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USPC - 378/205

According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

USPC: 378/205
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2011/063266 A1 (STOLKA et al.) 26 May 2011 (26.05.2011), Abstract, par [0007}, [0037], | 119, 21-22, 24-32, 56-
- [0042]-[0044], [0047], [0063]-[0064], [0058], [D080] 57, 59-66, and 72-79

Y PR
Y US 2005/0216032 A1 (HAYDEN) 29 September 2005 (28.09.2005), para [0311] 20

Y US 6,317,616 B1 (GLOSSOP) 13 November 2001 (13.11.2001), Abstract, col 2, In 40-98 23

Y US 2011/0098553 A1 (ROBBINS et al.) 28 April 2011 (28,04,2011), para [0163] 58

Y US 5,868,732 A (WALDMAN et al.) 09 February 1908 (09.02.1989), col 5, In 25 87-711

[:l Further documents are listed in the continuation of Box C.

[

*
wan

Special categories of cited documents;

document defining the generat state of the art which is not considered

to be of particular relevance

?_J?.l"]lel’ application or patent but published on or after the international
iling
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the principle or theory underlying the invention
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step when the documnent is taken alone
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consndered to involve an inventive step when the document is
d with one or other suc! such combination

bemg obvious 10 a person skilled in the art
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Date of mailing of the intemnational search report
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INTERNATIONAL SEARCH REPORT International application No.
PCTAS 12/59406

Box Ne. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the folloﬁng Teasons:

L. D Ciaims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements 0 such an
extent that no meaningful imernavonal search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observaliol;s where unity of Invendon is lacking (Continuvation ofitemn 3 of lirst sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See Continuation Sheet ’

1. D As all required additional search fecs were timely paid by the applicant, this intermational search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D A5 only some of the required addivional search fees were imely paid by the applican, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4, E No required additional search fees were timely paid by the applicant, Consequently, this international search report is

{??g}seg, ;o the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fe.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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INTERNATIONAL SEARCH REPGRT

information en patent family members International application No.

PCT/US 12/59406

Box No. Il

This application contgins the following invantions or groups of Inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions io be examined, the appropriate additional gxamination faes must be paid.

Group |- Claims 1-32 and 56-79: directed to providing visual information for use in guiding the use of an instrument relative to a body
during a procedure, comprising a body imagjng system configurad to image a bady aleng an image plane. 2 camara configured to
observe a region of imaging during operation of said imaging system, and a projector allgned with said image piane, wherein said
camera is allgned off-axis relatlve to sald image plane; wharain said projector is configured to project an Image that indicates a localion
of the image plane; wherein an image recorded by said camera is displayed on a screen, and wherein the systam is configured to
superimpose guidance information on the camera display such that intersaction of the image plane and the plane formed by the
supenmposed guidance forms a line that comaesponds o a desired trajectory of the instrument,

Grewp |- daims 33-36: directed to calibrating an imaging system, a projector, and a pair of cameras, comprising system; profacting a
pattem onto a planar target, observing the planar target by the cameras, simultaneously generating a plurality of images of the planar
target with the imaging using features on the planar target fe produce a calibration for the carmeras, using the calibration to calculate the
position of tha target plane in space, and computing the relativa position of the cameras and the imaging systern by processing the
multiple lines reprasenting the intersaction of the plurality of image planes with the target plane.

Group |lI: claim 37: directed to calibrating an imaging system with a camera systam comprising imaging a complex voluma while
simultaneously recording the valume with the camera system, generating surface models of the volume using from each of the imaging
system and the camara system, registaring said surface modasls to a computational madel of the volume, and computing the relative
pasition of the cameras and the imaging systam.

Graup IV: claim 38: directed to calibrating an imaging system with a camera systam comprising simultaneously recording the rupture of
microcapsules using said imaging system and said camera systern, registering the data from said rupture recorded by said systems,
and computing the relative pesltion of the cameras and the imaging system based on said ragistraticn.

Group V: clalm 39: directed to calibrating an imaging system, a sterao camera system, and a projector, comprising, chserving a plurality
of surfaces on which fall visible rays projected from said camera system and which intersect the optical center of the projector; using
said observations to calculate a series of points in space which can be ’

axirapolatad to compute the canter of projection.

Group VI: claim 40: directed to temporal calibration of a camera system with an imaging system comprising genarating a trigger signal
by the imaging system, and using said trigger signal to irigger camera acquisition.

Group VII: claim 41: directed to temporal calibration of a camera system and an imaging system somprising moving said camera system
and said Imaging system periedically above a targe!, and computing the temporal difference by matching the respective trajectories of
the camiera system and the imaging system.

Group VlII: claims 42-43 and 45: directed to checking the integrity of a projection guidance system for use with a body imaging system,
comprising recording the location and orientation of an instrument using a camera system, prajecting an image of the instrument over an
imaga preduced by an imaging system; and providing a discrepancy cua to the user If the observed location of the instrument differs
from the projected image of the instrument.

Group IX: claims 44-45: directed to checking the integrity of a projectlon guidance system for use with a body imaging system,
comprising actively tracking the location and orientation of an instrument using both a body imaging system and a camera assembly,
and using information from sald active tracking to provide information to the user concerning instrument location, ofentation and
trajectory.

Group X: glaim 4§; directed to optimizing use of an imaging system 1o track the location of an instrument in a body comprising using
said imaging system to detect tha location and orientation of said instrument outside of the body and using the detected location and
arientation together with the target location and orlentation to determine and project trajectory guidance to tha user.

Group X|: claims 47-49: directed to using a projector far instrument guidanca in conjunction with a' body imaging system, comprising
calculating and projecting body insertion point for the instrurment and using a region proximate to said projected body insertion point as a
target area for Inltial instrument image capture.

Group Xk cdlaims 50-55: directed to indicating the depth of penetration of an instrument in a body, comprising detecling fiducial on the

instrumen using a device selected from an imaging system, a camera system, and combinations thereof, and tracking the focation of
tha fiducial overtime.

See Continuation Sheet

Form PCT/ESA/210 (patent family annex) (July 2009)
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Box No. HI

The inventions listed as Greups 1 - XIl do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack tha same or corrasponding special technical features for the following reasons:

Group | does not distlose calibrating an imaging system, a projector, and a pair of cameras, comprising system; projecting a pattern
onto a planar target, observing the planar target by the cameras, simultaneously generating a plurality of images of the planar target with
the imaging using features on the planar target to produce a calibration for the cameras, using the calibration to calculate the position of
the target plane in space, and computing the relative position of the cameras and the Imaglng system by processing the multiple lines
reprasanting the intarsection of the plurality of image planes with the target plane as recited by Group 11; calibrating an imaging system
with a camera system comprising imaging a complex voluma while simultanecusly racording the volume with the camera systemn,
genarating surface modals of the volume using from each of the imaging system and the camera system, registaring said surface
madsls to a computational model of the volurme, and computing the relative position of the cameras and the imaging system as reciled
by Group |lI; calibrating an imaging system with a camera system comprising simultanecusly recording the rupture of microcapsules
using said imaging system and said camara system, registaring the data from said rupture recorded by said systermns, and computing the
ralativa position of the cameras and the imaging system based on said ragistration as recited by Group |V; calibrating an Imaging
system, a stereo camera system, and a projector, comprising, cbserving a plurality of surfaces on which fall visible rays projected from
said camera system and which intersect the optical center of the projector; using said observations to calculate a serles of points in
space which can be extrapelated to compute the center of projection as recited by Group V; temporal calibration of 2 camara systam
with an imaging system comprising generating a triggar signal by the imaging system, and using said trigger signat to trigger camera
acquisition as racitad by Group VI; tamporal calibration of a camara system and an imaging system comprising moving said camera
system and said imaging system periodically above a target, and computing the temporal difference by matching the respective
trajectories of the camera system and the imaging sysiem as recited by Group VI, ghecking the integrity of a prajsction guidance system
for use with a body imaging system, comprising racording the location and crigntation of an instrument using a camera system,
projacting an image of the instrument over an image produced by an imaging system; and providing & discrepancy cue 1o the user if the
obsarved location of the instrument differs from the projected image of the instrumant as recited by Group VI, checking the integrity of a
projection guidance system for usa with a body imaging system, comprising actively tracking the location and orientation of an
instrument using both a body imaging system and a camera assembly, and using information from said active tracking to provide
infarmation to the user concerning instrument location, orientation and trajectory as reclted by Group LX; optimizing use of an imaging
systam to track the location of an instrumant in a body comprising using sald imaging systam to detect the location and orientation of
said instrument outside of the body and using the detected location and orientation together with the target location and orientation to
determine and projact trajectory guldance to the user as recited by Grolip X using a projector for Instrument guidance in conjunction
with a body imaging system, comprising calculating and projecting body insartion point for the instrument and using a reglon proximate
to said projected body insertion point as a target area for inHial instrument image capture &s recited by Group XI; or indicating the depth
of panetration of an instrument in a body, comprising detecting fiducial on the instrument using a device selected from an imaging
system, a camera systemn, and combinations thereof, and tracking tha location of the fiducial overtime as recited by Group XIk.
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Group |l does not disclose providing visual information for use in guiding the use of an instrument relative to a body during a procedure,
comprising a body imaging system configured to imaga a body along an image plane, a camera configurad to observe a ragion of
imaging during operation of said imaging system, and a projector aligned with said Image plang, wherein sald camera Is aligned off-axis
rolativa to sald Image plana; wherein said projecter is configured te project an image that indicates a location of the image plane;
wherein an image recorded by sald camera Is displayed on a screen, and whereln the system is configured to superimpose guidance
information on the camera display such that intersection of the image plane and the plane formed by the superimpoesed guidance forma
a lina that corresponds to a desired trajectory of the instrument as recited by Group |; calibrating an imaging systam with a camera
system comprising imaging a complex volume while simultanscusly recording the volume with the camera system, generating surface
modals of the wolume using from each of tha iImaging system and the camera system, reglstering sald surface models to a
computational model of the volume, and computing the relative position of the cameras and the imaging system as recited by Group III;
calibrating an imaging systern with a camera system comprising simultaneously recording the rupture of microcapsules using said
imaging system and said camera system, registering the data from said rupture recarded by said systams, and computing the relative
position of the cameras and the imaging system based on said registration as recited by Group (V; calibrating an imaging system, a
sterec camera system, and a projactor, comprising, abserving a plurality of surfaces on which fall visible rays projected from said
camera systemn and which intersect the optical centar of the projector; using said observations to calculate a series of points In space
which can be extrapolated to compute the center of projection as recited by Group V; temporal calibration of a camera system with an
imaging system comprising generating a trigger signal by the imaging system, and using said trigger signal to trigger camara acquisition
as recited by Group VI; tamparal callbration of & camera system and an imaging system comprising meving said camera system and
said imaging system periodically above a target, and computing the temporal difference by matching the respective trajectories of the
camera system and the imaging system as recited by Group Vil; checking the integrity of a projection guidance system for use with a
body imaging system, compnsing recording the location and orientation of an instrument using & camera system, projecting an image of
the instrument over an image producad by an imaging system; and providing a discrepancy cue to the user if the abserved location of
the Instrument differs from the projected image of tha instrument as recited by Group VIII; checking the integrity of a projection guidance
systam for use with a body imaging system, comprising actively tracking the location and orientation of an Instrument using both a body
Imaging system and a camera assembly, and using information from said active tracking to provide informatlon to the user conceming
instrument location, orientation and trajectary as recited by Group IX; optimizing use of an imaging system to track the location of an
instrument in a body comprising using =aid imaging system to detect the location and orientation of said insirument oulside of the body
and using the detectad location and arientation together with the target ‘ocation and orientation to determine and praject trajsctory
guidance to the user as racitad by Group X; using a projector for instrurment guidance in conjunction with a body imaging system,
comprising caleulating and projecting hody insertion point for the instrument and using a ragion proximate to sald projectad body
insertion point as a target arsa for initial instrumant image capture as re cited by Group XI; or Indicating the depth of penatration of an
Instrument in a body, comprising detecting fiducial on the instrument using & device selectad from an imaging systam, a camera system,
and combinations theraof, and tracking tha location of the fiducia! overtime as recited by Group XII.
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Group |1l does not disclose providing visual information for use in guiding the use of an Instrument relative to a body during a procedure,
comprising a body imaging system configured to image a body along an image plane, 2 camera configured 1o observe a reglon of
imaging during operation of said imaging system, and a projector alignad with said image plana, wherein said camera |s aligned off-axis
relative to sald Image plane; wherein said projector is configured to project an image that indicates a location of the image plane;
wherein an image recorded by said camera is displayed on a screen, and wherein the system is configured to superimpose guidance
information on the camera display such that intersection of the image plane and the plane fermed by the superimposed guidance forms
a line that comasponds to a desired trajectory of the instrument as recited by Group [; calibrating an imaging system, a projector, and a
pair of cameras, comprising system; projecting a pattemn onto & planar targat, observing the planar target by tha cameras,
simultansously generating a plurality of images of the planar target with the imaging using features on the planar target to produce a
calibration for the cameras, using the calibration to calculate the position of the target plane in space, and computing the relative position
of the cameras and the imaging system by processing the multiple lines representing the intersaction of the plurality of image planes
with the target plane as recited by Group II; calibrating an imaging system with @ camera system comprising simultaneously recording
the ruptura of imicrocapsuias using said imaging system and said carnera system, registaring the data from sald rupture recorded by sald
systerns, and computing the relative position of the cameras and the imaging systermn based on said registration as recited by Group Iv;
calibrating an imaging system, a stereo camera system, and a projector, comprising, observing a plurality of surfaces on which fall
visibla rays projected from said camera system and which intersect the optical center of the projector; using said observations to
calculate a series of points in space which can be extrapolated to compute the canter of projection as recited by Group V; temporal
calibratlon of @ camera system with an imaging system comprising generating a trigger signal by the imaging system, and using said
trigger signal ko trigger camera acquisition as recited by Group VI temporal caltbration of a camera systern and an imaging system
comprising moving said camera system and said imaging systern periodically above a target, and computing the temporal difference by
matching the respective trajectories of the camera system and the imaging system as recited by Group VII; chacking the integrity of a
projection guidanca system for use with a body imaging system, comprising recording tha location and crientation of an instrument using
a camera system, projecting an image of the instrument over an image produced by an imaging systermn; and providing a discrepancy
cue to the user if the observed location of the instrument differs fram the projected image of the instrument as recited by Group VII;
chacking the integrity of a projection guidance system for use with a body imaging system, cormprising actively tracking the lecation and
orlentation of an instrument using both a body imaging system and a camera assembly, ang using information from said aclive tracking
to provide information to the user conceming instrument lgcation, orientation and trajectory as recited by Group 1X; optimizing use of an
imaging system to track the location of an instrument in a body comprising using said imaging system to detect the location and
orientation of said instrument oulside of the body and using the detected location and orientation togethar with the targat location and
oriantation o determine and project trajectory guidance fo the user as recited by Group X; using a projector for instrument guidanca in
conjunction with a body Imaglng systern, comprising calculating and projecting body insartion point for the instrument and using a region
proximate to said projected body insertion peint as a target area for initial insirument image capture as recitad by Group X|; or indicating
the depth of penetration of an instrument in a body, comprising detecting fiducial on the instrument ysing a device selscted from an
imaging system, a camera system, and combinations thereof, and tracking the location of the fiducial overtime as recited by Group XII.
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Group IV does not disclose providing visual infarmation for use in guiding the use of an instrument relative to a body during a procedura,
cotnprising a body Imaging system configurad to image a body along an Image plane, a camera conflgured to observe a reglon of imaging
during operation of said imaging systam, and a projector aligned with said image plane, wherein sald camera is alighed off-axis

relative to said image plane; wherein said projactor is configured to project an image that indicates a location of the image plane; whersin
an image recorded by said camera is displayed on a screen, and whaerein the systam is configured to suparimpose guldance information
on the camera display such that intersection of the imege plane and the plane formed by the superimpased guidance forms a line that
corresponds o a desired trajectory of the instrument as recited by Group |; calibrating an imeging system, a projecter. and a pair of
cameras, comprising system; projecting a pattern onto a planar target, observing the planar target by the cameras, simultanecusly
genarating a plurality of images of the planar target with the imaging using featuras on the planar target to produce a calibration for the
camaras, using the calibration to calculate the position of the target plane in space, and computing the relativa position of the cameras and
the imaging system by processing the multiple lines representing the intersection of the plurality of image planes with the target plane as
recited by Group il; calibrating an imaging systermn with a camera system comprising imaging a complex volume while simuktanecusly
recording the volume with the camera system, generating surface madels of the volume using from each of the imaging system and the
camara System, registering said surface models to a computational model of the volume, and computing the relative position of the
camaras and the imaging systarm’ as recited by Group 11I; calibrating an Imaging system, a stereo camera system, and a projactor,
comprising, observing a plurality of surfaces on which fall visible rays projected from said camera system and which intersect the optical
centar of the projector; using said observations to calculate a serles of palnts In space which can be extrapolated to compute the center of
prejection as recited by Group V; temporal calibratlon of a camera system with an Imaglng system comprising generating a trigger signal
by the imaging systam, and using said trigger signal to trigger camera acqulsitlon as recited by Group VI; temparal calibration of a camara
systemn and an imaging system comprising moving said camera system and said imaging system periodically above a target, and
computing the temporal difference by matching the respective trajectorles of the camera system and the imaging system as recited by
Group VII; checking the integrity of a projection guidance system for use with a body imaging system, comprising recording the location
and orientation of an instrument using a camera system, projecting an Image of the instrument aver an Image produced by an imaging
system; and providing a discrepancy cue to the user if the observed location of the Instrument differs from the projected image of the
instrument as recited by Group VIIl; checking the integrity of a projection guidance system for use with a body imaging systemn, comprising
actively tracking the location and orientation of an instrument using both a body imaging system and a camera assembly, and using
information from said active tracking to provide information to the user conceming instrument location, orientation and trajectory as recited
by Group IX; disclose aptimizing use of an Imaging system to track the location of an instrument in a body comprising using said imaging
systemn to detect the location and odentation of sald instrument outside of the body and using the datected location and onentation togethen
with the target location and orientation 1o determine and project trajectory guidance to the user as recited by Group X; using a projector for
instrument guidance in conjunction with a body Imaging system, comprising calculating and projecting body insertlon

peint for the instrumant and using a region proximate to sald projected bedy Insertlon point as a target area for Initlal instrument image
capture as recited by Group XJ; or indicating the depth of penetration of an instrument in a body, comprising detecting flducial on the
ingtrument using a device selectad from an imaging system, a camera system, and combinations thereof, and tracking the location of tha
fiducial overtime as recited by Group XIL

Group V does not disclose providing visual information for use in guiding the use of an instrument relative to a body during a procedure,
comprising a body imaging system configured to image a body along an image plane, a camera configured to abserve a region of imaging
during operation of said imaging system, and a projector aligned with sald Image plane, wherein said camera is aligned off-axis

relative to said image plane; wherein said projector Is conflgured to project an Image that Indicates a lacation of the Image plane; wherein
an image recorded by said camera is displayed on a screen, and wherein the system Is configured to superimpose guidance Information
on the camera display such that intersection of the image plane and the plane formed by the superimposed guidance forms a line that
cortesponds to a desired trajectory of the instrument as recited by Group I; calibrating an imaging system, a projector, and a pair of
cameras, comprising systern; projecting a pattem onto a planar target, observing the planar target by the cameras, simultaneously
generating a plurality of Images of the planar target with the imaging using features on the planar target to produce a calibration for the
cameras, using the calibration to calculate the position of the target plane in space, and computing the relative position of the cameras and
the imaging system by processing the multiple lines representing the intersection of the plurality of image planes with the target plane as
recited by Group l; calibrating an imaging system with 4 camera system comprising imaging a complex volume while simultaneously
recording the volume with the camera system, generating surface models of the voluma using from each of the imaging system and the
camara systam, registering said surface models to a computational medel of the volume, and computing the relative position of the
cameras and the imaging system as reclted by Group I#; callbrating an imaging system with a camera system comprising simultaneously
recording the rupture of microcapsules using said imaglng system and sald camera system, registering the data from sald rupture recorded
by said systems, and computing the relative position of the cameras and the imaging system based on said registration as recited by
Group IV; temporal calibration of a camera system with an Imaging system comprising generating a trigger signal by the Imaging system,
and using said trigger signal to trigger camera acquisition as recited by Group Vi; temporal calibration of a camera system and an imaging
system comprising moving said camera system and said imaging system periodically above a target, and computing the temporal
difference by matching the respective trajectorias of the camera system and the imaging system as recited by Group VII; checking the
integrity of a projection guidance system for use with a body imaging system, comprising recording the location and orientation of an
instrument using a camera system, projecting an image of the instrument over an image produced by an imaging system; and providing a
discrepancy cue to the user if the cbserved location of the instrument differs from the projected image of the instrument as recited by
Group VIII; checking the Integrity of a projection guldance system for use with a body imaging system,

comprising actively tracking the location and orlentation of an instrument using both a body imaging system and a camera assembly, and
using Information from said active fracking to provide information to the user conceming instrument location, orientation and trajectory as .
recited by Group IX; optimizing use of an Imaging system to track the location of an instrument in a body comptising using sald Imaging
system to detect the locatlon and ofientation of said instrument outside of the body and using the detected location and crientation together
with the target locatlon and orlentation te determine and project trajectory guidance to the user as recited by Group X; using a projector for
instrument guidance In conjunction with a body Imaging system, comprising calculating and projecting body insertion point for the
instrument and using a region proximate ta said projected body insertion point as a target area for Inltial instrument image capture as
racited by Group XI; or indicating the depth of penetration of an Instrument in a body, comprising detegting fiducial on the instrument using
a device selected from an imaging system, a camera system, and combinations thereof, and tracking the Ipcation of the flducial overtime
as reclted by Group XIf.
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Group V| does not disclose providing visual information for use in guiding the wse of an instrurent ralative te a body during a procedure,
comprising a body imaging system configured to image a body along an image plana, a camera configured fo observe a reglon of imaging
during operation of said imaging system, and a projector alighed with said Image piane, wherein sald camera is aligned off-axls

relative to said image plane; wharein said projector is configured to project an image that indicates a location of the image plane; wheretn
an Image recorded by saki camera is displayed on a screen, and wherein the system is configured to superimpose guldance information
on the camera digplay such that Intersection of the Image plana and the plane formad by the superimposed guidance forms a line that
corresponds to a deskred trajectory of the instrument as recited by Group [; calibrating an imaging system, a projector, and a pair of
cameras, comprising system; projecting a pattern onto a planar target, observing the planar targat by the cameras, simultanecusly
generating a plurality of images of the planar target with the imaging using features on the planar target to produce a calibration for the
cameras, using the calibration to calculate the position of the target plane in space, and computing the relative position of the cameras and
the imaging system by processing the multiple lines representing the intersection of the plurality of image planes with the target plane as
recited by Group |); calibrating an imaging system with a camera system comprising imaging a complex valume while simultaneously
recarding the volume with the camera syster, generating surface modeals of the volume using from each of the imaging system and the
camera system, registering said surface models to a computationa! medel of the volume, and computing the relative position of the
cameras and the imaging system as recited by Group lII; calibrating an imaging system with a camera system comprising simultaneously
recarding thea rupture of microcapsules using said imaging systerm and said camera system, registering the data from said tupture recorded
by said syatems, and computing the relative position of the cameras and the imaging system based on said regisiration as recited by
Group IV; calibrating an imaging system, a sterec camera system, and a projector, comprising, observing a plurality of surfaces on which
fall visible rays projected from sald camera system and which Intersect the optical center of the prolector; using said observatians to
calculate a saries of points in space which can be extrapolated to compute the center of projection as recited by Group V; temporal
calibration of a camera system and an imaging system comprising maving said camera gystem and said imaging system pericdically
above a target, and computing the temporal difference by maiching the respective trajectories of the camera system and the imaging
system as recited by Group VII; checking the integrity of a projection guidance system for use with a body imaging system, comprising
recording the location ang orientation of an Instrument using a camera system, projecting an lmage of the instrument over an Image
produced by an Imaging system; and proviging a discrepancy cue to the user if the observed location of the Instrument differs from the
projected image of the instrument as recited by Group VIII; checking the integrity of a projection guldance system for use with a body
Imaging system, comprising actively tracking the locatlon and crientatlon of an instrument using both a body imaging system and a carnera
assembly, and using information from sald actlve tracking to pravide information to the user concerning instrument location, oHentation and
trajectory as recited by Group 1X; optimizing use of an Imaging system to track the location of an Instrument in a body comprising using
sald Imaging system tc detect the locatlon and orlentation of said instrument outside of the body and using the detected location and
orientation together with the target location and orientation to determine and project trajectory guidance o the user as recited by Group X;
using a projector for instrument guidance in conjunction with a body imaging system, comprising calculating and projecting body insertion
point for the instrument and using a region proximate to said projected bady insertion point as a target area for initial instrument image
capture as recited by Group XI; or indicating the depth of penatration of an instrument in a body, comprising detecting fiducial on the
instrument using a device selectad from an imaging system, a camera system, and combinations thereof, and tracking the location of the
fiducial overtime as recited by Group XII.

Group VI does not disclose providing visual information for use in guiding the use‘of an instrument relative to a body during a procedure,
comprising a body Imaging system configured to Image a body along an image plane, a camera configured to observa a region of imaging
during operatian of sald Imaging system, and a projector allgned with sald Image plane, wherein said camera is aligned off-axis

relative to said image plane; whereln sald projector is configured to project an Image that Indicates a location of the image plana; wherain
an image recorded by sald ¢camera is displayed on a screen, and wherein the system Is configured to superimpasa guidance information
on the camera display such that intersection of the Image plane and the plane formed by the superimposed guidance forms a line that
corresponds ta a desired trajectory of the instrument as recited by Group |; callbrating an Imaging system, a projector, and a pair of
cameras, compriging system; projecting a pattern onto a pfanar target, observing the planar target by the camaras, simultanecusly
generating a plurallty of images of the planar target with the imaging using features on the planar target to produce a calibraticn for the
cameras, using the callbration to calculate the position of the target plane in space, and computing the relative position of the cameras and
the imaging system by processing the multiple lines representing the intersection of the plurality of image planes with the target plane as
recited by Group il; calibrating an Imaging system with a camera system comprising imaging a complex volume while simultaneously
recording the volume with the camera system, generating surface madels of the volume using from each of the imaging system and the
camera system, registering said surface models to a computational model of the volume, and computing the relative pasition of the
cameras and the imaging system as recited by Group lI; calibrating an imaging system with a camera system comprising simultaneously
recording the rupture of microcapsules using said Imaging system and said camera system, registering the data from said rupture recorded|
by said systems, and computing the relative position of the cameras and the imaging system based on said registration as recited by
Group IV; calibrating an imaging system, a stereo camera system, and & projector, comprising, observing a plurality of surfaces on which
fall visible rays projected from said camera systemn and which intersact the optical center of the projector; using said absetvations to
calculate a serias of poinis in space which can be extrapolated to compute the center of projection as recited by Group V; temporal
calibration of a camera system with an imaging system comprising generating a trigger signal by the imaging system, and using said
trigger signal to trigger camera acquisition as recited by Group VI; checking the integrity of a projection guidance system for use with a
body imaglng system, comprising recarding the location and orientation of an Instrument using a camera system, projecting an image of
the instrument over an image produced by an Imaging system; and providing a discrepancy cue to the user if the observed tocation of the
instrument differs from the projected Image of the Instrument as reclted by Group Vill; checking the integrity of a projection guidance
system for use with a body imaging system, comprising actively tracking the location and orientation of an instrument using both a body
imaging system and a camera assembly, and using information from sald active tracking to provide information ta the user conceming
instrument location, orientation and trajectory as recited by Group 1X; optimizing use of an imaging system to track the locatlon of an
instrument in a body comprising using $2id imaging system to detect the locatlon and ortentation of sald ingtrument outside of the body and
using the detected location and onientation together with the target location and orlentation to determine and project trajectory guldance to
the user as recited by Group X; using a projector for instrument guidance in conjunction with a body Imaging system, comprising
calculating and projecting body insertion paint for the instrument and using a reglon proximate to said projected body insertion point as a
target area for initial Instrument Imaga capture as recited by Group XI; or Indlcating the depth of penetration of an instrument in a body,
comprising detacting fiducial on the instrument using a device selected fram an imaging system, a camera system, and combinations
thereof, and tracking the location of the fiduclal overtime as recited by Group XII.
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Group VIl does not disclose providing visual information for use in guiding the use of an Instrument relative to a body during a procedure,
comprising a body imaging system configured to image a body along an image plane, a camera configured (o observe a region of imaging
durlng operation of said imaging systam, and a projactor aligned with said image plane, wherein said camera is aligned off-axis

relative to sald Image plane; wherein safd projector is configured to project an image that indicatas a location of the image plane; wherein
an image recorded by said camera is displayed on a screen, and wherain the system is configured to superimpose guidance information
on the camera display such that intersection of the image plane and the plane formed by the superimposed guidance forms a fine that
corresponds o a desired trajectory of the instrument as recited by Group |; calibrating an imaging system, a projector, and a pair of
cameras, comprising System; projecting a pattem onto a planar target, observing the planar target by the cameras, simultaneously
generating a plurality of Images of the planar target with the imaging using features on the planar target to produce a calibration for the
cameras, using the calibration to calculate the position of the target plane in spaca, and computing the relative pesition of the cameras and
the Imaging system by processing the multiple fines representing the intersection of the pluraiity of image planas with the target plane as
recited by Group II; calibrating an imaging system with a camera system comprising imaging a complex volume while simultaneously
recarding tha volume with the camera system, generating surface madels of the volume using from each of the imaging system and the
camera System, registering safd surface models to a computational model of the volume, and computing the relative position of the
cameras and the imaging system as recited by Group III; calibrating an imaging system with a camera system comprising simultaneousty
recording the rupture of microcapsules using said imaging system and said camera system, registaring the data from said rupture recorded|
by said systems, and computing the relative position of the cameras and the imaging systern based on said registration as recited by
Group IV, calibrating an imaging system, a sterea camera systemn, and a projectar, comprising, abserving a plurality of surfaces

on which fall visible rays projected from said camera system and which intersact the optical center of the projector; using said observations
te calculate a series of points In space which can be extrapolated to compute the center of projection as recited by Group V; temperal
calibration of a camera system with an imaging system comprising generating a trigger signal by the imaging system, and using

said trigger signal to trigger camera acquisition as recited by Group VI; temporal calibration of a camera system and an imaging system
comprising moving said camera system and said imaging system periodically above a target, and computing the temperal difference by
matching the respective trajectories of the camera system and the imaging system as recited by Group VII; checking the integrity of a
projection guidance system for use with a body imaging system, comprising actively tracking the location and orientation of an instrument
using both a body imaging system and a camera assembly, and using information from said active tracking to provide information to the
user congceming instrurnent location, orientation and trajectory as recited by Group IX; oplimizing use of an imaging system lo track the
location of an instrument In a body comprising using said Imaging system 1o detect the location and orlentation of said Instrument outside
of the body and using the detactad location and orientation together with the target location and orlentation to determine and project
trajectory guidance to the user as recited by Group X; using a projector for mstrument guidance In conjunction with a body imaging systam,
comprising calcutating and projecting body insertlon point for the Instrument and using a reglon proximate to said projected body insertion
point as a target area for initial instrument image capture as recited by Group XI; or indicating the depth of penetration of an

instrument in a body, comprising detecting fiducial on the Instrument using a device selected from an imaging system, a camera sysiem,
and combinations thereof, and tracking the location of the fiducial overime as recited by Group XII.

Group iX does not disclose providing visual information for use in guiding the use of an instrumant relative to a body during a procedure,
comprising a body imaglng system configured to image a body along an image plane, a camera configured to obsene a reglon of Imaging
during cperation of sald imaging systarh, and a projector aligned with said imaga plans, whaerein said camera is aligned off-axis

relative to said image plane; wherein said projector is configured to project an image that indicates a location of the image plane; wherein
an image recorded by said camera is displayed on a screen, and wherein the system is configured to superimpose guidance information
on the camera display such that intersection of the image plane and the plane formed by the superimposed guidance forms a line that
corrasponds to a desired trajectory of the instrument as recited by Group J; calibrating an imaging system, a projector, and a pair of
cameras, comprising systemn. projecting a pattem onto a planar target, observing the planar target by the cameras, simultaneousty
generating a plurality of images of the planar target with the imaging using features an the planar target 1o produce a calibration for the
cameras, using the calibration to calculate the position of the target plane In space, and computing the relative position of the cameras and
the imaging system by processing the multiple lines representing the Intersection of the plurallty of Image planes with the target plane as
racited by Group II; calibrating an imaging system with a camera system comprising Imaging a complex volume while simultanaously
racording the volume with the camera system, generating surface models of the volume using from each of the imaging system and the
camara system, registering said surface models to a computational model of the volume, and computing the relative position of the
camaras and the Imaging system as reclted by Group lil; callbrating an imaging system with a camera system comprising simultaneously
recording the rupture of microcapsules using said imaging system and sald camera system, registering the data from said rupture recorded
by said systems, and computing tha relative position of the cameras and the Imaging system based on said registration as recited by
Group IV; calibrating an imaglng system, a stereo camera system, and a projector, comprising, observing a plurality of surfaces

on which fall visible rays projected from said camera system and which intersect the optical center of the projectar; using said obsarvations
to calculate a serles of points in space which can be extrapalated to compute the center of projection as recited by Group V; temparal
calibration of 8 camera system with an Imaging system comprising generating a trigger sighal by the imaging system, and using

said trigger signal to trigger camera acquisition as reclted by Group VI; temparal calibration of a camera system and an imaging system
comprising moving said camera system and sald imaging system perlodically above a target, and computing the temporal difference by
matching the respective trajectories of the camera system and the imaging system as recited by Group VII; checking the integrity of a
projection guidance system for use with a body imaging system, comprising recording the location and orientation of an instrument using a
camera sysiem, projecting an Image of the Instrument over an image produced by an imaging system; and providing a discrepancy cue to
the user if the observed lacation of the instrument differs from the projected image of the instrument as reclted by Group VIII; optimizing
use of an imaging system to track the location of an instrument in a body comprising using sald imaging system to detact the location and
orientation of sald instrument outside of the body and using the detected location and orientation together with the target location and
crientation to determine and project trajectory guldance to the user as recited by Group X; using a projector for instrument guidance in
conjunction with a body imaglng system, comprising calculating and projecting bedy insertion point for the Instrument and using a reglon
proximate to sald projected body insertlon point as a target area for initial instrument image capture as recited by Group XJ;

or indicating the depth of penetration of an instrumant in a body, comprising detacting fiducial on the instrument using a devica selected
from an imaging system, a camera system, and combinations thareof, and tracking the lacation of the fiducial overtime as recited by Group
X,
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Group X does not disclose providing visual information for use in guiding the use of an Instrument relativa to a body during a procedure,
comprising a body Imaging system configured to image a body along an image plane, a camera configured to observe a reglon of imaging
during operation of sald Imaging system, and a projector aligned with said image plane, whereln sald camera is aligned off-axis

relative to said image plane; wherein said projector is configured to project an Image that indicates a location of the image plane; wherein
an image recorded by said ¢camera is displayed on a screen, and wherein the system is configured to superimpose guidance informatlon
on the camera display such that intersection of the image plane and the plane formed by the superimposed guidance forms a line that
comesponds to a desired trajectory of the instrument as recited by Group |; calibrating an imaging system, a projector, and a palr of
cameras, compticing system; projecting a pattern onto a planar target, observing the planar target by the cameras, simultanscusly
genarating a plurality of Images of the planar target with the imaging using features on the planar target to produce a calibration for the
camaras, using the calibration to calculate the position of the target plane in space, and computing the relative position of the carmeras and
the imaging system by processing the multiple lines representing the intersection of the pluraltty of Image planes with the target plane as
recited by Group II; calibrating an Imaging system with a camera system comprising imaging a complex volume while simultanecusly
recerding the volume with the camera system, generating surface models of the volume using from each of the imaging system and the
camera system, reglstering sald surface models to a computational model of the volume, and computing the relative position of the
cameras and the imaging system as recited by Group lll; calibrating an imaging system with a camera system comprising simultaneously
recording the rupture of microcapsules using said imaging system and said camera system, registering the data from said rupture recorded
by said systems, and computing the relative position of the cameras and the imaging system based on said registration as recited by
Group IV; calibrating an imaging system, a stereo camera system, and a projector, comprising, cbserving a plurality of surfaces on which
fall visible rays projected from said camera systern and which intersect the oplical center of the projector; using said observations to
calculate a series of points in space which can be extrapolated to compute the center of projection as recited by Group V; temporal
calibration of a camera system with an imaging systém comprising generating a trigger signal by the imaging system, and using said
trigger signal to trigger camera acquisition as recited by Group VI, temporal calibration of a camera system and an imaging systam
comprising moving said camera system and said imaging system periodically above a target, and computing the temperal difference by
matching the respective trajectarles of the camera systemn and the imaging system as recited by Group VII; checking the integrity of a
prajection guldance system for use with a body imaging system, comprising recording the location and orientation of an instrument using a
camera systam, projecting an image of the instrument over an image produced by an imaging system; and providing a discrepancy cue to
the usar if the cbserved location of the Instrument differs from the projected image of the Instrument as recited by Group VHI; chacking

the integrity of a projaction guidance system for use with a body imaging system, comprising actively tracking the location and crientation
of an instrument using both a body imagling system and a camera assembly, and using Information from sald active tracking to provide
information to the usar concarning instrument location, erientation and trajectory as reclted by Group IX; using a projecter for instrumant
guidanca in conjunction with a body imaging system, comprising caleulating and projecting body insertion polnt for the instrument and
using a region proximate to said projected body Insertlon point as a target area for initial instrument Image capture as recited by Group XI;
or indicating the depth of penetration of an instrument in a body, comprising detecting fiducial on the Instrument using a device selected
from an imaging system, a camera sy , and combinations thereof, and tracking the locatlon of the fiduclal overtime as recited by Group
X,

Group Xl dogs not disclose providing visual information for use in guiding the use of an instrument relative to a body during a procedure,
comprising a body imaging system configured to image a body along an image plane, a camera configured to observe a region of imaging
during operation of ssid imaging system, and a projector aligned with said image ptane, wherain said camera Is allgned off-axis

relative to said image plane; wherein said projector is configured to project an image that indicates a location of the image plane; wherein
an image recorded by sald camera is displayed on a screen, and wherein the system is configured to superimpese guidance infermation
on tha camera display such that intersection of the image plane and the plane formed by the superimposed guidance forms a line that
comesponds to a desired frajectory of the instrument as recited by Group I; calibrating an imeging system, a projector, and a pair of
cameras, comprising system; projecting a pattem onto a planar target, observing the planar target by the cameras, simultaneously
generating a plurality of images of the planar target with the imaging using features on the planar target to produce a calibration for the
cameras, using the calibration to calculate the position of the target plane in space, and compuiting the refative position of the cameras and
the imaging system by processing the multiple lines representing the intersection of the plurality of image planes with the target plane as
recitad by Group II; calibrating an imaging system with a camera system comprising imaging a complex volume while simultaneously
racarding the volume with the camera system, generating surfaca models of the volume using from each of the Imaging system and the
cameata system, reglstering sald surface modals to a computational model of the volume, and computing the ralative pasition of the
cameras and the Imaging system as racited by Group lIl; callbrating an imagling system with a camera system comprising simultanecusly
recording the rupture of microcapsules using sald imaging system and sald camera system, reglstering the data from said rupture recorded
by said systems, and computing the relative position of the camaras and the imaging system based on said registration as recited by
Group IV; calibrating an imaging system, a starea camera system, and a projector, comprising, obsetving a plurality of surfaces

on which fafl visible rays prolected from said camera system and which intersect the optical center of the projector; using said observations
to calculate a series of points in space which can be extrapolated to compute the center of projection as recited by Group V, temporal
calibration of a camera system with an imaging system comprising generaling a trigger signal by the imaging system, and using

said trigger signal to trigger camera acquisiticn as racited by Group VI; temporal calibration of a camera system and an imaging system
comprising maving said camera system and said imaging system pariodically above a targat, and computing the temporal difference by
matching the respective trajectories of the camera system and the imaging system as recited by Group VII; checking the Integrity of a
projection guldance system for use with a body imaging system, comprising recording the location and orlentation of an instrument using a
camera system, projecting an Image of the instrument over an Image produced by an Imaging system; and providing a discrepancy cue to
the user if the observed location of the instrument differs from the projected image of the Instrumant as recited by Group VIlIl; checking the
intagrity of a projectfon guidance syster for use with a body imaging system, comprising actively tracking the jocation and erlentation of an
Instrument using both a body imaging system and a camera assembly, and using information from said active tracking to provide
infarmation to the user eonceming Instrument location, orientation and trajeciory as recited by Group 1X; optimizing use of an imaging
system ta track the location of an instrurnent in a body comprising using said imaging system o detact the location and orlentation of said
Instrument outside of the body and using the detected location and orientation together with the target location and orientatlon to

determine and project trajsclory guidance to the user as recited by Group X; or indicating the depth of penetration of an instrument in a
body, comprising detecting fiduclal on the instrument using a device selected from an imaging system, a camera system, and combinations
thereof, and fracking the location of the fiducial overtime as recited by Group XII.
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Group XII does not disclose providing visual information for use in guiding the use of an instrument relative to a body during a procedure,
comprising a body imaging system configured to image a body along an image plane, a camera configured to observe a reglon of imaging
during operation of said imaging system, and a projector aligned with said image plane, wherein sald camera is aligned off-axis

relative to said image plane; wherein said projector is configured to project an image that Indicates a location of the Image plane; wherain
an image recorded by said camera is displayed on a screen, and wherain the system is configured to superimpose guldance information
on the camera display such that intersection of the image plane and the plane formed by the superimposed guidance forms a line that
corresponds to a desired trajectory of the Instrument as reclted by Group |; calibrating an Imaging system, a projecior, and a pair of
cameras, comprising system; projecting a pattem onto a planar target, observing the planar target by the cameras, simultanaously
generating a plurality of Images of the planar target with the imaging using features on the planar target to produce a calibration for the
cameras, using the calibratlon to calculate the position of the target plane in space, and computing the relative pasition of the cameras and
the Imaglng system by processing the multiple lines representing the intersection of the plurality of Image planes with the target plane as
recited by Group I); calibrating an imaging system with a camera system comprising imaging a complex volume while simultanecusly
racording the volume with the camera system, generating surface models of the volume using from each of the imaging systern and the
camera system, registering sald surface models to a computational madei of tha volume, and compuiing the relative position of the
cameras and the imaging system as recited by Group III; callbrating an imaging system with a camera system comprising simulianeously
trecording the rupture of microcapsules using said imaging system and said camera system, reglstering the data from said rupture recorded|
by said systems, and computing the relative poslition of the cameras and the imaging system based on said registration as recited by
Group IV; calibrating an imaging system, a sterea camera system, and a projector, comprising, observing a plurality of surfaces

on which fall visible rays projected from said camera system and which intersect the optical center of the projector; using said observations
to calculate a series of points in space which can be extrapolated to compute the center of projection as recited by Group V; disclose
temporal calibration of a camera system with an imaging system comprising generating a trigger signal by the imaging system,

and using said trigger signal to trigger camera acquisition as recited by Group VI; temparal calibration of a camera system and an imaging
systemn comprising moving said camera system and said imaging system periodically above a target, and computing the temporal
difference by matching the respective trajecteries of the camera system and the imaging system as recited by Group VII; checking the
integrity of a projection guidance system for use with a body imaging system, comprising recording the location and orientation of an
instrument using a camera system, projecting an image of the instrument over an image produced by an imaging system; and providing a8
discrepancy cue to the user If the observed location of the instrument differs from the projected image of the Instrument as recited by
Group VIII; checking the Integrity of a projectlon guidance system for use with a body imaging system,

comprising actively tracking the location and arentation of an Instrument using both a body imaging system and a camera assembly, and
using Information from sald actlve tracking to provide information to the user conceming instrurment tocation, orientation and {rajectory as
rechted by Group 1X; optimizing use of an imeging system to track the logation of an instrument in a body comprising using said imaging
gystern to detect the location and orientation of said instrument outside of the body and using the detected location and orientation togethern
with the targst location and orientation to determine and project frajectory guldance to the user as recited by Group X; ot Group Xl does
not disclose using a projector for instrumant guidance in conjunction with a body Imaging system, comprising calculating and projecting
body insartion peint for the instrument and using a region proximate to sald projected body Insertion point as a targst area for Initlal
instrument image capture as recited by Group XI.

The Inventions listed as Groups | — X1l do not relate to a singla general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or cormesponding special technical features for the following reasons:

Groups 11Vl share the technical feature of callbrating an Imaging system. However, this shared technical feature does not represent a
contribution over the prior art of US 7,262,878 B2 to Wolber dated 28 August 2007, which teaches calibrating an imaging system (Abstract,
and cal1 In 58-col 2, in 4). As calibrating an imaging system was known, as evidenced by the teaching of Wolber, this cannot be -
considered a specdial technical feature that would otherwise unify the groups.

Groups VIIIX share the technical feature of checking the Integrity of a guidance system . However, this shared technical feature doss not
represent a cantribution aver the prior art of US 5,811,767 A to Garibotto et al. dated 15 June 1999, which teaches checking the integrity of
a projectlon guldance system {col 1, In 31 and col 5,In 18-19). As checking the integrity of a projection guidance system was known, as
evidencad by the teaching of Garlbotto et al., this cannot be considered a special technical feature that would otherwise unify the groups.

Groups I-X1I therefore lack unity under PCT Rule 13 because they do nat share a same or corresponding special technical feature.
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