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sidered as part of the Hamiltonian system, and dissipation
enters only through the anomaly discussed above. A
quantum version of our iterated network is the Cayley tree
composed of one-dimensional scatterer as introduced by
Shapiro’ in the context of quantum conduction in parallel
resistors using splitters.

An interesting feature of our network is its invariance
with respect to a certain correlated disorder, namely that
the condition R=+/L/C (fixed) allows us to vary L and
C for a given R at random with the strong correlation,
without leading to Anderson wave-localization®” that would
have blocked energy cascading. This is a case of purely
gauge disorder.

In conclusion, we have analysed a two-terminal LCR
network which is dispersionless and admits hierarchical
iteration. When infinitely iterated, it gives an essentially
reactive (L and C) network and yet provides dissipation —
through an anomaly. Possible application to dissipative
quantum systems is pointed out. The network admits corre-
lated disorder without localization.
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A view-based approach for the computation of updates
of optical parameters of a turbid medium is discussed.
The approach differs from conventionally employed
reconstruction techniques in terms of implementation
of the computed updates. Simulation studies in fre-
quency domain for tissue phantoms approximated by
slab geometry have been presented. Results of the
study show that the proposed inversion scheme, wherein
the projection data corresponding to each view has
been handled individually, works well in predicting the
presence of an inhomogeneity. A comparison with the
reconstruction results of conventionally employed in-
version schemes involving simultaneous handling of
projection data from all the view angles shows that the
accuracy of the proposed scheme in predicting the
presence of single inhomogeneity is higher and the re-
construction is also relatively free of artifacts. On the
other hand, in the presence of multiple inhomogeneities,
though the simultaneous handling of all the views gives
better reconstruction, the updates obtained by the
proposed scheme can be employed as close a prioriin-
formation about the approximate positions of the in-
homogeneities, thereby reducing the overall dimension
of the Jacobian matrix to be inverted and hence making
the convergence faster.
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OVER the past decade, diffuse optical tomography (DOT)
has emerged as a viable method for non-invasive meas-
urements of optical properties of highly scattering media
and monitoring of living tissues' . Since DOT presents a
typical ill-posed inverse problem with a limited number
of measurements, use of an appropriate reconstruction al-
gorithm is important. Hence, there has been considerable
interest in the development of fast and accurate recon-
struction algorithms. An iterative Newton—Raphson algo-
rithm was employed by Pogue et al.” for the reconstruction
of optical parameter distribution using a multigrid finite
difference solution of the frequency domain diffusion
equation. Jiang ef al.’ used a finite element-based recon-
struction algorithm under diffusion approximation to simul-
taneously reconstruct the images of both absorption and
scattering coefficients. Model ef al.® introduced an iterative
reconstruction algorithm for near-infrared imaging by
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means of time-domain data. The algorithm was based on
the finite element method forward model and on an optimi-
zation strategy that made use of the full information con-
tained in the time-resolved measurements. Gao et al.’
introduced an iterative algorithm, wherein a Tikhonov—
Miller regularization method was employed to handle the
ill-posed Jacobian matrix of the forward operator. Ye et al.®
presented an inversion algorithm, wherein artifacts due to
the poor regularization were reduced by incorporation of
a Bayesian framework.

In recent years, various approaches have been proposed
to improve the spatial resolution and quantitative accu-
racy of reconstruction using a priori knowledge of the opti-
cal properties of the medium under study. It has been
shown by various researchers that the use of a priori in-
formation leads to reduction in the overall solution do-
main by making it less sensitive to the noise in the measured
data. Pogue and Paulsen’ used a priori information about
the structural data obtained from magnetic resonance im-
aging for near-infrared optical image reconstruction of rat
cranium with high resolution. Dehghani et al.'® demon-
strated that the quantitative accuracy of imaging with
near-infrared optical tomography could be significantly
improved when a priori information regarding the internal
structure of imaging domain is utilized. Some recent
studies''™"* have made use of known absorbance spectrum
of chromophores as a priori information to improve the
image quality and the degree of accuracy of reconstruction.
With this spectral approach, the concentration of oxy-
haemoglobin, decoy-haemoglobin, water and the scatter-
ing parameters can be recovered directly'*™". Recently,
Srinivasan et al.'® extended the use of spectral priors from
2D to 3D imaging. Previous studies using 3D models'*'
have demonstrated that the method is qualitatively superior
and an accurate localization of the inclusions is possible.

In majority of the studies discussed above, reconstruc-
tion algorithms employ the computation and inversion of
full Jacobian matrix after each iteration. The resulting
simultaneous handling of the projection data from all
sources and detectors leads to high memory requirements
and computational efforts. To overcome this difficulty,
algebraic reconstruction methods, wherein each row of
the Jacobian matrix is handled individually, was earlier
reported by Arridge”. Recently, Kumar and Vasu®
developed an iterative method for the reconstruction of
optical properties of a low-scattering object. They dem-
onstrated two different ways of handling projection data;
either one view at a time (consequently reducing the
computational time) or using all the views simultaneously
with a full dataset. They demonstrated the importance of
the availability of a priori information in reconstructing
multiple inhomogeneities.

In the present work, applicability of the view-based
method where projection data from one source and all de-
tectors are handled at a time and updates of the optical
parameters are computed for each view separately, is dis-
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cussed. The updates corresponding to each view are inde-
pendently computed using the initial guess of the field
values of the optical properties of the turbid medium.
Once all the individual updates are obtained, they are
handled in two different ways: in the first case the updates
are summed up (additive scheme) and in the second they
are multiplied with each other (multiplicative scheme).
The reconstruction results of these two approaches have
been discussed in terms of accuracy in predicting the loca-
tion of the embedded inhomogeneity and also in terms of
the artifacts associated with the inversion of the Jacobian
matrix. Single as well as multiple inhomogeneities have
been considered with varying contrast levels (ratio of the
optical properties of the embedded inhomogeneity and
that of the otherwise homogeneous medium). Reconstruc-
tion results of the proposed scheme have been compared
with those obtained using simultaneous handling of pro-
jection data from all the views.

Photon migration in the turbid medium under study has
been modelled by the diffusion approximation of radiative
transport equation in the frequency domain™®*:

(V2 +x219(r, @) z—%S(r, o), (1)

where x is the complex wave number given by

e =3us’[—ua+j9j-
D c

Equation (1) has been discretized in the space domain using
finite difference-based discretization scheme. The Robin (type
III) boundary condition is used, which best describes the
light interaction from a scattering medium to the external
air boundary”®. Simulations have been performed on tissue
phantoms approximated by slab geometry (21 mm X
51 mm), as shown schematically in Figure 1. The physical
domain has been discretized in 21 X 51 uniformly spaced grid
points and hence the spacing between two consecutive
grid points is equal to one transport length (1/;). The op-
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Figure 1. Schematic diagram of the turbid medium approximated by
an infinite slab of finite thickness. The homogeneous medium is de-
noted by 1, whereas 2 denotes the absorbing inhomogeneity embedded
in the medium.
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tical properties of background medium have been kept
close to that of living biological tissues. The absorption
coefficient (L,), scattering coefficient (L), and anisotropy
parameter g are taken as 0.1 mm™', 10.0 mm™" and 0.90
respectively. The reduced scattering coefficient (u =
U(1 — g)), thus becomes 1.0 mm™". Contrast levels of 2: 1
and 5 : 1 between the embedded absorbing inhomogeneity
and the otherwise homogeneous background medium
have been considered. A combination of eight-sources and
eight-detectors has been considered to scan the physical
domain. Distribution of light emerging from the medium,
which was illuminated with a source modulated at a fre-
quency of 400 MHz, was computed numerically using the
forward model. Measurements have been made in the
transmission mode. For each source position, phase and
ac amplitude were computed for all the detector locations,
the source was traversed to its next location along the axial
direction and the process was repeated. Hence a total of
128 measurements (64 amplitudes and phases each) were
made. Since the reconstruction of only absorbing inho-
mogeneity has been considered in the present work, am-
plitude measurements have been employed as projection
data. Random noise with 1% mean error was added to the
simulated data to represent the experimental measure-
ments.

The overall aim of the inverse imaging problem is to
determine the values of optical parameters of the medium
which provide a good fit between the measured (¢"™**"")
and simulated (¢"™'*°) data and require an iterative
scheme. Minimization of the difference between the
experimental and simulated data forms the basis of the in-
verse problem and can be defined by the following rela-
tionship:

[J]{A[la, A[ls}T — _{(Pmeasured _(Psimulated } (2)

Here [J]=[0¢/du,, 0¢/du] is called the Jacobian matrix
that describes the sensitivity of measurements to the pertur-
bations in the optical properties of the medium. The ele-
ments of the Jacobain matrix can be computed using
adjoint approach as®:

— G simulated’ 3
s ¢ (3)
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Here c is the speed of light in the medium and Ax and Az
are the spacings between two successive grid points in

the x and z directions respectively. G is the Green’s func-
tion due to a unit source at the detector positions on the
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exit plane of the turbid medium and can be determined by
solving the forward model with a unit source. ¢"™"*** is
obtained from eq. (1) for known values of optical proper-
ties of the turbid medium. The elements of the Jacobian
matrix [J] can thus be fixed using eqs (3) and (4). The
contour plot of the Jacobian matrix for a given source and
detector position computed using adjoint approach is
shown in Figure 2. In the present study, since the recon-
struction of purely absorbing inhomogeneity has been
considered, only eq. (3) has been used to fix the elements
of the Jacobian matrix, as has earlier been done by
Yalavarthy er al.*.

For a given iteration, with the elements of the Jacobian
matrix known, optical properties of the medium are de-
termined by solving the inverse problem (eq. (2)). Since
the Jacobian matrix involved in eq. (2) is close to singular
(which makes it difficult to invert), eq. (2) is first multi-
plied by the transpose of the Jacobian to make it a square
matrix, i.e.

[J]T [J]{A[la}T - [J]T {(Pmeasured _q)simulated}. (5)

The square matrix given by eq. (5) has been solved using
truncated singular value decomposition (tSVD) to deter-
mine the update values of the absorbing inhomogeneity for
a given iteration. In both the cases (view-based approach
and MOBIIR), the smallest singular value considered was
kept fixed (le-28). The guessed values of u, were then
updated and further used to determine the fluence distri-
bution (¢"™'**) for the next iteration. The update vectors
for the absorption coefficient {Ay,} for each view have
been handled in two ways: updates from each view are either
added (additive scheme) or multiplied with each other
(multiplicative scheme) to form the final update. The per-
turbation equation was solved using tSVD approach. In
each approach, a non-negativity constraint for the recon-
structed optical parameters was enforced. In addition, we
also used non-zero constraint in the proposed view-based
multiplicative approach. The reconstruction results of
these two approaches have been compared in terms of ac-
curacy in predicting the presence of the inhomogeneity
with the results of conventional reconstruction appro-
aches currently in use, where updates from all the views
are handled simultaneously. Contrast levels of 2: 1 and
5:1 between the embedded inhomogeneities (single as

Detector (0)

Source (8)

Figure 2. Sensitivity (Jacobian) contour plot for a source (§) and de-
tector (D) position as computed using adjoint approach.
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