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3D Virtual Plant Photosynthesis Simulation Model Based on L-system
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Abstract: To quantitatively analyze the relationship between plant canopy structure and light distribution
and photosynthesis, simulate real time photosynthetic rate of plant canopy in actual environments, and
prove a plant canopy scale photosynthetic productivity calculation method for crop yield estimation, a 3D
virtual plant canopy photosynthesis simulation model was constructed based on L-system. The model was
divided into three contents. The first sub-model was the 3D virtual canopy based on L-iterative grammar
system and 3D graphic rendering technology. The second sub-model was that the photosynthetically active
radiation (PAR) transformation in the virtual canopy was simulated by using forward ray tracing and sky
visibility algorithm. The third sub-model was that the real-time PAR intensity at the top of a virtual
canopy based on parameters such as the sun’s geometric parameters, atmospheric influence parameters
and geographic location. After the photosynthetic environmental factors were directly or through
interpolated way to input to the sub-models, by using the single leaf photosynthesis model and related
respiration models, the net photosynthesis rate within the canopy and the accumulation of plant biomass
accumulation during the model simulation cycle can be calculated. The simulation results of Chinese fir
showed that the simulation of the PAR distribution based on the virtual canopy and the canopy photosynthesis
rate calculation was an effective method for estimating photosynthetic productivity of plants.
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of young Chinese fir



% 10 1)

BRI 25 . T L-RG0H0 3D M IR Y1 2 b & 1 AT R 1 277

EFETHE—FmE) . Mk C ly—AT508 F %A
Kix®E 12,
1.2 MRS HEM

M REAEM E ST, A A
WS G A I EE R R . EAR R EOR B
Wo AT HEMFRM R, R 3DS MAX @
PEAT Sy T AT AT R R A A bR R L

() AZA IS ]

(b) T IR A2 A

BRI RG] o 8 L — 2 G0 AT B0 i R £z 22
FRANZR T, 25 ] RS 20 B RS0 B RN BT 7 AL
I v 5 T A AR AT P o R AR AT R o A
SRR R R R R O A AR B
LIRS | B 52 A2 A 8 A 0 A Y B, 0 B AL
(T B 7SI e W o L e €l 0 o
BN 2 fioR o

() M 7EAT B b oA (d) ¥rAMTEEIR

B2 4 A2 AR TE T BORAEAL T b i 20 A B0

Fig.2  Simulation of young Chinese fir needles and their distribution on branches

1.3 3D EREMEREEETFR

PLE 3b w5 AR R RS AR ISR G AR IR 1 1 Y
512 95 09 05 )2 AR B %, B AR B 3D R A
ARG JZ A58 B AL = B2 Ry 3. 30 m, s i 1.73 m,
B Hh B B 2025 em®, B AN 1 BUE 2 I A A
ol 32081, MR ALK 7.21 m®,

Ry (b) KA
El 3 RARBERISEZARR X

Fig.3 Comparison between Chinese fir model and

actual picture

2 ETEBEERIR PAR 5 5HE R

2.1 EMEEMHAMAXES HESEEZFED

B S A ) e )2 TR A BH LS 1 K PH DY
SHR I b R B ) R AR BT AR Ak . AR AR K S
S KA SR HORIEE AL 43 5%t e TH0K BH B 55 6 1Y
J5 1) e T PAR 8 B 4T RS
2.1.1  RFOGE ST 0 TH5E

MG SCHR [ 177, 28 45 5 2007 B S [ Bk 1 K B
JGHE S 7 ) (o BE AR AL ) TR A AR i ] 4
i, =4 nf AR EE R A 5 TR o
2.1.2 RFHAESFHELSOEMRIT A

1) 35 A 40 ek TU 1 e ST B 455 O R L S R R 25 IO
[
2.1.2.1  EAHBimeE

X FH O ) AR i 3o B2 43 2 2 S B B s AR BH 313k

EZZEmE T
[ i |
k| | msm |
]

Bl 4 KB E S 7 ) B

Fig.4 Flow chart of sun direct radiation

3R K2 b R K PR AE R A2 T AR o
(1) K FH 6 23k Bk K2 b 51 4% i o e
K BRI 25 Bk A2 b S B K B OGRS H
AR H o T R BT K OB LR BT T, A
S B A R
E':Eo(ro/r)2 (1)
X E,—— KPR 5 5 2 50, R
FE M 1367 W/m®
(ry/r)’ H M BE B3 IE R %%
H - 3 5 5
MHT H R R
(2) KFHYEAE K2 A
e LT R BB LR Iy 1) 0 K BH S 6 i o B 5 H
Tt RRZMBAMKRIBEHEA X, KAESK
IFT Ve 32 A7 R0 Y b ) MR 2 BE LA R A G, — &
RIS AN NG e - /N SR R O Tl NG b A
BAXH

Ty

r

M, =Mp,/p, (2)



278

2018 4

(d) 13:30

(e) 15:30

(f) 17:30

PS5 AT s 20 O B P = 4w IR AL A 40 25

Fig.5 Direct sun direction simulation results
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Fig. 10  Direct and scattered radiation results from five-year-old Chinese fir
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factor simulation and canopy photosynthetic rate calculation
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Tab.1 Simulation results of radiation, environmental factors, canopy photosynthetic productivity and

net photosynthetic productivity at some radiation point
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Tab.3 Comparison of photosynthetic productivity for different provenances Chinese fir
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Fig. 12 Simulation program software interface
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the canopy Photosynthetic Productivity:
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Fig. 13 Simulator usage example
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