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the anisotropy weight be related to the photon absorbing and
scatlering in the medium, and the optical properties of me-
dium are characterized by the anisotropy weight f along with
the absorption and scattering coefficients.

Substitution of Eq. (2) into Eq. (1) yields

1
v -\'L(r.\]+,:1,L{r.\]:;[,Ei;tb(r}hsul]. refl,

(3)

where g,=(1-f,. i,=,+p,. and the photon fluence rate
@(r) is defined by

D(r)= + L(r,v)dv. 4)
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Equation (3) is a linear, first-order differential equation de-
scribing the photon propagation through a heterogeneous
medium, and the solution L(r,v) can be formulated as [14]

1 "R
L(.-_\}=—] [, (r = pv)®(r — pv) + S(r - pv)]
4ty

;e \
Xexp(— ] ,rl,{r—f\}<f’!j[!p+L(|‘—R\,\J
. o /

Xexp(— ]..R ,Ez,(l‘—a\]:!r). (5)
. Y0 /

where R is a scalar so that r—Rv = &0, representing the dis-
tance from point r to the boundary £} along the direction v.
Integration of Eq. (5) over all the solid angles results in the
following integral formula:
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Cartesian coordinates ', an integral equation with respect to
£ P
photon fluence rate is obtained,
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unit vector $=(r—r")/|r—r'|, and n is the outward unit nor-
mal at r—Rf on the boundary. Equation (7) is a well-posed
integral equation of the second kind, and allows an accurate
prediction to photon propagation in biological tissues. For
simplicity, we call Eq. (7) the phase approximation (PA)
equation because it is derived from an approximate phase
function. &, and i, (or, equivalently, g, g, and f) in Eq. (7)
represent the optical parameters. When the absorption coef-
ficient ., and scattering coefficient g, in the tissue are un-
known, we can directly determine the optical parameters fi,
and jz, using optical tomography techniques based on Eq. (7)
[15]. If the absorption coefficient g, scattering coefficient
., and conventional anisotropic factor g in the tissue are
known, based on a simple homogenous numerical phantom.
such as a spherical or cylindrical object, with a known light
source setting, the photon fluence rate on the boundary of the
phantom can be generated using Monte Carlo simulation
with a appropriate phase function, e.g., the Henyey-
Greenstein phase function [16]. Then, a single parameter op-
timization can be performed to determine the anisotropy
weight f by matching the photon fluence rate on the phantom
boundary obtained from the phase approximation model to
the Monte Carlo simulation results.
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The radiative transfer equation (RTE)
well describes the photon propagation
but its high computational cost is pro-
hibitive for tomographic imaging. The
diffusion approximation (DA) to RTE is
the most popular but it only works well
in weakly absorbing and highly scatter-
ing media, and breaks down near
sources and across boundaries. In
2007, we derived the phase approxi-
mation (PA) model from RTE based
on the generalized Delta-Eddington
phase function. The generalized
phase function is a linear combination
of isotropic scattering and strongly
peaked forward scattering with anisot-
ropy weight as a free coefficient. PA'is
highly accurate over a broad range of
coefficients with a computational com-
plexity comparable to that of DA.
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PA is an enabling model for multi-probe optical molecular tomography that involves a wide spectral range. In
the above figure, bioluminescence tomography reconstruction is in a much closer to the truth using PA (Left)

than DA (Right).
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