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Abstract: In the field of plant lighting, since the illuminated surface of the cultivation system changes
continuously with the growth of the plant, the design of the plant lighting system need to consider the
lighting situation and effect in the whole growth cycle and the space occupied by the plant growth
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process, so that it can provide the high illumination uniformity of the whole growth space. However, the
extensive traditional plant lighting solutions are only optimized for a specific reference plane, which can
not achieve the effect of high spatial illumination uniformity. Focusing on this issue, the lighting space of
the whole plant culturist was taken as the research object, based on the theory of space lighting, and the
recently proposed inverted light source and the traditional top array light source design scheme were taken
as references to propose a dual light source module LED plant lighting system. The light source was set
on both sides of the top and the bottom, and the high spatial uniformity were achieved through the
complementary mixing of the two parts of light source. Taguchi method was used to simplify the
experimental process, the variation analysis was used to optimize the key structural parameters, and the
influence of light source distribution curve on the performance of plant lighting system was further
studied. After several times of optimization, the optimal design of illumination uniformity of horizontal

and vertical surfaces is 93.48% and 88.54% respectively, color —mixed uniformity is 90% and 87.13%

respectively, and light energy utilization rate of planting surface is 41.63%.
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Tab.1 Effect of factors and its control levels of

the plant growing shelf

Fac- N
Code & umber Levell Level2 Level3 Leveld
tors of levels
A h 4 0.25 0.5 0.75 1

B L 4 100 mm 150 mm 200 mm 250 mm
C H 4 200 mm 300 mm 400 mm 500 mm
D S 4 X, X, X, X,

Hod X, X, Xs X, WE 3 R o X 45446 LED [4
B Tk AR S T b ) = M R E L 4195 LED AT
TRAHEE 15 mm (5] B% HE 51 ; X, 8549 5 5] #E 40 mm |
>4 LED [A] 5 20 mm 31 %) LED [A] i 30 mm [¥) =
%1 LED T 2k ; X, 4 [A] 13 41 LED [A] #5 50 mm ) 45 5
He A 7 25X, 4 LED [a] #E 10 mm (%) — %] LED 4T
b7

Reflector LEDs

RN

R

Planting surface
X,

PN

20200106-5



ik TR

% S1 # www.irla.cn % 49 A
H0mm e wE AR 5 E 640 nm K209 LED &5 A 90 Im/W
£ §<LED 460 nm ¢ K ¥ 56 LED i K8 45 Im/W , I R 43 [l i%
: :/ LW R 2 WA T 20 000 OG5
= - MR T 400 25 SR (8 S/N B 5L & Ak & TR 1 DU
B e 0 RIS R S O R R, T
- N BOSIN BI04 KR
E ‘deLEDs i%
= N- S i=1 y’_
v Ly |5 |=-101g—2 9)
. n
< N Sy, RS B s R RO
I Beteps L] ReaLbDs A5 B T BOK P AR A Li(49) I 28 45 B, L

A

[]
. Blue LEDs
L]

X,
&3 #5005 X R
Fig.3 Schematic diagram of arrangement X

S %5 i #E A% B Trace Pro B PR KU B, 2 M AH
FWFFEMY, 2 AR W BT AR GRS O IR Y 2R LR R

Trace Pro #5240 ff5 LI 1153, >k AT 15 s HORE v5 I ) AR
J& Ko g B MR 2 2 (1)~ (4) 11 53 1 K P R T L oo
B MRS E AR A A E (k, =31.11 k,=
40.48 , k, Ay 15K 2 7% 1R 4 34 5 BB Y k(E s &,
NI EH S % IR A S R kE) . IR
25 BE R 34 5) B R B 8 5 BE 1Y SIN E, 45 R
W2 2R L F R K- R T, V 2678 o 8 B, iR
BE¥ 5 B SR 3850 B O = U R AR R . R4S
Y5254 T SINAE AT G IR -, b o i
ZEAE Bl R 22 Zebr i 25 SR AN BT 4 IR
RG] 4, 28 548 3 W HLS AT 00T

x2EXRIEIERIT
Tab.2 Orthogonal table experimental design

ial Illumination Color—mixed S/N of f color—
Serial A B c D v : : ' : ' v ol L?‘/N o .co or'
number uniformity uniformity illumination mixed uniformity
1 1 1 1 1 L 78.079 44.327 37.851 32.933
\%4 70.889 32.045 37.012 30.115
9 ] 9 9 9 L 92.914 84.148 39.361 38.501
\%4 84.074 88.743 38.493 38.963
3 1 3 3 3 L 90.329 82.662 39.117 38.346
h \%4 84.741 84.114 38.562 38.497
4 1 4 4 4 L 84.362 83.282 38.523 38.411
\%4 69.534 85.179 36.844 38.607
5 9 1 9 3 L 92.736 90.000 39.345 39.085
Vv 80.463 89.367 38.112 39.023
6 9 9 1 4 L 88.716 86.724 38.960 38.761
\%4 78.177 83.971 37.862 38.483
7 9 3 4 1 L 86.978 78.874 38.788 37.938
: \%4 72.959 84.278 37.262 38.514
L 86.102 84.380 38.700 38.525
8 2 4 3 2
\% 76.281 84.738 37.648 38.562
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Continued Tab.2
Serial Illumination Color—mixed S/N of S/N of color—
B C D LIV . . . . . L K . .
number uniformity uniformity illumination mixed uniformity
0 3 1 3 4 L 86.304 85.107 38.721 38.599
\% 78.193 88.637 37.863 38.952
10 N 9 A 5 L 77.950 87.172 37.836 38.808
\% 78.773 90.000 37.928 39.085
L 84.920 87.792 38.580 38.869
11 3 3 1 2
\% 85.887 83.123 38.679 38.394
L 79.099 80.047 37.963 38.067
12 3 4 2 1
\% 83.179 86.724 38.400 38.763
L 84.751 81.742 38.563 38.249
13 4 1 4 2
\% 81.543 84.314 38.228 38.518
14 4 9 3 1 L 81.960 85.649 38.272 38.654
\% 59.854 86.048 35.542 38.695
15 4 3 9 4 L 83.532 85.521 38.437 38.641
\% 68.597 84.973 36.726 38.585
L 3.43: 4. 192 38.42 38.
16 4 4 1 3 83 .3)3 84.19; ‘38‘ 7 ‘:}8 505
Vv 82.639 84.457 38.343 38.533
XpA (i E LED 1 =B A 98 L h), =8 3910
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(a) S/N of illuminance uniformity on horizontal plane
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(d) S/N of color-mixed uniformity on vertical plane
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Tab.3 Contribution rate of different factors to

illumination uniformity and mixed —color

uniformity
Contribution rate of Contribution rate of
Factors . . . . . . . .
code illuminance uniformity of  illuminance uniformity of

horizontal plane vertical plane

A 43.98% 25.47%

B 9.09% 4.61%

C 15.02% 11.71%

D 31.89% 58.20%

Contribution rate of Contribution rate of
Factors

color—mixed uniformity of color—mixed uniformity of

code horizontal plane vertical plane
A 26.41% 24.52%
B 19.86% 21.56%
c 19.76% 28.70%
D 33.96% 25.20%

MG 3 AT LA, X B8R 2 2 B2 R (0 4 2] )%
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P B S AR R AT E— 2 T T, LA S 2R 1,
PRS2 50 7™ 1 T

HEAEOREEB DT U B3(Ri A 1 58 ) L=200 mm),
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S BESAE h=0.35 I 3K B 5 K, 33X 02 R OG IR B G T
00 £ 358 /0N Bof 7 o) Pk — 3, BROBE & IR Ry SR 48, B SR
1o 5 5 E BRE

45, B h=0.35 B [H F AP FiAH 10 58 5
L=200 mm C [ ¥ W B sz 5 1o 21 A A i) BE s H=
300 mm g M T, 8 D HF S D31 .D32 D33,
D34 D35 HLFp 454y, #EAT T — W5, Hrh D31,
D32 D33 Jytnl&l 6 Fron it a 454, 51 28 x 43 5
N ixy, =40, x,, =50, x,, =60; D34 D35 Jy {1 & 6 fif R
(1 b 2548, 251 Z 80 x 43 5 2 x,, =30, x,, =40 , HL{L)
B B 45 B 7 (k,=42.887 ,k,=56.788 , k, Jy it Kk
V2 R A S B kK H sk, MR ESH
TR (L 34 2] BE 9 k(B T 7 o

B L B BT A PR OK HE R £ 0.35,D Rk 4
D32 45#y, BRI+ x,, =50 f Q& 7 Fr R B9 a 45 44 it
KR BL g S kB e, A R 3R 2R 0 Bt i S
Bk - B TH S5 B L=200 mm ., iz 55 1A F) FhO T B

X
—— A Ii‘
Blue LEDs
| D D./
u O Red LEDs
D -/D

(a)a 5t

(a) Structure a

20200106-9



bk T2

% S1 # www.irla.cn % 49 A
% 94%
n n i
(=]
&
Blue LEDs g g 0%
m =
O [ | £z
TE86%f
o)
E3
o =
=}
|| O -\ S 82% [
Red LEDs

S

(b) b %ty
(b) Structure b
K 6 D N1 4ith
Fig.6 Structure with the factor D

7 H=300 mm , P A8 i # LED T 31 1) = 1 A 5
Y6t h=0.35 T#R S ) i LED [ 51 25 44 g 4n &1 6
7 x,, =50 Y a 4544 o 153 21 55 37 Z8 0K 7 HORE i i) AR
JE ¥ 2 Ry 93.58% , 1R 3 21 B 90% 5 % HURE
T ) BE R H )l 88.02% , 3R (5 1 51 FE R 90% ; Fh
M T 6 HE A R N 28.20% . 1% 37 50 M8 0 )3 o) A
Fanp 8 frs o

100%
G
[=]
x 96%r
€8 92%f
EE

=
S¢S 88wl
<=
g o
g
E™ 849t

80%

D31 D32 D33 D34 D35
Factor D

(a) 7K V-2 2% 1 B 3 o)

(a) Illuminance uniformity of horizontal plane

94% -
s

> 92%
E o 909
£ s

=B 889 |
o S

2 86% |
'CE (5]

é 7 84%
= 82%f

80%

D31 D32 D33 D34 D35
Factor D

(b) B 2% i L A

(b) Iluminance uniformity of vertical plane

20200106-10

D31 D32 D33 D34 D35
Factor D

(c) K V-2 25 i e (4 &) Ji

(c) Color—mixed uniformity of horizontal plane

92%

90%
88%
84%
82%

Color-mixed uniformity of
vertical plane
oo
2
B

D31 D32 D33 D34 D35
Factor D

(d) ¥ EZSHHROHSE
(d) Color—mixed uniformity of vertical plane

B 7 ¥y5) R D F AR Akl 2k

Fig.7 Variation curves of the uniformity with the factor D
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3.3 EE&

Tt ot il 2 A AT BRI B TR AE S 8, DA RAE
KT SRR R H S 1 BE 0 SR B, AN TR O il 4R 1 S U
S R B TR EHUR 1 25 5 o 72 MO St it th % L 4T
XFELA W9 TR FC O il 2 AT BR , BF ST AT BR G Ot
ity £ Xof A ' VR A SZ A o & 9(a)~(e) BT R [ KT
Bk A B 400 oA 30°,60° ,100° ,120° 150°, [&] 9(f)
g s A A KT BRI B T £ o A Trace Pro #4248 1)
L, TWEIKEZ % 0 M % H S 5% 10 0 2 BRI 5 B
Frf L RE A %, SR EE LA R0 ¥ E W
B 10 7% (k, =24.879 ,k,=29.914 , k, it G K TF-5 %
TR 8 X ST I Y k(B kAR R H S % R A
Y5  BEOT Y kAR , P i 2 2% 3R b oE Ml 22 o

B IL R LA e, AT BR OGRS 100° LR
B, b L T D't BB R PH AR B A K TR 2 2 T
W B S PEd 25 o 3 TR O T 3k O A BE 3/ i Ol
SRR E T R A AN R, RS HEN

20200106-11



LGk TR

% S1 # www.irla.cn % 49 A
(a)30° 170°180°1.702 (b) 60° 170°1807170°, (¢) 100° 170°1807170°,
150160 160750 150469 16050 22
140° 140° 140° 140°
130° 130° 130° 130° 130° 130°
120° 120° 120° 120° 120° 120°
110° 110° 110° 110° 110° 110°
100° 100°  100° 100°  100° 100°
90° 90° 90° 90° 90° 90°
80° 80° 80° 5000 80° 80° 80°
70° 70° 70° 1E-0 70° 70° 70°
60° 60° 60° L b 60° 60° 60°
50° 50° 50° 50° 50°

3005 vE-064 s
20% o go 10020

R 170°180°170°, .,
(d)120° | <1460 1600,

140°
130° 130°
120° 120°
110° 110°
100° 100°
90° 90°
80° 80°
70° 70°
60° 60°
50°
202000 0o 10920°

PIEBEAN TR o TAE OGS BE S 120° A1 1500, 8K
F189 H1 D' A B A A ) A TR I B S D 2 R B TR DG

40° 2E+00)

30%,,

“10° 0°10°

170°180°170°
(e)150° 1 J60°

140°
130° 130°
120° 120°
110° 110°
100° 100°
90° 90°
80° 80°
70° 70°
60° 60°

50°

0%

9 et ih £k
Fig.9 Light distribution curves

20% 00 ge 100

(f) Final optimization

0°

0%9

°10° 0° 10°2

ROR TG 2R 28 5 RS A B S ) I T P 2 0
ER N S U 2 3 Rl IS V0 O 5 ol )| B R IR

100%

95%

] o0 el

S W (=

R OR
.

horizontal plane

75%

Illuminance uniformity of

70%

95%
90%
85%
80%
75%
70%
65%
60% [
55%

Color-mixed uniformity of
horizontal plane

—

a b (¢ d e

Light distribution curves

(a) TR 2 75 1 I BE 1 5] JiE

(a) Iluminance uniformity of horizontal plane

a b c d e £

Light distribution curves
(c) K225 it (0 1 5] JiE

(c) Color—mixed uniformity of horizontal plane

92% 95%
[

b o
=] o, ¢
S 8% E
= 8
E o 720 f ce
&= =2 85%f
g & g
S35 62%} e
0 o Be
e g = £ 80%
0 52% é 2
g 5 L
2 42% =  15%
= O

32% a b c d e £ 0k a b ¢ d e f

Light distribution curves Light distribution curves
(b) & H 2 % W 14 5] 2 (d) BEHZSHmik 65 E
(b) Mluminance uniformity of vertical plane (d) Color—mixed uniformity of vertical plane

20200106-12



LGk TR

www.irla.cn

%49 %

% S1 #p
90%
S 80%
o
g o 70%
a <
S =
E;eo%-
= .8
B 50%
S5 s
22 40% -
5}
g 30%f
20%

a b ¢ d e f

Light distribution curves

(e) i 1A7 RE 4k F1) ] 6
(e) Energy utilization rate of planting plane
P10 45 5 Js 8 B 15 O i 26 7 728 1 it 28
Fig.10 Variation curves of various attributes with the light

distribution curves

WE & L1 O A RE 1S K, D A R A K, A 1T Y R R
TR i HAE G KT 120°0F fy 0% 2 51 i
[ 25 2 2% 100 5 5] BE AR AR R BE AN K, AR T DL 220
O A XA SR, HUA OGN T
TRAE R U8, A 45 7 F 5 e B R AL 0 B 5 B ML) T
72 bR AR 7 2 ok O AR RE B R SR IR i LA
FEA AT LA Ry o6 8 0 T Y 43 A A 23 ) 5 3% 4 2 [ IR
B 4 5 B 7= A R R

FE 6 FH O A B 1200/ AT BRI, 55 3R 4R BT L
B 1] R 25 57 B 3k B B A K o, O FL R ORE 1f AE 28 A
FH 25K 3 T K & S R R (i i 4SS 7R o A
17 6 BE F Rl 28.2%) 1 41.62% o BT LUK B A1 e 1)
KT TR A0 B2 A & 9(d) ir s T o't ith 26 O U
B — 2B Ak, B % SR S R T RE RS S8 A B
93.48% , 1R (4 4 51 2 90% 5 "% H 2 7% T BRRE 1 5
g 88.54% , R (0,34 &) B Sy 87.13% ; T A T O BE A ]
% 41.63%
3.4 EHEY & KR

) U 07 24 A ) A K B 45 A AR AR 4R
P35 57 ) BB, DLRE PRAIE BT 7 RS9 7 T AR R A
FLAT S 4 [a] HECBH 3 50 B2 1) 4 5% R A Y ) 3 B aF —
A WIF 5 A 0 R 3% T I IR BB RN €8 FE B A) B, R R S
F7AE DR R 0 5 1T {6 T 5 R ) 2 R 5 B R R
) AL W P 11 () Fr s, B = e AR SDU A 90, 3 o 3
B = i K 1 1R R TR A 1 A K o 3@ 3 Trace
Pro {4 15 480 I 2 A8 9 i B 7E 20,40 .60 .80 ,100
120 140 mm B3] = 4 b T8 (1 26 B7 & A 4 1E By

32 HEA 00 ) A0 T (AR 3% BT R 00 R Y %
HE A5 00 1 1 50 BE (K, =49.519 ,k,=21.228 ,k, Jy it 5%

7
\ /
\\ /r
s \

(a) MWy KA

(a) Plant growth model

Illuminance uniformity of
horizontal plane

20 60 100 140
Plant height/mm
(b) K2 7% [ MR B3 ) 2
(b) Illuminance uniformity of horizontal plane

100%

95% |

| N

o] o0 O
S W (=
R OR

Illuminance uniformity of
vertical plane

20 60 100 140
Plant height/mm

(c) WHZ % m Yoy

(c) Hluminance uniformity of vertical plane

100%

95%

90%

85% |

80%

75% [

Color-mixed uniformity of
horizontal plane

70%

20 60 100 140
Plant height/mm

(d) K2 i@y s)

(d) Color—mixed uniformity of horizontal plane

20200106-13



LGk TR

% S1 # www.irla.cn % 49 A
| SR DT, e R R K Y T IR A v
; 950} b b FITH G LED [ 51 25 44 HE 47 S Y8 A 58 45 1)
2 BEA , 3E— A5 TFE T 6 16 A 5 H 28 %1 18 9 2% 58 % it
23 (RO . I 7 SUF I 96 B L=200 mm 7 3 i )
€8 s FIHL T 1O 05 B H=300 mm . FivR 1 = e b 98 H =
g :}Z 0.35 . A IZ 46 LED JE 51 45 Ko 5 11 6 FF % x,, =

20 60 100 140
Plant height/mm

(e) B H 2% W35
(e) Color—mixed uniformity of vertical plane
Pl 11 8 P G 0 AT 7 R A 4D) 45 SR

Fig.11 Occlusion detection model and simulation results

T 1 15 € 149 50 BE B Rk AH 5 &, D 3 500 R € 4 2
JEWS ) kB o = U & S0 5 O 45 SR 1 P 2 (B A0
B 11(b) () 7, P v i 22 2 3 s s ME i 25 o

WP 1L n] LUt AR ) TO0 i ) AR JSE X 5 R i A
Y BEHGNA T R X O BE A R
S, R0 T X Al AR TR ' R R S O A R AR S 4
B9 S, B IR AR Y TR B DA D, AT 3 B ) T
Vi EE B 2 2T e TR AL TS AN ThT g T 2 X 2
JE B RFFTE 00% 76 47 BB i K F, PITHIR €0 1 50 JiE
RIFTE 85% 7c A5 Y L K F

i b, HEPERB SIS0 Z MY g
—E R, (A% 2 2 T IR Y o) R B R R AR B 0K
-, FUELAE R A K A% R B R R PN Ol ik R e
I8 S AR W) 2B A T T 119 5 IR LB gl B AR A 2 X
Py A A R BRI o RS T T BT 8 5R 2RAE
) A R i R R AR R R 2 50 B A IR B R

4 & &

ZF G AR A () R A R e, LS EE A
Tl oA 2 ) =g PR FR @5 B HR, LRGSR e
JC 45 A6 7K - AR TED RN HP G 1S B TE Y PPED ¥4 4] FE R
TR (03 5) B L AR D pF e 8 b, 6 BT 3 T ROE A
A e YR o D B JEC 5] TR Sl U A B A TR 4 5] A
S VR AL B 11 X W R 0 U e R L, LR R
W TR = e M kT e 58 LL by FR 1D 52
BE L TO0HB % U5 R B S S T 2 FoR TR BEES H L TR
LED B5 51 45 #9 X DU AN 5% ) P X 15 3% 48 3 5 B 1Y)
s, N A Taguchi J7 7k (ANOVA #ig kS 40 f % it

50 1 a 45K KT Bk C O il £ B 9(d) 1 S A Al A
R, LA Y F O A B R 4R OK -5 2 T R Y 50 B
93.48% , 1R (A1 51 FE l 90% ; "% 5 % [fi B JF ¥ o) FF
hy 88.54% , 1K (0,34 51 B Sy 87.13% ; i AH 181 O e ] T
HH 41.63% o Fx Ja FIAS [ i BE A 48] = B FE XA
1 AR g AR AT R AL ARG I A A 4 X A2 BT 345
FER) R . 45 R R HE AR AT DL 220w & A A KB B
JIT B A 4 F S 1 0 B R A, B E T S BT
H 6 VR BE TE A W A K A ad B A = 4 s ] 4R
T35 57 (6 IR R 6 A Sk e A W AE 2R KA B BEY
FECBH BRI, f /e o R A ) G IR AR R B —E
HERTE X,

S %3k

[1] Shao Mingjie, Liu Wenke, Zha Lingyan. Differential effects
of high light duration on growth, nutritional quality, and
oxidative stress of hydroponic lettuce under red and blue
LED irradiation [J]. Scientia Horticulturae, 2020, 286:
109366.

[2] Pan Ruichi, Wang Xiaojing, Li Nianghui. Plant Physiology
[M]. 7th ed. Beijing: Higher Education Press, 2012. (in
Chinese)

W EGIR, N, IR, R A B2 M. 7 R dE R &
EHH AL, 2012,

[3] Morow R C. LED lighting in horticulture [J]. Hortscience,
2008, 43(7): 1947-1950.

[4] Jiang Xinyu, Wen Shangsheng, Ma Bingxu, et al. Design of
high illumination uniformity inverted LED plant light source
system [J]. Chinese Journal of Luminescence, 2019, 40(9):
1172-1184.. (in Chinese)

FZWTT, S M, SN R SE e BRI A ) R LED
YL R GEp Bt 1. &Ot2£4l, 2019, 40 (9): 1172-
1184.

[5] Jiang Xinyu, Wen Shangsheng, Zuo Xin, et al. High

illumination uniformity inverted plant light source design

with bulge structure [J]. Chinese Journal of Luminescence,

20200106-14



% Sl

bk T2

www.irla.cn

%49 %

(o]

(71

(8]

(9]

2020, 41(3): 339-349. (in Chinese)

FZWr T, SCHBE, TR, . A B AR Y Ry A
{8 R R 6 IR B I, R4, 2020, 41(3): 339-349.
Xiang Changming, Wen Shangsheng, Shi Chenyang, et al.
Design of direct —down type LED panel light with curved
surface plate [J]. Infrared and Laser Engineering, 2017, 46
(7): 0718004. (in Chinese)

mE L SO, R RBH, S Rl Al R A i ER &R
LED ~F #ig 4T 8¢t [J]. Z0 40 5 #00t T/, 2017, 46(7):
0718004..

Ma Bingxu, Wen Shangsheng, Chen Yingcong, et al. Design
of edge —lighting LED flat panel light without light guide
plate [J]. Infrared and Laser Engineering, 2016, 45 (4):
0418001. (in Chinese)

SN HL, SO, BRI, AL A SUTE SOt LED R
JTBEIHII. 2050 5 30k T2, 2016, 45(4): 0418001,

Lei Yutang. Photoelectric Detection Technology [M]. 2nd ed.
Beijing: China Metrology Press, 2009. (in Chinese)

R ORI R M. 2 hR. dE Rt b E O R AL,
2009.

Jin Xiaolin, Wen Shangsheng, Ma Bingxu, et al. Design of
high uniformity LED plant lamp [J]. Chinese Journal of
Luminescence, 2018, 39(10): 1466—1477. (in Chinese)

BT BRSO MR, SN R, AF . 2 2] 2 LED WO IR Y 33

20200106-15

[10]

[11]

[12]

[13]

PI]. kot 4, 2018, 39(10): 1466-1477.

Zhu Zhenmin, Qu Xinghua, Liang Haiyi, et al. Uniform
illumination study by light —emitting diode ring array and
diffuse reflection surface [J]. Acta Optica Sinica, 2011, 31
(1): 0115001. (in Chinese)

PUIR B, e, R, S IR T RO TR IR A S
18 2 4F 2w pg B ST DB AT [J]. O A4, 2011, 31
(1): 0115001.

Zhang Zhiping, Xiao Zhengyi. Overview and analysis of LED
plant lighting luminaires standards and technical specifications
[J]. Electrical Appliances, 2019(11): 31-35, 40. (in Chinese)

sk A&SF, W IR . LED 9 B8 BT KT B v 2 ML/ B R ML
BregiR(T]. A 4R, 2019(11): 31-35, 40.

Pang Peiyuan, Wen Shangsheng, Huang Yaqi, et al. Design
and research of the light mixing component for high
uniformity and ultra—thin direct—down LED panel light [J].
Acta Photonica Sinica, 2017, 46(5): 0523003. (in Chinese)
PEREOG, SCi M, BOREL, AF. Xy o) M W H T X LED
S BRAT IR D T AR B B 5 E ST 0] OB T2, 2017, 46(5):
0523003.

Thomas P J Linsinger. Evaluation of CRM homogeneity in
cases of insufficient method repeatability: Comparison of
with substitutes for ANOVA based

Bayesian analysis

estimates[J]. Analytica Chimica Acta: X, 2020, 5: 100049.



