CLAIMS

What is claimed is:
L. A method for collecting and processing physical space data for use while perfo
image-guided surgical (IGS) procedure, the method comprising:
performing a rigid alignment of a computer model of a non-rigid strucgfre of interest in a
patient and surface data in a patient space associated with at least a portiop/of said non-rigid
structure; and
computing adeformation of the computer model that provifes a non-rigid alignment of
said computer model and surface data, said deformation compfited using a set of boundary
conditions defined for each node of said computer model fAaid boundary conditions based on
said rigid alignment and a kemel function.
2. The method of claim 1, wherein said gomputing further comprises:
calculating a set of spatial differegCe values between the surface data and corresponding
portions of the computer model basegfon said correspondence function;
computing the boundary ghnditions based on the set of spatial difference vélues and said
kernel function;
generating volumpftric deformation displacement vector values for said computer model
based on the bound . conditions;
/ an updated computer model based on the volumetric step values;
updaing the correspondence function based on the update computer model;

calculating the spatial difference values based on the updated correspondence function;

repeating the computing, generating, adjusting, and updating steps if the set of spatial
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difference values fail to meet a convergence criteria; and

outputting the updated computer model.

3. The method of claim 1, further comprising selecting said convergence criteyfa to be at
least one of a minimum threshold value for the set of spatial difference values, £ minimum
difference value between the set of spatial difference values before said upglating and the set of
spatial difference values after said updating, and a pre-defined numberdf iterations.
4, The method of claim 1, further comprising displaying géta for facilitating said IGS
procedure based on said deformation, and wherein said digflaying further comprises generating a
display of preoperative image data associated with saig/fcomputer model, wherein the
preoperative image data is modified to correspondfo said deformation.
5. The method of claim 4, wherein sajfl displaying further comprises:
receiving image data associateg/with said computer model and a location of an object in
said patient space;
transforming said conpfuter model into said patient space based on said rigid alignment
and said deformation;
computing revfrse deformation displacement vector field values for each node of said
computer model;
ing an envelope of additional reverse deformation vector field values for a portion

of said pgfent space surrounding said deformed }:01nputed model;

transforming said location into a computer model space of said computer model based on
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said rigid alignment and said reverse deformation displacement vector field values; and

calculating coordinates in an image space of said image data for said transformed

location of said instrument.

6. The method of claim 5, further comprising:
displaying said image data without deformation; and
displaying indicia of said object location in said image space bgfed on said calculated

coordinates in said image space.

7. The method of claim 4, wherein said displaying fugfher comprises:
receiving image data associated with said comgfiter model and at least one location of
interest in an image space of said image data;
transforming said location into a compyfier model space of said computer model;

calculating coordinates in said patight space for said transformed location of interest.

8. A system for collecting ang/processing physical space data for use while performing an
image-guided surgical (1GS) gfocedure, the system comprising:
a storage medium Jhr storing a computer model of a non-rigid structure of interest in a

patient and surface dajyf in a patient space associated with at least a portion of said non-rigid

structure; and

a procghsing element communicatively coupled to said storage medium, wherein said

processingfelement is configured for:

obtaining a rigid alignment of the computer model and the surface data, and
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computing a deformation of the computer model that provides a non-rigid
alignment of said computer model and surface data, said deformation computed usjfg a
set of boundary conditions defined for each node of said computer model, said foundary
conditions based on said rigid alignment and a kernel function;

9. The system of claim 8, wherein said processing element is further gfnfigured during said

computing for:
calculating a set of spatial difference values between the sipface data and corresponding
portions of the computer model based on said correspondence finction,

computing the boundary conditions based on the sgfof spatial difference values and said
kernel function,

generating volumetric deformation displacginent vector values for said computer model
based on the boundary conditions,

generating an updated computer myfdel based on the volumetric step values,

updating the correspondence fiffiction based on the update computer model,

recalculating the spatial difference values based on the updated correspondence function,
repeating the computi ., generating, adjusting, and updating steps if the set of spatial
difference values fail to myfet a convergence criteria, and

outputting the Apdated computer model.

10.  The syftem of claim 8, further comprising a display device communicatively coupled to
said procgbsing element and configured for displaying data for facilitating said IGS procedure

n said deformation, and
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wherein said processing element is further configured for generating signals for said
display device to generate a display of preoperative image data associated with said comp

model, wherein the preoperative image data is modified correspond said deformation..

11. The systemn of claim 10, wherein said processing element is furtherfor selecting said
convergence criteria to be at least one of a minimum threshold value fof the set of spatial
difference values, a minimum difference value between the set of gpatial difference values before
said updating and the set of spatial difference values z&fer said_ pdating, and a pre-defined

number of iterations.

12.  The system of claim 10, wherein said procgésing lélement is further configured for:
receiving image data associated with sgfd computer model and locations of an object in
said patient space;
transforming said computer mefel into said patiel;l't space based on said rigid alignment
and said deformation;
computing reverse defgfmation displacement vector field values for each node of said
computer model;

calculating an ghvelope of additional reverse deformation vector field values for a portion

of said patient spage surrounding said deformed computed model;

calculating coordinates in an image space of said image data for said transformed
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location of said object.

13.  The system of claim 12, further comprising:
transforming additional locations in said patient space neighboring said locgfion of said
object into the computer model space based on said rigid alignment and said refferse deformation

displacement vector field values; and

calculating coordinates in an image space of said image data fofsaid transformed

additional locations.

14.  The system of claim 13, wherein said processing dg¥ice is further configured for
generating signals for said display device to display sgl image data without deformation and
indicia of at least one of said object and said additjbnal locations in said image space based on
said image space.

respective ones of said calculated coordinates 2

15. A computer-readable storage pfedium, having stored thereon a computer program for

causing a computing device to pegform any of the methods of claims 1-7
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CLAIMS

L A method for collecting and processing physical space data for use while performing an

image-guided surgical (IGS) procedure, the method comprising:

performing a rigid alignment of a computer model of a non-rigid structure of interest in a
patient and surface data in a patient space associated with at least a portion of said non-rigid

structure;

computing a deformation of the computer model that provides a non-rigid alignment of said
computer model and surface data, said deformation computed using a set of boundary conditions
defined for each node of said computer model, said boundary conditions based on said rigid

alignment and a kernel function; and

displaying data for facilitating said IGS procedure, based on said deformation, and wherein
said displaying further comprises generating a display of preoperative image data associated with
said computer model, wherein the preoperative image data is modified to correspond to said

deformation.

2. The method of claim 1, wherein said computing further comprises:

calculating a set of spatial difference values between the surface data and corresponding

portions of the computer model based on said correspondence function;

computing the boundary conditions based on the set of spatial difference values and said

kernel function;

generating volumetric deformation displacement vector values for said computer model

based on the boundary conditions;

generating an updated computer model based on the volumetric step values;

updating the correspondence function based on the update computer model;
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recalculating the spatial difference values based on the updated correspondence function;

repeating the computing, generating, adjusting, and updating steps if the set of spatial

difference values fail to meet a convergence criteria; and

outputting the updated computer model.

3. The method of claim 1, further comprising selecting said convergence criteria to be at least
one of a minimum threshold value for the set of spatial difference values, a minimum difference
value between the set of spatial difference values before said updating and the set of spatial

difference values after said updating, and a pre-defined number of iterations.

4. The method of claim 2, wherein said generating said volumetric deformation displacement
vector values further comprises accumulating said volumetric deformation displacement vector
values, and wherein said outputting further comprises outputting an accumulated displacement

vector field comprising said accumulated displacement vector field values.

5, The method of claim 3, wherein said displaying further comprises:

receiving image data associated with said computer model and a location of an object in said

patient space;

transforming said computer model into said patient space based on said rigid alignment and

said deformation;

computing reverse deformation displacement vector field values for each node of said

computer model;

calculating an envelope of additional reverse deformation vector field values for a portion of

said patient space surrounding said deformed computed model;

transforming said location into a computer model space of said computer model based on
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said rigid alignment and said reverse deformation displacement vector field values; and

calculating coordinates in an image space of said image data for said transformed location of

said instrument.

6. The method of claim 5, further comprising:

displaying said image data without deformation; and

displaying indicia of said object location in said image space based on said calculated

coordinates in said image space.

7. The method of claim 3, wherein said displaying further comprises:

receiving image data associated with said computer model and at least one location of

interest in an image space of said image data;

transforming said location into a computer model space of said computer model;

calculating coordinates in said patient space for said transformed location of interest.

8. A system for collecting and processing physical space data for use while performing an

image-guided surgical (IGS) procedure, the system comprising:

a storage medium for storing a computer model of a non-rigid structure of interestin a
patient and surface data in a patient space associated with at least a portion of said non-rigid

structure; and

a processing element communicatively coupled to said storage medium, wherein said

processing element is configured for:

obtaining a rigid alignment of the computer model and the surface data, and

computing a deformation of the computer model that provides a non-rigid
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alignment of said computer model and surface data, said deformation computed using a set
of boundary conditions defined for each node of said computer model, said boundary

conditions based on said rigid alignment and a kernel function, and

generating instructions for displaying data for facilitating said 1GS procedure, based
on said deformation, and wherein said displaying further comprises generating a display of
preoperative image data associated with said computer model, wherein the preoperative

image data is modified to correspond to said deformation.

Q. The system of claim 8, wherein said processing element is further configured during said

computing for:

calculating a set of spatial difference values between the surface data and corresponding

portions of the computer model based on said correspondence function,

computing the boundary conditions based on the set of spatial difference values and said

kernel function,

generating volumetric deformation displacement vector values for said computer model

based on the boundary conditions,

generating an updated computer model based on the volumetric step values,

updating the correspondence function based on the update computer model,

recalculating the spatial difference values based on the updated correspondence function,

repeating the computing, generating, adjusting, and updating steps if the set of spatial

difference values fail to meet a convergence criteria, and

outputting the updated computer model.
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10. The system of claim 9, wherein said processing element is further configured during-said
generating of said volumetric deformation displacement vector values for accumulating said
volumetric deformation displacement vector values, and wherein said processing-element is further
configured during said outputting for outputting an accumulated displacement vector field

comprising said accumulated displacement vector field values.

11. The system of claim 9, wherein said processing element is further for selecting said
convergence criteria to be at least one of a minimum threshold value for the set of spatial difference
vatues, a minimum difference value between the set of spatial difference values before said
updating and the set of spatial difference values after said updating, and a pre-defined number of

iterations.

12. The system of claim 9, wherein said processing element is further configured for:

receiving image data associated with said computer model and locatiens of an object in said

patient space;

transforming said computer model into said patient space based on said rigid alignment and

said deformation;

computing reverse deformation displacement vector field values for each node of said

computer model;

calculating an envelope of additional reverse deformation vector field values for a portion of

said patient space surrounding said deformed computed modei;

transforming said location into a computer model space of said computer model based on

said rigid alignment and said reverse deformation displacement vector field values; and

calculating coordinates in an image space of said image data for said transformed location of
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said object.

13. The system of claim 12, further comprising:

transforming additional locations in said patient space neighboring said location of said
object into the computer model space based on said rigid alignment and said reverse deformation

displacement vector field values; and

calculating coordinates in an image space of said image data for said transformed additional

locations.

14, The system of claim 13, wherein said processing device is further configured for generating
signals for said display device to display said image data without deformation and indicia of at least
one of said object and said additional locations in said image space based on respective ones of said

calculated coordinates in said image space.

15, A computer-readable storage medium, having stored thereon a computer program for

causing a computing device to perform any of the methods of claims 1-7.
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