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NOISE-3D: Stereoscopic imaging
through scattering media

Medical tomography techniges such
as x-ray computed tomography have
great advantages and still dominate
medical imaging despite the fact that
they suffer from drawbacks such as
using ionizing radiation, and being
complex in structure, and bring ex-

pensive. However, optical tomogra- f-’ 5 ~
ph?/ appears to.offer advantages over g;ﬂl‘dc:’_.’[ Varisble
existing techniques. For example, it Jeets Pinhole

provides quantitative information on
the functional properties of tissue,
while being non-harmful: the radia-
tion is non-ionizing. In recent years,
researchers have invested consider-
able effort in developing optical to-
mography systems that use near-in-
frared light.

We recently proposed two meth-
ods for imaging objects through scat-
tering media. In the first system,
termed noninvasive imaging by
speckle ensemble (NOISE),! the hid-
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construction of the hidden object
compared to the first NOISE tech-
—1 nique.

In our current work, we propose
an extension of NOISE-2 to estab-
lish a new three-dimensional (3D)
imaging technique of objects em-
bedded in scattering media. In ad-
dition to object reconstruction, the
object’s location in 3D space is also
extracted. The proposed system,
termed NOISE-3D, consequently
offers the advantages of revealing
and acquiring depth information
about objects seen through scatter-
ing media.

Figure 1 is a schematic diagram
of the proposed system. The con-
figuration consists of two MLAs
accompanied by an imaging lens,
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avariable pinhole placed behind the
second scattering layer (T,), and a

den object was reconstructed from
many speckled images formed using
a microlens array (MLA). Each
microlens projects a small, different,
speckled image of the hidden object
onto a CCD camera. All noisy im-
ages from the array are shifted to a
common center and then integrated
into a single average picture reveal-
ing the shape of the hidden object.
In NOISE-2, a different algorithm
was implemented on the same opti-
cal system, obviating the need to per-
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CCD camera. Separately, each of
the left and right paths are equiva-
lent to NOISE-2: this means that the
hidden object is revealed through
an average correlation with a ref-
erence point in each channel. The
idea behind this point-reference
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technique is to ascribe the location
of an object to some known loca-
tion in space. The computational

process performed in each channel

Recovered Objects

is shown schematically in the lower
part of Figure 1. Note that, in this
scheme, the distance of the recon-

form the image shift.? In addition to
recording the speckled images of the
object, we recorded images of a
point-like object generated by illu-
mination through the medium with a point
source. Each sub-image of the speckled object
with a corresponding sub-image of the speck-
led point-like object were placed together side
by side in the computer. By computing the

Figure 1. Schematic diagram of the proposed NOISE-3D system.

autocorrelation of each sub-image and averag-
ing over all the autocorrelations, part of the
obtained average image was a cross-correla-
tion between the object function and a narrow
point-like function. The result was a better re-

structed object from the output
plane origin is exactly the same as
the gap between the object and ref-
erence point. To extract this depth
information, we use stereoscopic vision.
Experiments with two separated objects of
cylindrical sticks were carried out using the

Continues on page 10.

Society of Photo-Optical

SPI Instrumentation Engineers

P.O. Box 10 ¢ Bellingham, WA 98227-0010 USA

Change Service Requested

DATED MATERIAL

Non-Profit Org.
U.S. Postage Paid
Society of
Photo-Optical
Instrumentation
Engineers



OPTICS IN INFORMATION SYSTEMS 16.2 JULY 2005

CALENDAR

2005

The 5th International Workshop on

Adaptive Optics for Industry and Medicine

29 August - 2 September

Beijing, China

SPIE is a cooperating organization and will publish
proceedings

Program

conference.ax.cn/Sth-iwaoim.htm

Seventh International Conference on
Correlation Optics

6 - 9 September

Chernivtsi, Ukraine

Sponsored by SPIE Ukraine Chapter
and SPIE Russia Chapter.

SPIE will publish proceedings

spie.org

@

International Workshop on

Automatic Processing of Fringe Patterns
11 - 14 September

Stuttgart, Germany

SPIE is a technical co-sponsor

Program

spie.org

PECS 2005:

Photon Echo and Coherent Spectroscopy
18 - 25 September

Kaliningrad, Russia

Sponsored by SPIE Russia Chapter.

SPIE will publish proceedings.

spie.org

SPIE Europe Symposium
Optics/Photonics in Security & Defence
26 - 29 September

Bruges, Belgium

Program ¢ Advance Registration Ends 6 September 2005

Exhibition

spie.org/conferences/programs/05/eud

Micro- and Nanoelectronics 2005
colocated with

Quantum Informatics 2005

3 -7 October

Moscow, Russia

Sponsored by SPIE Russia Chapter.
SPIE will publish proceedings.
spie.org

The Fourth International Symposium on
Multispectral Image Processing and Pattern
Recognition (MIPPR)

31 October - 2 November

Wuhan, China

SPIE is a Technical Cosponsor and will publish the
proceedings.

Program
liesmars.wtusm.edu.cn/MIPPR2005/index.html

NOISE-3D: Stereoscopic imaging through scattering media

Continued from page 12.

configuration shown in Figure 1. A summary
of all the results is shown in Figure 2. Columns
(a) and (d)—for the left and right channels re-
spectively—show the average constructed im-
ages obtained by removing the second tissue
(T,). Each line in the columns shows the sticks
with a different relative displacement between
them, indicated in the left-most column. The
effect of stereoscopic vision is clearly shown
in these figures: in the right path, the relative
distance between the sticks gets closer; in the
left path, the distance grows as a consequence
of moving the right stick longitudinally towards
the MLAs.

Typical sub-images obtained from one
microlens without the averaging process are
shown in columns (b) and (e). The recon-
structed images from the averaging process on
images of the hidden sticks behind the second
tissue T,—with different relative displacements
between the objects—are shown in columns (c¢)
and (f). Measuring corresponding distances in
different figures can succeed when there are
easily-visible features on the objects as seen
through both channels. In our case—using al-
most-vertical sticks—we choose to refer to the

central point of each stick for the distance mea-
surements. Our results indicate that the rela-
tive distances between the sticks are easily re-
vealed with negligible error.

In conclusion, we present an optical tomog-
raphy system that enables us to observe a rela-
tive depth between objects hidden in scatter-
ing media. Although we have developed the
system for medical diagnostis, we believe that
it can be used for several applications in the
area of 3D information processing.
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Figure 2. Experimental results of the NOISE-3D system.
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