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REMOrrE SENSING APPLICATIONS OF THE
EXTENDED R(4DIOSITY METHOD

S.A.W. Gerstl and C.C. Borel
Space Scierice & Technology Division

Los Alamos National Laboratory, MS A- 104

Los Alamos, Ncw Mexico 87545, USA

Abstract

[n thic paper we describe the progrem made in the last three yeara on developing the radiosity
method for remote sensing applications. The research covered canopy modeling, volumetric scat-
tering and atmospheric corrections for future analysis of EOS imaging spectrometer data.

1 Introduction

Within NASA’S Remote Sensing Science (RSS) program the au-
thors have studied applications of the radionity method in re-

,ote sensing, The first application wrM in modeling the ,~at-
tering of light inside vegetative canopies, We developed a pro.
gram to solve the radiooity equations for the scattering of light
from many scattering Ieavea above a ground mrface. Using ray-

tracing, we developed methods to compute the bidirectional rc.
flectance distribution function (BI{I)F) of canopies, We alm(,

conducted reflectance measurement on an artificial plant canopv

compoced of 12000 circular disks that simulate leaves, The mea-
turementa ohowed good agreement with the radiosity calcula.
tion. The tecond application waI to model the scattering lre-
tween a surface and a scattering or volumetric medium to rcp-
recent ●n atmosphere, A flat mrface with ● reflectance map was

placed under ● uniformly scattering medium and the w.irface nnd
volume radiosities were computed and then rendered for a given
view direction. Third, from this extended radiocity method we
were sble to formulate a method to compute the point ~pread
function for any view direction and with height-dependwrt at.
moapheric chattering parameters d phue func’ ,ma, Using an

inverse filtering met}mrf we were able to oharpen image- blurred

hy the adjacency eflect. The method involved the decrmvolution
nf hue meuured radiances with an inveroe point tpread function.
Fourth, we are currently developing hyperspectral ai~plicationo
of the radioaity methnd for fK)S.mensed vegetated mnrl hare sur.

faces with imaging ~pectrometero

z Canopy Modoling

lnitlally we introduced the rarliusity
multii+ Ocattrwng and trantmiminn
velope(i a radimity code f(w a cmmpy
placed in N layers with M dism esch,

method to modd the the

in plant ranopim We Ilr
compod (J circular dimrfi
fhch ditc I II drncrllred hy

up to 9,ooO discs in 0.5 to 11.5 hours of CPU time on a VAX
8600. Mure recently we solved a radiomity problem for 14400
ditks in 21.75 hours on a small workstation (SUN SPARCsta-
tion IPC). The 6 million view factors where stc, cd in compressed
form using 24 MB of disk -pace. The conceptual principles of
the radiosity method were described in [1); the algorithm i: de.
scribed in detail in [4], Methods to include ckylight were derived
and implemented, A layer-based radiosity program waI devel.
oped to run on an IBM PC-AT. Bidirectional reflectance distri.
bution functions (DRDF’) were computed fur variout illumina-
tion and observation conditions using a raytracing program. The
influence of skylight and vnrying leaf reflectance/transmittance
valueo on the ●ngular nignature waI investigated

Next we worked on verifying the radirmity solution xith the
help of s theoretical mt,dei and mcwuremcnts on an artificial

plant canopy structure. We were able to cornpaie the rmlius.
ity solution to a clamical radiative trantfer (llT) rmlutmr for
canopies with horizontal Ieavea, Analytical exprecniont u wrll
M numerical reaulto were crtmpared and [ound to pe p~r.
fectly, Uy computing the up. and down. fluxem At ,ach layer
uming weighted cumo of radiuoities of rrther l~yem, we derived
that the radiooity equatinno lead to the clamlcal RT differerrtlal
equation for the limit of a continuous ranopy ~truc, ure, rf, [5]
An intere~ting effect {)f enhanced hrightnron (In sunllt dI,co In

lower layer- for highly reflective di~c~ (p ,, (19) waI predicted
u~ing the rarlio~ity Inethr)d And exprrlmrntally verlfird (III ~~llr
nimulated ●rtificial cmopy,

The raclimity rnethnd for prolrlctnm wIttt m~ny ourfacri t~krc
much computer tilne ●nd therefore, wr tried to d~veiop atmplrr,
though mtlll rathocity hued plant cmrupy mwirlo, The tImplI.

fication im poacil]le when leaf Iayerc are mmtdered rmthrr ll~an
indivirfuaf leaves, We expanded a N layer trmdel t{I ln( Iude lr~f
layert with inclined lravf~ ~nd rwtnpulrd VIPWfnctmt hrtwrrn
Iayero uming a Monte (!arl[) ~ppr{mc}~ on{e tlIr rrtultlrtg rn
diosity equatinrls ●rc mlvrIi we uoe sl~ndrml pndmhllity hued
canopy modelq to rwmputp the Illtl)l”t M Illustrated In [41,

the center location (z,, y,, r,), the rmrrnd vector ri, and rwdlumr,,

The view factoro ● re rwmpubwl hy faytrarlng ●nd a l~rge view
factor matrix with ( N x M)i elwrenla is ttored in a file. We pw.
formed radi~ity ralculatmrw for variout cannpy geometrwt witl



,

3 Applications of the Extended Ra-
diosity to Atmospheric Corrections

The extended radiosity method consists of two coupled systems
of equations [2, 3] when applied to a combined canopy/atmosphere
problem. The first one describes the radiosity B: coming from

a surface A, as the num of the emitted radiative flux E:, the
reflected fraction of radiosities from all visible surfaces and the.
reflected radiosities from all visible volume elements. The sec-
ond equation expresses the flux density leaving a volume Vk as
the sum of the emitted flUX and tile scattered fractions of ra.
diosities from all visible volume elements and surface elements,
The fractions of reflected or scattered radiosities are the view
factors. In Figure 1 we show a symbolic representation of the
extended radioaity method.

‘vVeimplemented the extended radiosit,y method [3] and have
used if. to simulate atmospheric scattering over an inhomoge.
neous reflecting surface. We were able to r:produce the ad-
jacency effect from rendering the radiosity solution, One maj-
or drawback of the presently implemented code is that it re.
quires a large number of muitiplicationm for each iteration in a
Gausa-Seidrl method. We think that adaptive meshing tech
niques, i.e. fine space subdivision near the Iurface and then
more coarse subdivision further away WIH imp[ove the cornpu.
tation time drasticaiiy, ‘We believe tjat the extended radiositv
method will provide a general purpose simulation tool for re-
mote ceming applications which ia abl: to incorporate surfacc-
mcrface, surface. volume and volume-surface effects using tom.
puter graphics methodt The radiosity mlution is global i.c for

a given illumination condition any view of the scene or inside the
scattering volume can be rendered. Other rm:thocfs such as the
Monte Carlo ,nethod require nc w udutions for changiilg vIrw
angles, ThuI by taking advanti, ge of the global illurninatwn

calculation, effects of view anglea and observer positionc cm h,.
studied, }{adioJity solutions can be obtairrmf for any wavelrllgth
band in the visible and near infrared,

We also developed a method to compute the point ~prrnd
function using part of the extended radiosity equations, The
point spread function I’. $#’(z,y, z; ZO, YO, to; e,, I%) is dcfird M

the scattering contribution of a ourface element rfA -. dt rfy 10

cated at (z, y, z) into the Iine.of.light direction of the o!mwvrr

(&, 4,) looking at point (zo, yo, zO), one can model the biurril,g
ctiect due tn the adjacency clfcct with a point npread [Ilnctl{m
(I)SF), Thin PSF in a fil$m (Inction which ic c,mvolvmi w,th the
u],perturbmi (u{, ~tn~,..~i]h.p,e) image of a ou; fare. We drncnhr
t}lis work in n,nre detail in these proceedings [2] (Jning WI III

vcrue filterirq method it ir pocaihle to cnmpute an Inverse p~nnt
oprem func’,ion whi:h when cnnvnlvrwf with the mrruured rrull
●nte image reducw the adjacency effect cuncldmahlyl which In

equivalent to ● atmnopheric w>rrection algorithm

5 Future Work

We are now in the process of integrating these various applica-
tions of the radio.sity method into a simulation program which
computes the surface-s uriace, surface-volume, volume-surface
and volume-volume interactions that are of importance in re-
mote sensing, This work will probably done on a massively
parallel computer like the Connection Machine (CM-2 or Chf-
5),
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Figure 1: Visuallzatmn of the rxtendcd radloalty
remote senung application including rbtrnmpherlr
phy effecto
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