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SYSTEM AND METHOD FOR
RECONSTRUCTING THE SURFACE
TOPOGRAPHY OF AN OBJECT EMBEDDED
WITHIN A SCATTERING MEDIUM

FIELD

[0001] The present invention relates generally to the fields
of imaging and logging the contents and characteristics of
wells, boreholes and hydrocarbon formations, and in a par-
ticular though non-limiting embodiment to methods for con-
structing two- and three-dimensional 1mages of objects
embedded within a highly scattering medium and associated
systems therefor.

BACKGROUND

[0002] X-ray backscatter imaging 1s a powerful tool for
visualizing objects located behind optically opaque barriers
when the object to be imaged 1s only accessible from one side.
It 1s frequently used 1n security applications for screening
packages, luggage, vehicles and people.

[0003] X-rays or other types of high energy penetrating
radiation (e.g., gamma rays) are frequently used to investigate
objects or structures located behind optically opaque barriers
or embedded within opaque media. When both sides of the
region of interest are accessible, including the object to be
ivestigated, investigation can be performed using transmis-
sion 1maging or radiography. An example of this type of
imaging 1s a standard medical x-ray to investigate structures
inside a human body.

[0004] When only one side of the region of interest is acces-
sible, x-ray backscatter 1imaging can be used to create an
image ol the objects behind the opaque barrier. This tech-
nique 1s sometimes used for security screening of people and
ispection of shipping containers.

[0005] X-ray backscatter imaging 1s most eflective when
the opaque barrier 1s relatively thin and the object to be
imaged scatters strongly, as when searching for explosives 1n
a vehicle. Backscatter imaging also works well when the
object of interest scatters weakly but 1s set against a back-
ground that scatters strongly, as when searching for metal
weapons concealed beneath clothing on a human. Backscat-
ter imaging fails when the barrier 1s too thick and does not
allow a suflicient number of x-rays to pass through.

[0006] In some cases, the object of interest 1s not simply
situated 1n air behind an opaque barrier, but instead immersed
in an opaque medium. For example, in an o1l well the well
fluids (e.g., hydrocarbons, drilling fluids, etc.) are generally

opaque or of poor optical quality, thus seeing objects or parts

of the well through these fluids 1s difficult. Another example
1s searching for objects buried 1n the ground, such as land-
mines or improvised explosive devices. In these situations,
the medium 1s effectively a barrier and, 11 x-rays can penetrate
the medium maternial, x-ray backscatter imaging can allow
one to create an 1image of the object.

[0007] However, 1f the medium scatters too strongly, then
the signal from the medium itself can be greater than the
signal from the object. This reduces contrast 1n the image and
obscures detail on the object. Various image processing tech-
niques can be applied to mitigate the intluence of the medium
scattering and obtain acceptable images. In a very strongly
scattering medium, the signal from the medium may com-
pletely overwhelm the signal from the object. In that case,
scattering from the medium must be suppressed through spe-

.
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cific design of the imaging apparatus. Alternately, the large
signal from the medium can be embraced and used to deter-
mine the distance to the surface of the object.

[0008] For each of these modes, the prior art teaches only
limited methods of mvestigation and relatively unsophisti-
cated apparatus to practice those methods, but 1n all such
cases the resulting images or data provide little to no infor-
mation about the distance to the target object or 1ts depth
within the opaque medium.

[0009] Furthermore, radiography techniques require access
to both sides of the region of interest as the radiation source
and detector must be positioned such that transmission
through both the object and the medium can be measured.
Backscattering techniques avoid this limitation, but will fail
or be of only limited use when the medium scatters very
strongly, as scattering from the medium will overwhelm the
scattering from the object, thereby leading to poor image
quality.

[0010] For obtaining three-dimensional representations of
materials or locating objects within a medium, x-ray com-
puted tomography 1s a very well-known technique. Again, the
prior art relates to methods and apparatus for practicing x-ray
computed tomography. However, this technique also requires
access to multiple sides of the region of interest because it 1s
premised on the taking of multiple radiography measure-
ments.

[0011] In recognition of this deficiency, a number of tech-
niques have been developed that provide three-dimensional
or depth information for objects located behind or embedded
within an opaque material when the region of interest 1s
accessible from only one side. One such technique 1s Comp-
ton backscatter tomography (CBT) as described by Zhu et al.
in Measurement Science and Technology (1996).

[0012] In CBT, attenuation of radiation along a scattering
path 1s measured and algorithms similar to those used in
conventional x-ray computed tomography are applied to cre-
ate a three-dimensional reconstruction of the entire region-
of-1interest.

[0013] As a vanation on the general CBT technique, Faust
(US 2004/0218714) teaches a method and apparatus that uses
a coded aperture to 1mage a buried landmine or improvised
explosive device. The method produces slices at different
depths within the region of interest because the size of the
image projected through the coded aperture depends upon the
depth at which the photons forming the image originated.

[0014] Another variation on CBT 1s taught by Shedlock,
Meng, Sabri, Dugan and Jacobs (US 2011/0200172). This
method and apparatus scans a fan-shaped beam across a
region of interest and uses algebraic reconstruction or back
projection techniques to generate an image. When the scan-
ning 1s arranged so that a number of scan paths overlap,
three-dimensional information about the object or medium
can be obtained 1n the regions of overlap.

[0015] Yet another variation on CBT 1s taught by Annis
(U.S. Pat. No. 7,620,150) 1n a system for backscatter imaging
of objects at shallow depths, especially in human skin. The
method involves scanning multiple beams of radiation across
the region-of-interest and collecting the scattered radiation.
Image contrast 1s created by differences in attenuation and
density of the material along the beam path. By moving the
source to different locations and using standard 1mage com-
bination techmiques, the method can produce three-dimen-
sional tomography images.




US 2014/0241494 Al

[0016] Another technique for obtaining depth information
1s to use x-ray photons having different energies. Higher
energy photons penetrate more deeply into the object or
medium under mvestigation. Therefore, scattered photons
with low energy are more likely to have scattered from mate-
rial at shallow depths, whereas scattered photons with high
energy are more likely to have scattered from material at
deeper depths.

[0017] Grodzins and Adams (U.S. Pat. No. 6,424,695)
determine the depth of an object behind an opaque barrier
using a source x-ray beam and two or more detectors located
at different distances from the beam axis. In this arrangement,
detectors furthest from the beam axis recerve more scattering
originating from deeper portions of the region of interest as a
proportion of the total amount of scattering than do detectors
closer to the beam axis. This occurs because the solid angle
viewed by a far detector 1s large for deep portions and small
tor shallow portions, whereas the opposite 1s true for a close
detector. The result 1s that closer detectors preferentially
image shallow objects and farther detectors preferentially
image deeper objects.

[0018] Morton (US 2012/01344°73) uses a pulsed x-ray
beam and measures the time delay between the outgoing
pulse and when the scattered signal arrives at the detector. By
scanning the beam across the region of interest, this technique
creates a three-dimensional map of the surface of the object
under investigation and works reasonably well for detecting
weakly-scattering objects embedded within highly-scattering
media.

[0019] In a rather different approach, Penny and Valentine
(U.S. Pat. No. 8,314,394 and U.S. Pat. No. 8,426,822) create
photons for imaging via positron-electron annihilation. This
process creates two photons travelling 1n opposite directions.
I1 one of these photons 1s detected near the annihilation event,
then the direction of the second photon 1s known. When
photons scattered within the region of interest are detected,
they can be correlated with the outgoing photons so that the
exact trajectory of each photon through the material 1s known.

[0020] Furthermore, multiply-scattered photons can be {il-
tered out on the basis of their significantly lower energy. In
this manner, the technique provides three-dimensional infor-
mation about the scattering properties of the material.

[0021] Finally, Wood (U.S. Pat. No. 8,433,037/) teaches an
x-ray radar technique for generating three-dimensional infor-
mation about a target object. Outgoing x-rays are created with
a radio-Irequency modulation using a radio-frequency modu-
lated electron beam passed across a micro-channel plate. The
modulation persists in the backscattered x-rays, and strikes a
scintillator or the like to produce visible photons. The scin-
tillation photons are then amplified by the micro-channel
plate before striking the detector. The contrast on the detector
represents the magnitude of the difference between the radio-
frequency phase bias on the micro-channel plate and the
radio-frequency modulated backscattered x-rays. By acquir-
ing a subsequent frame with a 90° phase shift on the micro-
channel plate, the technique generates three-dimensional
information. The ratio of the two 90° phase-shifted frames
gives a value proportional to the range, and calculating the
arctangent of this ratio will provide reasonably precise range
increments.

[0022] Inview ofthe foregoing there 1s plainly a longstand-
ing but currently unmet need for durable, tflexible, time- and
cost-elffective methods and means of constructing two- and
three-dimensional images of objects embedded within signal
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scattering media that overcome the shortcomings of the prior
art and admit to meaningful evaluation of otherwise difficult
to assess subject topographies.

SUMMARY

[0023] Methods of reconstructing the surface topography
ol an object embedded 1n a scattering medium are provided,
with example methodologies including: 1maging an object
embedded 1n a signal scattering medium using a scattered
signal detector; detecting changes 1n the magnitude of a plu-
rality of scattered signals obtained from multiple fields of
view within the medium; and constructing an 1image of the
surface topography of the object based on said plurality of
detected signal magnitude changes. A plurality of system,
apparatus, control means, evaluation methods, and materials
and components useful for practicing the methods are also

disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 11saschematic diagram of an example system
suitable for carrying out the image detection and construction
methods disclosed and claimed herein.

[0025] FIG. 2 1s an illustrative example of the physical
principles underlying the image detection and construction
methods disclosed and claimed herein.

[0026] FIG. 3 1s arepresentative depiction of the difference
in the amount of intervening material between two adjacent
pixels and corresponding portions of the surface of an object
that each pixel views.

[0027] FIG. 41sarepresentative depiction of the difference
in the amount of material within the field of view of different
pixels for a flat object.

[0028] FIG. 51softhe difference in lateral position at which
the field of view of a pixel itersects the object depending
upon the object distance.

DETAILED DESCRIPTION

[0029] The mnstant description generally discloses tech-
niques useful for creating two- and three-dimensional repre-
sentations of highly-absorbing, weakly-scattering objects
embedded within a highly-scattering medium using x-ray
back scattering from the medium.

[0030] The technique relies upon changes 1n the magnitude
of the scattering signal from the medium as the distance from
the detector to the object varies. In this manner, the surface
topography of the object 1s discernible from the different
signal magmtudes registered by different detector fields of
view, which are then constructed and displayed as a two-
dimensional 1image. By calibrating signal magnitudes from
cach field of view with known distances, the scattering signals
from an unknown object can be converted 1nto distances and
displayed as a three-dimensional reconstruction.

[0031] Accordingly, a specific though non-limiting
example method of reconstructing the surface 1mage of an
object embedded 1n a scattering medium comprises: 1maging
a highly-absorbing, weakly-scattering object embedded 1n a
highly scattering medium using a scattered signal detector;
detecting changes in the magnitude of a plurality of scattering
signals obtained from multiple fields of view within the
medium as the plurality of field of view signal magnitudes
vary; constructing a two-dimensional image of the surface
topography of the object based on the plurality of detected
signal magnitude changes; calibrating signal magnitudes
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obtained from a plurality of known field of view 1mages as
compared to detected scattering signal magnitudes obtained
from the object; and converting calibrated signal magnitudes
into distances and reconstructing a three-dimensional image
representative of the surface topography of the embedded
object, or a three-dimensional solid representation of the
embedded object.

[0032] Also provided are various apparatus usetul for prac-
ticing the technmique. While those of ordinary skill 1n the art
will readily appreciate that there are many possible embodi-
ments for the apparatus, all must possess a minimum set of
features 1n order to effectively practice the technique.

[0033] In one non-limiting embodiment, the apparatus
comprises: a means for imaging a highly-absorbing, weakly-
scattering object embedded in a highly scattering medium
using a scattered signal detector; a means for detecting
changes 1n the magnitude of a plurality of scattering signals
obtained from multiple fields of view within the medium as
the plurality of field of view signal magnitudes vary; a means
for constructing a two-dimensional 1mage of the surface
topography of the object based on the plurality of detected
signal magnitude changes; a means for calibrating signal
magnitudes obtained from a plurality of known field of view
images as compared to detected scattering signal magnitudes
obtained from the object; and a means for converting cali-
brated signal magnitudes 1nto distances and reconstructing a
three-dimensional image representative of the surface topog-
raphy of the embedded object.

[0034] In addition, the scene to be imaged should also
possess certain properties. For example, a simple apparatus
and scene possessing all the necessary qualities 1s assumed 1n
FIG. 1, which shows a schematic diagram of an appropriate
configuration. First, the apparatus must contain a radiation
source capable of illuminating the entire region of interest; 1n
FIG. 1 the representative example source 1s an x-ray source,
though sources of other electromagnetic radiation spectra
will also sullice.

[0035] The description of the method provided below
assumes the region 1s 1lluminated by a relatively stationary
flood, or very wide angle, source, though those of skill 1n the
art will appreciate that the method can also be practiced with
any variety of scanning beam, such as a pencil beam, fan
beam, wedge beam, etc.

[0036] Throughout this description, the radiation source
will be referred to as ‘x-rays’ although any type of radiation
with suilicient energy to penetrate the necessary distance
through the medium can be used etfectively. For the scene
described below, hard x-rays with energy 1n the range from 50
to 250 keV are appropriate. However, such x-rays could be
substituted with radiation having any energy outside of the
visible light range, such as microwaves, infrared radiation,
ultraviolet radiation or gamma rays.

[0037] Next, the medium surrounding the object should
scatter the radiation source relatively strongly, while not
absorbing the radiation too strongly. If absorption in the
medium 1s too strong, not enough x-rays will penetrate the
tull distance to the object and the depth of view will be
limited. Consequently, the object should absorb strongly 1n
order to stop x-rays from traveling through the object to the
medium behind 1t.

[0038] Theobjectcan be either a strong or weak scatterer of
x-rays, though a weakly-scattering object 1s generally pre-
terred. It the scattering from the object 1s too strong, then 1ts
signal can be on par with that from the medium, especially
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when the object 15 close to the detector. This situation will
result 1n poor contrast and a distorted reconstruction. How-
ever, as the object absorbs strongly, the signal from the object
will be much smaller than that from the medium.

[0039] One non-limiting example of a highly-absorbing,
weakly-scattering object within a strongly-scattering
medium 1s a steel object disposed 1n water or a water-hydro-
carbon mixture.

[0040] Though steel scatters more strongly per unit volume
than water (due to the higher electron density of the steel),
steel will also absorb more strongly. The stronger absorption
means that only a very small portion of the surface of a steel
object contributes significantly to the scattering from the
object, thereby resulting 1n a relatively small effective scat-
tering volume.

[0041] The weak x-ray absorption 1n water means that the
x-rays will penetrate deeper, thereby resulting in a larger
elfective scattering volume. Overall, water with a depth of
about 1 cm will scatter more strongly than a thick steel object.
Thus, steel in water 1s a good system for applying the present
technique.

[0042] The final requirement for the apparatus 1s a detec-
tion system having a limited field of view but an ability to
observe the entire region of interest. In addition, the detector
should be positioned outside the source area of i1llumination
so as to recerve only backscattered x-rays and not transmitted
X-rays.

[0043] The description below assumes that this 1s achieved
using a pixelated detector and a pinhole to limit the region
from which scattering enters each pixel. By appropriate selec-
tion of the pinhole opening angle and position, the entire
region of interest can be projected onto the detector. By
choosing a sufliciently small diameter for the pinhole open-
ing, the width of the field of view for each pixel can be
suificiently small to achieve good spatial resolution of the
object.

[0044] Other types of detection systems may be advanta-
geous 1n certain applications of this method. For example, a
position-sensitive detecting device, such as an Anger camera,
can be substituted for the pixilated detector. Furthermore, a
coded aperture can be used 1n place of the pihole. Alter-
nately, when combined with a scanning radiation beam, strip-
based segmented detectors or non-pixelated detectors, each
configured to provide appropriate collimation, will prove
equally useful. Multiple detector systems can also be moni-
tored by control systems so that specific detector responses
within the systems can be 1solated, and emphasized (or de-
emphasized) in the object topography evaluation process.

[0045] Furthermore, by incorporating multiple detectors
placed 1n various locations around the source, the region of
interest can be viewed from multiple angles. This could help
alleviate problems associated with regions of the object being
obscured by features of the object topography. In addition,
overlapping a plurality of fields of view obtained from mul-
tiple detectors will provide additional information to aid in
refinement of the final 1image or reconstruction.

[0046] Any apparatus constructed to practice this technique
will most likely include more components than those listed
above. However, the typical apparatus will include at least a
source to 1lluminate the entire region of interest; a highly-
absorbing object embedded in a highly-scattering medium;
and a detection system with many detection elements, each
having a limited field of view.
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[0047] These requirements ensure that the detector system
receives sullicient signal response as to create a good depth
contrast; that the scattering registered by the detectors origi-
nates primarily from the medium; and that there 1s good
lateral coverage on the object surface.

[0048] Those skilled in the art will recognize that there may
be many ways to realize these requirements. For the purpose
of explaining the present invention, however, the apparatus 1s
assumed to be a flood 1llumination source with a pixel detec-
tor and pinhole system viewing a steel object in water, but any
number of alternative means and configurations will suffice
so long as they satisty the basic requirements referenced
above.

[0049] The physical principles underlying this invention
are 1llustrated 1 FIG. 1, which schematically depicts the
amount of medium material that contributes to the signal
registered by a single pixel for different distances relative to a
tflat object. When the object 1s close to the source and detector,
the amount of medium contributing to the scattering signal
recorded by the detector 1s small. As the distance from the
source and detector to the object increases, the amount of
intervening medium material increases and hence the back-
scattered signal also increases.

[0050] Similarly, two pixels will register different amounts
of scattering due to differences 1n distance to the object aris-
ing from surface topography. See, for example, the represen-
tative embodiment depicted 1n Error! Reference source not
found.IG. 3. Adjacent pixels 1 and 2 view regions of the
object surface on either side of a step 1n the surface topogra-
phy. Clearly, pixel 1, which views the closer side of the step,
has much less maternial intervening between the detector and
the object, whereas pixel 2, which views the further side of the
step, has much more material between the detector and the
object. As a result, pixel 2 will register a larger amount of
backscattering than pixel 1.

[0051] Following this logic, all of the pixels having a field
of view that encompasses the closer side of the step will be
dimmer than pixels having a field of view that encompass the
turther side of the step. Displaying the signals registered by
all of the pixels as an array produces a type of two-dimen-
sional 1mage where diflerences in brightness reflect the
topography of the object surface.

[0052] In order to improve the contrast in the 1mage and
case mterpretation, the image may need to be corrected for
tflat-field distortions. As depicted 1n FIG. 4, these distortions
arise because the amount of material within the pixels FOV
can vary even for a flat object. In the typical case, the field of
view for pixel 1 intersects the object much closer to the
detector resulting 1n a smaller amount of material within the
field of view, whereas the field of view for pixel 2 has such a
steep angle that 1t intersects the object further from the detec-
tor, thereby resulting 1n a larger amount of material within the
field of view.

[0053] Thenetresult of this arrangement 1s that pixel 2 will
register a larger backscattering signal than pixel 1, even
though the object 1s flat and substantially parallel to the source
detector plane. In the scheme described 1n the previous para-
graph, this difference 1n signal would be interpreted as a false
surface topography of the object.

[0054] In order to mitigate this discrepancy, a tlat-field
correction can be applied to the data as received from the
detectors. In one example embodiment, the flat-field correc-
tion 1s performed empirically using an 1mage of a known flat
object, or, 1n an alternative embodiment, theoretically by
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calculating the anticipated differences in the field of view of
the pixels when intersected by a tlat object. Alternately, the
correction can be performed semi-empirically, for example,
by using 1mages of a flat object to {it a theoretical model.

[0055] Those of ordinary skill 1n the art will readily appre-
ciate that there are many other possible ways to achieve the
flat-field correction, and that there are also other types of
corrections that can be performed to improve the image qual-
ity (e.g., offset correction, gain correction, background sub-
traction or division, etc.). Furthermore, many standard image
processing techniques, such as enhancement or filtering as
well as 1image analysis techniques, can be applied to the
resulting 1mage without departing from the scope of the
instant disclosure.

[0056] In addition to a two-dimensional 1image, the tech-
nique can also produce a three-dimensional reconstruction of
the object using a depth calibration and the geometry of the
apparatus. The purpose of the calibration 1s to compare and
convert the signal recorded by each field of view of the detec-
tor system arrangement into a physical distance from some
fixed reference point to the portions of the object viewed by
cach field of view.

[0057] Ordinanly skilled artisans will appreciate there are
many possible ways to achieve this calibration, so only a few
representative examples will be discussed herein. For the
purpose of this example, the x-ray source 1s assumed to be the
fixed reference point against which such distances are mea-
sured.

[0058] In some embodiments, one type ol calibration
involves a look-up table created by measuring the backscat-
tering signal from a flat object at several distances. The flat
object, for example a steel plate at least 3 cm thick, 1s posi-
tioned in the medium substantially parallel to the plane of the
source at several known distances. At each distance, the signal
registered by the detector 1s recorded and stored in the look-
up table along with the corresponding distance. When the
scattering from an unknown i1mage 1s recorded, the signal
from each pixel 1s compared with the values 1n the look-up
table and the corresponding distance determined.

[0059] Determination of the correspondence can be carried
out 1n several ways, for example linear interpolation between
consecutive distance points in the look-up table, non-linear
interpolation, or nearest-neighbor look-up. Alternately, a
function could be fit to the look-up table data for each pixel
and the function used to determine distance. Other methods
will be evident to those of skill 1n the art.

[0060] Another type of calibration starts from a theoretical
point of view, but uses empirical data to fit the theoretical
model. A composite model can then be developed that con-
siders the scattering and attenuation of the medium and
results 1n an estimate relating distance and scattering signal.
Depending upon the necessary depth resolution and the accu-
racy of the scattering measurements by the detector, a single
equation that can be developed for all pixels, or individual
equations for each pixel taking into account differences in the
field of view, may be used.

[0061] Such equations may have some free parameters that
can be determined from measurements of the scattering sig-
nal from a flat object positioned as described above at one or
more known distances. In any event, the result of the calibra-
tion 1s that each pixel, or detector field of view, has a distance
relative to the portion of the object within each field of view
with which 1t 1s associated.
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[0062] Once the mentioned distances are established, they
are projected into corresponding lateral positions 1n order to
create an accurate reconstruction of the object. See, for
example, the embodiment depicted 1in FIG. 2.

[0063] The diagram shows that for a single detector field of
view, the lateral position at which the field of view 1ntersects
the object (1.¢., the position in the plane parallel to the plane of
the source) varies depending upon the distance to the object.
In this example, the intersection point with a shallower object
1s laterally closer to the object than that with a deeper object.
[0064] Inthis embodiment the precise details of the projec-
tion will depend upon the particular apparatus used, and
especially the detection system. In the case of a pixilated
detector and pinhole system, the projection can be as simple
as the equation for a line in three dimensions that passes
through the center of a given pixel and the center of the
pinhole. Once a depth coordinate 1s determined from the
calibration, the two lateral coordinates are determined {from
the equation of the line. Alternate projection methods will be
evident to those skilled in the art, and include backwards
projection of voxels 1n the object space onto detector pixels,
methods that account for overlapping detector fields of view,
and methods that integrate signals from multiple detector
systems.

[0065] Theresult of the calibration and projectionis a set of
corresponding coordinates in three dimensions that describe
the locations of portions of the surface topography of the
object. These coordinates are then displayed using one or
more known means. One option 1s a three-dimensional ren-
dering of the surface, or a surface plot. If the sides of the
object are visible, the 1nvisible portions of the object can be
interpolated by some appropriate scheme to create a three-
dimensional volume.

[0066] The reconstructed volume data1s thenrendered on a
computer monitor or other output device, printed using a
three-dimensional printer, etc., for visualization purposes.
Each of the aforementioned options and many others will
admuit to a reconstruction that can be rotated and viewed from
multiple angles or viewpoints. If the maneuverability 1s not
necessary, then the coordinate set can be plotted as a two-
dimensional topographic map of the surface or a two-dimen-
sional 1image with depth represented by different colors or
shades of grey.

[0067] Many other display options will be evident to those
skilled 1n the art. In all cases, though, the key element that
makes the reconstruction possible 1s the correspondence
between the backscattering signal from the medium and the
depth to the object.

[0068] The foregoing description has taught the various
clements necessary to create a representation of a highly-
absorbing object embedded within a highly-scattering
medium using x-ray backscattering from the medium. The
technique relies upon changes 1n the magnitude of the scat-
tering signal from the medium as the distance from the detec-
tor to the object varies.

[0069] Thus, the surface topography on the object 1is
derived from the different signal magnitudes registered by the
different fields of view of the detector system arrangement.
The output display result 1s either a two-dimensional 1mage
or, after calibration, a three-dimensional reconstruction.

[0070] An exemplary method for practicing this technique
would involve at least the steps of collecting the backscattered
x-ray signal for some amount of time; transierring the signal
from the detector to an 1image display device; and displaying
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the magnitude of the signal with any necessary adjustments or
enhancements to optimize viewing.

[0071] Alternatively, the method includes calibrating back-
scattered signal to object distance; collecting the backscat-
tered x-ray signal for a defined period of time; transferring the
signal from the detector to a data processing device; using the
calibration to correlate signal magnitude with object depth;
projecting the imndividual fields of view to their appropriate
lateral positions; and displaying the resulting depth map with
any necessary adjustments or enhancements to optimize
viewing.

[0072] Many vanations of these methods will be evident to
those skilled 1n the art. For example, the backscattered x-ray
signal can be collected 1n a photon counting mode or energy
integration mode and then collected 1n a single exposure of
the detector or 1n multiple exposures that are later summed,
averaged or otherwise combined. The scattered x-ray signal
can alternately be divided among multiple energy ranges,
cach of which 1s analyzed separately or 1n comparison to one
another.

[0073] Additionally, a background signal representing all
photons not originating from the region of interest can first be
measured and then subtracted from all other signal measure-
ments. Furthermore, the reconstruction and display steps can
be modified to incorporate data from overlapping fields of
view from multiple detectors or multiple pixels on a single
detector.

[0074] While the specific embodiments discussed in this
disclosure mvolve x-rays and x-ray backscattering, 1t will be
evident to ordinarily skilled artisans that the technique can be
practiced with other types of radiation as well. Even more
generally, the fundamental concept can be applied 1n any
situation where an object of interest 1s embedded within a
medium from which an external stimulus can elicit some
response.

[0075] The response from the medium must be measure-
able and proportional to the amount of material within the
region over which the measuring device 1s sensitive. The
response from the object, if present, will optimally be much
less than the response from the medium. The device for mea-
suring the response should be sensitive to a relatively small
volume within the region of 1interest 1n order to obtain a good
spatial resolution 1n the reconstruction of the object.

[0076] The foregoing specification 1s provided for illustra-
tive purposes only, and 1s not intended to describe all possible
aspects of the present invention. Moreover, while the mven-
tion has been shown and described 1n detail with respect to
several exemplary embodiments, those of skill in the perti-
nent arts will appreciate that minor changes to the description
and various other modifications, omissions and additions may
be made without departing from the scope thereof.

1. A method of reconstructing the surface topography of an
object embedded 1n a scattering medium, the method com-
prising:

imaging an object embedded 1n a signal scattering medium

using a scattered signal detector;

detecting changes in the magnitude of a plurality of scat-

tered signals obtained from multiple fields of view
within the medium; and

constructing an 1mage of the surface topography of the

object based on said plurality of detected signal magni-
tude changes.

2. The method of claim 1, further comprising: creating a
correlation between the magnitudes of said plurality of scat-
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tered signals and a distance to a portion of an object within
cach field of view; and converting measured signal magni-
tudes 1nto distances and reconstructing a three-dimensional
image representative of the surface topography of the object.

3. The method of claim 1, further comprising: reconstruct-
ing an 1mage representative of the surface topography of an
object having weak signal scattering characteristics.

4. The method of claim 3, further comprising: reconstruct-
ing the surface 1image of a metallic object.

5. The method of claim 1, further comprising: reconstruct-
ing an 1mage representative of the surface topography of an
object embedded 1n a medium having high signal scattering
characteristics.

6. The method of claim 1, further comprising: reconstruct-
ing an 1image representative of the surface topography of an
object embedded 1 a medium comprising a signal phase
fluad.

7. The method of claim 1, further comprising: reconstruct-
ing an 1image representative of the surface topography of an
objectembedded 1n a medium comprising a multi-phase tluid.

8. The method of claim 1, further comprising: imaging an
object embedded 1n a signal scattering medium using an
clectromagnetic scattered signal detector.

9. The method of claim 9, further comprising: imaging an
object embedded 1n a signal scattering medium using an x-ray
scattered signal detector.

10. The method of claim 1, further comprising: imaging an
object embedded 1n a signal scattering medium using a pix-
clating detector.

11. The method of claim 1, further comprising: 1maging an
object embedded 1n a signal scattering medium using an
Anger camera.

12. The method of claim 1, further comprising: imaging an
object embedded 1n a signal scattering medium using a plu-
rality of scattered signal detectors.

13. The method of claim 1, further comprising: detecting
changes 1n the magnitude of a plurality of scattering signals
obtained from an electromagnetic signal source disposed 1n
communication with a plurality of pinhole apertures.

14. The method of claim 1, further comprising: detecting
changes in the magnitude of a plurality of scattering signals
obtained from an electromagnetic signal source disposed 1n
communication with a plurality of coded apertures.

15. A system for reconstructing the surface image of an
object embedded 1n a scattering medium, the system com-
prising:

means for imaging an object embedded 1n a signal scatter-

ing medium using a signal scattering detector;

means for detecting changes in the magnitude of a plurality
of scattered signals obtained from multiple fields of view
within the medium; and
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means for constructing an 1image of the surface topography
of the object based on the plurality of detected signal
magnitude changes.

16. The system of claim 15, further comprising: means for
creating a correlation between the magnitudes of a plurality
of scattered signals and the distance to the portion of an object
within each field of view; and converting measured signal
magnitudes 1nto distances and reconstructing a three-dimen-
sional 1mage representative of the surface topography of the
object.

17. The system of claim 15, further comprising: means for
reconstructing an image representative of the surface topog-

raphy of an object having weak signal scattering characteris-
tics.

18. The system of claim 17, further comprising: means for
reconstructing an 1mage representative of the surface topog-
raphy of a metallic object.

19. The system of claim 15, further comprising: means for
reconstructing an image representative of the surface topog-
raphy of an object embedded 1n a medium having high signal
scattering characteristics.

20. The system of claim 15, further comprising: means for
reconstructing an 1mage representative of the surface topog-
raphy of an objectembedded 1n a medium comprising a single
phase fluid.

21. The system of claim 15, further comprising: means for
reconstructing an 1mage representative of the surface topog-
raphy of an object embedded in a medium comprising a
multi-phase fluid.

22. The system of claim 15, further comprising: means for
imaging an object embedded 1n a signal scattering medium
using an electromagnetic signal scattering detector.

23. The system of claim 15, further comprising: means for
imaging an object embedded 1n a signal scattering medium
using an X-ray signal scattering detector.

24. The system of claim 15, further comprising: means for
imaging an object embedded 1n a signal scattering medium
using a pixelating detector.

25. The system of claim 15, further comprising: means for
imaging an object embedded 1n a signal scattering medium
using an Anger camera.

26. The system of claim 15, further comprising: means for
imaging an object embedded 1n a signal scattering medium
using a plurality of signal scattering detectors.

277. The system of claim 15, further comprising: means for
detecting changes 1n the magnitude of a plurality of scattering
signals obtained from an electromagnetic signal source dis-
posed 1n communication with a plurality of pinhole apertures.

28. The system of claim 15, further comprising: means for
detecting changes in the magnitude of a plurality of scattering
signals obtained from an electromagnetic signal source dis-
posed 1n communication with a plurality of coded apertures.
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