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Abstract LA (leaf area index) and LAD ( leaf angle distribution) are wo mporiant parameters detem ining vegetation

canopy stucture In computer sinulations of vegetation canopies these wo parameters are the controlling param eters that
tender the 3D vegetation scene In this papes a computer graphicsmethod M odified Extended L -system (MELS), is used
to render an architecturally realistic leaf canopy( grass) and tree canopy(aspen) that are based on measured stucture data
of typical grass and aspen trees A radiosity -graphics combined model(RGM ) is then used to calculate the radiation regine
of the sinulated 3D realistic stucture scene including canopy directional reflectance and spectnm in visible and NRR re-
gions Two aspen tree scenes are sinulated: one where the underlying surface is soil and another where the underlying sur-
face is grass and soil Then distributed chamacteristics of canopies BRF (bi-directional reflectance factor) for the wo kinds
of scenes are analyzed However for realistically stuctured trees the radiosity method cannot smulate a large-scale scene be-

cause there are too many variables to be processed so one solution is to sinplify the tree crown making it possble to simulate

the canopy BRF at a larger scale So we conclude that com puter sinulations can obtain the radiation regine of forest canopies

with some kinds of underlying surfaces making computer sinulation a good way of providing directional reflectance
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1 NTRODUCTION

About 3% of the Earth is covered by land much of
which is vegelated Terrestrial vegelation inpacts cli-
mate by playing a key mle in various processes such
The

basic prem ises for optical rem ote sensing of vegetation

as energyy mass and momentun exchanges
are that the solar radiation received by a remoiely lo-
cated sensor(e g on a satelliie) upon interaction
with the vegetation canopy carries the spectral signa-
ture of the canopy and that this spectral signature can
be deciphered to obtain infomation of nterest Phys-
ics-based m ethods for the assessment ormonitoring of

vegelation parameters (e g stuctural and biophysi-
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bidirectional reflectance factor(BRF); mdiosityy com puter simulationn GOM S

cal characteristics) have progressively become more
attractive since they are better-suited formany current
large-scale applications than traditional used statisti-
cal techniques The parameters of mterest vary w ith
different areas of applications such as w ith production
ecology, global change monitoring and clin ate m od-
els however for all applications good models of
the shortwave radiation budget of vegetation canopies
are needed to interpret the remolely sensed signal
The shortwave madiation budget T describes how the
fractions of radiation absotbed by or scattered from
the canopy to the underlying soil and understory or
back nto space ( canopy reflectance or albedo) are
related to the stmctural and optical properties of the

canopy and background Vegetation characterization
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and classification are inportant issues in remote sens-
ing of vegetation and ecological research Correctly
discrin nating vegetation types to the species level is
often required in agriculure forestry, and range re-
sources m anagem ent'.

The leaf area index (LA I) is a key param eter in m od-
els describing the exchange of matter and energy flow
between the vegetation and the amosphere LA T and
LAD are the inportant param eters detem ining vegeta-
tion canopy stucture In our compuler simulation of
vegelation canopies the wo pammeters are the con-
trolling param eters to render the 3D vegetation scene

The 3D scene model takes advantage of the radiosity
m ethod and com puter graphics techniques The RGM
consists of wo majormodules a modified extended
L -system s (M ELS)[Z] method to generate a realistic
3D scené and a radiosity -graphics com bined m ethod
(RGM ) to simulate the radiation regine based on the
realistic 3D stmcture scene Thism odel takes into ac-
count the 3D architecture of the canopy and fully in-
cowporates multiple scattering shading
mncliding the hotspot effect The

and mutual
shadow ing effects
model also calculates the radiation regim e of the cano-
py- Themodel outputs include the canopy bidirection-
al reflectance factor( BRF), that is used n this study
Fig 1 is the flow chart describing the sinulation of
canopy BRF. using the method above

In this paper M ELS is used to render the architectur-
ally realistic stucture scene such as leaf canopy
(grass) and tree canopy (aspen), based on their

measured stucture data Then the simulated structure

| MELS to render 3D scene |

RGM

| Calculating the view factor among facets(F) |

Sun direction > <

Y
| Calculating emission of all facets E; |

v

| Solving the equation using iteration |

e arseon

| Calculating BRF and albedo |

Optical characteristics of all
components in the scene
(reflectance and transmission of
leaf, stem, and soil)

Fig 1 Flow chart of the computer sinulation model of

combined radiosity

1 3]

and

the radiation regime of the vegetation canopies is cal-

scene is used as the nput param eters in RGM'

culated including canopy spectrum and its directional
reflectance n visible and NIR regions For aspen
trees two scenes are tendered: (1) aspen trees w ith
underlying soil and (2) aspen trees w ith underlying

Then we used the RGM model to

sinulate the canopy radiation regine and to analyze

soil and grass

the differences between the wo canopy types How -
ever the numbers of surfaces are more complex n
the forest sticture making it difficult to sinulate
canopy BRF w ith the radiosity method One idea is to
sinplify the structure of tree crowns considering the
sunlit and shaded surfaces Last the sinulated resulis
are compared w ith that of the realistic scene to see if
its accuracy m eefs our study requirem ents

In additionn mn owder to sinulate large scale scenes

such as one pixel TM mage the structure of the sin -
ulated object must be sinplified In this paper we
sinulate sinplified aspen trees and compared the re-

sults to realistically structured scenes

2 THE REPRESENTING OF VEGETATION
SCENES

Effectively and efficiently representing realistic stuc-
tures of vegetation is a prerequisite to study the radia-
from which the

spectral reflectance at different scales can be simula-

tion regme of vegetation canopies

ted It is also necessary to transfom the stuctural pa-
ram eters of the vegetation into ecological variables

So it is mportant to render 3D vegetation scenes ac-
curately. The algoritm s to render artificial vegetation
are based mostly on two computer graphics m ethods

fractals and L indenmayer systems ( L-systems).- In
this paper we use the extended L -system s( ELSY S );

the basic idea of thismethod is to define complex obh-
jects by successively replacing parts of complex ob-
jects w ith parts of sinple objects using a set of rew ri-
ting mles or productions compiling them. saving the
stuctures to the text files and finally displaying real-
istic plantmodels Thns. for any vegetation species

based on its botanical fram e structure one can gener-

ate a plantw ith m mimalm easurem ent mputs such as



No SONG Jin-ling etal Computer Smulations of D ifferng Radiation Regines on A spen T rees 671

leave area index(LAI), plantheight and foliage ele-
In this study

trees many param eters have been m easured such as

ment size mn omer to generate aspen

total height sten diameter crown horizontal and
vertical diam eters  leaf size and leaf spatial distribu-
tions Two scenes are generated: aspen trees w ith un-
derlying soil and aspen trees w ith underly ing soil and
grass In the progran to render these wo kinds of
scenes LAT and aspen height are the mportant con-
tolling param eters So  canopy spectmm and its di-
rectional reflectance can be sinulated for different
grow th phases namely for different LA I and different
tree heights Analysis of the results of the two scenes
indicates that the underlying surfaces have a great
effect on canopy BRF-

Experiments performed n Shandong province i the
northem part of China identified forests and wheat in

May 2005 Fieldmeasured data

tree structure parameters and aitbome data were ob-

mcliding aspen

tained i the M ay 2005 experinent This experinental
data is used in the present studyy W ith the help of
field m easured m o1phological param eters and of field
photographs aspen trees scenes are generated using
the MELS program- Fig 2 is the rendered scene used
to sinulate canopy reflectance Fig 2(a) is the sinu-

lated scene of aspen trees that have soil underly ing

(a) aspen

(b) aspen and grass

Fig 2 The 3D sinulation scene of aspen and the m ixed scene

of aspen and w inter w heat

them, where LATis 1.26. Fig 2(b) is the sinulated
scene of aspen trees that have soil and grass underly-
ing them (Fig 3), where LAT is L 52 The entire
scene consisting of plants and soil is composed of
triangle- and quadrangle-shaped surfaces W e m eas-
ured reflectivity and transm ittance properties by in-
tegrating sphere and ASD spectroradiom eter selecting

four w avebands as shown in Table L

Table 1 The optical properties of com ponents in scenes

W aveleng th /om 446 557 671 867
_ R eflectiv ity 0. 0506 0. 1455 0. 1880 0. 5624
Soil T rangn ittance 0.0 0.0 0.0 0.0
R eflectivity 0. 0537 0. 1220 0. 0702 0. 5143
Leaf T ransn ittance 0. 095 0. 081 0. 033 0. 4324
R eflectivity 0. 1368 0. 20 0. 2215 0. 5434
Bark T ransn ittance 0.0 0.0 0.0 0.0
R eflectivity 0. 07913 0. 14279 0. 07361 0. 47712
G rass T ranan ittance 0. 01109 0. 08633 0. 01142 0. 46115

3 SMULATION OF THE RADIATION RE-
GME WITH RGM MODEL AND THE
EFFECT OF UNDERLY NG SURFACE
ON THE CANOPY BRF

Radiosity is the mdiation flux density leaving a sur-

face element The madiosity equation (1) states a rig-

omwus energy balance requiring the total radiation flux
leaving any surface element i to be equal to the sum
of its em itted and reflected flux origmating from all
other surfaces The radiosity method is based on 3D
realistic structure scenes that are spatial entities
composed of spatial triangle- or quadrangular-shaped
surfaces( Fig 4 ). Radiation regines of the rendered

scene are sinulated based on the energy transfer
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Fiez 3 The underlying surface of the m ixture scene

w
w T ElBkai
Pi ;BJ‘F,'.' /_ N N
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Fig 4 Radiosily relations for a surface palchm

In this method the Sun is consid-

ered as mportant source of energys where sunlit fac-

among surfaces

ets are the sfarting points to transfer scene energy

The radiosity method is capable of describing the radi-
ative effects due to the discrete nature of leaves and
stems(e g shading and chimping).- The solar irradi-
ance on each individual leaf can also be com puted

Such data is of very inportance to analyzing photo-
synthesis nutrient and another biochen ical transport
mechanisms within realistic plants As long as the
plant architecture can be satisfactorily described by
surfaces w ith given orientations the radiosily equation
can provide a valuable complement to the RT descrip-
tion of the radiation field n vegetation canopies So

a combmation of the radiosity method with MELS
provides a powerful tool to study radiation regines in

5

a heterogeneous 3D -stuictured vegetation scene” -
B, = E * X2 B, (1)
i=1
e, if (m e my) <O

%0700 a Acaderic (2)
Ti if(nl'nj)>o

where B; is the radiosity on surface element i defined

as the total radiation flux density leaving that surface

E; is the surface emission O, the reflection coeffi-
cient and F;; is the view factor that specifies the frac-
tion of madiant flux leaving another surface j that rea-
ches the surface i

In order to analysis the characteristics of the wo dif-
ferent scenes a sinulated experinentation is done
w ith the sam e conditions In the process of smulating
the radiation regin e of the rendered scenes we define
solar zenith angle to be 45 and solar azinuth angle to
be 180, where the field of view (FOV) is 10" and
where the view zenith ranges from —65 10 65. We
also use the optical properties of com ponents such as
soil tree leat bare and grass leat shown i Table
L The size of the sinulated scenes is 4-0Om X4 .0m.

Fig 5 compares the results of the canopy BRF distri-
bution w ith changing view zenith angles betwveen the
wo scenes in the visble regions( blue green and

red bands ),

plane where the view azmuth is aligned w ith the solar

and with NIR region in the principle

azimuth, butwhere the view zenith varies From Fig
5, it can be seen that the differences between the wo
scene canopy BRF are bigger in both the visble and
NR region and the canopy BRF of the aspen trees
that have soil underlying them is samaller than BRF of
trees that have soil and grass underlying them at al-
most every view zenith angle In ownder to analyze
their differences the nomal differences are calculat-
ed The nomal difference is defined as the difference
nomalized by the summation of the wo canopies
BRF i every band shown by equation (3).

= 1) Mg+ 1) (3)

where nd is the nomal difference 1,,, is the canopy

nd = (g

BRF of the m ixed scene of aspen and grass and r is
the canopy BRF of the aspen scene Fig 6 shows the
nom al difference distribution w ith the change of view
zenith angles of the two aspen trees scenes at visible
and NR regions i the principle plane In Fig 6, it
can be seen that the trend of these nomal difference
values are in accordance w ith those in the visible re-
gions(blue green and red bands), but are different
m NI regions In visble regions from the backw ard
view direction to the fowand direction the stream
then increases

first decreases and at the hot spot
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Fig 6 The nomal difference distrbution w ith view zenith
angles between the aspen scene and the m ixture scene i

the visible and NIR regions in the principle plane

there
differences are anallest at the hot spot In the NR re-

view direction is an inflexionr that is the

pot is the result of single scattering and n Fig 5 it
can be seen that the nomal difference in hotspot di-
rection is the anallest so the single scattering in the
On the other hand
the effect of the multiple scatiering is greater, in both
the visble and NIR regions

part of the underlying surface that enhances the multi-

m ixed scene increases the least

Evidently the grass is
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ple scattering in the m ixed scene of aspen trees and
grass But in the NR region the multiple scattering
is themain contrbutor to canopy BRF and the LAT of
the grass is so anall that its effect on the whole multi-
ple scattering is small In the nadir view direction
the nfluence of the underlying surface is laige so its
because

nomal difference is the largest however

view zenith angle is bigger the effect is weak and
the multiple scattering of tree leaves is the dom inant
contributor to the canopy BRF

Based on this analysis we conclude that the effect of
the underlying surface on the canopy BRF is great for
both visible and NIR bands and it cannot be ignored
when studying the adiation regine of the forest Con-

sidering the effect of the kinds of underly ng surface it

is possible to enhance the classification of vegetation

4 SMPLIFY NG THE SCENE STRUCTURE

Bigger forest scenes have more com plex structures be-
cause there aremore surfaces to render in the 3D real-
istic stucture scene However the radiosity method
is lin ited n the number of facets that can be used as
mput so the number of surfaces facets must be re-

duced In this studys

tree crown and to sinplify the surfaces of the scene

the main idea is to abstract the

W e abstracted the chamcteristics of the aspen tree
crown as an ellipsoid as shown i Fig 7 Fig 7(a) is
the realistic aspen tree Fig 7 (b) is the sinplified
tree and its optical properties shown in Table 2 The
sinplified scene aln ost reduces by ten times the num -
ber of surfaces making-up the realistic stucture
scene saving calculating tme and memory space

Thus we can use radiosity m ethod to smulate the lar-
ger scale scenes The key is to provide values for the
surfaces of the ellipsoid crown In this test we use
the concept of the gap probability model'? in the sin -
plified model

shaded surfaces based on the direction of the Sun

and sinulate the sunlit surfaces and

FAVD is taken as the control to provide the optical
properties of the surfaces In the sinplified scene af-
ter photons come nio the scene there.are some kinds
of nteractions First some photons will collide w ith

absohed surfaces and the energy will disappear

(a) Realistic scene (b) Smplified scene

Fig 7 The realistically stmctured scene and the sinplified scene

Table2 The optical properties of the com ponents

in the scenes

Com ponents O ptical Properties Visible NR
Reflectance 0. 122 0. 5143
Leaf .
T ransn ittance 0. 081 0. 4324
. Reflectance 0 0
T rangn itted Leaf .
T ranam ittance 1 1
0 0
Absotbed Leaf Reflec.tance
T ranan ittance 0 0
Reflectance 0. 10775 0. 22015
Soil .
T ransm ittance 0 0
Reflectance 0 0
3 il
Shaded soi T ransm ittance 0 0
Reflectance 0. 200 0. 5434
Baik .
T ransm ittance 0 0

Secondly, some photons willmeet the leaf surfaces
so some w ill reflect out of the tree canopy directly( i
e single scattering ), and some will be tranam itted
into the crown The transn itted photon may be trans-
m itted to the underlying surface or mteract w ith other
surfaces Thirdly som e photons will pass through di-
rectly through gaps in the tree crown to collide w ith
the underlying surface Then after the interaction of
photons and the underlying surface some photons
will enter the tree crowns again and continue their
interactions w ith other surfaces

Fig 8 is a larger version of the simulated scene of the

sin plified aspen tree The size is 27m X27m and LA I
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Fiz 8 The sinplified scene in large scale

is approxinately 3 L The sinplified tree height is
9.2m, and the vertical diam eter and horizontal diam e-
ter of the ellipsoid crown are 2.25m and 1.4m re-
spectively  The sinplified aspen trees are distributed
random ly in Fig 8 This random distribution more
closely duplicates nature W e defined smulated con-
ditions solar zenith and azimuth are 45" and 180,
respectively, the field of view (FOV) is 10 and
view zenith ranges from —65 10 65. W e com pared
the com puter sinulated results w ith the results genera-
ted by GOM S model”’ 1o validate our com puter re-
sults The GOM S model represents forest canopies as
a collection of discrete crown entities casting shadow s
onto the background and/or other tree crowns
Crowns have been modeled as ellipsoids For the
GOM S model lanbda bratio and hbratio are the
mportant structure param eters Lambda is the density
of the smulated ellipsoid crowns in the scené brmatio
is the ratio of the vertical radius of the ellipsoid crown
to the horizontal radius and hbratio is the ratio of the
height of trees to the vertical radius The stmctural
and optical properties for the visble and N R bands of
the sinulated scene are shown i Table 3

Fig 9 illustrates the com parisons of the canopy BRF
distrbution w ith the view zenith angles of the com put-
er sinulated smplified scene and the results for the
GOMS model The simplified results are in accord
w ith the results of GOM S model However there are
some differences especially in the visble band for
the larger view zenith angles in the fow ard direction
Pethaps this is because that the optical characieristics

of the smplified crown stucture in the NIR band are

Table3 The optical properties of the com ponents

mn the scenes

lam bda 0. 08

Stuctural brratio 3

Param eters

hbratio 2.6

hdif 0. 01

visible NR

Optical Rg 0. 10 0.15

Param eters RC 0. 09 0. 46

RZ 0. 015 0. 05

0.10
0.09 -
0.08 4
0.07
0.06 4
0.05 -
0.04+
0.03 4
0.02 4
0.01 4

—a— Computer simulation
— GOMS

BRF

80 -60 —40 —20 0 20 40 60 80
VZA/®)

0.40-

—a— Computer simulation
—— GOMS model

0.354

0.30+

M 0.25-

0.20

0.154

0.10

80 -60 —40 -20 0 20 40 60 80

VZA/(®)
Fiz 9 Comparison of the results of BRF distribution w ith view
zenith angles betw een com puter smulation and GOM S in

the visible and NIR regions in the principle plane

mote accurate than the ones for the visible bands or
because in the visible bands the characteristics of the
underly ng surface for computer sinulated sinplified
scene are not as sin ilar to the GOM S model Future
research plans include our intention to modify the op-
tical characteristics chosen for the visible bands
However this research supporls our contention that
it,is possble o use,the radiosity method o smulate
large-scale scenes that can be considered as a for-

ward model to produce the directional reflectance of
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larger scale scenes for future research

o DISCUSSION

The canopy stuctures in nature are so complex that
the precise m odeling of canopy BRF of vegetation can
rarely be completely solved G reat effort is being de-
voted to finding more effective methods to address
this problem, such as the radiosity method Using this
method more accurate canopy BRF can be obtained
based on smulated realistic natural vegetation scenes
In this paper using aspen trees as an example bidi-
rectional reflectance is sinulated for aspen trees that
have soil underlying them and trees that have soil and
grass underlying them-

W e can draw som e conclusions from our study Com -
puter smulations can obtain the radiation regine of
forest canopies for som e kinds of underlying surfaces
Therefore com puter sinulations are proven to be an
effective means of providing directional reflectance
Using the smulated data we can analyze and classify
measured dats such as field-data and aibome data
According to the computer-smulated results the rea-

sons for errors in mage classification can be ana-

lyzed In addition our study of the smulating sinpli-

fied stiuctures indicates that bidirectional reflectance
can be calculated using the radiosity method at a lager
scale However because vegetation displays a w ide
variety of shapes our smplified smulation should be

modified to adapt to more types of vegetation
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