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Abstract Traditional interactive modeling of plants can get accurate plants models, but this process is
extremely time-consuming and laborious. Automatic modeling methods like L-system-based methods can
generate complex models quickly, but it is difficult for non-expert users because of its high learning cost
and poor control over plant morphology. As an intuitive and efficient interaction means, the 2D sketch

has a strong descriptive ability for plant morphology. In order to improve the plant modeling efficiency, a
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plant modeling method based on the 2D sketch is investigated. Firstly, the sketch drawn by the creator is

preprocessed and analyzed to infer the creator’s intention. Then, based on the botany knowledge, the depth

recovery algorithm of flowers, branches and leaves is proposed to recover the missing depth information in

the 2D sketch. Finally, the target plant model is constructed according to the depth and plant characteristics.

The proposed method is efficient and can support plant models with branch and leaf structures, such as

flowers, potted plants, and trees.

Keywords plant modeling; sketch-based modeling; 3D reconstruction
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Fig.1 The sketch elements supported in our system



6 31 RN, 5. FT T KR PO ) E A 63

ERIECH ARSI, BIASCE ] Mean Shift 5
YRR AEIEA AR ST IR . R EE T
B2 WER RN, TTRADE<2 1
1A 73 M o
42 XFRESH

AL IR SBT3 2K, AERECT AT
B, R T AR T R gk R BT E
8 SEAR T [ A0 5 285 55 2 AT g AR R ) L SK
o AT T AN EIE T X LR T AT AL
FE N, B XAEAE M FERAEESE N, W6
REFIABTEAEES N . FREENES
N FPHCGE BRI TAEN 0 20 S AES M;
bEE S N R A KT, 5401864 M
TTH JE T RRKBERETATILR, HEA N
T n KR5S M PR T RKER IR
+ m, B R NARE — AR L A5 R /N H
ZERE/NTRME, W n 5 om, UL, B n, O m, B
TR, m A n WA, IR WA N
BALES M: BEE ERBIEERIES N 5
BAES N W AT PR
4.3 XFER

HAEF BRI — BRI TR
N, ARG ARVFEIEEER 0 B TR A
il — M EER, KRR EANA 4B TN
TR, HA B b R AR R 5 S 2
REBAFF. AT RS HR, R EARET
B P HEAT 40 TR TR, A% Tan &WIET
FA TR IR R R BR R A A v R H B R B B0 R I
TR HY, WETBATRERRRE ALK
K RV O B B BEAT R AR AT B RG] AL R
o, MWFE—AERK A RATEE, BC4HT A pe W
T RUARRR iy A

p,.+1=r-(kp -vp-i-kb v, +k, - p._p, )-i-pi (2)
i,k EBIRE] KA v, FM AR K AR
YRR BRG] RRTT IR ky RIS REL
v, AR WG A ST BB AL B A7 17 s

b NTTFNCAZRE, piops A E— AR IR H
HIAEK R r N R A RKER . EEIER
ZEREE P ST E K A QST ER . %A
LGRS T RS A AR BT E AR
T AR — AR TT I, a]iE I i E A
MZEOEBIA R AR K, AR H
BT WS i & 2 pros .

(a) (b) (©)
(a) k,=0.45, k,=0.45, k,=0.1 BZ5E; (b) £,=0.55, k=035,

k,=0.1 B 25598 (c) k,=0.65, k,=0.35, k,=0.1 Bf&54
B2 ARSHRFHSHmE
Fig.2 The impact of different parameters on the
branch shapes

A TR AL — AT A A
A PAFE AT B B 22— AN B d), AR AL
T EARKA SREIRMFT M k. ShitiR
FERERML, W R R BRI TS BRI T IR e
FRARKH LMK, AR5, R fli
Jr T BEN LT AR Fr AT O AR e, JF S
T KON A 07 A AR i R AR RS
B AR LA R 5, RN i 9 2 (-
R R AR ORI AL BV B R RO R
A — 50 5 BB RR O 55 i AS 258
FrFREZE OIS RS T, iz
ikl 3 fiR.

5 REWE

e PR S AR R foe OB 14 ) R G e L
BERGTIREIREEE . BT 4RI
FRABRA, ] R RS = A HAT



64

Hi 7N 2021 4F

E3 MAREKMERIEREE

Fig. 3 An illustration of the leaf growth and fill
P, RIS AR ) GESCRE PIT BL AR BETT LA e
HOMb R fE, dndm B — A E R - =
R IERHIPkA . BElI, 72 = 4R f i i 4
M AE P BaE M kiR, PLRIED
HEM S B = AR ) 5 BV . AR SRR A R0
WIS, a3 HRHEMEARIWEE, St —
E B S ARR IS e BT MR EATIR
FEfE BIE .
51 ETRHERRNERRERE

i W KR LR SERE A I 2% Yan
SR AR, A A A HE R RR K
TESMIREEE S, R B TR B AE 2
R XS FR I AE IR G AL O A AUTE B — A B
HE,  HLIEHER TR A T Ak, TER RS0l & 75
A HEM I L, MR o R R 5
T, JEMR IR R SONZERI T il AR B KA 1
- TSR 1

~ L] TE/D

MR [

FE P

(a) T LRI R S (b) P 1 T 5] 5 = ¢ ][

M b e s AP L — R, &l 4 (a) PR

AR B e e stk 2l B T 40 &
BE%E 77 0 RPAT SR A, ALk, il ad gy A I
H RS AE R AE T 13 ) [ HE 4352 PT DAAS 31 =47
) [ HE ) 7 A2, ANTIAR AN B AE I RFE U XY
T YEARARIEASTE IR Z iR A R

ACACHR AT B E T

(1) 5 2 A AR B 8 2 v BT A A AR R
ARFRIE, L NTEL ¢

(2) i FH dpe /s 3 int T AT A6 I R AR R AT
WEB S, 132 E.

() R, — 4Rl E " T4 K
B4 07 M AT BOEA B . R, MR E K
bR SR = 4 (a) v B HE RS TR AR e, BUAERY
522 VTR A 0 4 sin0=alb. i,
av b NHEE E R RATK B, ARIE L RATR
3 0.

(4) W 4 (b) Fraw, THE B 25 [ A O
B E BO ¢ M v=cc,, HIE 4(c) FnJ LA
FKR TR, =4S P AR h=|v|/sin 6.
RO OMKM, AR =47 (8] 1 R 7 1R
n -(xz—l-yz)ZV2 - z%

(5) L BR (4) Hh A3 M [ 7 2 2 BL Z By
(] 3= b B AR v R 2, R B R R e e A 0.
NT IR, DR o NIRRT =

g B AR bR AR . BETE EL R T R R R
z=[0,0, 1], AITHEAGRIRAIE FITEF S vn=v Xz
V4

[ E A

(c) IS/ R B P IIORE DT B0 (d) =4I e S A A 5 e e

El4 HROREERREFRETEE

Fig. 4 An illustration of the flower depth recovery algorithm



6 31 RN, 5. FT T KR PO ) E A 65

L 260 [ il 5 B PSP T R e A 0, mT kR
5% wn EFE(EISRME TS Z FlE A e RE A R
RM, & 4(d) Fizwe.

(6) ¥ &3 Jr L e ) B A KFE 5 p B AL AR
TR FILL ¢ MR A AR R, 155
p'=[xy'], ¥ p' RRIAEID IR (4) shd s i = A
AT =420 oA p'=[x.y,2], Hdz A
REE BAL AR Q) 2, z BIA p sUFRE
VR

p,=RM -p"
P=[%.7,.2] 3)
h> .(xrz_i_yrz):rz ‘Zrz

Hrp, p sl pl IR RE RM AR EILL Z fih
N9 7 b A b I R P A e AR B
52 ETHRABHORTRERE

BT U B fa B, i RE R T
S 1A UR AR S A Tl AR A 1S BT B & S
IRFE . A% Okabe %I JE T H BB A
EETAR, Wit 7RI TR R AR
R E BB T Z AR RIRET R TR 4K
. AL TRE S AR, UL R
TH = A RE—AEZRE T, BT R
(B A AR RCELRE ) B K, BT E = 4E S [A)FE 1
B5). BRI A RBUR o[RS E XA T (R e % £
JERAT — LA, BER BRI IE RS f 3 BUe R 5
) = 4 23 [ B T KR B B s TR A T K 22
HEK, BELFRIC WFRFT b, Hi

Sb) ENZSHE AN (4)
S(= Y (b T s

b;.b;eb.b#b;

Forb, b NHETECT: b, NARTECT R TR
0(b,.b VAT FHT Z IR A(b )N TFHET
by FE 24T =450 B I 5 4 B R
(M o A1 B SRR REL, PSRBT AR
2 LPRAER T 2 3L B AR 20 A1 ROR

ARSI ARATI, A e R AT R
DA R 7 32 AL BT 5 R 24 R 1 A
BT TR 50 B 0 7R TR A D
T, PR TR IR m A R
BLBR B f0 FE A AT AT, I B DA T iR At 24
B T A BRI 1T BT M £ P o 6 S B
WG R IR G 2 YOS AR B
198 FAT BT ROR MR 1, T JC 75 8 e I8 A
(N MRS o (EAER IR, AN TFHT
HEAT A2 X 4y, TR B REAS TR TR 3
BRI IR f, %R T I — 3R e
B AR, S R R E R
5 LR e R L o AR = o 5 1A 4 i e £
A DL B A R IR AR S A A Z
FEAE, AT SEBLER BE (5 BR3KI. B 5 @R T
P AR SC S ST R A U8 TR 19 30 1 = A
TR
53 EFERWHMMARERS

T A KB E A T AR
BEAT S PO B PRI T, SR I (O VR P £

E5 FRAKRTREEREZFIRTRE

Fig.5 The reconstructed branch model using recovered depth



66 £

Hi 7N 2021 4E

SRR 7 —E dhil. BT s hE 5
HI/NZER B R, HM R A IR A o
o A TR B 2 BE R T AR, BRI
JA R PN i RV N VA R = R e T o
b, i BIEE AERE E 2 i A 7 2N EAS K AT REAE
RS RERLTE, Bl iy 55 B A R 2
FrEE R, M AMRRES € 1 =4Ef B S .
Bt BRWEE, ASCHR M — R iR AR
SRR FIRE SRV A NI IR R
WA+ XY P b, BRI 2z 508 05 ARJEAE—
AEEE B, IO R A S RO RS BT
KA RIHEAT LS, B TR R AP —
B AR SR N T BRI R 5T L
o, FER A B R TR A z B EONIZECT L
FiC s Ak B AR G2 TR OAE E—73R19) 5
Bt SCHE R F 5l v, oA AR IR R0 2R A 17
B, [EEFIHAHASE S e EEE T
XY P, SRR v, 5 X R 6, JRR
g —Z SiTrier 0,—4, Hh 4 For—AE
—30°~30° YulH WIS AT REN LIS B Tt
SR R E oy A v, SARCT UL AR
07 i B v, (K96 £ ¢ RUREREF O,= ¢~ 7 -4,
It oe +Y BERE 0,0 BEE, i AL E R
N=HEE AP RENE, A E& RARHAT R
IR FEEAEL B DN e PR AL, BRI R 7R e

: o

(a) M P 5 E 5 e (b) MR 55 XZ I 5

Kl 6 ATs.
6 HEEMESH

RS EE P &I RIREE R G, (Er]
PLif I Delaunay — A6t AT WOAS AR Y 19 A2 A o
H T MRS ECNE R iR 2 4, Fik
FEFR AN B 78 43 7% F8 1K LUk i I I AE AR A rp D
AR A P B SR
6.1 LS iRl

e AR T &M R ) b, HL
HA S 2 E 52, O 1A DA R [ A 1 TR
AITE AR STN e — AN BARF TR, T 2 58
P2 R AR ) S AR G AR T DAHEH, —
MCFE Y L B BABA B A b 2 R B i i )
[# x 5z hEA y Z AR R A

y:A.ffJf+B.(£j2 (s)
L L

S, AL B ORI S OB RS R 1A
SO v pp p, SRR p, SRR
R R L=y | XTI p, 15
A& v,=p,p £ X4 v, EIHREE x=v, v, RN
AR WHRRR v, M p WAERFT TS
TR S R B . A BRI 7

I
%eh

(c) Mt g Y dillieke (d) M e & A IR

6 MAREESRINTEE

Fig. 6 An illustration of the leaf depth recover



6 31 RN, 5. FT o m R PR i Y g 67

7 SRR
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Fig. 8 The result of petal hollow modeling
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Fig. 10 The sketches and constructed models in our test

*1 EYERNEIEGST

Table 1 Statistics on tested plant models
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Fig. 11 The reconstructed plane models according to real plane photos
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Fig. 12 The flower reconstruction result comparison on different methods
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Fig. 13 The tree reconstruction result comparison on different methods
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