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Interpretation of principal components of the
reflectance spectra obtained from multispectral images
of exposed pig brain
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Abstract. The spatial variation in reflectance such as the blood-vessel
pattern can be observed in the image of cerebral cortex. This spatial
variation is mainly caused by the difference in concentrations of oxy-
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propagation in a model of exposed pig cortex is predicted by Monte
Carlo simulation to estimate the interpretation of physiological and
physical meanings of the principal components. The spatial variance
of reflectance spectra of the pig cortex can be approximately de-
scribed by the first principal component. The first principal compo-
nent reflects the spectrum of hemoglobin in the cortical tissue multi-
plied by the mean optical path length. These results imply that the
wavelength dependence of mean optical path length can be experi-
mentally estimated from the first principal component of the reflec-

tance spectra obtained from multispectral image of cortical tissue.
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1 Introduction a task period. However, it is impossible to make the distinc-

The activation of the cerebral cortex induces a localized fion between the oxy- and deoxyhemoglobin from the mono-
change in the volume and oxygenation of blood. The image of chromatic images. Multiwavelength measurement of the
the activated area of the exposed cortex can be obtained bychange in reflectance of cortical tissue enables determining
detecting the temporal change in the intensity of light at ap- the change in the oxyhemoglobin concentration independently
propriate wavelengths absorbed by the cortical tissue during of the deoxyhemoglobin concentration.
the activation task. The analysis of the exposed cortical image  Recently, multispectral imaging systems have been devel-
of a rat illuminated by narrow-band incident light at a 600- to oped and applied to color image analysis in various fields
610-nm wavelength to locate the activated area was per-sych as art and natural scefie§The analysis of the multi-
formed by Hodge et di.Cannestra et al. used the optical im-  gpectral image becomes more complicated when the number
aging system with a narrow-band filter at a 605- to 610-nm ¢ \yayelengths increases. In image data processing field, mul-
Wa\_/elen_gth during surgery to measure the functlor_1ally active i - riate analyses, such as principal component andlgsid
regions in the human cortéxThe temppr_al change in reflec- independent component analysis, are widely used to effec-
tance of the exposed cortex in the visible to near-IR wave- . . .

tively reduce the amount of information. Tsumura et al. ana-

length range primarily depends on the change in concentra-I d a ski lor i by ind d Ivsi
tions of oxyhemoglobin as well as deoxyhemoglobin in yzed a skin color image by Independent component analysis

superficial cerebral regioris® Differential imaging with light ~ t© Sepalzate the spatial distribution of melanin and hemoglobin
at a narrow-band wavelength can detect the temporal changdn Skin.™ Multispectral imaging has also been applied to the
in functional activity of the brain related to a change in the €Xxposed cortical tissue to measure the temporal change in
concentrations of oxy- and deoxyhemoglobin. In the differen- 0xy- and deoxyhemoglobin caused by the brain activation.
tial imaging of exposed cortex, a baseline image obtained The temporal change in oxy- and deoxyhemoglobin was cal-
during a rest period is subtracted from the images obtained atculated from the differential images at two wavelendths.
Dunn et al. simultaneously measured the cerebral blood con-
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cortex by combining multiwavelength imaging and laser eral chromophores in the tissue, the absorption coefficient can

speckle contrast imaging. be expressed simply as the linear sum of the contribution of
The temporal change in reflectance spectra of cortical tis- each chromophore.

sue depends not only on the change in concentrations of oxy-

and deoxyhemoglobin but also on the mean optical path

length that detected light travels in the cortical tissue. The Rd()\)=exp[ =2 [GeMIIM) -GN, (3)

mean optical path length is determined by the wavelength- '

dependent absorption and scattering coefficients. Mayhewwherec; is the concentration, ane is the molar extinction

et al. suggested that a linear spectrographic analysis methodgoefficient of the chromophores. In this paper, we assume that

which ignored the wavelength dependence of mean optical the absorption in the cortical tissue is caused by oxyhemoglo-

path length, produced unreliable results in multispectral image bin, deoxyhemoglobin, and other chromophores.

analysist* However, it is difficult to experimentally obtain the

wavelength dependence of the mean optical path length. The —In[Ry(X\)]=Coyy€ox/(N){I (X)) + CheoxyEdeoxy N (I (X))

spatial variation in reflectance such as the blood-vessel pattern

can be observed in the cortical image. This spatial variation is + a cored| (M) +G(N), (4)

mainly caused by the difference in concentration of oxy- and whereCy,, and Ceox are the concentrations of oxy- and de-
deoxyhemog|0b|n in the cortical tissue. The Spat|al variation Oxyhemog|0b|nieoxy and edeoxyare the molar extinction coef-
of reflectance as well as the temporal change may depend Offjcients of oxy- and deoxyhemoglobin, respectively; and
the wavelength-dependent mean optical path length. Lacorex IS the absorption coefficient of the cortical tissue
In this paper, we acquired the multispectral images of ex- without hemoglobin. It is not possible to obtain the absolute
posed pig cortex with a multispectral imaging system. The concentrations of oxy- and deoxyhemoglobin from Ed).
reflectance spectra of multispectral image of the pig cortex pecause the loss by scatteri®§\) cannot be measured from
were analyzed by principal component analysis to extract in- tpe multispectral image.
formation that relates to physiological parameters such as the |, differential imaging, the multispectral images are ana-
concentrations of oxy- and deoxyhemoglobin and physical pa- |yzed by pixel-by-pixel subtraction of a rest state and acti-

rameters such as the mean optical path length. The lightyated state. The temporal change in reflectance at a pixel can
propagation in a model of exposed pig cortex was predicted pe given by

by Monte Carlo simulation to estimate the interpretation of
physiological and physical meaning of the principal compo- ARG(N) =IN[Ry res(\)/Ry acf M)]

nents of reflectance spectra of the pig cortex.
= ACoxyeoxy()\xI (7\)> + ACdeoxfdeox;()\xl ()\)>1

©)

2.1 Multispectral Reflectance of Tissue yvhereRd ,esgx) and Rd acf\) are the reflectange of a cortical
. . . o image obtained during a rest state and during an activated
The intensity of reflected light at wavelengthsn direction 6 state, respectively. The absolute change in concentrations of
from exposed corte&((g ;\) can be expressed by the dichro- 5,y and deoxyhemoglobin can be calculated from the change
matic reflection modef: in reflectance at several wavelengths by solving a simulta-
neous equation derived from E¢p) if we obtain the mean
Y(O,N)=Ys(6,M)+Yq(0,)) optical path lengti{I(\)). The mean optical path length can-
=ay(0)E(N)+ag(O)Ry(N)EN), (1) not be directly measured from the multispectral images. The
) assumption that path length is wavelength independent has
whereY(6,A) andYq(6,)) are the specular and diffuse re-  sometimes been adopted to calculate the change in concentra-
flections, respectivelyas(6) anday(6) are the scaling fac-  tions of oxy- and deoxyhemoglobin, although the mean opti-
tors; Ry(N\) is the spectral reflectance for diffuse reflection; (g path length{I(\)) depends on the wavelength in reality.

andE(A) is the intensity of incident light. The diffusely re-  This assumption may produce unreliable results in multispec-
flected light is strongly scattered in the biological tissue. The tra| image analysis.

propagation direction of multiply scattered light tends to be
independent of that of the incident light. Assuming that the
angular distribution of the intensity of the diffusely reflected 2.2 Principal Component Analysis
light is isotropic, that the specular reflection is ignored, and
that the light is diffusely reflected equally in all directions, the
spectral reflectance of the exposed cortex is proportional to
the reflectance of diffuse reflectioRy(\), which can be
given by

2 Background Theory

Principal component analysis has been used to describe origi-
nal sets of data with a smaller number of uncorrelated com-
ponents. Principal component analysis is an effective method
to extract valuable information from a large amount of data
and rl?fs been used for remote sensing, color analysis and so
forth.**** In principal component analysis, the reflectance
Rg(N)=exd — ua(l(N) —G(N)], 2) spectra are represented as a point in multidimensional vector
where u, is the absorption coefficient of the cortical tissue, space. A multispectral image is described asnaxin data
(I(\)) is the mean optical path length of the detected light matrix of n observations om variables.
traveling in the cortex, an@&(\) is the loss due to scattering.
Because the absorption of the cortical tissue is caused by sev- R=[ry ry === 1], (6)
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wherer; is a spectral data in which number of wavelength is cooled CCD camera

m for a pixel andn corresponds with number of pixel of the

CCD camera. The first principal component gives the linear

combination of the variables that gives the maximum varia- 8_8
V]

i
: filter wheel
T T

tion. A second principal component gives the linear combina-

tion of variables that is orthogonal to the first principal com- stereo-
ponent that gives the maximum variation. The goal of the microscope
principal component analysis is to find the eigenvectors of the

covariance matriX.These eigenvectors correspond to the di-

rection of the principal components of the original spectra.

The variance-covariance matrik is calculated as follows:

== 1 Tr.—r1 ring-fiber
. Vik=Lr=rl're=rl, (@) illuminator ;
wherer is the average spectrum of the image. Sintas pig brain g2
symmetric matrix, a positive real numberand a nonzero / N halogen lamp

vectoru can be found such that
Fig. 1 Multispectral imaging system installed in a stereomicroscope.

Vu= au, (8)

where « is an eigenvalue, and is an eigenvector of/. The ) ) ) o )
characteristics equatid' —al|=0 is solved to find a nonzero mstalleq in t_he filter Wht_ael to acquire five spectral images of
u. A diagonalized routine is performed to determine eigenval- the cortical t_|ssue. The fllter wheel was controlled with a com-
ues and eigenvectors of the matr. If the matrix U puter. The images of a diffuse-reflectance standard at each
wavelength were also obtained to compensate the spectrum of
the halogen lamp. The bandwidth of all the filters was 10 nm.
A reflectance spectrum of cortical tissue at each pixel was
V=UDUT, (9) extracted from the multispectral images. A set of reflectance
) ) _ ) _ spectra obtained from a multispectral image was analyzed by
where D is a diagonal matrix of the eigenvalues. Singular principal component analysis. The first and second principal

value decomposition is used for this diagonalization because components of six sets of multispectral images obtained from
of its numerical stability. These eigenvectors correspond 10 three brain samples were calculated.

the directions of the principal components of the original
spectra. Their statistical significance is given by their corre-
sponding eigenvalues. The eigenvectgr corresponding to ] ) ) )
the maximum eigenvalue, indicates the direction of the first A cortical model was used to estimate physiological and
principal component. The principal components are essen_phyS|caI.|nterpretat|ons of pr|nC|.paI components for multi-
tially statistical value and have no physiological and physical SPectral images of the exposed pig cortex. Since the surface of
meaning in themselves. However, the principal components the €xposed pig cortex in the field of view of the CCD camera
for multispectral images of the cortical tissue are likely to Was almost flat, the geometry qf cortl.cal tissue was S|mpllf|ed
relate to the spectra of oxy- and deoxyhemoglobin because!® @ rectangular solid. The dimension of the model is 10
the spatial variance in the reflectance spectra of the cortical X10%X5 mm. The model consists of 28@200x100 cubic el-

tissue is mainly caused by the absorption of oxy- and deoxy- €ments and eac_h_ element is specified by its scattering and
hemoglobin. absorption coefficients to represent the vessel structure and

tissue area, as shown in Fig. 2. The model contains six types
of blood vessels with a square cross section and tissue region

=[uy U, --- u,] contains the eigenvectors of a matkix then
U is orthogonal andJ can be decomposed as

3.2 Cortical Model for Image Synthesis

3 Methods containing unobserved capillary bed. The hemoglobin concen-
o ) tration and oxygen saturation of each part of the model are
3.1 Acquisition of Multispectral Image shown in Table 1. The scattering and absorption coefficients

The multispectral images of pig cortex were acquired with a of cortical tissue, and the molar extinction coefficients of oxy-
multispectral imaging system. The system was installed in a and deoxyhemoglobin are shown in Figga)3and 3b), re-
stereomicroscope, as shown in Fig. 1. A surgically removed spectively. The scattering and absorption coefficients of the
pig brain was placed under the microscope and was illumi- cortical tissue were chosen from the reported data of pig
nated by a halogen lamp. The dimension of the pig brain in brain® We used the same five wavelengths in the simulation
the median plane was about 80 mm. The surface of the cortexas those used in the experiment and the spectra shown in Fig.
was kept wet with physiological saline solution. Reflected 3 were obtained from the data at the five wavelengths by
light from the cortical tissue was projected onto a cooled 16- spline interpolation. The scattering coefficient is assumed to
bit CCD camera with 512512 pixels through a filter wheel.  be uniform in the model and the anisotropy parameter of the
The region of interest was around parietal region but we model is 0.9. The absorption coefficient of each element
avoided the longitudinal fissure. The size of the field of view u,(X,y,2) is calculated from the absorption coefficient of cor-
was about 2.832.3 mm. The cortical surface in the field of tical tissueu, coex, h€mMoglobin concentrationy(X,Y,2),
view was almost flat. Five narrow-band filters with the central oxygen saturatior8O,(X,y,z), and extinction coefficients of
wavelengths from 450 to 650 nm at an interval of 50 nm were oxyhemoglobine,,, and deoxyhemoglobiggeoyy as follows:
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Fig. 2 Cortical tissue model for interpretation of principal component &‘:-’ !
of reflectance spectra obtained from multispectral images of pig cor- 2 10
tex. The model consists of six types of vessel and cortical tissue region -
containing unobserved capillary bed. %
=
% : . bl
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Ha(X,Y,2) = Ha cortex €oxyChb(X,Y,2)SO,(X,Y,2) (b) wavelength (nm)

+ GdeoxﬁHb(Xuyl)[l_ SO,(%,y,2)].

Fig. 3 Wavelength-dependent optical properties of the cortical model:
(10 (a) scattering and absorption coefficients of cortical tissue and (b) mo-

. . . lar extinction coefficients of oxy- and deoxyhemoglobin. The curves
The hemoglobin concentrations of tissue and blood vessel arey,qre obtained from the data at the five wavelengths by spline inter-

93 uM and 1.86 mM, respectively. The oxygen saturation in polation.
the model ranges from 40 to 100%, as shown in Table 1. The
light propagation in the model was predicted by Monte Carlo
simulation based upon variance reduction algoritfidi.Pho-
tons, which had unit weight were uniformly injected into the photon traveled. The internal reflection in the model
whole area of the top surface of the model to mimic parallel caused by refractive index mismatch was considered, whereas
light. The trajectories of photons were determined by scatter- the specular reflection of incident light was ignored. The re-
ing coefficient and random numbers. When the photon was fractive index of the model was 1.4. The ultimate weight of
scattered out from the cortical surface, the photon was pro- detected photons was accumulated with respect to each pixel
jected onto a CCD camera with 12828 pixels. The size of  of the CCD to obtain the reflectance image. Since the CCD
the field of view was about 6x46.4 mm. The size of the pixel ~ camera with 128128 pixels was modeled in the simulation,
of the CCD camera in Monte Carlo simulation was larger than the 16,384 different reflectance spectra were obtained from
that in the experimental system to keep the computation time the multispectral image of the cortical model. The reflectance
of the simulation within a reasonable limit. The ultimate spectra were analyzed by principal component analysis as
weight of the detected photon was calculated from the absorp-well as the experimental data to obtain the first and second
tion coefficient of each element and path lenigth) in which principal components.
The least-squares fit based on absorption factors in the

cortical tissue to the first and second principal components of
Table 1 Hemoglobin concentration and oxygenation saturation of the reflectance spectra was performed to discuss the physi-
cortical model. ological and physical interpretation of the principal compo-

nents. We assumed that the spectrum of jttie principal

Hemoglobin Concentration  Oxygen Saturation componentP;(\) is expressed by the linear function of the
Tissue Types (mM) (%) spectrum of an absorption factor:
Arteriole 1 1.86 100
, P; (M) =KkFi(\)+8(0), (11)
Avrteriole 2 1.86 80
Venule 1 1.86 65 where F;(\) is the spectrum of an absorption factgrand
S8(\) is residual component. The absorption spectra of oxyhe-
Venule 2 1.86 35 moglobin, deoxyhemoglobin, cortical tissue, 80% oxygenated
hemoglobin, and 80% oxygenated hemoglobin multiplied by
Venule 3 1.86 60 . .
mean optical path length were chosen as the absorption fac-
Venule 4 1.86 40 tors. The coefficienk was calculated by the least-squares fit-

ting method. The sum of squares of the residual components

Cortical tissue 0.093 80 at the five wavelengths for the five absorption factors was
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Fig. 6 First and second principal components of reflectance spectra
obtained from six sets of multispectral images of pig cortex. The
curves were obtained from the weight calculated from multispectral
images at the five wavelengths by spline interpolation.

Fig. 4 Image of pig cortex at a 550-nm wavelength acquired with the
multispectral imaging system. The bar indicates 500 um.

calculated to e\_/aIL_Jate the similarities of wavelength depgn- accounted for by the first and second principal components
dence of the principal components to those of the absorptionyare 87.3+4.9 and 4.12-5.0%, respectively. The variance in
factors. the reflectance spectra of the pig cortex is mainly concen-
trated in the first principal component.
4 Results The propagation of light at five wavelengths in the cortical
An image of a surgically removed pig brain obtained with a model shown in Fig. 2 was predicted by Monte Carlo simu-
550-nm filter is shown in Fig. 4. Although the cortical tissue lation to calculate the reflectance spectra and mean optical
has no blood circulation, a blood-vessel pattern, which is path length of light detected with each pixel of the CCD. Ten
caused by the difference in hemoglobin concentrations, can bemillion photons were injected to calculate the results as each
clearly observed in the image. Figure 5 shows typical 24 re- wavelength. Since the results calculated with ten million pho-
flectance spectra at cortical tissue and at various blood vessel¢ons were almost the same as those with eight million pho-
obtained from the multispectral images at five wavelengths. tons, the statistical error of Monte Carlo simulation in the
The reflectance data at five wavelengths detected with eachresults can be negligible. The wavelength-dependent mean
pixel of the CCD camera were connected by spline interpola- optical path length for the cortical model is shown in Fig. 7.
tion to obtain the spectrum. The reflectance spectra of the pig The mean optical path length steeply increases when wave-
cortex vary from position to position. The first and second length is longer than 600 nm. The mean optical path length at
principal components obtained from the reflectance spectra of650 nm wavelength is about five times longer than that at 550
the pig cortex detected with all the pixel of the CCD camera nm. Typical reflectance spectra of the cortical model are
are shown in Fig. 6. The result is average of six sets of mul- shown in Fig. 8. Two valleys of spectra at 450 and 550 nm,
tispectral images and the bars in the figure represent standardvhich relate to the absorption peaks of cortical tissue and
deviation. The standard deviation of the first principal com- hemoglobin, can be observed in all the spectra. This tendency
ponent is much smaller than that of the second principal com- of the spectral peaks of the cortical model is similar to that of
ponent. This indicates that the first principal component of the the experimentally measured reflectance spectra of pig cortex
reflectance spectra is less influenced by individual specificity shown in Fig. 5. The first and second principal components
of the cortical tissue and noise. The percentages of variance

T
£
=
to
£l 5
N2 =
’ ]
g =
g g
5 3
= g
£
0 L L L
1 L ) 450 500 550 600 650
450 500 550 600 650 wavelength (nm)
wavelength (nm)

Fig. 7 Wavelength-dependent mean optical path length of the de-

Fig. 5 Typical reflectance spectra obtained from multispectral images tected photons traveling in the cortical model predicted by Monte

of exposed pig cortex. The curves were obtained from the measured Carlo simulation. The curve was obtained from the mean optical path

reflectance at the five wavelengths by spline interpolation. length predicted at the five wavelengths by spline interpolation.
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Table 2 Sum of squares residuals of least-squares fit based on ab-
sorption factors.

6.0
g Sum of Squares of Residuals
a4
v
g Absorption Factors PC 1 PC 2
3
22 Oxyhemoglobin 0.074 0.930
Deoxyhemoglobin 0.135 0.884
450 500 550 600 650 Cortical tissue 0.122 0.935
wavelength (nm)
80% oxygenated hemoglobin 0.085 0.918
Fig. 8 Typical reflectance spectra obtained from multispectral images . .
of the cortical model predicted by Monte Carlo simulation. The curves 80% oxygenated hemoglobin 0.006 0.997

were obtained from the reflectance predicted at the five wavelengths xmean optical path length

by spline interpolation.

also predicted by Monte Carlo simulation. Although the per-
calculated from the reflectance spectra obtained from the mul- centage of variance accounted for by the first principal com-
tispectral image of the cortical model are shown in Fig. 9. The ponent was reduced to 87.1%, the wavelength dependence of
percentages of variance accounted for by the first and secondhe first principal component of the reflectance spectra is al-
principal components were 96.7 and 1.7%, respectively. The most the same as that shown in Fig. 8.
variance in the reflectance spectra of the cortical model can be A linear least-squares fit to the first and second principal
almost described by the first principal component. The first components of the reflectance spectra of the cortical model
principal component of the reflectance spectra of the cortical based on absorption factors in the cortical tissue was per-
model is highly similar to that of the pig cortex shown in Fig. formed to determine interpretations of the principal compo-
6, whereas the second principal component does not agreenents. The factors are spectra of oxyhemoglobin, deoxyhemo-
with that of the experimental result. These results indicate that globin, cortical tissue of pig, 80% oxygenated hemoglobin,
the first principal component of the pig cortex is reflected in and 80% oxygenated hemoglobin multiplied by the mean op-
hemoglobin concentration and oxygen saturation because theical path length shown in Fig. 7. The oxygen saturation of the
variation in reflectance spectra of the cortical model is caused hemoglobin for the least-squares fit is the same as that in the
by the concentrations of oxy- and deoxyhemoglobin. The sec- cortical model. The sum of squares of residuals of the least-
ond principal component of the reflectance spectra of the pig squares fit based on each absorption factor are listed in Table
brain may not imply any parameters corresponding to the con- 2. The residual for the spectrum of 80% oxygenated hemoglo-
centrations of oxy- and deoxyhemoglobin. The large deviation bin multiplied by the mean optical path length is significantly
of the second principal component of the experimental data smaller than that of other absorption factors. The dotted lines
implies that the influence of noise in the reflectance spectra onin Fig. 10 show the curves of least-squares fit to the first
the second principal component is greater than that on the firstprincipal component of the reflectance spectra of the cortical
principal component. The reflectance spectra of the cortical
model of which the hemoglobin concentration of blood ves-

sels was 0.19 mM but the vessel structure was the same was 0.8y:
0.6
0.8
E)
3 04 .
~ 0.4 :E" —o—-vc;)rtical model
] %\ $ — & — experiment
=~ \ 02F . least-square fit 1
'E) oF ‘\ (Hb x path length)
'S 1S [ R least-square fit 2
z \ o 1 0 (oxy-hemoglobin)
N PSRN ¢ . 450 500 550 600 650
041 \El ,/ Sep-” wavelength (nm)
1 L L
450 500 550 600 650 Fig. 10 Linear least-squares fit to the first principal component of re-

wavelength (nm)

Fig. 9 First and second principal components of reflectance spectra
obtained from multispectral images of the cortical model predicted by
Monte Carlo simulation. The curves were obtained from the weight
calculated from multispectral images at the five wavelengths by spline
interpolation.
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flectance spectra obtained from multispectral images of the cortical
model based on absorption spectrum of 80% oxygenated hemoglobin
multiplied by mean optical path length and based on absorption spec-
trum of oxyhemoglobin. The first principal component of reflectance
spectra obtained from six sets of multispectral images of pig cortex is
also shown. The curves were obtained from the weight calculated at
the five wavelengths by spline interpolation.
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model based on the spectrum of 80% oxygenated hemoglobinlength scaling analysis even if the estimated path length is a
multiplied by the mean optical path length and based on the relative quantity.
spectrum of oxyhemoglobin. The first principal components In future work, we plan to apply the proposed path length
of both the cortical modesolid line) and the pig cortexbro- estimation from the first principal component to the multi-
ken ling are also shown in the figure. The curve of the least- spectral imaging of the exposed cortical tissue of small ani-
squares fit based on the spectrum of the hemoglobin multi- mals such as rats. Since the brain of the rat is smaller than that
plied by the mean optical path length well approximates the of the pig, we should examine the influence of specular re-
first principal components of the reflectance spectra of both flection from the curved cortical surface on the first principal
the cortical model and the real pig cortex. component of multispectral image. We should also examine
the influence of diameter distribution of blood vessels on the
first principal component. The mean optical path length of
5 Discussion diffusely reflected light depends on the absorption coefficient
Principal component analysis can extract meaningful informa- of the cortical tissue as well as the scattering coefficient. The
tion from mutispectral images. The first principal component difference in mean optical path length in various part of tissue
for the cortical model agrees well with that for the real pig caused by the absorption coefficient cannot be neglected if the
cortex, whereas the second principal component for the corti- differences in absorption coefficient of tissue are significant.
cal model is different from that for the real cortex. Although The mean optical path length of light reflected at a large ves-
the reflectance spectra of real pig cortex are influenced by sel may be different from that reflected at the cortical tissue
variety of factors, the concentrations of oxy- and deoxyhemo- containing an unobserved capillary bed. It is better to avoid
globin was changed only in the cortical model. Modeling light using the spectrum of reflectance at large blood vessels to
propagation in cortical tissue is not enough to describe the estimate the wavelength dependence of the mean optical path
phenomena corresponding to the second principal componentength in the cortical tissue by principal component analysis.
for the real cortical tissue. However, the percentages of vari-
ance accounted for by the first principal components for ex- ¢ Conclusions
perimental data is almost 90% and the individual difference in
the second principal component is much greater than that in
the first principal component. These results indicate that the
variance of the reflectance spectra of the pig cortex can be
approximately described by the first principal component.
The linear least-squares fit to the principal components of
the reflectance spectra of the cortical model based on absorp
tion factors in the cortical tissue reveals that the first principal
component strongly correlates with the spectrum of hemoglo-

bin in the cortical tissue multiplied by the mean optical path the spectrum of hemoglobin in the cortical tissue multiplied

![Zﬂgzthggter;hoa;t tLhee f;rsz:grrggflfna;;:un:gc?r\;ﬁm gfetr:f]uﬁ;legé_ by the mean optical path length. These results imply that the
€SP Pig co P wavelength dependence of the mean optical path length in
tral imaging system approximates the wavelength dependence

of the hemoglobin abserption multiplied by the mean optical cortex can be experimentally estimated from '_[he first principql
path length. This implies that the wavelength dependence Ofcompongnt of the reflectance spectra _obtamed from mult-
the mean optical path length can be estimated from the first spectral image of the exposed cortical tissue.

principal component of the reflectance spectra of the cortical
tissue if the spectrum of hemoglobin in the cortical tissue can
be obtained. Although the spectrum of hemoglobin varies The authors wish to thank Mr. K. Honjyo at Keio University,
with oxygen saturation, the difference is not significant in a Dr. A. Maki at Hitachi Co. Ltd., Prof. Y. Yamada at the Uni-
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In this paper, the reflectance spectra obtained from multispec-
tral images of the pig cortex were analyzed by principal com-
ponent analysis. The spatial variance of reflectance spectra of
the pig cortex can be approximately described by the first
principal component. The light propagation in the cortical
model was predicted by Monte Carlo simulation to estimate
the physiological and physical interpretation of the principal
components. The first principal component for the cortical
model agrees well with that for the pig cortex and it reflects
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