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Abstract: Due to the lack of physiological and ecological characteristics while modeling plant morphology, the law of

plant development cannot be expressed in the model. To solve this problem, a new plant morphology modeling method was

proposed based on growth kinetics. Taking
the morphological model of plant was construc
topological change of plant canop

constructing virtual plant dev

ant-reed as an example, firstly, the growth kinetics of plant was studied, and
od based on the effective accumulated temperature and growth rate. Then the
tructure was described using Open L-systems ( Open-L) method. Finally, the algorithm of

smernt model was presented by coupling with the geometric model and displaying model of plant

topology and organs. The simulation results demonstrate that the proposed method is effective and feasible in visualizing the

morphogenesis of plant and reflecting its growth mechanism, which also provides valuable evidences for dynamical control and

prediction of plant development.

Key words: growth kinetics; plani-reed; morphogenesis; virtual development

0 3%

HMRIE A AR BB AN B r U W B 92 Sisk P 45
RRTERMAE, RAMEER ST RS RBHIEAL > PR
MR K R TSR P B A A AR AU A B S X LA
RBUTR S BARR L A4 7= R R FE R . BEEITTRLYS
F BRI AR R [ P S — B 5 R R AT AL
JTEEE R U ) B R A PR S AL, A Prusinkiewicz
2 CURH L RGEHY R R TR L &G #id T
HERRA MR , 2 45 R F 73 ( Fractal) BEESCBE 1747
FEHE . RA L RERHY RSB BN TH
MU ) R RR T AR 07 B R B0, (EUfE LA R RE S AR E
B R IMERMEAEE . $ X HR 2, Harder 452 T BEHL &

4 %5 H #9:2014-11-06 ; 15 B H 83 :2015-01-05,

iy Bz T Ee ) e s A (8], T e o S FE R R R
HI /I AT XE 1 AETANI B IR 35 s W /Y ML (4 =y 1 Y = )

¥k
SR E RN, FEERAIRURE A shPLEsL T
BSR/S L7 JiOE N2y L R

ERITER G A KRR SR A - I B AR
B RERe SEMETBWERIMEYER, K, EizH
IX 2875 vk E I R R D 3 SRGE B BEUCR T2 0s 1 -5 4
PRAE MR AR BAR A4 , B0 9 O A RR ML AR KBRS Y
BN AR MR A HEAT R B R R B0 S R LUK
SKMHEME K ETRE, 5350, SEB R R BRSO
FAEAEMRE M R R IR IS T M A A EE IS B
A2, h FHKRE S XSRS Z ML AN E
At , B AT E AR G0 PR A KL 2 AR &
RN AT B D, X LI IR TR BT S P FIHE Ao

ESWA :BRARPEES R ITH (30771259, 31071327) ;T FE 4 #HIT 2012 4R
BhEHRITEE (GII12465 ) s H Rl A2 RIS 350 B (JGSU201111)
EEEN JE TR (1974 - ), B ILEEZA, BIBEE, 1, RERFOrm LAY R T #k;

ZEFF (1956 - ), 2, WIVL T A 8

B0 LA, ZEBEIT A AR ER; F& 01976 - ), B T H LA, BRI, BT A TR,


http://www.joca.cn

%43

BLAEF ATARSGHAENE S KB L KB 1111

I A E A R ZE TIAE K R EOR TR T RIS AL 7R, B
BT AR DA PR ZE T0 AR JC ML, {H T Bk SR W ABL AR R 2 3
G5k KBS B AR RS LR R I AR

FT U747 A SCLU AR N B, 5 A AR A K 1Y
SRR T LB MR BRI S A AR ST & #5
MAAERRAE K R H B RPN S A R RS N IR Eh 7,
FE A AR A AU 2L, 77 ) R PR R 40 A (AR B SE BB
HAEWT BN E, ERERZ TS EP RS R &
B RAE KA S RS R IB IR S

1 HAREKT ) FaeiE

PR TS B R R RSO K ) R
SR ETAE AR b IR 2R R R e 2
ERESE Bt A P R A T B AR 1 T A AR AR S Th B
CA IR AW A I — At OB R WL F) A i 375 3l 5
BRI A K R E R A B el e
AR F X AR A B SO SRAE AL AR MAIE 3 A KRB R
HYRITHE AR A BT IR B9 7K 23 B 57 1a) iz R B AE AR 59 4 |
oy, X RARMRA R AP IR SN Ty, TR R TR AR B
P BRI PR, AR AT ERRAERER
H , FIE AR HE AR TR K 435 3 43 WKL

o TAEARAE AR KR Tl 1R P BRI IR AR
BN FAER T B R R RS AE 2 AL, 1
PRI 3225 BB E TR AR L, Horh, EZEACURMERRI 14
My AR ) A BATL AR R AR T 2 25 4 1 2880, P
WA —E R R E LR AR
RHo WEN, EEMES R ESEAM TRERE
PERRRRIE BRI, JE AR JE B IR AR SMI IR L T L RIE R Y
R, mTHERERKER KR THRSS 2S00
BBV R A S AR L, 0l AR R Bh 15
PEFT LU o 3 2R AR IR AR R

HeAh ARSI IE N AR DR T R ARk 2%
WERILSAF B, H5 B3R R ] RS L, 4B
A RERT R SR B (BIAE ) 1048 1 58 6 DA 72 0 A B 2 i
MR TR 1% A EAE R AR IR & B T 00 2 BIAERR AL
BORIEAE MR K B B 22 57 AR SCR AR IR B A
R A AN E AR R AR I B I 4 B B
BB AR A K20 Tl BB ENE A R B B

2 HMRRY EKEE

FEARFIZERT T4 A B2 A B E ALY e AL
AT BB R R AR E RN T
BBy, B, Mk DS E RS RE - ERE
TRER MBI K ET AT, KR K%
KRV, FEAR A SEAELG W 28 P26 B & & e Fipk e F3Ras T
FITEAS A e R AT LR A AR R R A L e i .
2.1 BYRE

PR A B — 2 KRBT B BUR pregdd, (543 :°C « d) &
™A

pregdd, = Y t, (1)
i=1

orbroe, HT H ORI 0 77 A MR KR ST AL 10
%,

HHBUR gdd Bl K H (B4 C - d) Rt h:

gdd = :Zl(ta_tb) (2)

Hr.s, %%ﬁ%ﬁﬁﬁiﬁﬁ?ﬁ'% K EARIG AR S, Z R £ 8
TEY AR Ho B SE i a2 , AR AR A — BT 1, <
tio

FiTERKBBEMANEER g, FR8:

¥l

g = Z(tdj_th) (3)

=

Hrp.g, #shj( e 10,1,2,3,4]) MERBEHABBUR,
RAEAKT = SR AR A R P SEBR I R 51 RORER S MK
BrB I B SR BE s my SRASEARTESE j A KB BRI K
R R

2.2 ERKEE
AR ER o BEIREEMHXRRRR
v, = =y ’8; (4)

Forb oty FOUAPE j A E KB BON 8 H B0 E AR R
FRAMAT IR ¢, 71 g, B EEE, W 0, (L8 1, 24k,

MR (4) HAE R A I 90— R BT B 4k B A K E AR

AN

ps=j-1+o,m (5)
b omy, FTRARRTES | A K BB AL M AE KRB

FERAUE PR ICHERR N TR B oy 2R /IR B
BB BRI O 8 THER AR B AR B AR R B B
FRAREGLE AR R IE B PIIREE , B R B AR R R il 3R
Zwar

. 1 &
=]_1+_z(tdk_th) (6)
8 k=1

Forb oty FANEBRTESE j MERBBIE H IR, BliZRy
BABRA KBNS b RAFRY H SR

bR T RE AR 2 B SR B AR A0 A KRR, SO T
TR R BME —Br B Y A K BE H Ol gdd (C - d) AR
T2 ps WAIFIR R -

. dd
ps=J—1+—;g— (7)

Y s
RBRE VRS A T IR 45 R R SR RREE, 1T
MESEKARNAARKE BAE, TRREREERES MK
BB IR AEUR g RS AR B AR E H B3
EA A KIS R R A KRBT, gdd R

%ﬁﬂ%@amwﬁﬁﬂﬁﬁﬁdmﬁﬁﬁwﬁﬁgm5
edd I
3 EMBAEREAR

FORRA AR FEOE 2 R G AR R SR,
St R A U R A AT 2R TR A R AR AR T 5 &
HEBIAL,

3.1 EHESEEER

ZHEANEL EERIANZHKENERR A E.
3.1.1 EHKE

H S 56 WL 30 3F ) A 2 B 22 5 3 3K MF 42 ( Statistical
Package for the Social Science, SPSS) Xt EM )5 FIFERELLTE


http://www.joca.cn

1112 S Ny

%35%

B B2 5 OBR X RS AT E A LA, o Bl B
Growth H£R TR B LR IUHIZR S JE 4K \Logistic HiZk &
BEAL b SR SR S 1 A0 AR G R B0 AR B
RUIAEINFZZE IR BA K, Iem), 22T RE Ls BEA K
PR gdd BB RRTTHAR A :

Ls(gdd) = Lyexp(u,v,(gdd - g,)); g < gdd < zgm
m=0

(8)
Horpr ooy FONEARTERN BT I A R 5 g F R ERREEA S
HAE B9 OB s Ly RAVEMREMEI FIZEFHE s u RN B
IEREL ZAERE 3R R AEY A ) H b SCEaE o
bR A KRR KB R BB R, W IT AL
LB LR M ERRRZ IR ST, e, 25
FHRBE Ls BEAT SRR gdd BRI AR TT KRN -

Li(gdd) = L51exp<,u,21)2<gdd - Z:Oé’m> );

1 2
Zbgm < gdd < Zbgm (9)

Hortow, RASEMRTEE RV ERER; u, RNBERL,
ZAEREF EBAEY A R H A SCB I 5 5 Ly, R AERRES R
SR 2R BE Ly, PIRAR R
Ly = Lyexp(uv,8;) (10)
SRR AR H A KBRS, i TAEMR A K BUREOR T =
M BN LR LE FAAFMZEF — R E IR IEEK A
ZEFRE L FEASTUER gdd WAL CRATRR R

2
Ls(gdd) = Lsz +[,L3113(gdd - ng)'
m=0

2 3
"Zagm < gdd < ,ng (11)

Horp ooy FORMEMRAETREAE KIFH A TCE AR uy RABIER
B, ZAERE FRAE Y A R i < S s Ly R B bk

HERAKHMZERKE Ly W mN:
Ly = Lyexp(u,,8,) (12)
#4(10) 004
Ly = Lyexp(u 0,81 + ma?,8,) (13)

AR TE A BB, B TR R AR KU R T B, ZE AT
AR BN, IR, 25T Ls BEA AOBUR gdd AR HHC 2R
AN ¢

3
Li(gdd) = Lg +M4U4(gdd - ng);
m=0

3 4
N g, <gdd< Y g, (14)
m=0 m=0

Hoon, FORMEMRTE BN A KR u, FRBIEREZ
{E I 25 B AR AN B SE I 28 5 Ly R AHRES B
AR WZEF K Ly TRRA

Ly = Ly +pav38; (15)

AR KB — R ], B BUR R A Y g, (I

BURIRBMEAN) I, ZEFFAEACAE IE, Bond, ZEFHHC B L 38R iR
j(ﬁ LS4 ’ Ep :

4

Li(gdd) = Ly; > g, < gdd (16)
m=0

Z4R(14) WE .

Ly = Ly + pyv,8, (17)

3.1.2 #EAAR

BEA PR BE R4 , AT AR THIML, T 257 H
& Ly, BEARUR gdd KA S  RIETHE YL RG4S
SRAFHRERR A 25K B Be B AHRAT & 8 Bt 2B K AR
UL, AR SOR AR A A2 K B B A2 R BRI P 35 0H o 1
FMRTE R T A A R RO R 22T B M sh 724k,
By :

1 -
5= T;uj (18)
Ly(gdd) = Lyjexp(uo(gdd - g,) ) ;

4

& <gdd< Y g, (19)
=0

Forb oo FORMMRAES /l\i%nmﬁ’i%i&ﬁ%im FHER
SERART ZEFT AR s w R BIER B, ZEBE BRI AR
H iy s

L TAEAE e S B — e i [E] , B B GRA Z A A, Z55T
AR LR, SR T B R AR R AR,

3.2 MESEZFERY

IR AS AR B R AR, Feh AR S ZE AT
L RS EEAAR AR B B L, T R RS
AR TR I K G B A T o f T A A e
RO PP AR, A5 R BRI K S BT
T PR B G AT AN

1) HBAR A B AR B

FRHEAS A1 L I 7 JT 4R B BT 7 ARR 30 22 531, B
W B AR IR RN A -

bhgdd, = hgdd + Y sg, (20)
k=1

Horr:n ZoR AR A 5L, bhgdd, F BRI ARERIT A
MEAH ZIT 46 BT B0 BRI, hedd FORMEBR M ERLE
1 AMAR S AT 4R BT R 1 BRI ohedd BOTHE
Ew I

hgdd = i (ty = 1) (2D

Hor . NFR B 2E 1AM B s I R A 1
1, 1 L HRTE A

sg;, RTINS f5 A BT 5 I R ]
P8 ACEUR) oA SCR SRR T

$g, = dk(tdj - 1) (22)
Her:d, FRFERIBIRE 10, W& LSRR,

2) MR RKEMER,

MR EE Bs RS ZERKEMERNZ LM,
I AL LA 45 R MEAT &S AU &R A K, Bk, HiE
KEFERRA:

Bs(gdd) = Byexp(u,v,(gdd - bhgdd,,) ) ;

4
bhgdd, < gdd < Y g, (23)
=0

Horr v, RS MAR A KB, HOR AR D7 ¥ -5 RO T [R5
o 7N LA TE R B AR R =5 SR AR 4 A 1) L ph SE 30 0L
DB ;s By TR B IR H BB Ko
HEMESAMREN, BEE AR K E R A L, HARRE R
WA, T AR B By, REA RCBUE I AR (UL RAR , T L
H LA 2 AR LA AT ARG 90 O R A R OB L, A&


http://www.joca.cn

%43

BLAEF ATARSGHAENE S KB L KB 1113

SRR A KR I ME o, SRR B F
HARY A RO A AN ELAR B 3h A AR Al B

¥, = Y v,/n (24)
m=1
By (gdd) = Byjexp(fi,»,(gdd - bhgdd,) ) ;

4
bhgdd, < gdd < Y g, (25)
=0

Horpon 8978 LR E ; By 28 B UCH MR R AR 0, R
ANMBIE R R ERE = R AR A R H i S se la e

AN KB —E i, A AR A B AT, AR
WAL, BER, AR AN B A R AR

3) MR RKEMIEE,

DTN, R A B U A B R R B T
BE MR R Vs R4 S AR K IR AL, TR
DL ARG ERBAHAFE S TR E K, L, R
TANNA :

Ys(gdd) = Yyexp(pu,v,(gdd - bhgdd,,) ) ;

4
bhgdd, < gdd < Y g, (26)
m=0

Hepo, FoR&ANM R A KHE A, HOR M7 85 T m A 1 ;
M, FRANXE R BB IE R, A RE ) 5 R AE YA R H iy S50 0
W ; Yy BB B A B9 K

FAE LB , B R A R e AR
R SR B AR AL 5 K B — B BIOR R R, i R 5 A
FRN

Y, (gdd) = (Y (27)
Hor: LW R E L BE B RAEY AR H s s ien &,

iR AR B —E B A, RIE SRRSO, i g A
RAZ 1L, A, i KT AN B A AR

4 BEMEKEIME

4.1 HEHREERHRIMNEE

MEEFF T TS & AR BRSO 23 I
M FE R EFFATIE R, B, BRI H NS WS
ARFIR PN AR R A SRR TN 1 B A
ol , A SCR A T R 48 (Open L-systems, Open-L) &
MRk N EAS T R

I RA— 87 B AR MR T 5 4 A A 1) SR 1 SR
Open-L ZGEH AW RIGIMNEZ I, Hd, AR5 (W + .
=00 0.7 %) i OB ISCER 2 -3

Axiom

H;

Production :

%1% H;:condl>S[ +H][ - H]B?gdd;

%2% B >? gdd: cond2—D;

%3 ?gddos;

#4% D >6-0;
Horr: B Axiom) 1 H 7R 28 5 I AE AR ZEFF IR Y (IR
) HEH R EREFKEMER AR, ™4 L
(Production) 1) B Rm g, HEECOH IR K EFIERZ
WIAR IR, ARG IR T AEMRZEFF R R A R & i
L ABRAEME MMRAITEE H A K 7 E T,
1S BRERBEREREE (L condl FTR) HKHFT, Y

PAF—EBYRUR (L gdd Fom) B, TZF HEAE RZEFF S B
B TRZF H AT B3 56 2 20248 4% B BUBT 28 f5 (1A
cond2 KR ) , A BRI X ToHkE W RIS, W4l 2 B A K
FHMR (LI DRIR) 583 BRIEABARESE M LIS R
IR 558 4 L RARE AR 2R A AR A A
4.2 FERCLERAR

B T ZEFF R, AR B A SR AR S M AR K
REARDEA AAARUE, B, A SCR IR — 5 %k
BERARE AT KBS AR T RS E AR
—F P B £ 4% ( Non-Uniform Rational B-Spline, NURBS) %
R EEHE BITEAL R EURE St 35 A 5 4% B T4 2R UL
WA FUR  ARKIE A BRI NE R AR , TERLRA R A K B B
MBR— L e, KIEEESENERE LA E, EERA
TR] AR B B At S — Ak 28 Bt m] LA R R A, 2

\19
e
E1 tateARRER R EAAR— TR
L ERKENYEE

BT IR sh A WA RN TNE S KA SRR B I IR
AL, T T AR IR A AR A, A A E B A )
FEMRTE RS LA 4 B 55 SRR TR | 3 L B TR e 2 2
IRIBFE AR AT AN A AT 28 R AR B AL RIS AR SR P AR i
B A — LS BT, R AR s A
PR E R EERA RN B R E LA B S, Bt
FAFARAERKIRASEB TR, Wik B REREHMKTE
AFREKHESE, 6B TR IR POt MR EE, &
HEEBETEI L ENSSEANFER, B, BLimem
MINIDSEEE IR AR LA R K B AR A S B R A K 7
RIS B . BB ERARNT .

%1% WEMEEEKITAARE ST ABR, B
SR RAT R R AE KB

%2 FIAFAHENZEF. TWNES R EER BT
Open-L Z G WA TNEAHR N, RIS AT E I
bug.H

%3% WARSGERAERE, SEMKRGINS S ERAN
JURTRERD  BRIBCAR LA K By B AR SR £ 5 28 B B AR 0 L
58

#4F AREIEEREEES, KRAR A KB B E
Wi SR BN ERER;

5 RIBEMRAREKHEERREE, X3 BME 4
EFBRERD IS E IR RN E BB RGBT
& A ARG SRR TR B .

5 kb

SEETEVT A ST T BT IS M AT, LA RR M A 5 R B
EAMGE , B ERE—FEMAY, BT BRI AR
TN S NS N ety NI E I S WA o LY B
K, MAEFHERIE S B TR, i, AR SURZ S L MR
ERERAEL, HRBEEERHNESEE, EEWE

(o RFE—iy 22E |



http://www.joca.cn

1114 it AL A

%35%

MR U ELEIARAR BT 77 2 BEAT TN, 28— T4
RME B AN TEARR, FRIITERX P EERENT
FHIR], EAEAREZERT (AR A 45 85 B S A R
TRHEAE K S I 45 2% B B 572 (b A X B AR R , e AR
LB IIETR T8 7R ER A SR R A KRR
Wi, 7E 5 FH AR IR 000 B2 O 1 00 B 7 ¥ i 4 P — JRI BE L
PEBCKHH /Y 4 BRAARVE D BURE A oSR5SR IR A
BT A 2 B B AT G o, Hovb, AR R e A EBUAE ok T8
S SR SEARRITH K BRI SR BT S (AR B R TE
BEE.

BT B, A SCR I3 AL 9 35 5 LR 2% (Root Mean

Square Error, RMSE ) X b iR RIS (5 0 32 50 WIEL = 1] 1)
— B PEIEAT LB T, 2 RMSE U/ A SUUE 5 W B )&
PERRLF , 7R B BLRL ) 00 PR AR  RMSE BT AR

RMSE = \/#i(obsi — sim,)” (28)
L : obs, FAR LI WIIE , sim, FARBE BRI , m FonkeA
T .E:O

b

b

7

B

TR, M AU E SEMEZ E 11 SR BRI
HICRECE TS 7 F1 RMSE SRS B0 BER T S 44 o i
T SE R WL B R AL IEAT R, A 2 BUR  ARUCH R R 2R
FF A 2y BTSSRI (E S BEME R S

450 1o
300 30 .
350 2.5 oo
§ 300 o B2 % § 6
im 250 2 B
200 EI.S )
150 oo %1.0 *
100} o - 2
50 0.5
0 0 0
0 100 200 300 400 0 05 1.0 1.5 20 25 3.0 0 2 4 6 F 10
T/ cm ML/ ML/ cm
(a) ZEfF K (b) EFfF B = (o) MR
45
1.4 10
1.2 Z 35 Eld B
. 0”0 8
g 1.0 D g;(s) %
= 0.8 o Hm ful 6
%0.6 ; =20 "
% ) Wase < 4
0.4 o ol &
0.2 ? ,ﬁDD/ﬁ 2
‘ [m] 2 P
00 02 04 06 08 10 12 14 5 10 15 20 25 30 35 40 45 % 2 4 6 8 10
WL/ cm WM B/ cm M {E/ cm
d) M ER (e) HRKE (f) M K SE8s

B2 RSN ETESSEONMEAMBHLE AR K E

HEMRAS 8% B TS BRI 5k DUELZ [a] B AH DG R 3
FF7 7 F RMSE ot Rk 1 s,
#1 HENWESEUENBXARBTR S RMSE

#HE B ? RMSE
sFp k{& 0.957 0.225
BR 0.953 0.233
KR 0.959 0.223
e} -
B2 0.955 0.229
KR 0.954 0.231
Iy —
G 0.956 0.227

ML b SCE S48 SR AR A, 18 F AR ST A g i AR B R
B ERTE 95% L b, RUVE R R 5 L W EEA
BATI—30E, 5RAE SNBSS T AL, R
BA BT W SRR

WA, 8 T EBEMIES BN TTEI R, FIHVC++
6.0 HiFFH,FE T —ETEKGIEHERBILER
AL RS R KSR MBS, A&
ZREMHFF 2 E I 2 (Open Graphics Library, OpenGL)
Hi R BT AR S B 8 B R SO IR R U, 1%
THTAEMRAE K FE A B HEXT R HE , F TE AR SE B k5
AR B2 A ER N R A B &8 2T R 8
BB EER TR RMER S ERRRR SN

UREH T AT ASC B BRI A B T AR

18 AR SCHR 9 T A K 8 SF B R R UL A AR T,
B AR A RSB AR B, AT DRI S BE bR 2 4
K& ESR B 3 R R A KB BTS2,
Bl 3 (a) SR T AR )2 3 A TR R I 3 (b) Rk T
FERRAE SR NI A AR Pl N — e S BT R ERIE S
ARLHLEE

L I R R
(b) B R
B3 bR KR T A

ML EA AR AR R 1 5 ELSR IR A5 0, B AR 1Y
TERAE T i, i T AR RHREEA R A K B BRIEAE 1L, Jnh
BN AR A AT B A A R X B, T TR A ) A
REREE R, L BRI E A TR, B T R

Yo


http://www.joca.cn

%43

BEEF A

ATAKRFG N FHF R BB R KA

1115

R AR KUV T B TR AL U 25 R B B

6

i
AR SRR KB R AT ST , LA RO

A K AR AR AR A K B0 IR Sl R 2R A T 2R AT i
FERAERAL, SRR B AL, R Open-L
RGTHBMA THEKRERE N R, S fy E AN —
HIFFBE BRI NS S BT R B LT AL K B R AL S T

[7]

[8]

gans[ J]. Computers and Electronics in Agriculture, 2011,75(1):
113 -124.

LUO Y, WU Z, GUO X, et al. Bamboo simulation based on fractal
algorithm[ J]. Journal of Chongqing University: Natural Science,
2010,33(12):138 - 144. ( B3, R+ 18, Wik 8, % N
B EAT SR IT] . R R4 B ARANR, 2010, 33
(12):138 -144.)

HARDER L, PRUSINKIEWICZ P. The interplay between inflores-

cence development and function as the crucible of architectural di-

iﬁﬂitﬁwiﬁﬁd&!o i%ﬁﬁ%%%w Tﬁfﬂ]@ﬂ/ﬂﬁﬁgZ;m Versity[ J] . Annals Of BOtal’ly, 2013, 112( 8) : 1477 —1493.
. s [9] YUAN Q, ZHOU S. Study on the topological structure model of corn
7 \—ﬁ‘ % l K- 15 A H.
ased on dule-scale automation . Journal of (hqihar Umversity:
ERREHDSEAAE MEWTHARE IR, AN Q00 & oy on e el e e o
BEAE WA 7 M sh S IR S B BRI % Natural Science,2010,26(1):5 -8. (&=, FE#Ek. ETRRE
A EUBURIE N EE N R AR SELHRE H AL BRGNS HRTISE J] . F MR A2 AR

TEIRBE 8 A BEEIE R R A T SRR A2 BLEEAR, 2010,26(1):5 -8.)

HEMRBE, ETHAYRANEZ BEESTE S, IRKITH [10] TANG W, LI P, LU Z. Study on morphological model of reed and

PRI AS B A3 A5 D R IR R K 2y BFR oy 3R B T ite Visializ]ation bjoor; iz«;ﬂ; T;;lolanis;;[zn " ;1111(1;; sz Com-

. fcati :1220 - 1222, 1231.

Fy A L B T e K TR VR A T A1 I o N A

P ’ ’ B, ) ST LA 2 A A B AR 5] 3

= H I \

] . . BN, 2006, 26(5) : 1220 - 1222, 1231.)

[1] HUB, ZHAO X, YAN H, et al. Plant growth modeling and visual- [11] ZHAN ¥, YANG D. Relationships among light conditions, crown
ization — review and perspective[ J]. Acta Automatica Sinica, . -

2001, 27(4): 567 - 584 ( e 7 _ structure and branch longevity: a case study in osmanthus fragrans
4 5T ( /pc) i ‘?ﬁﬁ%?ﬁa ?j/ﬂ:ﬁ j’ﬁ:F,Z?O.I %ﬁiii id metasequoia glyptostroboides [ J]. Acta Ecologica Sinica,
-835.) B 12032(3): 984 < 992. (|0, B4 M. LI AR AE ffmﬁ}z
: ’-} 7l N P &A/\_ —L 1 R
[2] PRUSINKIEWICZ P, SAMAVATI F, SMITH C, et al. L-system B A7 i A ELERAERIKAZ BT B
-~ . . 2012,32(3):984 -992.)
description of subdivision curves| J]. International Journal of Shap . . L
Modeling, 2003,9(1) : 41 — 59 [12] CAO W, LUG W. Crop system simulation and intelligent manage-
9’ * . . i M Jeliing: M 1 . —

[3] PRUSINKIEWICZ P. Art and science for life: designing and sion et ]; cljing: Higher Ed;‘;i“f;z Press, 2003: 58 ~73. (W 1
ing virtual plants with L-systems[ J]. Acta Horiiculturae, 200 E, ; T AP R GRS R I M U R
630: 15 —28. Riil, 2003: 58 —73.)

[4] HOLLY D, ADAM R, DAVID H, e al. Motleiling biomethanics of L1317 ZHAO Z, YUEY, NIE K, et al. Morphological simulation model
bark patterning in grasstrees] J]. Annals of Botal n 114(4) : for stem and branch morphogenesis in pepper[ J]. Journal of South-
620 —641. m Agriculture, 2012, 43(9):1409 - 1413. (A, HIERE, %

[5] TANG W. Study on virtual plant techriology based on plant growth M, B BRMENIE S R ERE R[], mAklkE
model — dominant plant-reed 1 the Eeigu-mountain wetland as a 1, 2012, 43(9) : 1409 - 1413.)
case[ D]. Zhenjiang: Jiangsu University, 2007:97 — 102 ( B L. [14] TANG W, LIU C, LI P, et al. Virtual plant model based on Open-
FT A KA 5 B BUE M R 50— LA [ LR s S E L system and recursive expression[ J]. Transactions of the Chinese
FEZE B D] . AEIT: ITHH A2k, 2007: 97 - 102.) Society for Agricultural Machinery, 2009, 40(1): 167 —170. (&

[6] MEBATSION H K, BOUDON F, GODIN C, ¢ al. A novel profile PR, X E &, =8, 5. ETF Open-L REKBIFAFRRNE
based model for virtual representation of quasi-symmetric plant or- BRI ] . Al AR, 2009, 40(1):167 -170.)

(L5990 T)

[4] SABATER J, SIERRA C. Social ReGreT, a reputation model based [9] WANG H, ZHANG Y. AraTRM: attack resistible ant-based trust
on social relations[ J]. ACM SIGecom Exchanges — Chains of Com- and reputation model[ C]// Proceedings of the 2014 IEEE Interna-
mitment, 2001, 3(1): 44 -56. tional Conference on Computer and Information Technology. Wash-

[5] ZIEGLER C N, LAUSEN G. Spreading activation models for trust ington, DC: IEEE Computer Society, 2014: 652 —657.
propagation[ C]// Proceedings of the 2004 IEEE International Con- [10] CARCHIOLO V, LONGHEU A, MALGERI M, et al. Trust as-
ference on e-Technology, e-Commerce and e-Service. Piscataway: sessment: a personalized, distributed, and secure approach[ J].
IEEE Press. 2004: 83 —97 Concurrency and Computation: Practice and Experience, 2012, 24

[6] MARMOL F G, PEREZ G M. Providing trust in wireless sensor net- (6): 605 -617.

. L. . Lo [11] WIERZBICKI A , KASZUBA T, NIELEK R, et al. Improving

works using a bio-inspired technique[ J]. Telecommunication Sys- . . ]
2011. 46(2): 163 —180 computational trust representation based on Intemet auction traces

tems, , 46(2): —1oU. ) [J]. Decision Support Systems, 2013, 54(2): 929 -940.

[7] BEDI P, SHARMA R. Trust based recommender system using ant [12] HOFFMAN K, ZAGE D, NITA-ROTARU C. A survey of attack
colony for trust computation] J]. Expert Systems with Applications, and defense techniques for reputation systems| J| . ACM Computing
2012, 39(1): 1183 - 1190. Surveys, 2009, 42(1): Article No. 1.

[8] MARMOL G F, MARIN-BLAZQUEZ J G, PEREZ M G. LFTM,  [13] MARMOL F G, PEREZ G M. TRMSim-WSN, trust and reputation

linguistic fuzzy trust mechanism for distributed networks[ J]. Con-
currency and Computation:

(17): 2007 -2027.

Practice and Experience, 2012, 24

models simulator for wireless sensor networks[ C]// ICC 2009:
Proceedings of the 2009 IEEE International Conference on Commu-
nications. Piscataway: IEEE Press, 2009: 1 -5.


http://www.joca.cn

