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LED Lighting Control System for Plant Based on
Chlorophyll Fluorescence Sensor

WANG Jizhang HE Tong ZHOU Jing GU Rongrong LI Yong
(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Jiangsu University ,
Zhenjiang 212013, China)

Abstract; In order to realize real-time feedback control for plant supplementary lighting based on the
plant growth status, the LED lighting control system based on the FluorMonitor chlorophyll fluorescence
sensor was designed. By the SDI — 12 and MODBUS communication protocols, the parameters of
chlorophyll fluorescence, light intensity and temperature acquisition were realized. According to the
measurement process and acquisition cycle of chlorophyll fluorescence parameters of F,, F, and Yield,
the automatic acquisition mode and manual acquisition mode were designed. Using the pulse-width
modulation (PWM) control mode, the LED light intensity control model was designed to realize the plant
lighting accuracy control, and the display of light, temperature and chlorophyll fluorescence parameters
and human-computer interaction were realized through the design of man-machine interface. The
supplementary lighting control experiment for lettuce was carried out. The results showed that the LED
lighting control system based on chlorophyll fluorescence sensor can realize the stable control of light
intensity, ETR and Yield. The system can improve the light utilization efficiency of lettuce, and the
lighting real-time feedback control based on plant growth status was realized.

Key words: chlorophyll fluorescence; supplementary lighting; control system; LED; sensor

0 3= NEEREFB, g e N TOCREY) T
B I RMETHAE R RERE & SUBBRERY 40% . IEAER
JeREYEEERMARK LT EZRH  7EADET RPN 5 T O U $2 &
To BEEIARBOE A JE IR T ORI & SCIRAYROERR, Wi % i R = 6y v e gl
J& AEMIHMSCEAR MO B A A KRB A — KT (HPS) MKt A& (LED ) 18 AR, Kot

RS HHH: 2019 -04-20 {&[AIA A 2019 —05 —28

EEWR . LHEESS8 A R U5 E K E (17KJA416002) VL3544 T S0 & 2150 B ( BE2018321 ) | i E 18+ J5 3 4 5 B
(2015M580400) VT34 -1 5 5641 H (1501112B) FVLIRAE Rt ARk dhile T2 H

TEHEBN . EL3(1981—) 5 @IaFs 5, -t EENFBER G BF AR, E-mail ; whxh@ ujs. edu. cn




348 1 R = 4

AT LIIAE] 1.6 ~ 1.7 pmol/J, ek #F LED A
E4f LED K IERCRILF] 2.4 wmol/J2 7%, @40
{4 s VE A 6 R A R AR, H R 1 A BF 5%
FEAEPIEARDCIRSREE D6 ERIHEY K
B ShFESr KA LED SEIR B EE , T & 1T LA
BREVEE LED YGIOGR ADE BT H A shab b &
G2, AT LA A P B A ol B A OEEAEE 1 EL AT L
EEWHREM H A, SRS IR R T AL E ik
ASST G LRGSR 9 LED [ Bhh ksl 245 ; X
e 57 JF kT —Fh A 6% aT A LED 868
RS0, TE G 2T 6 B 28 AR 6 HR AT LU 5 B 5
AL JF 4 TR AS T (9 LED #MGH il IR 2 45, F
FH 25 R RO T A W (R 15 LED £0 856 A% K
BIREAE I B T —FloE i PWM DGR LED #MG 5
G5, L1 IR T — R T HBE A F A LED JEIR
B 25 A AE AN [R) 2B 4 o B LA SRS T 1) i) 1458 0
JE R LLSOGRAEE B, A 3htk 28 RGB itk i A IE
Fe B, AT A T X AR B PR 752K
IERSEL %" DUV RE#ME N H AR, FF & T3 T35
JEHRMY LED [l I AMGRE G R G, DMRIEEY A& K
AR

AT 2% R 5O H AR EE W IEY 4 K A5 A
Wk Ay EFR DGR A2y e duE R R
FAEYDCA BB — N EE T B, SRR H AN
BEROES R T IR BB S BOR wi ER
@[13—20: .

B F e R YOG AN e T R G E L5 B
R 2R 5 2 i A R R 0k
W % Mini — PAM SCELS 0N &, ok FF 52 br
Ay AR SR FluorMonitor M43 2 98 AL &A% 15
LT M4 E D615 RS B P A f il R 45, L
W SCBRL AN G SE R B S R A

1 R%EZ3EH

BTG ETEH LED #MGI 45 R 45 2 MR 48
FEYIR A SEPR TR SR A TS IR AN . R ICT DLZRAE
P AR R I 2 R D S BORDG BRI
EMESH IR RESE, RS EIONE
JERAR S I A R A R A E I, R AR AN
WA R T ALAE B 38 o PWM 86 7 =S8t
XFLED &R BE 45 . #MCR G4 anE 1 i
7N o

R4 FEALE . OFFRI . F T X U 2 %
B T e e 3l A s RLA R ] LED S
OfL AR A A FRIRE B DA R 2 R
SHNRAE . QB FREH . B SCH R ML MCU Al

2019 4
$485 Vo A
TR W
RS485
HEPE (LAY e o Seti A
MCU
TEHAL R Fs
7Y ) _— 2T AN
b
= RS485 PWM
SDIZERS485 [ EbE et
-
) }
RS 2, e | | LEDKT

K1 AR5

Fig.1 System structure
IR VA SR i 4 hiles e 2z [a) A 5d R A 45 IR 4T 10
Fm T RS485 £ FE R SDI - 12 i@ i, @LED
B ALHE PWM kb & A4 2% ME SR 3 DL & LED
R, OAMLAE AL A5G A B i g 7R R4
HEERAESE

2 EHRFRT

2.1 EHRFIER

STM32F407ZGT6 A STM32 i /(LAY A% 0 ot A,
AR T DSP Fl FPU 484 FEfi N FE-M 1 024 kB
FLASH 192 kB SRAM, JfEA 12 1~ 16 fiiE Wi a4, L
K6 AT 3 4~ 12 A9 ADC .2 4~ 12 {7/ DAC .
112 5@ 170 [P
2.2 BIEfEHIER

RGHHE FEAFRRIE DGRBS 8 R
TENCAFAL IRAS R A Y EE A PWM I DG AR S5 He %
HrERIES, R B GE G2, a5 n
K2 B,

RS485 gt

ISE2 _ Z
L = 5113{154;25% 12 VAR JEZE | FluorMonitor
Hedh L FOLALRES

von A%K| (B

|

o REEERR
i s

K2 fEa%
Fig.2 Communication bus

(1)SDI - 12 @i

T FluorMonitor M£5 28 98 Y6 A% JBES 1 B4y
SDI — 12 G IR, 75 3m 5 SDI — 12 5% RS485 ;i ffe
AR 2 TR S AL IR 4 12 B RS485 B4k, A
RS485 M2 4 SDI — 12 {5 a8 K %454 .

(2)RS485 H I3 i1,

P IR A B A% B8 ) Modbus 38 iR PRI,
RSP R LRI 5 SRS B 438 T, R RS485
WL R AR T, e SP485 S i, RS485 £ 1Al
AR HLER 2 i,

T




Hi T % ETHRIOUE R MEY LED #MEIE R 5 349

(3)1/0 H3EfE

J T /0 g PWM BB, SHA R 170
TTRE BCE 10 e s R, i il
50 MHz, 73 4% AHB1 S 474 i lifie
2.3 HEZXKKSHHRE

SR FH F IR IR 2 J& R 2 A il %) e 1 A Lt
H AL &4 FluorMonitor, 1Z 4% B 2% J& T V8 il 9¢
I, MR CADER/N T 1 pmol/ (m® +s) , M A Y B
KI5 K 7 800 wmol/(m*+s) , FluorMonitor IM-4% %
PNCALIEAS B 1P6S LRI WM FR Sk JGLF Frnt-sle
X 10 m KZ45 SDI - 12 B S A i, i &
DAL KA 3 Fis

B3  FluorMonitor 5& Y& £8
Fig.3  FluorMonitor chlorophyll fluorescence sensor
LGSR 2038 3. RN

TG R DO CAL A LA QT e, OnT RS
MICNAESF R L W, QR B 3 FH 7K AR ki
A, QI8 TIREI AL, 7T LA T EF M R | ikt
B T RKIEYER T3, @RMERL T IP E, 1 ~60
ARl ik,

FluorMonitor 4 2 %¢ Y A% B A% 1 Hb 28 F1 5. |
HLLA B RS485 FHIZRAH 42, SDI — 12 Fdls e b =75
TRETER A E 0 1 FIASHRE 3 AR FIEN 12V,
2.4 LED FXRERBIZIT

LED JRYEHIREAG U 4 P,

PWM{EH R
—> Ere »{ LEDI1

Py " -
etingd GPIO PWMIER | | 1Epo

4R 52

PWMfik b & A%

PWMIH
T3 —»{ LED3

K4 LED FOGHLRE
Fig.4  Structure diagram of LED lighting control module

(1)PWM fknp & 4%
K HH STM32F4 H 5 AILAY TIM14 58 FH % i 25 7Y
I CH1 7= PWM B ALK/ b e A

L >

% (TIM14_CC — MR1/2) Ji#k/ b {8 27 77 4%
(TIM14_CCER) i #k/ HE Z 4745 (TIMx _CCR1)
BEEIR/ A A A7 4% (TIM14_CC — MR1/2) Y
CC1S fiiky 0 Kot AL, OCIM {74 110 TR
PWM £,

(2) LED Yk st

KA Cree 4277 () Lamp XP — E %I LED %TEkFH
FHEYIAME, 7% LED 54 RoHS 5 Reach #3E , A F
A B Far i OURUr R LI RTR
LED XT%k, 2006 LED 1E MR 2.2 V, BOGIE M
JEM 3.4 VL FEH 700 mA . M4 A KT
K, BB LW CRIHEI N 2: 17

(3) fHRIR B

MT7201C + Je=— i 2 T A Y R 1 04 37 SR 3
R, AT AR Bl — i al 2 22 W ER BK Y LED KT 2k, i
AHHE 6 ~50 V Bt R R ATk 1 A, ADJ 5]
JERT A2 PWM DG, PWM JEDEARA 35 1 MHe,
I H AW PWM JESE%, v LUE G i SE B PWM %
TE I,
2.5 AHXZEIiEIT

A I B A 4 S S AL R
KeEFISEE e DIRE ., M 2. 8 -1 %) TFTLCD )
Al R TR AR R G s 5 s i A9 A HLAS B
B VR R BRI A 3Rl 320 12K <240 B R,
THE25 K (o, A fl bR S B S R UL B
DIRe 5 Wik | TAER  Fahi=hil iy 280 e
EEAE
3 gt
3.1 REGRSEM

RO FEBYATE AV BRI SRR R il
BERURL e S5 A Y RGETI RS by BT BE |
LCD WboR GRS S8 E \LED #H5%5, R4
B ) AR ST RN 5 R

BN ET:
bk

LCD& /R

[ doemir |
I
FRERRIES [ [k

s | |[ RER
B ||| Bk

__________________

miE

1 sk

K5 BirEaety

Fig.5 Software architecture



350 /A A= 20194
3.2 IREGIhRERERR O
(1) He )
SR DDA 1 SR ER R R A e BHRE
AHPT A RS TR 28, T 7 —— i
JT, AT 55 00 e e i, 4 24 7 B i A, R B \ 7
s — b T Y >
(2)LCD &R < Y
A DJRE EZIRCRTHH LCD MR N A, SR YRR EdGie

REMEH TIERS ., BRNBEEIESMMEREAR T
K A FesE R A TAEBS RSB0 e 5, Fm
WIT FEAFEEE S M SRR IOCSEN s, U
K435 G I A LED A 3 1 5 i) . 7 R4
SHENMLE R DOCSER /R A, e s e e
DL MR DO SEIE R . 76 LED A, &
BRGNS EDOESEOA T LED &5 e, DLty
LED MY5E R ; LED 47 - 28 3 98 0 S 850 0 D 2 45
WETF AR B 2, A SE SRR
SR S5 R E 6 s,

P LonnEsEwER - o 4
FRFRATHAEMNE | L0y | Fsigsg | #E |

W SEN B
am 21 °C L1 x5
am: 2 T iz 314
Aams 21 C 83 had
Fo 51 fis s
Fm 190 Ak
e
Ft {s07 i
fooss ]
Field [° = -

6 WIS S
Fig.6 Measurement result interface

(3) B 1=k

I BE 7 BT 5 R HLAMZ RS 2 ] {5 S B
PUAN PC Z [R5 3815 7 A 4E RS485 Hh Iy
3 .SDI - 12 B2 A5 , A6 R 1 544 Br i MOBUS
AR PR B R LR 15 P I SID — 12 J A5 P,
RS485 il {5 R ANl 7 iR,

(4) MBS R DSOS E I =

I FH 28 2R 5L R X B 4 E e S
B pd BN . O3 SDI - 12 M fF ke %
JERES I B, Qi i e [ i e AR ok
g, @& OM3 F5A MR F L TNE, @Kk
OM2! 484  HITERRHE, &K% OM! F54
Bl FAEIR 5 s Ze Ay, &3k 0D SRHUEE

WHNSEF, N F, 75 R AE Zead 538 I 5
0T PR UE DU Y oE A, T R O aM2) AN
aM3 | 8T RUE, SERE S F, oM B 20 ms I

FIERE X

A K % H TR AL
TRHRS485
BB !
RS AT
VR
FRIMF . F 5
i R
LA R 1052

K7 R
Fig.7 Flow chart of communication protocol

1000 WM, 0 F, i 50 %, BOH Rk
{H.

(5) 3T PWM [ LED e

UL I RE P2 DG i, R AR B TR G R e
HSEEFE B R IE S AT 55, V8 R i B X i
SofE B HEFT AR T SR IME S | 8 0 A R AT
ST IR . IEOR A PWM 528 IR O & i
HE AL R 1 B0, AR 4l AN [ 1 R B2 SR A5 PWM 119
RS, A R AR AN 8 TR

LED M5 | s 0 T sh =k, F
B DA B AR ) 5 6 &, B PWM Y (5 %5 [
MU LED W52 B shibia UG 205 e i ) s 220 2
DS HEA, i LED Pl R G0 E YRS
ORISR R A NS T YTt E, IR a8 e E
FPYRTE Y 22 HEAT R4, S8 T 26 W) ) 15t
/) LED A shiYeEH . LED MJE 4 SmaniE o fr
No

4 RELEETIAN
4.1 EFIREAER
Tk T HF MR R ISR Y LED #ME

M g, Hos RN 10 iR, SRR AR SR D i
FER G, ARV R A B A s BoR B A TR A 5



Hi T % ETHRIOUE R MEY LED #MEIE R 5 351

| st tmsrsis |

v

| s R RIS |

Y

N
B
BEPWMIT)
| 75 LB
IS,
PWM 25 EUP,
VO 5 HPWM
Wb B 2
IO SN BEP WM o
F.PWM&2s [P, 25 LR ER
PRI

£
B8 PWM (575 LU 1 i i
Fig.8 Flow chart of PWM duty cycle control

P s ES - o X
FBFICTHSRNE LWL | HesiEEa | R |
SRR

K9 LED 4% 5t i
Fig.9 LED control interface

WEN TRMEEHLT, e N TEERE 25C,
HEAT 3 A, 5 1 Ao EEAMNG(AL) 7Y LED 52
JEFCE A GRS PAR 4ERF7E370 pmol/ (m® +s) 526

2 AR A AR ETR fHE (A2) , BiE o
2% AL IR AR I & A4 S S0 ETR, If3d@ i LED
M4 R G BE ETR B 85 wmol/(m® - s) 5 5% 3 41
(A3) 454 ETR FYGAL 72 F30R Yield 280k A
s 7, X E ETR N 85 pwmol/(m® - s), Yield fy
0.51,

12 3 4 5 6

K10 A3 LED AMEFE R R 45
Fig. 10  Lighting control experiment system for lettuce
LMCU 2. f8%iSR3h 3. iRt 4. MUEIE 5. LED 6. M4k
RV

4.2 RWERKRSH
AT K g 45 R 11 o, M
PRI A Y, 22 40 mT LA S 80 [m) 8l A =X ) 37
P, e E IR (AL) R AMEET RO
EHEVEGHE— H4EFFTE 370 pmol/ (m” -s) , (HIT
LEEVOESE ETR M Yield AW FEAK , W EWTE
[ 7 IR 00 AN R 2 5 AH L 1) S A BB T, T
Wit 2 F 1] 78 AR T FAAE, 3X 5 TERSEL %5 il 45 1
HH—8, 7R E ETR #X (A2) T, LED #M%
P R g0 ] DR ST M 2 3525 SO0 B f AR Ry
(85 £3) wmol/(m’ -s) , {H B & B 8] 1) A2 Ak, S Bl
2 B FRCRIEAR IR, R BOCA AR E
B, BIE S A e B R, G RE Y R ROR 2
GTEERE IR T A B E s HUR DL & 1
R R IR0 (A3) F, lad A LED #M%
Pl R G RVE RS #1715 ETR G b it PRt 4k
FRrE B e (BB, 78 A3 # IR R IE /R

o 500 140 0.7r
m ——Al A2 —+—A3 —e—Al A2 —a—A3 —e—Al A2 —a—A3
& 450 ¥
. > g 5
E & Tt
(= w

ks . "
£ 400 jﬁ” rharaataaty
P 35 AM::: : . s
E 350 1 B
= ol
iz 300 RE
<o
. | 1 I Il
R 2504 2 4 6 8 10 2 4 6 8 10

i E)/h i E] /h EE
B 11 R A A

Fig. 11

Results of different lighting control modes



352 & ML % iR 20194

Pri A R B T YRR RER IR (2) I T HERI R G A, 2B T AL H K
PR A B S B AP AR DIRE
(3) IO TE N 4, AT T OC IR (E Ot
(1) B THET MR RIOULIEEG Y LED 5 i 73 AU E (S 505 L 138 1 5T
FEAE T R GERECE, MU R HLSE B TR Ry O i TR SR O IR R 8 15 45 1l 1 g 45
BRI T PWM 1Y LED SEsRi T LUREE Tt SRR, RETAT LIS 3 A2 il #6220 ok Bl
2R R I CAL AR O B S 1 Pl

Z % x #t

5 it

[1] TERSEL M W V, GIANINO D. An adaptive control approach for light-emitting diode lights can reduce the energy costs of
supplemental lighting in greenhouses [ J]. Hortscience, 2017, 52(1) .72 -77.

[2] NELSON J A, BUGBEE B. Economic analysis of greenhouse lighting: light emitting diodes vs high intensity discharge fixtures
[J]. Plos One, 2014, 9(6) :¢99010.

[3] SINGH D, BASU C, MEINHARDT-WOLLWEBER M, et al. LEDs for energy efficient greenhouse lighting [ J]. Renewable &
Sustainable Energy Reviews, 2014, 49.139 - 147.

[4] YEH N, CHUNG J P. High-brightness LEDs—energy efficient lighting sources and their potential in indoor plant cultivation
[J]. Renewable & Sustainable Energy Reviews, 2009, 13(8) ;2175 -2180.

(5] SKilglE, #e, W1BE, 2. P45 LED SEIE R FOE R HEAMEREGE[ T ] AL TR, 2011, 27(9) :153 - 158.
ZHANG Haihui, YANG Qing, HU Jin, et al. Self-adaptive and precise supplementary lighting system for plant with controllable
LED intensity[ J]. Transactions of the CSAE, 2011, 27(9) : 153 - 158. (in Chinese)

(6] SKIEHE, W12, 475 , 45, BOEAOL TR AN RG], AOHLIRE]R ,2012,43(3) 181 - 186.

ZHANG Haihui, HU Jin, YANG Qing, et al. Realization of light quality adjustable precise light compensating method in
greenhouse agriculture [ J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43 (3):181 - 186. (in
Chinese)

(77 XGEse, TGN, fa2&, 55 T LED SGIRARGBOT AR AE KM [ 1], foll THZE, 2012, 28(1) ; 208 -212.
LIU Xiaoying, XU Zhigang, JIAO Xuelei, et al. Design on LED flexible light system and its effect on growth of spinach[J].
Transactions of the CSAE, 2012, 28 (1) : 208 —212. (in Chinese)

(8] RS /N, s, 45, LED APAMGII RGBT i AR RBOTHRFE ()], IR TR, 2012,23(3) 164 - 68.
ZHAO Qimeng, ZHOU Xiaoli, ZHOU Mingqi, et al. Research on the effect of LED lighting system for supplementary lighting
on the arabidopsis seed germiniation [ J]. China Illuminating Engineering Journal ,2012,23(3) :64 —68. (in Chinese)

(9] WAEE, WL, B, %5, ST LED MOl B RE-NERLE[T]. ARAUEHTTE, 2012, 34(1) :56 - 57.

HU Jin, TIAN Wei, ZHAO Bin, et al. LED based intelligent light supplement system for facility agriculture[ J]. Journal of
Agricultural Mechanization Research, 2012, 34(1) ;56 —57. (in Chinese)
[10] LIY, NIU P, SU Z. Design of greenhouse monitoring and control system based on LED lighting[ C] // China International
Forum on Solid State Lighting. IEEE, 2015.123 - 126.

[11] GORBE E, CALATAYUD A. Applications of chlorophyll fluorescence imaging technique in horticultural research: a review
[J]. Scientia Horticulturae, 2012, 138 24 —35.

[12] MURCHIE E H, LAWSON T. Chlorophyll fluorescence analysis; a guide to good practice and understanding some new
applications [ J]. Journal of Experimental Botany, 2013 ert208.

[13] WILLITS D H, PEET M M. Measurement of chlorophyll fluorescence as a heat stress indicator in tomato; laboratory and
greenhouse comparisons[ J]. Journal of the American Society for Horticultural Science, 2001, 126(2) : 188 —194.

[14] MEDINA C L, SOUZA R P, MACHADO E C, et al. Photosynthetic response of citrus grown under reflective aluminized
polypropylene shading nets[ J]. Scientia Horticulturae, 2002, 96(1 -4) . 115 - 125.

[15] SCHONHOF I, KLARING H P, KRUMBEIN A, et al. Effect of temperature increase under low radiation conditions on
phytochemicals and ascorbic acid in greenhouse grown broccoli[ J]. Agriculture, Ecosystems & Environment, 2007, 119(1) ;
103 - 111.

[16] FU W, LI P, WU Y. Effects of different light intensities on chlorophyll fluorescence characteristics and yield in lettuce[ J].
Scientia Horticulturae, 2012, 135.45 -51.

[17] JANKA E, KORNER O, ROSENQVIST E, et al. High temperature stress monitoring and detection using chlorophyll a
fluorescence and infrared thermography in chrysanthemum ( Dendranthema grandiflora) [ J]. Plant Physiology and
Biochemistry, 2013, 67(3) :87 - 94.

[18] JANKA E, KORNER O, ROSENQVIST E, et al. Using the quantum yields of photosystem Il and the rate of net
photosynthesis to monitor high irradiance and temperature stress in chrysanthemum ( Dendranthema grandiflora) [J]. Plant
Physiology and Biochemistry, 2015, 90(1) :14 -22.

( THESE 410 TT)



410 Rk LB E R 20109 4

[12]  9K&I, AR, B, 55, R T/NAES O S FIE AR ], IR, 2014, 37(6) :42 - 46.
ZHANG Leibang, TANG Rongbin, JIANG Jianbo, et al. Research on characteristic extraction algorithm of heart sound signal
using wavelet transformation[ J]. Electronic Measurement Technology, 2014, 37(6) :42 —46. (in Chinese)

[13] TIAN X, WANG J, ZHANG X. Discrimination of preserved licorice apricot using electronic tongue [ J]. Mathematical &
Computer Modelling, 2013, 58(3 —4) .737 - 745.

[14] WEI Z, WANG J, ZHANG X. Monitoring of quality and storage time of unsealed pasteurized milk by voltammetric electronic
tongue[ J]. Electrochimica Acta, 2013, 88(2) ;231 —239.

[15] LIU Miao, WANG Mingjun, WANG Jun, et al. Comparison of random forest, support vector machine and back propagation
neural network for electronic tongue data classification: application to the recognition of orange beverage and Chinese vinegar
[J]. Sensors and Actuators B: Chemical ,2013,177:970 —980.

[16] M. JeT s 70 LT3 R HR G HORXAT AR S B A [ D], AN . Bk, 2016.
QIU Shanshan. Quality determination of citrus fruit using electronic nose, electronic tongue and fusion system[ D]. Hangzhou:
Zhejiang University, 2016. (in Chinese)

(17] SRgse, BOESK, Eghs 5 SRR TSRS S iy s i [T ], it TR, 2018,39(8) :190 ~ 194.
MA Zeliang, YIN Tingjia, GUO Tingting, et al. The brand and purity of orange juice and liquor were tested by electronic tongue
method [ J]. Science and Technology of Food Industry, 2018,39(8) :190 — 194. (in Chinese)

(18] s P, thifess AR, 45, T 738 AR B4 v B2 i RO IR S [0 ). L 7O 5 A AR 2441, 2017 ,31(7)
1081 - 1088.
SHI Qingrui,MA Zeliang, ZHOU Zhi, et al. Research on Chinese patent medicine identification method based on electronic
tongue technology and pattern recognition[ J]. Journal of Electronic Measurement and Instrumentation, 2017,31(7) ;1081 -
1088. (in Chinese)

(19] IR, FAT, MiMos, 4. ST/ N ELM BRI EE RS ]. (ORI, 2013, 34(11) :2614 -
2619.
HE Xing, WANG Hongli, LU Jinghui,et al. Analog circuit fault diagnosis method based on preferred wavelet packet and ELM
[J]. Chinese Journal of Scientific Instrument, 2013, 34(11) :2614 —2619. (in Chinese)

[20] JAAEF, A, Sk s iE sk e i ELM 76 3L IR iR f B2 Wb i BR[0T SR, 2017,
39(11):2145 -2152.
ZHOU Huaping, YUAN Yue. Application of ELM in computer-aided diagnos is of breast tumors based on improved fish swarm
optimization algorithm[ J]. Computer Engineering & Science, 2017, 39(11) :2145 -2152. (in Chinese)

[21] QIU S, WANG J, TANG C, et al. Comparison of ELM, RF, and SVM on E-nose and E-tongue to trace the quality status of
mandarin ( Citrus unshiu Marc. ) [J]. Journal of Food Engineering, 2015, 166:193 -203.

[22] Zmed I BB, — RT3l iR AR SO, itk (1], RS TR 558, 2002,22(11) ; 32 -38.
LI Xiaolei, SHAO Zhijiang, QIAN Jixin. An optimizing method based on autonomous animals: fish-swarm algorithm [ J].
Systems Engineering-theory & Practice, 2002,22(11) ; 32 =38. (in Chinese)

(23] RjOwE, (G, B3, AP K AN At N TEaRFEEL ], HHEPLRY:, 2015, 42(2) 210 -216.

ZHU Xuhui, NI Zhiwei, CHENG Meiying. Self-adaptive improved artificial fish swarm algorithm with changing step [ J].
Computer Science, 2015, 42(2) :210 —216. (in Chinese)

(LEFE352H))

[19]

[20]

(21]

(22]

adfhi, fif ¢ LED BURICIRM S RIS R LM ARG )]. AL TR0, 2009, 25(4) : 145 ~149.

JI Jianwei, XIE Fei. Online monitoring system for chlorophyll fluorescence parameters using LED excitation[ J]. Transactions
of the CSAE, 2009, 25(4) : 145 - 149. (in Chinese)

IERSELM W V, WEAVER G, MARTIN M T, et al. A chlorophyll fluorescence-based biofeedback system to control
photosynthetic lighting in controlled environment agriculture[ J]. Journal of the American Society for Horticultural Science,
2016, 141(2) . 169 - 176.

X, BT STM32 192 pUMERFE R R BT D). RE S FILKY:, 2014.

LIU Ting. Design on the control system of multi-point loading based on the STM32[ D ]. Qinhuangdao; Yanshan University,
2014. (in Chinese)

WRiEmn , 4 H A, B AOL, 48, AR RIIA LED 21 6 58 2 IR 0 AR SR A K5 i A 2 e [0 ] A0 LA 41, 2017,
48(6) :257 —262.

CHEN Xiaoli, YANG Qichang, MA Taiguang, et al. Effects of red and blue LED irradiation in different alternating
frequencies on growth and quality of lettuce[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(6) ;
257 —262. (in Chinese)



