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Motivation : S
Markov chain solution in d =1 "
Classic radiative transfer equations (RTEs) in integro-differential form are derived assuming the Beer-Lambert (BL) 0) = (1+2)/2 @
law accounts for light propagation in the medium, and various numerical solutions have been developed within this a) General formalism 1D phase function: P — (1 g /2
framework. However, natural media are to some extent variable in space, thus the BL law of exponential extinction p(m) = (1-g)
does not apply on average due to its nonlinearity. What is the average value of direct transmission 7{(s) = ¢, where s _ + v + v % + _ . -1 x
is a fixed distance and o 1s random mean extinction coefficient over distance s? 1 l_IS Q Hs QxQ Hs e (E Q) Hs 7-0 I(1.4)
To this problem, some approaches seek an effective material property O, to use in the solution of a transport problem 1 mitial distribution of 1+ order scattered photons W (1,-)
for a uniform medium [1-3], and some linearly combine solutions from uniform media and approximate solutions for Q: matrix of transition of photon from status (x,, Q) to (X, ..) SV
spatially correlated medium [4-5]. Yet others introduce new RTEs to solve [6-10]. S e
In the framework of developing new RTEs for spatially-correlated stochastic media, we derive and use a power-law" b) Literal 1D, a.Kk.a. 2-stream model
model for direct light transmission and solve the RTE numerically by a Monte Carlo method and by a Markov chain h , N B : L. [1(2,%)
method (2-stream case only, for the moment) [11]. Photon transient status (7, j): node n = 1,...,N, direction j = + (up) or — (down) W I.(2,-)
TConley & Collins [12] propose the same power-law transmission law to model spectral variability, beyond correlated-. ( oA . ~
-—— [ [ T.(x-x)op(A8,)dxdT, n>n' i
T Ty @ /! <
G lized radiative transf ti ” , : IL(3.+)
eneralized radiative transfer equation 0. =11-P )op8) n=n = @nao
(n',j),(n.i) esc ji/? ||| s\~
In a uniform plane-parallel optical medium along the direction € on the d-dimensional sphere 1 o -
-—— [ [ T (x-1)op(A8,)dxdT, n<n’ L
Integral form BRAL R ’ ! o \
- 11,(4,1)
- e , Power law transmission model T . W 11 (4,-)
[(7.Q)= [ [K(z.Q7 . Q)(x,.Q)drdQ + 1 (7,Q) m . =-FopAb)[" T (r)dr S\
J . . . . s,(n,0) 0 i0 T a
=d 0 Assuming Gamma distribution of o, -1
[ =1,+ I, where I, 1s the direct light contribution | il ao Diffuse ﬁeld
and I is the diffuse light contribution Prio.do} = [(a) o exp(- g)d(f , I1,(5,%)
: L = ST Jm E — (" T(z-x)dr, =x=7 ~H ¥ I1(5-)
I, (1.Q)=T(1-7'|/1)d(Q - 90) with mean extinction O and Vlarlablhty parameter dlff H(k nia (k T _ 1) 7m0 AT frn_l a n-1 s
- n,XxX) =1
: / a 1 .
o o T-T\T(T-7"|/ ( ) . N _
K(r,Q;T,Q)=wP(Q-§2)®( ) (z-7]/w) ’ ! I = EH(kO)T (k,T) —J. La-ndr,  x=t,
u | ul T.(s)= [ exp(-0s)Pr{o,do} = ——— - Direction: —
: - . 0 (1+os/a) .
where O(x) is the Heaviside step function
(a) Uniform medium o (b) Spatially correlated medium with (0, q) Numerlcal lnveStlgatlon In d o 1
B Radiation fields throughout the 1D medium with T = 10 and (a) forward phase function p(0) = 0.8 and single scattering
Beer-Lambertlaw: 7 =7 = eXp(—x) Power law model: 7T = Ta = (1 +x/ a) albedo w =1; (b) p(0)=0.5and w =1; (¢) p(0) =0.9 and ® = 1, and (d) p(0) = 0.9 and o = 0.98. The left subplot gives
BL scalar flux J, with J = I¢ \ + Lyig gown While the right subplot gives the vector flux F, with F'=Iy¢ = Ly qown-
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