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Method of VisualSimulation of Rice Leaf Color

Abstract

Abstract: A color rendering method for rice leaves based on SPAD data distribution image was presented.
Rice leaf image was collected and SPAD value was measured by field rice sample test. The relationship

model between SPAD values and RGB value of leaf image was analyzed and constructed, and the R? was
0.932 8, 0.833 1, 0.562 3 respectively. This showed that there was a correlation between SPAD and the
red and green color of the leaf image. By the SPAD data distribution image, the spatial distribution of
SPAD value on the leaf surface is described. The leaf surface color difference and the change with the
growth time were simulated. Through Microsoft's Direct3D9.0 graphics library and vc ++ programming,
the visual simulation of rice leaf color change process based on the previous 3D model of rice leaf was
achieved. The method has good generalization.
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Abstract: A color rendering method for rice leaves based on SPAD data distribution image was presented.
Rice leaf image was collected and SPAD value was measured by field rice sample test. The relationship
model between SPAD values and RGB value of leaf image was analyzed and constructed, and the R? was
0.932 8, 0.833 1, 0.562 3 respectively. This showed that there was a correlation between SPAD and the red
and green color of the leaf image. By the SPAD data distribution image, the spatial distribution of SPAD
value on the leaf surface is described. The leaf surface color difference and the change with the growth
time were simulated. Through Microsoft's Direct3D9.0 graphics library and vec ++ programming, the
visual simulation of rice leaf color change process based on the previous 3D model of rice leaf was
achieved. The method has good generalization.

Keywords: rice; leaf color; SPAD data distribution image; visualization

S TR A A AR BT REAN A KR (K F ERA AL
FEAR S R AL By e S B TR e ks B 7R AR
Dl 0 HUFE IR LR A KA B A0 22 AN R R A5 ),
FCP AR IL S M AR PR 5 AP IR R 3R

13

5l
R ARG A T B B i s R, HLi

Weha I : 2016-10-21 BRI E . 2016-12-18; NS S g et A 1] S L
HATH: [HER LRREHES (61562039, 61363041, AR SR, S AR T B 2 A ek A
61462038); X R A B A AT T R U SRR RAT T

EF WA MO z1975-), 5, LHT, Wit @ o N R
R DO AR Bl ihzsan SR ML AR, A R B B R AT 3
WIEH 1975), %, {LPHT, fit, @0, Bi% . . s )

T ) R R ) ?&E&*E?@?ﬂjjﬁnfﬁéﬁféﬁé%{)ﬁ;ﬁgﬁﬁ%p o,

http: // www.china-simulation.com

* 2892 .

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 8, Art. 10

530 &5 8 1
2018 4F- 8 H

TXSAFF 7Y 3 L SRATA AR 7 S (R AR R,
e Z 56 B I AN T IR A DL R 2 s R
AR N R

IKFEAE N 2R EY 2 —, JLrt )7 SPAD fi
AT LA B KAGI e S A o i, A A
PG YEAR AR ) fo B B s 2 1. [ A AR
VEI B I T 2 AR TR E T R B A R R
E S Wl M 5 25 R = v 5 N L R EEN O i
Pk SR g O, (B g5 A A 2R IR T A e
B AT S ] WAL A OB ST AR > >,
VEF L KRR A, IRIOKFEA [ o7 i
J7 %) SPAD {E %54t K A A BB AL BB R G vl it
F IR, G. B =%, /A F SPAD (A5
IKAGI B i 2 IR OR RIF M ECH AL, JF
2 A FT IS R KRB J = g0 s
SPAD {E 17K FG I T EE P ] AR S
1 MEEHE
1.1 RS &t

A A B LUK R P 2% B 3R A A AR A
FEAAEFERT G IR FEAE AR RS 1560 SR FH VLV 1 X 4
IR TR L RE 44 458 ARl RIG T 2014 4E
F1 2015 FAELLVG RN AL RIS AT o H 4
TEREACEAR RS, #il 4 AAFRMEFEKT
(N1=CK(0). N2=225 kg/hm’. N3=150 kg/hm’.
N4=75 kg/hm®) o &AL B, FEAE K 60%. JEHE K 40%.
IKAERIFEARRRT R HAREE, T3 KR L
Jit 14.24 g/kg, 4% 0.8 ghkg, W% 52.23 mg/kg, #
% 8.9 mg/kg, HHM 101.84 mg/kg). LEFLET 4 1
LN PR R, AR MR AL Y B 3 A DUE
SR, LR IR A4 U AT, DRI
[l SR I 68 2 S IR K RERE AR AN

1.2 FHNEESHE L E

IKFERE fit SR 28 A 5, 2 Ak 1 e 4
T4 a AR b RIS N Z(T6E
BEVEIAR) . 2R ZE AN 5 & SPAD {H(SPAD-502

WMz, S5 KA A B rT LA LT 5T

Vol. 30 No. 8
Aug., 2018

- AR« i HieT G 0 (Epson V300 -
B R R s TIARAE M LR
AEE. BEANRATR T FI 5 BER BUAE 2 BN 1
U P12 SRR SRR 1 k. FEAREF T2 2
SREUH ¥ SPAD {E AN ¥ RGB fH%d, H'e
5 A A i AR A A

FR 5 SCHR[17-18], 7K F& SPAD R 185 A% I i 47
BT IR B RS 2/3 Ak, B SPAD-502 4R E AU
2 2] i v 358 A7 48 ) B 50 DY 0D = vk R I I
SPAD 18, JEHUSMEAE A mtrh b6 53 1¥) SPAD fEAE
AR 2 R ARG R AR ) rh B E AL
(M7 BUE A CH4ifs, LB (585, & Al
HUEEAN I 0 Ry G B i s &, JFELF
WA, YERIZH 0 R G B & TS5 it
L FE M5 B SPAD HAEAIE T .

2 JKFE AR

2.1 M F SPAD {H KAkt 72

X TR S AL PRSI R, AR T 4R 21
R HETS, 7 i) SPAD R RE I F AR A TR 324k
REFEUITE 1 Bse MR SCRRI19], AT LUK R R4S
PRI AR A 2 3 ANBT B BB A
MRl BE R, R EEEHAR L 1 A
oy H BB, NIHREWIT IR RIThREM 4G A, it
CEREVEIRE, FEARUAKLE 1+ B H7;
BrBG W DI REI AR B e T T, T
SR G NS W S O[5

2 A B C
40 AT N

i 35

2 30

< 25

1234567 891011121314151617
i 8]/ K
K1 )7 SPAD B Fr 2B I Tl 2R Al i e
Fig. 1 Changing process of SPAD values of leaves with the
growth period

http: // www.china-simulation.com

* 2893 »

https://dc-china-simulation.researchcommons.org/journal/vol30/iss8/10
DOI: 10.16182/j.issn1004731x.joss.201808010



Yang et al.: Method of VisualSimulation of Rice Leaf Color

%530 %25 8
2018 4F 8 J

A T UL K R B T T PR L
WL R = ANASAIAL B ) SPAD H, 3 FKFEIEA
AR SR 3 B 12 M, BRI AT
RI—MAEDLT 5 7] A7 E 1K) SPAD fE /)
Tt A7 E ¥ SPAD fE, M 1) SPAD fH/N T
KA B 1) SPAD {H

2 HIH T BEAL 20 ALAN [ g 2R
PRI 3 ANASIRIE AL ¥ SPAD B 454 o A
K7 ) KA 7K Py 168 Ty e A e 0 38
TR A RAR A I R e €8 O 5 0 3 -k
fr BN, HEIMZE . BT KR R 58 BT )
ELiepk s, [A)—J7 1 ] SPAD {3 #3353 SPAD {4
ATFAENE 2 5, (HMOKREM AR KRR S,
v 57 1) PR €078 4 Sy IV 3 b 30 5457 8 s )
HuL kA B ISR B, HEIAE.

49 ® ©
i Q oogo 00
43 00 OpX
fpoo "ok a0y,
0] X
@ 37 A OA
L I VDN o
o (@) A X X
‘Bl 2 X
xXy XX X )
23 X amrp
Bl x o n#
171 234567 891011121314151617181920
P

B2 i ASFEFRAL SPAD fH
Fig.2 SPAD values in different positions of leaf blade

2.2 M it RGB {5 SPAD fH < RAER!

LX) SPAD M 1F i B 45 5 4 4

& Ry Gy BAHBHATHHOCNEM T, RIS T 7K AEn:

F ) SPAD {5 MHALr (s & R (et =

G HAAWEWMHXME, MTF#E6AsE B, A

HA W RIADE, Bl FHAER N, X2

SEMAS K. 43 A SPAD i S5 5 & R G

B {H 1 RREC 2R KA 1) SPAD {H 5 B, 7y
R. G. BEHMXARWA(D)IR.

RGN AR

Journal of System Simulation

Vol. 30 No. 8
Aug., 2018

R =186.6xe "%
G =144.6xe 07 (1)
B =55.26xe "0

AP s b spad i, A HIHE R 5L R-square 4371
:0.932 8, 0.833 1, 0.562 3. RMSE 435l 4y : 4.034,
3.234, 2.741, Xt RMSE 5 UL A& 1) 71 43 b
RN 6.287 5%, 3.31%, 7.706%. RMSE 53
DU ESIAE 1R Er 4 B REAR A7 ) B W ASE R ASCATM A 1) ot
PE, B HEAN T 10%, 2B BAE 55 5 brosl g
— SRR U, 10%~20% LA U, 20%~30%3 W
BRI — M, 143 BUAE R T 30% 4 AU 55 5
B i 22 K, BRI 22 o L it 4k L an 6 3 o o

140

e Ryvs. SPAD
120 R4 & 5 SPADME 2 [A]5% &
o
1 100
&K
~ 80
60
20 30 40 50
SPAD{H
(@ R =4 KE
130 + Gvs. SPAD
1201 G4 5SPADE 2 ] % &
pu
o 110 F
&
© 100}
9
[N ]
15 20 25 30 35 40 45 50
SPAD/H
(b) G A KE
55
501 ¢ Bvs. SPAD
o B4y 5SPADIH 2 A6 &
& 451
g
R 40}
m
351
30} .

15 20 25 30 35 40 45 50
SPAD{H

(c) B MK

K3 R. G. B4r&E{ih SPAD fHIUA M2k

Fig.3 R, G, B component value fitting curve and SPAD values

http: // www.china-simulation.com

*2894 «

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 8, Art. 10

530 &5 8 1
2018 4F- 8 H

2.3 MR K

K By B H O AR U5 22 RMSE(Root
Mean Square Error) /775, Wizl(2). XIARFUME 5 M
WHE Z 1 75 G FEAT G0 0 Hr o RMSE {E B/,
FEWIREIOAA L5 2 B PR — SOy, R AR A
L FoAERf . "5, RMSE HIvh-Ewnr~, Hr
OBS; A WLINE, SIM; AARAUE, n WAEAZ .

i(oasi —SIM;)*
RMSE = {[=. )

n

I EE SRS I 1) 45 AUAS [ ko i
SPAD {H A1 R\ G B 7 & AEX T it /K i [ SPAD
B 55 (0,53 B AR ) S B R R BEAT T 9128 (AR
¥, W EIR R (1), 1 SPAD {HARITI S R,
G. B /M E{EMSEIM Ry G. B /a4 Rk 1
FiaR@E 1 P AXSIHET 15 4U8000). 45980 1
RO KRG 25 EANFEMAZ 0 5 7EAN R SPAD fE I
(AR BRI TYE, Ry Gy B & (E
R TSEAE S5 ME 2 [A]f¥) RMSE 344853 5l
9 3.784. 2.717. 1.888.

£1 R, G. B A RIS S SR %
Tab.l Table of RGB simulated values and measured values
SPAD Rt RS Gil G%  Bil B
(I X (= (= S X (= R (= = X (=
41.7 65 62 99 100 34 26
33.1 81 77 107 105 38 30
38.3 71 67 102 105 36 39
37.4 72 78 103 98 36 33
43.7 62 68 97 101 34 37
41.7 65 65 99 100 34 35
40.7 67 64 100 100 35 30
434 62 63 97 95 34 30
34.6 78 75 105 102 37 35
38.2 71 72 102 98 36 34
49.4 53 59 92 88 31 27
40.8 66 63 99 96 35 33
46.5 58 55 94 97 33 38
50.4 52 49 81 84 31 26
43.9 61 64 97 98 34 35

WMz, S5 KA A B rT LA LT 5T

Vol. 30 No. 8
Aug., 2018

3 MEfiEER

I KB, SPAD 5t v Bith RG 43 #1H
RO HCR, HI A RGB =40 &, G
WK, AtsraiRe, Wi/, 4 SPAD fH
KIEAAE 30~50 YU Bl , e s Bt AR,
M SRR NRLSE A S BEAS SPAD (B {IG,
5 AU R SIS IR P 4 1) 35 (1 AR A 34, T I ol
BRI AR ZAA LA R IS Ry Gy B /i
(AR Ak, b o AKRE I 7 56 4 il IR Ja e
SPAD #1484k, M7 SPAD i B IEEATE E
fERES, M ByREGE A i gk N T2, SPAD
(ERE YN RN VA [y S 2 N T N E B2 N
0 My s dh A B IF ARS8 0 3, B A kL
P B AR R R LT RE . IR A R U, ZKAg T
AR B AR A o R A S B8 S
A b, ESERRE YRR, A SRR, FREE
T RGEEINWIREDG, ARG SN, FH
RGB {H 5 SPAD {H )6 S AR J5 FEAE 18 S S i

RECHATIESR, W & 08 s Df 2
X(3)-
Df = Apx Ac+(DpxDc)(N -L)
Dc=(R,G,B) =k(186.6 x e 0%t 3)

144.6 x 9_0'0091845t,55.26 x e—0.0114st)

L Ap WHBDGREE, Ac HIEDEHIEA, Dp
8 R G R, De 18 R B, s i SPAD A,
t AR BN SPAD (HIFERARE), N N
M I, L KOG 6T . K 4
ANTE] SPAD R IR ST A R I R ECh 1,
MIEEIAT SPAD {EAK KA A 50.0, 25.0, 0.0, HHT
A SR SPAD fEERAAIA], FrLAM 2
b2/ an NS

FESERR HARIAEG o, i 31 4 0] 25 s R e
A=K T T AR m# i, AR
F B O B RE S T SPAD {E AL 258
M (98 R G oy . st i, SPAD {HAEM Fr
T % B PR A AN [ 17 751 ke Hovg St B AN FH —

http: // www.china-simulation.com

* 2895«

https://dc-china-simulation.researchcommons.org/journal/vol30/iss8/10
DOI: 10.16182/j.issn1004731x.joss.201808010



Yang et al.: Method of VisualSimulation of Rice Leaf Color

%530 %25 8
2018 4F 8 J

B AT LM HIAE e T B —FE, Bevh—akE
T SPAD 1H (8 73 A KL 5, HIF-Uil] SPAD
{EAEM 7 R 22 8] 73 A oL, #Kdis SPAD %idfa
oA BB AT AEAT P i B iR e o A
T3 SPAD B HE 73 A1 A B 5 i 24 AL 2
ok AE

4 ANIF) SPAD fE 145 LR
Fig.4 Simulation of leaves with different SPAD values

(1) R B BRI, K FEE B
K, WHEGERBEE AL E GRS RO, KRN

(2) HIF/KFEM: A 1) SPAD {8 73 A £ X [7][0,55]
Z ), 5 G FEAE X ] BRAITE[0,55]2 1], 5%
DX 22, v A EHG K A R 5B SPAD {E ) 5 %
T SR FEMEBRE 255 (K320 K 255 BiAT,

SR ANTR] (1) SPAD HUHE 7 A1 K P G, AR AR
B RUAE I = YA rh A7 T E B R AR AR A
7% SPAD 4 73 A G T I, FEHGH AL bR A
") SPAD f{H, FHARE A (@) & H I8 g EiE
oy, TEPRKREM ORI E S R,

i

K5 AN[F] SPAD B A A FEE I 5 5 0f W K e B OR
Fig.5 Rendering distribution gray scale image of leaves with
different SPAD values

RGN AR

Journal of System Simulation

Vol. 30 No. 8
Aug., 2018

XFF [l —5K SPAD £l 43 Aii %, ik m] LS R
TR A RN, T ORI SR Sy B,
6 4y [F]— SPAD %4l 3 A K JE IR, ik AN [ i 4%
FREC B G ROCR, R T M B B IR
SO R RN RIS R, TR S ¢ v LA K
7 SPAD A{E B I 8] 1T A2 A4 PR — AN £ 08 R B

(a) SPAD % (b) t=1.0 (c) t=0.5 (d) t=0.25 (e) t=0.125
A KRR

6  [Fl— SPAD Hudfs /3 i Ak FE V1R,
ENEINGE S i AR SVES
Fig.6 Rendering distribution gray scale image of leaves
with same SPAD value and different adjustable coefficients

FESERER N A, R ol s A T ANLAZ I
SR TR 2 AR U C ) 2 8] S A, YR G i B 3R 1T
ty, (HEX PP HE BT SPAD 0 70 A Ak 5 B4 1
SERRAG B, AEE SR, FrCAR H—Fr LA
SEFRIE A IS B 30 2E  SPAD $idis 43 A1 K X K%
{OpIRFR

(1) TRALEE: SREEM KB, FE¥ BB T I
ALEE, I B AP T B Photoshop # {12 Brit F
G A T, R £ i db B 1 R I
(TR T2k BT R SO

(2) KJEAk: KAk B S I G HEAT K FE A Ak
PRAS 3 HIK R 8

(3) SeAHA: PRI PG v i gt 1) A
EASN, BB 1) RO AR O, X 5 i
XTIV (1) SPAD {8 25 SR AH B, it A A 82 Pl 45 gk
AT IRAHAL e, 433 AR o

(4) HGURALHL(RTIR): a0 S AR AR R BRI
IYFEAGBAL, 38 AT LUK SOAH UG AT R iR Ab 2

http: // www.china-simulation.com

* 2896 «

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 8, Art. 10

%30 %255 8 Vol. 30 No. 8
2018 4 8 J WLz, S5 KRG BB v AAR AR 7 V9T Aug., 2018
PERITLLRE . A )@, EFTIHARE I = 4R RS LAl L, SR

ot BIRID BRAL B 1) B AR AR Dy
SPAD #ffa 73 A AL, T A B K e, IE
PRI 7 P, 80 AL T 4R AR A By 42
TEAR T IR ICR, o

4SR5

e KRt 21023 8] k7). SPAD R AE M Fr 2
8] F A BE T A — 9K T SPAD #idfi 73 A1 K
PEPR, AT P T 200 SPAD LK) 23 8] 70

‘ ‘,, !
(a) KR EME (b)) ABIAR SPAD HHl A KK (c) EI(b)rsfam ke (d) 6o bl 18 48 2 400 gl 8 A v e AR I

TR ¥ Direct3D9.0 B %%, 7E vet+2010 F 4
P, @Ik i) SPAD Hdls o A Ak 5 B, B I
VIR = 4R - ) SPAD H, FIFH % &
(1), HH SPAD fEHEEI: v 3 % &K RGB 73 &
B, F I BB 22 35U B) R KR I = e
TR = A TERAT BB AR T G, A AT DL AP B
R R RSO I € ot A A ] 215 20 ik A 2 (1)
AR, BAUBOR B B, B 8 /KRG bk =
YRR vpr— I By 2R T SRS s AR A I 7

7 EBIE)K SPAD Kdls 7 A1 AL B 5 5 AN ] TR R MO (s R OR
Fig.7 Rendering leaves results of automatic generating SPAD value distribution gray scale image
with different adjustment coefficients

K8 KA bl g 22 i fE

Fig.8 Rice leaf yellow change process

http: // www.china-simulation.com

* 2897 o

https://dc-china-simulation.researchcommons.org/journal/vol30/iss8/10
DOI: 10.16182/j.issn1004731x.joss.201808010



Yang et al.: Method of VisualSimulation of Rice Leaf Color

%530 %52 8 1) E R Vol. 30 No. 8
2018 4 8 /1 Journal of System Simulation Aug., 2018
5 %i/g AMEER AT )]. 2 BUR AR, 2006, 12(11):

(1) a5, WE/KREH B ) SPAD {H 4
MGETHm B 5 Ry G B 20 & 5d5, #57 SPAD
5 M B o & ECF R, $EH T 5T SPAD
H A 53 AT RE VR B KRG B AR A R AR A
Jitdie AT T SPAD (EAE /KA 1y 2 i B s (1) A1l
IR AR L R, SEBL T AN SPAD i T K&
RIMPUE RIS FR IR, B BT B E
FRIL T /KRBy B A KA R o DA i — 0 h g
K FEREAR T A AR 1Y 2 S I R P KRG AR K R 48 28
T EE A

(2) AN]SR R KRG i SPADAE 5 {4 RGB
MR RASA AR, BAF LK S
WA R, SPAD {H 5% RGB 7 &8 2 [ {155 5
REA SR A, R ¥ SPAD HAEHAEK
H R TS A SR AR AN . BTEL,
H HAAR 2 DR, A8 T m] ) 22 DR i e B
B A5 ) LA 5 1 —

SR

(1] 3o, frkdh, Rt RAEYIILSRR]. I
VK 2E 2], 2003, 25(12): 44-45.

Ai Shirong, He Huojiao, Wu Ruimei. Summary of virtual
crop research [J]. Journal of Jiangxi Agricultural
University, 2003, 25(12): 44-45.

[2] FanlJing, Yang Kefeng, Ye Yang, et al. The simulation of
the growing process of virtual plant leaves[C]//Proceedings
of the 2010 International Conference on Audio Language
and Image Processing (ICALIP), 2010: 1377-1381.

[3] Peyrat A, Terraz O, Merillou S, et al. Generating vast
varieties of realistic leaves with parametric 2Gmap
L-systems[J]. The Visual Computer (S0178-2789), 2008,
24(7/9): 807-816.

[4] Zhou Ning, Dong Weiming, Xing Mei. Realistic

maples[C]//2nd
International Symposium on Plant Growth Modeling and
Applications, 2006: 295-301.

[5] Zhang Y H, Liang T A N G, Liu X J, et al. Modeling
dynamics of leaf color based on RGB value in rice.
[J)Journal of Integrative Agriculture (§2095-3119), 2014,
13(4): 749-759.

[6] RICHE, fLA4H, MM,

simulation of seasonal variant

45, 2006 WAL X K FE

121-128.

Wu Wenji, Kong Lingjuan, Yang Huicheng, et al. Study
on the compensation for super high yield cultivation of
2006 double cropping northern margin area [J]. Anhui
agronomy bulletin, 2006, 12 (11): 121-128.

[71 Miao T, Zhao C, Guo X, et al. Visual simulating
appearance of plant leaves infected by disease and insect
pests.[J] Transactions of the Chinese Society of
Agricultural Engineering (S1002-6819), 2014, 30(2):
169-175.

(8] ¥, XI/NZE, EHE, &5 Z&/NE B E AT
FEIL. EARARRE, 2008, 41(11): 3851-3857.

Zhu Yan, Liu Xiaojun, Tan Zihui, et al. Quantitative study
on leaf color dynamics of winter wheat [J]. Chinese
Agricultural Sciences, 2008, 41(11): 3851-3857.

[9] WMWY, KT, KA, & KR AR B A R
PIBRBET [J]. VEYI%-AR, 2007, 33(7): 1108-1115.
Chang Liying, Zhang Wenyu, Zhang Yuping, et al.
Simulation models of leaf color change in rice [J]. Acta
Sinica Acta Sinica, 2007, 33 (7): 1108-1115.

[10] Li C, Qian J, Tong R, et al. GPU based real-time
simulation of massive falling leaves. [J]. Computational
Visual Media (S2096-0433), 2015, 1(4): 351-358.

[11] KM, FREE, KR, 5 ETHENAEHEARN

i 2 TN B IR0 S T]. Ak TR SR, 2005,
21(8): 102-105.
Zhang Yane, Li Minzan, Zhang Xijie, et al. Nutrition
information monitoring of cucumber leaves in
Greenhouse Based on computer vision technology [J].
Acta agro engineering, 2005, 21(8): 102-105.

(12] VENGHE, BhEAEE, Tk, 5. T 0 A s i

JrE G0 AR LR S R O T, 2013, 18(2):

123-129.

Wang Liping, Lu Shenglian, He Huojiao, et al. Cucumber

leaf rendering based on pigment concentration [J].

Chinese stereology and image analysis, 2013, 18 (2):

123-129.

G, BRI, #OBT, & BT M ZANE Y

MR BB IE ] R AU AR, 2014, 45(8):

282-287.

Miao Teng, Zhao Chunjiang, Guo Xinyu, et al.

[13

[

Simulation method of plant leaf color based on
chlorophyll relative value [J]. Acta agronomica Sinica,
2014, 45(8): 282-287.

[14] Yang Hongyun, HeHuojiao, Hu Chang. Research Based

on the Three-DimensionalVisualization Modeling of

http: // www.china-simulation.com

* 2898 »

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 8, Art. 10

530 &5 8 1
2018 4F- 8 H

WMLz, S KR A r A B AT ST

Vol. 30 No. 8
Aug., 2018

Physiological and Ecological Rice Leaves[C]/Mec2013
IEEE, 2013: 33-39.

[15] #hE2, TR, ML, . BT RURAR AL K FE
A R nT MR (0], VTP AR K S AR 4R,
2012, 34(5): 1058-1063.

Sun Aizhen, He Huoiao, Yang Hongyun, et al. Visual
simulation of leaf morphology stretching process based
on accumulated temperature changes [J]. Journal of
Jiangxi Agricultural University, 2012, 34 (5): 1058-1063.

[16] MLz, ki, INVEE. KIgEE =g Sdm Y
TEA VLB BRI, Y005 A&k K 22243, 2008, 30(6):
1152-1156, 1160.

Yang Hongyun, he Huojao, Sun Aizhen. Three
dimensional morphological modeling and computer
simulation of main stem of rice [J]. Journal of Jiangxi
Agricultural University, 2008, 30(6): 1152-1156, 1160.
[17] Esfahani M, Abbasi H, Rabiei B, et al. Improvement of

nitrogen management in rice paddy fields using

chlorophyll meter (SPAD) [J]. Paddy and Water
Environment (S1611-2490), 2008, 6(2): 181-188.

[18] ZWIfe, BERIZL, JutH, 45, KRR EMI2¢3 SPAD

A7 3 A 5 M R A W AR P T]. b R LR
22,2007, 40(6): 1127-1134.

Li Ganghua, Xue Lihong, You Juan, et al. Distribution
characteristics of nitrogen and chlorophyll SPAD leaf
position in rice and leaf location selection of nitrogen
diagnosis [J]. Chinese agricultural science, 2007, 40(6):
1127-1134.

[19] SEWIAR, B3R, (7-Kok, 4. KA RGB 405

SPAD )28 ZWFFL[I]. H H A& 2=l R 2015, 31(24):
19-24.
Gong Gangmeng, Yang Jun, He Huojiao, et al.
Relationship between RGB components of leaf color and
SPAD in rice leaves [J]. Chinese agronomy bulletin,
2015, 31(24): 19-24.

——— S — —— — - — —

(455 2891 1)

[8] T Petras, Y Q Chen, C Coopmans. Fractional-order
memristive systems[C]/ Emerging Technologies &
Factory Automation, 2009. ETFA 2009. IEEE Conference
on. IEEE, 2009: 1-8.

[9] Tenreiro Machado J. Fractional generalization of
memristor and higher order elements[J]. Communications
in Nonlinear Science & Numerical Simulation
(S1007-5704), 2013, 18(2): 264-275.

[10] Mohammed-Salah Abdelouahab, Rene Lozi, Leon Chua.
Memfractance: A Mathematical Paradigm FOMR Circuit
Elememts with Memory[J]. International Journal of
Bifurcation & Chaos (S0218-1274), 2014, 24(9):
1430023.

[11] Fouda M E, Radwan A G. On the Fractional-order
Memristor Model[J]. Journal of Fractional Calculus and
Applications (52090-5858), 2013, 4(1): 1-7.

[12] Fouda M E, Radwan A G. Fractional-order Memristor
Response Under DC and Periodic Signals[J]. Circuits
Systems & Signal Processing(S0278-081X), 2015, 34(3):
961-970.

[13] RALGE, EAEHE. — Do Ebr LB G K L o s

WA LB (R IE]. WBEZAR, 2015, 64(23): 238401,

Yu Y J, Wang Z H. A fractional-order memristor model
and the fingerprint of the simple series circuits including
a fractional-order memristor [J]. Acta Phys., 2015, 64(23):
238401.

[14] YI-FEI PU, XIAO YUAN. Fracmemristor: Fractional-
Order Memristor[J]. IEEE Access (S2169-3536), 2016,
4(1): 1872-1888.

[15] Axflist. 73 T A LGy HRER I ELWFFUI]. PR
2441, 2015, 37(2): 141-147.

Yu Z B. Numerical simulation of a T-shaped fractional
L,Cy circuit[J]. Journal of Southwest University, 2015,
37(2): 141-147.

[16] K B Oldham, J Spanier. The fractional calculus[J].
Mathematical Gazette, 1974, 56(247): 396-400.

[17] B Jod, FEmE, BEAR, 55 R HI6E 5 K20 Bl il

SIS VIR EE 2R (TR RFARR), 2004, 36(2):
94-97.
Zhao Y Y, Yuan X, Teng X D, et al. Fractional order
diferentiation of periodical signals[J]. Journal of Sichuan
University(Engineering Science Edition), 2004, 36(2):
94-97.

http: // www.china-simulation.com

* 2899 »

https://dc-china-simulation.researchcommons.org/journal/vol30/iss8/10

DOI: 10.16182/j.issn1004731x.joss.201808010



	Method of VisualSimulation of Rice Leaf Color
	Method of VisualSimulation of Rice Leaf Color
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/YM5OoqR3L6/tmp.1688106604.pdf.4yK2y

