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Three-dimensional Visual Simulation of Tobacco Root Growth
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Abstract: Morphology visualization is one of the key technologies for constructing virtual plants. By applying the system
analysis principle and mathematical modeling technique to the morphogenesis, the model for simulating root morphogenesis
development of tobacco was developed through the quantitative analysis of the experimental data and integrating the exist-
ed theory and knowledge. The model includes root growth and root branching submodel. The root growth submodel can
quantitatively describe vertical and horizontal extension rate and growth direction. The root branching submodel can de-
scribe branching direction, branching location and number of branches. Based on the model and computer graphics tech-
nology, the virtual growth system for tobacco root was constructed. The operational results of the system show that the
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system can primarily realize the visual description of growth process of tobacco root.

Key words: tobacco root system; virtual plant; 3-dimension visualization

1 8l

20 tH4E 80 EARELR, BIVE M B 55 dF R
SR EF RSS2 —. RSBk
M EXNEKBFETEUHRSL.REAR
EMBEE WA RIS E Z—, Diggle® 8 T8 —4

RTRBFR NLE REBUD B = HERR . 248 20

FENER  MRANRARA L RE O TE 5%
WEAR MY = HEEEX ZMEYEY TRAE
R | dy AR 2R 2R K FR8 AO R AT R L

BB 2009-03-29; EEH#: 2009-05-29

B BB AR B R BR Y, W AR R I R R R %,
SRR AR R R 5 B R A R E . R R — R R
RZGEY , R R A K EA DUEBR , X E 5 R
P BRI . SOP A R ABTR BRI
HERAESERRBBENER L B RERR
HRKEFHER,IE Visudd C+ + ¥ & L, &8
OpenGL MERETESEBMMEEREZBIE KR
G, 91 LSRR R A KB I S FER T
WAL , LA R S E Y BT st SR b B R 2R

E&mMA: BHR"“/\N="1213 H (2008AA107220) ; i B 25 T B B39 B (082102140004 )



®al

&, S RERARERKN =R A 107

2 REMRAE

2.1 BERRMEKAE

WEMBRBEMBR, R JRAAER =R
SR FEEENR BERSEZRESET, 4R
R B R R . SR 4 R B2 IS B 1) 3t R it T
EHRE, REZHH A, BRA T EERIFFHHE
FERMS AT BRI E NS — B HEUE  RR
R, Wi B3 AEKSHE, S 35 B, B TR
Bt BT, ER AR AR . AFRERHRAE L
HEHREMAR, ERTTH 2m L, H 70% ~
80% HIAR R TF 16 ~50cm W L2, AR OB
434 K 25~28cm! 12
2.2 BMERREKER

R FARBERBELE BT TRAEK
EEER RFEKSBYERFZEN SR RAEKY
BBt RAE KR ERAA THER A H
T et I, AR R (DR BAERK TR,
A A e R e B [ e R R A AU AR RAE K Ty
T BRI AR5 (2) AR ZR AR FREAY , 4By 1l A0t
PLE BB A B 43 R BE A 43 A B AR
R AL YR BRI TR B AR, MAREK
ZREANNEESERRANYRER W, R
BRI RN RINE D FBANTER, REEIE
AR EREREHEXSHERRSH CK
[13-14].

2.3 ®itAZE

FHER RE R — A o605 — R B (— &M
) EREFR L, B (CHMR ) EERE R
SBLE AT BRI 2 BhER T ge =4,
EA MRS T REAE K k. EHE R R
NE, WAHER RS L S 2 BARR, R R
H— RN A KT 1 A B R AR B2 A, X S AR B
FEFE BR B (6] B PN I A A 4 43 ) TR RS B B 3 1
S R J T BRI, 33 AR AU 7R 9 o Al A it 7T LA s L

ZEEIpIE .

B EY, DR AFBRAEKEAY 1d AP K,
AENNEL KN, HARERARE KRR K
TR, PR8N K SR I PN BT A AR TS AR B T (R
BOfE =4k A S B L A B B T A AR L L
RS BRI S)  FUREARBRSH(REK
R RKER O RRKEES) BRI RE N
Yo BCRN 3RS RAME A BE R ) &, [R] B AR
P AR B ) B A ) T 3B 7 Fn - R IR R AR R R

MRS ERREE R, R4 A BE R iR
LS TRHENTER, rARBOK AN AR R % . R
AEHMEE 1 B,

%%iﬁﬂi&“ﬂﬂﬂ:

B EERREKENNRE
3 X@EER

3.1 HiRgsy

BBEEHATHEEAR  (DRRESRBUR
RALEZS A AR, B AT B E AR B AE K TJ7 1 5 (2) 4R
A BRI B R AR S 2 — , B E T IR ERBLRY
A TR B LT RS S50 S SR B AR R AR
H B KN i A B R 6 S Rt R AL
Hase , T AT i AR FOAT D0 AE s G R KA,
S WA AR b A B M HT A R R AR 2 P i
JERHA%, £ R PR SRAL ] — A= PRAF R AR TE A ]
MR BA RSP RS R ; (4) BilEast AL
ST RE E R R
//RETBUR R BB BB A5

struct rootdata

1

float 1, y1, 213 //FERUR B IR R
/TRERR B 22 13
/PRETEOR B I A BRAT I
int growth-age; /TR B A KA S
struct rootdata * nexty/ AER P | T — P EER ML
struct rootdata * pre; //HER PG F—MEIERIFEE

/AL S

float x5, y2,22;

int phy-age;

struct rootdata * f;

}



108 T SR

2010 4

3.2 WRMMEAE

T Pages EMAERK F A (WE 2(a)),
ARGEAHERABERN T EERTRE ,JFE
BUEMR RS R P AR A RIFARLR, &
BZBBKHAENE X HRRE ST A KA
WA KT R F =R E R W0 R R
— AR ER A RBEVLE R, A 2
(b) iR B, BT Dy #2S [R & 0 15 7] R 7R
A

Dy =Dy i+ Dg+ Dy (1)
XA WA RBEER T Dy, FXHR
FRTEEL T B AR IX R BER RN

Dn_1 = (cos(an-1)scos(Bn-1),cos(¥n_1))

(2)

WEIZBWmMEFEm D, RBRMTERK
%, BRI O R R, Rm N

Dg = (0,7n,0), vy SRAR B ) HOPE 288 R A

(3)

BEHLEN ZE W D’ N 7E R 7 [l 2 A b & AR %
1 fa S5 m ARz, R 3A K E BN IE
B, o fo 2 (LE 2(c)), @ 10 HBUE X | 4
BIH 0 ~ 30° #1 — 180" ~ 180°.

H2 RBGEHE

3.3 RPSHAE

AT I S R, AR 7= A TR b —x
WEIAUS! . anE 3(a) TR, RYERE TR HH M
WEKN Ly, BUETMBE KR Ly, BREKEKR
F Lg ML, ZRASHNRP=L. E 3(b) iR,
RS B.CHYEETREAD L, 50F B.CHIA
RIEE I TIRE AD MaREE. RATRE B.

T EWESBEKL, oy
— [ | #axs B Q\
A L D) C E
T 4B XL,
L A F Ch
(a) (b)

B3 mEmssiE

CHRTMMERETHEAD HEBMNE, MR D &
AR T AN IR DLE — MIB R e 5A.
D HYAERE E SPBAR B R R A B F1C. e B[O,
1] B4 ARRENE X e

- ©

XFEL, R AD FERA B R R ARG AL
b A

xzp = (e~ xp + x2a) /(1 +€)

yg = (e yp+ya)/(1+e) (5)

zg = (e * 2p+ 24)/(1 +¢€)
3.4 WESEAME

REISTEL T 1, AN SHORIGE , Bl 4
A B ZMABAE o, A 4 Fin. 8RR
RE i EHEIEHMEA L AT e, X—R
BRI E A « BRIKEY, BIFHSBIT .
BLA, B 43 SR b i 75 1 /T |l F 48 2

u’" = [R(u,a)]u” = [R(u,a)][R(n,B)]u

RSB M BE — WA EE, o FIpFH
BUE X [E14+518 0° ~ 180 A1 0° ~ 90°.

>

a,

g S

x>

@) ®
B4 RUBHSEAS

3.5 #WEEEARX

BT R e R B R £, po
5 p1, po EARBRICEABSRMBE, p) 18104
BARRIRE . B S iR AR AN RRAE
KERESBEBIBEIRXERRE. B 5() i IRE
WIEREEE, E R MR B EA NIRRT, B 5(b) ~
B 5(d) AR FEHMRRAF MR LT, BFEAE
WREF . RG % e R R BRI T . — 5k b
B ZRAR  (HARR A AR 0 MR ; — B R A
KA, A AT A, R KA R S
F1 000, HA T AR S HE .

B—MERKEW: po—~A,

BAERAW IR RE 55X F
1%, T8 B~ a5t B

1A

po>By—>Cy—>Dy



R, MR R AR =AU 109

B4
()
? 9 &3
&) ©
® © (®)
®) (&)
(4) ) @
® ® <
O g
() (i) &
(b) () (d)
Hs RENSESTG
FEEAEKEY.
p1~>A~>D;
po—>By—>C,—> E;,— F, > H;
FEUERKEY:

HMERRNERKT

pr—~>A—>D—>B,—~C,—~H
p0—>M3—>12—>N3—>O3—>]2—>E2-—>F2——>
GZ_)KZ-’Ll

4 BREHEIM

ETHERAERKREZEHRE, T Visual C+ +
V-& & {6 B) OpenGL MEFHEBRRBIAEKREK.
RGBT, RIS A NS (BRGRE LB E
SRR ERRKER BESE AR RS
SEHHE (H BetR LR E CKREE . KKE
71 585, RBAARAETNBERERRERKK
EMRASHRAKE MARE BEEHRE
B RE R BRSBTS )
M= R, AP TUERENE N AEER
FMofmtEo. E 6.

s G0 amme s r

©)

(@)

Eo BMERRERZETMAER

5 HRiE

B MERAESEEIRTRASH A4
KA R AR LB 5T, A BT AR BSR4
ROE T MR EAR R AR BOERR R R

HHEIER AR THERREIERKREL.
RGBS RN R =43 & 4 K I [FIRY, 52 BAR
AEERSEHITE  RESHRBR T HERER
EREEIE, HERNELBMBEERREKET
MBREA - ZRATEIMEPERREREK



110 L 5HREL

2010 4E

FHLE, YRR A KOS B R R BT R4t
.

S 30K :

(1] X%, HAREE, B0, %, ERBRAKTIRSR
[J1. FEXPBhE,2006,14(2):164 - 167.

2] BRF . SRZ,.&2ZK,%. NEXTHERSAHR
(). Y24, 1997(23): 418424,

[3] i, R, %R, %. &TF OpenGL W/INEHE S
MALBEAR[T]. el TR ,2009,25(1) : 121 - 126.

(4] XEK, B3R, ¥ F, % ETERNTHAKBERR
SRMESET]. Rl TR, 2009, 25(9): 148
—154.

[5] Penning de Vries F W T, Jamsen D M, Ten Berge H F
M, et al. Simulation of ecophysiological processes of
growth of several annuals crops{ M]. Netherlands: Pudoc.
Wageningen, 1989.

[6] Diggle A J Rootmap. A model in three — dimensional coor-
dinates of the growth and structure of fibrous root systems
[J]. Plant and Soil,1988(105): 169 —178.

[7] EZh8, |FF, BEIL, & BEHYBRRERER
SHTAILERLT]. EMBRST, 2006(3): 281 -285.

[8] Pages L, Jordan M O, Picard D. A simulation model of
the three — dimensional architecture of the maize root sys-
tem[J]. Plant and Soil, 1989(119): 147 — 154.

(9] XBJaEH, WAk, BHF, %, ERBEILTERB

[J]. TREZEZR,2004(4):62 - 66.

(10] Mk, HiEs. YRR LT EIERI]]. &
Ak K 2E2EH, 2000(5):96—99.

(1] R, FRE. MERREKETHRUBED].
RGO E ¥, 2006,18(1): 283 — 286.

[12] Bk, BRSO, A E, %, MERRWRHAR].
JRERLE , 2002(10):45 - 48.

(13] %8, #i8, RN, . PERAESRTEIE
B[]]. FERLBE, 2005, 38(12):2421 —2427.

(14] S0, &, MBME, % . KEBAEREARRSH
WS ZT]. N RES%M|, 2006, 17(3):373 -
376.

[15] Lungley D R. The growth of root systems: a numerical
computer simulation model[J]. Plant and Scil, 1973(38):
145-159.

EEE ,

B E B,Q72-),BEg. R ymyERES SHEY
. ‘

BEM ,(1979-), 8+, PE0b. BF5e b B a8 5
B,

OB OB,01979-), 84, Y. Ry moy R GRS
BRA.

kEE B,01986-) L. IR F I IMEITERS.
S B,0963-), HE, ARG PR A
RESEBHEAR.

(L#% 105 ®)

[3] Lisa F Rau, Paul S Jacobs. Creating segmented databases
from free text for text retrieval [ C]// proceedings of the
14th international conference on research and development
in information retrieval. Chicago, Illinois: ACM Press,
1991:337 — 346. .

[4] Paul S Jacobs. Joining statistics with NLP for text catego-
rization[ C]//proceedings of the third conference on applied
natural language processing. Trento, Italy: ACM Press,
1992:178 — 185.

[5] Yang Y. Expert network: effective and efficient learning
from human decisions in text categorization and retrieval
[C]//Proceedings of the 17th annual international ACM

SIGIR conference on Research and development in infor-

mation retrieval. Dublin, Ireland: ACM Press, New
York, 1994:13—22.

(6] 225, BRF, HEN. ETHERIEIBH web XA
B BOtENES, 2007, 27: 170-171.

(71 FrEteR, 2, BHFE. ET XML 1 web XAIEY
EEBRE]]). #otBHE R, 2006, 26(11): 196
-197.

(8] BiakiA, BIBAA. ZTRIHEH Mult —~ Agent web SUAR$S
WMAEL[]]. BHIHEHEE, 2006, 26(7): 266 — 268.

BB
£#|FE L1976 ), PN BER T A ENG R LSS
B aeifs B AbHE.



