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RECONSTRUCTION OF COMPUTED
TOMOGRAPHIC IMAGES USING
INTERPOLATION BETWEEN PROJECTION VIEWS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is related to Provisional Application U.S. Serial No.

. 60/166,499, filed November 19, 1999 and Provisional Application U.S. Serial No.

60/197,208, filed April 19, 2000 in the U.S. Patent and Trademark Office, the

contents of which are incorporated herein by reference, and the benefit of priority to
which is claimed under 35 U.S.C. §119(e).

BACKGROUND OF THE INVENTION

This invention relates to generation of computed tomographic images.
More particularly, the invention relates to reconstruction of such images through use
- of interpolated projection views generated by interpolating between existing

projection views.

Computed tomography (CT) is an imaging technology in which an
array of detectors generates data from energetic rays transmitted through or emitted ’
from an imaged subject. For example, a transmission-type medical CT imaging
system uses an array of x-ray detectors to detect an x-ray beam that has passed
through the body of a human or animal subject. The attenuation of the beam by the
subject causes the ycollected data, including the effects of the attenuation, to contain
information about the interior structure of the subject. The detector data are
processed by a computer system to generate image data representmg a recognizable

view of that interior structure.

CT techniques are valuable in a wide range of application areas where
noninvasive and nondestructive examination of internal structures is needed. Medical
applications include imaging of emissions from radioactive substances ‘introduced
into the subject (single photon emission CT, positron emission CT, etc.), as well as x-

-1-
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ray transmission CT. Non-medical applications include, for example, non-destructive
testing and inspection, mineral deposit mapping (microseismic CT imaging), and

three-dimensional image generation in electron microscopy.

A CT system generates a display image from data representing
measurements of energetic signals transmitted through or emitted from a subject in a
range of directions. This process is “tomographic” in that structural details of a
subject are represented as a cross-sectional view along a given plane through the
subject. The process is “computerized” because the raw detector data indirectly
represent a view of the sﬁbject. Intensive data processing is required to convert the

raw data into a recognizable view of the internal features of the subject.

Computer processing of the collected data is performed because the
data correspond to mere projections of the subject structure along various different
paths. The term “projection data” will be used herein for such CT data, irrespective
of the application area in which the CT imaging procedure is used. The differences
between the projection data for different paths through the imaged subject, in relation
to the spatial separation of the paths, indirectly contain information about the interior
structure of the object.

\

A CT reconstruction algorithm is applied to the projection data to
generate image data that specify the image to be displayed. The image data are
generated from the structure information indirectly represented by the projections.
This is possible in view of the Fourier Slice Theorem, which states generally that a
projection view of an imaged subject is related by Fourier transformation to the
spatial structure of the subject. More specifically, and with reference to the canonical
form of the Fourier Slice Theorem for parallel beam projection data, the Fourier
transform of a parallel projection at a given view angle & is equivalent to a one-
dimensional “slice” of the two-dimensional Fourier transform of the imaged subject,

taken at the same angle & in the frequency domain.,
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The Fourier Slice Theorem allows the image to be reconstructed by
Fourier transforming the projection views, assembling the transforms into a two-
dimensional Fourier transform, and applying inverse Fourier transformation to the
result. Of course, in practical applications this process may be implemented by some
form of filtered back-projection or (for diffracting sources) filtered back-propagation.
The salient point is that the reconstruction process relies upon the projection views
that are available. It is a commonplace fact that the resolution of the generated image
will depend on the spacing of the projection views in £ the more projection views'

that are taken, the greater the resolution of the resulting image.

This dependence in CT imaging on data resolution in # (angular.
direction) is the source of a persistent problem that will be termed here the “missing
projection views” problem. An insufficient number of projection views for a desired
level of image resolution can arise in many situations. For example, the data for some
projection views may be corrupted, or the level of desired resolution may exceed the

maximum resolution possible with the given discretization in &,

A typical solution for data corruption is to repeat the entire data
acquisition process, i.e., to throw out the entire set of projection data. Further,
where & discretization has been too coarse, the simplest solution has been to collect
more projection views. More data, to provide a finer level of resolution in &, requires
more intensive computation and also entails longer data acquisition cycles. In some
situations, constraints imposed by the subject to be imaged, the imaging environment,
or the computational resources of the reconstruction engine make denser data
collection in & (i.e., finer resolution in £) an unattractive solution at best and

frequently one that is unfeasible in practice.

The problem of missing projection views is particularly acute when the
subject being imaged, or a relevant part thereof, is in motion. For example, CT x-ray
imaging is currently being used for cardiac imaging to detect arterial calcification,
which can be an indicator for coronary artery disease. X-ray CT is one alternative
among various non-invasive techniques for generating images of a patient’s beating

3.
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heart. Other modalities include Doppler ultrasound, fluoroscopy, magnetic resonance
imaging (MRI), and electron beam tomography (EBT). Each modality has its own

advantages and disadvimtages for a given application context.

For cardiac imaging, x-ray CT has the potential to provide finer spatial
resolution in three dimensions, as compared with MRI (especially with multi-row
spiral CT). However, current third and fourth generation CT scanners suffer from
coarse temporal resolution because of limited gantry speed. This limitation on
temporal resolution directly affects the available spatial resolution of the resulting
images of the heart. More specifically, in a data acquisition session of practicable
length, each phase or distinct configuration of the beating heart will correspond to a
few projection views. For any given phase, therefore, the & discretization will be
unduly coarse and will limit the resolution of the resulting image to an unacceptably

coarse level.

Recent developments in image reconstruction algorithms have
improved this situation somewhat by enabling CT techniques to achieve much better
time resolution than with the standard operation mode. The basic approach of these
improved techniques has been to use consistent projection data, collected from
multiple heart cycles, and to perform retrospective data rebinning. Such data
rebinning methods have been shown to improve significantly the time resolution of
the collected data. In practice, however, existing rebinning methods have been found

to introduce some image artifacts due to inconsistencies in the data.

It is therefore apparent that the problem of missing projection views, in
cardiac imaging and in other applications of CT imaging techniques, has remained as
a persistent obstacle to wider use of CT imaging. In the particular context of cardiac
imaging, physicians desire a “freeze frame” capability for medical imaging systems.
Such a capability would permit an image to be accurately reconstructed to represent
the patient’s heart at a selected part of the cardiac pumping cycle.
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More generally, what has been needed is a method and system for
processing CT projection data to overcome or minimize the effects of missing
projection views. Such a method desirably would provide acceptable spatial
resolution in the resulting images, without requiring extensive additional data
acquisition. In imaging contexts where the imaged object is in motion, such as in
cardiac imaging, the method would desirably overcome the artifact problems that
have existed with current data rebinning methods. Preferably, the technique would be
flexibly applicable in a broad range of CT imaging contexts.

BRIEF SUMMARY OF THE INVENTION

The present invention provides methods, apparatus, software, and
systems for generating additional projection views based on existing projection data
and indirect relationships between the existing data. For example, such indirect
relationships may exist in timing relationships between an imaged subject in a desired
state and projection data representing the imaged subject in nearby states.

In a first particular aspect, the present invention provides a
tomographic image generation method, and a corresponding apparatus, sys;tem and
software. An exemplary implementation of this aspect of the invention is a method
comprising determining a plurality of working projection views of an object at a
selected view angle based on initial projection data collected in respective different
data acquisition cycles.- The exemplary method further comprises interpolating
between the working projection views to generate an interpolated projection view of

the object at the selected view angle.

In a second aspect, the present invention may be directed toward
methods, apparatus, systems, and software for generating a tomographic image of an
object in cyclical motion. An exemplary method of this second aspect comprises
determining a plurality of working projection views of an object in cyclical motion
based on initial projection data collected from the object. The working projection

views are based on selected initial projection data collected in respective different

-5-
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data’ acquisition cycles. The exemplary method further 6omprisw interpolating
between the working projection views to generate an interpolated projection view
representing the object at the selected view angle and at a specified phase of the

cyclical motion.

In a third aspect, .the present invention provides'a method, apparatus,
and software for tomographic image generation. An exemplary method of this third
aspect of the invention may comprise determining separation measures for projection
data covering corresponding reconstruction ranges and representing an imaged object
over plural data acquisition cycles. Such an exemplary method further comprises
reconstructing a tomographic image of the object based on a portion of the projection
data covering a reconstruction range selected responsive. to a determination that the

corresponding separation measure satisfies a predetermined selection criterion.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of the invention will become
apparent and more readily appreciated from the following detailed description of the
preferred embodiments, taken in conjunction with the accompanying drawings of
which:

FIG. 1 is a block diagram of a general x-ray CT scanning system in

which the present invention may be implemented;

FIG. 2 is a diagram of a third generation source detector assembly for a

CT scanning system as shown in FIG. 1;

FIG. 3 is a diagram of a fourth generation source detector assembly for

such a CT scanning system;

FIG. 4 is a diagram illustrating the comespondence between a

particular view angle and generation of a row of projection data;

-6-
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FIG. 5 is an illustration of a sinogram of projection data including the
row of projection data of FIG. 4,

FIG. 6 is a diagram illustrating a time dependent feature of sinogram
data;

5 FIG. 7 is a schematic diagram illustrating a sector approach for

rebinning data in cardiac imaging applications;

FIG. 8 is a diagram depicting a different perspective of the time
dependent characteristics of sinogram data as provided by the invention;

FIG. 9 illustrates contrasting features of the sector approach of FIG. 7
10 and the perspective provided by FIG. 8;

FIG. 10 is a flow diagram illustrating a procedure of the invention;

FIG. 11 is a timing diagram illustrating a tagging function for
correlation of projection data with corresponding phases of an imaged subject’s

cardiac cycle;

15 FIGS. 12-13 are diagrams illustrating an application of the present

invention in cardiac imaging;

FIGS. 14-16 are flow diagrams illustrating procedures for carrying out
operations as illustrated in FIGS. 12-13;

FIGS. 17-19 are diagrams illustrating an application of the present

20 invention in a case of irregular heartbeat;

FIG. 20 is a trajectory diagram illustrating another embodiment of the

invention for phase interpolation between several projection views;

FIG. 21 is a diagram of a source-detector assembly for a helical x-ray

CT scanning system using a multi-row detector array;

-
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FIG. 22 is a schematic diagram of a multi-row detector array;

FIG. 23 is a time evolution diagram of detector row positions of a

multi-row detector in helical scanning;

FIG. 24 is a graph illustrating tagging for rows of a multiple-row

5 detector array;

FIG. 25 is a flow diagram illustrating a procedure of an embodiment of

the present invention as applied in multi-row helical scanning for cardiac imaging;

FIG. 26 is a flow diagram illustrating details of an operation for
selecting neighboring scanning rotations as shown in FIG. 25;

10 FIGS. 27-28 are diagrams illustrating operations of the procedure
shown in FIG. 26;

FIG. 29 is a flow diagram illustration details of an operation for
determining working projection views as shown in FIG. 25;
FIG. 30 is a diagram illustrating application of the procedure of FIG.

-

15 29;

FIG. 31 is a flow diagram illustrating a procedure of another aspect of
the present invention as applied to the particular context of multiple-row helical

scanning for cardiac imaging;

FIG. 32 is a flow diagram illustrating a procedure for determining a set

20 of projection views for a selected axial position;

FIG. 33 is a trajectory diagram illustrating multiple reconstruction

ranges in a set of projection views for a selected axial position;
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FIG. 34 is a flow diagram illustrating a procedure for selection of a
particular reconstruction range in which to perform phase interpolation between

projection views;

FIG. 35 is a flow diagram illustrating phase interpolation between

projection views for view angles in a selected reconstruction range; and

FIG. 36 is a flow diagram illustrating a procedure for generating a set

of tomographic slice images using phase interpolation between projection views.
DETAILED DESCRIPTION OF THE INVENTION

The present invention implements a different perspective on CT
projection data, whereby a broader range of information contained in the data is
recognized and used. Previous approaches to processing projection data, such as the
aforementioned data rebinning techniques, have used data substitution to overcome
partially the problems caused by missing projection views. In other contexts,

interpolation methods have been applied to projection data to accommodate changes
in the sampling grid.

However, previous methods for processing projection data have fai]ed
to recognize that distinct projection views from the same data acquisition session may
contain additional information that can enhance image resolution. Such additional
information may be contained in the differences between the corresponding projection
data values of the respective projection views. The present invention embodies the
realization that selective combination of different projection views can extract this

additional information for use in improving the resolution of the generated images.

In a preferred embodiment, the present invention provides an improved
processing method that achieves the objectives of previous data rebinning approaches
for CT projection data collected from multiple cardiac cycles, while avoiding many of
the image artifacts that have accompanied such previous approaches. The result of
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the invention is improved image quality and reduced artifacts for reconstructed
images at arbitrary heart phases.

FIG. 1 is a schematic illustration showing the major components of an
x-ray CT imaging system 100 in which the present invention may be embodied or
incorporated. A subject 102 for imaging is typically a human patient who may be
undergoing diagnostic assessment for coronary artery disease or other disease
processes. Alternatively, the subject 102 may be a veterinary patient (i.e., a non-
human animal) or even a non-animal subject such as an inanimate object (machine

part, material sample, etc.) undergoing nondestructive testing or evaluation.

As is well known, x-ray tomographic imaging with such an imaging
system 100 is typically carried out by illuminating the subject 102 with an x-ray beam
104 substantially transverse to an axis (shown by cross-hairs) through the subject 102.
Typically the axis is centered on an object 106 of interest, such as an organ or other
tissue structure. The subject 102 may be disposed on a table 108 that translates along
the direction of the axis, thereby enabling illumination of a volumetric portion of the
subject 102 by the x-ray beam 104. In the typical case the illuminated volumetric
portion comprises all or a relevant portion of the object 106 of interest within the
subject 102, .

The CT system 100 desirably comprises a source-detector assembly
110, which in an exemplary embodiment may comprise a gantry 112 rotatable about
the axis. An X-ray source 114, such as a typical X-ray tube, may be mounted on the
gantry 112 and may rotate with rotation of the gantry 112. Source 114, which may

" comprise a collimating element (not shown), projects the beam 104 of x-rays toward a

detector array 116 disposed opposite the source 114 relative to the gantry 112.

The detector array 116 is typically comprised of numerous individual
detector elements 118. An alternative term in the art for an array such as detector

array 118 is “a multi-channel detector.” It will be understood that either term is

-10-
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intended to mean a multiple-channel detection device usable in a computed

tomography system.

Detector elements 118 together provide information regarding the
internal structures of the subject 102, such as the object 106. As noted above, the

“subject 102 may be a human patient or an animal patient. In either of these cases, the

object 106 may be an organ or body part of the subject 102 and thus is the “object”

_ for purposes of the tomographic image. In a still further alternative application, the

subject 102 may itself be the object 106 being subjected to, for exémple,

-nondestructive testing or examination,

In the typical case, each detector element 118 generates an electrical
signal indicating the intensity of a portion of the x-ray beam 104 impinging
thereupon. Various alternatives for the specific arrangement of the source-detector
assembly 110 will be described with reference to FIGS. 2-3 and 21.

The signals from detector elements 118 may indicate a degree of
attenuation of the beam 104 as the x-rays traverse the material or substance of the
subject 102. Typically the source 114 is rotated around the subject 102 to execute a
so-called “scan” operation whereby the system 100 acquires x-ray data. The gantry .
112, with source 114 attached to a side portion thereof, typically rotates about the axis
of the subject 102 to acquire x-ray data from numerous different illumination angles

or “view angles.”

The rotation operation for the source 114 is controlled by a
control/interface system 120. A controls section 122 of the control/interface system
120 provides control for positioning of the gantry 112 relative to the subject 102, such
as controlling speed of rotation about the axis and control of relative positions of the
table 108 and the gantry 112. The controls section 122 also typically provides control
over x-ray generation (power and timing) of the source 114. The control/interface
system 120 also includes a data: acquisition system (DAS) 124 that samples the

-11-
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detector signals generated from the detector elements 120 and converts the sampled

signals into digital data for further processing.

A reconstruction engine 130 receives the sampled and digitized data
(now termed “projection data”) from the DAS 1124 and performs high-speed image
reconstruction. The reconstruction engine 130 may comprise a separate processor
132 and memory 134. Various algorithms are known in the art for reconstructing a

slice image from projection data comprising a plurality of projection views.

The reconstruction engine 130 sends the reconstructed image to, for

example, a system management computer 140 for storage, display, or further

processing. The computer 140 typically comprises a CPU (a processor) 142 and a

memory 144. The memory 144 may store a program 146 comprising instructions for
executing a process of the present invention. Alternatively, such a program 146 may
be executed (in whole or in part) by the reconstruction engine 130 or by another

computer system (not shown) compriséd in or coupled to the imaging system 100.

The computer 140 may display the reconstructed image on a display
152 in response to instructions from an operator console 154. Computer 140 may
also convey commands and scanning parameters from the operator console 154 to the
control/interface section 120. Alternatively, the image may be output to a recording

device 156, such as a film recorder, or stored in a mass storage device 158.

_ Alternatively, the image may be transmitted as image data over a network (not

shown) for disposition at another location. If the computer 140 stores the image in
the storage 158, the image data may be stored as a data array, a linked list, or any

other known data storage configurations as are well known in the art.

An aspect of the present invention provides a tomographic imaging
system with the capability to generate accurate tomographic images of an object in
motion. Such an imaging system may therefore comprise a system or apparatus for
acquiring timing data by which the projection data collected by the system may be
correlated in time with the motion of the imaged object. For example, the system 100

.12-
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may be used to generate tomographic images of a patient’s heart while the heart is
beating. A timing data acquisition system for the imaging system 100 may therefore
comprise an electrocardiogram such as an EKG unit 160 shown in FIG. 1. The EKG
unit 160 detects electrical activity 6f the patient’s heart and provides to the computer
140 timing information based on the detected electrical activity. For example, the
timing information may be digital electrocardiographic data. The construction and
use of electrocardiograms is well known to those of skill in the art and will not be
presented in detail here.

The different functions of control/interface system 120, reconstruction
engine 130, and computer 140 are desirably implemented on dedicated modular
platforms, as described. However, the division of functions described herein is for
purposes of example and is not intended to be limiting. Such functions may
alternatively be implemented in software, on a single computational platform, or in a

different arrangement on multiple hardware platforms.

FIG. 2 illustrates a source-detector assembly 200 as a specific
embodiment of the source-detector assembly 110 shown schematically in FIG. 1. An
imaging subject 202 corresponds to the subject 102 in FIG. 1. Assembly 200
illustrates the particular case of a so-called third generation “fan beam” CT system in
which the subject 202 is illuminated by a beam 204 while positioned on a motorized
table 208. The beam 204 may be a “fan beam,” as described below.

A gantry assembly 212 corresponds to the gantry 112 of FIG. 1. An x-
ray source 214 generates the fan beam 204 of x-rays directed toward a detector array
216, which is also affixed to the gantry assembly 212. Array 216 comprises
individual detector elements 218 that detect x-rays emitted by source 214. The array
216, source 214, gantry 212, and table 208 of the fan beam assembly 200 are
respective instances of the array 116, source 114, gantry 114, and table 108 as shown
in FIG. 1.

-13-
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In operation, assembly 212 rotates around the axis Z, which typically
passes through subject 202 and is perpendicular to the plane XY. Source 214 can
thereby be transported completely around subject 202 along a circular path, Detector
array 216, being fixed with respect to source 214, is also transported around subject

202 and thus remains opposite source 214.

Rotation of the gantry assembly 212 around the subject 202 results in
x-ray data being generated by detector elements 218 for a range of view angles & A
typical detector array 212 may comprise several hundred, such as 888, individual
detector elements 218. The array 216 may be positioned on the gantry 212 at a
distance of, for example, 0.949 meter (m) from the source 214. The circular path of
source 214 has a radius of, for example, 0.541 m. Particular values of these
parameters are not critical to the present invention and may be varied according to

well-known principles of CT system design.

One complete gantry rotation for the gantry 212 may comprise, for
example, 984 increments. Source 214 is thereby positioned to illuminate the subject
202 successively from 984 different directions £ Detector array 216 generates x-ray
data at each incremental position &, from which projection data for 984 projection

views may be generated.

FIG. 3 illustrates a source-detector assembly 300 for a so-called fourth
generation CT system. A subject 308 is again illuminated by a fan beam 304 while
positioned on a motorized table 308. An x-ray source 314, like source 214 and as a
further example of source 114, generates the fan beam 304 of x-rays directed toward a
detector array 316. The array 316 comprises detector elements 318 that generate x-
ray data indicating internal st;uctural information about the subject 302.

" The fourth generation case of FIG. 3 differs from the third generation
case, in that the detector array 316 is fixed with respect to rotation. The source 314 is
supported by a suitable guide mechanism (not shown) and typically traverses a
circular path around the subject 302. The detector array 316 may translate axially (in
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the Z direction) to provide x-ray data for a particular axial position. Alternatively, the
array 316 may be fixed axially as well as rotationally, and positioning of the subject
302 with respect to the detector array 316 and source 314 may be achieved entirely by
axial translation of the table 308.

As FIG. 2 shows, a typical third generation CT scanning system
performs an axial CT scan by rotation of the gantry around the subject to be imaged.
The detector data are collected as the gantry rotates the source and the detector array
together. The projection data are thereby generated for different angular positions
(ie., view angles) of the gantry. A fourth generation system comprising an
arrangement such as the assembly 300, shown in FIG. 3, differs in that the detector
array is usually stationary (at least rotationally) with respect to the subject. The
source then traverses a path around the subject and thereby projects imaging rays at
different angles for detection by different portions of the fixed array,

On the other hand, both the assembly 300 and the assembly 200 may
use a fan beam (204 or 304). A “fan beam” is a fan shaped beam of radiation, i.e., a
beam subtending a finite angular sector in a given plane. Usually the fan is thin,
where “thin” refers to the direction transverse to the fan plane, e.g., a direction
generally parallel to the axis Z. X-rays in the angular sectdr actually subtended by the
fan beam may not all be used for generation of detector data, Thus, an effective
portion of the fan beam may subtend a smaller angular sector whose angular extent is
called the “fan angle” of the fan beam. In the arrangements of FIGS. 2 and 3, the
plane of the fan beam is transverse (typically perpendicular) to the axis Z at a fixed

axial position.

A rotational scanning operation performed at a fixed axial position is
sometimes called an “axial scan.” The axial scan is carried out with rotation of the
source (or the source and detector together) about the subject at a fixed axial position
20. Therefore, the projection data from an axial scan all represent the imaéed subject

at the same axial position z,.
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The present invention provides an approach for enhancing resolution
and image quality of a CT image without requiring additional detectors or additional
data acquisition and generally may be applied to axial CT systems (e.g., third
generation and fourth generation systems). The invention may also be used with less
advanced (e.g., first or second generation) source-detector arrangements. Moreover,
as will be explained below, the invention may be embodied in or implemented with
spiral (i.e., helical) CT imaging systems. The basic features of the invention will be
explained first in the axial CT context and then extended, with appropriate

enhancements, to the helical case.

It is noted that similar operations of rotation apply in both third
generation and fourth generation systems for the acquisition of detector data during a
complete cycle of the source-detector assembly. In the axial scanning case, the data
acquisition cycle is called an axial scan. More generally, the principle of a rotational
cycle of data acquisition is generally applicable in all such x-ray CT scanning
systems. The term “scanning rotation” will therefore be used here to mean the
rotational operation for positioning the x-ray source (e.g., source 214 or source 314)
at each angular position & around an axis of rotation and collecting corresponding

data. “Scanning rotation set” will mean the set of projection data generated from a

"scanning rotation. Where no confusion will arise, the term “scanning rotation” will

be used variously to mean either the data acquisition operation or the projection data

set generated as a result of the data acquisition operation.

Typical x-ray CT systems (e.g., third generation systems and fourth
generation systems) are an exemplary class of tomographic imaging systems. For
example, magnetic resonance imaging (MRI) systems also are used to generate
tomographic images by a data collection and image reconstruction process that may
be termed (in a generalized sense) computed tomography.

Cardiac imaging can be performed with some MRI systems by
processing a series of magnetic echo data sequences with various types. of gating
techniques. In prospective spin echo gating, for example, the system acquires
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imaging data over a series of cardiac cycles. An additional sequence of spin echo
data is acquired at each cycle. Each spin echo data sequence represents the heart at
different spatial locations but is acquired during the same cardiac cycle and with the
same k-space encoding value. Thus, the data collection operation for acquiring such a
spin echo data sequence is analogous to the scanning rotation operation in x-ray
tomographic imaging. In each case, the operatidn is a data sampling cycle for

acquiring a consecutive sequence of data samples over a cycle interval.

Also, retrospective gating of gradient echo pulse sequences is used in
MR systems to acquire “cine” images at multiple time frames of the cardiac cycle.
Data acquisition again occurs over several cardiac cycles, and in each acquisition
cycle the data samples have the same phase (i.e., k-space) encoding value. The phase
encoding value is thus stepped to a next value at each successive R-wave trigger. The
excitation pulses run asynchronously with the cardiac cycle, so that the echo pulse
data acquired in each sampling cycle is resorted and interpolated into evenly
distributed time frames within the cardiac cycle. Nevertheless, like rotational
scanning in x-ray systems, the sample data are again acquired in a series of sequences

of data samples acquired consecutively over a sampling cycle interval.

These examples illustrate a general principle of data acquisition in
tomographic imaging systems: the imaging data are acquired in one or more
sequences of data samples. Here, the term “data acquisition cycle” will mean a data
é.cquisition operation for obtaining such a sequence of data samples at a sequence of
consecutive sampling times. Thus, in existing approaches to x-ray tomogra;phy the
data acquisition cycle is the scanning rotation (which may be carried out by gantry
rotation or source rotation, for example). For MRI systems, the data acquisition cycle
may be the sequence of measurement operations in which the magnetic field gradients
are varied according to the particular localization method being used. As will be
explained in defail, the present invention adopts a different perspective on combining

data from different data acquisition cycles.
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Data from an axial scan may be stored in a two dimensional array
called a “sinogram.” One dimension of the sinogram corresponds to angular position
of the fan beam (e.g., scanning rotation angle or “view angle” ), relative to the initial
rotational orientation of the beam at the start of the data acquisition cycle. The other
dimension corresponds to positions of the detector elements (218 or 318) of the
detector array. The detector array in a fan beam CT system (such as array 216 or
array 316) typically comprises a single row of detector elements. In such a case,
therefore, each row of the sinogram will correspond to a discrete view angle #and a

single axial position z0.

In the fan beam case, the sinogram may be considered as a collection
of projection views of the subject at the position z,. Here the term “projection view”
means such a row of projection data corresponding to a given view angle & and
representing the imaged subject at a single axial position z,. Well known
reconstruction procedures utilize as their principal inputs a complete set of such
projection views (discretized in &, but all consisting of data values for the same axial
position z,). The projection views are processed to generate a slicé image depicting
the internal features of the subject at the position z,, Usually the complete set of
projection views comprises projection views at view angles covering at least radians

(i.e., 180 degrees) plus the fan angle.

FIG. 4 illustrates the correspondence between a particular view
angle & for the source and the generation of a well-defined row R of projection data.
In the fan beam case, as noted above, the detector data from the detector array may
convert directly into a single row of projection data for a projection view at view
angle 4. This correspondence results because the detector array provides a single
row of detector data representing intensities of the x-rays impinging upon the detector
elements. These intensity values indicate attenuation information for the subject at

the axial position z,.
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FIG. 5 shows how the projection data for the particular view angle 4
is stored in a corresponding row of the sinogram. Each row of the sinogram thus
constitutes a projection view that indicates attenuation information for a distinct view
angle 4, but the same axial position z,. Once the sinogram is filled with projection
views (rows) for all the discrete view angles @around the subject, then a suitable CT
image reconstruction algorithm is applied to reconstruct a cross-sectional image of the

subject.

FIG. 6 illustrates a time dependent feature of the projection data stored
in the sinogram. The view angle & of the source relative to a fixed direction can be

written as
o) =ar,

where ® 'represents the angular speed of the gantry in radians per
second and t denotes time. Each row R of the sinogram therefore represents

information about the subject (at the axial position z,) at a different time t.

Usually the fact that the rows of the sinogram are time ciependent is

inconsequential, because the subject is immobile during the scanning process. The

assumption of stasis may be reasonable even for a living patient, because the patient

can be well constrained during the time it takes to collect all the projection views (0.5
—0.8 seconds). For example, when the area of interest is the patient’s head, abdomen,
etc., the body part of interest can be assumed to be stationary during the scan.

However, in cardiac imaging the assumption of stasis clearly does not
apply, at least for a living subject. The beating of the patient’s heart persists and
cannot be suspended. Moreover, a heart rate of 72 beats per minute (bpm), for
example, corresponds to 0.83 seconds (s) per beat. The heart thus completes a full
cardiac cycle in a time span comparable to the time required for collecting projection

views at all the view angles & The beating heart thus undergoes a substantial portion
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of a complete cardiac cycle while the projection data for a slice image are being
obtained.

The particular motion that affects cardiac CT imaging is largely the
cyclical change in the shape of the heart throughout the cardiac cycle. However, the
same imaging problem appears in various situations where the object of interest is in
motion during the CT scan process (the data acquisition cycle). The scanner is unable
to generate a clear image of the object being imaged at a particular position (e.g., a
particular phase of the cardiac cyclej because the object moves too rapidly for a
complete set of projection data to be collected while the subject is in the desired

position or configuration.

The problem may be analogized to the problem in conventional
photography of freezing a subject in motion. If the camera shutter speed is too slow,
the subject will undergo a significant amount of motion while the shutter is open (i.e.,
collecting image data). The resulting image of the subject is blurred. In a like
manner, the CT scanning system may be unable to generate a clear slice image, if the
subject is in motion while the scan data are being collected. In effect, the CT scanner

has a slow shutter speed relative to most rates of motion of the subject.

FIG. 6 thus emphasizes that the collection of projection data proceeds
as a function of time while the gantry or source is rotating. A projection data set
should be complete (covering as much as 360°, but at least 180° plus the fan angle) to

- provide a useable tomographic image upon reconstruction. However, if the projection

data set consists of projection views from a single scanning rotation, the projection
views will respectively represent the heart at many different phases of the cardiac
cycle. Each projectioﬂ view corresponds to a particular row in the sinogram, but is
collected at a different moment in time. Strictly speaking, reconstruction of an image
at any particular phase of the heart requires collecting all the projection views (all
rows of the sinogram) at that particular instant in time. This would require a very fast

data acquisition cycle (i.e., a very fast shutter speed for the CT scanning system).
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A feasible solution to this problem can be achieved by making use of
the cyclical nature of the cardiac cycle (more generally, any repeating feature of the
motion of the object of interest), As the cycle repeats, the beating heart moves
through the same cycle of shapes and assumes successive shapes in an ordered
sequence in time. Multiple scanning rotations, together with data gating, can be used
to collect several projection views corresponding to the same phase from multiple
heart cycles. The CT scanning system can thereby generate the projection views to be

used in reconstructing an image of the beating heart at a particular heart phase.

Unfortunately, obtainihg all the desired projection data directly
through respective data acquisition cycles would entail an inordinately large number
of scanning rotations for the corresponding projection views. The “shutter speed”
problem arises here in a different form: although the heart regularly repeats the
cardiac cycle, the subject being imaged otherwise desirably remains stationary
throughout the data collection process. A reasonable number of scanning rotations,
during which the subject can be expected to remain generally stationary, will provide

just a few projection views of the heart at a given phase.

FIG. 7 illustrates this problem through a simplified example in which
three projection views are collected at the desired heart phase, t=g,. It is noted that
phase g is measured in units equivalent to time ¢. Here a distinct symbol (¢) is used
for phase to emphasize the periodicity of the heart motion, because periodicity is a
dynamical feature not present in dynamic phenomena generally. The three views
correspond sequentially to heart cycles 3, 1, and 2 as shown and may be collected in,
for example, three scanning rotations. At 0.5 s per scanning rotation, even this level
of data collection requires the patient (the imaged subject) to remain stationary for at

least 1.5 s.

The following scheme has been partially successful in overcoming the
persistent problem of missing projection views in the context of cardiac imaging. An
assumption is made that, at least for some phases to of the cardiac cycle, the heart
motion may be relatively slight in the neighborhood of t= ¢. As FIG. 7 shows, the
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heart cycle is divided into a few phase sectors, in each (or at least some) of which the

heart is assumed to be close to stationary.

For each scanning rotation of the CT system, the phase sectors of the
cardiac cycle can be associated with angular sectors of the rotation. Data for
projection views at many different view angles are collected in each scanning
rotation. If the foregoing assumptions are valid, then from all the scanning rotations
the data corresponding to the phase sector of the desired phase can be used for
reconstruction of an image of the heart at the desired to phase.

The approach described above has been termed data “sectoring” or
“data segmentation” and has been implemented successfully in various contexts. For
example, U.S. Patent No. 5,997,883, issued Decexﬁber 7, 1999, to Epstein et al. and
assigned to the assignee of the present application, discloses a cardiac imaging
technique using segmented MRI cardiac data. Data segmentation has been shown to
yield x-ray CT images with image quality satisfactory for many purposes. On the
other hand, such CT images suffer from certain noticeable artifacts, such as streaks.
The artifacts in these images are believed to be due to inconsistency of the projection
data, particularly in the regions of transition between the different sectors, because the
different projection views actually represent the heart at somewhat different cardiac

phases..

FIGS. 8-9 illustrate analysis of sinogfam data through a different
perspective that constitutes an aspect of the present invention. The diagonal
trajectories 1, 2, and 3 in FIG. 8 illustrate the time dependence of the sinogram data,
as shown previously in FIG. 6. Thus, each trajectory (1, 2, or 3) represents a
sequence of sinogram rows as &evolves in time. FIGS. 8-9 depict the trajectories as
continuous diagonal lines, for purposes of illustration. However, like the sinograms
they represent, these trajectories actually represent the sinogram data as comprising

projection views corresponding to a discrete sequence of view angles 6.
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*

If the period of the cardiac cycle and the period of the data acquisition
cycle are different, projection views can be collected corresponding to different
phases of the heart during each rotation. Here Ty, and T, correspond to scanning
rotation period and cardiac cycle period, respectively. For description purposes, the
particular example of FIG. 8 illustrates the case where T,y is less than Ty,

However, and the present invention readily applies also to the case T, greater than

Toam

The data trajectories are indicated in FIG. 8 by diagonal lines with
arrows and represent the projection data in the &t domain. It is noted that £=0°
and 6=360° actually represent the same angular position. Hence each trajectory in
FIG. 8 wraps around to 0° whenever &reaches 360°. Further, because T,y < Ty in
the case illustrated, the ordinal extent of the domain is [0, T,.,,), and each trajectory
wraps back to t=0 whenever the trajectory reaches t=T,..,, Each recurrence of t=0
corresponds to a next cardiac cycle, which is represented in FIG. 8 by another
trajectory.

The scheme described above assigns projection data for a given view
angle & from the trajectory nearest to the vertical line at t=#. As noted above, this
approach is commonly known as data sectoring or data segmentation. However, in
view of the perspective provided by FIG. 8, a more descriptive term may be “nearest’
neighborhood substiiution.” The idea is to substitute data from the desired view, but

from a nearby phase, in place of the missing projection view for the desired phase.

FIG. 9 illustrates the relationship between the data sectoring approach
and the perspective illustrated in FIG. 8. The range of cardiac phases-is “segmented,”
or divided into segments (or “sectors”) denoted I, I, and III. The sectors correspond
to predetermined portions of the cardiac cycle. In each of the trajectories 1, 2, and 3,
the phase sectors correspond to respective angular regions in 8 Hence each of the
trajectories 1, 2, and 3 is divided into angular segments corresponding to the phase
sectors [, I, and III. FIG. 9 also shows that the phase sector (sector I) of the phase to
coincides with different angular segments for the different trajectories. As noted

23-

Volkswagen Exhibit 1002, Page 512 of 885



10

15

20

25

WO 01/80184 PCT/US01/00904

above, the sectoring approach assigns substitute projection data for missing projection

views according to the phase sector of the phase to at the desired view angle 4,.

For example, the view angle &, in FIG. 9 corresponds to a missing
projection view 900 for the phase 4, because none of the trajectories 1, 2, and 3 pass
through the point (in #and t) at which the view 900 is desired. The sector approach
determines the trajectories within the phase sector of the target phase at the desired
view angle and identifies an available projection view at that view angle and on the

trajectory nearest in time to the phase to.

In FIG. 9, the projection view 910 is the projection view nearest to the
desired phase. The projection data for this nearest neighbor projection view are then
substituted for the missing projection view. It is noted that the information associated
with other projection views, such as the next nearest projection view 920 in FIG. 9, is

completely ignored in the sector apgroach.

The present invention uses a different perspective of the projection
data and of the problem of missing projection views. For a scan where the gantry is
continuously rotated, the trajectories in FIG. 8 represent the data collected in the two
dimensional domain of view angle versus time (#'vs. t). This perspective enables the

invention to take a different approach for processing the projection data. Instead of

‘block assignment of the data to different phase sectors, the present invention makes

use of additional information revealed by representing the projection data as
trajectories. In fact, the trajectories allow quantitative relationships between the
available data and the desired data to be discovered and utilized.

The perspective adopted by the invenﬁon enables the additional
information contained in an additional projection view, such as the second projection
view 920 in FIG. 9, to be incorporated into projection data for the missing projection
view. This incorporation of multiple working projection views into projection data

for a missing projection view is achieved through interpolation in the sinogram phase

domain, i.e., along the t axis. For a set of (two or more) existing projection views at a
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given view angle, corresponding data values of the projection views are interpolated
to generate a corresponding data value for an interpolated projection view at the given
view angle and the desired phase. Here, therefore, interpolation between projection
views-means to carry out the same relative combination of data values for all the row

positions of the set of projection views being interpolated.

FIG. 10 shows a flow diagram illustrating an interpolation procedure
1000 of the invention. An operation 1010 determines the initial projection data
available. This initial data may comprise, for example, sinograms of projection data
providing plural trajectories of projection views accumulated over time, as illustrated
in FIG. 8. Such initial projection data may be generated directly by a DAS such as
DAS 124 in FIG. 1. Alternatively, as explained below, the initial projection data may
be determined from the digitized detector data by rebinning or other preprocessing

operations, as are well known in the art.

An operation 1020 selects a view angle for which a projection view is
to be synthesized through interpolation. From existing projection views of the initial
projection data at the selected view angle, working projection views are determined in
an operation 1030. The working projection views will represent the imaged object at
the selected view angle, but in different data acquisition.cycles. For example, in a
particular embodiment of the invention, the interpolation may be performed between
two projection views such as views 910 and 920 shown in FIG. 9. In such a particular
instance, then, the working projection views are determined as the two projection
views that are nearest in time to the desired phase 4,, among projection views at the

desired view angle in the initial projection data.

Interpolation is performed between the corresponding data values of
the working projection views in an operation 1040. Any of various different
interpolation techniques may be employed for this purpose, as are well known to
those of skill in the art. For example, weighted linear interpolation between
neighboring data trajectories is a particular interpolation method that has been used
effectively. The weights may be computed based on respective timing differences
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between timings of the selected working projection views and a corresponding timing
of the desired projection view. For example, in an implementation of the invention
for cardiac imaging, the timings of the working projection views and the desired

projection views may be embodied in corresponding phases of the cardiac cycle.

Where the initial projection data comprise data sinograms for cardiac
imaging, the sinograms are preferably correlated with simultaneously collected timing
data such as electrocardiogram (EKG) data generated by the EKG unit 160 of FIG. 1,
The correlation provides a time stamp for each row of detector data. The time stamp
of a row of projection data provides an explicit cross reference between the row of
data and the shape configuration of the heart (as determined by the EKG data) at the

time the row of data was collected.

FIG. 11 illustrates an approach for using such time stamps to correlate
the projection data with contemporaneous electrocardiographic data. The EKG data
represent an electrocardiograph 1110 of the patient’s heart during the tomographic
scanning procedure. The projection data represent the heart at various phases of the
cardiac cycle and are collected at a known sampling frequency (e.g., 984 projection
views in each period of the gantry rotation) that allows the projection views to be time

stamped with respective temporal locations.

[

On the other hand, the projection data do not contain explicit phase
information. The contemporaneously collected EKG waveform 1110 can be used to
determiné such phase information, provided the collection of the EKG data is
synchronized with collection of the projection data. The projection data also do not
explicitly comprise axial position (Z-location) information, but such position data

may be recorded sequentially as each axial scan is performed.

In a particular implementation, for example, the EKG data for the
waveform 1110 may be collected during the scanning procedure by the EKG unit 160
and may be digitized at a specified sampling frequency (e.g., 240 samples per
second). The particular sampling frequency is not critical to the present invention.
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The criteria for selecting a suitable sampling frequen(lry are well known to those of
skill in the art, and such criteria will not be described here.

The temporal locations of the R-wave peaks of the waveform 1110
may be identified using any of various well-known waveform analysis techniques.
Using the identified peak locations, a linear phase function 1120 may be defined to

increase from 0.0 to 1.0 between each consecutive pair of R-wave peaks.

The function 1120 may be used to map (i.c., to correlate) the phases of
the cardiac cycle to the time-stamped temporal locations of the projection views.
Each projection view is thereby assigned a cardiac phase ,(), where the indexes / and j
respectively identify the cardiac cycle and gantry rotation of the scanning procedure.
It is noted that the cardiac phase assignment ; may further be associated with specific
axial positions, as will be explained below with reference to FIG. 24. The phase
function 1120 (defined between all consecutive R-wave peaks of the waveform 1110)
thereby allows all the projection views of the projection data to be correlated (tagged)
with an associated cardiac phase ;.

" In the simplest case, it may be assumed that the heart rate is constant
while the scan data are collected. The desired phase (in the case of cardiac imaging,
corresponding to a shape configuration of the patient’s heart) then occurs in each
cardiac cycle at a fixed fraction of the heart period T, following the preceding R-
wave. This assumption of regular heartbeat simplifies the process of cross-
referencing the projection data and the EKG data. In particular, for each R-R heart
cycle the desired phase of the heart occurs on the vertical line &, in FIG. 8.

An advantage of the foregoing implementation is that a phase function,
such as the linear phase function 1120, allows correlation between heart phases and
row data to be carried out even when the subject’s heart rate is irregular. In either
case, the time correlation between the EKG data and the collected scan data may be
performed off-line, i.e., after the projection data is initially collected, binned, and time
stamped. .
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The linear phase function 1120 shown in FIG. 11 is only one example
of a feasible phase mapping function for EKG data. Other, possibly non-linear phase
mapping functions are also feasible for use with the present invention. Such
alternative mappings may permit the electrocardiographic behavior of the R-R cycle
to be modeled more accurately and in more detail. In turn, more accurate and detailed
modeling of the electrical cycle of the heart may permit more accurate time

correlation of the heart phases.
Adaptive Projection Data Processing

In a particular embodiment of the procedure illustrated in FIG. 10, the
initial projection data may represent a patient’s beating heart, and the two nearest
projection views may be identified based on the time correlation between the
collected projection data and the EKG data. The time stamps'of the projéction data
allow the working p_rojection views to be determined in operation 1030 based on the
correlation between the gantry rotation and cardiac cycle. For example, the projection
view 910 on trajectory 1 in FIG. 9 may be identified from the timing at which the
gantry rotation coincides with the missing view angle &, and the assigned phases ;.
The phases ; of the projection views may be used with the EKG data to determine the

phase differences, as will now be explained.

FIGS. 12-13 illustrate the data relationship5 that may be utilized in a
particular embodiment of the invention. In FIG. 12, the initial trajectories 1 and 2
respectively include projection views 1210 and 1220 at the desired phase ¢ and
corresponding view angles. The point 900 again represents a missing projection view
for the heart phase ¢, because neither of the available trajectories includes a
projection view at the view angle ¢,. Two nearest neighbor projection views 910-and
920 may be identified from the trajectories 1 and 2, respectively, using the time stamp ‘

correlations,

FIG. 13 shows phase differences d, and d, (represented as timing
differences) respectively associated with the projection views 910 and 920. Using
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such timing differences, the data values of 910 and 920 may be combined through a
predetermined interpolation process (operation 1040 of FIG. 10) such as a weighted
linear interpolation process. A data value for view 900 may be determined in such a
process from corresponding data values for the views 910 and 920 using an

interpolation formula such as

P = 35ld,P'+d,P7] M

- ¢0_T2 P+ TI"¢0 P
L-T L-T
where AT =T,-T,d, =T, -d,and d, = ¢ - T,. Here P’ and P” are
the data values of the views 910 and 920 at respective detector positions in the

projection views.

In the foregoing example the differences d, and d, may be determined
directly from the time stamp data of the projection views 910 and 920, if the heart rate
is assumed to be constant. Such an assumption ensures that the difference in the heart
configuration at & and T,, for example, directly corresponds to the time difference d,.
On the other hand, as noted above, the present invention also accommodates an

irregular heart rate for which the heartbeat period T, may vary with each trajectory.

FIG. 14 shows a flow diagram illustrating the main operationé of a
procedure to implement the invention for generating a projection data set comprising
a complete set of projection views for reconstructing a slice image. As in the
operation 1010 of FIG. 8, an operation 1410 determines the initial projection data
(i.e., the sinogram data for a plurality of scanning rotations). A particular phase of the

cardiac cycle, such as t= g, is selected in an operation 1420.

An initial view angle is selected in an operation 1430. Both the initial
view angle and the angular interval between projection views typically will depend on -

the & discretization (the sampling frequency, such as 240 Hz) of the sinogram data.
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An initial testing operation 1440 may determine whether the initial projection data
includes a projection view for the selected view angle and the selected phase.

If the selected view angle corresponds to a missing projection view at
operation 1440, then the procedure determines working projection views at operation
1450. An interpolated projection view is generated at an operation 1460. These
operations will be described in detail with reference to FIGS. 15-16. If.the sinogram
data includes a projection view for the selected phase and view angle, then the desired
view angle is not a missing view angle. The procedure of FIG. 14 then skips
operations 1450-1460 and advances to an operation 1470, where a determination is
made as to whether the selected view angle is the last view angle needed for the
desired reconstruction. If not, then a next view angle is selected at operation 1480,

and the procedure returns to the testing operation 1440,

FIG. 15 shows a flow diagram illustraﬁng a version of the

determination operation 1450. In an operation 1510, a projection view for the

selected view angle is selected from the initial projection data. The particular
projection view may be selected based on both the selected view angle and the initial
projection data corresponding to phases prior to the selected phase ¢ in the cardiac R-
R cycle.

As has been noted with respect to FIGS. 12-13, the selected view angle
occurs in each of the data trajectories of the initial projection data at a specific timing.
A preferred embodiment of the invention in this aspect selects the projection view
920 at the selected view angle and occurring in the trajectory 2 closest in time before
the timing of the desired cardiac phase 4. The term “configuration phase” will be
used to mean the phase of the physical configuration of the heart at an associated
moment in each beat of the heart. '

An operation 1520 produces a similar selection result, but the
projection view 910 is selected from projection data subsequent to the selected phase
(time). These two operations (1510 and 1520) determine two projection views that
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may be used as the working projection views in the remainder of the procedure
illustrated in FIG. 14,

FIG. 15 illustrates a particular embodiment for selecting working
projection views in pairs. It will be apparent to those of skill in the art that the present
invention also encompasses other arrangements for selecting the working projection
views. Indeed, a significant aspect of the present invention is the discovery that
substantive relationships can exist between disparate initial projection views. Such
relationships can provide additional information for improving the quality of
reconstructed images. Thus, as will be seen, the present invention encompasses a
variety of different approaches for identifying initial projection views between which
such substantive relationships exist. Various embodiments of the invention are
possible for combining the initial projection views to utilize the additional

information that may be provided by relationships.

FIG. 16 is a flow diagram illustrating a particular embodiment of the
interpolation operation 1460 of FIG. 14. As FIGS. 4-5 indicate, each projection view
may comprise, for example, 888 data values each corresponding to an output of a
detector element of the detector array (such as array 216 or 316). An operation 1610
selects respective initial data elements from the working projection views. This
selection may be based on the position of the detector element from which the data
elements are generated. Alternatively, any other commensurate numbering system for
identifying the respective data elements in the sinogram rows may be used.

An operation 1620 performs a computational procedure to interpolate
between the selected data element values of the working projection views. Any of
various interpolation procedures may be used, as discussed below. The result is an
interpolated data value corresponding to the selected data element posiﬁon, the
selected phase, and the selected view angle. An operatioh 1630 determines whether
further sets of data elements remain to be interbolated between the working projection
views. If so, then the next data element values are selected at an operation 1640 (such
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as by selecting a next detector element position). The procedure of FIG. 16 then
returns to the operation 1620 for another iteration of the interpolation computation.

The approach of the present invention makes the resulting projection
data (any initial projection data for the desired phase, in combination with
interpolated projection data) more consistent, particularly at view angles near angles
at which the sector approach wouid join different sectors. The results provided by the
invention are further improved by the fact that the general profile of motion during
the cardiac cycle is known as a function of time. This profile can be used to compute
weights to be used in the interpolation operation 1460. In particular, it has been
found that careful selection of the interpolation weights based on the motion profile

can result in even better image quality.

In a particular implementation of the invention, the weights may be
selected to minimize image distortion arising from motion of the heart at the working
projection views. In this approach the interpolation method weights the data from a
particular working projection view (and trajectory) based on the amount of heart
motion at the phase of the cardiac cycle to which the working projection view
corresponds. The weighting applied to the other trajectory (or trajectories) used in the
interpolation may be changed similarly, based on the relative heart position (or

configuration) at the respective phases.

The relative heart position at a given projection view may be
determined through off-line analysis of the contemporaneous EKG data. The
amounts of heart motion at different configuration phases are well known to those of
skill in the art of cardiac physiology and may be correlated to the projection views P’
and P” through the EKG data.

' Alternatively, any of various other interpolation methods may be used.
In another particular implementation, a weighted inverse quadratic interpolation is
performed. Here each weight may be computed to be prdportional to the square of
the time difference between the interpolated time and the time of the weighted
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projection data value. For example, a data value for the projection view 900 may be

computed according to the formula

P = Fj;,-l,-[dfP#dfP”] Q)
p - BT T-4) L
d}+d? dl+dl

(¢02'7;)2 S P+ (le"¢o)2 . P
T -4) +(4-T) T -4) +(#-T)

It is noted that the equations (1) and (2) illustrate this feature of the
present embodiment in the simple case where |T-d} and |4,.T,| are less than T,/2. In
many cases this condition may be satisfied automatically by using existing projection
views 910 and 920 from consecutive gantry rotations (consecutive data acquisition
cycles). However, the present aspect of the invention also applies in many other
contexts where one or more of these simplifying assumptions fails to hold. The
principles of the present aspect of the invention may algo be applied where a direct
phase difference (such as T,-4) actually is greater than 'T,,/Z. "Such a case may be

addressed as described with reference to equation (5) below.

Among its numerous advantages, the present invention enables the
times at which to collect the projection data (for reconstructing an image of the heart
at a particular configuration phase) to be determined prospectively. A method of the
present invention therefore does not require the X-ray tube to be on all the time.
Instead, a method of the invention operates with data collected at or near a particular
phase of the heart. The time correlation by which such a method is employed can be
achieved by prospective gating.

Usually in medical imaging procedures the heart rate is not uniform
during the data acquisition process. As in the discussion above with respect to FIG.
10, the preferred procedure here is to collect an electrocardiographic data set along
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with the projection data. The EKG data set can then be correlated oﬂ‘-line with CT
scan data, using the time stamps as noted previously. Thereafter, using the time
stamps and the correlations to the EKG data, the particular projection data
corresponding to a selected cardiac configuration phase can be identified.

Such an adaptation to heart rate variations is well known in the art and
has been used, for example, in the sector approach described above with respect to
FIG. 7. Persons skilled in the art will readily appreciate the appropriate measures to
be used with the present invention to compensate for the presence of heart rate
variability. For example, a compensation model is employed in the technique of U.S.
Patent No. 5,997,883 to Epstein et al. noted previously.

On the other hand, a further embodiment of the present invention is
particularly useful in cases where heart rate variability exists. The basic approach
described above is employed again, but variations in the heart rate are accommodated

in the interpolation process.

FIG. 17 illustrates a typical effect on a trajectory when the heart rate
varies. Trajectories 1 and 2 again represent successive portions of CT projection data.
The scanning rotation also continues to have a fixed period T, However, unlike in
FIGS. 12-13, the heart rate is now variable with a period varying around some
nominal period T,. The rightmost extent of the graph in FIG. 17 does not represent
successive completions of the R-R cycle of the heart. However, like FIGS. 12-13, the
trajectories in FIG. 17 wrap around to t=0 when they reach t=T,.

Unlike FIG. 12, for example, in FIG. 17 the R-waves of different heart
cycles occur at different time positions on the graph. An R-wave R, that begins the
R-R cycle of trajectory 1 is illustrated as occurring at temporal position t=0 on the
graph. However, an R-wave R, occurs at a later temporal position t=At. The R-wave
peak at R, occurs at a time T,+At following R,, while the temporal positions on the
graph reflect the fact that the graph wraps around to t=0 at intervals of T,. The time
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difference At can thus be viewed as a phase delay between the cycle beginning with
R, and the cycle beginning with R,.

FIG. 18 illustrates the effect of heart rate variability on the time
correlations between the CT projection data and the configuration phases of the heart
as indicated by contemporaneously collected EKG data. Trajectories 1 and 2 with
respective R-waves R, and R, are shown as in FIG. 17. Again, a set of projection
views is desired for reconstructing a useful image of the heart at a specified
configuration phase. In the cardiac cycle of trajectory 1, the specified configuration
phase is assumed to occur at temporal position t,. The trajectory 1 again includes the
projection view 910 having a time stamp correlated{to the temporal position t,. A
fixed time delay TD is defined to be numerically equal to the temporal position t,.

The fixed time delay TD will serve a function similar to the fixed heart
cycle ratio mentioned above (represented by 4, in FIG. 12), but for the case of varying
heart rate. In each successive heart cycle, the timing of the specified configuration
phase will occur at the time delay 'ID after the R-wave of the cycle. FIG. 18 shows

that the specified phase therefore occurs in trajectory 2 at a temporal position t, on the

graph,

The trajectory 2 includes a projection view 1820 that is time stamped
to correspond to the temporal position t,, The temporal position t, of view 1820 is
commensurately offset (by the phase delay At) from the time position t,
corresponding to the projection view 910 from trajectory 1. The view 1820
nevertheless represents the heart at the specified phase, because the cycle of trajectory
2 begins at the R-wave R,. An image reconstruction of the heart in that specified
configuration will therefore utilize both the projection view 910 and the projection
view 1820.

The embodiment of the invention described with reference to FIGS.
12-13 can provide data for such a missing projection view through gated
reconstruction that bins the data into phases. If the heart rate is uniform, as illustrated
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in FIG. 12, then these phases occur at regular intervals T,.,, in time. The horizontal
axis in FIG. 12 consistently represents both time t and cardiac phase , This
correspondence allows differences in the phases of the heart at the projection views
900, 910, and 920 to be determined directly from the temporal positions of those

views on the graph.

However, heart rate irregularity is particularly common among patients
undergoing cardiac care, and this creates a problem for using EKG data for gated
reconstruction. As in FIGS. 12-13, this embodiment of the invention provides an
additional, synthesized projection view 900 to be combined with the views 910 and
1820 in reconstructing the image. But when the cardiac cycle is irregular, the direct

correspondence between temporal position and cardiac phase is destroyed.

FIG. 18 illustrates that the temporal position t, of the projection view
1820 is delayed relative to the temporal position of 910. This delay is induced by,
and is numerically equal to, the phase delay At: t, - t, = At. It follows that when the
heart rate is irregular, a given configuration phase will not occur at a regularly
repeating temporal position, such as at #. Instead, the desired phase will occur in
each cardiac cycle at a time position determined by the R-wave of the cycle and the
fixed time delay TD.

FIG. 19 illustrates an approach to account for the phase delay At in the
determination of the differences between the cardiac phases. This approach enables
the present invention to provide consistent projection view interpolation, in the
presence of heart rate irregularity. The basic approach is the same as illustrated in
FIG. 13: combine the working projection views 910 and 920 by interpolation to
generate an interpolated projection view 900. Moreover, as in the case of constant
heart rate, the interpolation formula will generally blend corresponding data values
from initial projection views 910 and 920 based on differences between the different

phases.
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The timing differences 8, and 8, in FIG. 19 correspond to d, and d, as
in FIG(. 13 and are again associated with the projection views 910 and 920. However,
because the desired phase occurs in trajectory 2 at temporal position t,, d; includes the
difference between t, and t,, i.e., t,-t,=At. Thus, for an irregular heart rate, the
ihterpolation formula desirably blends the initial projection views 910 and 920 based

on
é‘lzﬂ'—tl’ (3)
O =t =T, =t, =T, +(t,~t,) =1, ~T, + At.

Any of the various interpolation methods known in the art may be used
for interpolation between 910 and 920 in FIG. 19, using appropriate measures of
phase differences such as 8, and §,. For example, either of the formulas (1) and (2)
above may be used directly by substituting 8, and 6, for d, and d,, respectively. The
use of a fixed delay TD ensures that the working projection views will correspond to
a same phase of the cardiac cycle following the trigger phase. The procedure
illustrated in FIGS. 14-16 may then be employed to generate the interpolated
.projectiOn view 900.

The same delay time TD can be used to generate projection views for
image reconstruction at a succession of slice'positions Z,, A number of slice images
can be generated to provide a reconstructed three dimensional image of the heart at
the configuration phase specified by the selected delay TD. It is desirable to use a
delay time TD corresponding to a cardiac phase at which the heart is nearly still.
Alternatively, the approach of the invention may be further extended by performing
the aforementioned three dimensional image reconstruction for each of a series of
delay times TD. This alternative allows the creation of a time succession of such
three dimensional images to provide a dynamic (four-dimensional) model of the
heart.
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The aspect of the present invention described with reference to FIG. 10
may be implemented in various different embodiments, several of which may have
particular application in dynamic imaging contexts such as cardiac imaging. An
embodiment suitable for a given imaging context may be selected according to the
particular imaging system hardware to be used, characteristics of the object to be
imaged, image parameters to be emphasized, and so forth. Two particular
embodiments of the invention will now be described in more detail. Those of skill in

- the art will appreciate details and desirable features of other alternative embodiments,
upon considering the foregoing general description together with the particular
descriptions to be presented below. '

Interpolation Between Several Projection Views

~ FIG. 20 is a trajectory graph, similar to the graphs of FIGS. 12-13, but
illustrating an alternative aspect of the invention. The embodiment illustrated in
FIGS. 12-13 provided phase interpolation between two projection views selected
from consecutive different data acquisition cycles, and thus falling on neighboring
trajectories in the graphs. Here, for added clarity of illustration, the trajectories are
labeled to indicate both their respective gantry rotations and heart cycles. Thus the
label “M,” indicates the trajectory represents a sequence of projection views from the °
M-th heart cycle and the N-th gantry rotation.

The alternative embodiment of FIG. 20 provides for generating an
interpolated projection view 2000 by phase interpolation between several working
projection views 2010, 2020, 2030, and 2040. While four working projection views
2010-2040 are shown, it will be apparent that this aspect of the invention
encompasses other numbers of projection views, both more than four and less than
four. Moreover, it may be seen that assignment of zero interpolation weights may
effectively exclude some working projection views from the phase interpolation of a
particular embodiment. For example, assignment of zero weights to the projection
views 2030 and 2040 effectively reduces this alternate aspect of the invention to the
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previous aspect, in which phase interpolation is applied to two neighboring projection

views.

More generally, this alternative aspect may be embodied through phase
interpolation between several (e.g., three or more) working projection views. The
result is again to obtain an interpolated projection view, now based on the

interpolation formula

P,(6)=,w;6,9)-F,(6) @
ij

Here i indexes cardiac cycle and/ indexes gantry rotation (i.e., data acquisition cycle).
The equation (4) applies fully to the case of axial scanning but is not limited to such

contexts, as will be seen below.

The weights w,(, ¢) in equation (4), some of which may be zero, may
be selected based on any of various suitable weighting schemes. For example, the

weighting formulas

w;(6,9)

RS rYs

where ®)

Ww,(6,4) =[A@,(8)- A and

ld’a'(g)'d’ ld’g(ﬂ)—dﬂ'rz"'
A@y(6)-9)=
L-lo,@-d  F<loO-ds<T,

define weights w;(8, ¢) similar to the coefficients of P’ and P” in (1) and (2) above.

The case where the exponent is p=2, for example, achieves rapid decay
with increasing phase distance of the working projection view from the desired phase.
A rapid decay condition reduces the influence of more distant working projection
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views, relative to the contribution to the interpolation result from views close to the
desired phase.

It is noted that the above definition of A(®(&)-¢) accounts for the
case when the distance |®,(&)-4 is greater than T,/2, one-half the heart cycle period.
Such a difference function may be applied (with changes i:hat will be apparent to
those of skill in the art) in equations (1) and (2) above, in any case where the
difference ¢-T, or the difference T,-d, exceeds one-half of the heart cycle period T,

Those of skill in the art will appreciate that the inverse-polynomial
weighting [-]7 set forth above is only one example of a weighting function that may
be applied for phase interpolation as provided by the present invention. For example,
the weights w,(8 #) may be defined in terms of any nonnegative monotonically

decreasing function of the distance A(®;(¢)—¢@) such that the sum of the weights

for a given fand gis unity: T w(6, @=1. For example, the weighting function w(é,
#) may be reduced to a unit step function having value 1 at the nearest-neighbor phase
®,(6, ¢ and value 0 at more distant phases. The result of this weighting choice in
equation (4) would be to reduce the interpolation approach of the present invention to

the nearest-neigﬁbor substitution approach described above.

Another implementation provided by the present invention assigns
non-zero weights to working projection views in pairs, with each pair comprising one
view before and one view after the desired phase (i.e., the phases of each pair
“sandwich” the desired phase). In such an alternative implementation it may be
particularly desirable to use sandwiching with working projection views from
consecutive trajectories. That is, for each of the sandwich pairs, the projection views
of the pair may.be chosen from consecutive data acquisition cycles to sandwich the
desired phase therebetween.

Helical Scanning
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In an implementation for cardiac imaging, as described above, the
invention enables reconstruction of a single slice through the heart with high
resolution in time. If reconstruction is desired for more than one slice, such as for a
volumetric section (for example, a volumetric image of the entire heart), then further.

processing is performed.

One way to achieve this further goal is to perform the previously
described method for each of several slices through the heart. However, collection of
the scan data to be used for each slice involves multiple rotations of the gantry. For
the example illustrated in F IG. 8, three complete scanning rotations would be needed

for each slice.

Such an operation of multiple rotations for multiple slices would

‘ require an undesirably long data collection time. In particular, collection of data for

all the slices through the heart would be difficult to achieve in one breath hold (20-60
seconds), at least with the current CT technology. Such an approach would also
deliver to the patient an undesirably large X-ray dose. Thus, at least for dynamic
contexts such as cardiac imaging, the axial scanning arrangements illustrated in FIGS.

2-3 may have disadvantages.

FIG. 21 illustrates a source-detector assembly 2100 for a desirable
alternative to axial scanning, called helical scanning. The principal features of
assembly 2100 are analogous to the components of asséqlblies 200 and 300 in FIGS.
2 and 3, respectively. A subject 2102 (here illustrated as a human patient) is
illuminated by an x-ray beam 2104 while disposed on a (possibly movable) table
2108. A gantry 2112 supports an x-ray source 2114 that generates the imaging x-ray
beam 2104. However, unlike the fan beams 204 and 304 described previously, beam
2104 is a so-called cone beam that spreads (6r “fans”) in two generally orthogonal

directions as the beam is projected away from the source 2114.

The particular assembly 2100 of FIG. 21 comesponds to the third

_generation axial assembly 200 of FIG. 2. Specifically, the gantry 2112 also supports
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a detector array 2116 comprising multiple detector elements 2118, and both the
source 2114 and the detector array 2116 are transported around the subject 2102
along respective circular paths as the gantry 2112 rotates. The detector array 2116
and the source 2114 are both fixed to the gantry 2112. The detector 2116 thereby
remains opposite the source 2114, relative to the subjgct 2102, during the rotation.

Unlike detector array 216, however, the array 2116 is a so-called
multi-row detector comprising severél rows of detector elements. The array 2116
thereby provides a two dimensional detection area, which corresponds to the spread
of the cone beam 2104 in two directions. Accordingly, at each (lateral) detector
position of a single row detector array (such as array 216 in FIG. 2), the array 2116
comprises an entire set of detector elements arranged in a column generally parallel to

the axial direction z.

FIG. 22 shows a schematic diagram of the detector elements of a
multi-row detector such as detector array 2116. In the illustrated example, each
column of the array 2116 comprises four detector rows. Each detector has a thickness
of Ay

Helical scanning relaxes the requirement of axial scanning systems
that the axial position of the gantry is fixed at a single point throughout the data
collection cycle. Instead, the entire gantry (source and detector array) translates
axially (in the z direction) relative to the patient. This mode of opération allows a
single scan to cover the entire organ or structure under study. Thus, the motion of the
gantry, as well as the individual detector elements, traces a helix. The extent of
translation in the z direction (as a fraction of detector thickness A,) per gantry rotation
is called “pitch” and is denoted by “p” in FIG. 21. Thus, the axial position of the k-th

detector row can be written as

@t
z, ()= pA, ‘i’;‘*’kAd-
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A helical/cone beam CT scanning system provides advantages for
performing a volumetric reconstruction of the heart. For example, a multi-row
detector such as detector array 2116 can collect several times more x-ray data from
each scanning rotation. The axial position of the cone beam 2104 also advances
continuously during the scanning operation, so that each detector element 2118 traces
a helical path around the subject 2102. In this manner, the data collection proceeds
continuously as the cone beam 2104 advances axially, rather than being repeatedly

interrupted for a next translation maneuver.

FIG. 23 illustrates a complication that arises with helical scanning.

‘ The rotations 1, 2, and 3 represent successive loops of the helical advance of a four-
row detector array such as array 2116 shown in FIGS. 21-22. As time t evolves, each
scanning rotation progresses from a 0° view angle to a 360° view angle. Further, the
angle 360° for a given rotation coincides with the view angle 0° of the succeeding

rotation.

However, the helical advance of the gantry during the scanning process
causes the detector elements of the multi-row detector to be displaced axially during
each rotation. The locations of the detector rows of a three-row detector in the z
direction are shown in FIG. 23 in the z-t domain. The axial position of each detector -
row therefore changes, both between rotations and within each rotation. Still, each of
the detector rows in the multi-row detector defines data corresponding to a proper
projection view, i.e., a projection view representing attenuation data for a single axial

position.

The axial displacement of the detector positions in helical scanning
entails additional processing (rebinning) of the collected projection data to assemble
projection views conformable to the standard image reconstruction methods. One
approach is initially to reformat the helically skewed data from the multi-row detector
into a sequence of sinograms each corresponding to a single axial position z. This
rebinning procedure typically entails an interpolation procedure between detector
element values of neighboring detector rows. An additional, phase interpolation
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procedure of the present invention is also performed to obtain projection data for the

missing projection views at each axial position.

FIG. 24 illustrates an alternative approach in which each data row of
the three-dimensional helical projection data is tagged with corresponding phase
information. Thus, following FIG. 11, the bhase of the projecﬁon at view angle ,
cardiac cycle /, gantry rotation j, and detector row k is represented as ®;. The
projection data may also be tagged with Z-axis position information Z,() based on the
geometry of the detector rows, the relative speed of gantry and patient, and the gantry
rotation rate. In FIG. 24 the diagonal line represents the common trajectory followed
by each detector row in z as time evolves. The values np*A,; on the vertical axis
represent the accumulated number of data rows obtained after the corresponding
number of gantry rotation periods (Tg 2T, 3T,, etc.). The slope of the diagonal line
is determined by the table speed. ’

FIG. 25 shows a flow diagram illustrating a procedure to implement
the present invention in the context of helical scanning. An operation 2510 cross-

~ references the view angles of the helical projection data and the timing of the cardiac

cycle. This may entail tagging the set of projection data for each view angle with
timing information. The operation 2510 thereby correlates the projection data sets to
the cardiac cycle phases to which the respective data sets correspond. In the case of a
multi-row detector, each projection data set will comprise several rows of projection

data for each view angle.

A particular cardiac phase is selected for reconstruction at an operation
2520. Because the helical scanning process collects scan data over a range of axial.
positions, an axial position z, of the slice to be reconstructed is also selected at an
operation 2530. An initial view angle is selected at an operation 2540 for processing
of the helical data.

An operation 2550 selects a set of neighboring scanning rotations for

the selected cardiac phase and the selected view angle. This operation is described in
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more detail below with reference to FIGS. 26-28. Briefly, operation 2550 relates to .
the fact that the helical scan data are collected as the axial position of the gantry
advances through multiple rotations. A first stage toward determining working
projection views is to identify from the helical projection data the scanning rotations

for which the projection data are most relevant to the missing projection view.

An operation 2560 determines working projection views for the
scanning rotations selected in the operation 2550. This determining operation is
described in greater detail below with reference to FIGS. 29-30. Operation 2560
relates to the fact that the helical scan data from a multi-row detector is desirably

conformed into projection views for the selected slice position.

When the working projection views have been determined at operation
2560, the procedure of FIG. 25 advances to.an operation 2570. In this operation, an
interpolated projection view is generated from the working projection views
determined in the operation 2560. The operation 2570 may be the same phase
interpolation (i.e., interpolation in time) described above with respect to operation
1460 of FIGS. 14 and 16. An operation 2580 determines whether the current view
angle is the last view angle for which a projection view is needed for reconstruction
of the selected slice. If more view angles remain, the procedure advances to an
operation 2590 where the next view angle is selected. The procedure then returns to

operation 2550.

FIG. 26 shows a flow diagram illustrating an exemplary sequence of
operations for performing the operation 2550 of FIG. 25. The context for this
procedure is that the helical projection data comprise data for a succession of
scanning rotations each including the selected view angle. However, because the
cardiac cycle will not be synchronized with the scanning rotations, the data for the
selected view angle from different scanning rotations generally will represent the
heart at different cardiac phases.
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Operations 2610 and 2620 determine particular helical projection data

(such as by selecting particular scanning rotations) for which the selected view angle

corresponds to respective cardiac phases near the selected phase. The operation 2610

“determines such data for a nearby phase timing prior to the timing of the selected
phase, and the operation 2620 determines data for a nearby phase subsequent to the

selected phase.

For example, with reference to the trajectories of FIG. 8, the
trajectories 3 and 2 would be selected as neighbors for (i.e., before and after) the A
selected phase t,, for all view angles &between 0° and 60°. For #between 60° and
180°, trajectories 1 and 3 would be selected; for #between 180° and 300°, trajectories
2 and 1 wbuld be selécted; and for & between 300° and 360°, trajectories 3 and 2
would be selected. It is desirable for the procedure to select those scanning rotations
for which the selected view angle occurs at a cardiac phase closest to the selected

cardiac phase.

FIGS. 27-28 illustrate the determinations of operations 2610 and 2620.
In FIG. 27, each of scanning rotations 1, 2, and 4, the timing of the selected phase is
denoted as ¢4, The scanning rotation 3 lacks an occurrence of the selected phase,
reflecting the fact that in the illustrated example the cardiac cycle period T, is longer
that the scanning rotation period T,. The selected view angle is denoted 6, and occurs

in every rotation, including rotation 3.

‘ FIG. 28 illustrates determination of scanning rotation sets for
operations 2610 and 2620. In a preferred embodiment, the rotations are ones in which
the selected view angle occurs at a cardiac phase close to an occurrence of the
selécted phase. FIG. 28 shows that the phase differences between the phase at the

selected view angle 0, and the selected phase ¢, are represented as phase differences

Ad.

The designation of phase differences A emphasizes that the present

invention may determine a working projection view based on the difference between
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the phase of the heart at the working view and the desired phase. An interpolation
rile used in the present invention may account for the relative phase differences of
two working projection views and may give greatér weight to a working view that is
closer in phase than a working view that is farther away. As indicated above with
reference to FIGS. 17-19, the actual phase difference may be better determined by a
delay following a most recent trigger wave in the EKG (such as an R-wave), rather

than a uniform phase timing such as timing ¢, in FIG. 12.

Returning to FIG. 28, the view angle 6, in rotation 1 occurs at a phase
delay A¢, away from the occurrence of the phase ¢. In rotation 2, view angle 0,
occurs A, away from ¢, in rotation 1 and Ad:‘3 away from ¢, in rotation 2. Similarly,
in rotation 3 0, occurs Ad, away from ¢ in rotation 2 and A¢; away from ¢ in
rotation 4. 0, in rotation 4 occurs A¢, away from ¢, in the éame scanning rotation. Of
course, additional scanning rotations will generally provide additional occurrences of

0, at corresponding phase differences Ad away from g,

The selection of neighboring scanning rotations in operation 2550 (see
FIG. 25), performed in operations 2610 and 2620 of FIG. 26, may select a pair of
rotations for which the selected view angle 6, occurs at a timing close in phase to the
desired phase ¢. In a particular cése, 0, may occur in the selected rotations at the
closest phases bevfore and after phase ¢, respectively, among the collected projection
data. Thus, rotation 4 will be selected because 0, occurs closest in phase to ¢, of the
available rotations. The occurrence of 9, in rotation 3 is the closest occurrence after
an occurrence of ¢, among the available rotations. It should be observed at this point
tﬁat the selected rotations 3 and 4 are temporally consecutive data acquisition cycles,
a natural consequence of selecting the closest trajectories before and after the desired

phase.

It follows that the exemplary embodiment illustrated in FIG. 28
determines the helical projection data in operation 2610 as the data at 6, in'rotation 4.
The data determined in operation 2620 are, in like manner, the data at 0, in rotation 3.
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In summary, the illustrated embodiment of the procedure selects the
nearest neighbor scanning rotations before and after the selected phase. The
possibility exists to interpolate between view angles corresponding to other scanning
rotations, as well, as noted above with reference to FIG. 20. Such alternatives will be

described in more detail below with reference to FIGS, 31-36. -

FIG. 29 shows a flow diagram illustrating an exemplary sequence of
operations for performing the operation 2560 of FIG. 25. The result of these
‘operations is to determine for each selected scanning rotation a projection view
representing the subject at the selected axial position. As noted above, the helical

scan data is usually collected with a multi-row detector and cone beam.

An operation 2910 selects an initial scanning rotation from the selected
scanning rotations for which working projection views are to be determined. The
selected axial position will generally fall between the axial positions for two detector
rows of the selected scanning rotation at the selected view angle. FIG. 27 shows that
the axial position of each detector row advances as the view angle of the rotation
increments from 0° to 360°. For the selected view angle, operation 2920 determines

from the selected scanning rotation the two rows closest to the selected position 7.

) FIG. 30 is a time evolution diagram, similar to FIGS. 27-28, showing

the helical projection data determined in the procedure of FIG. 26. As seen in FIG.
30, the helical projection data will usually comprise several rows of data
corresponding to the rows of detector elements arranged successively in the axial
direction. In the typical case, as illustrated in FIG. 30, none of the selected data rows
will 'provide a projeétion view at the selected axial position z, This is a common
occurrence with helical scanning data and arises because of the axial translation of the
detector array during the scanning rotation. A projection view for the selected
position z, will therefore be constructed from the existing helical projection data.

FIG. 30 also illustrates the scanning rotations and data rows that may
be selected in operations 2910 and 2920. For the purposes of this illustration, it is
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assumed that the scanning rotation 3 is the selected initial scanning rotation. The two
data rows 3010 and 3020, respectively below and above z, in the axial direction Z,
comprise the neighboring detector row data selected in the operation 2920.

Returning to FIG. 29, projection data for an interpolated projection
view at the selected position z, are then computed at an operation 2930. Here the
interpolated projection data are generated by interpolating in z (the axial direction)
between the neighboring row data at each detector position along the selected rows.
In some respects this éomputation resembles a grid transformation operation, whereby
the available data are converted to projection data for a different grid. Such
transformations are well known in the art, and the various available alternatives for
carrying out the corresponding computations will not be detailed here. In a typical
such alternative, the data values of the z-interpolated projection view are obtained

according to a formula such as

B(02)= 3 ,(z) Py(6), where ©)

k
1/"3]Z¢ (m'zoISAd
@, (2)=G(Z,, ()-2,|). ;a),,(zo)zl.

Here k indexes the rows of the multi-row detector array, Z,(é) is the z-location of the
projection view P,(6), and 4, is the collimation (which, as noted previously, is the
inter-row distance). It is also noted that the projection views P,,(6) for given & i and
J have the same phase @ () for all rows k. This commonality arises because in such

a case the projections of all the rows are collected at the same moment in time.

The weights ©,(z,) may be defined in terms of a function G(-) of the
distance 'Z (@ - zol , where G is a non-negative monotonically decreasing function
of its argument. For example, G may be a linear function of the distance
lZyk(H)—zol. The idea behind this z-interpolation, like the phase interpolation

described previously, is that the closer a projection view is to z, (or &), the more that
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projection view contributes to the interpolated projection view. As with the previous
discussion of weights for phase interpolation, those of skill in the art will appreciate
that many weighting schemes may be employed to carry out z-interpolation with the

present invention

An operation 2940 determines whether working projection views are to
be determined for more scanning rotations. If so, then the procedure advances to an
operation 2950 where the next of the selected scanning rotations is selected for
interpolation. For example, m FIG. 30 the next scanning rotation would be scanning
rotation 4. The procedure of FIG. 29 then retums to operation 2920. The two data
rows 3030 and 3040, respectively below and above z, comprise the neighboring
detector row data selected in the operation 2920. The operation 2930 then
interpolates between rows 3030 and 3040 to generate the second working projection

view at the selected axial position z,.

In the procedure of FIG. 26 the operations 2610 and 2620 will be
performed twice. At the completion of the procedure illustrated in FIG. 29, there will
have been determined two (or more) separate working projection views each
computed by interpolation in z between neighboring detector rows of the respective
scanning rotation data. At this point the procedure of F. IG. 25 continues as describe@

above.
Flexible Projection Data Processing

A further alternative embodiment of the invention will now be
described with reference to FIGS. 31-35. A procedure of this alternative bears some
similarities to the procedure of FIG. 14 above. The result to be obtained may be a 3-
D image of the patient’s heart at a desired cardiac phase 4. A three-dimensional
image (a volumetric representation based on several slice images) of the subject’s
heart may be obtained through this alternative embodiment by reconstructing 2-D
slices for a range of z-locations (z,). For each two-dimensional slice, the system may
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obtain a slice image corresponding to the given phase 4, as well as the axial position

of the slice.

FIG. 31 is a flow diagram illustrating a procedure 3100 of this
alternative embodiment of the invention for the case of helical scan data. In an
operation 3110 the three-dimensional projection data are tagged with phase and z-
location information. Based on the temporal location of the identified R-wave peaks,
as described above with reference to FIG. 11, each projection view is assigned a
cardiac phase ®;,. In this operation the gantry period T, is also used to determine the
gantry rotation of the projection view. Similarly, the z-locations of the projection
views are determined based on the relationship between the gantry period T, and the
table speed, as indicated above with reference to FIG. 24. The phase and z-location

tags are used in the subsequent operations of the procedure 3100.

An operation 3120 selects a cardiac phase at which a slice image of the
patient’s heart is to be reconstructed. A corresponding axial position z, for the slice
image is selected in an operation 3130. These operations specify the slice image and
enable the appropriate projection data to be identified by reference to the phase and

location tags.

An operation 3140 determines, from among the helical projection data,
the set of projection views from which an interpolated projection view for the slice
image may be generated. Given the selected z-location z,, the projection views that
possibly could contribute to the interpolation result of equation (4). As noted above,
for a given axial position either one or two data rows of the helical projection data
correspond to row positions that are closest to the selected axial position z, The
projection data were tagged with location information in the operation 3110, and
therefore the data rows can be searched for the one or two nearest neighbors to z,.

Operation 3150 determines a reconstruction range in which to obtain a
complete set of projection views for the selected slice image. The operation 3170

determines working projection views for the selected view angle by interpolating in
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the z-direction between the neighboring projection views as determined by the
location tags Z,,(6). This operation determines a reconstruction range, i.¢., a range of
view angles (the range having extent 180°+fan angle) from among the full range [0°,
360°). Here a “reconstruction range” comprises a plurality of discrete view angles,
because the projection data are sampled in discrete sampling intervals. A set of
projection data is said to “cover” a given reconstruction range if the set of projection
data comprises a projection view at each of the discrete view angles of the

reconstruction range.

The reconstruction range is selected as a subset of the projection views
covering the selected axial position (see operation 3140) for which the total phase
diétance from the selected phase 4 is a minimum. The operation 3150 will be
described in more detail with reference to FIG. 33. An operation 3160 selects an

initial view angle at which an interpolated projection view will be generated.

Operations 3170 and 3180 are repeated for each view angle in the
selected reconstruction range. This interpolation may be carried out substantially as
described above with reference to FIG. 29. ‘

The operation 3180 performs phase interpolation between the z-
interpolated projection views obtained from the operation 3170, using the selected
interpolation rule of the form (4) above. Alternatively, the interpolations of
operations 3170 and 3180 may be performed in an integrated computation, using an
interpolation rule such as ’

P ¢(ﬂ) = ijyw&ﬁ,’k(g) . Y]
i‘j
It is further noted that the separated weight w;a; may be replaced with an integrated
Welght Qijk

The procedure 3100 advances from the operatioxi 3170 to an operation

3180 that determines whether more view angles in the selected reconstruction range
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remain for interpolated projection views to be generated. If so, then an operation
3190 selects the next view angle and the procedure loops back to the operation 3150.
If not, the procedure 3100 returns.

FIG. 32 is a flow diagram illustrating details of an exemplary
procedure for carrying out the operation 3140 of FIG. 31. An operation 3210 selects
an initial time stamp corresponding to an initial sampling interval of the (three-
dimensional) helical projection data. This identifies the projection data rows

generated first in time among the helical data.

From the operation 3210 the procedure of FIG. 32 enters an iterative
loop in which rows of data are examined for possible inclusion in the set of selected
projection views. An operation 3220 determines whether any data row corresponding
to the current time stamp is tagged with a z-location within the collimation distance
A, from the selected axial position z, If such a row is identified, the row is selected

for the set of projection views in an operation 3230.

The procedure of FIG. 32 advances from the selection operation 3230
to an operation 3240 in which it is determined whether the projection data comprise a
second row within the collimation distance A, from the z-position z,. If so, the second .
row is selected for the set of projection views. As noted above, for any given data
sampling interval (i.e., any giveg time stamp) will correspond to at most two data
rows tagged with z-locations within the collimation distance from a selected axial

position.

If the determination at either the operation 3220 or the operation 3240
is negative, then the procedure advances directly to an operation 3260. The operation
3260 determines whether all the time stamps for the collected projection data have
been considered. If not, then the procedure advances to an operation 3270 where a
next time stamp is selected. From the operation 3270 the procedure loops back to the
determination at the operation 3220, If the determination at the operation 3260 is
aﬁmaﬁve, then the procedure returns. Altematively, instead of looping back based
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on the determination of operation 3260, the procedure of FIG. 32 may instead
continue until 2 row of data has been selected at a time stamp and no row of data is
selected at a subsequent time stamp, or until all of the time stamps have been
considered, whichever occurs first. This alternative may be more efficient because a

final block of rows that comprises no selectable rows will not be searched.

FIG. 33 is a trajectory graph, similar to the graph of FIG. 20, for
illustrating the operation 3150 of FIG. 31. The filled circles 3310 each represent
projection data corresponding to a respective data sampling interval. The data -
acquisition cycles of the imaging system 100 provide several trajectories 1, 2, 3 of
projection data. Each trajectory, although discretized in time and hence also in view
angle, nevertheless covers the full range [0°, 360°) of view angles. Moreover, for
each discrete view angle in the range [0°, 360°), the projection data comprise several
sets 3310 of projection data having time stamps corresponding to the given view
angle. Thus, as in FIG. 20, an interpolated projection view could be generated for

each discrete view angle from the existing sets of projection data at that view angle.

On the other hand, as noted above, current reconstruction algorithms
generally can produce high quality image reconstructions with projection data

covering less than the full range [0°, 360°). The projection views should cover an

" angular sector of at least 180° plus the fan angle. FIG. 33 illustrates that this

condition may be satisfied by several different sets of projection views covering
different sectors of view angles. The several trajectories 1, 2, 3, etc., therefore

comprise more projection data than is necessary for the desired image reconstruction.

This surplus of projection data presents a potential opportunity for
optimizing the image quality by carefully selecting the reconstruction range for the
desired image. Here a reconstruction range @, is simply the range of view angles of
the projection views from which the slice image will be reconstructed. The
perspective of the projection data afforded by the trajectory graph of FIG. 33 raises
the possibility that different reconstruction ranges may provide reconstructed images
with different features.
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Yet another aspect of the present invention provides an approach for
determining a reconstruction range that will optimize some data parameter having an
influence on image quality. In one implementation of this aspect of the invention, a
reconstruction range is selected that has a minimum total phase distance from the
desired phase. Here, “minimum total phase distance” means the smallest distance
value defined by the following formula:

D(4,6,)= D d(6,9) ®
bR, 46,4 .
where the reconstruction range R, extends between beginning and ending view angles
6, and &, respectively. The total phase distance is a “separation measure” for the
reconstruction range, because the total phase distance measures a separation (in
phase) between the existing projection views of the reconstruction range and an ideal
set of projection views (e.g., all at the desired phase). The value d(8,¢) is selected as
the minimum phase distance between the phase of the current projection view and the

desired phase, as follows:

d(6,¢) = arglr_nin,d) (@~ ¢1 . ()]

Those of skill in the art will appreciate that the reconstruction range R,
may begin at an angle &, that is actually larger than the ending angle &, due to the
periodicity of 4. In such a case the representation [&}, &] for the reconstruction
range R, in equation (2) above may be replaced by the corresponding representation
R, =[8, 2m)J(0, &).

In the foregoing particular example the detector array has four rows of
detectors. In this exemplary case it follows from simple geometry that the number of
gantry rotations contributing projection views for a given z-location is determined by
4/p, where p is again the pitch of the helical scan. The pitch p may be selected to be

small enough that multiple projection views are generated for the same view angle,
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although from different gantry rotations and cardiac cycles. Depending on the heart
rate, these projection views will represent the heart in a distribution of cardiac phases.

Therefore, in a first procedure, the temporal (phase) distance dj, of each
projection to the reconstruction (target) phase ¢, will be determined. Each of these
phase distances indicates a separation (in phase) between the projection view and an
ideal projection view (at the desired phase), and thus each is a “separation value” for
the respective projection view. Then, for each view angle, the minimum temporal
distance is found and used with equations (8) and (9) to determine the start angle &4,
and the end angle & of the least-distance reconstruction range, The result is a
reconstruction range with a subset of projection views that are closest in phase to the

reconstruction phase ¢,

FIG. 34 is a flow diagram illustrating a procedure of this further aspect
of the invention for determining such a reconstruction range. An operation 3410
computes the phase difference d; for each projection view in the selected set of
projection data. An operation 3420 then selects a projection view closest in phase to -
the desired phase 4, for each view angle. A total D, of these minimum distances is
computed at an operation 3430 for each potential reconstruction range in the full
sector [0° 360°). A particular reconstruction range whose total distance D, is a
minimum relative to the other reconstruction ranges is selected in an operation 3440,
and the procedure of FIG. 34 returns.

FIG. 35 is a flow diagram illustrating an exemplary procedure of the
invention for determining the interpolated projection views for a selected
reconstruction range. An operation 3510 selects an initial view angle in the selected
range. It is noted that the reconstruction range may be represented by an angular
interval [4,4)], so that the initial view angle may be 4. An operation 3520
interpolates between the row data of the projection views selected for the view angle.

An operation 3530 determines whether more view angles remain at which to generate
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interpolated projection views. If more view angles remain, an operation 3540 selects
the next view angle, and the procedure loops back to the operation 3520.

FIG. 36 is a flow diagram outlining an overall procedure of the
invention for generating a set of slice images for a corresponding range of axial

positions z. Where the set of slice images comprises a plurality of images, this

~ procedure effectively provides for generating a volumetric image of the object of

interest. The direct result of the particular procedure as illustrated is a three-
dimensional representation of the patient’s heart at a selected phase of the cardiac
cycle. Persons of skill in the art will appreciate that this basic procedure may'be
employed for a range of selected phases to generate a dynamic model of the patient’s
heart, for purposes such as dynamic functional assessment,

An operation 3610 selects the desired cardiac phase ¢. An operation
3620 similarly selects a range of axial (z-axis) locations for the slice images to be
generated. An operation 3630 tags the projection data with phase identification
information and z-location information, as described previously with reference to
FIGS. 11 and 24. An operation 3640 selects an initial slice location (z,).

Operation 3650 generates interpolated projection views for the selected
slice by phase interpolation, as provided by the various aspects of the present
invention. A complete set of projection views is thereby generated for the selected
slice, perhaps with supplementation from the existing views of the projection data.
Operation 3660 performs reconstruction on the complete set of projection views,
using any of various Weﬁ~known methods for tomographic image reconstruction. An
operation 3670 determines whether more slice images remain to be generated. If so,
the procedure advances to operation 3680 where the next slice position is selected,
and the procedure then returns to the operations 3650 and 3660.

A Technique for Re-ordering Data in the Phase Domain

The foregoing exemplary embodiments illustrate an aspect of the
invention that provides advantages for tomographic imaging of objects in motion.
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This aspect of the invention provides for reconstruction of a tomographic image from
projection views that have been processed to account for dynamic behavior of the

imaged object during collection of the projection data [ &r), Z(m)].

The examples described above further illustrate that such processing to
account for dynamic behavior may be carried out in various alternative ways. For
example, the adaptive processing approach of the first embodiment described above is
oriented toward independent sets of projection data where each set corresponds to a
single axial position z. In this sense, the first embodiment may be described as
“position driven.” When the raw data [ &n), Z(m)] are obtained by helical/cone beam
scanning, further processing (rebinning) may be carried out to assemble the helically
skewed data into a sequence of such independent sets for successive axial positions.
This rebinning procedure typically entails an interpolation procedure between
detector element values of neighboring detectqr rows, such as z-interpolation as

described above.

An additional technique for preprocessing the raw projection data will
now be described. Such preprocessing may be used with the present invention and

particularly with “position driven” embodiments as noted above.

This additional technique proceeds from the further observation that
useful information potentially exists in relationships between helical scan data in both
space and time. The rebinning procedure noted above illustrates that the spatial
proximity of adjacent detector rows has been used to synthesize projection data
corresponding to a particular axial position. The technique to be described uses the
further discovery that the selection of appropriate subsets of the three-dimensional
projection data can allow additional information to be extracted from relationships
between the raw data collected in different gantry rotations.

One source of this additional information may be the potential for
overlap between the helical scan paths of various detector elements in a multi-row
detector array. However, it has been recognized also that other relationships may
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exist between the raw data of different gantry rotations. A particular instance of such
relationships will now be described in conjunction with an exemplary embodiment of
the present additional technique in the particular context of volumetric cardiac

imaging.

FIG. 37 is a flow diagram illustrating a general procedure provided by
the present additional technique. An operation 3710 is the basic data collection
operation for obtaining three-dimensional projection data. If the projection data are
generated with a helical scanning system comprising or having a source-detector
assembly such as the assembly 2100, then the operation may comprise several
rotations of the gantry 2112 to execute multiple data acquisition cycles. In any case,
the operation 3710 obtains volumetric projection data representing the imaged object

over a plurality of data acquisition cycles.

) In an operation 3720, the three-dimensional projection data are
analyzed to determine (for example, to select) a particular set of projection views at a
selected view angle for each data acquisition cycle. It is desirable to select the view
angles for this operation 3720 according to a time dependent feature (i.e., a “dynamic
behavior”) of the object being imaged. The particular sets of projection views may
then be selected to satisfy a predetermined relationship for the time dependent feature
between the different sets. A particular case of this determining operation will be
described below with reference to FIGS. 40-42.

An operation 3730 provides a reconciliation between the axial
positions at which the projection views of a given set represent the object and the
axial positions at which the stacked slice images are to represent the object. This
reconciliation is typically helpful because the helical projection data are axially
skewed within each rotation data set. Thus, with reference to FIG. 23, it will be likely
that none of the detector rows will coincide in axial position with a specified position,
at least when the view angle #is chosen according to some other criterion. Thus, to

generate projection views representing the object at the specified axial position, a
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spatial interpolation (such as the z-interpolation described above) is typically carried
out in the operation 3730.

An operation 3740 generally completes the procedure by
reconstructing a number of slice images (usually several, but possibly only one or
two) at the respective specified axial positions. For each slice imaée, this operation
entails sélccting projection views from respective ones of the sets of projection views
(or from the reconciled sets of projection views). In this way, each slice image may
be reconstructed from several projection views representing the object at different

view angles but at the same specified axial position.

A particular embodiment of the present additional technique will now
be described in the context of cardiac imaging. Persons of skill in the art will
appreciate, however, that this technique can also be applied in other medical and non-
medical imaging contexts where a time dependent feature of the three dimensional
projection data implicitly carries additional information about the imaged object.

As noted above, in the simplest case of cardiac imaging, it may be
assumed that the heart rate is constant while the scan data are collected. The desired
phase of the heart’s cycle of configurations then occurs in each cardiac cycle at a
fixed fraction of the heart period T, following the preceding R-wave. For a given
cardiac cycle, a projection view corresponding to the desired heart phase may be
identified by reference to the fixed fraction and the time stamps correlating to the
cardiac R-wave that begins the cardiac cycie.

The assumption of regular heartbeat simplifies the process of cross-
referencing the projection data and the EKG data. In particular, for each R-R heart
cycle the desired phase of the heart occurs at the same time t, after the R-wave of the
cycle. The simplifying assumption of regular heart rate thus creates an assumed
correlation between the time stamps of the row data and the respective phases of the
cardiac cycle. )
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However, usually the heart rate is not uniform during the data
acquisition process. The preferred procedure is then to collect an electrocardiogram
(EKG) data set along with the helical scan data. The EKG data set can then be
correlated off-line with CT scan data, using the time stamps associated with the raw
volumetric projection data. Thereafter, using the time stamps and the correlations to
the EKG data, the particular projection data corresponding to a selected cardiac
configuration phase can be identified, as in the embodiments described above.

Such an adaptation to heart rate variations is well known in the art and
has been used, for example, in the sector approach described above with respect to
FIG. 6. Persons skilled in the art will readily appreciate the appropriate measures to
be used with the present additional technique to compensate for the presence of heart
rate variability, For example, a compensation model is employed in the technique of
U.S. Patent No. 5,997,883 to Epstein et al. noted previously. v

On the other hand, an embodiment of the present additional technique
is particularly useful in cases where heart rate variability exists. It is known that in
most cases where the heart cycle duration varies, the systole period of the cardiac
cycle is relatively stable. In other words, the portion of the cardiac cycle that changes
in duration most commonly is the diastole period, when the heart is in a relaxed state.
This fact can be used to develop a selection criterion for selecting sets of projection
views, as in the operation 3720 of FIG. 37.

FIG. 38 depicts timing diagrams that illustrate the determination of a
trigger delay TD with which to select the projection data sets. In trace A of FIG. 38,
the R waves of successive cardiac cycles occur at irregular times, due to the heart rate
variability. Trace B of FIG. 38 shows the corresponding displac‘cment of a coronary

artery to be imaged.

During the systole period, the displacement is substantial and will tend
to create motion inconsistencies in the projection data. However, if a fixed time TD
is measured after each R wave, it can be seen that the heart has entered the quiescent
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diastole period. As trace B of FIG. 38 illustrates, the duration of the diastole period
may vary substantially from cardiac cycle to cardiac cycle. However, the entering
portion of the diastole occurs reliably at the delay time TD after the R wave.

Trace C of FIG. 38 illustrates the timing of trigger signals by which to
select the sets of projection views from the three-dimensional projection data. By
generating a trigger signal at a fixed trigger delay TD after each R wave, sets of
projection views can be selected from the volumetric data to represent the heart in a
same phase of the cardiac cycle. The trigger delay can be chosen so that the
particular phase is a phase at which the heart is nearly still, thereby enhancing the

consistency of the selected projection data sets.

Different trigger delays can be used to generate a four-dimensional
model of the heart. The foregoing aspects of the present invention, such as the first
embodiment described above, may be employed to generate interpolated projection
views for this purpose. For a given phase of the desired four-dimensional model, a
projection view at a selected view angle and a selected axial position may be

synthesized by interpolating between projection views at nearby phases.

FIG. 39 is a flow diagram illustrating a procedure of the present
technique as applied in the foregoing context of cardiac imaging. A trigger delay TD
is set to a specific value in an operation 3910, thereby determining the particular

. phase of the heart for the three-dimensional image reconstruction.

As can be seen from FIG. 23, the trigger delay TD will typically
correspond to a different view angle & for each of the scanning rotations (data
acquisition cycles ROTATION 1, ROTATION 2, etc.). An operation 3920 therefore
identifies the trigger angles 4 for the corresponding rotational data sets. An operation
3930 collects the raw data [& (), Z(mm)] at the corresponding trigger angles &), using
the time stamp correlations between the EKG data and the projection data.

An operation 3940 selects the axial positions z at which the one or
more slice images are to be reconstructed. The positions z; may be chosen to coincide
| -62-
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with the successive axial positions of one of the selected projection data sets, although
the helical skew of the volumetric projection data will generally prevent such
coincidence for the other sets. An operation 3950 then completes the reconciliation of
the axial positions of the selected projection data sets with the specified axial
positions for the slice images, by interpolating the collected projection data sets in z,
The reconciled projection data sets can then be input to the reconstruction process to

generate the desired slice images.

_ FIG. 40 shows a time evolution diagram similar to the diagram of FIG.
23, but with the trigger delay TD indicated after the R waves R,, R,, and R,. In the
illustrated example, the gantry rotation period T, is less than the nominal period of
the cardiac cycle. Therefore, triggers t, and t, occur in rotations 1 and 2, respectively,
but trigger t, does not occur until rotation 4. A different choice for TD would result
in different locations of the triggers t,.

FIG. 41 shows that the triggers t; determine trigger angles & in the
rotations 1, 2, and 4. Each selected trigger angle 4 determines a corresponding set of
projection views in the time stamped projection data. For example, & determines the

projection views 4112, 4114, 4116, and 4118, which happen to correspond to the first

' through fourth detector rows of the multi-row detector array. The trigger angle &

determines the projection views 4122, 4124, 4126, and 4128 from rotation 2. The
trigger angle & determines the projection views 4132, 4134, 4136, and 4138 from
rotation 4.

A notable point is that all of the projection views 4112 through 4138
represent the imaged heart in the same phase of the cardiac cycle. This is achieved by
determining the sets of projection views from the raw data, rather than selecting'a
specified axial position for the desired image and then searching for suitable

projection views in the raw data.

FIG. 42 shows the selected sets of projection views at their respective

view angles relative to a single cycle of view angles & Due to the axial skewing of
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the raw projection data, the several projection views 4112 through 4138 correspond to
different axial positions z. Reconstruction of a slice image at a specified axial
position therefore will typically entail reconciliation of the selected projection view
sets. A reconciled set of projection views is thereby selected to representing the heart

at the same view angles 4 through &, but at a single specified axial position z.

Various implementations of the invention described herein above have
been tested with clinical cardiac data. These results demonstrate that the invention
can noticeably reduce the streaks and other artifacts that occur when the sector

approach is applied.

As this invention may be embodied in several forms without
departing from the spirit or principal characteristics thereof, the present embodiments
are therefore illustrative and not restrictive. Those skilled in the art will appreciate
that changes may be made to these embodiments without departing from the
principles and spirit of the invention. Accordingly, the scope of the invention is
defined by the appended claims rather than by the description preceding them, and all
changes that fall within the metes and bounds of the claims, or equivalents of such

metes and bounds thereof, are therefore intended to be embraced by the claims.
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WHAT IS CLAIMED IS:
1. A tomographic image generation method, comprising:

determining a plurality of working projection views (910, 920) of an
object (106) at a selected view angle based on initial projection data collected in

respective different data acquisition cycles; and

interpolating between the working projection views (910, 920) o
generate an interpolated projection view (900) of the object (106) at the selected view

angle.

2. A method according to claim 1, wherein the plurality of working

projection views comprises three projection views.

3. A method according to claim 2, wherein the three projection views
are respectively based on initial projection data collected in consecutive data

acquisition cycles.

4. A method according to claim 1, wherein the plurality of working

projection views comprises four projection views.

5. A method according to claim 1, wherein the plurality of working

projection views (910, 920) consists of two projection views.

6. A method according to claim 1, wherein the object (106) is in
motion during collection of the initial projection data.

7. A method according to claim 6, wherein the motion of the object
(106) is cyclical motion.

8. A method according to claim 7, wherein successive cycles of the

cyclical motion have a same cycle period.
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9. A method according to claim 7, wherein successive cycles of the
cyclical motion each has a cycle duration within a range of variation about a nominal

cycle period.
10. A method according to claim 1, wherein:

the object (106) is in cyclical motion during collection of the initial

projection data; and

the determining operation comprises selecting the working projection
views (910, 920) from projection views of the initial projection data based on the
selected view angle and a specified phase of the cyclical motion, whereby the
interpolated projection view (900) represents the object at the selected vie\;v angle and

in the specified phase of the cyclical motion.
11. A method according to claim 10, wherein:

the cyclical motion comprises successive cycles of at least one of
translation, rotation, and elastic deformation of the object (106); and

the specified phase corresponds to a selected translation, rotation, or

elastic deformation state assumed by the object (106) in each of the successive cycles.

12. A method according to claim 1, wherein the plurality of working
projection views (910, 920) consists of two projection views (910, 920) respectively
based on initial projection data collected in two consecutive data acquisition cycles.

13.- A method according to claim 12, wherein the specified phase is
determined by a selected shape configuration repeatedly assumed by the object (106)
during the cyclical change in shape configuration.

14. A method according to claim 1, wherein the initial projection data
represent intensities of energetic rays transmitted through the object (106) and
detected by a detector array (116).
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15. A method according to claim 1134, wherein the energetic rays

comprise x-rays (104).
16. A method according to claim 14, wherein:
the detector array (116) is a multi-row detector array (2116); and

5 a cone beam (1104) impinges on a side of the object opposite the
detector array and the energetic rays comprise rays of the cone beam (1104)
transmitted through the object (106) to the detector array (2116).

17. A method according to claim 14, wherein the energetic rays are
attenuated by the object (106) and the initial projection data represent intensities of
10 the energetic rays subsequent to the attenuation. '

18. A method according to claim 1, wherein the working projection
views (910, 920) comprise projection views selected from the initial projection data

based on contemporaneously collected timing data.
19. A method according to claim 1, wherein:

15 the initial projection data are collected by the detector array (116) in a
cyclical scan comprising a plurality of rotational data acquisition cycles; and

the initial projection data comprise initial projection views of the
object (106) collected in plural successive rotational data acquisition cycles.

20. A method according to claim 19, wherein:

20 the object (106) is in cyclical motion during collection of the initial

projection data; and
a rotation period of the plurality of rotational data acquisition cycles is

different from a cycle duration of successive cycles of the cyclical motion.
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21. A method according to claim 1, wherein the object (106) is an
organ of a subject (102).

22. A method according to claim 21, wherein the organ (106) is a
heart.

23. A method according to claim 12, wherein the object (106) is a

human heart.

24, A method according to claim 1, wherein the interpolating
operation comprises performing weighted linear interpolation between respective

projection data of first and second ones of the working projection views (910, 920).

25. A method according to claim 1, wherein the interpolating
operation comprises performing weighted nonlinear interpolation between respective

projection data of first and second ones of the working projection views (910, 920).

26. A method according to claim 25, wherein the weighted nonlinear
interpolation is weighted quadratic interpolation.

27. A method according to claim 12, wherein:

the determining operation comprises selecting first and second
projection views from the initial projection data as the working projection views (910,
920), the first projection view (710) comprising projection data collected in a first
data acquisition cycle and the second projection view (720) comprising projection
data collected in a second data acquisition cycle subsequent to the first data

acquisition cycle; and

the interpolating operation comprises performing weighted quadratic
interpolation between respective projection data of the first and second projection
views (910, 920).

28. A computer readable medium encoded with a program for
tomographic image generation, said program comprising instructions for:
68
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determining a plurality of working projection views (910, 920) of an
object (106) at a selected view angle based on initial projection data collected in
respective different data acquisition cycles; and

intefpolating between the working projection views (910, 920) to
generate an interpolated projection view (900) of the object at a selected view angle.

29. A computer readable medium according to claim 28, wherein:

the object (106) is in cyclical motion during collection of the initial

projection data; and

the instructions for the determining procedure comprise instructions
for selecting each working projection view (910, 920) from projection views of the
initial projection data based on the selected view angle and a specified phase of the
cyclical motion, whereby the interpolated projection view (900) represents the object
(106) at the selected view angle and in the specified phase of the cyclical motion.

30. A computer readable medium according to claim 28, wherein the
plurality of working projection views (910, 920) consists of two projection views
respectively based on initial projection data collected in two consecutive data

acquisition cycles.

31. A computer readable medium according to claim 28, wherein the
initial projection data represent intensities of energetic rays transmitted through the
object (106). '

32. A computer readable medium according to claim 28, wherein the
working projection views (910, 920) comprise projection views selected from the

initial projection data based on contemporaneously collected timing data.
33. A tomographic image generation device (130, 140), comprising:

a storagé (134, 144) storing initial projection data collected from an

object by a detector array; and
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a processor (132, 142) determining a plurality of working projection
views (910, 920) of an object (106) at a selected view angle based on initial projection
data collected in respective different data acquisition cycles, and interpolating
between the working projection views (910, 920) to genecrate an interpolated
projection view (900) of the object (106) at the selected view angle.

34. A device (130, 140) according to claim 33, wherein:

the object (106) is in cyclical motion during collection of the initial

‘projection data; and

said processor (132) determines the working projection views (910,
920) by selecting each working projection view from projection views of the initial
projection data based on the selected view angle and a specified phase of the cyclical
motion, whereby the interpolated projection view (900) represents the object (106) at

the selected view angle and in the specified phase of the cyclical motion.
35. A device (130, 140) according to claim 33, wherein:

the object (106) is in cyclical motion during collection of the initial

projection data; and

the plurality of working projection views (910, 920) consists of two
_ projection views respectively based on initial projection data collected in two

consecutive data acquisition cycles.

36. A device (130, 140) according to claim 33, wherein the projection
data are collected from energetic rays transmitted through the object (106).

37. A device (130, 140) according to claim 33, wherein the working
projection views (910, 920) comprise projection views selected from the initial

projection data based on contemporaneously collected timing data.

38. A tomographic image generation system (100), comprising:
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a detector array (116) generating initial projection data for an object
(106); and

a computer (130, 140) comprising a processor (132, 142) determining
a plurality of working projection views (910, 920) of an object (106) at a selected
view angle based on initial projection data collected in respective different data
acquisition cycles, and interpolating between the working projection views (910, 920)
to generate an interpolated projectfon view (900) of the object (106) at the selected

view angle.
39. A system (100) according to claim 38, wherein:

the objec‘t (106) is in cyclical motion during collection of the initial

projection data; and

the processor (132, 142) dett;nnines the working projection views
(910, 920) by selecting each working projection view from projection views of the
initial projection data based on the selected view angle and a specified phase of the
cyclical motion, whereby the interpolated projection view (900) represents the object
(106) at the selected view angle and in the specified phase of the cyclical motion.

40. A system (100) according to claim 38, wherein the plurality of
working projection views (910, 920) consists of two projection views respectively

based on initial projection data collected in two consecutive data acquisition cycles.

41. A system (100) according to claim 38, wherein the initial
projection data represent intensities of energetic rays transmitted through the object

(106).

42. A system (100) according to claim 38, wherein the working
projection views comprise projection views selected from the initial projection data

based on contemporaneously collected timing data.
. 43. A projection data processing method, comprising:
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tagging projection views (910, 920) representing an object (106) in
motion with tags indicating respective phases of the motion and respective axial

locations for the projection views (910, 920);

determining the tagged projection views (910, 920) representing the
object at respective axial locations within a collimation distance from a selected axial

location;

determining separation values representing phase separations between
the phases of the determined projection views (910, 920) and a selected phase of the
motion;

determining projection view subsets from the determined projection
views, each projection view subset comprising plural projection views tagged with
respective different phases of the motion at each of plural view angles covering a

corresponding reconstruction range;

determining for each view angle of each projection view subset a
minimum of the separation values of the projection views of the subset at the view

angle;

computing a separation measure for each projection view subset by

summing the minimum separation values of the projection view subset;

selecting from the determined projection view subsets a subset having

a minimum separation measure of the computed separation measures;

successively selecting the view angles of the selected projection view

subset; and

interpolating between the plural projection views of the selected
projection view subset at each selected view angle to generate an interpolated
projection view (900) of the object (106) at the selected axial position and the selected

view angle.
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44, A method according to claim 43, wherein the motion of the object

(106) is cyclical motion.

45. A method according to claim 43, wherein the selected projection
view subset comprises for each view angle thereof at least three projection views at

respective different phases of the motion.
46. A method according to claim 44, wherein:

the selected projection view subset comprises for each view angle
thereof and each of a predetermined number of different phases of the motion a
plurality of projection views representing the object at respective axial positions

within the collimation distance from the selected axial position; and

the interpolating operation comprises, for each of the view angles and
cach of the predetermined number of different phases, interpolating between the

plurality of projection views representing the object at respective axial locations.
47. A tomographic image generation method, comprising:

determining a plurality of working projection views (910, 920) of an
object (106) in cyclical motion based on initial projection data collected from the
object (106), the working projection views (910, 920) being based on selected initial

projection data collected in respective different data acquisition cycles; and

interpolating between the working projection views (910, 920) to
generate an interpolated projection view (900) representing the object (106) at the

selected view angle and at a specified phase of the cyclical motion.

48. A method according to claim 47, wherein the plurality of working

projection views (910, 920) consists of two projection views.

49. A method according to claim 47, wherein the cyclical motion

comprises successive cycles of motion each having a cycle duration within a range of

* variation about a nominal cycle duration.
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50. A method according to claim 47, wherein the cyclical motion

comprises successive cycles of periodic motion.

51. A method according to claim 47, wherein the object (106) is a
heart within a living subject (102).

52. A method according to claim 51, wherein the cyclical motion
consists of successive repetitions of a cardiac cycle of the heart (106) and the

specified phase is a specified phase of the cardiac cycle.

53. A method according to claim 47, wherein the working projection

' views (910, 920) comprise projection views selected from the initial projection data

based on contemporaneously collected timing data.
54. A method according to claim 47, wherein:

the cyclical motion comprises cyclical elastic deformation of the object
(106); and '

the specified phase corresponds to a selected shape repeatedly assumed
by the object (106) during the cyclical elastic deformation.

55. A method according to claim 47, further comprising collecting
quantitative data over plural successive cycles of the cyclical motion, the quantitative
data representing a physical property of the object (106) varying synchronously in
time with the cyclical motion of the object (106).

56. A method according to claim 55, wherein:

" the object (106) is a heart within a living subject (102) and the cyclical

motion comprises successive repetitions of a cardiac cycle of the heart (106); and

the quantitative data comprises electrocardiogram data representing an
electrical cycle of the heart (106) and the speciﬁed phase of the cyclical motion

coincides with a selected wave of the electrical cycle.
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57. A method according to claim 56, wherein the selected wave is an
R-wave of the electrocardiogram data and the specified phase occurs at a selected

time delay after the R-wave.

58. A method according to claim 47, wherein the initial projection
data are determined from energetic rays (104) transmitted through the object (106).

59. A method according to claim 58, wherein the initial projection
data represent attenuation of the energetic rays (104) by the object (106).

60. A method according to claim 47, wherein the determining
operation comprises selecting the working projection views (910, 920) from a

plurality of first projection views of the initial projection data.
61. A method according to claim 47, wherein:

, the initial projection data are collected in a helical tomographic scan of
the object (106) by a multi-row detector array (2116) and comprise plural rows of
projection data for each of plural rotational data acquisition cycles of the helical

tomographic scan; and

the determining operation comprises computing working projection

data for each working projection view (910, 920) based on the initial projection data.

62. A method according to claim 61, further comprising selecting an
axial position of the helical scan for the interpolated projection view 900, and wherein

for each working projection view (910, 920), the determining operation comprises:

selecting a rotational data acquisition cycle of the helical tomographic
scan corresponding to the specified phase of the cyclical motion,

selecting from the plural rows of projection data for the selected
rotational data acquisition cycle first and second rows of data corresponding to first
and second rows of the multi-row detector array (2116) nearest to the sclected axial
position during the selected rotational data acquisition cycle, and
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interpolating between the respective projection” data of the first and
second rows of data to generate the working projection data for the working
projection view (900).

63. A method according to claim 47, wherein:

5 the initial projection data are collected for the object (106) over a
plurality of rotational data acquisition cycles using a rotation period different from a

cycle duration for a cycle of the cyclical motion; and

first and second ones of the working projeétion views (910, 920)
‘represent the object (106) in two consecutive rotational data acquisition cycles,

10
64. A method according to claim 63, wherein the object (106) is an

organ of a living subject (102).
65. A method according to claim 47, further comprising:

performing the determining operation successively to determine a

15 succession of pluralities of working projection views (910, 920); and

performing the interpolating operation successively for the succession
of pluralities of working projection views (910, 920) to generate a succession of

interpolated projection views (900); and

generating a tomographic image of the object (106) by image
20 reconstruction using the projection views of the succession of pluralities of working
projection views (910, 920) and the projection views of the succession of interpolated

projection views (900).

66. A tomographic image generation apparatus, comprising:
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a storage (134, 144) storing initial projection data for an object in
cyclical motion, the initial projection data relating to a specified phase of the cyclical

motion and a selected view angle; and

a processor (132, 142) determining a phirality of working projection
views (910, 920) of an object (106) in cyclical motion based on initial projection data
collected from the object (106), the working projection views (910, 920) being based
on selected initial projection data collected in respective different data acquisition
cycles, and interpolating between the working projection views (910, 920) to generate
an interpolated projection view (900) representing the object (106) at the selected

view angle and at a specified phase of the cyclical motion.
67. A tomographic image generation system (100), comprising:

an x-ray source (1114) generating a cone beam (1104) of x-rays to

impinge upon a subject (1122);

a multi-row detector array (2116) receiving x-rays transmitted through
the subject (1122) from said x-ray source (1114) and generating initial projection data
from the received x-rays, at least a portion of the subject (1122) being in cyclical
motion and the initial projection data corresponding to a specified phase of the

cyclical motion and a selected view angle; and-

a computer (130, 140) determining a plurality of working projection
views of the at least a portion in cyclical motion based on initial projection data
collected from the subject (1122), the working projection views (910; 920) being
based on selected initial projection data collected in respective different data
acquisition cycles, said computer (130, 140) interpolating between the working
projection views (910, 920) to gencrate an interpolated projection view (900)

. representing the at least a portion of the subject (1122) at the selected view angle and

at a specified phase of the cyclical motion.
. 68. A tomographic image generation method, comprising:
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determining separation measures for projection data covering
corresponding reconstruction ranges and representing an imaged object over plural

data acquisition cycles; and

reconstructing a tomographic image of the object based on a portion of
5 the projection data covering a reconstruction range selected responsive to a
determination that the corresponding separation measure satisfies a predetermined

selection criterion.

69. A method according to claim 68, wherein determining the

separation measures comprises:

10 calculating a separation value for each projection view comprised in

the projection data; and

calculating each separation measure based on the separation values of

the projection views having view angles in the corresponding reconstruction range.
70. A method according to claim 68, further comprising:

15 determining 'a minimum separation measure from the separation

measures of the reconstruction ranges; and

selecting the reconstruction range corresponding to the minimum

separation measure as the selected reconstruction range.
71. A method according to claim 68, further comprising:

20 collecting the projection data over the plural data acquisition cycles;

and

collecting timing information contemporaneously with collecting the
projection data, the timing information representing a time sequence of a dynamic

behavior of the object during collection of the projection data;
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and wherein the separation measures are determined based on the

contemporaneous timing information.
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Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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AMENDMENTS TO THE CLAIMS

This Listing of Claims will replace all prior versions and listings of claims in this

application.
Listing of Claims:

1.-14. (Cancelled)

15.  (Currently Amended) A method of forming an image of a mobile object, comprising:

obtaining a plurality of first images of the mobile object using a first imaging technique
and an associated plurality of first movement measurements of the mobile object at movement
states corresponding to movement states of said plurality of first images;

obtaining a plurality of second images of the mobile object using a second imaging
technique and an associated plurality of second movement measurements of the mobile object at
movement states corresponding to movement states of said plurality of second images, wherein
the plurality of second movement measurements are distinct from the plurality of first movement
measurements; and

forming an image of the mobile object based on said plurality of first images and said
associated plurality of first movement measurements and on said plurality of said second images
and said associated plurality of second movement measurements,

wherein the first imaging technique is different from the second imaging technique.

16.  (Currently Amended) The method of Claim 15, further comprising:
time-synchronizing said first movement measurements and said second movement

measurements.
17. (Previously Presented) The method of Claim 15, further comprising:

forming first reconstructed images corresponding to said plurality of first images and

second reconstructed images corresponding to said plurality of second images.

Volkswagen Exhibit 1002, Page 617 of 885



Application No.: 10/955,037 Docket No.: 27592-00987-US

18.  (Previously Presented) The method of Claim 17, further comprising:
spatially-synchronizing said first reconstructed images and said second reconstructed

images.

19. (Previously Presented) The method of Claim 15, wherein said first imaging technique is a
radiation attenuation technique and said second imaging technique is a radiation emission

technique.

20. (Currently Amended) The method of Claim 15, further comprising:
spatially-synchronizing information based on said plurality of first movement

measurements and information based on said plurality of second movement measurements.

21.  (Currently Amended) The method of Claim 15, further comprising:
forming displacement fields corresponding, respectively, to said plurality of first images,
said plurality of first movement measurements, said plurality of second images, and said

plurality of second movement measurements.

22. (Previously Presented) The method of Claim 21, wherein said forming an image of the

mobile object comprises combining said displacement fields.

23. (Currently Amended) The method of Claim 21, wherein said forming displacement fields
comprises:

estimating movement of the mobile object based, respectively, on said plurality of first
images, said plurality of second images, said plurality of first movement measurements, and said

plurality of second movement measurements, in order to form said displacement fields.

24, (Previously Presented) The method of Claim 23, wherein at least one of said movement

estimates is formed relative to a reference time.
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25. (Currently Amended) The method of Claim 15, wherein said plurality of first movement
measurements and said plurality of second movement measurements are taken using separate
measurement systems respectively associated with separate imaging systems used to obtain said

plurality of first images and said plurality of second images.

26.  (Currently Amended) An apparatus to form an image of a mobile object, comprising:

means for obtaining a plurality of first images of the mobile object using a first imaging
technique; means for obtaining an associated plurality of first movement measurements of the
mobile object at movement states corresponding to movement states of said plurality of first
images;

means for obtaining a plurality of second images of the mobile object using a second
imaging technique; means for obtaining an associated plurality of second movement
measurements of the mobile object at movement states corresponding to movement states of said
plurality of second images, wherein the plurality of second movement measurements are distinct
from the plurality of first movement measurements; and

means for forming an image of the mobile object based on said plurality of first images
and said associated plurality of first movement measurements and on said plurality of said
second images and said associated plurality of second movement measurements,

wherein the first imaging technique is different from the second imaging technique.
27. (Previously Presented) The apparatus of Claim 26, further comprising:

means for forming first reconstructed images corresponding to said plurality of first
images and second reconstructed images corresponding to said plurality of second images.
28. (Previously Presented) The apparatus of Claim 26, wherein said first imaging technique
is a radiation attenuation technique and said second imaging technique is a radiation emission

technique.

29.  (Currently Amended) The apparatus of Claim 26, further comprising:
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means for forming displacement fields corresponding, respectively, to said plurality of
first images, said plurality of first movement measurements, said plurality of second images, and

said plurality of second movement measurements.

30. (Previously Presented) The apparatus of Claim 29, wherein said means for forming an

image of the mobile object comprises means for combining said displacement fields.

31.  (Currently Amended) The apparatus of Claim 29, wherein said means for forming
displacement fields comprises:

means for estimating movement of the mobile object based, respectively, on said plurality
of first images, said plurality of second images, said plurality of first movement measurements,

and said plurality of second movement measurements, in order to form said displacement fields.

32. (Previously Presented) The apparatus of Claim 31, wherein at least one of said movement

estimates 1s to be formed relative to a reference time.

33.  (New) A method of forming an image of a mobile object, comprising:

obtaining a plurality of first images of the mobile object using a first imaging technique
and an associated plurality of first measurements of the mobile object at movement states
corresponding to movement states of said plurality of first images;

obtaining a plurality of second images of the mobile object using a second imaging
technique and an associated plurality of second measurements of the mobile object at movement
states corresponding to movement states of said plurality of second images, wherein the plurality
of second measurements are distinct from the plurality of first measurements, wherein said
plurality of first measurements and said plurality of second measurements are taken using one or
more systems separate from one or more systems used to obtain said plurality of first images and
said plurality of second images; and

forming an image of the mobile object based on said plurality of first images and said

associated plurality of first measurements and on said plurality of said second images and said
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associated plurality of second measurements, wherein the first imaging technique is different

from the second imaging technique.

34.  (New) An apparatus to form an image of a mobile object, comprising:

means for obtaining a plurality of first images of the mobile object using a first imaging
technique;

means for obtaining an associated plurality of first measurements of the mobile object at
movement states corresponding to movement states of said plurality of first images;

means for obtaining a plurality of second images of the mobile object using a second
imaging technique;

means for obtaining an associated plurality of second measurements of the mobile object
at movement states corresponding to movement states of said plurality of second images,
wherein the plurality of second measurements are distinct from the plurality of first
measurements,

wherein said means for obtaining said plurality of first measurements and said means for
obtaining said plurality of second measurements are separate from said means for obtaining said
plurality of first images and said means for obtaining said plurality of second images; and

means for forming an image of the mobile object based on said plurality of first images
and said associated plurality of first measurements and on said plurality of said second images
and said associated plurality of second measurements, wherein the first imaging technique is

different from the second imaging technique.
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REMARKS

Applicant thanks the Examiner for the careful consideration given to this application.
Reconsideration is now respectfully requested in view of the amendment above and the
following remarks.

Claims 15-34 are pending in this application. Claims 15, 26, 33, and 34 are independent
claims. Claims 15, 16, 20, 21, 23, 25, 26, 29, and 31 have been amended herein without
prejudice. Claims 1-14 were previously cancelled without prejudice or disclaimer. New Claims
33 and 34 have been added, and it is respectfully submitted that these claims find support at least
at paragraphs [0013] and [0014] of the application as published (i.c., U.S. Patent Application
Publication No. 2005/0285857; in the remainder of this paper, all references to the specification
use the paragraph numbering of this published application). Accordingly, no new matter has

been added. Reconsideration and allowance of the present application are respectfully requested.

Interview Summary
Applicants’ representative thanks the Examiner for granting an interview on October 12,

2010. The interview was attended by David Morse, Examiner John Lee, and Jefferson
Cheatham, David Morse’s assistant. The discussion focused on the anticipation rejections,
proposed amendments, and the new claims. No agreement was reached during the interview.

However, the Examiner agreed to take into consideration the amendments and new claims.

Claim Rejections under 35 U.S.C. §102
Claims 15-20 and 25-28 stand rejected under 35 U.S.C. §102(b) as being anticipated by
U.S. Patent Publication No. 2003/0004405 to Townsend et al. (hereinafter “Townsend et al.”).

Applicants request reconsideration and withdrawal of these rejections for at least the following
reasons.

Under 35 U.S.C. §102 “[a] claim is anticipated only if each and every element as set forth
in the claim is found, either expressly or inherently described, in a single prior art reference.”
Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed.
Cir. 1987). Accordingly, to anticipate any of Claims 15-20 and 25-28, Townsend must teach
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each and every element recited thereby. Townsend fails to teach all of the recited elements of
any of these claims -- and hence fails to anticipate any of these claims as a matter of law.
Amended Claim 15 recites,

A method of forming an image of a mobile object, comprising:

obtaining a plurality of first images of the mobile object
using a first imaging technique and an associated plurality of first
movement measurements of the mobile object at movement states
corresponding to movement states of said plurality of first images;

obtaining a plurality of second images of the mobile object
using a second imaging technique and an associated plurality of
second movement measurements of the mobile object at movement
states corresponding to movement states of said plurality of second
images, wherein the plurality of second movement measurements
are distinct from the plurality of first movement measurements;
and

forming an image of the mobile object based on said
plurality of first images and said associated plurality of first
movement measurements and on said plurality of said second
images and said associated plurality of second movement
measurements,

wherein the first imaging technique is different from the
second imaging technique. (Emphasis added)

Support for such a limitation may be found throughout the application as originally filed,
such as at paragraphs [0013] - [0014]. Townsend fails to teach, or for that matter even suggest,

such a method. To the contrary, Townsend instead teaches the use of CT and PET imaging and,

29

at paragraph [0080] discusses “image ‘fusion’ to combine their results. Applicants note that

paragraph [0080] of Townsend et al. specifically states:

The PET images are therefore fully quantitative and are
interpolated and displayed with the same pixel size as the CT
images. PET images are displayed either adjacent to, or
superimposed on, CT images for simultancous interpretation of
functional and morphological information. In one embodiment, the
PET and CT images are displayed side by side in a viewing tool
with linked cross-hair cursors, so that positional correspondence
between the two image sets is easily established. A second
technique of image ‘fusion’ is also employed, where the two
different image sets are combined into a single image. See FIG. 3.
For display of the fused PET and CT images, an alternating pixel
method is extended to a 3D display format. Since the PET images

8
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have an isotropic resolution of approximately 10 mm for whole-
body oncology imaging, the images are interpolated into the CT
image space without loss of information in the PET image, thus
preserving the resolution of the CT image. Because image fusion
methods can obscure low-contrast objects, the CT display panel
can be toggled between CT only and fused PET/CT mode. The
viewing panels also have independent color scales and can be
switched between transverse, sagittal, and coronal viewing modes.

As stated above, Townsend explains, “For display of the fused PET and CT images, an
alternating pixel method is extended to a 3D display format,” and “the [PET] images are
interpolated into the CT image space.” That is, Townsend teaches creating a combined image
based on two different imaging techniques, but does not teach “obtaining ... images of the
mobile object using a first imaging technique and an associated plurality of first movement
measurements of the mobile object,” as recited in Claim 15. Similarly, Townsend, does not
teach “obtaining ... images of the mobile object using a second imaging technique and an
associated plurality of second movement measurements of the mobile object,” also recited in
Claim 15. In fact, for example, in the abstract and paragraph [0035], Townsend provides a
system in which such measurements are not necessary because, due to the physically-known
relationship between the CT and PET scans, the resulting images may be combined without
registration (i.e., they are inherently co-registered); see also, paragraph [0036]).

Applicants further note in paragraph [0109], Townsend specifically addresses the
difficulty of obtaining images of a mobile object, stating “regions such as the thorax, respiration,
and cardiac motion may result in some intrinsic misalignment,” as well as “on the CT scan, lung
boundaries and regions of either high or low attenuation are susceptible to motion artifacts.”
Even though Townsend discusses the difficulties of obtaining images of a mobile object,
Townsend’s solutions do not teach or even suggest, for that matter, the recited *“ ... an associated
plurality of ... movement measurements of the mobile object.” Rather, Townsend discusses the
use of a spiral CT scan to address the problems of obtaining images of a mobile object using a
CT scanner. In particular, Townsend states in paragraph [0109], “the shorter scan times possible
with spiral CT have essentially eliminated artifacts from cardiovascular motion.” Therefore,
Townsend proposes to deal with the complexities associated with imaging a mobile object by

taking advantage of a short scan time associated with a spiral CT, and not “using an associated

9
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plurality of ... movement measurements of the mobile object,” as is recited in Claim 15.
Townsend proposes another solution for dealing with the difficulties of imaging a mobile object,
which is directed to PET imaging. In particular, Townsend discusses the use of an “ungated PET
image, which represents an average over the scan duration of typically 5-10 minutes. During the
scan, the patient breathes normally and the resulting PET image is an integration over the
respiratory and cardiac cycles. Townsend, pg. 12, par. [0109]. Using this ungated PET image is
not and does not equate to the recited “using an associated plurality of ... movement
measurements of the mobile object.”

Thus, Townsend indeed discusses the difficulties of imaging a mobile object. However,
Townsend does not teach, or even suggest, for that matter, using an associated plurality of ...
movement measurements of the mobile object,” as is recited by Claim 15. Accordingly,
Applicants respectfully request this rejection of Claim 15 under 35 U.S.C. §102 be withdrawn, at
least by virtue that Townsend fails to teach or suggest each of the limitations of Claim 15.
Applicants also request reconsideration and removal of these rejections of Claims 16-20 and 25
as well, at least by virtue of these claims’ ultimate dependency upon base Claim 15.

Turning now to Claim 26, while of differing scope it has been amended to analogously
recite,

An apparatus to form an image of a mobile object, comprising:

means for obtaining a plurality of first images of the mobile
object using a first imaging technique and an associated plurality
of first movement measurements of the mobile object at movement
states corresponding to movement states of said plurality of first
images;

means for obtaining a plurality of second images of the
mobile object using a second imaging technique and an associated
plurality of second movement mecasurements of the mobile object
at movement states corresponding to movement states of said
plurality of second images, wherein the plurality of second
movement measurements are distinct from the plurality of first
movement measurements; and

means for forming an image of the mobile object based on
said plurality of first images and said associated plurality of first
movement measurements and on said plurality of said second
images and said associated plurality of second movement
measurements,

10
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wherein the first imaging technique is different from the
second imaging technique. (Emphasis added)

Accordingly, Applicants also request reconsideration and removal of the rejections of
Claim 26 under 35 U.S.C. §102 for at least the foregoing reasons as well. Applicants also
request reconsideration and removal of these rejections of Claims 26-28 as well, at least by virtue
of these claims’ ultimate dependency upon base Claim 26.

Therefore, Applicants respectfully request that this rejection of claims 15-20 and 25-28
under 35 U.S.C. §102 be withdrawn.

Claim Rejections Under 35 U.S.C. §103
Claims 21-23 and 29-31 stand rejected under 35 U.S.C. §103(a) as being unpatentable
over U.S. Patent Publication No. 2003/0004405 to Townsend et al. (hereinafter “Townsend et
al.”) in view of U.S. Patent Publication No. 2004/0141638 to Acar et al. (hereinafter “Acar et
al.”’). Claims 24 and 32 stand rejected under 35 U.S.C. §103(a) as being unpatentable over

Townsend et al. in view of Acar et al., and in further view of “Scale-Space and Edge Detection
Using Anisotrophic Diffusion” to Perona et al. (hereinafter “Perona et al.””). Applicants
respectfully request reconsideration and withdrawal of these rejections for at least the following
reasons.

Each of claims 21-24 and 29-32 ultimately depend either from Claim 15 or Claim 26. As
discussed above, Townsend fails to teach or suggest each of the recited limitations of Claim 15
or Claim 26. Accordingly, Applicants respectfully request these rejections of Claims 21-24 and
29-32 under 35 U.S.C. §103 be withdrawn, at least by virtue of these claims’ ultimate
dependency from base Claim 15 or 26.

New Claims
New Claims 33 and 34 have been added. Claim 33 recites, at least, that “said plurality of
first measurements and said plurality of second measurements are taken using one or more
systems separate from one or more systems used to obtain said plurality of first images and said
plurality of second images,” and Claim 34 recites, at least, that “said means for obtaining said

plurality of first measurements and said means for obtaining said plurality of second
11
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measurements are distinct from said means for obtaining said plurality of first images and said
means for obtaining said plurality of second images.” As stated above, support for the new
Claims 33 and 34 may be found at least at paragraphs [0013] and [0014]. As discussed above,
Townsend does not disclose the recited “obtaining ... images of the mobile object using a first
imaging technique and an associated plurality of first ... measurements of the mobile object,” or
“obtaining ... images of the mobile object using a second imaging technique and an associated
plurality of second ... measurements of the mobile object.” Since Townsend doesn’t teach or
suggest the limitations of Claims 15 for at least the above reasons, it also fails to teach or suggest
the recited limitations of New Claims 33 and 34 of “said plurality of first measurements and said
plurality of second measurements are taken using one or more systems separate from one or
more systems used to obtain said plurality of first images and said plurality of second images,”
and “said means for obtaining said plurality of first measurements and said means for obtaining
said plurality of second measurements are separate from said means for obtaining said plurality

of first images and said means for obtaining said plurality of second images,” respectively.

Disclaimer
Applicants may not have presented all possible arguments or have refuted the
characterizations of either the claims or the prior art as found in the Office Action. However, the
lack of such arguments or refutations is not intended to act as a waiver of such arguments or as

concurrence with such characterizations.

12
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CONCLUSION

In view of the above, consideration and allowance are respectfully solicited.

In the event the Examiner believes an interview might serve in any way to advance the
prosecution of this application, the undersigned is available at the telephone number noted
below.

The Office is authorized to charge any necessary fees to Deposit Account No. 22-0185.

Applicants believe no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 22-0185, under Order No. 27592-00987-US from which the

undersigned is authorized to draw.

Respectfully submitted,

CONNOLLY BpVE LODGE & HUTZLLP

i

David M. Morse
Reg. No. 50,505

DATE: __ November 10, 2010 By:

CoNNOLLY BOVE LODGE & HUTZ LLP
1875 Eye Street, N.W.

Suite 1100

Washington, D.C. 20006

Telephone: (202) 331-7111
Facsimile: (202) 293-6229
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Application No. Applicant(s)

10/955,037 BONNET ET AL.
Office Action Summary Examiner Art Unit

JOHN Wahnkyo LEE 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |1 NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 10 November 2010.
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims

4K Claim(s) 1-34 is/are pending in the application.
4a) Of the above claim(s) 1-14 is/are withdrawn from consideration.

5[] Claim(s) _____is/are allowed.

6)X] Claim(s) 15-34 is/are rejected.

7)J Claim(s) _____is/are objected to.

8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[]] The specification is objected to by the Examiner.
10)] The drawing(s) filed on _____is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(JAIl b)[]Some * ¢)[] None of:
1.[]] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) XI Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) (] Notice of Informal Patent Application
Paper No(s)/Mail Date 201071005. 6) |:| Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20110112
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DETAILED ACTION
e Claims 15-34 are pending; claims 33-34 are added; claims 15-16, 20-21, 23, 25-

26, 29 and 31 are amended; claims 1-15 are canceled.

Response to Amendments/Arguments
2. Applicant's amendment filed 10 November 2010 is entered and has been fully
considered.
15-20 and 25-28
3. Applicant's arguments of the rejected claims 15-20 and 25-28 under 35 U.S.C. §
102 (b) have been considered but are moot in view of the new ground(s) of rejection.
4. Applicant's arguments of the rejected claims 21024 and 29-32 under 35 U.S.C. §

103(a) have been considered but are moot in view of the new ground(s) of rejection.

Information Disclosure Statement
5. The information disclosure statement filed 5 October 2010 complies with the
provisions of 37 CFR 1.97, 1.98. It has been placed in the application file, and the
information referred to therein has been considered as to the merits’. An initialed and
dated copy of Applicant’s IDS form 1449, Paper No. 20101005, is attached to the

instant Office action.

! See MPEP § 609
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Claim Rejections - 35 USC § 102
6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

7. Claims 15-20, 25-28 and 33-34 are rejected under 35 U.S.C. 102(b) as being
anticipated by Townsend et al. (US 2003/0004405 A1).

a. Regarding claim 15, Townsend discloses a method of forming an image
(Fig.3; “image fusion” at  0080) of a mobile object (Fig. 2b; “patient” at [ 0070 and
0073), comprising:

obtaining a plurality of first images (“CT images” at § 0075) of the mobile object
(Fig. 2b; “patient” at ] 0070 and 0073) using a first imaging technique (“X-ray CT” at
0070 and 0073) and an associated plurality of first movement (Fig. 11A,; “internal organ
movement” at abstract and 9 0101) measurements (Fig. 2b-12; “X-ray CT detectors” at
. 0073) of the mobile object (Fig. 2b; “patient” at [ 0070 and 0073) at movement states
(Fig. 2b-18; “patient bad [being] movable”) corresponding to movement states (“a
patient may be ... moved into position for ... X-ray CT scan” at  0071) of said plurality
of first images (“CT images” at § 0075);

obtaining a plurality of second images (“PET images” at 0075) of the mobile
object (Fig. 2b; “patient” at ] 0070 and 0073) using a second imaging technique (“PET”
at €9 0070 and 0073) and an associated plurality of second movement (Fig. 11B;

“internal organ movement” at abstract and {1 0101) measurements (Fig. 2b-14; “PET
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tomograph detectors” at § 0073) of the mobile object (Fig. 2b; “patient” at ] 0070 and
0073) at movement states (Fig. 2b-18; “patient bad [being] movable”) corresponding to
movement states (“a patient may be ... moved into position for ... PET scan” at § 0071)
of said plurality of second images (“PET images” at 0075), wherein the plurality of
second measurements (Fig. 2b-14; “PET tomograph detectors” at ] 0073) are distinct
from the plurality of first measurements(Fig. 2b-12; “X-ray CT detectors” at § 0073; “The
second measurements are PET tomograph detectors that are different and distinct with
the first measurements, which are X-ray CT detectors”); and

forming an image (Fig.3; “image fusion” at ] 0080) of the mobile object (Fig. 2b;
“patient” at [ 0070 and 0073) based on said plurality of first images (“CT images” at
0075) and said associated plurality of first movement (Fig. 11A,; “internal organ
movement” at abstract and § 0101) measurements (Fig. 2b-12; “X-ray CT detectors” at
€ 0073) and on said plurality of said second images (“PET images” at §0075) and said
associated plurality of second movement (Fig. 11B; “internal organ movement” at
abstract and § 0101) measurements (Fig. 2b-14; “PET tomograph detectors” at § 0073),

wherein the first imaging technique (“X-ray CT” at [ 0070 and 0073) is different
from the second imaging technique (“PET” at [ 0070 and 0073; “The first imaging
technique is a X-ray CT that is different with the second imaging technique, which is a
PET.").

b. Regarding claim 16, Townsend discloses further comprising:

time-synchronizing said first movement (Fig. 11A; “internal organ movement” at

abstract and § 0101) measurements (Fig. 2b-12; “X-ray CT detectors” at  0073) and
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said second movement (Fig. 11B; “internal organ movement” at abstract and 1 0101)
measurements(Fig. 2b-14; “PET tomograph detectors” at § 0073; “The invention shows
that synchronization, which “the CT scan is acquired before the PET scan, following a
sixty (60) minute uptake period F-FDG activity has been injected into the patient™ at q
0075).

C. Regarding claim 17, Townsend discloses further comprising:

forming first reconstructed images corresponding to said plurality of first images
(“[tihe CT images [being] reconstructed" at § 0075) and second reconstructed images
corresponding to said plurality of second images (“the PET images [being] then
reconstructed” I 0075).

d. Regarding claim 18, Townsend discloses further comprising:

spatially-synchronizing (“image fusion” at 9 0080) said first reconstructed images
and said second reconstructed images (“fused PET and CT images" at § 0080).

e. Regarding claim 19, Townsend discloses wherein said first imaging
technique being a radiation attenuation technique (“X-ray CT” at [ 0070 and 0073) and
said second imaging technique being a radiation emission technique (“PET” at [ 0070
and 0073).

f. Regarding claim 20, Townsend discloses further comprising:

spatially-synchronizing information (“positional correspondence between the two
image sets" at § 0080) based on said plurality of first movement (Fig. 11A; “internal
organ movement” at abstract and § 0101) measurements (Fig. 2b-12; “X-ray CT

detectors” at ] 0073) and information based on said plurality of second movement (Fig.
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11B; “internal organ movement” at abstract and 9 0101) measurements (Fig. 2b-14;
“PET tomograph detectors” at § 0073).

g. Regarding claim 25, Townsend discloses wherein said plurality of first
movement (Fig. 11A,; “internal organ movement” at abstract and 9 0101) measurements
(Fig. 2b-12; “X-ray CT detectors” at  0073) and said plurality of second movement (Fig.
11B; “internal organ movement” at abstract and ] 0101) measurements (Fig. 2b-14;
“PET tomograph detectors” at  0073) are taken using separate measurement systems
(Figs. 2b-12 and 2b-14; “X-ray CT detectors and PET tomograph detectors are different
measurements in separate gantries” at § 0073) respectively associated with separate
imaging systems (Figs. 2b-12, 2b-14, 16A and 16b; “X-ray CT detectors are disposed in
gantry 16A and PET tomograph detectors are disposed in gantry 16B. Gentries 16A and
16B are separate platforms.” at  0073) used to obtain said plurality of first images (“CT
images” at § 0075) and said plurality of second images (“PET images” at §0075).

h. Regarding claim 26, claim 26 is a system claim analogous and
corresponds to claim 15. See rejection of claim 15 for further explanation.

i. Regarding claim 27, claim 27 is a system claim analogous and
corresponds to claim 17. See rejection of claim 17 for further explanation.

J- Regarding claim 28, claim 28 is a system claim analogous and
corresponds to claim 19. See rejection of claim 19 for further explanation.

k. Regarding claim 33, claim 33 is a system claim analogous and

corresponds to claim 15. See rejection of claim 15 for further explanation.
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l. Regarding claim 34, claim 34 is a system claim analogous and

corresponds to claim 15. See rejection of claim 15 for further explanation.

Claim Rejections - 35 USC § 103
8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

9. Claims 21-23 and 29-31 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Townsend et al. (US 2003/0004405 A1) in view of Acar et al. (US
2004/0141638 A1).

a Regarding claim 21, Townsend discloses all the previous claim limitations
including said plurality of first images (“CT images” at § 0075), said plurality of first
movement (Fig. 11A; “internal organ movement” at abstract and 9 0101) measurements
(Fig. 2b-12; “X-ray CT detectors” at § 0073), said plurality of second images (“PET
images” at §0075) and said plurality of second movement (Fig. 11B; “internal organ
movement” at abstract and § 0101) measurements (Fig. 2b-14; “PET tomograph
detectors” at ] 0073).

However, Townsend does not disclose forming displacement fields.

Instead of Townsend, Acar, the same field of medical image processing
discloses forming displacement fields (equation (1); FIG. 1; “It is shown that the EDF,

“Vu (X,Y)” is computed from z=k to z=k+1" at §[{] 0013-0014 and 0015-0017).
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Townsend and Acar are combinable because both are related to the field of
medical image processing.

It would have been obvious at the tie the invention was made to one of the
ordinary skill in the art to utilize the step of computing “EDF, v... (x,y) from z=k to z=k+1”
(Acar; equation (1); FIG.1; 9 0013-0014 and 0015-0017) taught by Acar to the plurality
of first images (Townsend; “CT images” at § 0075) obtained by the plurality of first
measurements (Townsend; Fig. 2b-12; “X-ray CT detectors” at § 0073) and to the
plurality of second images (‘PET images” at §0075) obtained by the plurality of second
measurements (Fig. 2b-14; “PET tomograph detectors” at  0073) of Townsend’s
“PET/CT scanner” (Townsend; FIG. 2B; 1 0073).

The suggestion/motivation for doing so would have been to “characteriz[e] the
topology of the vector field for detection, identification or recognition tasks of a structure
of interest” (Acar;  0006) “with a high specificity without sacrificing the sensitivity of
detection” (Acar; 9 0006).

Therefore, it would have been obvious to combine Townsend and Acar to obtain
the invention specified in claim 21.

b. Regarding claim 22, the combination of Townsend and Acar, as applied in
claim 21, discloses all the previous claim limitations including said forming an image
(Townsend; Fig.3; “image fusion” at 9 0080) of the mobile object (Townsend; Fig. 2b;
“patient” at 1 0070 and 0073).

Moreover, Acar discloses combining said displacement fields (FIG. 1; “vea (X,Y)

for all k are summed ,,, to get a composite EDF” at  0017).
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Townsend and Acar are combinable because both are related to the field of
medical image processing.

It would have been obvious at the tie the invention was made to one of the
ordinary skill in the art to utilize the step of computing “v.. (x,y) for all k being summed ,,,
to get a composite EDF” (Acar; FIG.1; § 0017) taught by Acar to the step of forming an
image (Townsend; Fig.3; “image fusion” at 9 0080) of the mobile object (Townsend; Fig.
2b; “patient” at 1 0070 and 0073) of the combination of Townsend and Acar.

The suggestion/motivation for doing so would have been to “determine
parameters ... [which] are used to classify the structure of interest” (Acar; 9 0007) and
“refine the results of high sensitivity, low specificity pre-detection by increasing
specificity without sacrificing sensitivity” (Acar; § 0013).

Therefore, it would have been obvious to combine Townsend and Acar to obtain
the invention specified in claim 22.

¢. Regarding claim 23, the combination of Townsend and Acar, as applied in
claim 21, discloses wherein said forming displacement fields (Acar; equation (1); FIG. 1;
“It is shown that the EDF, “v.. (x,y)” is computed from z=k to z=k+1” at {1 0013-0014
and 0015-0017) comprises:

estimating movement (Acar; equation (1); “EDF computation to represent the
changes in the location of edges” at q 0015) of the mobile object (Acar; “images such as
tissue/air boundaries” at  0015) based, respectively, on said plurality of first images
(Townsend; “CT images” at § 0075), said plurality of second images (Townsend; “PET

images” at §0075), said plurality of first movement (Townsend; Fig. 11A; “internal organ
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movement” at abstract and ] 0101) measurements (Townsend; Fig. 2b-12; “X-ray CT
detectors” at § 0073), and said plurality of second movement (Townsend; Fig. 11B;
“internal organ movement” at abstract and 9 0101) measurements (Townsend; Fig. 2b-
14; “PET tomograph detectors” at § 0073), in order to form said displacement fields
(Acar; equation (1); FIG. 1; “It is shown that the EDF, “v... (x,y)” is computed from z=k to
z=k+1” at [ 0013-0014 and 0015-0017).

d. Regarding claim 29, claim 29 is analogous and corresponds to claim 21.
See rejection of claim 21 for further explanation.

e. Regarding claim 30, claim 30 is analogous and corresponds to claim 22.
See rejection of claim 22 for further explanation.

f. Regarding claim 31, claim 31 is analogous and corresponds to claim 23.

See rejection of claim 23 for further explanation.

10.  Claims 24 and 32 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Townsend et al. (US 2003/0004405 A1) in view of Acar et al. (US 2004/0141638
A1), and further in view of Perona et al. (“Scale-Space and Edge Detection Using
Anisotropic Diffusion”).

a. Regarding claim 24, the combination of Townsend and Acar, as applied in
claim 23, discloses all the previous claim limitations including wherein at least one of
said movement estimates (Acar; equation (1); “EDF computation to represent the

changes in the location of edges” at 9 0015).

Volkswagen Exhibit 1002, Page 644 of 885



Application/Control Number: 10/955,037 Page 11
Art Unit: 2624

However, the combination of Townsend and Acar does not disclose the
estimates being formed relative to a reference time.

Instead of the combination of Townsend and Acar, Perona, the same field of
endeavor of image processing, discloses the estimates being formed relative to a
reference time (equation (1); “It is shown that | (x, y, t) is obtained by convolving the
original image I, (x,y) with a Gaussian kernel G (x,y; 1) of variance t, which can be the
reference time” at chapter |, page 629)

Townsend, Acar and Perona are combinable because all of them are related to
the field of image processing.

It would have been obvious at the time the invention was made one of ordinary
skill in the art to utilize the step of “I (x, y, t) [being] obtained by convolving the original
image . (x,y) with a Gaussian kernel G (x,y; t) of variance t", which can be the reference
time (Perona; equation (1); chapter |, page 629) taught by Perona to the “EDF

computation [] [representing] the changes in the location of edges” (Acar; § 0015) when

"[tlhe EDF equation for the xy planeis VI _, ‘v, + o =0" (Acar; equation (1); §

0z
0016) and "I,_, (x, y) is the associate image" (Acar; § 0017) of the combination of
Townsend and Acar.
The suggestion/motivation for doing so would have been to provide "[c]ausality
[.] [which] [a]ny feature at a coarse level of resolution is required to possess (not a
necessarily unique) "cause” at a finer level of resolution" (Perona; chapter 1, page 629)

and "no spurious detail should be generated when the resolution is diminished"
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(Perona; chapter 1, page 629), "[hJomogenity [and] [i]sotropy ... for the sake of
simplicity” (Perona; chapter 1, page 629).
Therefore, it would have been obvious to combine Townsend, Acar and Perona
to obtain the invention specified in claim 24.
b. Regarding claim 32, claim 32 is analogous and corresponds to claim 24.

See rejection of claim 24 for further explanation.

Conclusion

11.  THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

12.  The prior art made of record is considered pertinent to the disclosure of the

application:
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e Summers et al. (US 6,246,784 B1): A region growing method segments three-
dimensional image data of an anatomical structure using a tortuous path length
limit to constrain voxel growth. The path length limit constrains the number of
successive generations of voxel growth from a seed point to prevent leakage of
voxels outside the boundary of the anatomical structure. Once segmented, a
process for detecting surface anomalies performs a curvature analysis on a
computer model of the surface of the structure. This process detects surface
anomalies automatically by traversing the vertices in the surface model,
computing partial derivatives of the surface at the vertices, and computing
curvature characteristics from the partial derivatives. To identify possible
anomalies, the process compares the curvature characteristics with
predetermined curvature characteristics of anomalies and classifies the vertices.
The process further refines potential anomalies by segmenting neighboring
vertices that are classified as being part of an anomaly using curvature
characteristics. Finally, the process colorizes the anomalies and computes a
camera position and direction for each one to assist the user in viewing 2D
renderings of the computer model.

o Wilk et al. (US 2003/0212320): A method of determining linear and angular
displacements of a first coordinate system of a field of view of a first imaging
system relative to a second a coordinate system of a field of view of a second
imaging system, the method comprising: providing a phantom having a plurality

of fiducial regions that can be imaged by both imaging systems; acquiring first
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and second images of the phantom with the first and second imaging systems
wherein spatial coordinates of features in the first and second images reference
the first and second coordinate systems respectively; determining positions of a
plurality of features of the fiducials in the first image and spatial coordinates of
the same features in the second image; and using the coordinates to determine

the linear and angular displacements.

13.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOHN Wahnkyo LEE whose telephone number is
(5671)272-9554. The examiner can normally be reached on Monday - Friday (Alt.) 7:30
a.m. -5:00 p.m..

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Samir Ahmed can be reached on (571) 272-7413. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.
Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you
have questions on access to the Private PAIR system, contact the Electronic Business

Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO
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Customer Service Representative or access to the automated information system, call

800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/John Wahnkyo Lee/
Examiner, Art Unit 2624

/Brian Q Le/
Primary Examiner, Art Unit 2624
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2010/06/30
16:18




EAST Search History

S5

f5333107"

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

on

2010/ 06/ 30
16:18

%

07/788179

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

o

2010/06/30
16:18

7

5408511"

US-PGPUB;

EPO; JPO);
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

oN

2010/ 06/ 30
16:19

}
v
\
:88
!
'

"5475726"

US-PGPUB;

EPO; JPO;
DERWENT;

1BM_TDB

OR
USPAT: USOCR:

o

2010/ 06/ 30
16:19

i
|
i
{
i
i

540647"

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

\
\OR
\
H
)
\

o

2010/ 06/30

16:19

st
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08/24993

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB
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OR

ON

2010/ 06/ 30
16:20




EAST Search History

S "5444792" US-PGPUB;  OR ON  2010/06/30
? | USPAT: USOCR; | 16:21
EPO; JPO;
DERWENT;
| | IBM_TDB |
812 "5814817" US-PGPUB;  OR ON 201006/ 30

USPAT; USOCR;

EPO; JPO;
DERWENT;
|BM_TDB

16:21

§s

081667679

US-PGPUB;

EPO; JPO);
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

oN

2010/ 06/ 30
16:22

T

v5889525"

US-PGPUB;

EPO; JPO;
DERWENT;

1BM_TDB

OR
USPAT: USOCR:

o

2010/ 06/30
16:22

§15

5933517"

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

\
\OR
\
H
)
\

o

2010/ 06/30

16:24

sié
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B103350"

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB
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OR

ON

2010/ 06/ 30
16:24




EAST Search History

Si7

f6920240"

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

on

2010/ 06/ 30
16:24

S18

T6888915"

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

oN

2010/ 06/ 30
16:25

I

2503

(bonnet-stephane.in. or
bonnet.in.)

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

oN

2010/ 06/ 30
16:51

0

%

(grangeat-pierre.in. or
grangeat.in.)

US-PGPUB;

EPO; JPO;
DERWENT;

1BM_TDB

OR
USPAT: USOCR:

o

2010/ 06/30
16:51

i

2686

$19 or §20

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

\
\OR
H
H
)
\

o

2010/ 06/ 30

16:51

522

283800

(mobile or techinque or
measurement).cim.

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

Volkswagen Exhibit 1002, Page 653 of 885

OR
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ON

2010/ 06/ 30
16:52




EAST Search History

5323 54 §S21 and S22 US-PGPUB;  OR ON 2010/06/ 30
L | USPAT: USOCR; | 16:52

EPO; JPO;

DERWENT;
|BM_TDB

S5 2 "20040004405" US-PGPUB;  OR ON  2010/07/01
USPAT; USOCR; 00:08

EPO; JPO; ?

DERWENT;
|BM_TDB

S28 6918 382/128.ccls.or US-PGPUB;  OR ON  2010/07/01
o 345/ 420.ccls. or USPAT; USOCR; | 00:09
600/ 427.cls. EPO; JPO; |
| DERWENT;

|BM_TDB

S29 10/955037 US-PGPUB;  (OR ON  2010/07/01
o | USPAT; USOCR; | 00:19

EPO; JPO; |

DERWENT;
1BM_TDB

30 0 (displacement near3  {US-PGPUB;  OR ON  2010/07/01
o figlds) near3 PET USPAT; USOCR; | 02:56

EPO; JPO; |

DERWENT;
|BM_TDB

S31 8 (displacement near3 ~ \US-PGPUB;  (OR ON  2010/07/01
fields) near3 CT USPAT; USOCR; 02:56

EPO; JPO;

DERWENT;
|BM_TDB

file/fCUDocuments %20and%20Settingsfjlee 1My %20Documents/e-Red % 20older/ 1095503 7EAST SearchHistory. 10955037_AccessibleVersion.htm (3 of 16]1/1202011 9:37:44 AM
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EAST Search History

832 3 (displacement near3  US-PGPUB;  OR ON  12010/07/01
o fields) with PET USPAT: USOCR: 02

| EPO; JPO; |

DERWENT;
|BM_TDB

33 18 (displacement near3 ~ \US-PGPUB;  OR ON  2010/07/01
fields) with CT USPAT; USOCR; | 02:57

| EPO; JPO; |

DERWENT;
|BM_TDB

§S34 1 §S32 and S33 US-PGPUB; OR ON 2010/07/01
§ ? § USPAT; USOCR; | § 02:57

EPO; JPO; % ?

DERWENT;
|BM_TDB

S35 8931 (displacementnear3  \US-PGPUB;  (OR ON  2010/07/01
- fields) USPAT; USOCR; | 02:57

EPO; JPO;

DERWENT;
1BM_TDB

36 81 S35and CTand PET  US-PGPUB;  OR ON  2010/07/01
USPAT; USOCR; 02:57

EPO; JPO; é

DERWENT;
|BM_TDB

7 18 S36and 26 USPGPUB,  OR O [2010/07/01
o | USPAT: USOCR: 2T

EPO; JPO;

DERWENT;
|BM_TDB

file/CUDocuments %20and%20Settingsfjlee 1My %20Documents/e-Red % 20older/ 1095503 7EAST SearchHistory. 10995037_AccessibleVersion.htm (6 of 16]1/1212011 9:37:44 AM
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EAST Search History

§S38 1 736832 §(vector or US-PGPUB; OR ON 2010/07/01
L displacement) USPAT: USOCR; | 03:06

| EPO; JPO; |

DERWENT;
|BM_TDB

$9 786 S8 neard CT USPGPUB;  OR ON  2010/07/01
. | USPAT; USOCR; | | 03:07

EPO; JPO; |

DERWENT;
|BM_TDB

SA0 8098 38 near3 PET US-PGPUB;  OR ON  2010/07/01
o | USPAT; USOCR; 00T

EPO; JPO; % ?

DERWENT;
|BM_TDB

S41 75 539 and S40 US-PGPUB;  OR ON  2010/07/01
o | USPAT; USOCR; 0307

EPO; JPO; | |

DERWENT;
1BM_TDB

$12 350 S3with T USPGPUB;, OR ON 2010707701
o | USPAT: USOCR; | 03:07

EPO; JPO; é

DERWENT;
|BM_TDB

$I3° 12182 S38WITHPET USPGPUB;  OR ON  [2010/07/01
USPAT; USOCR; 03:07

EPO; JPO; |

DERWENT;
|BM_TDB

fileCUDocuments %20and%20Settingsfjlee 1My %20Documents/e-Red % 20older/ 1095503 7EAST SearchHistory. 10995037_AccessibleVersion.htm (7 of 16]1/1202011 9:37:44 AM
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EAST Search History

S44 195 S42and 43 US-PGPUB;  OR ON  12010/07/01
o | USPAT: USOCR; | 03:08

EPO; JPO; %

DERWENT,;
|BM_TDB

45 1854 vector with CT US-PGPUB;  OR ON  2010/07/01
o | USPAT; USOCR; | | 03:38

EPO; JPO; |

DERWENT:
|BM_TDB

§346 §11867 §vectorwith PET US-PGPUB; OR ON 2010/07/01
USPAT; USOCR; | 03:39

EPO; JPO; * ?

DERWENT;
|BM_TDB

SI7 181 S45and Si6 USPGPUB,  OR N 2010/07/01
o | USPAT; USOCR; 03

EPO; JPO; | |

DERWENT;
1BM_TDB

S8 504 gadentwithCT  USPGPUB,  OR ON 2010707701
o | USPAT: USOCR; | 03:40

EPO; JPO; é

DERWENT;
|BM_TDB

§S49 2425 §gradient WITH PET US-PGPUB;  OR ON 2010/07/01
. | USPAT: USOCR; § 03:40

EPO; JPO; |

DERWENT;
|BM_TDB

fileCUDocuments %20and%20Settingsfjlee 1My %20Documents/e-Red % 20older/ 1095503 TEAST SearchHistory. 10995037_Accessible Version.htm (8 of 16)1/1202011 9:37:44 AM
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EAST Search History

S50

11

S48 and 549

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

on

2010/ 07/01
03:40

951

4636

motion with CT

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

o

2010/07/01
03:46

%2

1522

motion WITH PET

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

on

2010/07/ 01
03:46

83

164

$51 and 852

US-PGPUB;

EPO; JPO;
DERWENT;

1BM_TDB

OR
USPAT: USOCR:

oN

2010/07/01
03:46

%4

54

$53 and vector

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

\
\OR
H
H
)
\

o

2010/07/01

03:54

855
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19

53 and (vector or
§displaoement)

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

Volkswagen Exhibit 1002, Page 658 of 885

ON

2010/07/01
03:54




EAST Search History

S56 15542 displacementnear3  US-PGPUB;  OR ON  2010/07/07
| (field or vector) USPAT: USOCR; 21:36

EPO; JPO;

DERWENT;
|BM_TDB

57 150  S6and382/128.ccs USPGPUB;  OR ON 2010007107
é | | USPAT; USOCR; | | 21:36

EPO; JPO; |

DERWENT;
|BM_TDB

58 19316809 combin$3 or form$3 or US-PGPUB;  OR ON  2010/07/07
L fus$3 USPAT; USOCR; | 21:38

| EPO; JPO; |

DERWENT;
|BM_TDB

S59 13665 56 and S66 USPGPUB,  OR N 2010/07/07
o | USPAT; USOCR; YR

EPO; JPO; | |

DERWENT;
1BM_TDB

$60 21486 559 and medical US-PGPUB;  OR ON  2010/07/07
USPAT; USOCR; 21:39

EPO; JPO;

DERWENT;
|BM_TDB

5361 %144 559 and 382/128.ccls. US-PGPUB;  1OR ON 2010/07/07
USPAT; USOCR; 21:39

EPO; JPO;

DERWENT;
|BM_TDB

fileCUDocuments %20and%20Settingsfilee 1My %20Documents/e-Red %20older/ 1095503 7/EASTSearchHistory. 10955037_AccessibleVersion.htm (10 of 16)1/122011 9:37:44 AM
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EAST Search History

S62 994101 858 near3 image US-PGPUB;  OR ON  2010/07/07
L | USPAT; USOCR; | 21:41

EPO; JPO; |

DERWENT;
|BM_TDB

$63 3025  S62and $56 US-PGPUB;  OR ON  2010/07/07
o | USPAT; USOCR; | 91:42

EPO; JPO; ?

DERWENT:;
|BM_TDB

§364 88 §563 and 382/ 128.ccls. {US-PGPUB; OR ON 2010/07/07
USPAT; USOCR; | 21:42

EPO; JPO; | ?

DERWENT;
|BM_TDB

S65 107 SB6 with 562 US-PGPUB;  OR ON  2010/07/07
o | USPAT; USOCR; § 21:54

EPO; JPO; | |

DERWENT;
1BM_TDB

66 2 565 and 382/ 128.ccls. US-PGPUB;  OR ON  2010/07/07
USPAT; USOCR; 21:54

EPO; JPO; é

DERWENT;
|BM_TDB

5367 3 §565 and (x-ray and CT) (US-PGPUB;  OR ON 2010/07/07
o | USPAT; USOCR; § 21:56

EPO; JPO; |

DERWENT;
|BM_TDB

fileCUDocuments %20and%20Settingsfilee 1My %20Documents/e-Red %20 older/ 1095503 7/EASTSearchHistory. 10955037_AccessibleVersion.htm (11 of 16)1/122011 9:37:44 AM
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EAST Search History

§368 1 12890 §goto.in. US-PGPUB; OR ON 2010/07/07
o | USPAT: USOCR; | 21:59

EPO; JPO;

DERWENT;
|BM_TDB

69 59266 hitachiasnm. USPGPUB;,  OR ON 201010707
USPAT; USOCR; | 21:59

EPO; JPO;

DERWENT;
|BM_TDB

§S70 0 §868 and S69 and US-PGPUB; OR ON 2010/07/07
(displacment) and USPAT; USOCR; 22:00
vector EPO; PO;
DERWENT;

|BM_TDB

ST 4 568 and S69 and US-PGPUB;  OR ON  2010/07/07

(displacement) and  {USPAT; USOCR; 22:00
vector EPO; PO; |
| DERWENT;

|BM_TDB

sr2 11 S68 and S69 and vector US-PGPUB;  OR ON  2010/07/07
USPAT; USOCR; 22:00

EPO; JPO;

DERWENT;
|BM_TDB

S73 JP2006141534A US-PGPUB;  OR ON  2010/07/07
USPAT: USOCR; 22:02

EPO; JPO;

DERWENT;
|BM_TDB

file/fCUDocuments %20and%20Settingsfilee 1My %20Documents/e-Red %20 older/ 1095503 7/EASTSearchHistory. 10935037_AccessibleVersion.htm (12 of 16)1/122011 9:37:44 AM
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EAST Search History

s74

;5

3365and"382ﬂdas

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

OR

ON

2010/ 07/ 07
22:03

S75

16464

gradient near3 time

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR:

on

2010/07/07
22:24

76

5

§75 and 3621128.00ls,

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

on

2010/07/07
22:24

877

13

§76 and (x-ray and CT)

US-PGPUB;

EPO; JPO;
DERWENT;

1BM_TDB

OR
USPAT: USOCR:

ON

2010/07/07
22:24

5L

100

gradient near3
(reference near3 time)

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

\
\OR
H
H
)
\

o

2010/07/07

22:30

T
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78 and 382/ 128,00

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB
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ON

2010/07/07
22:30




EAST Search History

$80

S78and (x-ray and CT)

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

OR

ON

2010/ 07/ 07
22:30

91

§78.and "362" clas

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR:

on

2010/07/07
22:31

52

%4551

total near3 derivative

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR;

on

2010/ 07/ 07
22:33

3

§382and382/128£ch.

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT: USOCR:

ON

2010/07/07
22:33

%

569

§vector near3 (reference
near3 time)

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

\
\OR
H
H
)
\

o

2010/07/07

22:35

%

fileCUDocuments %20and%20Settingsfilee 1My %20Documents/e-Red %20 older/ 1095503 7/EASTSearchHistory. 10955037_AccessibleVersion.htm (14 of 16)1/122011 9:37:44 AM

584 and 382/ 12800

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB
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ON

2010/07/07
22:35




EAST Search History

S87

ﬁ6464

gradient near3 time

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

OR

ON

2010/07/07
22:31

8

5

S87 and 362/ 128.ccl,

US-PGPUB;

EPO; JPO;
DERWENT;
|BM_TDB

OR
USPAT; USOCR:

on

2010/07/07
22:37

589

2

"5963665"

US-PGPUB;

USPAT; USOCR;

EPO; JPO;
DERWENT;
|BM_TDB

on

2010/07/08
21:22

500

11431

(commissariat$5.asnm.
or intellectual$7.asnm.)

US-PGPUB;

USPAT; USOCR;

EPO; JPO;
DERWENT;
|BM_TDB

oN

2010/07/09
00:52

%f

25603

(bonnet-stephane.in. or
bonnet.in.)

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB

o

2010/07/09

00:52

T
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%

(grangeat-pierre.in. or
grangeat.in.)

US-PGPUB;
USPAT; USOCR;
EPO; JPO;
DERWENT;
|BM_TDB
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ON

2010/07/09
00:52




EAST Search History

93 2685 991 or 502 USPGPUB; O ON~ 2010/07/09
o | USPAT: USOCR; | 00:52

EPO; JPO; 5

DERWENT;
|BM_TDB

§894 30 590 and 593 US-PGPUB;  OR ON 2010/07/09
USPAT; USOCR; | 00:52

EPO; JPO;

DERWENT;
|BM_TDB

95 284977  (mobile or techinque or US-PGPUB;  (OR ON  2010/07/09
measurement).clm.  USPAT; USOCR; | 00:53
EPO; JPO;

DERWENT;
|BM_TDB

S06 17 594 and 995 US-PGPUB;  OR ON  2010/07/09
o | USPAT; USOCR; § 00:53

EPO; JPO; |

DERWENT;
1BM_TDB

1/12/2011 9:37:34 AM
C:\ Documents and Settings\ jlee15\ My Documents\ EAST\ Workspaces\ 10955037 partial.wsp
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PTO/SB/30 (07-09)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Request Application Number 10/955,037-Conf. #4535
for N
. . . Filing Date September 30, 2004
Continued Examination (RCE) et Named | Stephane Bonnet
Transmittal irst Named Inventor ephane Bonne

Address to: Art Unit 2624
Mail Stop RCE
Commissioner for Patents Examiner Name J.W. Lee
P.O. Box 1450
Alexandria, VA 22313-1450 Attorney Docket Number | 27592-00987-US

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June
8, 1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

1. ‘ Submission required under 37 CFR 1.114 | Note: If the RCE is proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such

amendment(s).

Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action
may be considered as a submission even if this box is not checked.

i. D Consider the arguments in the Appeal Brief or Reply Brief previously filed on

ii. DOther
b. Enclosed

i. Amendment/Reply iii. D Information Disclosure Statement (IDS)
ii. D Affidavit(s)/Declaration(s) iv. D Other

2. Miscellaneous

a. |:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

b. |:| Other

3. The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.

a. The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any
Overpayments, to Deposit Account No. 22-0185 .

a.

i. D RCE fee required under 37 CFR 1.17(e)
ii. D Extension of time fee (37 CFR 1.136 and 1.17)
iii. D Other

b. |:| Check in the amount of $ enclosed

c. Payment by credit card (Form PTO-2038 enclosed)
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

Signature /DMMorse/ Date March 8, 2011
Name (Print/Type) David M. Morse Registration No. | 50,505
4227830
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Patent Docket No.
27592-00987-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Stephane Bonnet et al.

Application No.: 10/955,037 Confirmation No.: 4535
Filed: September 30, 2004 Art Unit: 2624
For: Method of reconstructing an image with data  Examiner: J. W. Lee

acquisition according to several imagery
modes and synchronisation of image series

RESPONSE TO FINAL OFFICE ACTION
FILED UNDER 37 CFR § 1.114
AND
INTERVIEW SUMMARY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
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Application No.: 10/955,037 Patent Docket No.
Response to Office Action Mailed January 13, 2011 27592-00987-US

LISTING OF THE CLAIMS
Applicants hereby present the claims, their status in the application, and
amendments thereto as indicated below. This listing of the claims replaces all prior
versions and listings of the claims in this application.

1.-14. (Cancelled)

15.  (Currently Amended) A method of forming an image of a mobile object,
comprising:

obtaining a plurality of first images of the mobile object using a first imaging
technique and-an-associated while obtaining a plurality of first mevement

measurements corresponding to movements of the mobile object using a first sensor

system, the first sensor system being independent from the first imaging technique at

associating the plurality of first images with first movement states of the mobile

object, the first movement states being determined by the first measurements;

obtaining a plurality of second images of the mobile object using a second
imaging technique and-an-asseciated while obtaining a plurality of second mevement
measurements corresponding to movements of the mobile object using a second

sensor system, the second sensor system being independent from the second imaging
technique a

associating the plurality of second images with second movement states of the

mobile object, the second movement states being determined by the second

measurements; and

forming an image of the mobile object based on said plurality of first images, and
said associated plurality of first mevement measurements, and said first movement

states and on said plurality of said second images, and said associated plurality of

second movement measurements, and said second movement states,
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wherein the first imaging technique is different from the second imaging

technique.

16.  (Currently Amended) The method of Claim 15, further comprising:
time-synchronizing said first plurality of images and said second plurality of

images to a common time scale, the common time scale being determined by a

comparison between the first and second movement states said-first-movement
measurements-and-said-second-movement-measurements.

17.  (Previously Presented) The method of Claim 15, further comprising:
forming first reconstructed images corresponding to said plurality of first images
and second reconstructed images corresponding to said plurality of second images.

18.  (Previously Presented) The method of Claim 17, further comprising:
spatially-synchronizing said first reconstructed images and said second

reconstructed images.

19.  (Previously Presented) The method of Claim 15, wherein said first imaging
technique is a radiation attenuation technigue and said second imaging technique is a

radiation emission technique.

20.  (Currently Amended) The method of Claim 15, further comprising:
spatially-synchronizing the plurality of first images and the plurality of second

images using information-based-on said plurality of first movement measurements and

information-based-on said plurality of second mevement measurements.

21.  (Currently Amended) The method of Claim 15, further comprising:
forming displacement fields corresponding, respectively, to said plurality of first
images, said plurality of first meverment measurements, said plurality of second images,

and said plurality of second mevement measurements.

22.  (Previously Presented) The method of Claim 21, wherein said forming an image
of the mobile object comprises combining said displacement fields.

4218834 2 3
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23.  (Currently Amended) The method of Claim 21, wherein said forming
displacement fields comprises:

estimating movement of the mobile object based, respectively, on said plurality of
first images, said plurality of second images, said plurality of first mevement
measurements, and said plurality of second mevement measurements, in order to form
said displacement fields.

24.  (Previously Presented) The method of Claim 23, wherein at least one of said

movement estimates is formed relative to a reference time.

25.  (Currently Amended) The method of Claim 15, wherein the first sensor system is
different from the second sensor system said-plurality-of first moverment-measurements

26. (Currently Amended) An apparatus to form an image of a mobile object,

comprising:

means for obtaining a plurality of first images of the mobile object using a first
imaging technique;

means for obtaining an-asseociated a plurality of first movement measurements
corresponding to movements of the mobile object while obtaining the plurality of first

images, the means for obtaining the plurality of first measurements being independent
from the first imaging technigue atmevementstatescorresponding-to-meovement states
 said ol it of first | ;

means for associating the plurality of first images with first movement states of

the mobile object, the first movement states being determined by the first

measurements;

means for obtaining a plurality of second images of the mobile object using a
second imaging technique;
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means for associating the plurality of second images with second movement

states of the mobile object, the second movement states being determined by the

second measurements;
means for obtaining an-asseciated a plurality of second mevement

measurements corresponding to movements of the mobile object while obtaining the

plurality of second images, the means for obtaining the plurality of second

measurements being independent from the second imaging technigue at-mevement

movement-measurements; and
means for forming an image of the mobile object based on said plurality of first

images, and said associated plurality of first mevement measurements, and said first
movement states and on said plurality of said second images, and said associated

plurality of second mevement measurements, and said second movement states,

wherein the first imaging technique is different from the second imaging

technique.

27.  (Previously Presented) The apparatus of Claim 26, further comprising:
means for forming first reconstructed images corresponding to said plurality of
first images and second reconstructed images corresponding to said plurality of second

images.

28.  (Previously Presented) The apparatus of Claim 26, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a

radiation emission technique.

29.  (Currently Amended) The apparatus of Claim 26, further comprising:
means for forming displacement fields corresponding, respectively, to said
plurality of first images, said plurality of first mevement measurements, said plurality of

second images, and said plurality of second mevement measurements.
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30. (Previously Presented) The apparatus of Claim 29, wherein said means for
forming an image of the mobile object comprises means for combining said
displacement fields.

31.  (Currently Amended) The apparatus of Claim 29, wherein said means for forming
displacement fields comprises:

means for estimating movement of the mobile object based, respectively, on said
plurality of first images, said plurality of second images, said plurality of first mevement
measurements, and said plurality of second mevement measurements, in order to form
said displacement fields.

32.  (Previously Presented) The apparatus of Claim 31, wherein at least one of said

movement estimates is to be formed relative to a reference time.
33. (Canceled)

34. (Canceled)
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REMARKS

Applicant thanks the Examiner for the careful consideration given to this
application. Reconsideration is now respectfully requested in view of the amendment
above and the following remarks.

Claims 15-32 are pending in this application. Claims 15 and 26 are independent
claims. Claims 15, 16, 20, 21, 23, 25, 26, 29, and 31 are amended. Claims 1-14, 33,
and 34 were previously cancelled without prejudice or disclaimer. Reconsideration and
allowance of the present application are respectfully requested.

The amendments to claims 15 and 26 find support at least in paragraph [0013] of
the published specification (the paragraph beginning on page 5, line 16 of the
specification as filed) and in the claims as originally filed. The amendment to claim 16
finds support in at least paragraph [0014] of the published specification (the paragraph
beginning on page 6, line 6 of the specification as filed). The amendment to claim 20
finds support in at least paragraph [0019] of the published specification (the paragraph
beginning on page 8, line 6 of the specification as filed). The amendments to claims 21,

23, 29, and 31 find support in at least these same claims as originally filed.

Summary of Examiner Interview
Initially, Applicants wish to thank Examiner Lee for his time at the interview of
March 7, 2011, the substance of which is summarized below.
An Interview Agenda was provided to Examiner Lee in advance of the interview.
As part of that Agenda, Applicants proposed amendments to claims 15, 16, and 26. The
amendments to the claims substantially reflect the proposed amendments, which were
discussed during the interview vis-a-vis the Townsend reference. No agreement was
reached as to the proposed amendments overcoming the anticipation rejection based

on the Townsend reference.

Claim Rejections under 35 U.S.C. §102
Claims 15-20, 25-28 and 33-34 stand rejected under 35 U.S.C. §102(b) as being
anticipated by U.S. Patent Publication No. 2003/0004405 in the names of Townsend et
al. (hereinafter “Townsend”).
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Anticipation requires that the cited reference disclose each and every limitation of
the rejected claim. Townsend does not disclose all the limitations of amended claim 15.
In particular, while Townsend discloses two imaging techniques, it does not disclose the
first and second sensor systems that are independent from the first and second imaging
techniques, respectively, nor does it disclose “obtaining a plurality of first images of the
mobile object using a first imaging technique while obtaining a plurality of first
measurements” or “obtaining a plurality of second images of the mobile object using a
second imaging technique while obtaining a plurality of second measurements”.
Townsend also does not disclose “associating the plurality of first images with first
movement states of the mobile object, the first movement states being determined by
the first measurements” or “associating the plurality of second images with second
movement states of the mobile object, the second movement states being determined
by the second measurements”.

Townsend discloses obtaining two sets of images, one from a CT scanning
technique and the other from a PET imaging technique, and combining the two sets of
images through what is described as “image fusion”. (See Townsend, [0080].)
Townsend provides an overview of the disclosed image “fusion” process:

“The tomograph acquires functional and anatomical images which are

accurately co-registered, without the use of external markers or internal

landmarks. A secondary objective is to use the CT data to improve the
correction of the PET data for attenuation and for contamination from
scattered photons. By using the CT image in this manner, low-noise
attenuation correction factors for PET are generated, and by integrating
the anatomical information from the CT into scatter correction methods, an
accurate scatter correction is obtained.” (Townsend, [0036].)
In addition, Townsend specifically addresses how images of a mobile object are
obtained and processed during the image fusion process. Specifically, Townsend
discloses using a spiral CT scan to overcome the problems of obtaining images of a
mobile object for the CT scanning technique. Townsend also discloses that the PET
scan is taken over a period of 5-10 minutes, so that “during the scan ... the resulting

PET image is an integration over the respiratory and cardiac cycles.” (Townsend,
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[0109]). For each scanning technique, Townsend does not disclose obtaining
measurements from an independent sensor system while obtaining the scan images.

Therefore, it follows that nowhere does Townsend disclose a first sensor system
that is independent from the first imaging technique nor a second sensor system that is
independent from the second imaging technique. Likewise, since the first and second
sensor systems are not disclosed, Townsend also does not disclose obtaining the
plurality of first images of the mobile object (using the first imaging technique) while
obtaining the first measurements corresponding to movements of the mobile object
(using the first sensor system), nor does it disclose obtaining the plurality of second
images of the mobile object (using the second imaging technique) while obtaining the
second measurements corresponding to movements of the mobile object (using the
second sensor system). Consequently, Townsend also does not disclose “associating
the plurality of first images with first movement states of the mobile object, the first
movement states being determined by the first measurements” or “associating the
plurality of second images with second movement states of the mobile object, the
second movement states being determined by the second measurements”. For these
reasons, Townsend does not anticipate amended claim 15.

Claim 16 was also rejected as anticipated by Townsend, and this claim depends
from claim 15. As amended, claim 16 recites “time-synchronizing said first plurality of
images and said second plurality of images to a common time scale, the common time
scale being determined by a comparison between the first and second movement
states.” Townsend does not disclose time-synchronizing in this manner. The Office
Action indicates that Townsend discloses time-synchronization when “the CT scan is
acquired before the PET scan, following a sixty (60) minute uptake period F-FDG
activity has been injected into the patient”. (Quoting 75 of Townsend.) However, even
if this sequence described in Townsend is, arguendo, time-synchronization, Townsend
does not disclose time-synchronization to a common time scale that is “determined by a
comparison between the first and second movement states.” For this further reason,

Townsend does not anticipate amended claim 16.
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Claim 26 as amended includes limitations that are analogous to those found in
amended claim 15. For the same reasons stated above with respect to amended claim
15, Townsend does not anticipate amended claim 26.

Each of claims 17-20, 25, 27, 28, and 33-34 ultimately depends from one of
claims 15 and 26. Where, as discussed above, Townsend does not anticipate either of
amended claims 15 or 26, Townsend also does not anticipate any of these dependent
claims.

For these reasons, Applicants respectfully request withdrawal of the rejection of
claims 15-20, 25-28 and 33-34 under 35 U.S.C. §102.

Claim Rejections Under 35 U.S.C. §103

Claims 21-23 and 29-31 stand rejected under 35 U.S.C. §103(a) as being
unpatentable over Townsend in view of U.S. Patent Publication No. 2004/0141638 in
the names of Acar et al. (hereinafter “Acar”).

Each of claims 21-23 and 29-31 ultimately depends from one of claims 15 and
26. As is discussed above, Townsend does not disclose all the limitations of amended
claims 15 and 26. Acar fails to teach or disclose those features that are not disclosed by
Townsend. Therefore, the combination of Townsend and Acar fails to teach or disclose
all the limitations of claims 21-23 and 29-31. For this reason, Applicants respectfully
request withdrawal of the rejection of claims 21-23 and 29-31 under 35 U.S.C. §103.

Claims 24 and 32 stand rejected under 35 U.S.C. §103(a) as being unpatentable
over Townsend et al. in view of Acar et al., and in further view of “Scale-Space and
Edge Detection Using Anisotropic Diffusion” by Perona et al. (hereinafter “Perona”).
Each of claims 24 and 32 ultimately depends from one of claims 15 and 26. As is
indicated above, the combination of Townsend and Acar does not teach or disclose all
the limitations of amended claims 15 and 26. Perona fails to teach or disclose those
features that are not disclosed by Townsend and Acar. Therefore, the combination of
Townsend, Acar, and Perona fails to teach or disclose all the limitations of claims 24
and 32. For this reason, Applicants respectfully request withdrawal of rejection of claims
24 and 32 under 35 U.S.C. §103.

4218834 2 10

Volkswagen Exhibit 1002, Page 681 of 885



Application No.: 10/955,037

Patent Docket No.
Response to Office Action Mailed January 13, 2011 27592-00987-US

Disclaimer
Applicants may not have presented all possible arguments or have refuted the
characterizations of either the claims or the prior art as found in the Office Action.
However, the lack of such arguments or refutations is not intended to act as a waiver of
such arguments or as concurrence with such characterizations.
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CONCLUSION

In view of the above, reconsideration and allowance are respectfully solicited.

In the event the Examiner believes an interview might serve in any way to
advance the prosecution of this application, the undersigned is available at the
telephone number noted below.

Applicants believe no extensions or fees are due with this response. However, if
an extension is needed or a fee is due, please consider this a request therefor and
charge Deposit Account No. 22-0185, under Order No. 27592-00987-US, from which
the undersigned is authorized to draw.

Dated: March 8, 2011 Respectfully submitted,

CONNOLLY BOVE LODGE & HUuTZLLP

Electronic signature: /DMMorse/
David M. Morse
Registration No.: 50,505

CONNOLLY BOVE LODGE & HUTZ LLP
1007 North Orange Street

P. O. Box 2207

Wilmington, Delaware 19899-2207
(302) 658-9141

(302) 658-5614 (Fax)

Attorneys for Applicants
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Application No. Applicant(s)

. 10/955,037 BONNET ET AL.
Interview Summary Examiner Art Unit
JOHN W. LEE 2624

All participants (applicant, applicant’s representative, PTO personnel):

(1) JOHN W. LEE. (3)Jefferson Cheatham.

(2) David M. Morse. 4.

Date of Interview: 07 March 2011.

Type: a)lX] Telephonic b)[] Video Conference
) Personal [copy given to: 1)[] applicant  2)[] applicant’s representative]

Exhibit shown or demonstration conducted: d)[] Yes )X No.
If Yes, brief description:

Claim(s) discussed: 15,16 and 26.

Identification of prior art discussed: Towsend et al..

Agreement with respect to the claims f)[] was reached. g)[X] was not reached. h)[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: The applicant's representative arqued that (1) Townsend does not have a speparate
sensors from the imaging technique, which is different with the proposed amended claims 15 and 26 (2) does not use
a common-time scale as part of the synchorinzation as it is specified in the proposed amended claim 16.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

/JOHN W. LEE/
Examiner, Art Unit 2624

U.S. Patent and Trademark Office
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20110308
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
Application Number (Series Code and Serial Number)

— Name of applicant

— Name of examiner

— Date of interview

— Type of interview (telephonic, video-conference, or personal)

— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
30678 7590 07/07/2011 -
_ _ ) EXAMINER
CONNOLLY BOVE LODGE & HUTZ LLP | |
1875 EYE STREET, N.W. LEE, JOHN W
SUITE 1100
WASHINGTON, DC 20006 | ARTONTT | eamm~ovmer |
2624
| MAIL DATE | DELIVERY MODE |
07/07/2011 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

10/955,037 BONNET ET AL.
Office Action Summary Examiner Art Unit
JOHN LEE 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |1 NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 08 March 201 1.
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims

4K Claim(s) 1-34 is/are pending in the application.
4a) Of the above claim(s) 1-14 and 32-34 is/are withdrawn from consideration.

5[] Claim(s) _____is/are allowed.

6)X] Claim(s) 15-31 is/are rejected.

7)J Claim(s) _____is/are objected to.

8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[]] The specification is objected to by the Examiner.
10)] The drawing(s) filed on _____is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(JAIl b)[]Some * ¢)[] None of:
1.[]] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) XI Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [ Information Disclosure Statement(s) (PTO/SB/08) 5) (] Notice of Informal Patent Application
Paper No(s)/Mail Date ______. 6) |:| Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20110704
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Art Unit: 2624

DETAILED ACTION
Continued Examination Under 37 CFR 1.114
1. A request for continued examination under 37 CFR 1.114, including the
fee set forth in 37 CFR 1.17(e), was filed in this application after final rejection.
Since this application is eligible for continued examination under 37 CFR 1.114,
and the fee set forth in 37 CFR 1.17(e) has been timely paid, the finality of the
previous Office action has been withdrawn pursuant to 37 CFR 1.114.

Applicant's submission filed on 8 March 2011 has been entered.

Claim Rejections - 35 USC § 112

2. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any
person skilled in the art to which it pertains, or with which it is most nearly connected, to make
and use the same and shall set forth the best mode contemplated by the inventor of carrying
out his invention.

3. Claims 15-32 are rejected under 35 U.S.C. 112, first paragraph, as failing
to comply with the written description requirement. The claim(s) contains subject
matter which was not described in the specification in such a way as to
reasonably convey to one skilled in the relevant art that the inventor(s), at the
time the application was filed, had possession of the claimed invention. The
amended limitations in claims 15-32- “obtaining a plurality of first images of the
mobile object using a first imaging technique while obtaining a plurality of first
measurements corresponding to movements of the mobile object using a first

sensor system, the first sensor system being independent from the first imaging
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technique” and "obtaining a plurality of second images of the mobile object using
a second imaging technique while obtaining a plurality of second movement
measurements corresponding to movements of the mobile object using a second
sensor system, the second sensor system being independent from the second

imaging”, are not supported by the specification.

Claim Rejections - 35 USC § 103
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for

all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

4. Claims 15-20 and 25-28 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Townsend et al. (US 2003/0004405 A1) in view of De Murcia
et al. (US 5,889,525).

a. Regarding claim 15, Townsend discloses a method of forming an
image (Fig.3; “image fusion” at J 0080) of a mobile object (Fig. 2b; “patient” at
0070 and 0073), comprising:

obtaining a plurality of first images (“CT images” at § 0075) of the mobile
object (Fig. 2b; “patient” at [ 0070 and 0073) using a first imaging technique

(“X-ray CT” at 4] 0070 and 0073);
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obtaining a plurality of second images (“PET images” at 0075) of the
mobile object (Fig. 2b; “patient” at [l 0070 and 0073) using a second imaging
technique (“PET” at [ 0070 and 0073); and

forming an image (Fig.3; “image fusion” at § 0080) of the mobile object
(Fig. 2b; “patient” at ] 0070 and 0073) based on said plurality of first images
(“CT images” at ] 0075) and said associated plurality of first movement (Fig. 11A;
“internal organ movement” at abstract and 9 0101) measurements (Fig. 2b-12;
“X-ray CT detectors” at  0073) and on said plurality of said second images
(“PET images” at §J0075) and said associated plurality of second movement (Fig.
11B; “internal organ movement” at abstract and § 0101) measurements (Fig. 2b-
14; “PET tomograph detectors” at § 0073),

wherein the first imaging technique (*X-ray CT” at Y 0070 and 0073) is
different from the second imaging technique (“PET” at [ 0070 and 0073; “The
first imaging technique is a X-ray CT that is different with the second imaging
technique, which is a PET.”) .

However, Townsend does not disclose obtaining a plurality of first
measurements corresponding to movements of the mobile object using a first
sensor system, the first sensor system being independent from the first imaging
technique;

associating the plurality of first images with first movement states of the
mobile object, the first movement states being determined by the first

measurements;
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obtaining a plurality of second movement measurements corresponding to
movements of the mobile object using a second sensor system, the second
sensor system being independent from the second imaging;

associating the plurality of second images with second movement states
of the mobile object, the second movement states being determined by the
second measurements;

Instead of Townsend, De Murcia discloses obtaining a plurality of first
measurements corresponding to movements of the mobile object using a first
sensor system, the first sensor system being independent from the first imaging
technique (Fig. 2; equation (2); col. 4, line 1-col. 5, line 18);

associating the plurality of first images with first movement states of the
mobile object, the first movement states being determined by the first
measurements (Fig. 2; equation (2); col. 4, line 1-col. 5, line 18);

obtaining a plurality of second movement measurements corresponding to
movements of the mobile object using a second sensor system, the second
sensor system being independent from the second imaging(Fig. 2; equation (2);
col. 4, line 1-col. 5, line 18);

associating the plurality of second images with second movement states
of the mobile object, the second movement states being determined by the
second measurements(Fig. 2; equation (2); col. 4, line 1-col. 5, line 18);

Townsend and De Murcia are combinable because both are related to

the field of medical image processing.
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At the time the invention was made, it would have been obvious to one of
the ordinary skill in the art to utilize the process of De Murcia to Townsend'’s
invention.

The suggestion/motivation for doing so would have been to obtain
"satisfactory imaging results without making the apparatus more complicated"
(De Murcia; col. 2, lines 44-46).

Therefore, it would have been obvious to combine Townsend and De
Murcia to obtain the invention specified in claim 15.

b. Regarding claim 16, Townsend further discloses further comprising:
time-synchronizing said first plurality of images and said second plurality of
images to a common time scale, the common time scale being determined by a
comparison between the first and second movement states said first movement
measurements and said second movement measurements (“The invention
shows that synchronization, which “the CT scan is acquired before the PET scan,
following a sixty (60) minute uptake period F-FDG activity has been injected into
the patient™ at [ 0075).

C. Regarding claim 17, Townsend further discloses further comprising:

forming first reconstructed images corresponding to said plurality of first
images (“[t]he CT images [being] reconstructed" at § 0075) and second
reconstructed images corresponding to said plurality of second images (“the PET
images [being] then reconstructed” 9 0075).

d. Regarding claim 18, Townsend further discloses further comprising:
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spatially-synchronizing (“image fusion” at § 0080) said first reconstructed
images and said second reconstructed images ("fused PET and CT images" at q
0080).

e. Regarding claim 19, Townsend further discloses wherein said first
imaging technique being a radiation attenuation technique (“X-ray CT” at [ 0070
and 0073) and said second imaging technique being a radiation emission
technique (“PET” at 1 0070 and 0073).

f. Regarding claim 20, Townsend discloses further comprising:

further comprising: spatially-synchronizing the plurality of first images and
the plurality of second images using information based on said plurality of first
measurements and said plurality of second movement measurements
(“positional correspondence between the two image sets" at ] 0080)

g. Regarding claim 25, De Murcia discloses wherein the first sensor
system is different from the second sensor system (Fig. 2; equation (2); col. 4,
line 1-col. 5, line 18).

h. Regarding claim 26, claim 26 is a system claim analogous and
corresponds to claim 15. See rejection of claim 15 for further explanation.

i. Regarding claim 27, claim 27 is a system claim analogous and
corresponds to claim 17. See rejection of claim 17 for further explanation.

j- Regarding claim 28, claim 28 is a system claim analogous and

corresponds to claim 19. See rejection of claim 19 for further explanation.
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5. Claims 21-23 and 29-31 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Townsend et al. (US 2003/0004405 A1) in view of Acar et al.
(US 2004/0141638 A1).

a Regarding claim 21, The combination of Townsend and De Murcia
disclose all the previous claim limitations including said plurality of first
images, said plurality of first measurements, said plurality of second images, and
said plurality of second measurements (De Murcia;Fig. 2; equation (2); col. 4, line
1-col. 5, line 18).

However, the combination does not disclose forming displacement fields.

Instead of the combination, Acar, the same field of medical image
processing discloses forming displacement fields (equation (1); FIG. 1; “It is
shown that the EDF, “v..« (x,y)” is computed from z=k to z=k+1” at [ 0013-0014
and 0015-0017).

The combination and Acar are combinable because both are related to
the field of medical image processing.

It would have been obvious at the tie the invention was made to one of
the ordinary skill in the art to utilize the step of computing “EDF, v..c (x,y) from z=k
to z=k+1” (Acar; equation (1); FIG.1; 1 0013-0014 and 0015-0017) taught by
Acar to the combination.

The suggestion/motivation for doing so would have been to
“characteriz[e] the topology of the vector field for detection, identification or
recognition tasks of a structure of interest” (Acar; 9 0006) “with a high specificity

without sacrificing the sensitivity of detection” (Acar; 9 0006).
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Therefore, it would have been obvious to combine Townsend, De Murcia
and Acar to obtain the invention specified in claim 21.

b. Regarding claim 22, the combination of Townsend De Murcia and
Acar, as applied in claim 21, discloses all the previous claim limitations including
said forming an image (Townsend; Fig.3; “image fusion” at 9 0080) of the mobile
object (Townsend; Fig. 2b; “patient” at 1 0070 and 0073).

Moreover, Acar discloses combining said displacement fields (FIG. 1; “V.«
(x,y) for all k are summed ,,, to get a composite EDF” at  0017).

Townsend, De Murcia and Acar are combinable because both are related
to the field of medical image processing.

It would have been obvious at the tie the invention was made to one of
the ordinary skill in the art to utilize the step of computing “v... (x,y) for all k being
summed ,,, to get a composite EDF” (Acar; FIG.1; § 0017) taught by Acar to the
combination.

The suggestion/motivation for doing so would have been to “determine
parameters ... [which] are used to classify the structure of interest” (Acar; § 0007)
and “refine the results of high sensitivity, low specificity pre-detection by
increasing specificity without sacrificing sensitivity” (Acar; 4 0013).

Therefore, it would have been obvious to combine Townsend, De Murcia
and Acar to obtain the invention specified in claim 22.

c. Regarding claim 23, the combination of Townsend, De Murcia and

Acar, as applied in claim 21, discloses wherein said forming displacement fields
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(Acar; equation (1); FIG. 1; “It is shown that the EDF, “v.. (x,y)” is computed from
z=k to z=k+1” at [ 0013-0014 and 0015-0017) comprises:
estimating movement (Acar; equation (1); “EDF computation to represent
the changes in the location of edges” at ] 0015) of the mobile object (Acar;
“images such as tissue/air boundaries” at § 0015) based, respectively, on said
plurality of first images (Townsend; “CT images” at § 0075), said plurality of
second images (Townsend; “PET images” at 0075), said plurality of first
measurements, and said plurality of second measurements (De Murcia; Fig. 2;
equation (2); col. 4, line 1-col. 5, line 18).
d. Regarding claim 29, claim 29 is analogous and corresponds to
claim 21. See rejection of claim 21 for further explanation.
e. Regarding claim 30, claim 30 is analogous and corresponds to
claim 22. See rejection of claim 22 for further explanation.
f. Regarding claim 31, claim 31 is analogous and corresponds to

claim 23. See rejection of claim 23 for further explanation.

6. Claims 24 and 32 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Townsend et al. (US 2003/0004405 A1) in view of De Murcia
et al. (US 5,889,525), and further in view of Acar et al. (US 2004/0141638 A1)
and Perona et al. (“Scale-Space and Edge Detection Using Anisotropic
Diffusion”).

a. Regarding claim 24, the combination of Townsend De Murcia and

Acar, as applied in claim 23, discloses all the previous claim limitations including
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wherein at least one of said movement estimates (Acar; equation (1); “EDF
computation to represent the changes in the location of edges” at [ 0015).

However, the combination does not disclose the estimates being formed
relative to a reference time.

Instead of the combination, Perona, the same field of endeavor of image
processing, discloses the estimates being formed relative to a reference time
(equation (1); “It is shown that | (x, y, t) is obtained by convolving the original
image . (x,y) with a Gaussian kernel G (x,y; t) of variance t, which can be the
reference time” at chapter |, page 629)

The combination and Perona are combinable because all of them are
related to the field of image processing.

It would have been obvious at the time the invention was made one of
ordinary skill in the art to utilize the step of “I (x, y, t) [being] obtained by
convolving the original image l. (x,y) with a Gaussian kernel G (x,y; t) of variance
t", which can be the reference time (Perona; equation (1); chapter |, page 629)
taught by Perona to the “EDF computation [] [representing] the changes in the
location of edges” (Acar; § 0015) when "[tlhe EDF equation for the xy plane is

ol _
VI v +—£=
7

0" (Acar; equation (1); 1 0016) and "7, (x, y) is the associate

image" (Acar; § 0017) of the combination.
The suggestion/motivation for doing so would have been to provide
"[clausality [,] [which] [a]ny feature at a coarse level of resolution is required to

possess (not a necessarily unique) "cause” at a finer level of resolution” (Perona;
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chapter 1, page 629) and "no spurious detail should be generated when the
resolution is diminished" (Perona; chapter 1, page 629), "[hJomogenity [and]
[i]sotropy ... for the sake of simplicity” (Perona; chapter 1, page 629).
Therefore, it would have been obvious to combine Townsend, De Murcia,
Acar and Perona to obtain the invention specified in claim 24.
b.  Regarding claim 32, claim 32 is analogous and corresponds to

claim 24. See rejection of claim 24 for further explanation.

Conclusion

7. No claims are allowed.
8. Any inquiry concerning this communication or earlier communications from
the examiner should be directed to JOHN LEE whose telephone number is
(571)272-9554. The examiner can normally be reached on Monday - Friday
(Alt.) 7:30 a.m. - 5:00 p.m..

If attempts to reach the examiner by telephone are unsuccessful, the
examiner’s supervisor, Samir Ahmed can be reached on (571) 272-7413. The
fax phone number for the organization where this application or proceeding is

assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from
the Patent Application Information Retrieval (PAIR) system. Status information
for published applications may be obtained from either Private PAIR or Public
PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http:/pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service
Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/JOHN W. LEE/
Primary Examiner, Art Unit 2624
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
30678 7590 07/20/2011 -
_ _ ) EXAMINER
CONNOLLY BOVE LODGE & HUTZ LLP | |
1875 EYE STREET, N.W. LEE, JOHN W
SUITE 1100
WASHINGTON, DC 20006 | ARTONTT | eamm~ovmer |
2624
| MAIL DATE | DELIVERY MODE |
07/20/2011 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

, 10/955,037 BONNET ET AL.
Interview Summary Examiner Art Unit
JOHN LEE 2624

All participants (applicant, applicant’s representative, PTO personnel):

(1) JOHN LEE. @) —.
(2) Jeffferey Gluck. 4.

Date of Interview: 13 July 2011.

Type: a)lX] Telephonic b)[] Video Conference
¢)[J Personal [copy given to: 1)[] applicant  2)[T] applicant’s representative]

Exhibit shown or demonstration conducted: d)[] Yes  e)[] No.
If Yes, brief description:

Claim(s) discussed:

Identification of prior art discussed:

Agreement with respect to the claims f)[] was reached. g)[X] was not reached. h)[] N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: The examiner acknowledges that there was a typo in the PTO-326 form, mailed on

7 July 2011, under the "Status" section. The check mark on 2a) is a typo, and 2b) should have been check marked
because the office action was a non-final..

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

/JOHN W. LEE/
Primary Examiner, Art Unit 2624

U.S. Patent and Trademark Office
PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20110713
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

— Name of applicant

— Name of examiner

— Date of interview

— Type of interview (telephonic, video-conference, or personal)

— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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Patent Docket No.
27592-00987-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Stephane Bonnet et al.

Application No.: 10/955,037 Confirmation No.: 4535
Filed: September 30, 2004 Art Unit: 2624
For; METHOD OF RECONSTRUCTING AN Examiner: J. W. Lee

IMAGE WITH DATA ACQUISITION
ACCORDING TO SEVERAL IMAGERY
MODES AND SYNCHRONISATION OF
IMAGE SERIES

RESPONSE TO NON-FINAL OFFICE ACTION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir;

Applicants hereby respond to the Non-Final Office Action mailed July 20, 2011.

A listing of the claims, including amendments thereto, begins on page 2 of this

paper.
Remarks begin on page 6 of this paper.

4465263 2 1
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

Legal Instrument Examiner:

/TARA WITCHER/

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number [ Filing Date
Substitute for Form PTO-875 10/955,037 09/30/2004 | [ o be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L Basic Fee N/A N/A N/A N/A
|____(37CFR1.16(a). (b). or (c))
L searcH Fee N/A N/A N/A N/A
(37 GFR 1.16(K), (i), or (m))
D EXAMINATION FEE
(37 CFR 1.16(0), (p). or (d)) N/A N/A N/A N/A
TOTAL CLAWS 2o | - - on [xs -
INDEPENDENT CLAIMS ) . ~ B
(37 CFR 1.16(h)) minus 3 = Xs$ = Xs =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
A;PCL’_‘_%/?USN SIZE FEE is $250 ($125 for small entity) for each
( 18() additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
|:| MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
[ 09/27/2011 AFTER PREVIOUSLY EXTRA RATE®) | ree $) RATE(®) FEE ($)
E AMENDMENT PAID FOR
S | /o erer ~18 Minus | = 20 -0 Xs = oR | x seo- 0
[m] ol
E Iggg;;:rﬁeﬁn(lh)) « 2 Minus | <=4 _ X$ = OR X $250= 0
<§E I:I Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE®) | Feg (9) RATE(®) FEE ()
- AMENDMENT PAID FOR
Z | Jo@ erorn * Minus | = - Xs = oR [ xs =
= S B vinus | - - xs < ORIxs =
E D Application Size Fee (37 CFR 1.16(s))
=
<C |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 11058935
Application Number: 10955037
International Application Number:
Confirmation Number: 4535

Title of Invention:

Method of reconstructing an image with data acquisition according to
several imagery modes and synchronisation of image series

First Named Inventor/Applicant Name:

Stephane Bonnet

Customer Number:

30678

Filer:

David M. Morse/Renee Conti

Filer Authorized By:

David M. Morse

Attorney Docket Number:

27592-00987- US

Receipt Date: 27-SEP-2011
Filing Date: 30-SEP-2004
Time Stamp: 14:56:38

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document I . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
Response_to_Nonfinal_Office_ 27148
1 yes 1

Action.pdf
69bab115758ae6a67ac60d1532d8e83cffad|
665
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Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 11
Warnings:
Information:
Total Files Size (in bytes):l 571458

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No.: 10/955,037 Patent Docket No.
Response to Office Action Mailed July 20, 2011 27592-00987-US

LISTING OF THE CLAIMS
Applicants hereby present the claims, their status in the application, and
amendments thereto as indicated below. This listing of the claims replaces all prior

versions and listings of the claims in this application.

1.-14. (Cancelled)

15.  (Previously Presented) A method of forming an image of a mobile object,
comprising:

obtaining a plurality of first images of the mobile object using a first imaging
technique while obtaining a plurality of first measurements corresponding to movements
of the mobile object using a first sensor system, the first sensor system being
independent from the first imaging technique;

associating the plurality of first images with first movement states of the mobile
object using the first measurements;

obtaining a plurality of second images of the mobile object using a second
imaging technique while obtaining a plurality of second measurements corresponding to
movements of the mobile object using a second sensor system, the second sensor
system being independent from the second imaging technique;

associating the plurality of second images with second movement states of the
mobile object using the first measurements; and

forming an image of the mobile object based on said plurality of first images, said
associated plurality of first movement measurements, and said first movement states
and on said plurality of second images, said associated plurality of second movement
measurements, and said second movement states,

wherein the first imaging technique is different from the second imaging
technique.

16.  (Previously Presented) The method of Claim 15, further comprising:
time-synchronizing said first plurality of images and said second plurality of

images to a common time scale based on the first and second movement states.
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17.  (Previously Presented) The method of Claim 15, further comprising:
forming first reconstructed images corresponding to said plurality of first images

and second reconstructed images corresponding to said plurality of second images.

18.  (Previously Presented) The method of Claim 17, further comprising:
spatially-synchronizing said first reconstructed images and said second

reconstructed images.

19.  (Previously Presented) The method of Claim 15, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a

radiation emission technique.

20.  (Previously Presented) The method of Claim 15, further comprising:
spatially-synchronizing the plurality of first images and the plurality of second
images using said plurality of first measurements and said plurality of second

measurements.

21.  (Previously Presented) The method of Claim 15, further comprising:
forming displacement fields corresponding, respectively, to said plurality of first
images, said plurality of first measurements, said plurality of second images, and said

plurality of second measurements.

22.  (Previously Presented) The method of Claim 21, wherein said forming an image

of the mobile object comprises combining said displacement fields.

23.  (Previously Presented) The method of Claim 21, wherein said forming
displacement fields comprises:

estimating movement of the mobile object based, respectively, on said plurality of
first images, said plurality of second images, said plurality of first measurements, and

said plurality of second measurements, in order to form said displacement fields.

24.  (Previously Presented) The method of Claim 23, wherein at least one of said

movement estimates is formed relative to a reference time.
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25.  (Previously Presented) The method of Claim 15, wherein the first sensor system

is different from the second sensor system.

26.  (Currently Amended) An apparatus to form an image of a mobile object,
comprising:

means for obtaining a plurality of first images of the mobile object using a first
imaging technique;

means for obtaining a plurality of first measurements corresponding to
movements of the mobile object while obtaining the plurality of first images, the means
for obtaining the plurality of first measurements being independent from the first imaging
technique;

means for associating the plurality of first images with first movement states of
the mobile object using the first measurements;

means for obtaining a plurality of second images of the mobile object using a

second imaging technique;

means for obtaining a plurality of second measurements corresponding to
movements of the mobile object while obtaining the plurality of second images, the
means for obtaining the plurality of second measurements being independent from the
second imaging technique; [[and]]

means for associating the plurality of second images with second movement

states of the mobile object using the first measurements; and

means for forming an image of the mobile object based on said plurality of first
images, said associated plurality of first measurements, and said first movement states
and on said plurality of said second images, said associated plurality of second
measurements, and said second movement states,

wherein the first imaging technique is different from the second imaging

technique.

27.  (Previously Presented) The apparatus of Claim 26, further comprising:
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means for forming first reconstructed images corresponding to said plurality of
first images and second reconstructed images corresponding to said plurality of second

images.

28.  (Previously Presented) The apparatus of Claim 26, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a
radiation emission technique.

29.  (Previously Presented) The apparatus of Claim 26, further comprising:
means for forming displacement fields corresponding, respectively, to said
plurality of first images, said plurality of first measurements, said plurality of second

images, and said plurality of second measurements.

30.  (Previously Presented) The apparatus of Claim 29, wherein said means for
forming an image of the mobile object comprises means for combining said

displacement fields.

31.  (Previously Presented) The apparatus of Claim 29, wherein said means for
forming displacement fields comprises:

means for estimating movement of the mobile object based, respectively, on said
plurality of first images, said plurality of second images, said plurality of first
measurements, and said plurality of second measurements, in order to form said

displacement fields.

32.  (Previously Presented) The apparatus of Claim 31, wherein at least one of said

movement estimates is to be formed relative to a reference time.
33. (Canceled)

34. (Canceled)
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REMARKS

Applicant thanks the Examiner for the careful consideration given to this
application. Reconsideration is now respectfully requested in view of the following
remarks.

Claims 15-32 are pending in this application. Claims 15 and 26 are independent
claims. Claim 26 is presently amended. Claims 1-14, 33, and 34 were previously
cancelled without prejudice or disclaimer. Reconsideration and allowance of the present
application are respectfully requested.

Claim 26 was amended to rearrange the order of the sub-clauses in order to

clarify the claimed subject matter.

CLAIM REJECTIONS UNDER 35 U.S.C. §112

Claims 15-32 were rejected under 35 U.S.C. § 112, first paragraph, on the
assertion that they fail to comply with the written description requirement. The written
description requirement of 35 U.S.C. § 112, first paragraph, requires only that the
description in the specification “clearly allow[s] persons of ordinary skill in the art to
recognize that he or she invented what is claimed.” MPEP 2163.03 (citing In re Gosteli,
872 F.2d 1008, 1012, 10 USPQ2d 1614, 1618 (Fed. Cir. 1989).) In order to satisfy the
test for meeting the written description requirement, an applicant “must convey with
reasonable clarity to those skilled in the art that, as of the filing date sought, he or she
was in possession of the invention.” /d. Applicants’ description is “presumed adequate,
unless or until sufficient evidence or reasoning to the contrary has been presented by
the examiner to rebut the presumption.” MPEP 2163.04. (Emphasis added.) As part of
rebutting this presumption, a prima facie case must be established that “a person skilled
in the art at the time the application was filed would not have recognized that the
inventor was in possession of the invention as claimed in view of the disclosure of the
application as filed.” MPEP 2163.04. Moreover, simple statements that the claim is not
supported are insufficient in instances where applicant has pointed out where the
limitation is supported. MPEP 2163.04(l). More detailed reasoning for the rejection is

required in such instances. /d.
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In the present application, Applicants previously amended claim 15 to recite “the
first sensor system being independent from the first imaging technique” and “the second
sensor system being independent from the second imaging technique.” Claim 26 was
amended to include analogous recitations. As support for these amendments,
Applicants directed the Examiner to paragraph [0013] of the specification, which states

Attenuation and emission measurements are made in steps Et1

and Et2 in FIG. 1. For each measurement category, measurement sets

are taken at successive instants, which are usually not simultaneous for

the two measurement categories. However, a time synchronisation of

measurement sets is usually necessary, within the two series and

between the two series after step Et3. One useful method for achieving

this may be to measure a patient movement using an independent

sensor such as a breathing sensor, a pressure sensor or an

electrocardiogram. Each measurement set is then associated with a

determined state of the patient during which a measurement of his

movement was made.” (Emphasis added.)
Since Applicants have pointed to a specific section of the specification where the
limitation is supported, the Office Action has not established a prima facie case of failure
to meet the written description requirement over claim 15 by the sweeping generalized
statement that the claim amendments are “not supported by the specification.” (Office
Action mailed 7-20-2011, p. 3.) In view of the shortcomings in the Office Action,
Applicants respectfully traverse the rejection under 35 U.S.C. § 112, first paragraph.

CLAIM REJECTIONS UNDER 35 U.S.C. §103

Claims 15-20 and 25-28 have been rejected under 35 U.S.C. §103 as being
obvious over U.S. Patent Publication No. 2003/0004405 in the names of Townsend et
al. (hereinafter “Townsend”) in view of U.S. Patent No. 5,889,525 to De Murcia et al.
(hereinafter “De Murcia”).

Obviousness requires a determination that the claimed invention, as a whole, in
view of the cited references, and without the benefit of hindsight, would have been
obvious to one of ordinary skill in the art at the time it was made. MPEP 2142. Claim 15

recites, inter alia:
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“obtaining a plurality of first images of the mobile object using a first
imaging technique while obtaining a plurality of first measurements
corresponding to movements of the mobile object using a first sensor
system, the first sensor system being independent from the first imaging
technique;
associating the plurality of first images with first movement states of
the mobile object using the first measurements;
obtaining a plurality of second images of the mobile object using a
second imaging technique while obtaining a plurality of second

measurements corresponding to movements of the mobile object using a

second sensor system, the second sensor system being independent from

the second imaging technique;

associating the plurality of second images with second movement
states of the mobile object using the first measurements; and

forming an image of the mobile object based on said plurality of first
images, said associated plurality of first movement measurements, and

said first movement states and on said plurality of second images, said

associated plurality of second movement measurements, and said second

movement states.” (Emphasis added.)
The cited combination does not disclose the emphasized features.

The Office Action recognizes that Townsend does not teach or disclose these
features. (Office Action mailed 7-20-2011, pp. 4-5.) The rejection therefore asserts that
De Murcia discloses these features. However, De Murcia does not teach or disclose the
first or second sensor systems, where each of the sensor systems is independent from
the first and second imaging techniques, respectively. De Murcia discloses a system for
taking measurements of a moving or deforming object, such as a heart, in Fig. 1, which
includes a two-dimensional array (2) of sensors or transducers (3) that are mobile
around a core (1) sliding on a rail (5). (De Murcia, Col. 3, Il. 25-36.) These sensors (3)
are used to obtain a series of measurements of the object. (De Murcia, Col. 3, Il. 36-39.)
The measurements correspond to different states of the object. (De Murcia, Col. 3, II.

36-39.) The measurements are thereafter “successively entered in the calculations in
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order to reconstruct on each occasion an estimate of the image.” (De Murcia, Col. 4, Il.
9-13.) As is supported in Fig. 2 and the bulk of the disclosure, De Murcia teaches that
the images are derived from the measurements following a series of calculations. (See
De Murcia, Col. 3, I. 49 — Col. 5, I. 18.) Since De Murcia bases the entire image
reconstruction on calculations following the measurements from the single disclosed
measurement system, it does not disclose a “sensor system” that is independent from
an “imaging technique.” For this reason, Applicants respectfully request withdrawal of
the rejection of claim 15 under 35 U.S.C. §103.
Claim 26 recites, inter alia:
‘means for obtaining a plurality of first measurements
corresponding to movements of the mobile object while obtaining the
plurality of first images, the means for obtaining the plurality of first
measurements being independent from the first imaging technique;
means for associating the plurality of first images with first
movement states of the mobile object using the first measurements,
means for obtaining a plurality of second images of the mobile
object using a second imaging technique;
means for obtaining a plurality of second measurements
corresponding to movements of the mobile object while obtaining the
plurality of second images, the means for obtaining the plurality of second
measurements being independent from the second imaging technique;,
means for associating the plurality of second images with second
movement states of the mobile object using the first measurements.”
(Emphasis added.)
For the same reasons stated above with respect to claim 15, the cited combination does
not disclose all the features of claim 26. For this reason, Applicants respectfully request
withdrawal of the rejection of claim 26 under 35 U.S.C. §103.

Claims 16-20, 25, 27, and 28 were also rejected as obvious over Townsend in
view of De Murcia, and each ultimately depends from one of claims 15 and 26. Where,
as discussed above, the combination of Townsend and De Murcia does not render

either of claims 15 or 26 obvious, this combination also does not render any of these
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dependent claims obvious. For this reason, Applicants respectfully request withdrawal
of the rejection of claims 16-20, 25, 27, and 28 under 35 U.S.C. §103.

Claims 21-23 and 29-31 stand rejected under 35 U.S.C. §103(a) as being
unpatentable over Townsend and further in view of U.S. Patent Publication No.
2004/0141638 in the names of Acar et al. (hereinafter “Acar”). Each of claims 21-23 and
29-31 ultimately depends from one of claims 15 and 26. As is discussed above, neither
Townsend nor De Murcia disclose all the limitations of claims 15 and 26. Acar fails to
teach or disclose those features that are not disclosed by Townsend and De Murcia.
Therefore, the combination of Townsend, De Murcia, and Acar fails to teach or disclose
all the limitations of claims 21-23 and 29-31. For this reason, Applicants respectfully
request withdrawal of the rejection of claims 21-23 and 29-31 under 35 U.S.C. §103.

Claims 24 and 32 stand rejected under 35 U.S.C. §103(a) as being unpatentable
over Townsend in view of De Murcia, further in view of Acar et al., and in further view of
“Scale-Space and Edge Detection Using Anisotropic Diffusion” by Perona et al.
(hereinafter “Perona”). Each of claims 24 and 32 ultimately depends from one of claims
15 and 26. As is indicated above, the combination of Townsend, De Murcia, and Acar
does not teach or disclose all the limitations of claims 15 and 26. Perona fails to teach
or disclose those features that are not disclosed by Townsend, De Murcia, and Acar.
Therefore, the combination of Townsend, De Murcia, Acar, and Perona fails to teach or
disclose all the limitations of claims 24 and 32. For this reason, Applicants respectfully

request withdrawal of rejection of claims 24 and 32 under 35 U.S.C. §103.

DISCLAIMER
Applicants may not have presented all possible arguments or have refuted the
characterizations of either the claims or the prior art as found in the Office Action.
However, the lack of such arguments or refutations is not intended to act as a waiver of

such arguments or as concurrence with such characterizations.

CONCLUSION

In view of the above, consideration and allowance are respectfully solicited.
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In the event the Examiner believes an interview might serve in any way to
advance the prosecution of this application, the undersigned is available at the
telephone number noted below.

Applicants believe no extensions or fees are due with this response. However, if
an extension is needed or a fee is due, please consider this a request therefor and
charge Deposit Account No. 22-0185, under Order No. 27592-00987-US, from which
the undersigned is authorized to draw.

Dated: September 27, 2011 Respectfully submitted,

CONNoLLY BoVE LobGE & HuTz LLP

Electronic signature: /DMMorse/
David M. Morse
Registration No.: 50,505

CONNOLLY BOVE LODGE & HUTZ LLP
1007 North Orange Street

P. O. Box 2207

Wilmington, Delaware 19899-2207
(302) 658-9141

(302) 658-5614 (Fax)

Attorneys for Applicants
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Stephane Bonnet et al.

Application No.: 10/955,037 Confirmation No.: 4535
Filed: September 30, 2004 Art Unit: 2624
For: METHOD OF RECONSTRUCTING AN Examiner: J. W. Lee

IMAGE WITH DATA ACQUISITION
ACCORDING TO SEVERAL IMAGERY
MODES AND SYNCHRONISATION OF
IMAGE SERIES

INTERVIEW SUMMARY

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:
Applicants hereby submit this Interview Summary for an informal interview held

with Examiner Lee on July 13, 2011.

Remarks, including the Interview Summary, begin on page 2 of this paper.
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REMARKS

Applicant thanks the Examiner for taking the time to discuss this application with
Applicants’ representative on July 13, 2011. Applicants’ representative contacted
Examiner Lee to discuss the Office Action mailed on July 7, 2011, which was marked as
a Final Office Action. However, that Office Action was responding to Applicants’
Response filed on March 8, 2011 along with a Request for Continued Examination.
Applicants’ representative therefore believed that the Office Action should have been
marked as a Non-Final Office Action and brought this to Examiner Lee’s attention.
Examiner Lee agreed.

The claims and the rejections thereto were not discussed.

CONCLUSION
In view of the above, consideration and allowance are respectfully solicited.
In the event the Examiner believes an additional interview might serve in any way
to advance the prosecution of this application, the undersigned is available at the
telephone number noted below.
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Applicants believe no extensions or fees are due with this response. However, if
an extension is needed or a fee is due, please consider this a request therefor and
charge Deposit Account No. 22-0185, under Order No. 27592-00987-US, from which
the undersigned is authorized to draw.

Dated: October 5, 2011 Respectfully submitted,

CONNoOLLY BOVE LODGE & HUTZLLP

Electronic signature: /DMMorse/
David M. Morse
Registration No.: 50,505

CONNOLLY BOVE LODGE & HUTZ LLP
1007 North Orange Street

P. O. Box 2207

Wilmington, Delaware 19899-2207
(302) 658-9141

(302) 658-5614 (Fax)

Attorneys for Applicants
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USOCR; EPO; JPO; 16:22
DERWENT; IBM_TDB :

S14 6 "5889525" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:22
DERWENT; IBM_TDB

S15 45 "5933517" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:24
DERWENT; IBM_TDB

S16 {5 "6103350" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPG; : 16:24
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EAST Search History

Ly 3 IDERWENT; IBM TDB | . |
S17 42 "6920240" US-PGPUB; USPAT; OR ON 2010/06/30
USCCR; EPO; JPO; 16:24
DERWENT; IBM_TDB
S18 4 "6888915" US-PGPUB; USPAT; OR ON 2010/06/30
USCCR; EPO; JPO; 16:25
DERWENT; IBM_TDB :
S19 2593 (bonnet-stephane.in. or{US-PGPUB; USPAT; OR ON 2010/06/30
bonnet.in.) USOCR; EPO; JPO; 16:51
DERWENT; IBM_TDB !
S20 96 (grangeat-pierre.in. or {US-PGPUB; USPAT; OR ON 2010/06/30
grangeat.in.) USOCR; EPO; JPO; 16:51
DERWENT; IBM_TDB ;
S21 2686 S19 or S20 US-PGPUB; USPAT; OR ON 2010/06/30
USCCR; EPO; JPO; 16:51
DERWENT; IBM_TDB {
S22 1283800 (mobile or techinque or {jUS-PGPUB; USPAT; OR ON 2010/06/30
measurement).clm. USCCR; EPO; JPO; 16:52
DERWENT; IBM_TDB
S23 b4 S21 and S22 US-PGPUB; USPAT; OR {ON 2010/06/30
USCCR; EPO; JPO; 16:52
\\\\\\\\\\\\\\\\\ DERWENT; |IBM_TDB
S25 2 "20040004405" US-PGPUB; USPAT; OR {ON 2010/07/01
USOCR; EPO; JPO; 00:08
DERWENT; IBM_TDB
S28 16918 382/128.ccls. or US-PGPUB; USPAT; OR ON 2010/07/01
345/420.ccls. or USOCR; EPO; JPO; 00:09
600/427.ccls. DERWENT; IBM_TDB
S29 i1 10/955037 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 00:19
DERWENT; IBM_TDB
S30 0 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) near3 PET USOCR; EPO; JPO; 02:56
DERWENT; IBM_TDB
S31 48 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) near3 CT USOCR; EPO; JPO; 02:56
DERWENT; IBM_TDB
S32 43 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) with PET USOCR; EPO; JPO; 02:57
\\\\\ DERWENT; IBM_TDB _
S33 18 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) with CT USOCR; EPO; JPO; 02:57
DERWENT; IBM_TDB !
S34 i1 832 and S33 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 02:57
DERWENT; IBM_TDB :
S35 18931 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) USOCR; EPO; JPO; 02:57
DERWENT; IBM_TDB ;
S36 181 S35 and CT and PET  {{US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 02:57
DERWENT; IBM_TDB !
837 {18 $36 and S28 US-PGPUB; USPAT; OR JON 2010/07/01
USOCR; EPO; JPO; 02:57
DERWENT; IBM_TDB
S38 {{1736832 ii(vector or US-PGPUB; USPAT; OR ON 2010/07/01
displacement) USOCR; EPO; JPO; 03:06
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EAST Search History

E

IDERWENT; IBM _TDB

S38 near3 CT

OR

ON

2010/07/01

S39 {786 US-PGPUB; USPAT;
USQOCR; EPO; JPO; 03:07
DERWENT; |IBM_TDB
40 18098 S38 near3 PET US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:07
DERWENT; |IBM_TDB ;
A1 {75 S39 and $40 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:07
DERWENT; |BM_TDB |
42 #3520 S38 with CT US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:07
DERWENT; |BM_TDB |
43 12182 S38 WITH PET US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:07
DERWENT; |IBM_TDB :
$44 195 A2 and A3 US-PGPUB; USPAT; OR ON 2010/07/01
USCCR; EPO; JPO; 03:08
DERWENT; IBM_TDB
45 {1854 vector with CT US-PGPUB; USPAT; OR JON 2010/07/01
USCCR; EPO; JPO; 03:38
\\\\\\\\\\\\\\\\\ DERWENT; 1BM_TDB
46 11867 vector with PET US-PGPUB; USPAT; OR HON 2010/07/01
USOCR; EPO; JPO; 03:39
DERWENT; |IBM_TDB
A7 {181 45 and S46 US-PGPUB; USPAT; OR HON 2010/07/01
USOCR; EPO; JPO; 03:39
DERWENT; |IBM_TDB
$48 504 gradient with CT US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:40
DERWENT; |IBM_TDB
$49 425 gradient WITH PET US-PGPUB; USPAT; OR ON 2010/07/01
USCCR; EPO; JPO; 03:40
DERWENT; |1BM_TDB
S50 it 48 and $49 US-PGPUB; USPAT; OR ON 2010/07/01
USCCR; EPO; JPO; 03:40
DERWENT; IBM_TDB
S51 14636 motion with CT US-PGPUB; USPAT; OR ON 2010/07/01
USCCR; EPO; JPO; 03:46
\\\\\ DERWENT; IBM_TDB _
352 {1522 motion WITH PET US-PGPUB; USPAT; CR ON 2010/07/01
USOCR; EPO; JPO; 03:46
DERWENT; |BM_TDB i
S53 {164 S51 and S52 US-PGPUB; USPAT; CR ON 2010/07/01
USOCR; EPO; JPO; 03:46
DERWENT; |1BM_TDB !
S54 {54 S53 and vector US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:54
DERWENT; IBM_TDB :
S55 {79 S53 and (vector or US-PGPUB; USPAT; OR ON 2010/07/01
displacement) USOCR; EPO; JPG; 03:54
DERWENT; |BM_TDB :
SH56 {15642 displacement near3 US-PGPUB; USPAT; OR {ON 2010/07/07
(field or vector) USOCR; EPO; JPG; 21:36
DERWENT; |IBM_TDB
S57 {150 S56 and 382/128.ccls. {{US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPG; 21:36
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EAST Search History

E

|

IDERWENT; IBM _TDB

OR

2010/07/07

SH8 119316809 {icombin$3 or form$3 or {US-PGPUB; USPAT; ON
fus$3 USQOCR; EPO; JPO; 21:38
DERWENT; |IBM_TDB
S59 13665 S56 and S58 US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:39
DERWENT; |IBM_TDB ;
S60 {1486 S59 and medical US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:39
DERWENT; |BM_TDB |
S61 {144 S59 and 382/128.ccls. {{US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:39
DERWENT; |BM_TDB |
S62 1994101 S58 near3 image US-PGPUB; USPAT; OR ON 2010/07/07
USQCR; EPO; JPO; 21:41
DERWENT; |IBM_TDB :
63 13025 $62 and S56 US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:42
DERWENT; IBM_TDB
S64 88 363 and 382/128.ccls.  {{US-PGPUB; USPAT,; OR JON 2010/07/07
USCCR; EPO; JPO; 21:42
\\\\\\\\\\\\\\\\\ DERWENT; 1BM_TDB
S65 {107 S56 with S62 US-PGPUB; USPAT; OR HON 2010/07/07
USCCR; EPO; JPO; 21:54
DERWENT; |IBM_TDB
66 {2 $65 and 382/128.ccls.  {{US-PGPUB; USPAT; OR HON 2010/07/07
USOCR; EPO; JPO; 21:54
DERWENT; |IBM_TDB
S67 43 $65 and (x-ray and US-PGPUB; USPAT; OR ON 2010/07/07
CT) USOCR; EPO; JPO; 21:56
DERWENT; |IBM_TDB
S68 112890 goto.in. US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 21:59
DERWENT; |1BM_TDB
S69 1159266 hitachi.asnm. US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 21:59
DERWENT; IBM_TDB
S70 0 368 and S69 and US-PGPUB; USPAT; OR ON 2010/07/07
(displacment) and USOCR; EPO; JPO; 22:00
\\\\\ vector DERWENT; IBM_TDB ‘
S71 4 $68 and S69 and US-PGPUB; USPAT; OR ON 2010/07/07
(displacement) and USOCR; EPO; JPO; 22:00
vector DERWENT; |IBM_TDB i
S72 {17 $68 and S69 and US-PGPUB; USPAT; OR ON 2010/07/07
vector USOCR; EPO; JPO; 22:00
DERWENT; |IBM_TDB ;
S73 i1 JP2006141534A US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:02
DERWENT; |IBM_TDB :
S74 {25 $65 and "382".clas. US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:03
DERWENT; |IBM_TDB :
S75 16464 gradient near3 time US-PGPUB; USPAT; OR {ON 2010/07/07
USCCR; EPO; JPO; 22:24
DERWENT; |BM_TDB
S76 {52 S75 and 382/128.ccls.  {{US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:24
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EAST Search History

Ly | IDERWENT; IBM TDB | . |
S77 {13 S76 and (x-ray and US-PGPUB; USPAT; OR ON 2010/07/07
CT) USCCR; EPO; JPO; 22:24
DERWENT; IBM_TDB
S78 §100 gradient near3 US-PGPUB; USPAT; OR ON 2010/07/07
(reference near3 time) {USOCR; EPO; JPO; 22:30
DERWENT; IBM_TDB :
S79 {0 S78 and 382/128.ccls.  {{US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:30
DERWENT; IBM_TDB !
S80 {4 S78 and (x-ray and US-PGPUB; USPAT; OR ON 2010/07/07
CT) USCCR; EPO; JPO; 22:30
DERWENT; IBM_TDB ;
S81 H0 S78 and "382".clas. US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:31
DERWENT; IBM_TDB {
S82 {4551 total near3 derivative {US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:33
DERWENT; IBM_TDB
S83 i7 S82 and 382/128.ccls. {US-PGPUB; USPAT; OR {ON 2010/07/07
USCCR; EPO; JPO; 22:33
\\\\\\\\\\\\\\\\\ DERWENT; IBM_TDB
S84 1569 vector near3 (reference {jUS-PGPUB; USPAT; OR {ON 2010/07/07
near3 time) USOCR; EPO; JPO; 22:35
DERWENT; IBM_TDB
S85 i3 S84 and 382/128.ccls. {{US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:35
DERWENT; IBM_TDB
S87 {16464 gradient near3 time US-PGPUB; USPAT; OR ON 2010/07/07
USCCR; EPO; JPO; 22:37
DERWENT; IBM_TDB
888 52 887 and 382/128.ccls. {{US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:37
DERWENT; IBM_TDB
S89 22 "5963665" US-PGPUB; USPAT; OR ON 2010/07/08
USOCR; EPO; JPO; 21:22
DERWENT; IBM_TDB
S90 {11431 (commissariat$5.asnm. {{US-PGPUB; USPAT,; OR ON 2010/07/09
or USOCR; EPO; JPO; 00:52
\\\\\ intellectual$7.asnm.) DERWENT; IBM_TDB !
S91 42593 (bonnet-stephane.in. orjUS-PGPUB; USPAT; OR ON 2010/07/09
bonnet.in.) USOCR; EPO; JPO; 00:52
DERWENT; IBM_TDB !
S92 96 (grangeat-pierre.in. or jUS-PGPUB; USPAT; OR ON 2010/07/09
grangeat.in.) USOCR; EPO; JPO; 00:52
DERWENT; IBM_TDB :
S93 112686 S91 or S92 US-PGPUB; USPAT; OR ON 2010/07/09
USOCR; EPO; JPO; 00:52
DERWENT; IBM_TDB ;
S94 #30 S90 and S93 US-PGPUB; USPAT; CR ON 2010/07/09
USOCR; EPO; JPO; 00:52
DERWENT; IBVI_TDB i
05 284977 (mobile or techinque or {{US-PGPUB; USPAT; OR {ON 2010/07/09
measurement).clm. USOCR; EPO; JPO; 00:53
DERWENT; IBVI_TDB
96 17 S94 and S95 US-PGPUB; USPAT; OR ON 2010/07/09
USOCR; EPO; JPG; 00:53
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EAST Search History

Ly IDERWENT; IBM TDB | i |
897 i 10/955037 US-PGPUB; USPAT; OR ON 2011/05/11
USCCR; EPO; JPO; 11:22
DERWENT; IBM_TDB
S98 1161088 sensor near3 camera  {US-PGPUB; USPAT; OR ON 2011/05/11
USCCR; EPO; JPO; 13:11
DERWENT; IBM_TDB :
S99 #3910 S98 and (CT or PET) US-PGPUB; USPAT; OR ON 2011/05/11
USCCR; EPO; JPO; 13:11
DERWENT; IBM_TDB ;
S$100 §325 S98 and (CT and PET) #US-PGPUB; USPAT; OR ON 2011/05/11
USCCR; EPO; JPO; 13:11
DERWENT; IBM_TDB ;
S101 §0 S100 and "382".ccls. US-PGPUB; USPAT; OR ON 2011/05/11
USCCR; EPO; JPO; 13:11
DERWENT; IBM_TDB {
S$102 239 S100 and patient US-PGPUB; USPAT; OR ON 2011/05/11
USCCR; EPO; JPO; 13:12
DERWENT; IBM_TDB
S$103 325 S98 and (CT and PET) {US-PGPUB; USPAT; OR {ON 2011/05/11
USCCR; EPO; JPO; 13:15
\\\\\\\\\\\\\\\\\ DERWENT; |IBM_TDB
S104 4180143 light near3 sensor US-PGPUB; USPAT; OR {ON 2011/05/11
USOCR; EPO; JPO; 13:18
DERWENT; IBM_TDB
S105 10448 S$104 with camera US-PGPUB; USPAT; OR ON 2011/05/11
USOCR; EPO; JPO; 13:19
DERWENT; IBM_TDB
S106 43 $105 and (CT and US-PGPUB; USPAT; OR ON 2011/05/11
PET) USOCR; EPO; JPO; 13:19
DERWENT; IBM_TDB
S107 42 separat$3 near3 US-PGPUB; USPAT; OR ON 2011/07/04
(sensor) near3 (PET) USOCR; EPO; JPO; 15:59
DERWENT; IBM_TDB
S108 {19 separat$3 near3 US-PGPUB; USPAT; OR ON 2011/07/04
(sensor) near3 (CT) USOCR; EPO; JPO; 15:59
DERWENT; IBM_TDB
S$109 0 $107 and S108 US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 15:59
\\\\\ DERWENT; IBM_TDB ‘
S110 426 separat$3 with US-PGPUB; USPAT; OR ON 2011/07/04
((sensor) near3d (CT)) HUSOCR; EPO; JPO; 16:00
DERWENT; IBM_TDB !
S111 47 separat$3 with US-PGPUB; USPAT; OR ON 2011/07/04
((sensor) near3 (PET)) #USOCR; EPO; JPO; 16:01
DERWENT; IBM_TDB :
S112 40 S110 and S111 US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:01
DERWENT; IBM_TDB ;
S113 {{801999 image and sensors US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:01
DERWENT; IBM_TDB !
S114 {10464 CT near3 scanner US-PGPUB; USPAT; OR {ON 2011/07/04
USOCR; EPO; JPO; 16:12
DERWENT; IBVI_TDB
S115 1564 PET near3 sensor US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:12
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EAST Search History

Ly : IDERWENT; IBM TDB | . |
S116 1988 CT near3 sensor US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:12
DERWENT; I1BM_TDB
S117 49 S115 with S116 US-PGPUB; USPAT,; OR ON 2011/07/04
USOCR; EPO; JPO; 16:12
DERWENT; I1BM_TDB !
S118 i1 10/955037 US-PGPUB; USPAT,; OR ON 2011/07/04
USOCR; EPO; JPO; 16:13
DERWENT; I1BM_TDB !
S119 §12 S115 and S116 US-PGPUB; USPAT,; OR ON 2011/07/04
USOCR; EPO; JPO; 16:14
DERWENT; I1BM_TDB !
S120 13803 separat$3 near3 US-PGPUB; USPAT; OR ON 2011/07/04
imag$3 near3 sensor  {{USOCR; EPO; JPO; 16:15
DERWENT; IBM_TDB i
S121 {118 S$120 and CT US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:15
DERWENT; IBM_TDB
S122 26 S121 and "382".clas. US-PGPUB; USPAT; OR JON 2011/07/04
USOCR; EPO; JPO; 16:15
\\\\\\\\\\\\\\\\\ DERWENT; I1BM_TDB
S$123 ii6 "5889525" US-PGPUB; USPAT,; OR HON 2011/07/04
USOCR; EPO; JPO; 16:53
DERWENT; I1BM_TDB
S124 §2 S$123 and CT US-PGPUB; USPAT,; OR HON 2011/07/04
USOCR; EPO; JPO; 16:56
DERWENT; I1BM_TDB

11/6/2011 11:50:58 AM
C:\ Users\ jlee15\ Documents\ EAST\ Workspaces\ 10955037 partial.wsp
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
30678 7590 11/09/2011 -
_ _ ) EXAMINER
CONNOLLY BOVE LODGE & HUTZ LLP | |
1875 EYE STREET, N.W. LEE, JOHN W
SUITE 1100
WASHINGTON, DC 20006 | ARTONTT | eamm~ovmer |
2624
| MAIL DATE | DELIVERY MODE |
11/09/2011 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

10/955,037 BONNET ET AL.
Office Action Summary Examiner Art Unit

JOHN LEE 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 27 September 2011.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims

5)[X Claim(s) 1-34 is/are pending in the application.
5a) Of the above claim(s) 1-15,33 and 34 is/are withdrawn from consideration.

6)[] Claim(s) _____is/are allowed.

7)X Claim(s) 15-32 is/are rejected.

8)[J Claim(s) _____is/are objected to.

9)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)["] accepted or b)[T] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[1Some * ¢)[] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. _____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) EI Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [[] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) |:| Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20111106
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Application/Control Number: 10/955,037 Page 2
Art Unit: 2624

DETAILED ACTION

Response to Amendment/Arguments
1. Applicant's amendment and arguments filed on 27 September 2011 have been
fully considered.
2. Summary of applicant’s remarks
1) Status of the claims:
e Claims 15-32 remain pending
e Claim 26 is amended

e Claims 1-14 and 33-34 are canceled

2) Ground of rejections to be reviewed based on applicant’s remarks:
¢ Rejection of claims 15-32 under 35 U.S.C. §112, first paragraph
o Rejection of claims 15-32 under 35 U.S.C. 103(a)
3. Response to Applicant’s remarks
1) Rejection of claims 15-32 under 35 U.S.C. § 112, first paragraph:
Applicant’'s arguments are persuasive. The rejection will be withdrawn.
2) Rejection of claims 15-32 under 35 U.S.C. § 103(a):
Applicant’s arguments are not persuasive. The applicant discloses that “using a
first sensor system, the first sensor system being independent from the first imaging

technique;
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Application/Control Number: 10/955,037 Page 3
Art Unit: 2624

associating the plurality of first images with first movement states of the mobile
object using the first measurements;

using a second sensor system, the second sensor system being independent
from the second imaging technique;

associating the plurality of second images with second movement states of the
mobile object using the first measurements” are not disclosed by the combination of the
prior art cited by the examiner.

The applicant also discloses that “using a first sensor system, the first sensor
system being independent from the first imaging technique;

associating the plurality of first images with first movement states of the mobile
object using the first measurements;

using a second sensor system, the second sensor system being independent
from the second imaging technique;

associating the plurality of second images with second movement states of the
mobile object using the first measurements” is supported by 0013 of the original
specification.

Let’s look at De Murcia (US 5,889,525), which the examiner cited as the
secondary reference. De Murcia teaches “an approximate image of the object in each
state (f) is reconstituted on the basis of associated measurements and the movements
of said object from a reference state to each of the states are evaluated” (abstract; Fig.

2; equation (2); col. 4, line 1-col. 5, line 18), which is similar with the disclosure of §0013
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of the original specification and claim 15 of the limitations which the applicant argues
that the combination of the prior art does not disclose.
For the above reason, the claim rejection cannot be withdrawn, and the rejection

will be maintained.

Claim Rejections - 35 USC § 103
4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

5. Claims 15-20 and 25-28 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Townsend et al. (US 2003/0004405 A1) in view of De Murcia et al.
(US 5,889,525).

a. Regarding claim 15, Townsend discloses a method of forming an image
(Fig.3; “image fusion” at § 0080) of a mobile object (Fig. 2b; “patient” at ] 0070 and
0073), comprising:

obtaining a plurality of first images (“CT images” at § 0075) of the mobile object
(Fig. 2b; “patient” at ] 0070 and 0073) using a first imaging technique (“X-ray CT” at
0070 and 0073);

obtaining a plurality of second images (“PET images” at 0075) of the mobile
object (Fig. 2b; “patient” at [ 0070 and 0073) using a second imaging technique (“PET”

at 9 0070 and 0073); and
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forming an image (Fig.3; “image fusion” at ] 0080) of the mobile object (Fig. 2b;
“patient” at [ 0070 and 0073) based on said plurality of first images (“CT images” at |
0075) and said associated plurality of first movement (Fig. 11A, “internal organ
movement” at abstract and § 0101) measurements (Fig. 2b-12; “X-ray CT detectors” at
€ 0073) and on said plurality of said second images (“PET images” at §0075) and said
associated plurality of second movement (Fig. 11B; “internal organ movement” at
abstract and § 0101) measurements (Fig. 2b-14; “PET tomograph detectors” at 9 0073),

wherein the first imaging technique (“X-ray CT” at 1 0070 and 0073) is different
from the second imaging technique (“PET” at [ 0070 and 0073; “The first imaging
technique is a X-ray CT that is different with the second imaging technique, which is a
PET.").

However, Townsend does not disclose obtaining a plurality of first measurements
corresponding to movements of the mobile object using a first sensor system, the first
sensor system being independent from the first imaging technique;

associating the plurality of first images with first movement states of the mobile
object, the first movement states being determined by the first measurements;

obtaining a plurality of second movement measurements corresponding to
movements of the mobile object using a second sensor system, the second sensor
system being independent from the second imaging;

associating the plurality of second images with second movement states of the
mobile object, the second movement states being determined by the second

measurements;
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Instead of Townsend, De Murcia discloses obtaining a plurality of first
measurements corresponding to movements of the mobile object using a first sensor
system, the first sensor system being independent from the first imaging technique (“an
approximate image of the object in each state (f) is reconstituted on the basis of
associated measurements and the movements of said object from a reference state to
each of the states are evaluated” at abstract; Fig. 2; equation (2); col. 4, line 1-col. 5,
line 18);

associating the plurality of first images with first movement states of the mobile
object, the first movement states being determined by the first measurements (“an
approximate image of the object in each state (f) is reconstituted on the basis of
associated measurements and the movements of said object from a reference state to
each of the states are evaluated” at abstract; Fig. 2; equation (2); col. 4, line 1-col. 5,
line 18);

obtaining a plurality of second movement measurements corresponding to
movements of the mobile object using a second sensor system, the second sensor
system being independent from the second imaging (“an approximate image of the
object in each state (f) is reconstituted on the basis of associated measurements and
the movements of said object from a reference state to each of the states are
evaluated” at abstract; Fig. 2; equation (2); col. 4, line 1-col. 5, line 18);

associating the plurality of second images with second movement states of the
mobile object, the second movement states being determined by the second

measurements (“an approximate image of the object in each state (f) is reconstituted on

Volkswagen Exhibit 1002, Page 763 of 885



Application/Control Number: 10/955,037 Page 7
Art Unit: 2624

the basis of associated measurements and the movements of said object from a
reference state to each of the states are evaluated” at abstract; Fig. 2; equation (2); col.
4, line 1-col. 5, line 18);

Townsend and De Murcia are combinable because both are related to the field of
medical image processing.

At the time the invention was made, it would have been obvious to one of the
ordinary skill in the art to utilize the process of De Murcia to Townsend’s invention.

The suggestion/motivation for doing so would have been to obtain "satisfactory
imaging results without making the apparatus more complicated” (De Murcia; col. 2,
lines 44-46).

Therefore, it would have been obvious to combine Townsend and De Murcia to
obtain the invention specified in claim 15.

b. Regarding claim 16, Townsend further discloses further comprising:
time-synchronizing said first plurality of images and said second plurality of
images to a common time scale, the common time scale being determined by a
comparison between the first and second movement states said first movement
measurements and said second movement measurements (“The invention shows that
synchronization, which “the CT scan is acquired before the PET scan, following a sixty
(60) minute uptake period F-FDG activity has been injected into the patient™ at § 0075).

c. Regarding claim 17, Townsend further discloses further comprising:

forming first reconstructed images corresponding to said plurality of first images

(“[tihe CT images [being] reconstructed" at § 0075) and second reconstructed images
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corresponding to said plurality of second images (“the PET images [being] then
reconstructed” § 0075).

d. Regarding claim 18, Townsend further discloses further comprising:

spatially-synchronizing (“image fusion” at § 0080) said first reconstructed images
and said second reconstructed images ("fused PET and CT images" at § 0080).

e. Regarding claim 19, Townsend further discloses wherein said first imaging
technique being a radiation attenuation technique (“X-ray CT” at [{] 0070 and 0073) and
said second imaging technique being a radiation emission technique (“PET” at [ 0070
and 0073).

f. Regarding claim 20, Townsend discloses further comprising:

further comprising: spatially-synchronizing the plurality of first images and the
plurality of second images using information based on said plurality of first
measurements and said plurality of second movement measurements (“positional
correspondence between the two image sets" at § 0080)

g. Regarding claim 25, De Murcia discloses wherein the first sensor system
is different from the second sensor system (Fig. 2; equation (2); col. 4, line 1-col. 5, line
18).

h. Regarding claim 26, claim 26 is a system claim analogous and
corresponds to claim 15. See rejection of claim 15 for further explanation.

i. Regarding claim 27, claim 27 is a system claim analogous and

corresponds to claim 17. See rejection of claim 17 for further explanation.
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j- Regarding claim 28, claim 28 is a system claim analogous and

corresponds to claim 19. See rejection of claim 19 for further explanation.

5. Claims 21-23 and 29-31 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Townsend et al. (US 2003/0004405 A1) in view of Acar et al. (US
2004/0141638 A1).
a Regarding claim 21, The combination of Townsend and De Murcia
disclose all the previous claim limitations including said plurality of first
images, said plurality of first measurements, said plurality of second images, and said
plurality of second measurements (De Murcia;Fig. 2; equation (2); col. 4, line 1-col. 5,
line 18).
However, the combination does not disclose forming displacement fields.
Instead of the combination, Acar, the same field of medical image processing
discloses forming displacement fields (equation (1); FIG. 1; “It is shown that the EDF,
“Veu (X,Y)” is computed from z=k to z=k+1” at [ 0013-0014 and 0015-0017).
The combination and Acar are combinable because both are related to the field
of medical image processing.
It would have been obvious at the tie the invention was made to one of the
ordinary skill in the art to utilize the step of computing “EDF, v... (x,y) from z=k to z=k+1”"
(Acar; equation (1); FIG.1; 9 0013-0014 and 0015-0017) taught by Acar to the

combination.
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The suggestion/motivation for doing so would have been to “characteriz[e] the
topology of the vector field for detection, identification or recognition tasks of a structure
of interest” (Acar; 9 0006) “with a high specificity without sacrificing the sensitivity of
detection” (Acar; 4 0006).

Therefore, it would have been obvious to combine Townsend, De Murcia and
Acar to obtain the invention specified in claim 21.

b. Regarding claim 22, the combination of Townsend De Murcia and Acar, as
applied in claim 21, discloses all the previous claim limitations including said forming an
image (Townsend; Fig.3; “image fusion” at § 0080) of the mobile object (Townsend; Fig.
2b; “patient” at [ 0070 and 0073).

Moreover, Acar discloses combining said displacement fields (FIG. 1; “v.« (X,y)
for all k are summed ,,, to get a composite EDF” at § 0017).

Townsend, De Murcia and Acar are combinable because both are related to the
field of medical image processing.

It would have been obvious at the tie the invention was made to one of the
ordinary skill in the art to utilize the step of computing “v... (x,y) for all k being summed ,,,
to get a composite EDF” (Acar; FIG.1; § 0017) taught by Acar to the combination.

The suggestion/motivation for doing so would have been to “determine
parameters ... [which] are used to classify the structure of interest” (Acar; I 0007) and
“refine the results of high sensitivity, low specificity pre-detection by increasing

specificity without sacrificing sensitivity” (Acar; § 0013).
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Therefore, it would have been obvious to combine Townsend, De Murcia and
Acar to obtain the invention specified in claim 22.
¢.  Regarding claim 23, the combination of Townsend, De Murcia and Acar,
as applied in claim 21, discloses wherein said forming displacement fields (Acar;
equation (1); FIG. 1; “It is shown that the EDF, “v.. (X,y)” is computed from z=k to
z=k+1” at [ 0013-0014 and 0015-0017) comprises:
estimating movement (Acar; equation (1); “EDF computation to represent the
changes in the location of edges” at 9 0015) of the mobile object (Acar; “images such as
tissue/air boundaries” at § 0015) based, respectively, on said plurality of first images
(Townsend; “CT images” at § 0075), said plurality of second images (Townsend; “PET
images” at §10075), said plurality of first measurements, and said plurality of second
measurements (De Murcia; Fig. 2; equation (2); col. 4, line 1-col. 5, line 18).
d. Regarding claim 29, claim 29 is analogous and corresponds to claim 21.
See rejection of claim 21 for further explanation.
e. Regarding claim 30, claim 30 is analogous and corresponds to claim 22.
See rejection of claim 22 for further explanation.
f. Regarding claim 31, claim 31 is analogous and corresponds to claim 23.

See rejection of claim 23 for further explanation.

6. Claims 24 and 32 are rejected under 35 U.S.C. 103(a) as being unpatentable

over Townsend et al. (US 2003/0004405 A1) in view of De Murcia et al. (US 5,889,525),
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and further in view of Acar et al. (US 2004/0141638 A1) and Perona et al. (“Scale-
Space and Edge Detection Using Anisotropic Diffusion”).

a. Regarding claim 24, the combination of Townsend De Murcia and Acar, as
applied in claim 23, discloses all the previous claim limitations including wherein at least
one of said movement estimates (Acar; equation (1); “EDF computation to represent
the changes in the location of edges” at { 0015).

However, the combination does not disclose the estimates being formed relative
to a reference time.

Instead of the combination, Perona, the same field of endeavor of image
processing, discloses the estimates being formed relative to a reference time (equation
(1); “Itis shown that | (x, vy, t) is obtained by convolving the original image . (x,y) with a
Gaussian kernel G (x,y; t) of variance t, which can be the reference time” at chapter I,
page 629)

The combination and Perona are combinable because all of them are related to
the field of image processing.

It would have been obvious at the time the invention was made one of ordinary
skill in the art to utilize the step of “I (x, y, t) [being] obtained by convolving the original
image l. (x,y) with a Gaussian kernel G (x,y; t) of variance t", which can be the reference
time (Perona; equation (1); chapter I, page 629) taught by Perona to the “EDF
computation [] [representing] the changes in the location of edges” (Acar; § 0015) when

I ,
Ui _ o (Acar; equation (1); q

"[t]he EDF equation for the xy plane is VI_, -v_, +—
’ (/4

0016) and "I, (x,y) is the associate image" (Acar; § 0017) of the combination.
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The suggestion/motivation for doing so would have been to provide "[c]ausality
[.] [which] [a]ny feature at a coarse level of resolution is required to possess (not a
necessarily unique) "cause" at a finer level of resolution” (Perona; chapter 1, page 629)
and "no spurious detail should be generated when the resolution is diminished"
(Perona; chapter 1, page 629), "[hJomogenity [and] [i]sotropy ... for the sake of
simplicity” (Perona; chapter 1, page 629).

Therefore, it would have been obvious to combine Townsend, De Murcia, Acar

and Perona to obtain the invention specified in claim 24.

b.  Regarding claim 32, claim 32 is analogous and corresponds to claim 24.

See rejection of claim 24 for further explanation.

Conclusion
7. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.
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8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOHN LEE whose telephone number is (571)272-9554.
The examiner can normally be reached on Monday - Friday (Alt.) 7:30 a.m. - 5:00 p.m..
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Samir Ahmed can be reached on (571) 272-7413. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.
Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JOHN W. LEE/
Primary Examiner, Art Unit 2624
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All appropriate Appeal Brief fees are being filed concurrently herewith as shown
on the Fee Sheet, including any applicable extension of time fees. Appellants believe
that no additional fees are due with this filing. However, if an additional extension is
needed or a fee is due, please consider this a request therefor and charge Deposit
Account No. 03-2775, under Order No. 27592-00982-US, from which the undersigned is

authorized to draw.
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This brief contains items under the following headings as required by 37 C.F.R.

§ 41.37(c):
I Real Party In Interest
I Related Appeals and Interferences
Il Summary of Claimed Subject Matter
V. Argument
Appendix A Claims

REAL PARTY IN INTEREST
The real party in interest for this Appeal is Commissariat a L'Energie Atomique,
the assignee of record of the entire right, titte and interest in the subject patent

application.

Il. RELATED APPEALS AND INTERFERENCES
Appellants are aware of no related proceedings currently pending before the

Board.

.  SUMMARY OF CLAIMED SUBJECT MATTER

The claimed subject matter is directed toward a method and an apparatus for
forming an image of a mobile object. In each of the method and the apparatus, two
different imaging techniques and two independent sensor systems are used. The two
different imaging techniques are each used to obtain a plurality of images of the mobile
object. Each sensor system is independent from and associated with one of the
respective imaging techniques, and each is used to obtain a plurality of measurements
corresponding to movements of the mobile object. Using the respective movement
measurements, the plurality of images from each imaging technique are associated with
movement states of the mobile object. An image of the mobile object may then be
formed using the images obtained from each imaging technique, the respective

movement measurements, and the respective movement states.
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A Claim 15 is directed toward a method of forming an image of a mobile
object. Support for claim 15 in the specification is as follows:

obtaining a plurality of first images of the mobile object using a first

imaging _techniqgue while obtaining a plurality of first measurements

corresponding to movements of the mobile object using a first sensor system, the

first sensor system being independent from the first imaging technique:

Fig. 1, refs. Et1, Et11; Page 3, lines 24-25; Page 4, lines 24-28; Page 5,

lines 16-17, 20-26; Page 6, lines 6-13 ; and Page 18, lines 1-5.

associating the plurality of first images with first movement states of the

mobile object using the first measurements:

Fig. 1, ref. Et3; Fig. 2; Page 5, line 26 — page 6, line 5; Page 6, lines 13-
16.

obtaining a plurality of second images of the mobile object using a second

imaging technique while obtaining a plurality of second measurements

corresponding to movements of the mobile object using a second sensor system,

the second sensor system being independent from the second imaging

technique:
Fig. 1, refs. Et2, Et12; Page 3, lines 24-25; Page 4, lines 24-28; Page 5,
lines 16-17, 20-26; Page 6, lines 6-13 ; and Page 18, lines 1-5.

associating the plurality of second images with second movement states

of the mobile object using the first measurements:

Fig. 1, ref. Et3; Fig. 2; Page 5, line 26 — page 6, line 5; Page 6, lines 13-
16.

forming _an image of the mobile object based on said plurality of first

images, said associated plurality of first movement measurements, and said first

movement states and on said plurality of second images, said associated

plurality of second movement measurements, and said second movement states:
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Fig. 1, refs. Et6, Et7, Et8, Et9, Et10, Et17, Et18; Page 7, lines 3-17 ; Page
8, line 6 —page 11, line 2 ; Page 11, line 26 — page 17, line 28.

wherein the first imaging technique is different from the second imaging

technique:
Fig. 1, refs. Et1, Et2; Page 3, lines 24-25; Page 4, lines 24-28; Page 5,
lines 16-17; and Page 18, lines 1-5.

B. Claim 16 depends from claim 15, and is directed toward time-
synchronizing the first and second plurality of images of claim 15. Support for claim 16
in the specification is as follows:

time-synchronizing said first plurality of images and said second plurality

of images to a common time scale based on the first and second movement

states:
Fig. 1, ref. Et3; Fig. 2; Page 5, line 16 — page 6, line 5; Page 6, line 25 —
page 7, line 2; Page 11, lines 3-25.

C. Claim 26 is directed toward an apparatus for forming an image of a mobile
object. Support for claim 26 in the specification is as follows:

means for obtaining a plurality of first images of the mobile object using a

first imaging technique:

Fig. 1, ref. Et1; Page 3, lines 24-25; Page 4, lines 24-28; Page 5, lines 16-
17; and Page 18, lines 1-5.

means for obtaining a plurality of first measurements corresponding to

movements of the mobile object while obtaining the plurality of first images, the

means for obtaining the plurality of first measurements being independent from

the first imaging technique:

Fig. 1, ref. Et11; Page 5, lines 20-26; and Page 6, lines 6-13.
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means _for associating the plurality of first images with first movement

states of the mobile object using the first measurements:

Fig. 1, ref. Et3; Fig. 2; Page 5, line 26 — page 6, line 5; Page 6, lines 13-
16.

means for obtaining a plurality of second images of the mobile object

using a second imaging technique:

Fig. 1, ref. Et2; Page 3, lines 24-25; Page 4, lines 24-28; Page 5, lines 16-

17; and Page 18, lines 1-5.

means for obtaining a plurality of second measurements corresponding to

movements of the mobile object while obtaining the plurality of second images,

the means for obtaining the plurality of second measurements being independent

from the second imaging technique:

Fig. 1, ref. Et12; Page 5, lines 20-26; and Page 6, lines 6-13.

means for associating the plurality of second images with second

movement states of the mobile object using the first measurements:

Fig. 1, ref. Et3; Fig. 2; Page 5, line 26 — page 6, line 5; Page 6, lines 13-
16.

means for forming an image of the mobile object based on said plurality of

first images, said associated plurality of first measurements, and said first

movement states and on said plurality of said second images, said associated

plurality of second measurements, and said second movement states:

Fig. 1, refs. Et6, Et7, Et8, Et9, Et10, Et17, Et18; Page 7, lines 3-17 ; Page

8, line 6 —page 11, line 2 ; Page 11, line 26 — page 17, line 28.

wherein the first imaging technique is different from the second imaging

technique:
Fig. 1, refs. Et1, Et2; Page 3, lines 24-25; Page 4, lines 24-28; Page 5,
lines 16-17; and Page 18, lines 1-5.
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IV.  ARGUMENT

A. Summary of the Arqument

The combination of U.S. Patent Publication No. 2003/0004405 in the names of
Townsend et al. (hereinafter “Townsend”) in view of U.S. Patent No. 5,889,525 to De
Murcia et al. (hereinafter “De Murcia”) do not support the stated reasons in the Office
Action for establishing obviousness over any of the pending claims in the present
application. As a threshold matter, the combination of Townsend and De Murcia do not
teach or disclose all the features of independent claims 15 and 26. In addition, the
inclusion of a movement measurement system to Townsend, as suggested in the Office
Action, would add unnecessary complexity to a system which already discloses a way
to compensate for imaging a mobile object. Further, neither Townsend nor De Murcia
discloses the time synchronization feature recited in dependent claim 16. For these

reasons, the obviousness rejection is improper and should be reversed.

B. Rejection under 35 U.S.C. § 103(a) over Townsend in view of De Murcia

Obviousness requires a determination that the claimed invention, as a whole, in
view of the cited references, and without the benefit of hindsight, would have been
obvious to one of ordinary skill in the art at the time it was made. MPEP 2142. In making
this determination, the Office Action must set forth a clear articulation of the reasons
why one of ordinary skill in the art would combine the teachings of the cited references.
Id. In the present application, the obviousness rejection set forth in the Office Action has
two critical flaws: 1) the cited combination of Townsend and De Murcia does not
disclose all the features of the independent claims; and 2) the suggested combination
adds complexity to the imaging techniques of Townsend in order to make “movement
measurements,” even where Townsend expressly discloses that the imaging techniques
themselves compensate for imaging a mobile object. Either one of these critical flaws is

sufficient, in itself, as a basis for reversing the obviousness rejection.
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1. Independent Claim 15

Claim 15 is independent, and each of claims 16-25 ultimately depend from claim
15. Although Appellants are not presently arguing separate patentability for any of
claims 17-25, Appellants reserve the right to raise such arguments following resolution
of this Appeal. Therefore, for purposes of this Appeal, the rejections of claims 17-25
stand or fall with the rejections of claim 15. Claim 15 recites, inter alia:
“obtaining a plurality of first images of the mobile object using a
first imaging technique while obtaining a plurality of first measurements
corresponding to movements of the mobile object using a first sensor
system, the first sensor system being independent from the first imaging
technique;
associating the plurality of first images with first movement states of
the mobile object using the first measurements;
obtaining a plurality of second images of the mobile object using a
second imaging technique while obtaining a plurality of second
measurements corresponding to movements of the mobile object using a
second sensor system, the second sensor system being independent from
the second imaging technique;
associating the plurality of second images with second movement
states of the mobile object using the first measurements; and
forming an image of the mobile object based on said plurality of first
images, said associated plurality of first movement measurements, and
said first movement states and on said plurality of second images, said
associated plurality of second movement measurements, and said second

movement states.” (Emphasis added.)
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The cited combination does not disclose the emphasized features, and including these
features into the system of Townsend, as suggested by the Office Action, would add
unnecessary complexity to the system of Townsend.

a. Neither Townsend nor De Murcia disclose sensor systems

that are independent from the imaging technigque

Townsend discloses two imaging techniques, but it does not disclose the first and
second sensor systems that are independent from the first and second imaging
techniques, respectively. This shortcoming of Townsend is recognized in the Office
Action. (Office Action, pp. 5-6, “Townsend does not disclose obtaining a plurality of first
measurements corresponding to movements of the mobile object using a first sensor
system, the first sensor system being independent from the first imaging technique ...
obtaining a plurality of second movement measurements corresponding to movements
of the mobile object using a second sensor system, the second sensor system being
independent from the second imaging [technique].”)’

The Office Action asserts that De Murcia discloses a sensor system that is
independent from an imaging technique. But this is not what De Murcia discloses. De
Murcia discloses a system for taking measurements of a moving or deforming object,
such as a heart, which includes a two-dimensional array (2) of sensors or transducers
(3) that are mobile around a core (1) sliding on a rail (5). (De Murcia, Col. 3, Il. 25-36;

Fig. 1.) Notably, De Murcia does not disclose any imaging or measurement devices

' The Office Action is inconsistent with respect to the first and second movement measurements. The
Office Action at one point asserts that Townsend discloses “forming an image of the mobile object based
on said plurality of first images and said associated plurality of first movement measurements and on said
plurality of second images and said associated plurality of second movement measurements.”
(Townsend, page 5, lines 1-7, emphasis added.) Yet on that same page the Office Action states that
Townsend does not disclose obtaining the first or second movement measurements. (See Townsend,
page 5, lines 12-14 and 17-19.) Thus, according to the reasoning of the Office Action, Townsend does not
disclose obtaining the first or second movement measurements, but it does disclose using the first and
second movement measurements to form the image of the mobile object. While this issue is not
determinative of the Appeal, it is the most egregious example of the flawed reasoning used to support the
obviousness rejections.
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other than the sensors. These sensors (3) are used to obtain a series of measurements
of the object, which correspond to different states of the object. (De Murcia, Col. 3, II.
36-39.) The measurements are thereafter “successively entered in the calculations in
order to reconstruct on each occasion an estimate of the image.” (De Murcia, Col. 4, II.
9-13.) As is supported in Fig. 2 and the bulk of the disclosure of De Murcia, the resulting
images are derived from the measurements obtained from the sensors following a
series of calculations. (See De Murcia, Col. 3, |. 49 — Col. 5, I. 18.) Since De Murcia
bases the entire image reconstruction on calculations from the measurements obtained
using the only disclosed measurement system, i.e., the sensors, De Murcia merely
discloses a “sensor system,” or alternatively an “imaging technique,” but not a “sensor
system” that is independent from an “imaging technique.” Therefore, the combination of
Townsend in view of De Murcia does not disclose all the limitations of claim 15.

b. The suggested combination of the teachings of Townsend

and De Murcia adds unnecessary complexity to the system

of Townsend

Townsend discloses obtaining two sets of images, one from a CT scanning
technique and the other from a PET imaging technique, and combining the two sets of
images through what is described as “image fusion.” (See Townsend, [0080].)
Townsend also expressly addresses how images of a mobile object are obtained and
processed during the image fusion process. Specifically, Townsend indicates that the
disclosed imaging techniques overcome any shortcomings associated with imaging a
mobile object. Townsend describes the “image fusion” process as follows:

“The tomograph acquires functional and anatomical images which are

accurately co-registered, without the use of external markers or internal

landmarks. A secondary objective is to use the CT data to improve the

correction of the PET data for attenuation and for contamination from

scattered photons. By using the CT image in this manner, low-noise
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attenuation correction factors for PET are generated, and by integrating

the anatomical information from the CT into scatter correction methods, an

accurate scatter correction is obtained.” (Townsend, [0036].)

For the coregistration process, Townsend discloses that “in regions such as the
thorax, respiration and cardiac motion may result in some intrinsic misalignment [in the
coregistered images].” (Townsend, [0109].) For CT scanning, Townsend expressly
discloses that the solution to imaging a mobile object is found through performing a
spiral CT scan. (/d.) According to Townsend, by performing a spiral CT scan, “motion
artifacts are limited almost exclusively to the lingual and the lower lung segments in
close contact with the left ventricle. The shorter scan times possible with spiral CT have
essentially eliminated artifacts from cardiovascular motion.” (Id., Emphasis added.)
Townsend also expressly addresses imaging a mobile object with a PET scan,
indicating that “[tlhe ungated PET image, on the other hand, represents an average
over the scan duration of typically 5-10 minutes.” (/d.) According to Townsend, during
the PET scan, “the patient breathes normally and the resulting PET image is an
integration over the respiratory and cardiac cycles.” (/d.) Since the PET image results
from an integration over time, any movement of the mobile object will be compensated
for by the integration process.

Townsend therefore expressly discloses solutions for both CT and PET scanning
that compensate for imaging a mobile object, rendering any further compensation
superfluous for these imaging techniques. Thus, the introduction of a movement
measurement system, as proposed by the Office Action through the combination of
Townsend with De Murcia, would add unnecessary complexity to solve a problem for
which Townsend has already provided an acceptable solution. Moreover, the Office
Action has not presented any rationale or motivation for introducing the added
complexity to the system of Townsend. For these reasons, Appellants request reversal

of the rejection of claim 15 under 35 U.S.C. §103.
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2. Dependent Claim 16

Claim 16 depends from claim 15, and Appellants present the following further
reasons showing why the combination of Townsend in view of De Murcia does not
establish a prima facie case of obviousness over claim 16.

Claim 16 recites “time-synchronizing said first plurality of images and said
second plurality of images to a common time scale, the common time scale being
determined by a comparison between the first and second movement states.” The
Office Action indicates that Townsend discloses time-synchronization when “the CT
scan is acquired before the PET scan, following a sixty (60) minute uptake period F-
FDG activity has been injected into the patient.” (Office Action, p. 7, quoting § 75 of
Townsend.) However, even if this process described in Townsend is, arguendo, a form
of time-synchronization by having the second imaging technique performed at a
specified time following performance of the first imaging technique, such linear time
sequencing does not include time-synchronization to a common time scale that is
“‘determined by a comparison between the first and second movement states.” In fact,
the movement states of the mobile object would have no bearing on the type of time-
synchronization posed in the Office Action, and the images obtained by the different
techniques still would have no common time scale. For these additional reasons, the
Office Action has not established a prima facie case of obviousness over dependent
claim 16, and Appellants therefore request reversal of the obviousness rejection of

claim 16 under 35 U.S.C. § 103.

3. Independent Claim 26

Claim 26 is independent, and each of claims 27-32 ultimately depend from claim
26. Although Appellants are not presently arguing separate patentability for any of

claims 27-32, Appellants reserve the right to raise such arguments following resolution
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of this Appeal. Therefore, for purposes of this Appeal, the rejections of claims 27-32
stand or fall with the rejections of claim 26. Claim 26 recites, inter alia:

“‘means for obtaining a plurality of first measurements
corresponding to movements of the mobile object while obtaining the
plurality of first images, the means for obtaining the plurality of first
measurements being independent from the first imaging technique;

means for associating the plurality of first images with first
movement states of the mobile object using the first measurements;

means for obtaining a plurality of second images of the mobile
object using a second imaging technique;

means for obtaining a plurality of second measurements
corresponding to movements of the mobile object while obtaining the
plurality of second images, the means for obtaining the plurality of second
measurements being independent from the second imaging technique;

means for associating the plurality of second images with second
movement states of the mobile object using the first measurements.”
(Emphasis added.)

For the same reasons stated above with respect to claim 15, the cited combination does
not disclose the emphasized features of claim 26. Appellants therefore request reversal

of the rejection of claim 26 under 35 U.S.C. §103.

C. DISCLAIMER

Appellants may not have presented all possible arguments or have refuted the
characterizations of either the claims or the prior art as found in the Office Action.
However, the lack of such arguments or refutations is not intended to act as a waiver of

such arguments or as concurrence with such characterizations.
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D. Conclusion
For the foregoing reasons, Appellants submit that each of claims 15-32 are not
obvious over the combination of Townsend in view of De Murcia. Appellants therefore

respectfully request reversal of the rejections in this matter.

Dated: April 4, 2012 Respectfully submitted,

CONNOLLY BOVE LODGE & HUTZLLP

Electronic signature: /DMMorse/
David M. Morse
Registration No.: 50,505

CONNOLLY BOVE LODGE & HuTZ LLP
1007 North Orange Street

P. O. Box 2207

Wilmington, Delaware 19899-2207
(302) 658-9141

(302) 658-5614 (Fax)

Attorneys for Applicants/Appellants
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APPENDIX A

Claims Involved in the Appeal of Application Serial No. 10/955,037

1.-14. (Cancelled)

15.  (Previously Presented) A method of forming an image of a mobile object,
comprising:

obtaining a plurality of first images of the mobile object using a first imaging
technique while obtaining a plurality of first measurements corresponding to movements
of the mobile object using a first sensor system, the first sensor system being
independent from the first imaging technique;

associating the plurality of first images with first movement states of the mobile
object using the first measurements;

obtaining a plurality of second images of the mobile object using a second
imaging technique while obtaining a plurality of second measurements corresponding to
movements of the mobile object using a second sensor system, the second sensor
system being independent from the second imaging technique;

associating the plurality of second images with second movement states of the
mobile object using the first measurements; and

forming an image of the mobile object based on said plurality of first images, said
associated plurality of first movement measurements, and said first movement states
and on said plurality of second images, said associated plurality of second movement
measurements, and said second movement states,

wherein the first imaging technique is different from the second imaging

technique.

16.  (Previously Presented) The method of Claim 15, further comprising:
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time-synchronizing said first plurality of images and said second plurality of

images to a common time scale based on the first and second movement states.

17.  (Previously Presented) The method of Claim 15, further comprising:
forming first reconstructed images corresponding to said plurality of first images

and second reconstructed images corresponding to said plurality of second images.

18.  (Previously Presented) The method of Claim 17, further comprising:
spatially-synchronizing said first reconstructed images and said second

reconstructed images.

19.  (Previously Presented) The method of Claim 15, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a

radiation emission technique.

20.  (Previously Presented) The method of Claim 15, further comprising:
spatially-synchronizing the plurality of first images and the plurality of second
images using said plurality of first measurements and said plurality of second

measurements.

21.  (Previously Presented) The method of Claim 15, further comprising:
forming displacement fields corresponding, respectively, to said plurality of first
images, said plurality of first measurements, said plurality of second images, and said

plurality of second measurements.

22.  (Previously Presented) The method of Claim 21, wherein said forming an image

of the mobile object comprises combining said displacement fields.

23.  (Previously Presented) The method of Claim 21, wherein said forming

displacement fields comprises:
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estimating movement of the mobile object based, respectively, on said plurality of

first images, said plurality of second images, said plurality of first measurements, and

said plurality of second measurements, in order to form said displacement fields.

24.  (Previously Presented) The method of Claim 23, wherein at least one of said

movement estimates is formed relative to a reference time.

25.  (Previously Presented) The method of Claim 15, wherein the first sensor system

is different from the second sensor system.

26.  (Previously Presented) An apparatus to form an image of a mobile object,
comprising:

means for obtaining a plurality of first images of the mobile object using a first
imaging technique;

means for obtaining a plurality of first measurements corresponding to
movements of the mobile object while obtaining the plurality of first images, the means
for obtaining the plurality of first measurements being independent from the first imaging
technique;

means for associating the plurality of first images with first movement states of
the mobile object using the first measurements;

means for obtaining a plurality of second images of the mobile object using a
second imaging technique;

means for obtaining a plurality of second measurements corresponding to
movements of the mobile object while obtaining the plurality of second images, the
means for obtaining the plurality of second measurements being independent from the
second imaging technique;

means for associating the plurality of second images with second movement

states of the mobile object using the first measurements; and
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means for forming an image of the mobile object based on said plurality of first
images, said associated plurality of first measurements, and said first movement states
and on said plurality of said second images, said associated plurality of second
measurements, and said second movement states,
wherein the first imaging technique is different from the second imaging

technique.

27.  (Previously Presented) The apparatus of Claim 26, further comprising:
means for forming first reconstructed images corresponding to said plurality of
first images and second reconstructed images corresponding to said plurality of second

images.

28.  (Previously Presented) The apparatus of Claim 26, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a

radiation emission technique.

29.  (Previously Presented) The apparatus of Claim 26, further comprising:
means for forming displacement fields corresponding, respectively, to said
plurality of first images, said plurality of first measurements, said plurality of second

images, and said plurality of second measurements.

30. (Previously Presented) The apparatus of Claim 29, wherein said means for
forming an image of the mobile object comprises means for combining said

displacement fields.

31.  (Previously Presented) The apparatus of Claim 29, wherein said means for
forming displacement fields comprises:
means for estimating movement of the mobile object based, respectively, on said

plurality of first images, said plurality of second images, said plurality of first

4716827-1 17

Volkswagen Exhibit 1002, Page 797 of 885



Application Serial No. 10/955,037 Patent Docket
Appeal Brief 27592-00987-US

measurements, and said plurality of second measurements, in order to form said

displacement fields.

32.  (Previously Presented) The apparatus of Claim 31, wherein at least one of said

movement estimates is to be formed relative to a reference time.
33. (Canceled)

34. (Canceled)
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CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
382 131
345 420
378 4 21
250 363.04
600 427
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 3 17 33
2 4 18 34
3 5 19
4 6 20
5 7 21
6 8 22
7 9 23
8 10 24
9 1 25
10 12 26
1 13 27
12 14 28
13 15 29
14 16 30
1 15 17 31
2 16 18 32
NONE
Total Claims Allowed:
18
(Assistant Examiner) (Date)
/JOHN LEE/
Primary Examiner.Art Unit 2624 05/02/2012 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 Fig. 2
U.S. Patent and Trademark Office Part of Paper No. 20120501
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JOHN LEE 2624
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= Allowed + Restricted | Interference 0] Objected

[0 Claims renumbered in the same order as presented by applicant O cpPaA O T.D. O R.1.47

CLAIM DATE
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U.S. Patent and Trademark Office Part of Paper No. : 20120501

Volkswagen Exhibit 1002, Page 802 of 885



Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 10955037 BONNET ET AL.
Examiner Art Unit
Lee, John W 2112
SEARCHED
Class Subclass Date Examiner
382 128 12/26/2006 John W. Lee
345 420 12/26/2006 John W. Lee
382 128 11/06/2008 John W. Lee
SEARCH NOTES
Search Notes Date Examiner
Inventor Search 12/26/2006 John W. Lee
East Search 12/26/2006 John W. Lee
IEEE (Non- Patent Literature Search) 12/26/2006 John W. Lee
EAST Search 11/06/2008 John W. Lee
EAST Search 4/22/2009 John W. Lee
EAST Search 11/20/2009 John W. Lee
Inventor Search (using EDAN) 7/9/2010 John W. Lee
Inventor Search (using EAST) 7/9/2010 John W. Lee
Assignee Search (using EAST) 7/9/2010 John W. Lee
EAST Search 7/1/2010 John W. Lee
Plus Search 7/6/2010 John W. Lee
NPL search (using google) 7/5/2010 John W. Lee
382/128, 345/420 and 600/427 (combined with keyword search) 7/1/2010 JohnW. Lee
EAST Search 1/12/2011 John W. Lee
EAST Search 7/4/2011 John W. Lee
EAST Search 11/6/2011 John W. Lee
345/420.ccls. (combine with keyword) 5/1/2012 John W. Lee
378/4.ccls. or 378/21-27.ccls. (combined with keyword) 5/1/2012 John W. Lee
250/363.04.ccls. (combined with keyword) 5/1/2012 John W. Lee
600/427 .ccls. (combined with keyword) 5/1/2012 John W. Lee
382/128-134.ccls. (combined with keyword) 5/1/2012 John W. Lee
EAST Search 5/1/2012 John W. Lee
INTERFERENCE SEARCH
Class Subclass Date | Examiner
/JOHN LEE/

Primary Examiner.Art Unit 2624

U.S. Patent and Trademark Office
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INTERFERENCE SEARCH

Class Subclass Date Examiner
See USPGPUB and UPAD text Search 5/1/2012 John W. Lee
interference
printout

/JOHN LEE/

Primary Examiner.Art Unit 2624
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WW\V.USP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

30678 7590 05/07/2012 | EXAMINER |
CONNOLLY BOVE LODGE & HUTZ LLP LEE, JOHN W
1875 EYE STREET, N.W.
SUITE 1100 | ART UNIT PAPER NUMBER |
WASHINGTON, DC 20006 2624

DATE MAILED: 05/07/2012

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.

10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535

TITLE OF INVENTION: METHOD OF RECONSTRUCTING AN IMAGE WITH DATA ACQUISITION ACCORDING TO SEVERAL IMAGERY
MODES AND SYNCHRONISATION OF IMAGE SERIES

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 $300 $0 $2040 08/07/2012
THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.
B. If the status above is to be removed, check box 5b on Part B -

Fee(s) Transmittal and pay the PUBLICATION FEE (f required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eaper& Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

30678 7590 05/07/12012
CONNOLLY BOVE LODGE & HUTZLLP Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
1875 EYE STREET, N.W. States Postal Service with sufficient postage for first class mail in an envelope
SUITE 1100 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
WASHINGTON, DC 20006 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
TITLE OF INVENTION: METHOD OF RECONSTRUCTING AN IMAGE WITH DATA ACQUISITION ACCORDING TO SEVERAL IMAGERY
MODES AND SYNCHRONISATION OF IMAGE SERIES
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 08/07/2012
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEE, JOHN W 2624 382-128000
1. Changﬁe of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). 1

(1) the names of up to 3 registered patent attorneys
[ Change of corress%)ndence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [J Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
D Advance Order - # of Copies D The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
da Applicant claims SMALL ENTITY status. See 37 CFR 1.27. db. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toat?x,e Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WW\V.USP[O.gOV

SUITE 1100

WASHINGTON, DC 20006

APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
| EXAMINER |
30678 7590 05/07/2012
CONNOLLY BOVE LODGE & HUTZ LLP LEE, JOHN W
1875 EYE STREET, N.W.
| ART UNIT PAPER NUMBER |

2624

DATE MAILED: 05/07/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 224 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 224 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

PTOL-85 (Rev. 02/11)

Page 3 of 3
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. o 10/955,037 BONNET ET AL.
Notice OfAllowablIlty Examiner Art Unit
JOHN LEE 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to 4 April 2012.

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ;
the restriction requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 15-32 (reclaim as claims 1-18).

4. [X] Acknowledgment is made of a claim for foreign priotity under 35 U.S.C. § 119(a)-(d) or (f).

a) Al b)[dSome* c¢)[JNone of the:
1. [X] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. X Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [ Other .
/JOHN W. LEE/
Primary Examiner, Art Unit 2624
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120501
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Application/Control Number: 10/955,037 Page 2
Art Unit: 2624

REASONS FOR ALLOWANCE

1. The following is an examiner’s statement of reasons for allowance: After
reviewing the claims and the appeal brief filed on 4 April 2012, it came to the conclusion
that the claim limitations- “obtaining a plurality of first measurements corresponding to
movements of the mobile object using a first sensor system, the first sensor system
being independent from the first imaging technique;

associating the plurality of first images with first movement states of the mobile
object, the first movement states being determined by the first measurements;

obtaining a plurality of second movement measurements corresponding to
movements of the mobile object using a second sensor system, the second sensor
system being independent from the second imaging;

associating the plurality of second images with second movement states of the
mobile object, the second movement states being determined by the second
measurements”, are distinct comparing with prior arts cited and searched by the

examiner.

2. Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 10/955,037 Page 3
Art Unit: 2624

Conclusion

3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JOHN LEE whose telephone number is (571)272-9554.
The examiner can normally be reached on Monday - Friday (Alt.) 7:30 a.m. - 5:00 p.m..

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Samir Ahmed can be reached on (571) 272-7413. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JOHN W. LEE/
Primary Examiner, Art Unit 2624
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EAST Search History

EAST Search History
EAST Search History (Prior Art)

Ref :Hits Search Query DBs Default i{Plurals iTime

# Operator : Stamp

St 96 "6490476" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:10
DERWENT; IBM_TDB !

2 5 09/685222 US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:11
DERWENT; IBM_TDB :

S3 6 "6527090" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:15
DERWENT; |IBM_TDB

7 "5124914" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPC; ! 16:18
DERWENT; |IBM_TDB

S5 b "5333107" US-PGPUB; USPAT; OR 4ON 2010/06/30
USOCR; EPO; JPG; 16:18
DERWENT; IBM_TDB

S6 1 07/788179 US-PGPUB; USPAT; OR HON 2010/06/30
USOCR; EPO; JPC; 16:18
DERWENT; IBM_TDB

S7 49 "5408511" US-PGPUB; USPAT; OR HON 2010/06/30
USOCR; EPO; JPO; 16:19
DERWENT; 1BM_TDB

S8 48 "5475726" US-PGPUB; USPAT; OR JON 2010/06/30
USOCR; EPO; JPO; 16:19
DERWENT; IBM_TDB

S 4 "5406478" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:19
DERWENT; IBM_TDB

S10 i1 08/249993 US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPC; 16:20
DERWENT; IBM_TDB

S11 49 "5444792" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPG; 16:21
DERWENT; IBM_TDB

S12 46 "5814817" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPC; 16:21
DERWENT; IBM_TDB !

S13 0 08/667879 US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:22
DERWENT; IBM_TDB :

S14 6 "5889525" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:22
DERWENT; IBM_TDB

S15 45 "5933517" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:24
DERWENT; IBM_TDB

S16 {5 "6103350" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPC; : 16:24
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L : {DERWENT; IBM TDB | . |
S17 42 "6920240" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:24
DERWENT; IBM_TDB
S18 4 "6888915" US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPO; 16:25
DERWENT; IBM_TDB :
S19 2593 (bonnet-stephane.in.  {US-PGPUB; USPAT; OR ON 2010/06/30
or bonnet.in.) USOCR; EPO; JPO; 16:51
DERWENT; IBM_TDB !
S20 96 (grangeat-pierre.in. or {jUS-PGPUB; USPAT; OR ON 2010/06/30
grangeat.in.) USOCR; EPO; JPC; 16:51
DERWENT; |BM_TDB ;
S21 2686 S19 or S20 US-PGPUB; USPAT; OR ON 2010/06/30
USOCR; EPO; JPG; 16:51
DERWENT; IBM_TDB {
S22 1283800 (mobile or techinque {US-PGPUB; USPAT; OR ON 2010/06/30
or measurement).clm. {USOCR; EPO; JPO; 16:52
DERWENT; IBM_TDB
S23 b4 S21 and S22 US-PGPUB; USPAT; OR {ON 2010/06/30
USOCR; EPO; JPC; 16:52
\\\\\\\\\\\\ DERWENT; IBM_TDB
S25 2 "20040004405" US-PGPUB; USPAT; OR {ON 2010/07/01
USOCR; EPO; JPC; 00:08
DERWENT; IBM_TDB
S28 16918 382/128.ccls. or US-PGPUB; USPAT; OR ON 2010/07/01
345/420.ccls. or USOCR; EPO; JPC; 00:09
600/427.ccls. DERWENT; IBM_TDB
S29 i1 10/955037 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 00:19
DERWENT; IBM_TDB
S30 0 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) near3 PET USOCR; EPO; JPG; 02:56
DERWENT; IBM_TDB
S31 48 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) near3 CT USOCR; EPO; JPG; 02:56
DERWENT; IBM_TDB
S32 43 (displacement near3 US-PGPUB; USPAT; OR ON 2010/07/01
fields) with PET USOCR; EPO; JPC; 02:57
\\\\\ DERWENT; IBM_TDB _
S33 18 (displacement near3  {US-PGPUB; USPAT; OR ON 2010/07/01
fields) with CT USOCR; EPO; JPO; 02:57
DERWENT; IBM _TDB i
S34 i1 832 and S33 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 02:57
DERWENT; IBM _TDB :
S35 18931 (displacement near3  {US-PGPUB; USPAT; OR ON 2010/07/01
fields) USOCR; EPO; JPO; 02:57
DERWENT; IBM_TDB ;
S36 181 S35 and CT and PET  {US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 02:57
DERWENT; IBM_TDB !
837 18 $36 and S28 US-PGPUB; USPAT; OR JON 2010/07/01
USOCR; EPO; JPC; 02:57
DERWENT; IBM_TDB
S38 11736832 ii(vector or US-PGPUB; USPAT; OR ON 2010/07/01
displacement) USOCR; EPO; JPO; 03:06
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EAST Search History

Ly {DERWENT; IBM TDB | i |
S39 {786 S38 near3 CT US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:07
DERWENT; |BM_TDB
$40 48098 S38 near3 PET US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:07
DERWENT; |BM_TDB ;
A1 {75 S39 and $40 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 03:07
DERWENT; |BM_TDB |
$42 #3520 S38 with CT US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 03:07
DERWENT; |IBM_TDB |
43 12182 338 WITH PET US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPG; 03:07
DERWENT; IBM_TDB :
44 #195 42 and $43 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPG; 03:08
DERWENT; |1BM _TDB
45 {1854 vector with CT US-PGPUB; USPAT; OR JON 2010/07/01
USOCR; EPO; JPC; 03:38
\\\\\\\\\\\\ DERWENT; IBM_TDB
46 11867 vector with PET US-PGPUB; USPAT; OR HON 2010/07/01
USOCR; EPO; JPO; 03:39
DERWENT; |IBM_TDB
A7 {181 45 and $46 US-PGPUB; USPAT; OR HON 2010/07/01
USOCR; EPO; JPO; 03:39
DERWENT; |IBM_TDB
$48 #6504 gradient with CT US-PGPUB; USPAT; CR ON 2010/07/01
USOCR; EPO; JPO; 03:40
DERWENT; |IBM_TDB
49 425 gradient WITH PET US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 03:40
DERWENT; IBM_TDB
S50 i1 48 and $49 US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 03:40
DERWENT; IBM_TDB
S51 {4636 motion with CT US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPC; 03:46
\\\\\ DERWENT; IBM_TDB ‘
Sb2 {1522 motion WITH PET US-PGPUB; USPAT; CR ON 2010/07/01
USOCR; EPO; JPO; 03:46
DERWENT; |IBM_TDB :
S53 {164 S51 and S52 US-PGPUB; USPAT; CR ON 2010/07/01
USOCR; EPO; JPO; 03:46
DERWENT; |IBM_TDB :
S54 b4 S53 and vector US-PGPUB; USPAT; OR ON 2010/07/01
USOCR; EPO; JPO; 03:54
DERWENT; |IBM_TDB :
$55 {79 S53 and (vector or US-PGPUB; USPAT; OR ON 2010/07/01
displacement) USOCR; EPO; JPO; 03:54
DERWENT; |1BM_TDB :
SH56 {15642 displacement near3 US-PGPUB; USPAT; OR {ON 2010/07/07
(field or vector) USOCR; EPO; JPO; 21:36
DERWENT; |1BM_TDB
S57 {150 S56 and 382/128.ccls. §US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:36
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L | {DERWENT; IBM TDB | . |

SH8 119316809 {icombin$3 or form$3 or{US-PGPUB; USPAT; OR ON 2010/07/07
fus$3 USOCR; EPO; JPC; 21:38

DERWENT; |BM_TDB

S59 13665 S56 and S58 US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:39
DERWENT; |BM_TDB !

S60 1486 S59 and medical US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:39
DERWENT; |IBM_TDB !

S61 {144 S59 and 382/128.ccls. {{US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:39
DERWENT; |IBM_TDB !

S62 14994101 S58 near3 image US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPC; 21:41
DERWENT; IBM_TDB :

$63 #3025 362 and S56 US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:42
DERWENT; |1BM _TDB

S64 88 363 and 382/128.ccls. §US-PGPUB; USPAT; OR JON 2010/07/07
USOCR; EPO; JPO; 21:42

\\\\\\\\\\\\ DERWENT; IBM_TDB

S65 §107 S56 with S62 US-PGPUB; USPAT; OR HON 2010/07/07
USOCR; EPQO; JPO; 21:54
DERWENT; |IBM_TDB

S66 2 $65 and 382/128.ccls. {US-PGPUB; USPAT; OR HON 2010/07/07
USOCR; EPQO; JPO; 21:54
DERWENT; |IBM_TDB

S67 43 $65 and (x-ray and US-PGPUB; USPAT; OR ON 2010/07/07

CT) USOCR; EPO; JPO; 21:56
DERWENT; |IBM_TDB
S68 1112890 goto.in. US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:59
DERWENT; IBM_TDB
369 1159266 hitachi.asnm. US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 21:59
DERWENT; IBM _TDB

S70 {0 368 and S69 and US-PGPUB; USPAT; OR ON 2010/07/07

(displacment) and USOCR; EPO; JPO; 22:00
\\\\\ vector DERWENT; IBM_TDB _

S71 4 $68 and S69 and US-PGPUB; USPAT; CR ON 2010/07/07
(displacement) and USOCR; EPO; JPO; 22:00
vector DERWENT; |IBM_TDB !

S72 {17 $68 and S69 and US-PGPUB; USPAT; CR ON 2010/07/07
vector USOCR; EPO; JPO; 22:00

DERWENT; |IBM_TDB :

S73 i1 JP2006141534A US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:02
DERWENT; |IBM_TDB :

S74 25 $65 and "382".clas. US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:03
DERWENT; |IBM_TDB :

S75 16464 gradient near3 time US-PGPUB; USPAT; OR {ON 2010/07/07
USOCR; EPO; JPO; 22:24
DERWENT; |1BM_TDB

S76 {52 S75 and 382/128.ccls. §US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:24
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L | {DERWENT; IBM TDB | . |
S77 {13 S76 and (x-ray and US-PGPUB; USPAT; OR ON 2010/07/07
CT) USOCR; EPO; JPO; 22:24
DERWENT; IBM_TDB
S78 §100 gradient near3 US-PGPUB; USPAT; OR ON 2010/07/07
(reference near3 USOCR; EPO; JPC; 22:30
time) DERWENT; IBM_TDB :
S79 {0 S78 and 382/128.ccls. {US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:30
DERWENT; IBM_TDB !
S80 {4 S78 and (x-ray and US-PGPUB; USPAT; OR ON 2010/07/07
CT) USOCR; EPO; JPC; 22:30
DERWENT; |BM_TDB ;
S81 H0 S78 and "382".clas. US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPG; 22:31
DERWENT; IBM_TDB {
S82 {4551 total near3 derivative {US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPG; 22:33
DERWENT; IBM_TDB
S83 i7 S82 and 382/128.ccls. {US-PGPUB; USPAT; OR {ON 2010/07/07
USOCR; EPO; JPC; 22:33
\\\\\\\\\\\\ DERWENT; IBM_TDB
S84 1569 vector near3 US-PGPUB; USPAT; OR {ON 2010/07/07
(reference near3 USOCR; EPO; JPC; 22:35
time) DERWENT; IBM_TDB
S85 i3 S84 and 382/128.ccls. {US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:35
DERWENT; IBM_TDB
S87 {16464 gradient near3 time US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPO; 22:37
DERWENT; IBM_TDB
888 52 S87 and 382/128.ccls. {US-PGPUB; USPAT; OR ON 2010/07/07
USOCR; EPO; JPC; 22:37
DERWENT; IBM_TDB
S89 22 "5963665" US-PGPUB; USPAT; OR ON 2010/07/08
USOCR; EPO; JPC; 21:22
DERWENT; IBM_TDB
S90 {11431 (commissariat$5.asnm. §US-PGPUB; USPAT; OR ON 2010/07/09
or USOCR; EPO; JPO; 00:52
\\\\\ intellectual$7.asnm.) HDERWENT; IBM_TDB ‘
S91 12593 (bonnet-stephane.in.  §US-PGPUB; USPAT; OR ON 2010/07/09
or bonnet.in.) USOCR; EPO; JPO; 00:52
DERWENT; IBM _TDB :
S92 {96 (grangeat-pierre.in. or §US-PGPUB; USPAT; OR ON 2010/07/09
grangeat.in.) USOCR; EPO; JPO; 00:52
DERWENT; IBM _TDB :
S93 {2686 S91 or S92 US-PGPUB; USPAT; CR ON 2010/07/09
USOCR; EPO; JPO; 00:52
DERWENT; IBM_TDB ;
S94 {30 S90 and S93 US-PGPUB; USPAT; CR ON 2010/07/09
USOCR; EPO; JPG; 00:52
DERWENT; IBM_TDB i
05 {284977 (mobile or techinque #US-PGPUB; USPAT; OR HON 2010/07/09
or measurement).cim. {USOCR; EPO; JPO; 00:53
DERWENT; IBM_TDB
96 {17 S94 and S95 US-PGPUB; USPAT; OR ON 2010/07/09
USOCR; EPO; JPO; 00:53
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Ly : {DERWENT; IBM TDB | i |
97 i1 10/955037 US-PGPUB; USPAT; OR ON 2011/05/11
USOCR; EPO; JPO; 11:22
DERWENT; |BM_TDB
S98 161088 sensor near3 camera {US-PGPUB; USPAT; OR ON 2011/05/11
USOCR; EPO; JPC; 13:11
DERWENT; |BM_TDB ;
S99 3910 S98 and (CT or PET) #US-PGPUB; USPAT; OR ON 2011/05/11
USOCR; EPO; JPC; 13:11
DERWENT; |IBM_TDB |
S100 {325 S98 and (CT and US-PGPUB; USPAT; OR ON 2011/05/11
PET) USOCR; EPO; JPC; 13:11
DERWENT; |IBM_TDB |
S101 0 S100 and "382".ccls. {US-PGPUB; USPAT; OR ON 2011/05/11
USOCR; EPO; JPG; 13:11
DERWENT; |IBM_TDB :
S$S102 {239 S100 and patient US-PGPUB; USPAT; OR ON 2011/05/11
USOCR; EPO; JPG; 13:12
DERWENT; IBM _TDB
S103 {{325 98 and (CT and US-PGPUB; USPAT; OR JON 2011/05/11
PET) USOCR; EPO; JPC; 13:15
\\\\\\\\\\\\ DERWENT; IBM_TDB
S104 4180143 light near3 sensor US-PGPUB; USPAT; OR {ON 2011/05/11
USOCR; EPO; JPC; 13:18
DERWENT; |IBM_TDB
S105 {10448 $104 with camera US-PGPUB; USPAT; OR HON 2011/05/11
USOCR; EPO; JPC; 13:19
DERWENT; |IBM_TDB
S106 {43 $105 and (CT and US-PGPUB; USPAT; OR ON 2011/05/11
PET) USOCR; EPO; JPO; 13:19
DERWENT; |IBM_TDB
S107 42 separat$3 near3 US-PGPUB; USPAT; OR ON 2011/07/04
(sensor) near3 (PET) §USOCR; EPO; JPO; 15:59
DERWENT; IBM_TDB
S108 §19 separat$3 near3 US-PGPUB; USPAT; OR ON 2011/07/04
(sensor) near3 (CT) USOCR; EPO; JPO; 15:59
DERWENT; IBM _TDB
S$109 §0 S$107 and S108 US-PGPUB; USPAT; OR ON 2011/07/04
USQOCR; EPO; JPO; 15:59
\\\\\ DERWENT; IBM_TDB ‘
S110 {26 separat$3 with US-PGPUB; USPAT; OR ON 2011/07/04
((sensor) near3 (CT)) #USOCR; EPO; JPO; 16:00
DERWENT; |IBM_TDB ;
S111 §7 separat$3 with US-PGPUB; USPAT; OR ON 2011/07/04
((sensor) near3 USOCR; EPO; JPO; 16:01
(PET)) DERWENT; |IBM_TDB ;
S112 40 S$110 and S111 US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:01
DERWENT; |IBM_TDB !
S113 601999 image and sensors US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPC; 16:01
DERWENT; |IBM_TDB :
S114 {10464 CT near3 scanner US-PGPUB; USPAT; OR HON 2011/07/04
USOCR; EPO; JPC; 16:12
DERWENT; |1BM_TDB
S115 1564 PET near3 sensor US-PGPUB; USPAT; OR ON 2011/07/04
USQOCR; EPO; JPC; 16:12
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L : {DERWENT; IBM TDB | . |
S116 1988 CT near3 sensor US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:12
DERWENT; |BM_TDB
S117 49 S115 with S116 US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:12
DERWENT; |BM_TDB ;
S118 i1 10/955037 US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:13
DERWENT; |BM_TDB |
S119 §12 S115 and S116 US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPO; 16:14
DERWENT; |BM_TDB |
S120 13803 separat$3 near3 US-PGPUB; USPAT; OR ON 2011/07/04
imag$3 near3 sensor {USOCR; EPO; JPO; 16:15
DERWENT; |IBM_TDB :
S121 §118 $120 and CT US-PGPUB; USPAT; OR ON 2011/07/04
USOCR; EPO; JPC; 16:15
DERWENT; IBM _TDB
S122 {26 S121 and "382".clas. {US-PGPUB; USPAT; OR JON 2011/07/04
USOCR; EPO; JPO; 16:15
\\\\\\\\\\\\ DERWENT; IBM_TDB
S$123 6 "5889525" US-PGPUB; USPAT; OR HON 2011/07/04
USOCR; EPO; JPO; 16:53
DERWENT; |IBM_TDB
S124 §2 S$123 and CT US-PGPUB; USPAT; OR HON 2011/07/04
USOCR; EPO; JPO; 16:56
DERWENT; |IBM_TDB
S$126 2031 345/420.ccls. US-PGPUB; USPAT; OR OFF 2012/05/01
USOCR; FPRS; EPO; JPO; 20:26
DERWENT; |IBM_TDB
$127 4392 378/4.ccls. or 378/21- §US-PGPUB; USPAT; OR OFF 2012/05/01
27.ccls. USOCR; FPRS; EPO; JPO; 20:26
DERWENT; IBM_TDB
S$128 {781 250/363.04.ccls. US-PGPUB; USPAT; OR OFF 2012/05/01
USOCR; FPRS; EPO; JPO; 20:26
DERWENT; IBM _TDB
S$129 §{885 600/427.ccls. US-PGPUB; USPAT; OR OFF 2012/05/01
USOCR; FPRS; EPO; JPO; 20:26
\\\\\ DERWENT; IBM_TDB ‘
S$130 {12596 382/128-134.ccls. US-PGPUB; USPAT; CR OFF 2012/05/01
USOCR; FPRS; EPO; JPO; 20:26
DERWENT; |IBM_TDB ;
S131 {19750 S$126 or S127 or S128 {US-PGPUB; USPAT; CR OFF 2012/05/01
or $129 or $130 USOCR; FPRS; EPO; JPO; 20:26
DERWENT; |IBM_TDB ;
S$132 582346 two with imag$3 US-PGPUB; USPAT; OR OFF 2012/05/01
USCOCR; FPRS; EPO; JPO; 20:27
DERWENT; |IBM_TDB !
S$133 {12795 S$131 and S132 US-PGPUB; USPAT; OR OFF 2012/05/01
USOCR; FPRS; EPO; JPO; 20:27
DERWENT; IBM_TDB :
S$134 {7003 CT near4 PET US-PGPUB; USPAT; OR HOFF 2012/05/01
USOCR; FPRS; EPQO; JPO; 20:27
DERWENT; |1BM_TDB
S$135 {1157 S$133 and S134 US-PGPUB; USPAT; OR §OFF 2012/05/01
USOCR; FPRS; EPQO; JPO; 20:27
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Ly | {DERWENT; I1BM TDB § i |
S136 |387 $135 and US-PGPUB; USPAT: OR OFF  2012/05/01
independent USOCR; FPRS; EPO; JPO; 20:27
DERWENT; |BM TDB

5/1/2012 8:34:55 PM
C:\ Users\ jlee15\ Documents\ EAST\ Workspaces\ 10955037 partial.wsp
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1430

WWW.USpto.gov

AP%?EIIQON I 33111(::1)NSA(’)15E GIE;\T[IX”?T I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
10/955,037 09/30/2004 2624 1120 27592-00987- US 8 1
CONFIRMATION NO. 4535
30678 CORRECTED FILING RECEIPT
CONNOLLY BOVE LODGE & HUTZ LLP
1875 EYE STREET, N.W. IR AEALACARMO 0 O i
SUITE 1100 000000054 795453

WASHINGTON, DC 20006
Date Mailed: 06/12/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Stephane Bonnet, Seyssinet-Pariset, FRANCE;
Pierre Grangeat, Saint Ismier, FRANCE;
Power of Attorney: The patent practitioners associated with Customer Number 30678

Domestic Priority data as claimed by applicant

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
FRANCE 03 50631 10/01/2003

If Required, Foreign Filing License Granted: 08/19/2005

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 10/955,037

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
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Title

METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES
Preliminary Class

382

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. l CONFIRMATION NO I
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
30678 7590 06/13/2012
CONNOLLY BOVE LODGE & HUTZ LLP | EXAMINER |
1875 EYE STREET, N.W. LEE, JOHN W
SUITE 1100
WASHINGTON, DC 20006 | ARTUNIT | rAPERNUMBER
2624
| MAIL DATE l DELIVERY MODE I
06/13/2012 PAPER

Please find below and/er attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No.: 10955037
Applicant : Bonnet
Filing Date : 09/30/2004
Date Mailed : 06/13/2012

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given 2 month(s) from the mail date of this Notice, or the time remaining from
the Notice of Allowance and Fee(s) Due, whichever is longer, within which to respond.

The informalities requiring correction are indicated in the attachment(s). If the informality
pertains to the abstract, specification (including claims) or drawings, the informality must be
corrected with an amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue
application, 37 CFR 1.173). Such an amendment may be filed after payment of the issue fee if
limited to correction of informalities noted herein. See Waiver of 37 CFR 1.312 for Documents
Required by the Office of Patent Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004).
In addition, if the informality is not corrected until after payment of the issue fee, for purposes of
35 U.S.C. 154(b)(1)(iv), “all outstanding requirements” will be considered to have been satisfied
when the informality has been corrected. A failure to respond within the above-identified time
period will result in the application being ABANDONED. This period for reply is NOT
extendable under 37 CFR 1.136(a).

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee,Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Joanna Black/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 10955037
IDENTIFICATION OF SPECIFICATION/DRAWING INCONSISTENCIES

[ ] OnPage of the specification there is a brief description of FIG. , but the drawings filed do not
include a drawing with that designation. Applicant must respond either by supplying the
omitted drawing or by amending the specification to remove all references to that drawing.

[ ] The drawings filed include FIG. , but the specification's brief description of the drawings does
not describe a drawing with that designation. Applicant must respond either by amending the
specification to add a brief description of that drawing or by correcting the drawings to remove
the drawing in question.

Drawings are present in the application and are referred to in the detailed description of the
invention, but the specification does not contain a brief description of the drawings as required
by 37 CFR 1.74 and 37 CFR 1.77(b)(8).

[ ] Page ofthe specification refers to FIG. , but no drawing with that designation is described in the
brief description of the drawings and no drawing with that designation is present in the
application. Applicant must respond either by amending the specification to remove all
references to that drawing, or by supplying that drawing and amending the specification to add a
brief description of it.

OTHER:

i

COMMENTS:
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Electronic Acknowledgement Receipt

EFS ID: 13059141
Application Number: 10955037
International Application Number:
Confirmation Number: 4535

Title of Invention:

METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL
IMAGERY MODES

First Named Inventor/Applicant Name:

Stephane Bonnet

Customer Number:

30678

Filer:

Burton A. Amernick/Valerie Williams

Filer Authorized By:

Burton A. Amernick

Attorney Docket Number:

27592-00987- US

Receipt Date: 20-JUN-2012
Filing Date: 30-SEP-2004
Time Stamp: 12:38:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document I . File Size(Bytes)/ Multi Pages
D tD t FileN f . .
Number ocument Description fle Name Message Digest | Part/.zip| (ifappl.)
R NTF_C Appl 261494
1 Miscellaneous Incoming Letter €PN orraf PpIn_papers. no 4
p 9f87343431815bea14034f908084ae47043|
727¢
Warnings:

Information:
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Total Files Size (in bytes){ 561494

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Volkswagen Exhibit 1002, Page 827 of 885




Docket Na,: 27593-00987-US
BATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Bt re Patent Application of
Stephane Bonnet ot al.

Apphication No.: 10/955.037 Confizmation No.s 4535
Filed: September 30, 2004 Art Unit: 2624

Forr METHOD OF RECONSTRLUCTING AN Examinen LW, Le
IMAGE WITH DATA ACGQUINE
ADCORDING TOSEVE

ERAL IMAGERY
MODES AND SYNCHRONISATHN OF
IMAGE SERIES

RESPONSE TONOTICE TO FILE CORRECTED APPLICATION FAPERS

ME Issue Fpe
Commissioner for Patems
2.0, Boy 1450

Alexandria, VA 23313-1450

Drear Sir or Madam:

This paper is in response 1o the Notice o File Corrected Application Papers ("the
Moties Y issued by the LLR, Patert & Trademark Office dated June 13, 2012, The Notice alleges
that the specification lacks a briel description of the drawings. However, attention is directed to

the top of page 5 of the application as originally filed {page 5, lines 1-3}, which, Applicants
respootfully submit, (5 a briel description of the drawings. Therefore, Applicants respectiully
request that the requdrement that a brief description of the drawings be added to the specification

be withdrawn,
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Application No. HI953,037 Docket No.: 27592.00987-US8

‘sp‘“i rcant balieves no fee is due with this response. However, if a fee is due, please

-DOBRT-US, from which the

charge our Depostt Acconnt No, 22-0185, under OrderNe. 2

undersigned is authorized to draw.

Dated: Jone 20, 2012 Respectfully submitted,

ey W, Gluek/

= & HUTZ LLE

Qm**‘ i iﬂu
\’v ash ;m,m;
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LINITED STATES PATENT AND TRADEMARYK OFFICE

Comrssionst for Palsnts

Unifed States Pamrr ang Tradsrmay Offcy
O o 1458

Sexandda, ¥ 22313-1485
WA, RSB GO

Application No. @ 10955037
Applicant : Bonnet
Filing Dai‘e D BR30/2004
Date Matled © 06/13/2012

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Notice of dflowance Mailed

This application has been accorded an Allowanee Date and is being prepared for issuance. The
application, however, is Incomplate For the roasons below,

Appiicant it given 2 months) from the mall date of this Noties, or the fime remaining from
the Notive of Allowanee and Fee(s) Dus, whivhever i longer, within which to respond.

The nformalities veguiring correction are indicated in the attachmeni{s). I the Wnformality
pertains i the abstract, specification {including c‘"*ms} or drawings, the informality smst be
vorrectod with an ci“ﬁﬂ!i{l!?} ot in comphanee with 37 CFR 1121 {on, if the application s a relssae
application, 37 CFR 1173} Such an amendment may be filed alter payment of the fssue fee i
Hmited to comraction c}* fnformalities noted hegein, Bee Watver of 37 CFR L3112 for Documents
Reguived by the Office of Patent Poblicstion, 1280 Off (az. Pateor Gffics 218 (March 23, 2004},
I addition, i the Dformality is not correcied until aﬁet payinent of the issee &3\, for purposes of
35 USCLISUBY DY), Sall dutstanding reguiremends”™ will be considered fohave been satisfied
when the informality has been corretted. A failere fo respond within the above-identified thue
period will resudt in the application being ABANDONED. This perfed for weply i NOT
exiendable wuder 37 OFR L1136}

Soe attachment{s).

A capy of this sotice MUST be returaed with the reply. Plegse address response 1o
“Mail Stop Issue Fee Conpwissioner for Patents,
B Boy 1458, Alexandric, VA 2231334507,

Hoanna Black/

Fublication Branch

Oiffice of Dats Managomen
{571y 272-4380
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.

Application Mo, 109558037

IDENTIFICATION OF SPECIFICATION/DRAWING INCONSISTENCIES
{1 OnPage of the specification there is 2 brief description of FIG. | but the drawings filed do not
include & drawing with that desiguation. Apploant must respond sither by supplving the
omitted drawing or by amending the specification to remove all references to that drawing.

The drawings filed include FIG. |, bat the specification’s brief description of the deawings doss
not describe 2 drawing with that designation. Applicant must responid sither by amending the
specification to add a briet description of that drawing or by correcting the drawings to remove
the drawing v question.

IX]  Drawings are present in the application and are veferrad toin the detailed description of the
invention, but the W@m\mmn does not contain a brief description of the drawings gs required
by 37 CFR.1.74 aad 1.77(6)8).

[7] Page ofthe specification refers 1o FIG | but no drawing with that designation is desoribed in the
bmf scz:g‘uen of the drawings and no dmwna with that designation Is presest in the
application. Applicant must respond gither by amending the specification to remove all
m_fer* ces to that drawing, st by supplying that drawing and amending the gpecification to add a
briet deseription of i,

1 oTHER

] COMMENTS:
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PART B -FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571) 273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address
as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"
for maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

30678 papers. Each additional paper, such as an assignment or formal drawing, must

CONNOLLY BOVE LODGE & HUTZ LLP have its own certificate of mailing or transmission,

1875 Eye Street, NW Certificate of Mailing or Transmission

Suite 1100 I hereby certify that this Fee(s) Transmittal is being deposited with the United

Washington, DC 20006 States Postal Service with sufficient postage for first class mail in an envelope

addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

T FE i -
N lo\e o S5 (;,‘,ﬂ,;\t, < (Depositor's name]

- NS ,wé&/ (Signaturey
}é - 7 . «\t\_\“g B (Date;
I_AP‘PLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/955,037 09/30/2004 Stephane Bonnet 27592-00987-US 4535
TITLE OF INVENTION: METHOD OF RECONSTRUCTING AN IMAGE WITH DATA ACQUISITION ACCORDING TO SEVERAL IMAGERY
MODES
| APPLN.TYPE | SMALLENTITY | ISSUEFEEDUE | PUBLICATION FEEDUE | PREV.PAID ISSUEFEE | TOTALFEE(S)DUE |  DATEDUE
nonprovisional no $1,740.00 $300.00 $2,040.00 08/07/2012
[ EXAMINER | ART UNIT | CLASS-SUBCLASS |
J.W. Lee 2624 382-12800
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address” (37 CFR 1.363). (1) the names of up to 3 registered patent [  Connolly Bove Lodge & Hutz LLP

Change of correspondence address (or Change of | attorneys or agents OR, alternatively,
Correspondence Address form PTO/SB/122) attached. | (2) the name of a single firm (having as a member o

D "Fee Address" indication (or "Fee Address" Indication | & registered attorney or agent) and the names of
form PTO/SB/47; Rev 03-02 or more recent) attached, | UP © 2 registered patent attorneys or agents. Ifno 5
Use of a Customer Number is required. name is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed
for recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Intellectual Ventures fund 23 LLC Las Vegas, Nevada

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual Corporation or other private group entity D Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee D A check is enclosed.

Publication Fee (No small entity discount permitted) Payment by credit card. Form PTO-2038 is attached.

D Advance Order - # of Copies The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number ~ 22.0185  (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
D a. Applicant claims SMALL ENTITY status, See 37 CFR 1.27. D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature /DMMorse/ Date August 7,2012

Typed or printed name David M. Morse Registration No. 50,505

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

4944491

Volkswagen Exhibit 1002, Page 832 of 885



Patent Docket
27592-00987-US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Group Art Unit: 2624
Stéphane Bonnet et al. Confirmation No.: 4535
Serial No.: 10/955,037 Examiner: John W. Lee

Filed: September 30, 2004

For: METHOD OF RECONSTRUCTING
AN IMAGE WITH DATA
ACQUISITION ACCORDING TO
SEVERAL IMAGERY MODES

AMENDMENT AFTER ALLOWANCE UNDER 37 C.F.R. 1.312

Hon. Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Madam:
Applicants hereby submit this Amendment After Allowance pursuant to 37 CFR
1.312.

A listing of the claims, including amendments thereto, begins on page 2 of this
paper.

Remarks begin on page 6 of this paper.

4944497 1
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Application Serial No, 10/955,037 Patent Docket
Amendment After Allowance 27592-00987-US

REMARKS
Applicants hereby present a complete listing of the claims to correct inadvertent
typographical errors included in claims 15, 16, and 26 found in the listing of the claims
filed September 27, 2011. In order to correct these typographical errors, the listing of
the claims above have the following changes with respect to the listing of the claims
filed September 27, 2011:

e Claims 15 and 16 above are versions of those claims as amended in the
listing of the claims filed on March 8, 2011. In the listing of the claims filed
September 27, 2011, no amendments were made to claims 15 and 16.
The versions of these claims above are the same versions allowed by the
Examiner, as claim 15 above includes the language quoted in the
Examiner's Reasons for Allowance, mailed on May 7, 2012.

e Claim 26 above is an amended version of the claim based on the version
presented in the listing of the claims filed march 8, 2011. Due to the
typographical errors included in the amendment filed September 27, 2011,
that amendment is being discarded in favor of the amended version
presented above. However, the amendment does not substantively alter
claim 26—rather the amendment only changes the order of the recited
means elements. As amended above, claim 26 reflects the language
quoted in the Examiner’'s Reasons for Allowance, mailed on May 7, 2012.
As such, Applicants submit that no substantive issues, whether under 35
U.S.C. §§ 102, 103, or 112, are being raised by the amendment to claim
26 presented above.

For the reasons stated above, Applicants submit that the this amendment should
be entered, as no further substantive issues are being raised by the listing of the claims,

or the amendment to claim 26, presented above.

4944497 6
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Application Serial No. 10/955,037 Patent Docket
Amendment After Allowance 27592-00987-US

Applicants believe no extensions or fees are due with this filing. However, if an
extension is needed or a fee is due, please consider this a request therefor and charge
Deposit Account No. 03-2775, under Order No. 27592-00987-US, from which the

undersigned is authorized to draw.

Dated: August 7, 2012 Respectfully submitted,

Electronic signature: /DMMorse/
David M. Morse
Registration No.: 50,505
CONNOLLY BOVE LODGE & HUTZ LLP
1007 North Orange Street
P. O. Box 2207
Wilmington, Delaware 19899-2207
(302) 658-9141
(302) 658-5614 (Fax)
Attorneys for Applicants

4944497 7
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Electronic Patent Application Fee Transmittal

Application Number:

10955037

Filing Date:

30-Sep-2004

Title of Invention:

METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL

IMAGERY MODES

First Named Inventor/Applicant Name:

Stephane Bonnet

Filer:

David M. Morse/Shirley Brooks

Attorney Docket Number:

27592-00987- US

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suﬁ;l’;(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1740 1740
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount Sut—;’;(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040
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Electronic Acknowledgement Receipt

EFS ID: 13438572
Application Number: 10955037
International Application Number:
Confirmation Number: 4535

Title of Invention:

METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL
IMAGERY MODES

First Named Inventor/Applicant Name:

Stephane Bonnet

Customer Number:

30678

Filer:

David M. Morse/Shirley Brooks

Filer Authorized By:

David M. Morse

Attorney Docket Number: 27592-00987- US
Receipt Date: 07-AUG-2012
Filing Date: 30-SEP-2004
Time Stamp: 16:05:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $2040

RAM confirmation Number 2895

Deposit Account

Authorized User

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
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27592-00987US_lIssue_Fee_Tra 383142
1 nsmittal_Rule_312Amendment| yes 8
pdf 63d8fd08d4c63c00af91a3eb2848695¢h83
Multipart Description/PDF files in .zip description
Document Description Start End
Issue Fee Payment (PTO-85B) 1 1
Amendment after Notice of Allowance (Rule 312) 2 8
Warnings:
Information:
32139
2 Fee Worksheet (SB06) fee-info.pdf no 2
021736277b9¢1cf0576a83bffab3b03c50e7|
ddc0
Warnings:
Information:
Total Files Size (in bytes)1 415281

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application Serial No. 10/955,037 Patent Docket
Amendment After Allowance 27592-00987-US

LISTING OF THE CLAIMS
Applicants hereby present the claims, their status in the application, and
amendments thereto as indicated. This listing of the claims replaces all others

previously submitted in this application:

15.  (Previously Presented) A method of forming an image of a mobile object,
comprising:

obtaining a plurality of first images of the mobile object using a first imaging
technique while obtaining a plurality of first measurements corresponding to movements
of the mobile object using a first sensor system, the first sensor system being
independent from the first imaging technique;

associating the plurality of first images with first movement states of the mobile
object, the first movement states being determined by the first measurements;

obtaining a plurality of second images of the mobile object using a second
imaging technique while obtaining a plurality of second measurements corresponding to
movements of the mobile object using a second sensor system, the second sensor
system being independent from the second imaging technique;

associating the plurality of second images with second movement states of the
mobile object, the second movement states being determined by the second
measurements; and

forming an image of the mobile object based on said plurality of first images, said
associated plurality of first measurements, and said first movement states and on said
plurality of second images, said associated plurality of second measurements, and said
second movement states,

wherein the first imaging technique is different from the second imaging

technique.

16.  (Previously Presented) The method of Claim 15, further comprising:
time-synchronizing said first plurality of images and said second plurality of
images to a common time scale, the common time scale being determined by a

comparison between the first and second movement states.
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17.  (Previously Presented) The method of Claim 15, further comprising:
forming first reconstructed images corresponding to said plurality of first images

and second reconstructed images corresponding to said plurality of second images.

18.  (Previously Presented) The method of Claim 17, further comprising:
spatially-synchronizing said first reconstructed images and said second

reconstructed images.

19.  (Previously Presented) The method of Claim 15, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a

radiation emission technique.

20.  (Previously Presented) The method of Claim 15, further comprising:
spatially-synchronizing the plurality of first images and the plurality of second
images using said plurality of first measurements and said plurality of second

measurements.

21.  (Previously Presented) The method of Claim 15, further comprising:
forming displacement fields corresponding, respectively, to said plurality of first
images, said plurality of first measurements, said plurality of second images, and said

plurality of second measurements.

22.  (Previously Presented) The method of Claim 21, wherein said forming an image

of the mobile object comprises combining said displacement fields.

23.  (Previously Presented) The method of Claim 21, wherein said forming
displacement fields comprises:

estimating movement of the mobile object based, respectively, on said plurality of
first images, said plurality of second images, said plurality of first measurements, and

said plurality of second measurements, in order to form said displacement fields.

24,  (Previously Presented) The method of Claim 23, wherein at least one of said

movement estimates is formed relative to a reference time.
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25.  (Previously Presented) The method of Claim 15, wherein the first sensor system

is different from the second sensor system.

26.  (Currently Amended) An apparatus to form an image of a mobile object,
comprising:

means for obtaining a plurality of first images of the mobile object using a first
imaging technique;

means for obtaining a plurality of first measurements corresponding to
movements of the mobile object while obtaining the plurality of first images, the means
for obtaining the plurality of first measurements being independent from the first imaging
technique;

means for associating the plurality of first images with first movement states of
the mobile object, the first movement states being determined by the first
measurements;

means for obtaining a plurality of second images of the mobile object using a

second imaging technique;

means for obtaining a plurality of second measurements corresponding to
movements of the mobile object while obtaining the plurality of second images, the
means for obtaining the plurality of second measurements being independent from the
second imaging technique; [[and]]

means for associating the plurality of second images with second movement

states of the mobile object, the second movement states being determined by the

second measurements; and

means for forming an image of the mobile object based on said plurality of first
images, said associated plurality of first measurements, and said first movement states
and on said plurality of said second images, said associated plurality of second
measurements, and said second movement states,

wherein the first imaging technique is different from the second imaging

technique.
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27.  (Previously Presented) The apparatus of Claim 26, further comprising:
means for forming first reconstructed images corresponding to said plurality of
first images and second reconstructed images corresponding to said plurality of second

images.

28.  (Previously Presented) The apparatus of Claim 26, wherein said first imaging
technique is a radiation attenuation technique and said second imaging technique is a

radiation emission technique.

29.  (Previously Presented) The apparatus of Claim 26, further comprising:
means for forming displacement fields corresponding, respectively, to said
plurality of first images, said plurality of first measurements, said plurality of second

images, and said plurality of second measurements.

30.  (Previously Presented) The apparatus of Claim 29, wherein said means for
forming an image of the mobile object comprises means for combining said

displacement fields.

31.  (Previously Presented) The apparatus of Claim 29, wherein said means for
forming displacement fields comprises:

means for estimating movement of the mobile object based, respectively, on said
plurality of first images, said plurality of second images, said plurality of first
measurements, and said plurality of second measurements, in order to form said

displacement fields.

32.  (Previously Presented) The apparatus of Claim 31, wherein at least one of said

movement estimates is to be formed relative to a reference time.

33. - 34. (Canceled)
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Application No. Applicant(s)
) . 10/955,037 BONNET ET AL.
Response to Rule 312 Communication - .
Examiner Art Unit
JOHN LEE 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. ] The amendment filed on 7 August 2012 under 37 CFR 1.312 has been considered, and has been:
a)[X] entered.

by (] entered as directed to matters of form not affecting the scope of the invention.

c) [0 disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)

and the required fee to withdraw the application from issue.
d) [] disapproved. See explanation below.

e)[] entered in part. See explanation below.

/JOHN W. LEE/
Primary Examiner, Art Unit 2624

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20120811
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CONNOLLY BOVE LODGE & HUTZ LLP
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WASHINGTON, DC 20006

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 298 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Stephane Bonnet, Seyssinet-Pariset, FRANCE;
Pierre Grangeat, Saint Ismier, FRANCE;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE

PATENT NO.: 8,265,353

USPTO CONFIRMATION CODE: 4535
APPLICATION NO.: 10/955,037
FILED: September 30, 2004
EXAMINER: John Lee

GROUP ART UNIT: 2624
FOR: METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING
SEVERAL IMAGERY MODES

37 CFR 1.322 & 37 CFR 1.323 REQUEST FOR CERTIFICATE OF CORRECTION
FOR USPTO AND/OR APPLICANT MISTAKE

Commissioner for Patents

Office of Patent Publication

ATTN: Certificate of Correction Branch
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

A certificate of correction under 35 USC 254 is respectfully requested in the
above-identified patent.

It is believed that all errors identified herein were the fault of both the applicant
and USPTO and, accordingly, please charge $100.00 to our Deposit Account No.
50-5394. In the event that a further fee is required, please charge the amount to the same
Deposit Account.

The exact locations where the errors appear in the patent and patent application
are as follows:
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In Column 1, Line 7, delete “synchronisation.” and insert - - synchronization. - -,
therefor.

(ORIGINALLY FILED SPECIFICATION DATED SEPTEMBER 30, 2004,
PAGE 1 (PAGE 782 OF FW), LINE 6)

In Column 2, Line 7, delete “below” and insert - - below. - -, therefor.
(ORIGINALLY FILED SPECIFICATION DATED SEPTEMBER 30, 2004,
PAGE 3 (PAGE 784 OF FW), LINE 23)

In Column 3, Lines 27-28, delete “synchronisation” and insert - -
synchronization - -, therefor.

(ORIGINALLY FILED SPECIFICATION DATED SEPTEMBER 30, 2004,
PAGE 7 (PAGE 788 OF FW), LINE 4)

In Column 4, Line 28, delete “h™” and insert - - h&™ - -, therefor.
(AMENDMENTS TO THE SPECIFICATION DATED JULY 10, 2007, PAGE
4 OF 16 (PAGE 583 OF FW), LINE 11)

(hcl;zir kgn . moD)( hfmi hgmi . m)

(Mger, mODY i gpi, m) ”

In Column 6, Lines 31-33, delete “ and

HBISE h3%C mab) (R RE™ m)

{{Mypp MOD) (Mg M)
insert - - - -, therefor.
(ORIGINALLY FILED SPECIFICATION DATED SEPTEMBER 30, 2004,
PAGE 14 (PAGE 795 OF FW), LINES 19-20)

In Column 6, Lines 40-42, delete
(al) (gr. 82, Memi} + DER(f1, fr, moD) + cEy(mg, m) +
diEy(mf , moD) + eLs5( hfmf hi’"‘ cm) + fEg (h{" 15", moD) +

gL (mgpmi, m) + hEg(may, moD) + iEg(m)

113 2

and
insert - -

a B9,/ g; M) + b By (€, £, moD) + ¢ Eylmg, m) + d E,(mf, moD)
+ e Eghl™, b, m + £ B0, hi*°, moD) + g E(Mgni, M + h Ey(m,,,, moD)
+ 1 Bym)

- -, therefor.
(ORIGINALLY FILED SPECIFICATION DATED SEPTEMBER 30, 2004,
PAGE 15 (PAGE 796 OF FW), LINES 1-3)
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In Column 7, Line 58, delete “TEP” and insert - - PET - -, therefor.
(ORIGINALLY FILED SPECIFICATION DATED SEPTEMBER 30, 2004,
PAGE 18 (PAGE 799 OF FW), LINE 5)

In Column 8, Line 11, in Claim 1, delete “object using” and

insert - - object, the first movement states being determined by - -, therefor.
(AMENDMENTS TO THE CLAIMS DATED AUGUST 7, 2012, PAGE 2,
CLAIM 15, LINE 8)

In Column 8, Line 23, in Claim 1, delete “movement measurements,” and
insert - - measurements, - -, therefor.

(AMENDMENTS TO THE CLAIMS DATED AUGUST 7, 2012, PAGE 2,
CLAIM 15, LINE 17)

In Column 8, Line 25, in Claim 1, delete “movement measurements,” and
insert - - measurements, - -, therefor.

(AMENDMENTS TO THE CLAIMS DATED AUGUST 7, 2012, PAGE 2,
CLAIM 15, LINE 18)

In Column 8, Lines 31-32, in Claim 2, delete “scale based on” and

insert - - scale, the common time scale being determined by a comparison
between - -, therefor.

(AMENDMENTS TO THE CLAIMS DATED AUGUST 7, 2012, PAGE 2,
CLAIM 16, LINES 3-4)

The requested corrections are attached on Form PTO/SB/44.
Dated this 20™ day of March, 2013.
Respectfully Submitted,

/R. Burns Israelsen/ Reg. # 42,685

R. BURNS ISRAELSEN

Acting in Representative Capacity
(37 CFR 1.34)

Registration No. 42,685

Telephone No. (435) 252-1360
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PTO/SB/44 (09-07)

Approved for use through 08/31/2013. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 3
PATENT NO. : 8,265,353 B2

APPLICATION NO. : 10/955,037
ISSUE DATE : September 11, 2012

INVENTOR(S) : Bonnet, et al.

It is certified that an error appears or errors appear in the above-identified patent and that
said Letters Patent is hereby corrected as shown below:

In Column 1, Line 7, delete “synchronisation.” and insert - - synchronization. - -,
therefor.

In Column 2, Line 7, delete “below” and insert - - below. - -, therefor.

In Column 3, Lines 27-28, delete “synchronisation” and insert - - synchronization - -,
therefor.

In Column 4, Line 28, delete “h™ and insert - - h¢™ - -, therefor.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Maschoff Gilmore & Israelsen
1441 West Ute Boulevard, Suite 100
Park City, UT 84098 United States

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 2 of 3
PATENT NO. : 8,265,353 B2

APPLICATION NO. : 10/955,037
ISSUE DATE : September 11, 2012

INVENTOR(S) : Bonnet, et al.

It is certified that an error appears or errors appear in the above-identified patent and that
said Letters Patent is hereby corrected as shown below:

Uflm hgrr ) mOD)( hel‘mf hgmi . m)

(marf . mOD){mémi s m) 2

In Column 6, Lines 31-33, delete and

(h$®®,h3%% mob) (h{™ h§™E,m)
{Mgpr 000} (Mg M
insert - - - -, therefor.

In Column 6, Lines 40-42, delete
aly (g1, g2, Memi) + bE2(f1, f2, moD) + cL3(mg, m) +
dEy(mf , moD)+eEs( K™ h§™ | m) + fL (h§* H5", moD) +

o NEG(mgmi, m) + hEg(may, moD) + iEy(m) .

and
insert - -

a B9, g2 M) + b By (€, &, moD) + ¢ Ey(mg, m} + d E,(mg, moD)
+e B, ¥, m + £ Be(hi®, h3*, moD) + g EfMgqg, ™ + b By(m,,,, moD)
+ 1 B(m

-, therefor.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Maschoff Gilmore & Israelsen
1441 West Ute Boulevard, Suite 100
Park City, UT 84098 United States

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 3 of 3
PATENT NO. : 8,265,353 B2

APPLICATION NO. : 10/955,037
ISSUE DATE : September 11, 2012

INVENTOR(S) : Bonnet, et al.

It is certified that an error appears or errors appear in the above-identified patent and that
said Letters Patent is hereby corrected as shown below:

In Column 7, Line 58, delete “TEP” and insert - - PET - -, therefor.

In Column 8, Line 11, in Claim 1, delete “object using” and insert - - object, the first
movement states being determined by - -, therefor.

In Column &, Line 23, in Claim 1, delete “movement measurements,” and
insert - - measurements, - -, therefor.

In Column 8, Line 25, in Claim 1, delete “movement measurements,” and
insert - - measurements, - -, therefor.

In Column &, Lines 31-32, in Claim 2, delete “scale based on” and
insert - - scale, the common time scale being determined by a comparison between - -,
therefor.

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Maschoff Gilmore & Israelsen
1441 West Ute Boulevard, Suite 100
Park City, UT 84098 United States

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS
TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to the
Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,265,353 B2 Page 1 of 2
APPLICATION NO. : 10/955037

DATED : September 11, 2012

INVENTOR(S) : Bonnet et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specifications:

In Column 1, Line 7, delete “synchronisation.” and insert -- synchronization. --, therefor.

In Column 2, Line 7, delete “below” and insert -- below. --, therefor.

In Column 3, Lines 27-28, delete “synchronisation” and insert -- synchronization --, therefor.

In Column 4, Line 28, delete “h™ and insert - h™ -, therefor.

ST RS oD R RS L n)
In Column 6, Lines 31-33, delete « | (#iur- MOV Mg, M) ” and

- = [ M4
(h$%%,h3%% moD) (hf™ h§™E m)
insert -- --, therefor.
Gl (g, g2, Plamid + BELUHLL FoL D) + cliimg w) + l
ALyimif  moD)y + ool 1™ ATy + T (0 Y moby + J

2

In Column 6, Lines 40-42, delete « - &7 Mem- #1' + hEyltitag. moD) + iy im) and
8 B9,/ 93 M)+ b B; (§, £, moD) + ¢ Bylng, m} +d R (me, moD)

+ e Bg(ui™, h¥™, m) + £ BmP*%, b, mod) + g By(Clgei» ™ + b Ey(m,,., moD)
+ 4 B

insert -- -,
therefor.

In Column 7, Line 58, delete “TEP” and insert -- PET --, therefor.

Signed and Sealed this
Twenty-first Day of May, 2013

%«‘Z/ %f?ﬁ 75;)

Teresa Stanek Rea
Acting Director of the United States Patent and Trademark Office
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CERTIFICATE OF CORRECTION (continued) Page 2 of 2
U.S. Pat. No. 8,265,353 B2

In the Claims:

In Column 8, Line 11, in Claim 1, delete “object using™ and insert -- object, the first movement states
being determined by --, therefor.

In Column 8, Line 23, in Claim 1, delete “movement measurements,” and insert -- measurements, --,
therefor.

In Column 8, Line 25, in Claim 1, delete “movement measurements,” and insert -- measurements, --,
therefor.

In Column 8, Lines 31-32, in Claim 2, delete “scale based on” and insert -- scale, the common time
scale being determined by a comparison between --, therefor.
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE A, Y et oy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #

10/955,037 11/20/2024 02:48:26 AM Z ET 27592-00987- US

Title of Invention
METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 8265353
under 35 USC 111(a)

CONFIRMATION # 4535 FILEDBY Jialin Zhong
PATENT CENTER # 68032624 FILING DATE  09/30/2004
CUSTOMER # 30678 FIRST NAMED  Stephane Bonnet
INVENTOR
CORRESPONDENCE - AUTHORIZED BY
ADDRESS
Documents TOTAL DOCUMENTS: 2
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
Longhorn POA81.a.pdf 2 Power of Attorney 658 KB
Assignee showing of
Longhorn_373c.pdf 3 ownership per 37 CFR 3.73 123 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)

ODF4CE70114179AA4AA5D2865BFB6CAFF2574F706 CO3EFEC
Longhorn POA81.a.pdf 5C409ED735AFFB2306DB8839D1033198529CACE16F5E445F8
E3406142ED495CE21135A255134F8A7

00C2CCD493D8FAA4D2EC4FC3A34A2BOFB0823A51A618B82E
Longhorn_373c.pdf 28B4F93AE0550BCF56499DF4655764A867AE2EC1C8B9377CC
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Page 2 of 2
A551393D32033EE78A78242BD922504

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PTOMAREA (02-15)

Approved for use thiough 0373 21, OMB 08540035

PATENY - POWER OF ATTORNEY

Patent Nwmber

issue Date 2012-9-11

OR
First Nased invest
REVOCATION OF POWER OF ATTORNEY |- STEPHANE BONNET
WITH A NEW POWER OF ATTORNEY Method of Reconstructing

an Image Acquired Using

AND
Several imaaens Modes
\_ CHANGE OF CORRESPONDENCE ADDRESS [ “fiiainey bociat o 2?%§2~0(}9§??U!S gﬁ

t herehy revoke all previcus powers af atforney given in the sbave-identified patent.
¥ o ¥ i

E‘j Arawer of Attoraey fs submitted harewith,

OR . vt . . . . rob ettt § o i )
i hereby appoint Praciitionedz) assosiated with the Customier Numiber jdentified in the box at right as my/eur
attermeyfs) or agent(s} with respactiothe patent ideatified abowve, and to fransact ai! businessin the United
States Fatent agd Trademark Office connected therewith:

an
E}:{] theeehy appednt Fractittoser(s] named below gs myfour attorneyls) or agert{s} with respaet o the patent identified above, and to transact
all busitess i the United Siates Patent and Trademark Office connected therewith:

Praatitéaner{smame Registration Number
Peter Lambrianakos 5279
Jialin Zhona 2037

Vincent Rubino
Enrigue fturralde

)
N
0
m ¢
A

Plzase recogniie or chiahge the correspondence address for the above-identified patent 1o:

{j The address assoctated with the above-identified Custamgr Number,
QR
The address associated with the Customer Number identified in the baxat right: 72815
Of
Firmy o
wood Indivigual Name
Sddress

City L {state | P aip |
Countyy
Telsphone | Emait |

{armthe:

ij Applicant,
OR

Patent owner;
Statemient under 37 CFR 3.73{c) {Form PTOSAN/SE] submiited herewith or filed on

2 -~ SIGNATURE of Applicant of Patent Dwner 3 .
Signature I A T - { Date NI
Name Thomas Schweilzer | Yelephore § {1¥ L) 20 Foie,
Titeand Compary_iManaaqer of Lonaghorn Automotive Group LLG N

NOTE: Signatures of all the applicants or patent owiers of the gotire interest or their representative(s}are tequired. i mare than ase signature
is required, submi muitiple formis; check the boy below, and identify the taisl number of forme submittad in the blank below,

E ! Atotal of s are submitted.

This collextion of infarmation §reguirad by 37 FR £.34,71,32, and 1.33. The infarmatian s required ta obtain or retain a hevefit by the public; which is to update
fansd by the USPTD i process) the file ofa patent o5 reexamination procesding. Lo tiadity Is governed by 35 U.5.C. 122 and 37 CFR 114, This-eoftection i
estimated te take 3 minttns o complete, including gathering, prepaning, and sibmiting the somipleted appficastion form so the USPTO. Time will vary depending
spon the individual caze. Any commenis on the amount of fime you ferquive Lo camgiete this form andfor shgpastions fir reducing this hurden, should Besint'to
the Chief Infarmation Officer, U.S, Patent and Traderaark Gifics; U.S, Department of Commeree, 2.0: Box 1858, Mexondriz, VA 22313-2450. 00 NOT SEND FEES OR
CONBLETEDR FORMS TD THIS ADDRESS. SEND TC: Con ner far Patents, .0, Box 1359, Alexandria, V4 223331456,

yov need visistence. i completing the form, calf 1-800-PTO-8189 e selert eption 7
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Privacy Act Statement

The Privacy Aot of 1874 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the atigched form related to a paterd application or palent.  Accordingly, pursuant o the
wquivements.of the Aet, please be advised that: {1} the general autharily for the collection of this informalion is
351L.8.C. 22} (2) lurnishing of the informalion sclisited is voluntary; and {3) the principal purpose or which
the information is used by the U5, Patent and Trademark Office s fo procass andidr examine your submission
related o a patent application or patent.  If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or exaimine youyr submission, which may rasult in termination
of proceadings or abandonment of the application or expiralion of the patent.

The information provided by you i this forim will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the axtent allowed under the Freedom of
Information Agt (5 1L8:C. 558) and the Privacy Act (& U.S.C 552a). Records from this system of
records may be disclosed o the Departent of Justics o determine whather disclosure of these
records Is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed; as & routing uss, in the course of presenting
avidence 1o a court, magisirate, or administrative tribunal, including disclosures to opposing counsel in
the course of selflement negotiations:

3. A record in this systent of records may be disclosed, as a routine tse, to a Member of Congress
submitting a reguest involving an individual, to whom the record pertains, when the indlvidual has
retpiestad assistance from the Member with respact to the subject matter of tha recordk

4, A record in this system of tecords may be disclosed, as a routine use, {o 3 contractor of the Agency
having need for the information in order to perform & contract. Recipients of information shall be
required to comply with the requirements of the Privacy Actof 1974, as amanded, pursuant to 5 U.S.C.
5B2afm).

5. A record refated to an intemnational Application filed under the Patent Cooperation Treaty in this

system of records may be disclosed, as g routine use, to the International Bureau of the World

Irdellactual Property Organization, pursuant to the Patent Cooperation Trealy.

A record In this systern of records may be disclosed, as a routine use, o another federal sgency for

purposes of Natienal Security review {35 U.8.C. 181) and for review pursuant to the Momic Energy Act

{42 U.5.C. 218(0)).

7. Avscord from this system of records may be disclosed, as a routine use, 1o the Admintstrator, General
Bepvices, or hissher designee, during an bspection of records conducted by GSA as pat of that
agency’s responsibility to recommand improvements in records management practices and programs,
under atgthority of 44 Y.8,C. 2804 and 2808. Such disciostwe shall be made in accordance with the
GSA reguladions govarning inspeation . of records for this pumpose, and any other relevant (le., GRA or
Commercs) dirsctive. Such disclosure shall not be Used to' make determinations aboul individuals.

8. A secord from this system of records may be disclosed, a3 a routine use, to the public afler either
publication of the application pursuant to 35 U.8.C. 122(5) or jssuance of a palent pursuard 1o 35
U.B.C.151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine
usse, to the public if the record was filed in an application which became abandoned or iy which the
proceadings were terminated and which application is saferencad by wither a published application, an
application open to public Inspection or an issued patent.

9. A regord from this system of records may be disclosed, as & routine use, to.a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of faw or
requlation.

o
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: LONGHORN AUTOMOTIVE GROUP LLC

Application No./Patent No.: 8,265,353 Filed/Issue Date: 2012-9-11
Tileq: METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

LONGHORN AUTOMOTIVE GROUP LLC , Limited Liability Company

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1 From: STEPHANE BONNET, PIERRE GRANGEAT 1,. COMMISSARIAT A L'ENERGIE ATOMIQUE

The document was recorded in the United States Patent and Trademark Office at

Reel 016709 , Frame 0700 , or for which a copy thereof is attached.
2 From: COMMISSARIAT A L'ENERGIE ATOMIQUE 1,. INTELLECTUAL VENTURE FUND 23 LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 020403 , Frame 0558 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: INTELLECTUAL VENTURE FUND 23 LLC 7o, XYLON LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 036192 , Frame 0620 , or for which a copy thereof is attached.
4. From: XYLONLLC To: INTELLECTUAL VENTURES ASSETS 195 LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 065015 , Frame 0562 , or for which a copy thereof is attached.
5 From: INTELLECTUAL VENTURES ASSETS 195 LLC 7,. Al-CORE TECHNOLOGIES, LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 065207 , Frame 0371 , or for which a copy thereof is attached.
6. From: AlI-CORE TECHNOLOGIES, LLC To: LONGHORN AUTOMOTIVE GROUP LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 066911 , Frame 0261 , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Jialin Zhong/ 2024-11-20
Signature Date

Jialin Zhong 62,937

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/AIA/B1A (02-15}
Approved for use through 03/21/2021. OMB 0651-0033
us. Patent and Trademerk Ofﬁce, u.s. DEPARTMENT OF COMMERCE

PATENT - POWER OF ATTORNEY Patent Number 8,265,353
OR "f“e bate 2012-9-11
REVOCATION OF POWER OF ATTORNEY . " STEPHANE BONNET
WITH A NEW POWER OF ATTORNEY Method of Reconstructing
AND an Image Acquired Using
s al lmagery Modes |
\_ CHANGE OF CORRESPONDENCE ADDRESS [ omey bocket o ;%’Sé macerd —

I hereby revoke all previous powers of attorney given in the above-identified patent. '

A Power of Attorney is submitted herewith.

I hereby appoint Practitioner{s) assaciated with the Customer Number identified in the box at tight as my/our

-attomey(s) or agent{s) with respect to the patent identified above, and to transact ali business inthe United
States Patent and Trademark Office connected therewith:

OR

1 hereby appoint Practitioner{s) named below as myfour attorney(s} or agent{s) with respect to the patent identified above, and to transact ‘
all business in the United States Patent and Trademark Office connected therewith;

Praciitioner{s} Name Registration Number

Jialin Zhong 62937

Please recognize or change the correspondence address for the above-identified patent to:

The address associated with the above-identified Customner Number.
OR

The address assaciated with the Customer Number identified In the box at right: [ 55075
OR

! Firm or
Individual Name

Address

City | State | | zip |
Country

Telephone ) | Email |

Fam the:
Appiicant.

OR
m Patent owner.
Statement under 37 CFR 3.73{c) [Form PTO/AIA/96] submitied herewith or filed on

STGNATURE of Applicant or Patent Owner

3. 3
Signature Mé; e ot p e St Date HENNEE
| Name _._1ﬂhomas Schweitzer i Telephone [ (] b3 1§/~ o>
Titte and Company_{Manager of Lonahorn Automgotive Groun LLC

MNOTE: Signatures of all the applicants or patent owners of the entire interest or their representative{s} are required. If mora than cne signature
is required, submit multiple forms, check the box below, and identify the total number of forms submitted in the blank below.

D A total of forms are submitted.

This collection of infarmagion is requised by 37 CFR 1.31, 1.32, and 1.33. The information Is required to obtain or retain a benefit by the public, which is to update
{and by the USPTO to process) the file of a patent or reexamination proceeding, Confidentiality is governed by 35 U:S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 3 minutes to complete, including gathering, preparing, snd submitting the completed application form to the USPTO. Time will vary depending
upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for redusing this burden, should be sent o
the Chief Information Officer, LS. Patent and Trademark Cffice, U.S. Departmant of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-919% and select option 2.
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE A, Y et oy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET #

10/955,037 11/21/2024 07:50:41 PM Z ET 27592-00987- US

Title of Invention
METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 8265353
under 35 USC 111(a)

CONFIRMATION # 4535 FILEDBY Jialin Zhong
PATENT CENTER # 68070614 FILING DATE  09/30/2004
CUSTOMER # 172615 FIRST NAMED  Stephane Bonnet
INVENTOR
CORRESPONDENCE - AUTHORIZED BY
ADDRESS
Documents TOTAL DOCUMENTS: 2
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
Longhorn POA81A.pdf 1 Power of Attorney 1650 KB
Assignee showing of
Longhorn_373c.pdf 3 ownership per 37 CFR 3.73 123 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)

39EEQF7C23B8B9F7378A1793803DC7E0F0518B5D1F7C61412
Longhorn POA81A.pdf DEO1CBE94B771BE834B8CBABB11FA7F4E44F56A027B5B2D9
96E6FB8CA9B1820911A8559A135C91E

00C2CCD493D8FAA4D2EC4FC3A34A2BOFB0823A51A618B82E
Longhorn_373c.pdf 28B4F93AE0550BCF56499DF4655764A867AE2EC1C8B9377CC
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A551393D32033EE78A78242BD922504

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: LONGHORN AUTOMOTIVE GROUP LLC

Application No./Patent No.: 8,265,353 Filed/Issue Date: 2012-9-11
Tileq: METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

LONGHORN AUTOMOTIVE GROUP LLC , Limited Liability Company

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptey, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1 From: STEPHANE BONNET, PIERRE GRANGEAT 1,. COMMISSARIAT A L'ENERGIE ATOMIQUE

The document was recorded in the United States Patent and Trademark Office at

Reel 016709 , Frame 0700 , or for which a copy thereof is attached.
2 From: COMMISSARIAT A L'ENERGIE ATOMIQUE 1,. INTELLECTUAL VENTURE FUND 23 LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 020403 , Frame 0558 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: INTELLECTUAL VENTURE FUND 23 LLC 7o, XYLON LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 036192 , Frame 0620 , or for which a copy thereof is attached.
4. From: XYLONLLC To: INTELLECTUAL VENTURES ASSETS 195 LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 065015 , Frame 0562 , or for which a copy thereof is attached.
5 From: INTELLECTUAL VENTURES ASSETS 195 LLC 7,. Al-CORE TECHNOLOGIES, LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 065207 , Frame 0371 , or for which a copy thereof is attached.
6. From: AlI-CORE TECHNOLOGIES, LLC To: LONGHORN AUTOMOTIVE GROUP LLC

The document was recorded in the United States Patent and Trademark Office at

Reel 066911 , Frame 0261 , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Jialin Zhong/ 2024-11-20
Signature Date

Jialin Zhong 62,937

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. Arecord in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.0. Box 1450

Alcxnng;lm a, Virginia 22313-1450
| APPLICATION NUMBER FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US
CONFIRMATION NO. 4535
30678 POWER OF ATTORNEY NOTICE
POLSINELLI PC

(DG OFFICE) RN AR YW
PO Box 140310 0C000000081001183

Kansas City, MO 64114-0310

Date Mailed: 11/25/2024

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 11/20/2024.

The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sltorres/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Almndn Vuguu a 22313-1450
spm

APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/IITLE |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US
CONFIRMATION NO. 4535
172615 POA ACCEPTANCE LETTER

411 Theodore AR A TRV
*0C000000081001239*

411 Theodore Fremd Road
Suite 206 South
Rye, NY 10580
Date Mailed: 11/25/2024

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/20/2024.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/sltorres/

page 1 of 1
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Doc Code: PET.AUTO
Description: ePetition Request Form PTO/SB/64

] ] P.O. Box 1450
- UNITED STATES . _
PATENT AND TRADEMARK OFFICE Alexandrla, Y S o g0y

PETITON TO ACCEPT UNINTENTIONAL DELAYED PAYMENT OF
MAINTENANCE FEE (37 CFR 1.378(b))

APPLICATION # FIRST NAMED INVENTOR ATTORNEY DOCKET # FILING DATE
10955037 Stephane Bonnet 27592-00987- US 09/30/2004

Title of Invention
METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

In re Patent #: 8265353
Issue date: 09/11/2012}

The delay in the payment of the maintenance fee to the above-identified patent was unintentional.

PETITIONER(S) REQUEST THAT THE DELAYED PAYMENT OF THE MAINTENANCE FEE BE
ACCEPTED AND THE PATENT REINSTATED

(1) Petition fee under 37 CFR 1.17(m) is attached

Applicant claims the following entity status
Regular Undiscounted

(2) Statement
The delay in the payment of the maintenance fee to this patent was unintentional

» Petitioner(s) is reminded that a delay resulting from a deliberately chosen course of action or a change in circumstance is not
an unintentional delay.

« Petitioner(s) is further reminded that a person seeking reinstatement of an expired patent should not make a statement that
the delay in payment of the maintenance fee was unintentional unless the entire delay was unintentional, including the period
from discovery that the maintenance fee was not timely paid until payment of the maintenance fee. For example, a statement
that the delay in payment of the maintenance fee was unintentional would not be proper when the patentee becomes aware
of an unintentional failure to timely pay the maintenance fee and then intentionally delays filing a petition for reinstatement of
the patent under 37 CFR 1.378. See MPEP 2590.

NOTE: Where the petition under 37 CFR 1.378 is filed more than two years after the date the patent expired for nonpayment of
the maintenance fee, the United States Patent and Trademark Office requires an additional explanation of the circumstances
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surrounding the delay that establishes the entire delay was unintentional. This requirement is in addition to the requirement to
provide a statement that the entire delay was unintentional. See Clarification of the Practice for Requiring Additional Information in
Petitions Filed in Patent Applications and Patents Based on Unintentional Delay, 85 FR 12222 (March 2, 2020). See MPEP
711.03(c)(I)(C)-(F) for additional guidance on the information required to establish that the entire delay was unintentional.

Signature

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of
attorney in this application

Signature Name Registration #

Mialin Zhong/ dialin Zhong 62937

PETAUTO SB64.0
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE A, Y et oy

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET #

10/955,037 12/05/2024 01:58:20 PM Z ET 27592-00987- US

Title of Invention
METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 8265353
under 35 USC 111(a)

CONFIRMATION # 4535 FILEDBY Eddie Rowell
PATENT CENTER # 68242216 FILING DATE  09/30/2004
CUSTOMER # 155075 FIRST NAMED  Stephane Bonnet
INVENTOR
CORRESPONDENCE - AUTHORIZED BY  Jialin Zhong
ADDRESS
Documents TOTAL DOCUMENTS: 1
SIZE
DOCUMENT PAGES DESCRIPTION (KB)
petition-request.pdf 2 ePetition Request Form 27 KB
Digest
DOCUMENT MESSAGE DIGEST(SHA-512)

9E3496CE8894E137F609533B99350CF94872D2AE5179A663D2
petition-request.pdf 8817420C666B47844F5416B4CEF6D4C37F69F9CC708599DCE
96ED59FAB86682BA430632D3C71E0

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111
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If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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UNITED STATES PO, Box 1450
PATENT AND TRADEMARK OFFICE A, Y et oy

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET #

10/955,037 12/05/2024 01:58:20 PM Z ET 27592-00987- US

Title of Invention
METHOD OF RECONSTRUCTING AN IMAGE ACQUIRED USING SEVERAL IMAGERY MODES

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # 8265353
under 35 USC 111(a)

CONFIRMATION # 4535 FILED BY Eddie Rowell
PATENT CENTER # 68242216 AUTHORIZED BY  Jialin Zhong
CUSTOMER # 155075 FILING DATE  09/30/2004
CORRESPONDENCE - FIRST NAMED  Stephane Bonnet
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY

CARD /9633 E2024B5D58427605 Jialin Zhong

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
MAINTENANCE FEE DUE AT 11.5

1553 YEARS 7700.00 1 7700.00

PETITION FOR THE DELAYED
PAYMENT OF THE FEE FOR

1558 MAINTAINING A PATENT IN 2100.00 1 2100.00
FORCE
TOTAL
AMOUNT: $9,800.00

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, characterized
by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a Post Card, as
described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
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Receipt will establish the filing date of the application

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 U.S.C.
371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a national stage
submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for an
international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number and of the
International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning national security,
and the date shown on this Acknowledgement Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Almndn Vuguu a 22313-1450
spm

APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/IITLE |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US
CONFIRMATION NO. 4535
155075 POA ACCEPTANCE LETTER

51 K Parkway A O AONA
*0C000000081475873*

51 JFK Parkway
1st Floor West
Short Hills, NJ 07078

Date Mailed: 12/06/2024

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/21/2024.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/fasrat/

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Almndn Vuguu a 22313-1450
spm

APPLICATION NUMBER FILING OR 371(C) DATE [ FIRSTNAMED APPLICANT | ATTY.DOCKETNO/IITLE |
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US
CONFIRMATION NO. 4535
172615 POWER OF ATTORNEY NOTICE

411 Theodore T ]
*0C000000081475643*

411 Theodore Fremd Road
Suite 206 South
Rye, NY 10580
Date Mailed: 12/06/2024

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/21/2024.
* The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence
will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/fasrat/

page 1 of 1

Volkswagen Exhibit 1002, Page 882 of 885



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWwWw.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO.
10/955,037 09/30/2004 Stephane Bonnet 27592-00987- US 4535
155075 7590 0112412025 | EXAMINER
Zhong Law, LLC
51 JFK Parkway LEE, JOHN W
1st Floor West
Short Hills, NJ 07078 | ART UNIT | paperNUMBER
2624
| NOTIFICATION DATE | DELIVERY MODE
01/24/2025 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ip@remotedocket.com
szhao @zhong-law.com
zhong @zhong-law.com

PTOL-90A (Rev. 04/07)
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United States Patent and Trademark Office
P.O. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

In re Patent No.: 8,265,353

Issue Date: 11 Sep 2012

Application No. 10/955,037 :

Filed: 30 Sep 2004 : DECISION ON PETITION
For: METHOD OF RECONSTRUCTING

AN IMAGE ACQUIRED USING

SEVERAL IMAGERY MODES

This is a decision on the petition under 37 CFR 1.378(b), filed December 5, 2024, as an
ePetition, to accept the unintentionally delayed payment of a maintenance fee for the
above-identified patent. While the ePetition has now been placed into the Image File Wrapper,
no decision was rendered with the ePetition filed December 5, 2024.

The petition is GRANTED.

With this decision, the maintenance fee records and the application file of the above-identified
patent have been updated to reflect that the ePetition to accept the unintentionally delayed
payment of the 11.5 year maintenance fee under 37 CFR 1.378(b) filed on December 5, 2024 has
been granted.

The rules and statutory provisions governing the operations of the U.S. Patent and Trademark
Office require payment of a fee on filing each petition under 37 CFR § 1.378(b). In this instance,
the fees required are $7,700 for the maintenance fee due at 11.5 years and $2,100 for the delayed
payment of the fee due at 11.5 years. The total fee owed is $9,800. Petitioner submitted a
payment of $9,800 on December 5, 2024.

It is not apparent whether the person signing the statement of unintentional delay was in a
position to have firsthand or direct knowledge of the facts and circumstances of the delay at
issue. Nevertheless, such statement is being treated as having been made as the result of a
reasonable inquiry into the facts and circumstances of such delay. See 37 CFR 11.18 and
Changes to Representation of Others Before the United States Patent and Trademark Office;
Final Rule Notice, 73 Fed. Reg. 47650 (August 14, 2008), 1334 Off. Gaz. Pat. Office 338
(September 9, 2008). In the event that such an inquiry has not been made, petitioner must make
such an inquiry. If such inquiry results in the discovery that it is not correct that the entire delay
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in filing the required reply from the due date for the reply until the filing of a grantable petition
pursuant to 37 CFR 1.378 was unintentional, petitioner must notify the Office.

Telephone inquiries concerning this matter may be directed to Vanitha Elgart at 571.272.7395.

/VANITHA M ELGART/
Petitions Examiner, OPET
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