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METHOD AND APPARATUS TO CLASSIFY STRUCTURES IN AN IMAGE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application includes subject matter similar to the disclosures in U.S. Pat. App.
No. 16/862,882 (Attorney Docket No. 5074A-000212-US) and U.S. Pat. App. No. 16/862,890
(Attorney Docket No. 5074A-000213-US). The entire disclosures of each of the above applications

is incorporated herein by reference.

FIELD
[0002] The subject disclosure relates to a tractography, and particularly to a tractography

classification method and system.

BACKGROUND

[0003] This section provides background information related to the present disclosure
which is not necessarily prior art.

[0004] Animaging technique may be used to acquire image data of a subject. Image data
of a subject can include one or more types of data to visualize one or more structures of the
subject. Structures may include external or internal structures of the subject. In various systems,
for example, an image may be acquired of an internal structure of a subject with a selective
imaging technique.

[0005] The image data may be used to generate images that are displayed for viewing by
a user. The images may be displayed on a selected system, such as a display device, for a visual
inspection by a user. Generally, the user may view the images to assist in performing a procedure

on the subject.

SUMMARY
[0006] This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.
[0007] A method may be used to identify and/or classify various structures in data, such
as an image data. The structures may be identified as fibers or tracts, such as in a brain of a
subject, such as a human subject. It is understood, however, that the process may be used to

identify tracts in any appropriate subject. Generally, the tracts are neuronal tracts that include
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white matter axons. The method may be used to identify various tracts in a brain to assist in
various procedures, such as tumor resection, implant placement (e.g. deep brain stimulation
leads), or other appropriate procedures.

[0008] In various embodiments, the process may be used to identify neuronal tracts even
in the presence of an aberration of standard anatomy. For example, a tumor may grow in a brain,
which may affect generally understood or present neuronal tracts. Therefore, the process may
assist in identifying neuronal tracts even in the presence of a tumor or other abnormal anatomy
in the image data.

[0009] The neuronal tracts may then be displayed for various purposes. The tracts may
be used to identify various features and/or structures of the brain to assist in a procedure. Further,
the images may be used to assist in performing a procedure, such as tumor resection or implant
positioning in a selected subject. Accordingly, the image data may be used to identify tracts in
the image data and the tracts and/or other appropriate features may be displayed with the display
device in one or more images.

[0010]  Further areas of applicability will become apparent from the description provided
herein. The description and specific examples in this summary are intended for purposes of

illustration only and are not intended to limit the scope of the present disclosure.

DRAWINGS

[0011] The drawings described herein are for illustrative purposes only of selected
embodiments and not all possible implementations, and are not intended to limit the scope of
the present disclosure.

[0012] Fig. 1is an environmental view of an imaging system and subject;

[0013] Fig. 2 is an environmental view of a procedure room;

[0014] Fig. 3 is a flow chart of a method, according to various embodiments, of
segmenting image data;

[0015] Fig. 4 is a method, according to various embodiments, of segmenting image data;

[0016] Fig. 5is a flow chart of a method of segmenting image data, according to various
embodiments;

[0017] Fig. 6A is a flow chart of a method to train a system to segment image data,

according to various embodiments; and
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[0018] Fig. 6B is a flow chart of a method to use a system to segment image data,
according to various embodiments.
[0019] Corresponding reference numerals indicate corresponding parts throughout the

several views of the drawings.

DETAILED DESCRIPTION

[0020] Example embodiments will now be described more fully with reference to the
accompanying drawings.

[0021] A system may be used to acquire image data of a subject. For example, as
schematically illustrated in Fig. 1. Generally, a subject may be imaged with a selected imaging
system 20. The imaging system 20 may be any appropriate imaging system to acquire a selected
image data of a subject 24, such as a magnetic resonance imager (MRI). The MRl may operate in
various manners or modes, such as including a diffusion weighted data acquisition manner. In a
diffusion weighted technique, the diffusion or movement of water may be determined or
estimated to assist in determining tracts, as discussed further herein. The imaging system 20 may
include a selected support 28 to support the subject 24 during movement through the imaging
system 20. The imaging system may include components generally known to those skilled in the
art. It is understood, however, that any appropriate MRI imaging system may be used as the
imaging system 20, or any other appropriate imaging system. Nevertheless, the imaging system
20 may be operated to generate image data of the subject 24.

[0022] With continuing reference to Fig. 1 and additional reference to Fig. 2, the subject
24, either after acquiring the data, which may include anatomical image data and/or diffusion
weighted data, with the imaging system 20 and/or during acquisition (e.g. with an appropriate
imaging system) may be moved or positioned into a selected operating theater for performing a
procedure. While or to plan for performing a procedure on the subject 24, an image 32 of the
subject 24 may be displayed on a display device 36 of a selected workstation or system 40. The
display of the image 32 may be used for various reasons, such as preparing for a procedure on
the subject 24, assisting in performing a procedure on the subject 24, or other appropriate
purposes. As discussed herein, for example, the image 32 may include illustration of tracts
identified in the image 32 and/or the image data acquired with the imaging system 24 for display

on the display device 36. The tracts may include fiber neuronal tracts in the brain of the subject
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24. The tracts may also include other appropriate tracts, such as fiber tracts in a spinal cord. An
anatomical or known fiber tract may also be referred to as a given fiber tract.

[0023] The workstation or processor system 40 may include various portions or features,
such as an input device 44, a processor portion or module 48 and a memory 52. A selected
connection, such as a wired or wireless connection 54 may connect the processor 48 and/or the
memory 52 with the display device 36 and/or the input device 44. Therefore, a selected user, such
as a user 58 may provide input or select input for the system 40 and/or view the display device
36, such as a view of the image 32.

[0024] In various embodiments, the image 32 may be registered to the subject 24 for a
selected procedure. For example, a tumor resection, implant placement, or the like may be
performed on the subject 24. It is understood that the subject 24, however, may be an inanimate
object and other appropriate procedures may be performed, such as a part replacement or
connection. Imaging and registration may occur in an appropriate manner, such as those
disclosed in U.S. Pat. No. 9,311,335, issued April 12, 2016, incorporated herein by reference. Briefly,
registration may include a translation between subject space defined relative to the subject 24
and image space defined by the image 32. A coordinate system may be developed for both
spaces and a translation map may be made therebetween.

[0025] In various embodiments, for registration, portions of the subject 24 may be
identified, such as by the user 52, and identical portions may be identified in the image 32. A
registration between the subject space and the image space may then be made by generating or
determining a translation map between the subject space and the image space based upon the
identified similar or identical points, also referred to as fiducial points. The processor module 48
may execute instructions to perform the translation and registration of the subject space to the
image space.

[0026]  After registration a navigation system 70, which may incorporate the workstation
or processor system 40, may selectively perform the translation and registration that may be used
to assist in performing a procedure. Once registration occurs a dynamic reference frame or patient
reference device 74 may be connected or fixed to the subject 24. The DRF 74 may include a
tracking device or portion that is tracked with the navigation system 70 to determine movement
of the subject 24 and maintain registration with the image 32. An instrument tool 76 may also be
tracked with the selected tracking device, such as a tracking device 78 associate with the

instrument, such as attached thereto, for a procedure. The instrument may be at least one of a
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deep brain stimulation lead that may be implanted. In addition to the instrument, selected
procedures may also be tracked and/or determined such as computing a volume of activation for
a DBS lead and/or computing a thermal ablation estimate for an ablation. In various
embodiments, a localizer 82 may generate a field 86 that is sensed by the tracking device 78
and/or DRF 74 to allow for tracking with the navigation system 70. A controller, such as a coil
array controller 90 may receive a signal from the localizer 82 and/or control the localizer 82 and/or
receive a signal from the tracking device 78 and transmit it to the workstation processor module
48. The processor module 48 may then execute instructions to determine a location of the
tracking device 78 relative to the subject 24 to allow for navigation of the instrument 76 relative
to the subject 74. Thus, a graphical representation 94 of the tracked portion (e.g. instrument 76)
may be displayed on the display device 36 relative to the image 32 to display a real-time position
of the instrument 76 relative to the subject 24 by displaying the graphical representation 94 of
the instrument relative to the image 32. Generally, the tracking system is able to track and
illustrate a position or pose of the tracked portion. The position may include three dimensional
location and one or more dimensions orientation. Generally, at least four degrees of freedom
information, including at least six degrees of freedom, or any selected amount.

[0027]  As discussed further herein, the image 32 may include selected image features,
such as tracts of the brain, and the graphical representation 94 may be displayed relative thereto.
Accordingly, defining or determining tracts for performing a procedure may assist in performing
a selected procedure, as discussed further herein.

[0028] As discussed above, the imaging system 20 may be used to generate image data
of the subject 24 for a selected procedure. The Image data may be processed, according to the
processes, including one or more processes, as discussed further herein. The image data,
following a selected process or plurality of processes, may be used to generate one or more
images for display on the display device 36. Further, the various processes may be used to identify
features that may also be output by a selected processing system, such as the processor module
48, as discussed herein.

[0029] Disclosed herein, according to various embodiments, are systems and methods to
identify, such as by segmentation, image or data portions. For example, one or more fiber
bundles or tract may be segmented. A fiber tract may include one or more fibers that are
segmented by a system that are intended to represent the neuronal tract in a subject’s brain. A

fiber or line includes an individual line produced by a selected system (e.g. algorithm) that may
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be one or a part of a set of lines, intended to represent the physical neuronal tract in a subject’s
brain. A white matter tract or anatomical tract is a physical bundle of axons in the subject’s brain
that convey electrical signals from one region of the brain to another and is intended to be
represented by a fiber tract. There may be more than one fiber tract and white matter tract in any
given data. A given fiber tract or white matter tract may be a predetermined or named tract.

[0030]  With initial reference to Fig. 3, and continuing reference to Figs. 1 and 2, a method
of identifying or segmenting fiber tracts or bundles is illustrated in the process 100. The process
may be used to identify, such as by segmenting selected fiber tracts, which may also be referred
to as given fiber tracts. The fiber tracts may be brain fiber tracts and also referred to as given
fiber neuronal tracts. The segmentation may include segmenting (i.e. classifying which fibers
belong to a given neuronal tract) the given tracts from other tracts and/or other data, such as
image data. It is understood that the segmentation may occur according to various embodiments,
including combinations thereof, as discussed herein.

[0031] Initially, the process 100 may start in start block 104. Starting in the start block 104
may include appropriate measures or steps, such as assessing a patient, positioning a patient or
a subject for imaging, evaluating a subject, or evaluating a possible treatment or diagnosis of a
subject. It is understood, however, that in start block 104 any appropriate procedures may occur.
After starting the process 100 in start block 104, diffusion weighted gradient images or
appropriate data may be accessed or recalled in block 108. It is understood that the process 100
may include acquiring image data, such as with the imaging system 20, in block 108.

[0032] In various embodiments, the image data may be acquired at any appropriate time
and saved in a selected manner to assist in performing a procedure. Therefore, accessing or
recalling the image data in block 108 may include acquiring image data of the subject with an
imaging system, such as the imaging system 20, as discussed above and/or recalling previously
acquired image data. For example, image data may be acquired at a first instance, such as during
an initial diagnosing or testing process and this data may be used in the procedure 100.
Accordingly, the image data may be accessed in block 108 rather than acquired and new. Also, or
alternatively, image data may be acquired of the subject 24 during or in a procedure location (e.g.
operating room for a resection or implantation).

[0033] After the image data is accessed in block 108, a determination of a selected
tractography may occur in block 112. The determination of the selected tractography in block

112 may include a whole image tractography including identifying all possible fiber lines or tracts
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given the acquired image data according to one or more various known techniques. Various
techniques may include identifying or attempting to identify all possible tracts with or by a
selected algorithm and/or user. For example, the tractography may be performed according to
appropriate techniques, such as appropriate algorithmic techniques. For example, a tractography
may be performed with a diffusion tensor imaging tractography system such as the tractography
system included with the StealthViz® tractography and image guided surgery system, sold by
Medtronic, Inc. Other appropriate tractography techniques can include that described in U.S. Pat.
No. 9,311,335, issued April 12, 2016.

[0034] In various embodiments, in addition or alternatively to an entire or whole image
tractography (e.g. an entire brain tractography), a selected tractography may be or include less
than a whole image tractography. The selected tractography may, therefore, include a subset of
a whole image tractography. For example, between only selected regions of interest (e.g. half of
a brain, or in a brain stem), etc. Thus, a selected tractography generated for a
segmentation/identification process, as discussed herein, may include a whole image
tractography and/or only a subset of a whole image tractography. Further, while a whole image
tractography may be generated, only a subset of the fiber lines or tracts may be analyzed for
segmentation. Accordingly, discussion herein to the image tractography in block 112 or
equivalents is understood to include a whole image tractography, a selected image tractography,
or combinations thereof unless specifically stated otherwise.

[0035] After determining the selected tractography in block 112, the selected
tractography may be output in block 116. In various embodiments, the image may include an
image of a brain of the subject 24, such as a human subject. Accordingly, the whole image
tractography may include tractography of a whole brain. A selected tractography may be a
portion thereof, as discussed above. It is understood, however, that the brain or image
tractography output in block 116 may include simply or only a determination of possible
connection of all tracts. As is understood by one skilled in the art, the tractography may include
a determination of a possible or average movement or tendency of movement of a selected
material, such as water. Therefore, the tractography output in block 116 may simply be all possible
tracts or connections and/or selected tracts identified within the accessed image data 108.
Therefore, the tractography output in block 116 may not define or identify, either completely or

with accuracy, particular anatomical neuronal tracts within the subject.
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[0036] The output tractography may then be segmented to output or identify selected or
given fiber tracts, such as neuronal tracts (e.g. corticospinal tracts, optical tracts, etc.) by recalling
a trained classification system in block 120. The trained classification system may include a
random forest classification system that has been trained to use various features, such as fiber
points and image features, to classify whether fibers in a selected tractography belong to specific
neuronal tracts. The brain tractography, as discussed above, may include any identified tracts or
connections of possible or average diffusion of a material, such as water within the image.
Accordingly, the segmentation of the image tractography may attempt to identify or classify
various possible tracts relating to certain anatomical functions or features, such as the
corticospinal tracts (CST), orbital or eye tract, or other appropriate anatomical or neurological
tracts.

[0037] The classification system may be trained using various parameters that may be
learned parameters for different tracts. Parameters of features may include various parameters
of features that are identifiable and may be evaluated within the image tractography. Features
may include identified points and their locations on the tracts in the image tractography. Line
segments between the points and/or vectors from each point. Fractional anisotropy (FA) at each
point. Diffusion encoded color (DEC) values at each point. Curvature at each point, such as of the
line segment to the next point. A comparison to an atlas of known fiber tracts or known brain
regions at the determined points or selected number of points. An atlas may be a generally
known atlas of selected fiber tracts (e.g. a brain neuronal tract atlas) or known brain regions. A
distance or length of the tracts from respective starting regions to ending regions. Additional or
other image properties at each point and/or anatomical gradient magnitudes within the image.
These features may be trained with a plurality of data, such as previously classified data. The
previously classified data may be classified by a reading expert (e.g. a neurosurgeon).

[0038] The trained classification system may then be used to classify tracts within the
image tractography 116. For example, instructions may be saved and recalled from the memory
52 including one or more of the features noted above. The image tractography may then be
evaluated with the classification system to identify given tracts. The segmented tracts may also
be referred to as identified or segmented tracts.

[0039] The trained classification system recalled in block 120 is used for segmenting given
fiber tracts. Automatic segmentation of the image tractography may then occur in block 130. As

discussed above, the system may include a workstation or processor system 40 that may include
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the processor module 48. The processor module 48 may be in communication with the memory
52. The memory 52 may include the accessed image data 108 and the classification system that
may be recalled in block 120.

[0040] The processor module 48 executes or evaluates the accessed data from block 108
with the trained classification system to the brain tractography to automatically segment fiber
tracts, such as neural tracts or neural fibers, in the image tractography in block 130. Automatic
segmentation may occur by applying the classification system to the selected image tractography.
The automatic segmentation applies the classification parameters to the selected tractography
and, therefore, may generate or determine a selected image segmentation (including a whole or
subset segmentation). In various embodiments, the automatic segmentation may identify
selected features, such as of a region of interest (ROI) (e.g. possible start and ending regions) or
other brain areas that the tract passes or doesn’t pass through and use those to classify the fibers.
In classifying tracts, the classification system may identify the given fiber tract which may be or is
a neuronal tract, i.e. anatomical feature tract. The anatomical feature may be preselected by a
user, such as the user 78, or may be identified by a system such that all possible tracts are
segmented and identified.

[0041] The automatic segmentation in bock 130 may be performed by evaluating the
selected image tractography with the processor module 48 by executing the instructions and the
recalled classification system. The automatic segmentation therefore may determine or identify
segmented fiber tracts may be output in block 140. Outputting the segmented fiber tracts in
block 140 may include outputting all fiber tracts that have a selected confidence interval to be
identified as a selected tract based upon the classification system recalled in block 120. The output
in block 140 may include only those tracts selected to be identified by a user 78, or other
appropriate system, and/or may include identification and output of all possible tracts from the
classification system 120. Accordingly, the classification system 120 may be trained to identify a
plurality of tracts (e.g. CST, optical, auditory, etc.) and all trained tracts may be segmented and
output in block 140. Therefore, the output 140 may include all tracts which the system is trained
and/or only selected tracts based upon a selection of the user 78 or other appropriate selection.

[0042] The method 100 may then end in block 150. Ending in block 150, the selected
procedure 100 may allow for further analysis for procedures to occur. As discussed above, the
selected segmented (i.e. identified) tracts may be used for selected procedures, such as tumor

resection, implant positioning, or other appropriate determinations. Therefore, after or in the
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ending block 150, the user 78 may identify a specific location or tracts relative or near a tumor
for resection of the tumor. Further, the user 78 may identify tracts relative to a tumor or other
physiological anomaly that may affect (e.g. move) the tract, in the subject 24, from generally
known or identified tracts to assist in positioning an implant in the subject 24, or the like.

[0043] In various embodiments, the output segmented fiber tracts in block 140 may be
displayed on the display device 36, such as relative to an image of the subject 24 (e.g. a 3D MRI
of the subject 24) to assist in a procedure. As discussed above, the image 32 may be registered
to the subject 24. Accordingly, the output segmented fiber tracts from block 140 may be
superimposed on the image 32 to assist in performing a procedure on the subject 24. The icon
or graphical representation 94 of the instrument 76 may, therefore, also be displayed relative to
the output segmented fiber tracts from block 140. It is understood that the output segment fiber
tracts may also be displayed as a graphical representation superimposed on the image generated
from the image data of the subject 24 and displayed as the image 32.

[0044] The method 100, therefore, may be used to automatically segment given fiber
tracts, such as in a brain of the subject 24. The segmented fiber tracts may be used to assist in a
procedure, such as in the end block 150. The procedure may be a navigated procedure to for
implantation of a lead (e.g. deep brain stimulation lead), a resection of a tumor, etc. The
automatic segmentation may be performed by the processor module 48 by evaluating the image
tractography with the recalled classification system.

[0045] Turning reference to Fig. 4, and with continuing reference to Fig. 1 and Fig. 2, a
process for identifying or segmenting neuronal fiber tracts is illustrated in method 200. The
method 200 may include additional features, in addition to those discussed above in relation to
the method 100, and/or may include steps or processes similar or identical to those discussed
above. Accordingly, similar processes will be included with the similar or same reference numerals,
augmented by a prime () and will not be discussed in detail here. It is understood that the
processes so identified may be identical to those discussed above and/or may be similar and
include slight noted augmentations related to the specific method illustrated in the process 200.

[0046] Initially, the method 200 may begin in start block 204, which is similar to the start
block 104, as discussed above. The method 200 may then proceed to access and/or recall
diffusion weighted gradient images in block 108'. The accessed or recalled diffusion weighted
gradient images may be similar to those discussed above in block 108. The diffusion weight

images may then have selected tractographies determined in block 112". The selected image
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tractography may be similar to the image tractography in block 112, as discussed above. Further,
the image tractography may then be output in block 116'. Again, the output of the selected image
tractography may be similar to the image output in block 116, as discussed above.

[0047] The process of accessing or recalling diffusion weighted images in block 108,
image tractography in block 112', and an output of image tractography in block 116" may be
similar to that as discussed above. Therefore, the details thereof will not be repeated here and
may be referred to above.

[0048] The process 200, however, may further include additional and/or alternative
processes, including generating a noisy diffusion tractography based on the selected
tractography form block 112'. The noisy tractography may be generated with various additional
inputs, as discussed herein. The noisy diffusion tractography, therefore, may include and/or be
the result of a selected tractography algorithm that identifies the possible tracts due to the
diffusion weight information collected in the image data accessed in block 108"

[0049] The method 200 may also include a second or secondary input path or portion
220. The sub-process, in various embodiments, may be an input with the accessed diffusion
weighted gradient images in block 108'. The secondary input may assist in identifying regions of
interest (ROIs) within the at least selected portions, including the, image, such as within the brain.
The input sub-process 220 may include MR images (which may include FA images) may be
accessed in block 224. The MR images accessed in block 224 may be images that are acquired
with the diffusion weighted gradient images in block 108". As is understood by one skilled in the
art, the diffusion weighted gradient images may be acquired as a process of acquiring images
with an MRI system. Accordingly the MR images may be acquired substantially simultaneously
with the diffusion weighted gradient images accessed in block 108"

[0050] The sub-process 220 may further include a machine learning system, such as an
artificial neural network (ANN) which may include a convolutional neural network (ANN e.g. CNN),
that is trained may be recalled in block 226. The trained ANN may be trained with appropriate
image data, such as a training set of image data of the same region or portion imaged in the
accessed MR images in block 224. For example, the ANN may be trained with classified or
identified regions, such as ROIs that may be within the access MR image. Various ROIs may
include anatomical or feature regions or constructs that relate to beginning and ending regions
of known or identified given fiber neural tracts. They may also include regions that the tract is

known to pass or not pass through. Selected ROIs may include starting regions of the
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corticospinal tract in the brainstem (e.g. parts of the cerebral peduncle), ending regions of the
corticospinal tract in the pre-central and post-central gyrus.

[0051] The trained ANN, therefore, that is trained on prior image data, may be stored with
appropriate weights for various neurons in the ANN for identifying ROI's in new images. For
example, the accessed MR images in block 224 may be of the subject 24. The trained ANN may
be used, therefore, to identify ROI's in the accessed MR images from block 224 in block 230. The
application or identification of ROI's in the MR images in block 230 may assist in identifying ROI's
of beginning and ending regions of neuronal tracts. The identified ROI's may assist in identifying
given or selected neuronal tracts to assist in segmenting neuronal tracts in the method 200.
Output of segmented brain regions or ROI's may be made in block 240. The output segmented
brain regions may include starting or ending ROI's, such as identified in a training image data for
the CNN, or any appropriate brain regions. They may also include regions that the tract is known
to pass or not pass through. Other appropriate brain regions may include selected anatomical
or physiological brain regions such as the pre-central and post-central gyrus, cerebral peduncle,
primary visual cortex, lateral geniculate nucleus.

[0052]

[0053] As discussed above, in method 100, a classification system may be used to
automatically identify, also referred to as classify, tracts (e.g. neuronal tracts) from diffusion
weighted gradient images. Accordingly, the method 200 may also recall a trained classification
system in block 120". The recalled trained classification system may be similar to that discussed
above in the recalled training classification system in block 120 in method 100, but it may have
inputs from sub-process 220.

[0054] The sub-process 220 may also or alternatively be an input to the or with the
recalled trained classification system in block 120". Thus, the sub-process 220 may be used as an
input with the process 200. The sub-process 220 allows the segmentation to include selected
information or segmentation regarding ROls.

[0055] The recalled trained classification system may be used to automatically identify or
segment image tract in block 130. The automatic identification of the image tracts may be similar
to that discussed above in block 130. As illustrated in the method 200, the sub-process 220 may
also be a separate input for the automatic segmentation in block 130". The output segmented
regions in block 240, therefore, may also or alternatively be input to the automatic segmentation

block 130'.
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[0056] The segmentation of given neuronal tracts in block 130 may be performed
automatically by execution of the trained classification system recalled in block 120'. The
identification of or segmentation of selected regions in the image, such as a brain, from block
240 may assist or provide beginning and ending points of neuronal tracts, or other appropriate
regions in the image. The other image regions may assist in the classification system in identifying
and classifying the neural tracts. As discussed above, the neuronal tracts may be identified given
various characteristics, and selected beginning and ending regions (or other regions that tract
passes or does not pass through) may assist in identifying the neuronal tracts as the fiber tracts
in the images.. Nevertheless, the identification of selected regions in the image and segmentation
thereof, may assist in the identification and segmentation of the given neuronal tracts in block
130"

[0057]  Thus, the method 200 may include various alternative or additional processes. For
example, the method 200 may automatically segment in block 130" with the input from the sub-
process 220 that identifies the ROIs in the image.

[0058] The segmented neuronal tracts may then be output in block 140’, similar to the
output in block 140, as discussed above. The process 200 may then end in block 150’, also similar
to the end in block 150 above. Accordingly, the output of the segmented neuronal tracts may
include any appropriate output and the ending of the process 200 may include various additional
or separate procedures, as discussed above. Nevertheless, the method 200, that again may be
executed with the processor module 48, as discussed above, may include segmentation of
selected image regions and the output thereof in block 240 from the sent process or input 220
to assist in identification, automatically, of neuronal tracts in the accessed diffusion weighted
images from block 108"

[0059]  Turning reference to Fig. 5 and with continued reference to Figs. 1 and 2, a method
and process 300 for segmenting fiber tracts is discussed. The method 300 may include various
portions or features that are similar to the portions and features discussed above in the methods
100 and 200. Like blocks will be identified with similar numerals augmented with a double prime
(") and will not be discussed in detail here again. Accordingly, the method 300 may be used to
segment, including identifying, given neuronal tracts.

[0060] Initially the method 300, similar to the method 100 and the method 200, discussed
above, may be executed by an instruction in a selected algorithm or program by a selected

processor, such as the processor module 48. Accordingly, it is understood that the method 300

13



10

15

20

25

30

WO 2021/222501 PCT/US2021/029798

may be performed by the workstation or processor system 40. The method 300 may be included
in an algorithm that may be performed or carried out by a processor to assist and/or efficiently
carry out a selected procedure, as discussed further herein.

[0061] Accordingly, the method 300 may begin in start block 304. Starting in block 304
may be similar to that as discussed above, such as in block 104. Accordingly various operations
may be used to begin the process 300. After starting in block 304, a recall or accessing of diffusion
weighted gradient image data may be made in block 108". After accessing the recalled diffusion
weighted images a tractography of the image may be made in the block 112". The image
tractography may be similar to the entire image tractography as discussed above in blocks 112
and 112". The image tractography may then be output as an image (e.g. brain) tractography in
block 116".

[0062] The process 300, however, may further include additional and/or alternative
processes, including generating a noisy diffusion tractography based on the selected
tractography from block 112". The noisy tractography may be generated with various additional
inputs, as discussed herein. The noisy diffusion tractography, therefore, may include and/or be
the result of a selected tractography algorithm that identifies the possible tracts due to the
diffusion weight information collected in the image data accessed in block 108". .

[0063] As also discussed above in the method 200, the selected sub-method or process
220" may be used to assist in identifying various ROI's in the image. The sub-process 220" may
be similar to that as discussed above, and will be briefly recited here. Accordingly, MR images
may be accessed or recalled in block 224", A recalled trained ANN may be made in block 226", as
discussed above for block 226. The trained ANN may be similar to that discussed above in block
226 and, therefore, may be trained with selected images to identify various ROI's in an image.

[0064] The trained CNN may be applied to evaluate the accessed images in block 230"
Thereafter, output segmented regions, such as selected ROI's including beginning and endings
of selected fiber tracts, may be made in block 240". The output segmented ROI's may then be
input to the noisy diffusion in 210" to assist in identifying selected regions for classification or
identifying specific or given neuronal tracts in an image.

[0065] The method 300 may include recalling a trained machine learning system, such as
one or more artificial neural networks (ANN) (e.g. a generative adversarial network) in block 320.
The trained machine learning system may include an artificial neural network that is trained to

segment tract for given neuronal tracts in an image tractography. The trained machine learning
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system may be trained in any appropriate manner, and include appropriate weights to adjust
input to an activation function to provide an appropriate output. Generally, the weights may be
applied to various inputs used to calculate an activation function. Upon the appropriate value,
the activation function is activated to provide an output for assisting and determining a selected
feature. The trained machine learning system may, therefore, be trained on selected inputs, such
as inputs of identified tracts. The identified tracts may be identified by a selected user, such as a
neurosurgeon, that identified tracts in a training data. The machine learning system may then be
trained on the training data and then saved to be applied to additional input data, including the
accessed images in the entire or image tractography, as discussed above. It is understood,
however, that various machine learning systems may include semi- or un-supervised methods.

[0066] Accordingly, after recalling the trained machine learning system in block 320,
automatic segmentation of the given fiber neuronal tracts may be made in block 330. The
automatic segmentation in block 330 uses the trained machine learning system to identify the
specific or given tracts in the image. The automatic segmentation in block 330 may, again, be
performed by the processor module 48 that includes executing instructions of the recalled trained
ML from block 320 and other selected inputs.

[0067]

[0068] Also, the sub-process 220" may optionally provide an input with the trained
machine learning system in block 320 for the automatic segmentation 330. In other words, the
segmented ROI's output in block 240" may or may not be in put for the selected segmentation
of the image tractography from block 116" automatic segmentation in block 330. Thus, the
automatic segmentation may or may not be made with the assistance of the segmented ROl from
the sub-process 220".

[0069]  After the automatic segmentation in block 320, the automatically segmented fiber
tracts for given neuronal tracts may be output in block 140". The output may be similar to that
discussed above in blocks 140, 140'. Thereafter, the method 300 may end in block 150". Again, as
discussed above, the ending of the process 300 in block 150" may lead to various additional
procedures or processes, such as using the segmented neuronal tracts for a selected procedure,
such as a resection of a tumor, implantation of a lead, or other appropriate procedure.

[0070] The various methods, including method 100, method 200, and method 300, as
discussed above, include general features that may be included in an algorithm to segment fiber

tracts in a selected image data set. As discussed above, the methods may include various features
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or processes that may be carried out by a selected system, such as the processor module 48,
when performing the selected method. With reference to Figs. 3-5, therefore, and with additional
reference to Figs. 6A, an algorithm or method 500 is illustrated for assisting in training a system
for automatic segmentation, as discussed above. . The method 500 may be incorporated into the
processes discussed above, including the methods 200, 300, and 400 to generate or allow for
segmentation of given fiber tracts according to the selected methods, as discussed above. In
various embodiments, one or more of the processes of the method 500 may be included in the
methods 100, 200, 300 discussed above.

[0071]  Generally, therefore, the method 500 may include accessing diffusion gradient
images in block 510. The accessed gradient diffusion images in block 510 may be similar to those
as discussed above. The accessed gradient diffusion images may then be processed to determine
a tractography in the block 514 in the accessed image 510. The tractography processing in block
514, may also be similar to that as discussed above, including various tractography algorithms to
identify tracts or possible tracts within the images accessed in block 510. Selected specific fibers
may be identified in a tractography, according to the method 500, in line with the methods 200-
400, as discussed above.

[0072] In the method 500, various processing may occur to the tractography processed
image data may be output and/or accessed after or from the tractography processing in block
514. For example, a directionally encoded collar (DEC) fractional anisotropy (FA) map may be
generated accessed in block 520. The DEC/FA image may include one that is identified based
upon the accessed image data according to generally known techniques. In addition, a BO mask
image in block 524 and a BO image in block 528 may be accessed and applied to the tractography
processing. The BO mask and image may include images with no diffusion information included
therein. Further, a selected image (e.g. brain) tractography, which may include a whole brain
tractography (WBT) in block 532 may also output from the tractography processing.

[0073] The tractography outputs may be, optionally, registered to one or reference
images in block 536. If registered, the registered image may also transformed with the DEC/FA.
The registration to the reference space may include appropriate scaling and spatial
transformation in block 536. The registration to the reference space may allow for a determination
of a position or various feature of the identified image tractography.

[0074] A creation or determination of negative tracts may be made in block 540. Negative

tracts are those fibers in the image tractography that are not part of the neuronal tracts that the
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system is trained to classify/segment. Positive tracts are those fibers belonging to the neuronal
tracts that the system is trained to classify/segment, and they are created by a trained expert (e.g.
a neuroradiologist). The creation of the negative tracts at 540 may be generated or created, such
as by filtering tracts farthest in distance and most different in shape from the positive tracts.
Various additional processing may occur, such as the negative tracts and positive tracts may also
then be augmented in block 546. Augmentation may include random rotation, scaling,
translation, and the addition of a Gaussian and other types of noise to the fiber and image
features.

[0075] The tracts in the data, as discussed above, may then be analyzed and processed
for training of selected segmentation methods of the given tracts. The segmentation training
may occur according to various techniques, which may occur in tandem or separately. Thus,
training may occur at least two paths, together or alternatively, to train selected systems.

[0076] In various embodiments, a classification system may be trained, thus, path 564
may be followed to compute various features of each line in block 560. The features can include
various determinations or analyses of the various tracts, which may also be referred to as lines,
for further segmentation and identification into fiber tracts as discussed above, and further herein.
For example a number of points and location of points along the tract line may be determined.
Vectors of each line segment between points may be determined, such as relative to each other
and from each of the respective points. Fractional anisotropy (FA) values may be determined or
calculated for each point. Also directionally encoded color information may be calculated or
determined for each point. Curvature at each point, such as to each of the adjacent points, may
also be calculated along each of the tracts. In various embodiments, an atlas may also be
identified or accessed, such as a generally known brain atlas image or model and comparison to
the structure of the identified tracts may be made. Appropriate brain atlases may include those
included in the open-source application Freesurfer, or FSL (created by the FMRIB group in Oxford,
UK). Further computations may include a length of a tract between a starting region or a point
and/or an end region or point. Accordingly, an entire length of a tract may be measured or
computed for each of the tracts in the image.

[0077] Inputregarding a region of interest sub-process 580 may also be made. The region
of interest sub-process 580 may be similar to the region of interest sub-process 220, as discussed
above. Accordingly, accessing of anatomical image data in block 584 may be made and a

recognition of various regions, such as starting and ending regions, anatomical features or
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structures, or the like may be made in block 588. The recognition of the various features may
include the application of a machine learning system, such as that discussed above, including a
CNN. The CNN may be trained with various data and the trained CNN may be used to identify
structures or regions in accessed image data, such as the image data accessed in block 584.
Nevertheless, the ROl sub-process 580 may be used to identify ROI to assist in a determination
or segmentation of selected neuronal fibers. The input from the sub-process 580 may be included
and/or augment the computed features in block 560.

[0078]  The sub-process 580 may also access or compare to selected fiber tract atlases in
block 592. Atlases may include models of fiber tracts that may be used to analyze or process
tracts in the segmentation of block 514. Thus, the sub-processes 580 may utilize selected atlases
of fiber tracts.

[0079] In the classification system training, a classification system for training may be
recalled or generated in block 610. The training classification system may include appropriate
classification systems, such as those discussed above including a random force or other
appropriate classification system.

[0080] During training, or any selected time, the classification system may be used to
classify and segment appropriate or given neuronal fibers in the accessed diffusion gradient
image data in block 510. The segmentation may be performed automatically, as discussed above.
The tractography may, therefore, be classified in block 620 with the recalled classification system.
The classification may be similar to that as discussed above, based upon the trained classification
systems.

[0081] After the classification or segmentation of the fiber tracts, the classified or
segmented fiber tracts belonging to given neuronal tracts may be output in block 630. The output
may be any appropriate output, including those discussed above. The output may include a
display of the segmented neuronal tract, saving of the segmented neuronal tracts for additional
analysis, or other appropriate outputs.

[0082] In various embodiments, a second or alternative path 634 may be followed. The
path 634 directs to training a machine learning system for segmentation in block 636. The
machine learning system may include an artificial neural network, such as a convolution neural
network. The ML training in block 636 may be performed with the input for the tractography in
block 514 and may include the optional reference image registration. In various additional or

alternative embodiments, the training the ML may also include the computed features from block
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560. Thus, the training the ML in block 636 may include selected inputs, as discussed above. The
training of the ML may also, therefore, lead to segmentation of fiber tracts in block 620.

[0083] The method 500 may then output and/or save the trained system in block 634. In
various embodiments, the output may be updated or validated such as increasing training data
and/or outputs may be confirmed or checked for training progress. Thus, the trained systems
may be saved or stored at a selected time and/or when the systems are appropriate trained in
block 634.

[0084] The method 500 may end in block 640. The ending of the process 500 may be
similar to the ending of the processes 200-400, as discussed above. Accordingly, the output from
block 630 may be used to assist in identifying appropriate fiber tracts in a selected subject, such
as the subject 24. The segmented fiber tracts may be used to assist in various procedures, such
as a resection of a tumor, implantation of a device, or other appropriate procedures. Accordingly,
the output 630 may be used to assist in performing a procedure and/or planning a procedure on
a selected subject, such as a human subject for a selected procedure.

[0085] The method 500 may be a training process to train selected systems, such as a
classification or machine learning system for segmentation of fiber tracts. The training system
may then be used at a selected time to segment fiber tracts, such as according to methods as
discussed above. Generally, with reference to Fig. 6B, a method 700 may be used to segment the
data to segment fiber tracts.

[0086] The segmentation method 700, may be similar to the training method 500, and
similar or identical blocks will use the same reference number augmented with a prime (). The
segmentation method 700, however, may include or utilize the trained systems to segment fiber
tracts, as discussed above. Therefore, the method 700 may include accessing diffusion gradient
images in block 510'. The accessed gradient diffusion images in block 510" may be similar to those
as discussed above. The accessed gradient diffusion images may then be processed to determine
a tractography in the block 514" in the accessed image 510". The tractography processing in block
514', may also be similar to that as discussed above, including various tractography algorithms to
identify tracts or possible tracts within the images accessed in block 510'. Selected specific fibers
may be identified in a tractography, according to the method 700, in line with the methods 200-
400, as discussed above.

[0087] In the method 700, various processing may occur to the tractography processed

image data may be output and/or accessed after or from the tractography processing in block
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514'. For example, a directionally encoded collar (DEC) fractional anisotropy (FA) map may be
generated accessed in block 520'. The DEC/FA image may include one that is identified based
upon the accessed image data according to generally known techniques. In addition, a BO mask
image in block 524" and a BO image in block 528" may be accessed and applied to the tractography
processing. The BO mask and image may include images with no diffusion information included
therein. Further, a selected image (e.g. brain) tractography, which may include a whole brain
tractography (WBT) in block 532" may also output from the tractography processing.

[0088] The tractography outputs may be, optionally, registered to one or reference
images in block 536'. If registered, the registered image may also transformed with the DEC/FA.
The registration to the reference space may include appropriate scaling and spatial
transformation in block 536. The registration to the reference space may allow for a
determination of a position or various feature of the identified image tractography.

[0089] In various embodiments, a classification system may be used to segment the fiber
tracts, thus, path 564’ may be followed to compute various features of each line in block 560'. The
features can include various determinations or analyses of the various tracts, which may also be
referred to as lines, for further segmentation and identification into fiber tracts as discussed
above, and further herein. For example a number of points and location of points along the tract
line may be determined. Vectors of each line segment between points may be determined, such
as relative to each other and from each of the respective points. Fractional anisotropy (FA) values
may be determined or calculated for each point. Also directionally encoded color information
may be calculated or determined for each point. Curvature at each point, such as to each of the
adjacent points, may also be calculated along each of the tracts. In various embodiments, an atlas
may also be identified or accessed, such as a generally known brain atlas image or model and
comparison to the structure of the identified tracts may be made. Appropriate brain atlases may
include those included in the open-source application Freesurfer, or FSL (created by the FMRIB
group in Oxford, UK). Further computations may include a length of a tract between a starting
region or a point and/or an end region or point. Accordingly, an entire length of a tract may be
measured or computed for each of the tracts in the image.

[0090] Input regarding a region of interest sub-process 580" may also be made. The
region of interest sub-process 580" may be similar to the region of interest sub-process 220, as
discussed above. Accordingly, accessing of anatomical image data in block 584" may be made

and a recognition of various regions, such as starting and ending regions, anatomical features or
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structures, or the like may be made in block 588'. The recognition of the various features may
include the application of a machine learning system, such as that discussed above, including a
CNN. The CNN may be trained with various data and the trained CNN may be used to identify
structures or regions in accessed image data, such as the image data accessed in block 584"
Nevertheless, the ROI sub-process 580" may be used to identify ROI to assist in a determination
or segmentation of selected neuronal fibers. The input from the sub-process 580" may be included
and/or augment the computed features in block 560'.

[0091] The sub-process 580" may also access or compare to selected fiber tract atlases in
block 592'. Atlases may include models of fiber tracts that may be used to analyze or process
tracts in the segmentation of block 514'. Thus, the sub-processes 580" may utilize selected atlases
of fiber tracts.

[0092] In the classification system, a trained classification system may be recalled in block
610'". The trained classification system may include appropriate classification systems, such as
those discussed above including a random force or other appropriate classification system.

[0093] The trained classification system may be used to classify and segment appropriate
or given neuronal fibers in the accessed diffusion gradient image data in block 510. The
segmentation may be performed automatically, as discussed above. The tractography may,
therefore, be classified in block 620" with the recalled classification system. The classification may
be similar to that as discussed above, based upon the trained classification systems.

[0094]  After the classification or segmentation of the fiber tracts, the classified or
segmented fiber tracts belonging to given neuronal tracts may be output in block 630'. The
output may be any appropriate output, including those discussed above. The output may include
a display of the segmented neuronal tract, saving of the segmented neuronal tracts for additional
analysis, or other appropriate outputs.

[0095] In various embodiments, a second or alternative path 634" may be followed. The
path 634’ directs to a trained machine learning system for segmentation in block 636". The
machine learning system may include an artificial neural network, such as a convolution neural
network. The ML training in block 636" may be performed with the input for the tractography in
block 514" and may include the optional reference image registration. In various additional or
alternative embodiments, the training the ML may also include the computed features from block
560'". Thus, the training the ML in block 636" may include selected inputs, as discussed above. The

training of the ML may also, therefore, lead to segmentation of fiber tracts in block 620'.
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[0096] The method 700 may also provide output in block630'. The output from block 630’
may be used to assist in identifying appropriate fiber tracts in a selected subject, such as the
subject 24. The segmented fiber tracts may be used to assist in various procedures, such as a
resection of a tumor, implantation of a device, or other appropriate procedures. In various
embodiments, an instrument may be navigated in the relative to the fiber tracts. Also, ablation
planning and tracking may be performed. Accordingly, the output 630 may be used to assist in
performing a procedure and/or planning a procedure on a selected subject, such as a human
subject for a selected procedure. The process 700 may also then end in block 640’, similar to the
ending of the processes 200-400, as discussed above.

[0097] Inlight of the above, a selected system may automatically segment appropriate or
given fiber tracts in an accessed diffusion gradient image data. In various embodiments, the data
may be data relating to nerves or nerve bundles (e.g. brain data) and, therefore, the tracts may
also be referred to as fiber neuronal tracts in a brain image. The automatic segmentation may be
performed by a selected processor module to identify fiber tracts within a selected subject. The
identifiable fiber tracts may include any appropriate fiber tracts such as optic radiations, an
arcuate fasciculus (AF), a superior longitudinal fasciculus (SLF), a corticospinal tract (CST), frontal
aslant tract (FAT), a fornix tract, a dentato rubro thalamic tract (DRT), or any other appropriate
tracts. Nevertheless, the automatic segmentation may allow for minimal or no user intervention
and identify relevant fiber tracts in a subject.

[0098] Example embodiments are provided so that this disclosure will be thorough, and
will fully convey the scope to those who are skilled in the art. Numerous specific details are set
forth such as examples of specific components, devices, and methods, to provide a thorough
understanding of embodiments of the present disclosure. It will be apparent to those skilled in
the art that specific details need not be employed, that example embodiments may be embodied
in many different forms and that neither should be construed to limit the scope of the disclosure.
In some example embodiments, well-known processes, well-known device structures, and well-
known technologies are not described in detail.

[0099] In one or more examples, the described techniques may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software, the
functions may be stored as one or more instructions or code on a computer-readable medium
and executed by a hardware-based processing unit. Computer-readable media may include non-

transitory computer-readable media, which corresponds to a tangible medium such as data
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storage media (e.g., RAM, ROM, EEPROM, flash memory, or any other medium that can be used
to store desired program code in the form of instructions or data structures and that can be
accessed by a computer).

[0100] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, graphic processing units
(GPUs), application specific integrated circuits (ASICs), field programmable logic arrays (FPGAs),
or other equivalent integrated or discrete logic circuitry. Accordingly, the term “processor” as
used herein may refer to any of the foregoing structure or any other physical structure suitable
forimplementation of the described techniques. Also, the techniques could be fully implemented
in one or more circuits or logic elements.

[0101] The foregoing description of the embodiments has been provided for purposes of
illustration and description. It is not intended to be exhaustive or to limit the disclosure. Individual
elements or features of a particular embodiment are generally not limited to that particular
embodiment, but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be varied in many
ways. Such variations are not to be regarded as a departure from the disclosure, and all such
modifications are intended to be included within the scope of the disclosure.

[0102] It should be understood that various aspects disclosed herein may be combined
in different combinations than the combinations specifically presented in the description and
accompanying drawings. It should also be understood that, depending on the example, certain
acts or events of any of the processes or methods described herein may be performed in a
different sequence, may be added, merged, or left out altogether (e.g., all described acts or events
may not be necessary to carry out the techniques). In addition, while certain aspects of this
disclosure are described as being performed by a single module or unit for purposes of clarity, it
should be understood that the techniques of this disclosure may be performed by a combination

of units or modules associated with, for example, a medical device.
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CLAIMS

What is claimed is:
1. A method to segment given neuronal tracts in an image, comprising:

accessing selected data;

evaluating the accessed selected data based on a first criteria to determine a image
tractography including a plurality of tracts;

recalling a trained classification system;

evaluating at least a sub-plurality of tracts of the plurality of tracts;

classifying the evaluated at least sub-plurality of tracts;

determining whether at least one of the evaluated sub-plurality of tracts is a given fiber
tract; and

outputting the given fiber neuronal tract when at least one of the evaluated plurality of

tracts is determined to be the given fiber neuronal tract.

2. The method of Claim 1, wherein the accessed selected data includes diffusion weighted

gradient images.

3. The method of Claim 2, wherein evaluating the accessed selected data based on the first
criteria to determine the image tractography including the plurality of tracts includes:
determining an anisotropy of water within the selected data; and

determining tracts through the image based on the determined anisotropy.

4. The method of any one of Claims 1 to 3, further comprising:
comparing the determined image tractography including the plurality of tracts to an atlas

of fiber neuronal tracts.

5. The method of any one of Claims 1 to 4, wherein evaluating all of the sub-plurality of
tracts includes at least one of:

determining points along each tract of the sub-plurality of tracts;

evaluating a fractional anisotropy at each point of the determined points;

evaluating a diffusion-encoded-color at each point of the determined points;
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determine a distance from a starting region of each tract to an ending region of each tract;
and

determine a curvature of the tract at each point of the determined points.

6. The method of Claim 5, wherein classifying the evaluated at least the sub-plurality of tracts
includes classifying the sub-plurality of tracts per a random forest classification system trained
with classification criteria for the given fiber neuronal tract; and

wherein determining whether at least one of the evaluated sub-plurality of tracts is the
given fiber neuronal tract includes determining whether at least one of the evaluated sub-plurality

of tracts is classified as the given fiber neuronal tract.

7. The method of Claim 6, wherein the given fiber neuronal tract includes at least one brain

fiber neuronal tract.

8. The method of Claim 6, wherein evaluating at least a sub-plurality of tracts of the plurality

of tracts includes evaluating all of the plurality of tracts.

9. The method of any one of Claims 1 to 8, wherein outputting the given fiber neuronal tract
when at least one of the evaluated plurality of tracts is determined to be a given fiber neuronal

tract includes displaying the given fiber neuronal tract with a display device.

10. The method of Claim 9, further comprising:

identifying the given fiber neuronal tract.

11. The method of any one of Claims 1 to 10, further comprising:
executing instructions with a processor system to automatically:
classify the evaluated at least the sub-plurality of tracts; and
determine whether at least one of the evaluated sub-plurality of tracts is the given

fiber neuronal tract.

12. The method of Claim 11, further comprising:

acquiring diffusion weighted gradient images.
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13. The method of any one of Claims 1 to 12, wherein the given fiber neuronal tract is at least
one of a cortico-spinal tract, an optical tract, a frontal aslant tract, a dentato rubro thalamic tract,

a fornix tract, or combinations thereof.

14. A system configured to segment given neuronal tracts in an image of a subject,
comprising:
a processor system configured to execute instructions to:

access selected data of a subject;

evaluate the accessed selected data based on a first criteria to determine a image
tractography including a plurality of tracts;

recall a trained classification system;

evaluate at least a sub-plurality of tracts of the plurality of tracts;

classify the evaluated at least the sub-plurality of tracts;

determine whether at least one of the evaluated sub-plurality of tracts is a given
fiber tract; and

output the given neuronal tract when at least one of the evaluated plurality of

tracts is determined to be a given neuronal tract.

15. The system of Claim 14, further comprising:

a memory system configured to store the instructions.

16. The system of any one of Claims 14 or 15, further comprising:
a display device configured to display an image of the subject and the outputted given

neuronal tract.
17. The system of any one of Claims 14 to 16, further comprising:

an imaging system configured to acquire diffusion weighted gradient images of the

subject.
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18. The system of any one of Claims 14 to 17, further comprising:
a navigation system including a tracking system and a tracking device;
wherein an instrument is operable to be navigated relative to the output the given

neuronal tract within the navigation system.
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