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Abstract

As a challenging task for bioluminescent tomography simulation a virtual optical environment is needed to solve the for-

ward problem accurately that is to achieve a high precision for bioluminescent signal synthesis on the external body surface of a small ani-

mal. The molecular optical simulation environment named MOSE is implemented using the C+ + programming language and the OpenGL

techniques  including a user-friendly interface with interactive tools facilitating users’ operations. The accuracy of the virtual optical envi-

ronment is verified by error analysis of mesh simplification and comparison between MOSE results and experimental data. This virtual opti-

cal environment is accurate flexible and efficient to simulate the photon propagation in complicated tissues which has a great potential to

become a software platform for bioluminescent tomography studies and other molecular imaging applications.

Keywords

With the development of biological and optical
techniques in wivo bioluminescent imaging attracts
more attention for non-invasively monitoring the
physiological and pathological processes of biological

1—4

tissues in real-time As an important aspect of

our bioluminescent tomography project an optical
simulation software platform named MOSE ° was de-
veloped to simulate bioluminescent phenomena in
small living animals e.g. the mouse specifically to
predict bioluminescent signals on the body surface of
the animal. It is challenging to build a virtual optical
simulation environment to describe the interactions
between the complicated biological tissues and biolu-
minescent photon packets. A number of optical simu-
lation platforms e.g. MCNP EGS4 MCML and
TracePro are available but at a certain point such
interactive mechanisms are lacking % . Here we
report the major enhancement towards our earlier
MOSE 3 platform to improve the flexibility preci-
sion and efficiency of bioluminescent tomography sim-
leading to the virtual optical environment
with a relatively complete array of image processing

ulation

algorithms and graphic editing tools.

Compared with our first version of MOSE  a key
improvement lies in that the input is not only the sim-
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photon propagation Monte Carlo method.

ulated phantom data but also the real micro-CT im-
ages. After data preprocessing and 3D image process-
ing e.g. image segmentation image reconstruction

surface rendering  a biological model is generated in
terms of a series of triangular meshes. Moreover

several interactive graphic editing tools are used to
flexibly generate and manipulate the bioluminescent
sources. After millions of photon propagation steps in
the virtual optical environment simulated by the
Monte Carlo method bioluminescent signals viewed
by CCD detectors and other physical quantities can be
conveniently obtained. As a whole the simulation of
the photon propagation is made significantly more re-
alistic and flexible by the second version of the MOSE
than that allowed by the first version.

In this article we first describe the second ver-
sion of the MOSE  then report an error analysis with
respect to mesh simplification and comparison with
experimental data. Finally we conclude the paper
with the software download information.

1 Theory and methods
1.1 Small animal geometrical modeling

To build a small animal geometrical model a se-
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ries of CT slices or image volume are taken as the in-
put of the software MOSE. The prerequisite parame-
ters of the input include image width height of each
slice the total number of slices
tance and the optical properties of biological tissues.
With 3D imaging processing algorithms e.g. surface

the inter-slice dis-

rendering mesh simplification  any irregular biolog-
ical tissue can be described by a series of triangular
meshes. The virtual biological environment is com-

pleted after the combination of all biological tissues.

1.1.1
mented from the slices by an appropriate segmenta-
tion algorithm according to its gray level range.
Then triangular meshes will be obtained by a march-
ing cubes algorithm to describe its geometrical shape
which is referred to as surface rendering. With the
segmentation and surface rendering algorithms all
the tissue surface whose grey levels are between the
and TG
constructed. Fig. 1 presents the bone surface the
heart surface and the combined surfaces of several

Surface rendering Any organ can be seg-

gray level range i.e. TG can be re-

min

organs obtained with surface rendering. When each
the whole
is formed

organ is expressed by triangular meshes
virtual biological environment Fig. 1 ¢
by combining all the meshes. The 3D image process-
ing algorithms
rendering are adapted from the Medical Imaging
ToolKit MITK ° developed by MIPG Institute of
Automation Chinese Academy of Sciences http

e. g. segmentation re-slice surface

www. mitk. net .

Fig. 1.
b heart

a Skeletal structure

Virtual biological environment.

¢ combined renderings of the mouse thorax.

1.1.2 Mesh simplification In general there are
millions of triangular meshes describing each organ of

the mouse thorax after surface rendering. It is well

known that the more triangular meshes are used the
longer time is needed for the photon propagation sim-
ulations. It is critical to simplify the triangular mesh-
es for practical application. In the new version of the
MOSE  a fast mesh simplification algorithm combin-
ing the half-edge data structure and modified Quadric
Error Metrics QEM

nal triangular meshes.

is used to simplify the origi-

The original QEM is first advanced by Garland
and Heckbert in 1997 ' and it has been widely ap-
plied in computer graphics field. However its prima-
ry deficiency is that the triangular meshes of the
smooth renconstructed surface are apt to be simpli-
fied. The modified QEM with an updated distance
function is used here to ensure the simplicity.

The cost function of the QEM is based on the
Euclidean distance and it decides the collapsing se-
quences of all the half-edges. The distance D,; v
between any vertex P whose vector is v= a1 y
» " and any triangular mesh plane M whose equation
is nTu + d =0 satisfies

D?\/I v = n'v+d?

. T T 2 T ,
=vlimm v+2dn v+d =v"Qu

1
where n is the unit normal of the plane 4 X4 matrix
A b | . T.

Oy = BT is the error matrix A =nn" isa3X
c

. . 2 .
3matrix b =dn is a 1D vector ¢ =d” is a con-

stant andv'= 2 y = 17

In addition to all the adjacent triangular elements
associated with the vertex P considering the charac-
teristics of medical images the normal vector of the
tangential plane of P is a prerequisite parameter to
calculate the distance function D v by

D?* v :szDiv +wTD2Tv =Qv
2

where D; v denotes the Euclidean distance between
P and the ith triangular element involving P
Dy v denotes the Euclidean distance between P and

its tangential plane T w, = S, S, represents the
weight of the ith mesh whose area is S;  weight w;.

is usually chosen according to the number of the trian-
gular meshes involving vertex P.

Therefore the cost of collapsing the half-edge
PP, is presented by the cost function E, v =
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D* v, +D* v, =Q v, v, . Then the optimal
point P’ is calculated to minimize the cost function

which is the new point after collapsing the half-edge
P,P,. If matrix A is a nonsingular one the coordi-
nates of new vertex p  can be expressed as v =
— A ' satisfying a group of partial differential e-
quations 9Q Ox =9Q Oy=09Q 0z =0. Then the
cost of collapsing PP, is calculated by Q v =
—b"A 'b+c. If matrix A is singular a point P’
on the half-edge P, P,
E, v

whose coordinates minimize

can be chosen as the new vertex. If v, —
v, 'A v, — v, 70 the optimal vertex coordinates
v’ is calculated by the following equations
vVi=a v, —v, +tv,
vy — v, Tsz + v}A vi— vy, +2b vi—v,

T
2vi—v, Av, -,

a = —

3
where 0<Ca << 1. If the optimal vertex cannot be
computed in this way the new vertex is chosen from

P; P, and their average which minimizes E, v

The information on all the half-edges can be
stored into a heap according to their collapse costs.
When the mesh simplification is performing the half-
edge with the minimum cost on the heap is first cho-
sen. This method promises the minimum simplifica-
tion error and accelerates the process of mesh simplifi-
cation. The experiments confirm that the initializa-
tion speed is 2 times faster than that with the original
QEM and the simplification speed is 2—4 times
faster than that with the original QEM.

1.1.3 Characteristic function When a photon is
generated or moves to a new position the characteris-
tic function identifies whether or not it is in a given
organ. This function is repeatedly performed through
the whole process of the photon propagation. The ac-
curacy and efficiency of the function significantly in-
fluence the performance of the MOSE. Various
strategies are applied to different situations in order to
achieve fast speed and high accuracy.

As an important building block polygons formed
by lines or arcs are taken to describe the 2D biological
simulation environment. A strategy based on the Jor-
dan Curve Theorem is introduced to judge the rela-
tionship between a photon and organs. Essentially it
indicates that a point is inside a polygon if for any
ray from this point there is an odd number of cross-
ings between the ray with the polygonal edges. This

theorem suggests the so-called crossings test ' Fig.
2 . According to that rule when the test ray inter-
sects one or more vertices of the polygon the crossing
point at the vertex will be counted twice. Then the
test may fail in this situation. This problem can be
resolved by a modified strategy as follows. Whenever
the test ray intersects a vertex it is always classified
as being infinitesimally above the ray and so no ver-
tices are intersected.

4

Fig. 2. Crossing test. Polygon P divides the points of the plane
into sets A and B. From each test point p shoot a ray along + X
axis and count the intersection points.

In the MOSE 3D biological tissues and biolumi-
nescent sources are described by a series of triangular
meshes. Hence the whole 3D biological simulation
environment is made up of a number of polyhedrons.
Then the 2D characteristic function can be extended
to the 3D case based on the same theory. When a test
ray {from point p intersects an edge or a vertex we
perturb p slightly and apply the crossing test strate-
gy to judge the relationship between p and meshed
models.

1.2 Graphic editing tools

At various stages of pathologic manifestations
the actual bioluminescent sources in biological tissues
are usually irregular. Therefore several graphic edit-
ing tools are developed to define the bioluminescent
sources and to modify the local contours of original
sources.

1.2.1 Superquadrics The superquadric models
were introduced into computer graphics fields in
1981 2% . Among four types of superquadric models

i. e. superellipsoid

supertoroid and superhyper-

boloid with one or two sheets  only the superellip-
soid defines a closed surface without holes which is
always consistent with the real biomedical structures.
Hence the superellipsoid is commonly referred to as
the superquadric and is used as a building block in our
simulation platform. It is easy to judge whether a

point p x y z isin a given superellipsoid or not
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according to the characteristic function F = y = =

‘25 |2525

[z r 72+ |y r, 2 S+ | 2 7’2251 where

radius parameters r, r r_denote the scaling factors

y
on x y and z axes squareness parameters €, €,
are the shape parameters related to the squareness
roundness pinchedness in the longitudinal and hori-
respectively. More discussions are

14 15 .

zontal directions
presented in Refs.

1.2.2 2D graphic editing tools In the 2D simu-
lation environment any irregular objects can be de-
scribed by 2D interactive graphic editing tools and can
be iteratively modified. 2D shapes of the biolumines-
cent sources are usually determined by smoothly con-
necting the adjoining vertexes on the contour with
polynomial curves or arcs. With the interactive
graphic editing tools the original contour of sources
can be changed by adding deleting and moving ver-
texes. Generally if one part of the local contour is
smooth fewer vertexes are sufficient to depict its fea-
tures if it is rough e. g. sharp protuberances
more vertexes are needed to describe the details.

1.2.3 3D graphic editing tools Initial shapes of
3D bioluminescent sources are usually chosen as
spheres or cylinders whose parameters are determined
according to the prior knowledge. As an interactive
editing tool in the MOSE the Bezier cubic spline is
applied to modify the local 3D shapes. First the vol-
ume of interest VOI of the bioluminescent source is
selected  which defines the local surface S| to be
modified. Then the selected local surface can be in-
teractively altered with the movement of a control
point p. along any direction. The default position of
the original control point p_ is determined by the
shape of the local surface S| . When the location of
the point p_ is changed the selected local surface in-
side the VOI is updated to a new series of Bezier cubic
splines. The mechanism for 2D Bezier cubic spline
curve and 3D surface modification is introduced in de-
tail in Refs. 16 17 and schematically described in
Fig. 3.

1.3 Photon propagation

After the virtual optical simulation environment
is built photon packets generated by bioluminescent
sources will propagate therein. Position-sample an-
gle-sample and energy-sample are the three requisite
steps for the photon packet generation. Given the

intensity distribution of sources the Monte Carlo

’ )
Initial ~ / . A}

spline // ¢

Object Object Object Object

(@) (b) (© (d)
Fig. 3.

control point p according to Bezier cubic splines. a 2D surface of

Schematic diagram of the local surface modified by the

the original object with the initial spline determined by the control
point p. b the modified surface of the object with the dragged
spline generated by the new control point ¢ 3D surface of the o-
riginal object with a series of initial splines determined by the control
point p. d the modified surface with a group of dragged splines
generated by the new control point.

% Q .
B19 Tt

assumed that these sources are uniformly distributed
in certain 3D areas without losing generality.

method is used to sample these parameters

The photon propagation process includes several
key steps such as photon movement absorption
scattering termination etc. which were described
at the first version of the MOSE 3 . Photon genera-
tion and boundary behavior are emphasized as fol-
lows.

1.3.1 Photon generation Since position- direc-
tion- and energy-sampling produce initial parameters
of photon packets with the first two steps already de-
scribed °

cause optical properties of any biological organ are

energy-sampling is emphasized here. Be-

wavelength energy dependent the spectrum of mul-
ti-spectral bioluminescent sources is split into N

e.g. N=32
simulation. Photon packets generated in the same bin

consecutive bins in the Monte Carlo

are assumed to have the same wavelength energy. As
all the energy levels are uniformly distributed there
are two ways to perform the simulation. One is to
simulate the photon packets at each energy level and
the other is to obtain the energy level of each photon
packet by using the energy sample. After the propa-
gation processes of all the photon packets terminate

the transmitted and absorbed intensity distribution
are recorded at various energy levels. According to
the uniform distribution and the Monte Carlo
method the energy level can be sampled by E =
Int N§&g

formly distributed over the interval from zero to one

where & is a pseudo-random number uni-

N is the total number of consecutive bins and
Int x returns the largest integer that is less than or
equal to x.
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1.3.2 Boundary effect
tion of a photon packet
the current tissue type where the boundary may ei-
ther be an interface between the tissue and the ambi-

During the transporta-
it may hit the boundary of

ent medium or between the current and another tissue
type. The photon packet can either be internally re-
flected back into the current tissue or transmit across
the boundary depending on the incidence angle and so
on. Given an incident directional vector I and a unit
normal vector N at the boundary point the internally
reflected directional vector R or transmitted vector T
can be calculated according to the vector schematics
shown in Fig. 4. Then the direction of photon prop-

agation g, p . g can be calculated as described

before > .
|
I : R
6 | 6 /
1
I
|
I
|
Tangent P(xy.2)
plane I
I
|
i
16,
I
N T
Fig. 4.  Geometry of photon internal reflection and transmission at

a tissue boundary. Unit vectors I R and T represent the direction
vectors of incident internally reflected and transmitted photons  re-
spectively. Vector N represents the outside normal direction of the
tangent plane at point P x y 2 .

1.4 Software design

1.4.1 The updated
MOSE version provides more powerful functions and

User-friendly interface

a more friendly interface handling input parameters
displays and so on. All the functions
are implemented with the C + + programming lan-
guage and OpenGL techniques. In particular the
programs are integrated into the same program frame-
work for 2D 3D simulation with geometric building

output files

blocks. These modes can be switched by pressing
buttons on the toolbar.

After preprocessing the input data obtained from
micro-CT each biological organ and the whole sub-
ject such as a mouse can be iteratively displayed.
Then bioluminescent sources inside biological tissues
are added in the simulated environment. With the
control panel of the interface and the graphic editing

tools an operator can modify shapes of the initial
sources. Before the optical simulation one of the dis-
play modes of the photon propagation is selected
tracing all the photon propagation paths only tracing
those photons that reach detectors
the photons with selected indices. Then

or only tracing
the whole
photon propagation process is observed in real-time.
The transport paths of different photon packets are
highlighted in different colors. While tracing photon
packets the operator may stop or restart the display
of tracing by pressing a switch at any moment. Once
the simulation is finished output files can be re-
trieved containing absorption and or transmission
data running time and so on. When a pseudo color
scheme is chosen the distribution maps of absorption
and transmission can be graphically displayed. As dy-
namic data allocation is employed the parameters of
biological tissues bioluminescent sources and CCD
detectors can be varied any time provided that the to-
tal amount of memory needed does not exceed the

maximum allowance.

1.4.2 Search strategy In general the simulated
biological environment is quite complicated because
there are several organs described by triangular mesh-
es. As a result it is time-consuming to find the right
organ containing a given point. Two table search
strategies are utilized to improve the computational
efficiency.

After preprocessing the input data obtained from
micro-CT  the bounding-box of each biological organ
is calculated which includes the minimum and maxi-
mum values of the organ along three Cartesian coordi-
nates. According to bounding-boxes and indices of the
organs two tables T, and T, are generated respec-
tively. Table T, is a 3D matrix with the same size of
the voxel matrix each of whose values is the index of
the biological organ containing the corresponding vox-
el. Table T, reduces the number of triangular meshes
to be searched when calculating the intersection be-
tween a photon and the tissue boundary. The whole
simulated biological environment are divided into a
number of independent regions as needed. All the in-
dices of the triangular meshes in each region are saved
into Table T, 7 1<<i<<M. If a photon hits the
tissue boundary in region j only the indices recorded
in T, j will be used to calculate the intersection.
Clearly the search space for triangular meshes is re-
markably reduced by applying T, and T,.
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2 Experimental results
2.1 Error analysis on mesh simplification

As the triangular meshes are simplified the run-
ning speed of the MOSE is improved accordingly. To
precisely perform the MOSE simulation the mesh
simplification error must be analyzed. The geometric
similarity metrics GSM is used to describe the im-
pact of the procedure.

The first GSM is defined as £, M, M, =
max maxd, M, maxd, M, where d, M =
v€M | v€ sz

rréin |v— w | denotes the distance between the ver-
weM

tex v and a tissue model M defined by a series of tri-
angular meshes |- | means the Euclidean distance
between two vectors. This GSM is applied to obtain
the maximum error between the original tissue model
M, and the simplified tissue model M,. If the met-
rics satisfy E,_ M, M, <<e all the new vertexes
in M, generated by the mesh simplification are locat-
ed in the e scope of the vertexes of the original tissue
model M,

and wice versa .

The second GSM is defined as

Emean Ml MZ
N I [ O NV A R Y
2 VM]"UGM N : VM ! :

L vEM,
where V), is the number of the vertexes of the tissue
model M. This GSM presents the average error be-
tween the original and simplified models. Hence the
value of the first GSM is generally larger than the
second GSM. Nevertheless the second GSM de-
scribes the mesh simplification error more efficiently.
Furthermore a relative error measure of the mesh
simplification can be defined as E, = E . M,

M, D where D_ . is the minimum dimension of

the bounding-box for a given biological organ. The
smaller the number of triangular elements is the
larger E_ is. If E <<1%

practically acceptable. In our studies E_ is usually

r

min min

the mesh simplification is

chosen as 1% .

In the following experiment the input to the
MOSE is a 145 X122 X 86 volume from 86 CT slices.
The voxel dimensions are 0.156 0.156 and 0.1428
mm respectively. With the above-described algo-
rithms the geometric model of the mouse thorax is
obtained Fig. 1 . With respect to each of the bio-
logical organs

e. g. mouse muscle lung heart

bone  the average errors between the original and
simplified tissue models are presented in Fig. 5.
Table 1 presents the relative error of the mesh simpli-

fication for each biological organ.
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@ ®
5 25 25
g g
£ 5
S 20 3 20
£ H
2 L5 2 15|
: 3
g g
Z10 510
] :
H £
£ 03] =05
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Fig. 5. Error analysis of mesh simplification. The geometric simi-

larity metrics represents the average error between the original tis-
sue model and the simplified one. Relationships between the average
error and the triangular number in mesh simplification for a mus-

cle b lungs ¢ heart and d bone.

Table 1.

cation

Mesh number and relative error after mesh simplifi-

Original Target mesh  Relative

Tissue D, mm

mesh number  number error
Muscle 12.4236 147788 2641 0.009678
Lung 10.7314 80784 2978 0.009301
Heart  7.8064 32200 1990 0.010011
Bone  12.2332 99184 5981 0.010042

2.2 Comparison with experimental data

To verify the MOSE software two experiments
are designed to compare numerical data with the real
counterparts. The parameters of bioluminescent
sources phantom components and CCD detectors are
shown in Tables 2 3 and 4 respectively. In the ex-
periments ten simulations are performed with the

given bioluminescent sources. Each simulation uses
100000 photon packets.

Statistically the error inherent in the Monte
Carlo simulation can be estimated. With a large sam-
ple number N the relative error of the MOSE can be

22
calculated by R =,/ * Nl /f wherex = E = =

in) x da is the expected value of the random vari-
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Table 2.  Bioluminescent source parameters used in comparison between the MOSE and three phantom studies
Experiment Sources Shape Center Radius Height Photon Total power
No. No. mm mm mm number nW

cylinder -10 0 0 0.50 1.00 1.0e+6
2 2 cylinder Sourcel —9.0 1.5 0 0.28 1.90 1.0et+6 Sourcel 85
Source2 —-9.0 —-1.5 0 Sourcel 79
Table 3. Biological tissue parameters used in comparison between the MOSE and three phantom studies

Experiment Center of Radius of ~ Height  Organ Absorption Scattering Refractive  Anisotropy
No. outer cylinder base mm mm model  coefficient mm™!  coefficient mm ! index coefficient

1 000 15.0 30 Muscle 0.1000 3.00 1.37 0.800

2 000 15.0 30 Muscle 0.0068 10.31 1.37 0.900

Lung 0.0233 20.00 1.00 0.906

Heart 0.0104 10.96 1.37 0.910

Bone 0.0001 3.00 1.37 0.980

Table 4.  CCD detector parameters used in comparison be-
tween the MOSE and three phantom studies

ngle Design2 0 16.
Design 3 —16.
Design4 0 —16.

Exper- Shape Center Height Width  Each
iment mm mm  mm pixel
No. size pm
1 Recta- Design1 —15. 0 31.5 31.5 38
ngle Design2 0 15.
2 Recta- Design1 16.2 31.5 31.5 38
6
6

able 2% is calculated by the formula 2 =

sz p x dr and p x is the probability density

function of the random variable .

In the first experiment a cylindrical homoge-
neous tissue model with diameter of 30 mm and
height of 30 mm is fabricated. With a volume source
located in the tissue and two rectangle CCD detector
planes parallel to the principal axis of the cylindrical
tissue we obtain both the experimental and numeri-
cal transmission profiles on CCD detectors as shown in
Fig. 6. These figures indicate that the profiles of the
MOSE are not as smooth as the experimental ones

since the photon number used in the Monte Carlo
simulation is not sufficiently large. However these
two types of profiles are in excellent agreement. The
more photons are traced the more accurate match

will be obtained in the corresponding profiles.

Based on the relative positions of the two sources
and the detector plane there are various combinations
in the second experiment. Some representative data
are provided as follows. Reconstructed from a series
of CT slices Fig. 7 b

neous mouse chest phantom Fig. 7 a

a cylindrical 3D heteroge-
includes

(b) (d) ®

Fig. 6.
and one cylindrical tissue  a b
lated using the MOSE ¢ d

e f

drical phantom. Parameters of cylindrical tissue

First phantom experiment with one bioluminescent source

the measurement data simu-
and those really measured data
. The detector plane is located in the front of the cylin-
bioluminescent

sources and CCD detectors are given in Tables 2 3 and 4 respec-

tively.

heart lungs bone and muscle. All the optical pa-
rameters of the mouse chest phantom are based on ex
vivo data as summarized in Table 3. The parameters
of the two bioluminescent sources and the CCD detec-
tor plane are given in Tables 2 and 4
There are four configurations of the sources and de-
¢ . The numerical and

respectively.

tectors as shown in Fig. 7
experimental profiles are respectively indicated in
Figs. 7 d and 7 e . These data confirm that all the
corresponding results are very consistent.

3 Conclusion

The MOSE is a PC-based 2D 3D simulator to
predict bioluminescent signals detected by the CCD
camera. Given a bioluminescent source inside the bio-
logical tissues and their optical parameters the
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Fig. 7.
sources and the mouse thorax phantom.
thorax phantom including bone B heart H
sue T b
hosting fluorescent sources in the left lung. With differently relative

Second phantom experiment with two bioluminescent
a A heterogeneous mouse
lung L and tis-
a middle cross section of two hollow cylinders for

positions of the two sources and the detector plane  cl 2
c3 the measurement data from MOSE  dl d2 d3
and those really measured data el e2 e3  can be ob-

tained. The detector plane is in the front of the cylindrical tissue
phantom. The parameters of the cylindrical tissue phantom  biolu-
minescent sources and CCD detectors are given in Tables 2 3 and
4 respectively.

MOSE mimics the propagation process of each photon
packet using the Monte Carlo method. The key im-
provement of the second MOSE version versus the
first one lies in that the input includes not only the
simplified phantom data but also real raw CT or mi-
cro-CT data. The virtual biological environment can
be built from the raw CT data in terms of a series of
triangular elements followed by preprocessing the in-
put data. Interactive graphic editing tools are now
available to define complicated bioluminescent sources
iteratively. The error analysis on the mesh simplifica-
tion has provided valuable information on biolumines-
cent imaging and revealed the excellent performance

of the MOSE.

The MOSE package and complete documents can
be downloaded from the dedicated website http
www. mosetm. net or obtained from the correspond-
ing authors.
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