i B9 - 2 2 AR 57
B, WRETTE: RS IEE 10 A E AL B BEAT I
S, BOFEIME. 30 A RS A 5 SR SERE R,
Jrid: RRE LR E AR, Tk SR F R,
BRI BIZ B AT AL, HR BRI SRR D R St
JECU. 4) A B A OO e RS, e i
VU I3 B ag R EAT HORE, MRBCRH IR IR & 2 55
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B CRFRERE T #EATIE, Ik 3 RECE
B,
2.3 HBIEAIBESE

1§ F§ SPSS Fl Excel # A4 X HAIG IR AT SR T

3 BRSS9

AR E O Rl R I AR R 2, Y
ANERIGHHE B b WK 3. K 4.

MRPER 2 RIS T T, BOLEAIMDEEE
PPFD I F-HMEZ1 )9 55 pmol/(m?s), FrEfmZE(L A 2.689,
IR T G UE E %E B T LA AN As ORI A LS
R DP3020 1) AT 1 L e F 50 75 Kb 2% O #UE LR
24V, FEHERN 1.6A, HEHFEN3I8W.

SR HHE AT WE T, SRR, AR
(2 2 KN T 0.05, MRS, SRSl B A IR sk
B 1 S B MK N T 0,01, WA R 2H A0 %o e 2H K
ZEERENES, WERSEECHED MR
BEE AR AR I A KRB SR S . I8 P I )
YT, RIAE 5% AR L B AR e IR R A A AR i i R
EWEK T 6.6%, MERREFRERIGK 10.5%; AR
WEKT 202%, PEEHMKT 155%. RisRE, i

FVE REWOG A A 6 25 0 B REAE AR 1 A2 K A A (R kAR
F, BB 25 PR e SR R SE I i (P<0.05) .
F2 AERENAETREFERLHE
Table 2 Experimental data on the photosynthetic photon flux

density in the light-supplementation devices
St Tl E % E Photosynthetic photon flux

RLES Test

No. density/(umol-m 2's™")
1 58
2 58
3 55
4 55
5 57
6 52
7 50
8 56
9 54
10 53
11 50
12 57
13 57
14 57
15 58
16 56

e WIS FERC, AR AR 1.5 m, AORER IR
24v, WA 1.6 A, TFN 38 W,
Note: Test environment and conditions: At night, the distance between the
compensator and the sensor is 1.5 m, and the voltage of the compensator is 24 V,
the current is 1.6 A, the power 38 W.

*®3 AP EIE
Table 3 Experimental data on plant supplemental light

LR W AT X B RS Pon i s
W5 Leaf thickness/mm Soil and plant analyzer development (SPAD) Fruit firmness/ (N-cm %) Fruit brix/%
Test No. R xR R4 Yo R AL R XA R pagiEain
Test group Control group Test group Control group Test group  Control group Test group Control group
1 0.32 0.35 47.8 44.6 1.81 1.35 13.7 12.6
2 0.39 0.36 45.4 452 1.98 1.78 13.4 10.1
3 0.38 0.34 39.2 39 222 2.1 13.5 11.3
4 0.35 0.32 429 354 2.08 1.45 12.2 10.9
5 0.40 0.34 43.6 40.8 2.05 1.82 12.8 10.5
6 0.40 0.37 40.6 39.5 1.78 1.55 11.6 11.8
7 0.38 0.38 45.6 41.3 2.32 1.60 12.1 12.8
8 0.40 0.37 44.8 40.2 1.99 1.54 13.8 9.8
9 0.39 0.37 441 39.8 1.82 1.42 12.8 11.6
10 0.35 0.33 46.8 36.2 1.80 1.87 13.2 10.8
11 0.39 0.36 45 40 1.99 1.76 13 11.4
12 0.38 0.36 46.8 40.2 2.08 1.67 13.6 11.2
“F-H4){H Average value 0.378 0.354 44.383 40.183 1.993 1.659 12.975 11.232
br#E % Standard deviation  0.025 0.018 2.532 2.814 0.171 0.217 0.702 0.903

R4 EPALRE SR
Table 4 Analysis results on plant supplemental light

Ei=ta W SPAD TS RhERE
Index Leaf thickness/mm Fruit firmness/N-cm > Fruit brix/%
t 2.614 3.844 4.192 5.281
P <0.05 <0.01 <0.01 <0.01

4 & g

AT T — PR Be RO AN GRS, RER
R T AN BRI TAE R E A i, S A
DP3020 7] i B i Ae ik B I (MG AR 3T MR AR RS, R
LR MDERRBE IERN 24 V, FUCHIN 1.6 A,
W TN 38 Wo W iH O BIX 3l R % R 90 R P2 Ok 3
1 mA, TE 7% HE G BE RS B s 8L 508 VMS-
300AL-GH-NO1 f1)6A A RkE & R8s 3ok & 7l &
EELN 55 pmol/(m*-s), RAEM ZE LA 2.689, [ Bk Ah
FeA IS MR REEAT T AMEIRES, RIS R

WY, AN G A L AR ' I R R PR B o R A
KT 6.6%, MRS EHK 10.5%; A RS EHE K
T 202%, BEEEMIKT 15.5%. {85 seBotEm ot
SR HEEERR AR AN, R HR A
REH IR (P<0.05) o BRULLAAN, 2Bl R R,
I A AN 6% T LAAT S5 2 Mk S

T b ek 56 TR, R BE O R A b Ot A% A
LED #MEAT IR IR e AT, H ATl HdE A A2
TEIEHIB P IACRBOR R BAFEZE R, TPt
FF AR )
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Design and application of plant supplemental light with
the intelligent laser

GU Le!, LAN Yanting®™, WANG Chunlin?, CHEN Xiaodong®, FANG Wei', WANG Ruifeng*

(1. School of Electrical and Control Engineering, North University of China, Taiyuan 030000, China; 2. Hebei Special Equipment
Technical Inspection Center Zhangjiakou Branch, Zhangjiakou 075000, China; 3. Beijing Sino-agri Postdoctoral Institue of Agricultural
Sciences/China Healthy Agriculture Industry-University-Research Collaborative Innovation Platform, Beijing 100193, China)

Abstract: Light is one of the most important influencing factors on plant growth. Light environments have also a significant
impact on plant growth and development. In the absence of natural light, crops in many areas can suffer from long harvest
cycles, low yields and poor quality. Fortunately, light-supplementation devices have been invented to supplement the light for
the crops. Among them, the light-emitting diodes (LEDs) have been the main light source for the plant-filling light. But the
conventional LEDs can not fully meet large-scale production in recent years, due to the limited lighting range, low efficiency of
electricity-light exchange, high cost of line installation, and limited usage environment of light filler for plants. It is particularly
important to develop a new light source for plant filling. Compared with the commonly used light sources, laser can be
expected to the strong directionality, excellent monochromaticity, strong coherence, and high brightness. Moreover, lasers have
been widely used in various scientific and technological fields in the past few decades, such as medicine, material processing,
and communications. The lasers can also be used to improve the germination rate and the quality of seeds for the better growth
and development of plants, even to delay the decay of plant fruits. In this study, the laser diode (LD) was selected as the light
source of the fill light device, in order to design a plant light filler with the intelligent laser. The light source module was used
as 35 LDs with wavelengths of 450 nm (blue light) and 660 nm (red light). A heat sink was also designed with the aluminum
alloy, in order to ensure the output power and wavelength. The reason was that the LDs generated high heat when working for a
long time. The laser driver circuit achieved the adjustable LD drive current, that is, the output power of LD was adjustable. The
light intensities of red and blue lights were adjusted to set the light-matching ratio. The laser plant light filler was tested using
an adjustable direct current (DC) regulator with a voltage of 24 V, a current of 1.6 A, and a power of 38 W. The photosynthetic
photon flux density (PPFD) of the laser plant light filler was measured using a sensor for a total of 16 tests, with an average
value of about 55 pmol/(m?-s). An experimental and the control group were set with the "Red Face strawberry" as the subject of
the supplemental light test. The control group received the natural light, while the experimental group received the laser
supplemental light of 80 cm above the strawberries for 4 hours from 06:00 pm to 10:00 pm every day until the strawberry fruits
ripened. Twelve strawberries were randomly selected from the experimental and control groups and then examined for the leaf
thickness, chlorophyll content, fruit firmness and sugar content. The results show that the leaf thickness and chlorophyll content
of the plant increased by 6.6% and 10.5%, respectively; and the hardness and sugar content were significantly improved by
20.2% and 15.5%, respectively, compared with the natural light. The light-supplementation device can be expected to promote
the growth, development and quality of fruits, particularly on the precise adjustment and uniform light output. The compact
structure and fine waterproof properties can greatly contribute to the field of plant light in agricultural modernization.

Keywords: plants; supplemental light; laser; constant current drive; intelligent control; dimming technology
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