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Absiract, The parposs of this research is o proposs n new s simple medod (5 measuring
the depth of an absorkent embedded in a dense scattering medium by using & diffused wave
refleclometry, The sstimation of the depth of the sbeortent |§ based on the misumplion thast
the total Imtensity over the backecaltering plane equals to the probability that the intensiny
prodile s formed by the coniributlon of i wiaves wilk the path-length shoner than & cenain
madmum path-tength, To confinm the principle, the Monte Cardo simulsions and
experiments are repeated for the abaorbants with varlows depibs and shapes and the varbous
positions of the beam imgidence. Finally, we demonstrale he validity of ibe proposed
peinciple and the posalbliy to apply the new meibod to the surfece profiling of the
wosarbent, i the diffosed wave iopogmphy.

1 Introduction

The technigues based on the light scattering have been playing an important role in
the optical diagnosis and therapy for human Jissues. The analysis of the lssue
siructure with thickness over a few millimeters is still an open problem. The
technigue for the such the thickness of tissues will be powerful for diagnoses of o
breast cancer and & tumor near the skin layer, the anelysis of the blood flow
dynamics near the surface layer of the brain and 50 on,

For such the thick tssve, the diffused wave is dominant in the light seatisring.
The purpose of the research is 1o propose the new and simple method based on the
diffused wave reflectomstry 1o estimale the depth of the absorbent embedded in the
dense scallering medium. The proposed method is based on the relation between
the probability density funciion of the optical paih-length and the total lniensity
imegrated spatially over the backscattering plane. The peinciple of the depth
eatimatlon 18 successfully confirmed by Mome Carlo simulations and experiments
and applied 1o the surface-profiling method of the absorbent,



2 Principle of Depth Estimation

The absorbent restricts the contribution of seattered waves to the total backscattered
intensity within those with the path-length shorter than the certain maximum
path-length. Assuming that the total intensity over the backscatiering plans squals
1o the probability that the waves with the path-length shorier than the maximum
path-length L contribute to the formation of the intensity profile, the assumption s
formularized as

PlL)= Ln alrkie / J: pleks = [ s /L:, ds (1)
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Fig.l. Experimemial seiup. The focused besm amerging from the He-Me Laser with e
B3 3nen-wavebength is incident to the dense scaltering medium which is composed from ithe
1 % pugparsion of the 4&0nm-palystrens particles, The black- and mat-painted absarbent s
supperied by a thin red |n the scaerng medium

where p(s) is a probability density function of the optical path-length when the
absorbent does not exist, I, and Ty the intensity profiles produced from the medis
with and without the absorbent, respectively, and I the area over the backscattering
plane, This principle corresponds to renormalizing the variation in p(s) due to the
restriction of the scattered waves by the absorbent o the maximum path-length L.
In Eq.{1), the probability density fanction p(s) can be obained by the Monte Carlo
simulation or as the analylicel soluton of & diffusion equation of photons in
advance and In and [0 are observable values in the experiment.

Te estimaie’ the depih from the backseatiering plone to the surface of the
abaarbent, it is assumed that the maximum path-length L is directly proportional 1o
the depth d of the absorbent and defined by

Lowed . (2}



The constant o iz optimizsd by Monte Carlo simulations in such the way that the
squarad emror baiwean the estimated and the give depth of absorbent is minimized
for varicus depths of the absorbent. Por 1%-suspeaslon of 460nm-polystréns latex
particlas, co=3 was oblained as the' optimum value,

3 Experiment Setup
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Fig.2. (a} Top view and (b) slde view of the abacrbenl wsed im the eapeciment, which bs
palnved black and mal

The experimantal seiup 13 schematically shown in Fig.1. The laser light with the
wavelangth of 633nm is focused 1o the backscaltering plane. “The absorbent shown
in Fig.2 is supported by the thin rod in the | %-suspension of 460nm-polystrens
latex particles that the SomxSomxlem-vesselws filled with. The backsoattered
intensity profile is formed by the light waves traveling along the long trajectories
inshde the medivm, and imagined In & CCD plone of the dighal camera with 175
magnitude, The digital image is fed inio the microcomputer and integrated spatially
ower the backscatering plane, The incidest position of the laser beam s
two-dimenslonally moved by a mvotor-driven XY sings,

4 Experimental Resulis

Figures 3 (a) and (b) show the intensity profiles of backscattered light by the latex
particle suspensions without and with the abigrbent, réspectively, The comparison
betwesn the figures shows that both the peak and extension of the profils decrease
duws 10 the ray restriction by the absorbent. As is mentioned above, the variation of
the probability dengity fupction of the path-lengih dus io the absorbent I8 rellecied
o the intensity profile in the backscatiered plans,



(% L]

Fig.}. lntensity profiles of backscanered ligh) by the dense scamerng medium (&) without the
ahanibent and (b} wilh the absorban, Tha intenslty prafile ks quandzed to 12 bit gray scales,
Ta show the pholographs, the intensity near the incident position 1s safurated,

Figure 4 shows the reconstruction result of the absorbent shown in Fig.2, in
which the topographlcal image and the line along the horizonial axts o the center of

Flg.d, Recenainacied sbiorbent uiing ihe proposed methed based on the diffused wive
iopography, The lefi ond right Mgures show ihe two-dimensional sarface prafils of ibe
shsorbent and the line scanned along the veribcal axis st the center of the horizontal axis,
respect vely.

the vertical axis. The gray acale Indicates the distance from the haokecaitaring
plang 1o 1he surface of the sbearbent, in which the depth increases from the white 1o
the back, It Is shown that the surfoce proflle is successiully reconstructed by the
propesed methed though the edge is blurred,



& Conclusion

In this swdy, the depth of the absorbent smbedded in the dense medium was
successfully estimated by the diffused wave reflectometry.  Although the now
principle of the measurement |5 quite simple, the reconstruction of the
wpographical image of the absorbent shape could be attained.
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