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We propose the implementation of a ballistic auto-correlation interferometer (BAI) for the assess-
ment of biological tissues. We develop the theory of the interferometric technique, and demonstrate
that a method to isolate ballistic from forward-scattered contributions is of central importance. We,
therefore, propose theoretically and experimentally a non-linear grating-based angular filter. A mo-
nochromatic source incident on a ruled grating, positioned at grazing diffraction, is followed by a nar-
row slit to conform the proposed system. We validate the angular amplification experimentally, with
values ranging on the order of 10-20X. In addition, similar values of transversal beam size reduc-
tion, provide an efficient -100X filtering scheme. As a preliminary study for the implementation of the
BAI, we compare two transillumination schemes, which include and exclude the grating-based angu-
lar filter. Our preliminary results are encouraging, and indicate that the filter effectively isolates the
information needed in the BAI.

Key words: interferometry, ballistic transillumination, angular filter, grazing diffraction, tissue imag-
ing, tissue characterization.

Баллистическая автокорреляционная интерферометрия

П. Вакас-Жакс, В. Рябухо, М. Стройник, В. Тучин, Г. Паез

Рассматривается применение баллистической автокорреляционной интерферометрии (БАИ)
для контроля параметров биологических тканей. Представлена теория интерференционного
эксперимента и показано, что автокорреляционный метод интерферометрии позволяет изо-
лировать и выделить в рассеянном вперед излучении нерассеянное, баллистическое, излу-
чение. Для реализации метода предложено использовать нелинейный дифракционный угло-
вой фильтр, действие которого основано на пространственной фильтрации света с помощью
узкой щели света в скользящем дифракционном порядке. Реализованное с помощью такого
фильтра угловое увеличение составило 10-20Х. Такое же увеличение дает поперечное мас-
штабирование дифрагированного пучка света, что в целом обеспечивает эффективную -100Х
схему угловой фильтрации рассеянного излучения. Выполнено сравнение двух схем БАИ с
угловым фильтром и без его использования. Экспериментальные результаты подтверждают
теоретические положения и показывают эффективное действие фильтра для реализации ме-
тода БАИ.

Ключевые слова: интерферометрия, баллистическое просвечивание, угловой фильтр, ди-
фракция, имиджинг биологических тканей, диагностика ткани.

1. Introduction

Transmission of light in a turbid medium, such as tissue, is go-

verned by the radiative transport equation [ 1 - 4 ] . The attenuation cha-

racteristics of the m e d i a are required to describe the propagation of

radiation [5]. More specifically, the necessary parameters are the ab-
sorption coefficient ца [mm '], the scattering coefficient [xs [mm'1],
and the anisotropy factor g. The first two coefficients describe the
probability of absorption and scattering of light per unit length.
Meanwhile, the third parameter determines the average direction
of propagation after interaction. In addition, the anisotropy of propa-
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gation after interaction. In addition, the aniso-

tropy factor is related to a specific phase func-

tion, which accounts for the pattern of scattering

distinctive of the turbid medium. Biological tis-

sues c o m m o n l y exhibit phase functions with

marked forward-directed patterns [6, 7]. There-

fore, incident and scattered propagation direc-

tions are very similar.

O n e of the challenges of implement ing a

transil lumination technique with ballistic pho-

tons resides in the rapid attenuation of such ra-

diation. A perhaps more complicated endeavor

however, is the separation of ballistic photons

from those that have undergone scattering. The

latter assertion is further validated by acknowl-

edging that the anisotropy factor is usually gre-

ater than 0.9 for biological tissues [7]. in Fig. 1,

we give an example of the intermingled pres-

ence of ballistic and scattered photons after tran-

sillumination. The sample is 10 m m thick;

ца = 0 [mm 4], ц, = 0.591 [mm '], and g = 0.93.
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I n F i g . 1 , d a t a b e l o w a n d a b o v e t h e m a i n

d i a g o n a l c o r r e s p o n d t o t h a t o f b a l l i s t i c a n d s c a t -

t e r e d p h o t o n s . E a c h r o w - c o l u m n i n t e r s e c t i o n i s a

scatter plot of the associated variables in the di-
agonal, x and у are transversal coordinates (in
[mm]), AL represents optical path-length differ-
ence (in [цт]), w is weight, and e stands for the
number of scattering events. As seen from
Fig. 1, distinction of ballistic from scattered
photons is challenging. Despite the observation
position, near (1) or far (2), both contributions
lie close together. Such behavior of radiation
transport is relevant in the ballistic auto-
correlation interferometer (BAI). In Fig. 2, we
depict a schematic of the BAI.

In the following section, we present the
theoretical foundation of the BAI. We emphas-
ize the importance of adequately selecting the

Auto-correlation InterferometerOptical path modulator-Mirror 2

Coupler

Collimation optics—' '—SfSample

Fig. 2. In the BAI a coupler is necessary to isolate ballistic
from forward-scattered radiation

information of interest. For this purpose, we
suggest the implementation of a non-linear grat-
ing-based angular coupler. In the third part of
this work, we describe experimental setup and
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methodology. In section four, we then assess the

performance of t h e angular coupler. In addition,

w e compare two transi l lumination schemes,

which include and exclude the grating-based

system. W e devote the fifth section to discuss

possible improvements . Finally, w e summarize

the results of this work and present plausible fu-

ture research directions.

2. Theory

A s pointed out in the introduction, the radi-

ation impinging on the sample suffers diverse

interactions in the turbid medium. As a result of

such interactions, the radiation is transmitted, re-

flected, or absorbed. In essence, w e may speak

of two contributions that are t ransmitted: for-

ward-scattered and ballistic. The transmitted

components are especially relevant for the im-

plementat ion of a ballistic auto-correlation inter-

ferometer. The coherent superposition of trans-

mitted beams is employed in the BAI to enable

characterization and imaging of turbid media.

Electrical fields are associated with incident E;,

forward-scattered E s c , and ballistic or pass-

through E p contributions. At the superposition

plane of the BAI, see Fig. 2, ballistic and for-

ward-scattered components are observed:

(1)

Here, P stands for detected power, r is the refer-

ence t ime for partial coherence model ing. / re-

presents the modulat ion t ime, and Tsc describes

+ *>А/4|Ут +|Хс| + 2 У,„| У8с

i 9 /t l\ — k /fr /i — к v

v II \

the random t ime that scattered photons take to

traverse the sample. The chevrons denote t ime

average and an asterisk demarcates complex

conjugation. Throughout this work, w e use bold

letters for complex-valued quantities.

In Eq. (1), there are no reference contribu-

tions. This is one principal characteristic of the

auto-correlation interferometer [8, 9] . In additi-

on, w e ascertain that forward-scattered and pass-

through contributions are commingled. We m a y

further simplify the expression of interference

by relating the ballistic field to the incident one:

E = R exp

xexp

• 2л:,
- l — 2 и „

Я

.2я;"
1 л

exp

(2)

Here, the Fresnel reflection coefficient is P g and

we denote the wavelength as X. The refractive

index and thickness of the container, for in-vitro

studies, are ng and d. In addition, a sample of

thickness D, attenuation coefficient u^ = (ia + \xs,

and refractive index ns is considered. In previous

publications, w e presented m o r e succinctly the

expression in Eq. (2) as E = ym Ej [10, 11].

Nonetheless , the complete equation serves to as-

certain the rapid decay of ballistic radiation.

In contrast to the behavior of ballistic rad-

iation, scattered contributions are random. Thus

a s imple expression between scattered and inci-

dent fields is not at hand. However, the fields

are related to each other. Previously, w e have

employed the notation E s c = y s c Ej for such pur-

pose [10, 11]. By relating ballistic and scattered

contributions to the incident field, we obtain the

partial coherence model of the BAI:

+ 2 Ym Ys COS

ьШ c o s (3)

+ -b(0|cos[ou(0]-
') cos [ФМ(ГЛ. +/)])}.+ /

Here, Г;,(0) is the total collected power upon
proving a small area. ksp\ and ksp2 denote split-
ting coefficients. In the Michelson configura-
tion, ksp2 = 1 - ksp\. Finally, |yu (x)| and Ф,,, (x)
designate amplitude and phase of the complex
degree of self-coherence.

From Eq. (3), we predict commingled de-
tection of forward-scattered and ballistic pho-
tons. Therefore, we ascertain the necessity of
adequately coupling the information of interest.
In addition, from Fig. 1 we may identify the ma-
jor competing process in the BAI. For this pur-
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pose, w e analyze the weight to n u m b e r of events

plot (w vs e) for scattered photons . Such infor-

mation is found in the fourth row and fifth col-

umn intersection. For simplicity, we examine

the data of scenario (2). From the plot w e estab-

lish that scattered photons with few events are

the main compet ing process. The latter assertion

is valid, because such photons maintain a propa-

gation direction similar to that of ballistic radia-

tion. Furthermore, the weight of such scattered

radiation is significant, as opposed to that of

highly diffuse contributions.

Particularly, single scattered radiation re-

presents a diffuse contribution that is difficult to

overcome. Single scattered photons, especially

in highly forward-directed samples, do not suf-

fer an important phase delay. Thus ballistic

techniques which employ coherence gating, or

ultra-fast imaging, encounter chal lenges while

dealing with such radiation [10, 11]. However,

single scattered photons indisputably modify

their propagation direction. Hence, a technique

which exploits such angular differences could be

optimal to feed the BA1. For this purpose, we

suggest the use of a ruled diffraction grating as

coupl ing device. T h e peculiarity of our proposal

resides in the reg ime of operation of the optical

e lement. The grating is posit ioned such that one

of the first diffraction orders m~+\ occurs at a

grazing angle, as shown next.

The behavior depicted in Fig.3 is supported

by the theory of diffraction gratings. In fact,

functioning of the coupler is based on conical

diffraction theory. For in-plane geometries, dif-

fracted and incident beams are related by the

grating equation [12]:

AR
f c o s a |

= Act- (5)

sin /3 = sin a + Gm Л . (4)

Consider in Fig.3 that the incidence angle a is
13.8° and that He-Ne X = 632.8 [nm] light is in-
cident on the grating, which has a groove fre-
quency G of 1200 [I/mm]. Then, the first dif-
fraction order (m~+l) occurs roughly at p =
= 86°. By analyzing figures 1, 2, and 3, we note
that the grazing diffraction grating might be an
adequate coupler for the BAI. The latter asser-
tion is valid, provided that the diffractive ele-
ment is sensitive to minute variations in inci-
dence angles. Mathematically, this is assessed
by finding the derivative of Eq.(4):

The importance of Eq. (5) is that angular varia-
tions in the diffracted beam are amplified non-
linearly by (cosa/cosp). This assertion is espe-
cially evident for near grazing diffraction geo-
metries, p —> тс/2 [rad] • In fact, for the parame-
ters of the coupler mentioned before, the ampli-
fication is 15X. In Fig. 4, we present the beha-
vior of scattered and ballistic radiation, before
and after interaction with such coupler.

By inspection of the setup in Fig. 3, we ob-
serve a reduction of the transversal beam size.
The decrease in beam size is also given by
(cosa/cosp). For the case under consideration,

such reduction is ~15X. Both angular amplifica-
tion and decrease in beam width affect scattered
photons. Therefore, in the BAI, the use of a nar-
row slit in conjunction with a grazing diffractive
element may provide a filtering scheme of

-225X; (cosa/cosp) • This behavior, in turn,

implies that ballistic photons may be exclusively
coupled to the interferometer. Therefore, Eq. (3)
simplifies accordingly.

k л. "I \k /l — k h ] — k У
sp\Ksp2 + ^yjKsp\ V 1 Ksp\ \ K*p2 V Ksp2 X

( 6 )

B y m e a n s o f t h e e x p r e s s i o n in E q . ( 6 ) , w e m a y

i d e n t i f y s e v e r a l r e g i m e s o f o p e r a t i o n f o r t h e

B A I . F i r s t , t i s s u e c h a r a c t e r i z a t i o n m a y b e rea-

Laser light\

Grating normal
i / P . - - - ^

Fig. 3. A grazing diffraction element followed
by a narrow slit conform the angular coupler
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Fig. 4. Exclusion of the grazing grating (1) implies commingled presence of ballistic and scattered radiation, whereas

inclusion of the 15X coupler (2) provides a means to overcome noise

lized by employing phase-locked techniques. In
order to perform the latter, an accurate modula-
tion reference is necessary. The information re-
covered by such method is proportional to уш *.

In addition, a similar approach may yield the
phase of the object under study. For this case,
however, instead of phase-locked detection
schemes, a phase-stepping approach is required.
The second regime of operation corresponds to
that of tissue imaging. From Eq. (6), we ascer-
tain that pixel maxima are related to the inte-
grated attenuation of the sample. In addition,
another important aspect related to the applica-
tion of tissue imaging, concerns the reduction of
beam extent implicit in the configuration. Such
beam reduction must be compensated according-
ly, in order for the tissue imaging regime to be
applicable. The prime issue to address, nonethe-
less, is the feasibility of implementing the grat-
ing-based angular filter.

3. Materials and Methods

3.1. Experimental setup. From theory, we
expect a non-linear relation between diffracted
and incident beams. The latter assertion is par-
ticularly relevant for the purposes of implement-
ing a BAI. We are, therefore, interested in find-
ing the rate of change of diffraction angle as a
function of incidence angle. As a consequence,
an important element of the experiment is the

rotating scheme employed to vary the incidence
angle, a ± Да. We utilize a 360° rotation stage,
which provides a 15° interval with 1 arc min
resolution (Precision rotary stage 7R129, Standa
Optics, Lithuania).

In addition, as the coupler approaches the
grazing condition, we expect the diffracted angle
to increase considerably. Thus, in the setup,
another important component is the optical sys-
tem needed to capture such variations. The opti-
cal system we employ exhibits a variable f-
number. Furthermore, the diaphragm enables
accurate constriction of the system to the paraxi-
al regime. This regime is of importance, because
accurate system alignment is facilitated. Accu-
rate alignment is in turn required to calculate, by
means of geometrical optics, the angular devia-
tion of the diffracted beam. In Fig. 5, we depict
a schematic of the experimental setup.

From Fig. 5, we recognize several impor-
tant features related to the experiment. First, the
mechanics of the rotating element play an im-
portant role when fine movements are in order.
A mechanical malfunctioning, for instance a
non-continuous movement, will manifest as a
deviation from the expected performance.
Second, the f-number of the optical system de-
termines the incidence angle range that may be
assessed. Thus if a considerable range is in play,
it must be subdivided accordingly. Third, in or-
der to determine the angular change after dif-
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CCD plane

Optical system

X

Fig. 5. Schematic representation ofthe system employed to validate the non-linear behavior
of the grating-based angular coupler

fraction, w e require the magnification o f t h e opt-

ical system. In Fig. 6, we show a picture o f t h e

arrangement as implemented in our laboratory.

Fig. 6. Experimental setup utilized to validate the non-linear
behavior of the proposed coupler

3.2. Methodology. D u e to the fact that the

aperture o f t h e optical system is finite, w e sub-

divide the range of incidence angles of interest.

W e select a determined angular interval and

align the optical system, including the C C D . W e

perform the latter by working on the paraxial re-

gime o f t h e optical system. Once the alignment,

is achieved, w e verify the latter by displacing

t h e C C D (along the z-axis in Fig. 5), which is

mounted on a translational stage. This procedure

is important because the diffracted angle is cal-

culated by using geometrical optics and trigo-

nometry. The translational stage provides one of

the parameters needed in the calculations: the

transversal reference position of the C C D .

Meanwhile, we obtain the other information

from C C D measurements .

From Fig. 5, we observe that all diffracted

beams should converge in the image plane. In

terms of geometrical optics, this is readily ex-

plained because we are tracing exclusively one

ray. The latter, as shown in Fig. 5, always leaves

the object plane (i.e., the diffraction grating)

from the same place. After determining the loca-

tion of convergence, w e m o v e the C C D a deter-

mined amount, Az = 3 [ m m ] , a long the optical

axis. Thereafter, we calculate the transversal

displacement of the b e a m in the C C D plane. In

Fig. 7, we show a selected set of measurements

from one o f t h e experiments.

A a A a A a
Ж Ж 1

ни
Fig. 7. Transversal displacement of diffracted beam

as incidence angle varies; Да = 7 [arc min]

Depending on the angular range under con-

sideration, we perform a sequence of measure-

ments with an angular interval of 1 arc min.
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Thus A a = l /60e in Eq. (5), which implies that

the derivative may be calculated accurately.

Nonetheless , in the experiment, mechanical im-

perfections restrict the m i n i m u m feasible range.

In our case, we space the measurements from

five t o eleven arc min. Worth of mention is

that each sequence of measurements is repe-

ated ] 0 t imes to account for statistical uncer-

tainties.

F r o m the a l ignment procedure, we deter-

mine the reference transversal position and the

m o v e m e n t induced along the optical axis of the

C C D . In addition, from the sequential variation

of the incidence angle, we calculate the corres-

ponding transversal displacement of the dif-

fracted beam (see Fig. 7). Thereafter, we com-

pute the values of diffraction angles by employ-

ing t r igonometry and the magnification factor of

the optical system. Finally, from successive

measurements , we calculate the response of the

system.

4. Results

4.1. Non-linear grating-based angular filler.

In the experiment, the exact value of the inci-
dence angle a is unknown. The angular incre-
ment Да, in contrast, is under control of the ex-
perimenter. From the measurements, we deter-
mine the relative increment in diffracted angle
Др. This conjoint information yields the sought
rate of change, Др/Да. In addition, as shown in
Eqs. (4) and (5), the diffractive configuration
and the incidence angle may also be employed
to calculate the rate of change. Since the inci-
dence angle is not known, we compute the theo-
retical behavior from the rate of change obtained
experimentally. In the theoretical calculations,
we employ the greatest value of Др/Да as refer-
ence. From such value of the rate of change, we
compute the corresponding incidence angle, and
the theoretical curve for the configuration. In
Fig. 8, we compare the results of the experi-
ment with theory for two amplification schemes:
a) 8-14X and b) 10-22X.
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Fig. 8. Comparison of experiment with theory for two configurations: a) 8-14X and b) 10-22X
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The angular amplification depicted in Fig.

8 is the rate of change of Eq. (5). From the fig-

ure, w e ascertain agreement between theory and

experiment. For the case of lower amplification,

theoretical and experimental values exhibit good

correspondence. Certain experimental values in

the greater amplification scheme tend to oscil-

late more. These discrepancies are readily justi-

fied by acknowledging the non-linear behavior

of the system.

In Fig. 8, the non-linear behavior of the

system is evident. In addition, a relevant feature

of the design of the experiment may be recog-

nized from the same representation. Namely ,

marked non-linear response is confined to a few

arc minutes. For example, if a = 13.8° then

Лр/Ла ~15. However, if we change the inci-
dence angle by roughly 7.5 arc min, the grazing
condition is exceeded. Due to the specifications
of our equipment, the highly non-linear behavior
of the filter was not assessed. Recently, in the
field of spaceborne angular sensors, such regime
has been explored [13, 14]. Nonetheless, from
Fig. 8, we may conclude that amplification val-
ues ranging from 10-20X are feasible with 1 arc
min resolution mounts.

4.2. Transillumination: traditional versus
grating coupler schemes. We now address a top-
ic that is closely related to the BA1. In order to

assess the applicability of the grating coupler,
we perform two transillumination experiments.
In the first scenario, we perform traditional tran-
sillumination. In Fig. 2, this experiment entails
the replacement of the coupling device by a
CCD or a camera. In the second setting, we im-
plement the grating-based scheme. The coupler
in Fig. 2 is replaced by the diffractive element at
grazing regime. In addition, we employ a set of
cylindrical lenses (in telescope arrangement) and
a CCD to recover sample information [15].

The sample is composed of 1.5 \xm polys-
tyrene latex spheres suspended in deionized wa-
ter. The choice of particle size is related to the
anisotropy factor, which is a central parameter
in the BAI. We employ Mie theory to calculate
the attenuation behavior of the sample [16].
Specifically, the anisotropy factor equals 0.935;
a value characteristic of forward-scattering me-
dia. We employ a rather transparent sample,
which is similar to the scenario encountered in
dental enamel tissues [17]. The sample is held in
a cuvette. Furthermore, a line label of such con-
tainer is employed as the reference object. Im-
ages of reference object, traditional transillumi-
nation (employing only a CCD and a camera),
and grating-based schemes are shown in Fig. 9.

Fig. 9. Transillumination results: a) Reference, b) Traditional only CCD, c) Traditional with camera, d) Grating-based scheme

We concentrate on the salient features of
the images presented in Fig. 9. First, in the tradi-
tional transillumination schemes, Figs. 9 b) and
c), we observe a significant amount of forward-
scattered contributions. Second, speckle patterns
are also recognizable from these representations.
These patterns may be more easily identified in
a sequence of frames. Third, the exposition time
necessary for acquiring the figures in d) is more
significant than the corresponding measure for
traditional transillumination. More specifical-
ly, the exposition time texp (VS-CTT-259-2001,
Videoscan, Russia) is calculated from the rela-

tion in Eq. (7). In Table, w e present the corres-

ponding measures for the images in Fig. 9.

texp=20000xTVSS+64xTHSS+45.2 j ^ s ] . (7)

Exposition times for the transillumination results of Fig. 9

Arrangement

Traditional only CCD*

Traditional with camera*

Grating-based scheme

TVSS

0

0

7

THSS

33

9

1

tap [\iS]

2160

620

140110

THSS values for traditional mo dalities are approx-
imate.
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D u e to the presence of the diffractive ele-

ment, the grating-based configuration exhibits

an implicit reduction of power at the C C D . De-

spite this fact, the exposit ion t imes shown in Ta-

ble, for the grating-based scheme, are orders of

magni tude greater than those of traditional tran-

sil lumination. Such behavior is characteristic of

the rapid decay of ballistic radiation. Therefore,

these results suggest that the proposed method

m a y be suited for coupl ing selectively the radia-

tion required in the BAI.

5. Discussion

The device we have introduced in this work

may be implemented readily for applications in-

volving t issue characterization. In our group, we

are also interested in performing tissue imaging.

Furthermore, w e would like to complement the

(1) -6 -2 2 0 100 250

X

m

w

OH 0 4 0,8

technique with interferometric methods. For im-

aging applications, w e foresee challenges due to

the m a r k e d asymmetry of the spatial distribu-

tion, see Fig. 4. In order to overcome such

asymmetry, w e m a y introduce a second diffrac-

tive element.

T a k i n g Fig. 3 as reference, w e should posi-

tion t h e additional grating in the aperture plane.

The grooves need to be parallel to the у axis, and
by rotating the element we should reach the
grazing diffraction condition. An advantage of
this configuration is that the angular amplifica-
tion occurs in a transversal direction. In addi-
tion, if the characteristics of the gratings match,
we anticipate that the spatial asymmetry will be
removed. This behavior implies that circular di-
aphragms may be used to block scattered light.
In Fig. 10, we depict the theoretical response of
the improved coupler.

(2) -0 4 0 4 0 20

X

у
•

w

•

•

e

0 4 l i . O 0 4 0 . 8

F i g . 1 0 . T h e i n c l u s i o n o f a s e c o n d d i f f r a c t i v e e l e m e n t m a y i m p r o v e s i g n i f i c a n t l y filtering a n d s p a t i a l d i s t r i b u t i o n ; ( 1 ) r e f e r e n c e

b e h a v i o r a n d ( 2 ) p r e d i c t e d p e r f o r m a n c e

I n F i g . 1 0 , w e c o n s i d e r a 1 2 m m w i d e c i r -

c u l a r a p e r t u r e , a n d d i f f r a c t i v e e l e m e n t s i n a 1 5 X

c o n f i g u r a t i o n ; w i t h G = 1 2 0 0 [ l i n e s / m m ] , m -

= + 1 , a n d A , - 6 3 2 . 8 [ n m ] , D e t e c t i o n o c c u r s i m -

m e d i a t e l y z = 3 0 [ m m ] a f t e r t h e s a m p l e , c a s e ( 1 )

i n t h e f i g u r e , o r a f t e r t h e d i f f r a c t i v e e l e m e n t s ,

s c e n a r i o ( 2 ) . T h e o p t i c a l p r o p e r t i e s o f t h e 1 0 m m

t h i c k s a m p l e a r e t h o s e u s e d t h r o u g h o u t t h i s

w o r k ; u a = 0 [ m m " 1 ] , \xs - 0 . 5 9 1 [ m m " 1 ] , a n d g =

= 0 . 9 3 . T h e f i l t e r e d d i s t r i b u t i o n r e t a i n s t h e c i r c u -

l a r p a t t e r n w i t h a d i a m e t e r o f 8 0 0 u m , b u t w i t h -

o u t o p t i c a l n o i s e . R a d i a t i o n f r o m t h i s c o u p l e r

m a y b e u t i l i z e d a s i n p u t t o a B A I . B y r e m o v i n g

t h e a s y m m e t r y , t h e s y s t e m m a y b e e m p l o y e d f o r

i m a g i n g a n d c h a r a c t e r i z a t i o n o f t i s s u e s w i t h b a l -

l i s t i c p h o t o n s .

6 . C o n c l u s i o n s a n d F u t u r e W o r k

I n t h e b a l l i s t i c a u t o - c o r r e l a t i o n i n t e r f e r o -

m e t e r ( B A I ) , t h e a r r a n g e m e n t i s s u c h t h a t n o

r e f e r e n c e c o n t r i b u t i o n s a r e i n p l a y . B y d e v e l o p -

i n g t h e t h e o r y o f t h e B A I , w e p r e d i c t t h a t f o r -
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ward-scattered and ballistic information coexists

in the mterferometric technique. Therefore, we

emphasize the importance of implementing an

efficient method to separate signal from unde-

sired optical noise. This requirement is especial-

ly important for the assessment of biological

samples. The latter assertion is a consequence of

the forward-directed nature o f scattering in tis-

sues.

A non-linear grating-based angular filter

may be employed to couple the information of

interest to the BAI. The suggested system is

conformed by a monochromatic source incident

on a ruled grating, positioned at grazing diffrac-

tion, followed by a narrow slit. Depending on

the angle of incidence of the transmitted radia-

tion, the direction propagation of diffracted radi-

ation is amplified non-linearly. In the experi-

ment, amplification values ranging from 10-20X

are feasible with 1 arc min resolution mounts.

More sophisticated equipment may be employed

to explore the highly non-linear regime of the

coupler.

In transillumination experiments, such as

the BAI, the features of angular amplification

and decrease in beam extent are exploited to se-

lect the information of interest. Furthermore, the

proposed system conforms an efficient - 1 0 0 X

coupling scheme. In contrast to traditional tran-

sillumination, the effects of forward-scattered

contributions are minimized in the grating-based

transmission experiment. In addition, greater

exposition times (orders of magnitude) indicate

detection of ballistic contributions in the grat-

ing-based schemes. Therefore, the proposed me-

thod may be suited for coupling selectively the

radiation required in the BAI.

Our future research directions will be fo-

cused on the realization of a BAI. For this pur-

pose, an important topic of investigation is the

plausible implementation of a 2 D grating-based

coupler as the one discussed in this work. Such

system should enable further improvements in

filtering efficacy, and hence facilitate the coupl-

ing of radiation to the BAI.
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