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Abstract The third-order simplified harmonic spherical
approximation (SP3) and diffusion approximation (DA)
equations have been widely used in the three-dimensional
(3D) whole-body optical imaging of small animals. With
different types of tissues, which were classified by the
ratio of µs′/µɑ, the two equations have their own application scopes. However, the classification criterion was blurring and unreasonable, and the scope has not been systematically investigated until now. In this study, a new criterion
for classifying tissues was established based on the absolute value of absorption and reduced scattering coefficients.
Using the newly defined classification criterion, the performance and applicability of the SP3 and DA equations
were evaluated with a series of investigation experiments.
Extensive investigation results showed that the SP3 equation exhibited a better performance and wider applicability
than the DA one in most of the observed cases, especially
in tissues of low-scattering-low-absorption and low-scattering-high-absorption range. For the case of tissues with the
high-scattering-low-absorption properties, a similar performance was observed for both the SP3 and the DA equations, in which case the DA was the preferred option for 3D
whole-body optical imaging. Results of this study would
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provide significant reference for the study of hybrid light
transport models.
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1 Introduction
Establishing an accurate and feasible light transport
model in biological tissues is the foundation of threedimensional (3D) whole-body optical imaging that aims
to reflect functional changes of the lesion inside a living body at the molecular level by estimating and inverting light transport in biological tissues [11, 26, 27, 32].
With a good compromise between the accuracy and
computational efficiency, the third-order simplified harmonic spherical approximation (SP3) and the diffusion
approximation (DA) equations, as the approximations
of the radiative transfer equation, have been commonly
used to model light propagation in biological tissues for
3D whole-body optical imaging of small animals, including bioluminescence tomography [8, 22], fluorescence
tomography [4, 18], and diffuse optical tomography [6,
16]. In mathematics, the difference between the SP3 and
DA is that the SP3 is the third order of the SPN and the
DA is the first order [7, 17, 22, 24]. Two correlative equations are used for SP3, and only one for DA [17]. For
the whole-body optical imaging of small animals, each
organ of the living body has its specific optical properties
varying with the wavelength of light [1, 15]. For the different tissue’s optical properties, the SP3 and DA equations have their own application scopes. For example, the
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DA equation is under the assumption that light propagates diffusively and only obtains good performance in
the high scattering tissue (the reduced scattering coefficient µs′ is far larger than the absorption coefficient µɑ)
[11], whereas the SP3 equation is considered as an optimal option for the high absorption tissues [17, 22, 23].
However, the performance and applicability of the SP3
and DA equations have not been systematically evaluated
until now, whose results would provide a clear reference
for researchers to select a proper light transport model
in 3D optical imaging. On the other hand, the classification criterions proposed in previous studies [3, 9, 14,
25], which are used for dividing tissues into different categories by the ratio of reduced scattering coefficient to
absorption coefficient, are imprecise and not fully applicable. For example, according to previous studies, the
DA equation is suitable for the regions where the ratio
of µs′/µɑ is no less than the threshold. However, in some
cases in which the DA should provide an excellent performance based on the existing classification criterion, it
did not work excellently. It means that this classification
criterion provides a misleading reference for the selection of light transport model. To reasonably decide which
equation of the SP3 and DA was employed to model light
propagation in different categories of biological tissues
that are classified using a reasonable and applicable classification criterion will facilitate a beneficial result for
3D optical imaging and provide a significant reference
for constructing the hybrid light transport models [12,
13, 20, 29–31].
For this purpose, this study systematically evaluated
the performance and applicability of the SP3 and DA
equations with a series of investigation experiments,
including various range of optical properties and different depths of light source. Instead of classifying the
biological tissues according to the ratio of the reduced
scattering coefficient to absorption coefficient, a new
classification criterion that was based on the absolute
value of absorption and reduced scattering coefficients
was established. Based on a large number of simulation
experiments, we presented a new classification criterion
by artificially defining a threshold for optical properties. According to the new classification criterion, the
biological tissues were divided into four categories,
including the high-scattering-low-absorption (HSLA),
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high-scattering-high-absorption (HSHA), low-scatteringlow-absorption (LSLA), and low-scattering-high-absorption (LSHA) tissues. The performance and applicability
of the SP3 and DA were then investigated with a set of
experiments in which the turbid medium was assigned
aforementioned four categories of tissues, respectively.
Lastly, to investigate the performance of the SP3 and DA
equations in the high absorption tissues, a group of supplementary experiment was conducted by varying the
depths of light source.

2 Methods
2.1 Diffusion approximation
Because of the high efficient and high accuracy under the
assumption that the photon scattering predominates over
the absorption in biological tissues, diffusion approximation (DA) has been widely applied in optical imaging. The light transport model modeled by the diffusion
approximation could be described as the following equations [8, 11]:
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where Φ(r) is the light density, S(r) is the power density of
the light source, J+(r) represents the outgoing light density;
μa is the absorption coefficient, μs is the scattering coefficient, g is the anisotropy parameter; An is the refractive
mismatch factor at the boundary ∂Ω; ν(r) is the unit outer
normal on the outer boundary.
2.2 Third‑order simplified harmonic spherical
approximation
Due to the compromise between the accuracy and the
efficiency in processing the photon propagation in turbid
medium predominated by the absorption, the SP3 has been
widely applied in 3D optical imaging. The approximation
of the SP3 could be expressed as the following equations
[6, 17, 18, 22]:
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where ϕi (i = 1, 2) is the composite moments of the light fluence; μai = μa + μs (1 − gi) (i = 1, 2, 3) is the ith order absorption coefficient; Ai , Bi , Ci , Di (i = 1, 2), Ji (i = 0, 1, 2, 3) are
the coefficients [17].

3 Results
3.1 Classification of the biological tissues
Previous studies illustrated that the mouse model was
the preferred imaging object for the whole-body optical
imaging of small animals [5, 18, 22, 23, 33]. In this subsection, optical properties of commonly used tissues of
mouse model, including adipose, muscle, bone, heart, kidney, liver/spleen, lung, and stomach, at the wavelength of
[550 800] nm (commonly used range of wavelength for 3D

Fig. 1  Optical properties of commonly used mouse’s organs in 3D
optical imaging at wavelength from 550 to 800 nm, including the adipose, bone, heart, kidneys, liver/spleen, lungs, muscle, and stomach.
a Absorption coefficient of tissues; b Reduced scattering coefficient

(2)

optical imaging) are calculated [1, 15] and plotted in Fig. 1.
It should be noted that the brain tissue was not considered
in this study, because the cerebrospinal fluid filled in the
ventricles of the brain was considered as void region, which
was almost absorption and scattering free and usually handled with hybrid light transport model [2, 5, 10, 19, 33].
From Fig. 1, we found that the range of absorption coefficient was from 0.002 to 9 mm−1, while that of the reduced
coefficient was from 0.2 to 4 mm−1. Because light will be
completely absorbed by tissues if the absorption coefficient
was too large, which could also be seen from the investigation results presented later (Figs. 6, 7), the range of the tissues’ optical properties used in the following investigation
experiments was specified as: the absorption coefficient µɑ ϵ
[0.002, 5] mm−1 and the reduced scattering coefficient µs′ ϵ
[0.2, 4] mm−1. To classify the biological tissues, two thresholds were artificially defined based on the absolute value

of tissues. In figures, the ordinate abbreviations µɑ and µsʹ represent
the absorption coefficient and the reduced scattering coefficient,
respectively
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Fig. 2  Observation points sampled from the investigated range
of the absorption and reduced
scattering coefficients in the
investigation experiments, and
their classification according to
the newly defined classification
criterion

of optical properties. The determination principle of the
thresholds was that the differences between the SP3 and DA
became obvious around them (as shown in Figs. 6, 7). The
biological tissue was classified as the high absorption tissue
when µɑ is no smaller than 0.1 mm−1; otherwise, it would be
defined as the low absorption one. Similarly, if µs′ is small
than 1 mm−1, the tissue was sorted into the low scattering
tissue; otherwise, it will be divided into the high scattering
one. Based on this classification criterion, four categories of
tissues were obtained, which are the HSLA, HSHA, LSLA,
and LSHA tissues. In the following investigation experiments, observation points were sampled from the investigated range of the absorption and reduced scattering coefficients, including 19 points for absorption coefficient and 8
points for reduced scattering coefficient, as shown in Fig. 2.
The reason that the sample points of µs′ were less than those
of µa is because µs′ has a smaller investigation range. Using
the aforementioned classification criterion, the combination
of sampled absorption and reduced scattering coefficients
was divided into four categories, respectively, which was
outlined with red rectangles. Correspondingly, the ratio of
µs′ to µɑ is also calculated and listed in Fig. 2.
3.2 Influence investigation of photon number on Monte
Carlo simulation
To evaluate the accuracy of the SP3 and DA equations, simulation results of Monte Carlo (MC) method from the software of Molecular Optical Simulation Environment (MOSE)
were considered as a standard [28]. Because of statistical
characteristics of the MC method, the accuracy of the simulation results would be greatly affected by the amount of
photon number. To investigate the influence of photon number on the MC simulation and determine whether the fixed
photon number was suitable for a large range of optical
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Fig. 3  Imaging objects used in the investigation experiments. a
Object used in the influence investigation of photon number on
Monte Carlo simulation and the investigation of the optical proprieties; b Object utilized in influence investigation of mesh size on the
finite element solution; c Object used in the investigation of depth of
light source

properties, a series of MC simulations were conducted, with
twenty groups of (µɑ, µs′) and three orders of magnitudes of
photon number. The corresponding optical properties of (µɑ,
µs′) were selected as (0.006, 0.2), (0.006, 0.6), (0.006, 1),
(0.006, 2), (0.006, 3), (0.06, 0.2), (0.06, 0.6), (0.06, 1), (0.06,
2), (0.06, 3), (0.6, 0.2), (0.6, 0.6), (0.6, 1.0), (0.6, 2.0), (0.6,
3.0), (2.0, 0.2), (2.0, 0.6), (2.0, 1.0), (2.0, 2.0), and (2.0, 3.0)
mm−1; the photon number was set to be 106, 107, 108, which
enhanced a reliable results of the MC simulation. To quantitatively evaluate the simulation results, an average relative
error (ARE) was introduced and employed to distinguish the
difference, in which the simulation result under the photon
number of 108 was selected as the baseline.

Med Biol Eng Comput (2015) 53:805–814

809

Fig. 4  Comparisons of the simulation results of Monte Carlo method
with the number of 106, 107, and 108 photons. a Comparisons of the
selected (µɑ, µsʹ) at the low absorption range; b Comparisons of the
selected (µɑ, µsʹ) at the high absorption range. In figures, ARE is the

average relative error, which represents the difference between the
simulated results with 106 or 107 photon and the ones with the photon
number of 108

In this investigation experiment, a cylinder with a radius
of 10 mm and a height of 20 mm was utilized as the imaging object, in which a sphere with a diameter of 2 mm was
located at the position (3, 0, 0) mm to mimic the internal
light source, as shown in Fig. 3a. The comparison results of
the three orders of magnitude of photon number are shown
in Fig. 4. In Fig. 4, the discrepancy of the simulation results
between the number of 106 (or 107) and 108 was evaluated
with the ARE, where the asterisk red lines represent the
ARE between the 106 and 108, and the circular blue lines
show the ARE between the 107 and 108. For better description, the comparisons were divided into two parts, the
comparisons of the selected (µɑ, µs′) at the low absorption
range and those of the selected (µɑ, µs′) at the high absorption range, as shown in Fig. 4a, b, respectively. From Fig. 4,
we found that the simulation results of 107 photons have
a well agreement with those of 108 photons (circular blue
lines), with a stable ARE between them for both Fig. 4a, b.
Although there was a fluctuation appearing in Fig. 4b, it was
inconspicuous and acceptable. However, compared with the
108 photons, the simulation results of 106 were more fluctuant (Fig. 4a) and discrepancy (Fig. 4b) than those of 107
(asterisk red lines). Thus, synthesizing the above results, a
conclusion could be addressed that the simulation of Monte
Carlo method with the number of 107 photons was suitable
for a large range of optical properties used in the following
investigation experiments, with a goal to achieve a compromise between the accuracy and efficiency.

Table 1  Information of the discretized mesh employed in the influence investigation of mesh size on the finite element solution

3.3 Influence investigation of mesh size on the finite
element solution
Because of the excellent performance of the finite element
method (FEM) in solving partial differential equation, it
has been widely used in 3D optical imaging [2, 7, 8, 10,
16, 18, 19, 22, 23, 30]. In this study, both the SP3 and the

Mesh

Total node
number

Total tetrahedron
number

ASDM (mm)

1
2
3
4

1691
7903
17,436
24,291

8480
40,321
93,396
127,987

1.5991
0.9567
0.7232
0.6517

5

38,804

218,144

0.5459

DA equations were solved with the FEM. To guarantee the
accuracy of solution, an accurate and efficient mesh needed
to be produced. Thus, the quality of the discretized mesh
should be investigated. To avoid the accidental influence
of optical properties, four groups of optical parameters (µɑ,
µs′) were selected, including (0.06, 0.6), (0.6, 0.6), (0.06,
3), and (0.6, 3) mm−1. In order to guarantee the uniformity
of the discretized mesh, a sphere with a radius of 10 mm
was utilized in this subsection, in which a spherical source
with a radius of 1 mm was positioned at the location of (4,
0, 0) mm, as shown in Fig. 3b. To investigate the influence
of mesh size on the finite element solution, five groups of
mesh with different scales were obtained and utilized in
the investigation. The detailed information of the different
scales mesh is listed in Table 1. In Table 1, a factor called
average size of the discretized mesh (ASDM) was introduced, which was used for describing the scale of mesh and
calculated as:

√ V
3
(3)
l= 6 2
n
where l denotes the ASDM, V is total volume of the imaging object, and n is the total number of the tetrahedron.
Both the SP3 and the DA equations were solved with the
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Fig. 5  Performance of the SP3 and DA with the decrease in the mesh
size. a ARE for the SP3 equation; b ARE for the DA equation. The
asterisk red lines represent the ARE between the FEM solution and
simulated result of MOSE with the optical properties (µɑ, µsʹ) of
(0.06, 0.6); the plus blue lines are for (0.6, 0.6); the circular green

lines for (0.06, 3); and the triangle cyan lines for (0.6, 3). The ARE
is the average relative error, which represents the difference between
the results of numerical methods (SP3 in a, and DA in b) and those of
simulated one

FEM based on the five groups of discretized mesh and
compared with the simulation results of MOSE. The ARE
was also adopted for evaluating the accuracy of the FEM
solutions. The investigated results are shown in Fig. 5. It
should be specially mentioned that the values of ARE were
all set to be 0.1 (10 %) when it was larger than 0.1. This is
because the forward model was commonly regarded to be
inaccurate when the ARE was larger than 0.03 (3 %).
From Fig. 5, some interesting conclusions could be
addressed. Firstly, the performance of both the SP3 and the
DA has a similar tendency of improvement with the decrease
in mesh size. Secondly, almost the same performance for
both the SP3 and the DA was obtained when the ASDM was
smaller than 0.9567 mm. Considering both the accuracy and
the efficiency, the magnitude order of the mesh size was better set to be in the range of 0.8 to 1 mm. Thirdly, a better performance of SP3 was observed than DA for all of the investigated cases. Fourthly, a great improvement was observed
for both the SP3 and the DA in the case of the mesh size of
0.5459 mm and the optical properties of (0.6, 3) mm−1. The
explanation might be that the zero points in the results equalized the errors and reduced the ARE. Lastly, a better ARE
at the mesh size of 1.5991 mm was obtained for the optical
properties of (0.6, 0.6) mm−1. This might be caused by the
better quality of surface mesh, which has an influence on the
accuracy of the exiting partial current.

nodes. Comparing the calculation and simulation results,
ARE is calculated and plotted in Fig. 6, where Fig. 6a presents the difference between the results of SP3 and MOSE,
and Fig. 6b shows that between DA and MOSE. In Fig. 6,
the horizontal axis represents the value of the reduced scattering coefficient, and the vertical axis is the absorption
coefficient, while ARE results as a function of µs′ and µɑ
were plotted as element values of quadrangle map. Similar to Sect. 3.3, the values of ARE were all set to be 0.1
(10 %) when the value of ARE was larger than 0.1, which
aimed to obviously observe the performance of the SP3 and
DA. Using the classification criterion proposed in the previous studies, which can only be used to distinguish between
high- and low-scattering medium, the ARE map is divided
into two parts, AREs for the ratio (µs′/µɑ) larger than the
classification threshold and those corresponding to the ratio
smaller than it, as shown in Fig. 6c, d. The demarcation
of blue dotted line gives the classification results with the
threshold of 3 as presented in Ref. [14] (termed as Previous
Method 1), the cyan dotted line represents those with the
threshold of 10 as described in Ref. [3] (Previous Method
2), and the pink one is for the threshold of 40 in Ref. [25]
(Previous Method 3). However, using our proposed classification criterion, the ARE map can be divided into four
parts, as described with the green lines in Fig. 6c, d.
From Fig. 6a, b, an obvious conclusion that a better performance of SP3 was obtained than the DA equation in the
most observed cases was addressed, which illustrated a wider
applicability of SP3 equation. However, the difference and
applicability could not be quantitatively observed. To further
investigate the performance of the SP3 and DA quantitatively,
the values of the ARE were divided into four levels. When
the values were smaller than 0.01, the ARE was classified
into Level 1; when the values were between 0.01 and 0.03,
the ARE was located at Level 2; when they were from 0.03

3.4 Performance investigation of the SP3 and DA
Based on the cylinder model used in Sect. 3.2, investigation
experiments were conducted with all of the combinations
of optical properties (µɑ, µs′) as listed in Fig. 2, to obtain the
calculation results of SP3 and DA equations and the simulation results of MOSE. The discretized mesh size utilized
in this subsection is 0.97617 mm with a number of 11,260
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Fig. 6  Dependence of ARE on the combination of µsʹ and µɑ. a ARE
between the calculation results of SP3 and simulation ones of MOSE;
b ARE between the calculation results of DA and simulation ones of
MOSE; c Level distribution of the ARE in (a), where Level 1 is for
ARE <0.01, Level 2 for that between 0.01 and 0.03, Level 3 for that

between 0.03 and 0.1, and Level 4 for that larger than 0.1; d Level
distribution of the ARE in (b), where Level 1 is for ARE <0.01, Level
2 for that between 0.01 and 0.03, Level 3 for that between 0.03 and
0.1, and Level 4 for that larger than 0.1

to 0.1, it was defined as Level 3; and when they were larger
than 0.1, the ARE sorted to Level 4. Therein, Level 1 represents that the performance of the results is excellent, Level 2
is acceptable, Level 3 is inaccurate, and Level 4 defines unacceptable and unusable. Figure 6c shows the distribution of
Level 1 to Level 4 for the performance of SP3, and Fig. 6d
presents those for the performance of DA, respectively.

From Fig. 6c, d, some conclusions could be addressed.
Firstly, the area of Level 1 for the SP3 was greater than that
of DA, which suggested that the applicability of the SP3
is more widely than the DA. Secondly, almost the same
performance for both the SP3 and the DA was observed
(shown in the area of Level 1), when the optical properties were divided into the category of HSLA, which was
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Fig. 7  Influence investigation of source depth on light transport in
tissues with high absorption property. a, b ARE between the SP3 and
MOSE as a function of µsʹ for source depth of 3, 5, 7, 9 mm, in which
the µɑ was set to be 0.4 and 2 mm−1, respectively; c, d Those val-

ues between DA and MOSE. The ARE is the abbreviation of average
relative error, which represents the difference between the results of
numerical methods (SP3 in a, b, and DA in c, d) and those of simulated one

identical with the results of Previous Method 3. Thirdly, the
SP3 also performed excellent when the optical properties
were sorted to the area of LSLA except that it was slightly
worse in some cases (shown in the area of Level 2), which
was also observed in the DA. Fourthly, for some cases of
LSHA, the SP3 performed at the excellent and acceptable
levels, while the DA worked in the inaccurate level. Lastly,
the SP3 and DA did not work in most cases of HSHA.
Furthermore, some other interesting phenomena could
also be obtained. First, according to the classification criterion used in previous studies [3, 14, 25], the DA equation is suitable for the regions where the ratio of µs′/µɑ is
no less than the threshold. However, the DA equation did
not work excellently in some cases of LSLA and HSLA,

where it should provide an excellent performance according to the existing classification criterion defined in previous methods. It means that the previous methods are
imprecise and not fully applicable. Second, both the SP3
and the DA equations performed unsatisfied when µɑ was
larger than 0.4, in which the SP3 should work perfectly.
This might be caused by the reason that a heavy attenuation of light exists because of too big value of µɑ, which led
to the fact that light would be completely absorbed by the
tissues before arriving at the surface of medium. Therefore,
we guessed that the SP3 might achieve an acceptable performance when the optical properties were sorted into the
LSHA and HSHA categories, if the depth of light source
was adjusted more superficially.
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3.5 Depth influence on light transport in tissues
with high absorption property
To verify our aforementioned guesses, investigation of the
influence of source’s depth on light transport in tissues with
high absorption properties was conducted. The localizations of source were set to be (1, 0, 0), (3, 0, 0), (5, 0, 0),
and (7, 0, 0) mm, which corresponds the depths of 9, 7, 5,
and 3 mm, respectively, as shown in Fig. 2c. Two values of
µɑ = 0.4 and µɑ = 2 mm−1 were selected as typical cases
and adopted in this subsection’s investigation experiment.
In the first investigation, the µɑ was set to be 0.4 mm−1,
and AREs (difference between the calculation results of
SP3 or DA and the simulation results of MOSE) as a function of µsʹ for different source depths are plotted in Fig. 7a,
c, where Fig. 7a presents the ARE between the SP3 and
MOSE, Fig. 7c shows that between the DA and MOSE. In
the second investigation, the value of µɑ was changed to
be 2 mm−1 and the same experiments as those in the first
group were conducted. The related ARE plots are shown in
Fig. 7b, d. Similarly to aforementioned subsection, the values of ARE were assigned to 0.1 if its original value was
larger than 0.1 in all of investigation experiments.
From Fig. 7, we could obviously observe that the depth
of light source indeed has a great influence on the light
transport in tissues with high absorption properties. Moreover, some useful information could also be addressed.
Firstly, the performance of SP3 and DA indeed become better varying with the source depth from 9 to 3 mm, especially for the SP3 equation. A better performance was
obtained for SP3 than DA equation at the same depth of
light source in all of the observed cases. Secondly, at the
same depth of light source, the performance of SP3 has an
improvement with the decrease of µsʹ. Thirdly, unacceptable performance was obtained for DA at µsʹ = 4.0 for the
depth of 9, 7, and 5 mm, where the DA equation should
work well according to the existing classification criterion
of the high scattering region (µsʹ/µɑ ≥ 10), as presented in
Fig. 7c. This further validated the inappropriate definition
of the existing classification criterion of high scattering
region. Lastly, it could be concluded that the SP3 equation
is more suitable than the DA one for modeling light transport in tissues with high absorption properties.
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investigation experiments were conducted to evaluate the
performance and applicability of SP3 and DA equations,
including various range of optical properties and different
depths of light source. Some useful conclusions could be
addressed from the investigated results. Firstly, a similar
performance was observed for both the SP3 and the DA
equations for the case of the tissues with high-scatteringlow-absorption (HSLA) properties, in which case the DA
equation was the preferred option for 3D optical imaging.
Secondly, the SP3 equation exhibited a better performance
and a wider applicability than the DA one in the most
observed cases, especially in tissues with low-scatteringlow-absorption (LSLA) and low-scattering-high-absorption
(LSHA) properties. Lastly, the performance of the SP3 and
DA equations was greatly affected by the depth of light
source and would be improved with the decrease in source
depth. Specifically, the SP3 exhibited an acceptable performance in tissues with high absorption properties, including
both the high-scattering-high-absorption (HSHA) and the
LSHA, when the light source was located at a relatively
shallow depth.
On the other hand, results of this study would provide
significant reference for the study of hybrid light transport
models, which were recently established for 3D optical
imaging of small animals, such as an actual mouse [12].
In this situation, different organ regions of the mouse body
have different tissues’ optical properties, termed as the
structural heterogeneity and optical specificity of complicated tissues. To cater for both the structural heterogeneity
and the optical specificity, different equations were selected
for characterizing the light propagation in different organ
regions, and a set of boundary conditions was then established to couple the light flux among the different equations. Thus, the investigation results of this study would
provide a valuable guidance for determining whether to
use SP3 or DA in the construction of tissue specificity or
hybrid light transport model. Particularly, this study will
also provide a helpful reference for the application of 3D
optical imaging in the fundamental studies and regional
researches, such as the studies for the biomedical process
in brain [21]. Because low scattering (cerebrospinal fluid)
and high absorption regions (brain bleeds and blood vessels) exist, the DA equation will introduce significant errors
[1, 13]. Thus, the SP3 equation may be a better choice for
the application of 3D optical imaging in the brain research.

4 Discussion
Accurately and feasibly establishing a light transport model
in biological tissues is an essential and difficult task for 3D
optical imaging of small animals. Previous studies have
demonstrated that the SP3 and DA equations have become
commonly used light transport models, because of their
accuracy and effectiveness. In this contribution, a group of

5 Conclusion
In conclusion, the performance and applicability of the
SP3 and DA equations were systematically investigated in
this study with different types of tissues classified by the
absolute value of absorption and scattering coefficients. We
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believed that these investigation results would be of great
help for researchers in the study of 3D whole-body optical
imaging of small animals. Further studies will concentrate
on the liquid and solid phantoms-based physical experiments to validate our investigation results in the next future.
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