I*I Innovation, Sciences et Innovation, Science and CA 3017091 A1 2017/09/14
Développement economique Canada Economic Development Canada
Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office (21) 3 0 1 7 09 1

122 DEMANDE DE BREVET CANADIEN

CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2017/03/10

(87) Date publication PCT/PCT Publication Date: 201/7/09/14
(85) Entree phase nationale/National Entry: 2018/09/07

(86) N° demande PCT/PCT Application No.: |IB 201/7/000276
(87) N° publication PCT/PCT Publication No.: 201/7/153839

(30) Priontes/Priorities: 2016/03/10 (US62/306,502);
2016/10/13 (US62/407,720)

(51) Cl.Int./Int.Cl. A675 5/00(2006.01),
A61E 34/20(2016.01), A6171B 5/055(2006.01),
A61E 5/06 (2006.01), A678 6/00(2006.01),
A61E 6/02(2006.01), A678 6/72(2006.01)

(71) Demandeur/Applicant:
BODY VISION MEDICAL LTD., IL

(72) Inventeurs/Inventors:
AVERBUCH, DORIAN, IL;
AMIR, ELIRON, IL;
SEZGANOYV, DIMA, IL;
COHEN, EYAL, IL

(74) Agent: SMART & BIGGAR

(54) Titre : PROCEDES ET SYSTEMES D'UTILISATION D'ESTIMATION DE POSE MULTIVUE
54) Title: METHODS AND SYSTEMS FOR USING MULTI VIEW POSE ESTIMATION

Extract 3D anatomical
elements: Brcncrial tree,

elements -
augmented

120

ribs structure,
diaphragm, etc. diaphragm, etc.

- Match 2D elements to their

corresponding 3D elements

170 Estimate pose information (position, orientation) for each image

FIGURE 1

(57) Abréegée/Abstract:

Extract 2D anatomical

— 130 Calculate mutual 140

bronchogram, 2d ribs, geometric

constraints per

image sub-set

The present invention Is disclosing several methods related to intra-body navigation of radiopague instrument through natural body
cavities. One of the methods Is disclosing the pose estimation of the imaging device using multiple images of radiopaque
Instrument acquired in the different poses of imaging device and previously acquired imaging. The other method allows to resolve
the radiopague Instrument localization ambiguity using several approaches, such as radiopague markers and instrument trajectory

tracking.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca

50 Victoria Street e Place du Portage 1l ¢ Gatineau, Quebec

Ll

oo ez (Canada



woO 2017/153839 A1 | IH10H J LR AR A S A R

International Bureau
(43) International Publication Date 5_:5
14 September 2017 (14.09.2017) WIPO | PCT

CA 03017091 2018-09-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

(10) International Publication Number

WO 2017/153839 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)

International Patent Classification:

A61B 5/00 (2006.01) A61B 6/02 (2006.01)
A61B 5/055 (2006.01) A61B 6/12 (2006.01)
A61B 5/06 (2006.01) A61B 34/20 (2016.01)
A61B 6/00 (2006.01)

International Application Number:
PCT/IB2017/000276

International Filing Date:
10 March 2017 (10.03.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/306,502 10 March 2016 (10.03.2016) US
62/407,720 13 October 2016 (13.10.2016) US

Applicant: BODY VISION MEDICAL LTD. [IL/IL];
166 Ben Gurion, 4732157 Ramat Hasharon (IL).

Inventors: AVERBUCH, Dorian; 166 Ben GGurion,
4732157 Ramat Hasharom (IL). AMIR, Eliron; 17
Histadrut St., App 2, 4427945 Kftar Saba (IL). SEZGAN-

(81)

(84)

OV, Dima; 27 Hasirey Zion St., App 28, 4951938 Petah

Tikva (IL). COHEN, Eyal; 11 Yoni Netanyahu St., App
37, 4732157 Petah Tikva (IL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, 5G, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
A, ZM, 7 W,

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(34) Title: METHODS AND SYSTEMS FOR USING MULTI VIEW POSE ESTIMATION

120 —

150 —

170 —

(57) Abstract: The present mvention 1s disclos-
ing several methods related to intra-body naviga-
tion of radiopaque mstrument through natural
body cavities. One of the methods is disclosing
the pose estimation of the imaging device using
multiple 1mages of radiopaque instrument ac-
quired in the different poses of imaging device
and previously acquired imaging. The other
method allows to resolve the radiopaque nstru-

Extract 2D anatomical
elements -

avgrented
bronchogram, 2d ribs,
diaphragm, etc.

Extract 30 anatomical
slements: Bronchial tree,

ribs structure,
diaphragm, etc.

— 130

Match 2D elements to their
corresponding 3D elements

|

Calculate mutual
geometric

constraints per
image sub-set

Estimate pose information (position, orientation) for each image

FIGURE 1

ment localization ambiguity using several ap-
proaches, such as radiopaque markers and nstru-

“% ment trajectory tracking.



CA 03017091 2018-09-07

WO 2017/153839 A1 I 00000 AN

SM, TR), OAPL (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, _ before the expiration of the time limit for amending the

GW, KM, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



CA 03017091 2018-09-07

WO 2017/153839 PCT/IB2017/000276

METHODS AND SYSTEMS FOR USING MULTI VIEW POSE ESTIMATION

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application Serial No. 62/306,502,

filed on March 10, 2016, entitled “METHODS AND SYSTEMS FOR USING MULTI VIEW POSE
ESTIMATION™ and U.S. Provisional Application Serial No. 62/407,720 filed on October 13, 2016,

entitled “"METHODS AND SYSTEMS FOR USING MULTI VIEW POSE ESTIMATION™ the entire

contents of which are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

[0002] The embodiments of the present invention relate to interventional devices and

methods of use thereof

BACKGROUND OF INVENTION

[0003] Use of minimally 1nvasive procedures such as endoscopic procedures, video-
assisted thoracic surgery, or similar medical procedures can be used as diagnostic tool for

suspicious lesions or as treatment means for cancerous tumors.

SUMMARY OF INVENTION

[0004] In some embodiments, the present invention provides a method, comprising:

obtaining a first image from a first imaging modality,
extracting at least one element from the first image from the first imaging modality,
wherein the at least one element comprises an airway, a blood vessel, a body

cavity, or any combination thereof;
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obtaining, from a second 1maging modality, at least (1) a first image of a radiopaque
instrument 1n a first pose and (11) a second 1image of the radiopaque instrument in a
second pose,
wherein the radiopaque instrument 1s 1n a body cavity of a patient;
generating at least two augmented bronchograms,
wherein a first augmented bronchogram corresponds to the first image of the
radiopaque instrument 1n the first pose, and
wherein a second augmented bronchogram corresponds to the second image of
the radiopaque 1instrument 1n the second pose,
determining mutual geometric constraints between:
(1) the first pose of the radiopaque instrument, and
(11) the second pose of the radiopaque instrument,
esttmating the first pose of the radiopaque instrument and the second pose of the
radiopaque instrument by comparing the first pose of the radiopaque instrument and the
second pose of the radiopaque instrument to the first image of the first imaging modality ,
wherein the comparing 1s performed using;
(1) the first augmented bronchogram,
(11) the second augmented bronchogram, and
(111) the at least one element, and
wherein the estimated first pose of the radiopaque instrument and the estimated
second pose of the radiopaque instrument meets the determined mutual geometric constraints,
generating a third image; wherein the third image 1s an augmented 1mage derived from

the second imaging modality which highlights an area of interest,
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wherein the area of interest 1s determined from data from the first imaging modality.
[0005] In some embodiments, the at least one element from the first image from the first
imaging modality further comprises a rib, a vertebra, a diaphragm, or any combination thereof.
In some embodiments, the mutual geometric constraints are generated by:
a. estimating a difference between (1) the first pose and (11) the second pose by comparing
the first image of the radiopaque instrument and the second 1mage of the radiopaque
Instrument,
wherein the estimating 1s performed using a device comprising a protractor, an
accelerometer, a gyroscope, or any combination thereof, and wherein the device 1s
attached to the second 1imaging modality;
b. extracting a plurality of image features to estimate a relative pose change,
wherein the plurality of image features comprise anatomical elements, non-
anatomical elements, or any combination thereof,
wherein the 1mage features comprise: patches attached to a patient, radiopaque
markers positioned in a field of view of the second imaging modality, or any
combination thereof,
wherein the 1mage features are visible on the first image of the radiopaque
instrument and the second 1mage of the radiopaque instrument;
c. estimating a difference between (1) the first pose and (11) the second pose by using a at
least one camera,
wherein the camera comprises: a video camera, an infrared camera, a depth
camera, or any combination thereof,

wherein the camera 1s at a fixed location,
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wherein the camera 1s configured to track at least one feature,
wherein the at least one feature comprises: a marker attached the patient, a
marker attached to the second imaging modality, or any combination
thereot, and

tracking the at least one feature;

d. or any combination thereof.

[0006] In some embodiments, the method further comprises: tracking the radiopaque instrument
for: 1dentifying a trajectory, and using the trajectory as a further geometric constraint, wherein
the radiopaque 1instrument comprises an endoscope, an endo-bronchial tool, or a robotic arm.
[0007] In some embodiments, the present invention 1s a method, comprising:
generating a map of at least one body cavity of the patient,
wherein the map 1s generated using a first image from a first imaging modality,
obtaining, from a second 1maging modality, an image of a radiopaque instrument
comprising at least two attached markers,
wherein the at least two attached markers are separated by a known distance,
1dentifying a pose of the radiopaque instrument from the second imaging modality
relative to a map of at least one body cavity of a patient,
1dentifying a first location of the first marker attached to the radiopaque instrument on the
second 1mage from the second 1maging modality,
1dentifying a second location of the second marker attached to the radiopaque instrument
on the second image from the second imaging modality, and
measuring a distance between the first location of the first marker and the second location

of the second marker,
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projecting the known distance between the first marker and the second marker,
comparing the measured distance with the projected known distance between the first
marker and the second marker to identify a specific location of the radiopaque instrument

inside the at least one body cavity of the patient.

[0008] In some embodiments, the radiopaque instrument comprises an endoscope, an endo-
bronchial tool, or a robotic arm.
[0009] In some embodiments, the method further comprises: 1dentifying a depth of the
radiopaque 1nstrument by use of a trajectory of the radiopaque instrument.
[00010] In some embodiments, the first image from the first imaging modality 1s a pre-
operative image. In some embodiments, the at least one 1mage of the radiopaque instrument from
the second imaging modality 1s an intra-operative 1mage.
[00011] In some embodiments, the present invention 1s a method, comprising:
obtaining a first image from a first imaging modality,
extracting at least one element from the first image from the first imaging modality,
wherein the at least one element comprises an airway, a blood vessel, a body
cavity or any combination thereof;
obtaining, from a second 1maging modality, at least (1) a one 1mage of a radiopaque
instrument and (11) another image of the radiopaque instrument in two different poses of second
1maging modality
wherein the first image of the radiopaque instrument 1s captured at a first pose of
second 1maging modality,
wherein the second 1mage of the radiopaque instrument 1s captured at a second

pose of second 1maging modality, and
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wherein the radiopaque instrument 1s 1n a body cavity of a patient;
generating at least two augmented bronchograms correspondent to each of two poses of
the 1maging device, wherein a first augmented bronchogram derived from the first image
of the radiopaque instrument and the second augmented bronchogram derived from the
second 1mage of the radiopaque 1nstrument,
determining mutual geometric constraints between:
(1) the first pose of the second imaging modality, and
(1) the second pose of the second 1imaging modality,
esttmating the two poses of the second imaging modality relatively to the first image of
the first imaging modality, using the correspondent augmented bronchogram images and at least
one element extracted from the first image of the first imaging modality;
wherein the two estimated poses satisty the mutual geometric constrains.
generating a third image; wherein the third image 1s an augmented 1image derived from
the second imaging modality highlighting the area of interest, based on data sourced from the
first imaging modality.
[00012] In some embodiments, anatomical elements such as: a nb, a vertebra, a
diaphragm, or any combination thereof, are extracted from the first imaging modality and from
the second 1imaging modality.
[00013] In some embodiments, the mutual geometric constraints are generated by:
a. estimating a difference between (1) the first pose and (i1) the second pose by
comparing the first image of the radiopaque instrument and the second image of

the radiopaque 1instrument,
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wherein the estimating 1s performed using a device comprising a
protractor, an accelerometer, a gyroscope, or any combination thereof, and

wherein the device 1s attached to the second 1maging modality;

b. extracting a plurality of image features to estimate a relative pose change,
wherein the plurality of image features comprise anatomical elements,
non-anatomical elements, or any combination thereof,
wherein the 1mage features comprise: patches attached to a patient,
radiopaque markers positioned 1n a field of view of the second 1maging modality,
or any combination thereof,
wherein the i1mage features are visible on the first image of the radiopaque

instrument and the second 1mage of the radiopaque instrument;

c. estimate a difference between (1) the first pose and (11) the second pose by using a

at least one camera,

wherein the camera comprises: a video camera, an infrared camera, a

depth camera, or any combination thereof,

whereln the camera 1s at a fixed location,

wherein the camera 1s configured to track at least one feature,

wherein the at least one feature comprises: a marker attached the
patient, a marker attached to the second imaging modality, or any

combination thereof, and

tracking the at least one feature;

7
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d. or any combination thereof.

[00014] In some embodiments, the method further comprises tracking the radiopaque

instrument to 1dentify a trajectory and using such trajectory as additional geometric constrains,

wherein the radiopaque instrument comprises an endoscope, an endo-bronchial tool, or a robotic

arm.

[00015] In some embodiments, the present invention 1s a method to identify the true

instrument location inside the patient, comprising:

using a map of at least one body cavity of a patient generated from a first image of a first

1maging modality,

obtaining, from a second 1maging modality, an 1mage of the radiopaque instrument with
at least two markers attached to 1t and having the defined distance between them |,

that may be perceived from the image as located 1n at least two different body cavities
inside the patient,

obtaining the pose of the second imaging modality relative to the map

1dentifying a first location of the first marker attached to the radiopaque instrument on the
second 1mage from the second 1maging modality,

1dentifying a second location of the second marker attached to the radiopaque instrument
on the second 1image from the second 1maging modality, and

measuring a distance between the first location of the first marker and the second location
of the second marker.

projecting the known distance between markers on each of the perceived location of the

radiopaque 1nstrument using the pose of the second 1maging modality
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comparing the measured distance to each of projected distances between the two markers

to 1dentify the true instrument location 1nside the body.

[00016] In some embodiments, the radiopaque instrument comprises an endoscope, an
endo-bronchial tool, or a robotic arm.

[00017] In some embodiments, the method further comprises: 1dentifying a depth of the
radiopaque instrument by use of a trajectory of the radiopaque instrument.

[00018] In some embodiments, the first image from the first imaging modality 1s a pre-
operative 1mage. In some embodiments, the at least one image of the radiopaque instrument

from the second imaging modality 1s an intra-operative 1mage.

BRIEF DESCRIPTION OF THE FIGURES

[00019] The present invention will be further explained with reference to the attached
drawings, wherein like structures are referred to by like numerals throughout the several views.
The drawings shown are not necessarily to scale, with emphasis instead generally being placed
upon 1llustrating the principles of the present invention. Further, some features may be
exaggerated to show details of particular components.

[00020] Figure 1 shows a block diagram of a multi-view pose estimation method used 1n
some embodiments of the method of the present invention.

[00021] Figures 2, 3, and 4 show an exemplary embodiments of intraoperative images
used 1in the method of the present invention. Figures 2 and 3 illustrate a fluoroscopic image
obtained from one specific pose. Figure 4 illustrates a fluoroscopic image obtained 1n a different

pose, as compared to Figures 2 and 3, as a result of C-arm rotation. The Bronchoscope — 240,

340, 440, the instrument — 210, 310, 410, ribs - 220, 320, 420 and body boundary — 230, 330,
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430 are visible. The mult1 view pose estimation method uses the visible elements in Figures 2, 3,
4 as an 1nput.

[00022] Figure 5 shows a schematic drawing of the structure of bronchial airways as
utilized 1n the method of the present invention. The airways centerlines are represented by 3530.
A catheter 1s 1nserted into the airways structure and imaged by a fluoroscopic device with an
image plane 540. The catheter projection on the 1mage 1s illustrated by the curve 550 and the
radio opaque markers attached to 1t are projected into points G and F.

[00023] Figure 6 1s an 1image of a bronchoscopic device tip attached to a bronchoscope, 1n
which the bronchoscope can be used in an embodiment of the method of the present invention.
[00024] Figure 7 1s an illustration according to an embodiment of the method of the
present invention, where the illustration 1s of a fluoroscopic image of a tracked scope (701) used
1n a bronchoscopic procedure with an operational tool (702) that extends from 1t. The operational
tool may contain radio opaque markers or unique pattern attached to it.

[00025] The figures constitute a part of this specification and include 1illustrative
embodiments of the present invention and illustrate various objects and features thereof. Further,
the figures are not necessarily to scale, some features may be exaggerated to show details of
particular components. In addition, any measurements, specifications and the like shown 1n the
figures are intended to be illustrative, and not restrictive. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled 1n the art to variously employ the present invention.

DETAILED DESCRIPTION

[00026] Among those benefits and improvements that have been disclosed, other objects

and advantages of this invention will become apparent from the following description taken in

10
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conjunction with the accompanying figures. Detailled embodiments of the present invention are
disclosed herein; however, 1t 1s to be understood that the disclosed embodiments are merely
1llustrative of the invention that may be embodied in various forms. In addition, each of the
examples given in connection with the various embodiments of the invention which are intended
to be 1llustrative, and not restrictive.

[00027] Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrases “in one
embodiment” and “in some embodiments” as used herein do not necessarily refer to the same
embodiments, though 1t may. Furthermore, the phrases “in another embodiment” and “in some
other embodiments” as used herein do not necessarily refer to a different embodiment, although
it may. Thus, as described below, various embodiments of the invention may be readily
combined, without departing from the scope or spirit of the invention.

[00028] In addition, as used herein, the term “or” 1s an inclusive “or” operator, and 1s
equivalent to the term “and/or,” unless the context clearly dictates otherwise. The term “based
on” 1s not exclusive and allows for being based on additional factors not described, unless the
context clearly dictates otherwise. In addition, throughout the specification, the meaning of “a,”
“an,” and “the” include plural references. The meaning of “in” includes “1n” and “on.”

[00029] As used herein, a “plurality” refers to more than one in number, e.g., but not
limited to, 2, 3,4, 5,6, 7, 8, 9, 10, etc. For example, a plurality of images can be 2 images, 3
1mages, 4 1mages, 5 1mages, 6 1images, 7 images, 8 images, 9 images, 10 images, etc.

[00030] As used herein, an “anatomical element” refers to a landmark, which can be, e.g.:
an area of interest, an 1ncision point, a bifurcation, a blood vessel, a bronchial airway, a rib or an

organ.

11
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[00031] As used herein, “geometrical constraints” or “geometric constraints” or “mutual
constraints” or “mutual geometric constraints’ refer to a geometrical relationship between
physical organs (e.g., at least two physical organs) in a subject’s body which construct a similar
geometric relationship within the subject between ribs, the boundary of the body, etc. Such
geometrical relationships, as being observed through different imaging modalities, either remain
unchanged or their relative movement can be neglected or quantified.

[00032] As used herein, a “pose” refers to a set of six parameters that determine a relative
position and orientation of the intraoperative imaging device source as a substitute to the optical
camera device. As a non-limiting example, a pose can be obtained as a combination of relative
movements between the device, patient bed, and the patient. Another non-limiting example of
such movement 1s the rotation of the intraoperative imaging device combined with 1ts movement
around the static patient bed with static patient on the bed.

[00033] As used herein, a “position” refers to the location (that can be measured in any
coordinate system such as x, y, and z Cartesian coordinates) of any object, including an imaging
device 1tself within a 3D space.

[00034] As used herein, an “orientation” refers the angles of the intraoperative imaging
device. As non-limiting examples, the intraoperative imaging device can be oriented facing
upwards, downwards, or laterally.

[00035] As used herein, a “pose estimation method” refers to a method to estimate the
parameters of a camera associated with a second imaging modality within the 3D space of the
first imaging modality. A non-limiting example of such a method 1s to obtain the parameters of
the intraoperative fluoroscopic camera within the 3D space of a preoperative CT. A

mathematical model uses such estimated pose to project at least one 3D point inside of a

12
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preoperative computed tomography (CT) image to a corresponding 2D point inside the
intraoperative X-ray 1mage.
[00036] As used herein, a “multt view pose estimation method” refers a method to
estimate to poses of at least two different poses of the intraoperative imaging device. Where the
1maging device acquires image from the same scene/subject.
[00037] As used herein, “relative angular difference” refers to the angular difference of
the between two poses of the imaging device caused by their relative angular movement.
[00038] As used herein, “relative pose difference” refers to both location and relative
angular difference between two poses of the imaging device caused by the relative spatial
movement between the subject and the imaging device.
[00039] As used herein, “epipolar distance” refers to a measurement of the distance
between a point and the epipolar line of the same point in another view. As used herein, an
“epipolar line” refers to a calculation from an x, y vector or two-column matrix of a point or
points 1n a view.
[00040] As used herein, a “similarity measure” refers to a real-valued function that
quantifies the similarity between two objects.
[00041] In some embodiments, the present invention provides a method, comprising:
obtaining a first image from a first imaging modality,
extracting at least one element from the first image from the first imaging modality,
wherein the at least one element comprises an airway, a blood vessel, a body
cavity, or any combination thereof;
obtaining, from a second imaging modality, at least (1) a first image of a radiopaque

instrument 1n a first pose and (11) a second 1mage of the radiopaque instrument in a

13



CA 03017091 2018-09-07

WO 2017/153839 PCT/IB2017/000276

second pose,
wherein the radiopaque instrument 1s 1n a body cavity of a patient;
generating at least two augmented bronchograms,
wherein a first augmented bronchogram corresponds to the first image of the
radiopaque instrument 1n the first pose, and
wherein a second augmented bronchogram corresponds to the second image of
the radiopaque instrument 1n the second pose,
determining mutual geometric constraints between:
(1) the first pose of the radiopaque instrument, and
(11) the second pose of the radiopaque instrument,
esttmating the first pose of the radiopaque instrument and the second pose of the
radiopaque instrument by comparing the first pose of the radiopaque instrument and the
second pose of the radiopaque 1instrument to the first image of the first imaging modality |,
wherein the comparing 1s performed using;
(1) the first augmented bronchogram,
(11) the second augmented bronchogram, and
(111) the at least one element, and
wherein the estimated first pose of the radiopaque instrument and the estimated
second pose of the radiopaque instrument meets the determined mutual geometric constraints,
generating a third image; wherein the third image 1s an augmented 1image derived from
the second 1imaging modality which highlights an area of interest,

wherein the area of interest 1s determined from data from the first imaging modality.

14
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[00042] In some embodiments, the at least one element from the first image from
the first imaging modality further comprises a rib, a vertebra, a diaphragm, or any combination
thereof. In some embodiments, the mutual geometric constraints are generated by:
a. estimating a difference between (1) the first pose and (11) the second pose by comparing
the first image of the radiopaque instrument and the second 1mage of the radiopaque
Instrument,
wherein the estimating 1s performed using a device comprising a protractor, an
accelerometer, a gyroscope, or any combination thereof, and wherein the device 1s
attached to the second imaging modality;
b. extracting a plurality of image features to estimate a relative pose change,
wherein the plurality of image features comprise anatomical elements, non-
anatomical elements, or any combination thereof,
wherein the 1mage features comprise: patches attached to a patient, radiopaque
markers positioned 1in a field of view of the second imaging modality, or any
combination thereof,
wherein the image features are visible on the first image of the radiopaque
instrument and the second 1image of the radiopaque instrument;
c. estimating a difference between (1) the first pose and (11) the second pose by using a at
least one camera,
wherein the camera comprises: a video camera, an infrared camera, a depth
camera, or any combination thereof,
wherein the camera 1s at a fixed location,

wherein the camera 1s configured to track at least one feature,

15



CA 03017091 2018-09-07

WO 2017/153839 PCT/IB2017/000276

wherein the at least one feature comprises: a marker attached the patient, a
marker attached to the second 1maging modality, or any combination
thereof, and

tracking the at least one feature;

d. or any combination thereof.

[00043] In some embodiments, the method further comprises: tracking the radiopaque
instrument for: identifying a trajectory, and using the trajectory as a further geometric constraint,
wherein the radiopaque instrument comprises an endoscope, an endo-bronchial tool, or a robotic
arm.
[00044] In some embodiments, the present invention 1s a method, comprising:
generating a map of at least one body cavity of the patient,
wherein the map 1s generated using a first image from a first imaging modality,
obtaining, from a second 1maging modality, an image of a radiopaque instrument
comprising at least two attached markers,
wherein the at least two attached markers are separated by a known distance,
1dentifying a pose of the radiopaque instrument from the second imaging modality
relative to a map of at least one body cavity of a patient,
1dentifying a first location of the first marker attached to the radiopaque instrument on the
second 1mage from the second 1maging modality,
1dentifying a second location of the second marker attached to the radiopaque instrument
on the second image from the second imaging modality, and
measuring a distance between the first location of the first marker and the second location

of the second marker,
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projecting the known distance between the first marker and the second marker,
comparing the measured distance with the projected known distance between the first
marker and the second marker to identify a specific location of the radiopaque instrument

inside the at least one body cavity of the patient.

[00045] In some embodiments, the radiopaque instrument comprises an endoscope, an
endo-bronchial tool, or a robotic arm.
[00046] In some embodiments, the method further comprises: identifying a depth of the
radiopaque 1nstrument by use of a trajectory of the radiopaque instrument.
[00047] In some embodiments, the first image from the first imaging modality 1s a pre-
operative image. In some embodiments, the at least one 1mage of the radiopaque instrument from
the second imaging modality 1s an intra-operative 1mage.
[00048] In some embodiments, the present invention 1s a method, comprising:
obtaining a first image from a first imaging modality,
extracting at least one element from the first image from the first imaging modality,
wherein the at least one element comprises an airway, a blood vessel, a body
cavity or any combination thereof;
obtaining, from a second 1maging modality, at least (1) a one 1mage of a radiopaque
instrument and (11) another image of the radiopaque instrument in two different poses of second
1maging modality
wherein the first image of the radiopaque instrument 1s captured at a first pose of
second 1maging modality,
wherein the second 1mage of the radiopaque instrument 1s captured at a second

pose of second 1maging modality, and
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wherein the radiopaque instrument 1s 1n a body cavity of a patient;
generating at least two augmented bronchograms correspondent to each of two poses of
the 1maging device, wherein a first augmented bronchogram derived from the first image
of the radiopaque instrument and the second augmented bronchogram derived from the
second 1mage of the radiopaque 1nstrument,
determining mutual geometric constraints between:
(1) the first pose of the second imaging modality, and
(1) the second pose of the second 1imaging modality,
esttmating the two poses of the second imaging modality relatively to the first image of
the first imaging modality, using the correspondent augmented bronchogram images and at least
one element extracted from the first image of the first imaging modality;
wherein the two estimated poses satisty the mutual geometric constrains.
generating a third image; wherein the third image 1s an augmented 1image derived from
the second imaging modality highlighting the area of interest, based on data sourced from the
first imaging modality.
[00049] In some embodiments, anatomical elements such as: a nb, a vertebra, a
diaphragm, or any combination thereof, are extracted from the first imaging modality and from
the second 1imaging modality.
[00050] In some embodiments, the mutual geometric constraints are generated by:
a. estimating a difference between (1) the first pose and (i1) the second pose by
comparing the first image of the radiopaque instrument and the second image of

the radiopaque 1instrument,
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wherein the estimating 1s performed using a device comprising a
protractor, an accelerometer, a gyroscope, or any combination thereof, and

wherein the device 1s attached to the second 1maging modality;

b. extracting a plurality of image features to estimate a relative pose change,
wherein the plurality of image features comprise anatomical elements,
non-anatomical elements, or any combination thereof,
wherein the 1mage features comprise: patches attached to a patient,
radiopaque markers positioned 1n a field of view of the second 1maging modality,
or any combination thereof,
wherein the i1mage features are visible on the first image of the radiopaque

instrument and the second 1mage of the radiopaque instrument;

c. estimate a difference between (1) the first pose and (11) the second pose by using a

at least one camera,

wherein the camera comprises: a video camera, an infrared camera, a

depth camera, or any combination thereof,

whereln the camera 1s at a fixed location,

wherein the camera 1s configured to track at least one feature,

wherein the at least one feature comprises: a marker attached the
patient, a marker attached to the second imaging modality, or any

combination thereof, and

tracking the at least one feature;
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d. or any combination thereof.

[00051] In some embodiments, the method further comprises tracking the radiopaque

instrument to 1dentify a trajectory and using such trajectory as additional geometric constrains,

wherein the radiopaque instrument comprises an endoscope, an endo-bronchial tool, or a robotic

arm.

[00052] In some embodiments, the present invention 1s a method to identify the true

instrument location inside the patient, comprising:

using a map of at least one body cavity of a patient generated from a first image of a first

1maging modality,

obtaining, from a second 1maging modality, an 1mage of the radiopaque instrument with
at least two markers attached to 1t and having the defined distance between them |,

that may be perceived from the image as located 1n at least two different body cavities
inside the patient,

obtaining the pose of the second imaging modality relative to the map

1dentifying a first location of the first marker attached to the radiopaque instrument on the
second 1mage from the second 1maging modality,

1dentifying a second location of the second marker attached to the radiopaque instrument
on the second 1image from the second 1maging modality, and

measuring a distance between the first location of the first marker and the second location
of the second marker.

projecting the known distance between markers on each of the perceived location of the

radiopaque 1nstrument using the pose of the second 1maging modality
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comparing the measured distance to each of projected distances between the two markers

to 1dentify the true instrument location 1nside the body.

[00053] In some embodiments, the radiopaque instrument comprises an endoscope, an
endo-bronchial tool, or a robotic arm.

[00054] In some embodiments, the method further comprises: 1dentifying a depth of the
radiopaque instrument by use of a trajectory of the radiopaque instrument.

[00055] In some embodiments, the first image from the first imaging modality 1s a pre-
operative 1mage. In some embodiments, the at least one image of the radiopaque instrument

from the second imaging modality 1s an intra-operative 1mage.

[00056] Multi view pose estimation
[00057] The application PCT/IB2015/000438 1ncludes a description of a method to

estimate the pose information (e.g., position, orientation) of a fluoroscope device relative to a
patient during an endoscopic procedure, and 1s herein incorporated by reference 1n 1ts entirety.
PCT/IB15/002148 filed October 20, 2015 1s also herein incorporated by reference 1n its entirety.

[00058] The present invention 1s a method which includes data extracted from a set of
Intra-operative images, where each of the images 1s acquired in at least one (e.g., 1, 2, 3, 4, etc.)
unknown pose obtained from an imaging device. These 1mages are used as input for the pose
esttmation method. As an exemplary embodiment, Figures 3, 4, 5, are examples of a set of 3
Fluoroscopic images. The images 1n Figures 4 and 5 were acquired 1n the same unknown pose
while the 1mage 1n Figure 3 was acquired in a different unknown pose. This set, for example,
may or may not contain additional known positional data related to the imaging device. For

example, a set may contain positional data, such as C-arm location and orientation, which can be
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provided by a Fluoroscope or acquired through a measurement device attached to the
Fluoroscope, such as protractor, accelerometer, gyroscope, etc.

[00059] In some embodiments, anatomical elements are extracted from additional
intraoperative images and these anatomical elements imply geometrical constraints which can be
introduced 1nto the pose estimation method. As a result, the number of elements extracted from a
single intraoperative 1mage can be reduced prior to using the pose estimation method.

[00060] In some embodiments, the multi view pose estimation method further includes
overlaying information sourced from a pre-operative modality over any image from the set of
Intraoperative 1mages.

[00061] In some embodiments, a description of overlaying information sourced from a
pre-operative modality over intraoperative images can be found in PCT/IB2015/000438 which 1s
incorporated herein by reference 1n 1ts entirety.

[00062] In some embodiments, the plurality of second imaging modalities allow for
changing a Fluoroscope pose relatively to the patient (e.g., but not limited to, a rotation or linear
movement of the Fluoroscope arm, patient bed rotation and movement, patient relative
movement on the bed, or any combination of the above) to obtain the plurality of images, where
the plurality of images are obtained from abovementioned relative poses of the fluoroscopic
source as any combination of rotational and linear movement between the patient and
Fluoroscopic device.

[00063] While a number of embodiments of the present invention have been described, 1t
1s understood that these embodiments are illustrative only, and not restrictive, and that many

modifications may become apparent to those of ordinary skill in the art. Further still, the various
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steps may be carried out 1in any desired order (and any desired steps may be added and/or any
desired steps may be eliminated).
[00064] Reference 1s now made to the following examples, which together with the above

descriptions illustrate some embodiments of the invention 1n a non limiting fashion.

[00065] Example: Minimally Invasive Pulmonary Procedure
[00066] A non-limiting exemplary embodiment of the present invention can be applied to

a minimally 1nvasive pulmonary procedure, where endo-bronchial tools are inserted into
bronchial airways of a patient through a working channel of the Bronchoscope (see Figure 6).
Prior to commencing a diagnostic procedure, the physician performs a Setup process, where the
physician places a catheter into several (e.g., 2, 3, 4, etc.) bronchial airways around an area of
interest. The Fluoroscopic images are acquired for every location of the endo-bronchial catheter,
as shown 1n Figures 2, 3, and 4. An example of the navigation system used to perform the pose
esttmation of the intra-operative Fluoroscopic device 1s described 1n application
PCT/IB2015/000438, and the present method of the invention uses the extracted elements (e.g.,
but not limited to, multiple catheter locations, rib anatomy, and a patient’s body boundary).

[00067] After estimating the pose in the area of interest, pathways for inserting the
bronchoscope can be identified on a pre-procedure 1imaging modality, and can be marked by
highlighting or overlaying information from a pre-operative image over the intraoperative
Fluoroscopic image. After navigating the endo-bronchial catheter to the area of interest, the
physician can rotate, change the zoom level, or shift the Fluoroscopic device for, e.g., verifying
that the catheter 1s located in the area of interest. Typically, such pose changes of the

Fluoroscopic device, as illustrated by Figure 4, would invalidate the previously estimated pose
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and require that the physician repeats the Setup process. However, since the catheter 1s already
located 1nside the potential area of interest, repeating the Setup process need not be performed.

[00068] Figure 4 shows an exemplary embodiment of the present invention, showing the
pose of the Fluoroscope angle being estimated using anatomical elements, which were extracted
from Figures 2 and 3 (1n which, e.g., Figures 2 and 3 show 1mages obtained from the 1nitial Setup
process and the additional anatomical elements extracted from 1mage, such as catheter location,
ribs anatomy and body boundary). The pose can be changed by, for example, (1) moving the
Fluoroscope (e.g., rotating the head around the c-arm), (2) moving the Fluoroscope forward are
backwards, or alternatively through the subject position change or either through the
combination of both etc. In addition, the mutual geometric constraints between Figure 2 and

Figure 4, such as positional data related to the imaging device, can be used 1n the estimation

process.
[00069] Figure 1 1s an exemplary embodiment of the present invention, and shows the
following:

[00070] I. The component 120 extracts 3D anatomical elements, such as Bronchial

airways, ribs, diaphragm, from the preoperative image, such as, but not limited to, CT, magnetic
resonance i1maging (MRI), Positron emission tomography—computed tomography (PET-CT),
using an automatic or semi-automatic segmentation process, or any combination thereof.
Examples of automatic or semi-automatic segmentation processes are described in “Three-
dimensional Human Airway Segmentation Methods for Clinical Virtual Bronchoscopy”, Atilla

P. Kiraly, Willham E. Higgins, Geoffrey McLennan, Eric A. Hoffman, Joseph M. Reinhardt,

which 1s hereby incorporated by reference 1n 1ts entirety.
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[00071] II. The component 130 extracts 2D anatomical elements (which are further shown
1in Figure 4, such as Bronchial airways 410, ribs 420, body boundary 430 and diaphragm) from a
set of intraoperative images, such as, but not limited to, Fluoroscopic images, ultrasound 1mages,
etc.

[00072] III. The component 140 calculates the mutual constraints between each subset of
the 1images 1n the set of intraoperative images, such as relative angular difference, relative pose
difference, epipolar distance, etc.

[00073] In another embodiment, the method includes estimating the mutual constraints
between each subset of the images in the set of intraoperative images. Non-limiting examples of
such methods are: (1) the use of a measurement device attached to the intraoperative imaging
device to estimate a relative pose change between at least two poses of a pair of fluoroscopic
images. (2) The extraction of image features, such as anatomical elements or non-anatomical
elements 1ncluding, but not limited to, patches (e.g., ECG patches) attached to a patient or
radiopaque markers positioned inside the field of view of the intraoperative imaging device, that
are visible on both images, and using these features to estimate the relative pose change. (3) The
use of a set of cameras, such as video camera, infrared camera, depth camera, or any
combination of those, attached to the specified location in the procedure room, that tracks
features, such as patches attached to the patient or markers, markers attached to imaging device,
etc. By tracking such features the component can estimate the imaging device relative pose
change.

[00074] IV. The component 150 matches the 3D element generated from preoperative

1mage to their corresponding 2D elements generated from intraoperative image. For example,
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matching a given 2D Bronchial airway extracted from Fluoroscopic image to the set of 3D
airways extracted from the CT 1mage.

[00075] V. The component 170 estimates the poses for the each of the images in the set of
intra-operative images 1n the desired coordinate system, such as preoperative 1mage coordinate
system, operation environment related, coordinated system formed by other imaging or

navigation device, etc.

[00076] The 1nputs to this component are as follows:

e 3D anatomical elements extracted from the patient preoperative image.
e 2D anatomical elements extracted from the set of intra-operative images. As stated
herein, the 1mages 1n the set can be sourced from the same or different imaging device

pOSeS.
e Mutual constraints between each subset of the images 1n the set of intraoperative images

[00077] The component 170 evaluates the pose for each image from the set of intra-
operative images such that:

e The 2D extracted elements match the correspondent and projected 3D anatomical
elements.
e The mutual constraint conditions 140 apply for the estimated poses.

[00078] To match the projected 3D elements, sourcing a preoperative image to the
correspondent 2D elements from an inter-operative image, a similarity measure, such as a
distance metric, 1s needed. Such a distance metric provides a measure to assess the distances
between the projected 3D elements and their correspondent 2D elements. For example, a
Euclidian distance between 2 polylines (e.g., connected sequence of line segmenis created as a
single object) can be used as a similarity measure between 3D projected Bronchial airway
sourcing pre-operative image to 2D airway extracted from the intra-operative image.

[00079] Additionally, 1n an embodiment of the method of the present invention, the

method 1ncludes estimating a set of poses that correspond to a set of intraoperative images by
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1dentifying such poses which optimize a similarity measure, provided that the mutual constraints
between the subset of images from intraoperative image set are satistied. The optimization of the
similarity measure can be referred to as a Least Squares problem and can be solved in several
methods, e.g., (1) using the well-known bundle adjustment algorithm which implements an

1iterative minimization method for pose estimation, and which 1s herein incorporated by reference

1n 1ts entirety: B. Triggs; P. McLauchlian, R, Hartley, A, Fitzgibbon (1999) "Bundle Adjustment
— A Modern Synthesis”. JCCY 90 Proceedings of the International Workshop on Vision
Algorithims. Springer-Verlag., pp. 298-372, and (2) using a grid search method to scan the
parameter space in search for optimal poses that optimize the similarity measure.

[00080] Markers

[00081] Radio-opaque markers can be placed in predefined locations on the medical
instrument 1n order to recover 3D information about the instrument position. Several pathways
of 3D structures of intra-body cavities, such as bronchial airways or blood vessels, can be
projected into similar 2D curves on the intraoperative image. The 3D information obtained with
the markers may be used to differentiate between such pathways, as shown, e.g., in Application
PCT/IB2015/000438.

[00082] In an exemplary embodiment of the present invention, as illustrated by Figure 3,
an 1instrument 1s imaged by an intraoperative device and projected to the imaging plane 505. It 1s
unknown whether the instrument 1s placed inside pathway 520 or 525 since both pathways are
projected into the same curve on the image plane 505. In order to differentiate between pathway
520 and 525, 1t 1s possible to use at least 2 radiopaque markers attached to the catheter having
predefined distance “m” between the markers. In Figure 5, the markers observed on the

preoperative image are named “G” and “F”.
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[00083] The differentiation process between 520 and 525 can be performed as follows:
[00084] (1) Project point F from intraoperative image on the potential candidates of
correspondent airways 520, 525 to obtain A and B points.

[00085] (2) Project point G from intraoperative image on the potential candidates of
correspondent airways 520, 525 to obtain points C and D.

[00086] (3) Measure the distance between pairs of projected markers |AC| and |[BD|.
[00087] (4) Compare the distances |AC| on 520 and |[BD| on 525 to the distance m

predefined by tool manufacturer. Choose appropriate airway according to a distance similarity.

[00088] Tracked Scope
[00089] As non-limiting examples, methods to register a patient CT scan with a

Fluoroscopic device are disclosed herein. This method uses anatomical elements detected both 1n
the Fluoroscopic image and 1n the CT scan as an input to a pose estimation algorithm that
produces a Fluoroscopic device Pose (e.g., ortentation and position) with respect to the CT scan.
The following extends this method by adding 3D space trajectories, corresponding to an endo-
bronchial device position, to the inputs of the registration method. These trajectories can be
acquired by several means, such as: attaching positional sensors along a scope or by using a
robotic endoscopic arm. Such an endo-bronchial device will be referred from now on as Tracked
Scope. The Tracked scope 1s used to guide operational tools that extends from 1t to the target area
(see Figure 7). The diagnostic tools may be a catheter, forceps, needle, etc. The following
describes how to use positional measurements acquired by the Tracked scope to improve the
accuracy and robustness of the registration method shown herein.

[00090] In one embodiment, the registration between Tracked Scope trajectories and

coordinate system of Fluoroscopic device 1s achieved through positioning of the Tracked Scope
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in various locations 1in space and applying a standard pose estimation algorithm. See the
following paper for a reference to a pose estimation algorithm: F. Moreno-Noguer, V. Lepetit
and P. Fua 1n the paper “EPnP: Efficient Perspective-n-Point Camera Pose Estimation”, which 1s
hereby incorporated by reference in 1ts entirety.

[000901] The pose estimation method disclosed herein 1s performed through estimating a
Pose 1n such way that selected elements in the CT scan are projected on their corresponding
elements 1n the fluoroscopic image. In one embodiment of the current invention, adding the
Tracked Scope trajectories as an input to the pose estimation method extends this method. These
trajectories can be transformed into the Fluoroscopic device coordinate system using the methods
herein. Once transformed to the Fluoroscopic device coordinate system, the trajectories serve as
additional constraints to the pose estimation method, since the esttmated pose 1s constrained by
the condition that the trajectories must fit the bronchial airways segmented from the registered
CT scan.

[00092] The Fluoroscopic device estimated Pose may be used to project anatomical
elements from the pre-operative CT to the Fluoroscopic live video in order to guide an
operational tool to a specified target inside the lung. Such anatomical elements may be, but are
not limited to,: a target lesion, a pathway to the lesion, etc. The projected pathway to the target
lesion provides the physician with only two-dimensional information, resulting in a depth
ambiguity, that 1s to say several airways segmented on CT may correspond to the same
projection on the 2D Fluoroscopic image. It 1s important to correctly i1dentify the bronchial
airway on CT in which the operational tool 1s placed. One method used to reduce such
ambiguity, described herein, 1s performed by using radiopaque markers placed on the tool

providing depth information. In another embodiment of the current invention, the Tracked scope
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may be used to reduce such ambiguity since 1t provides the 3D position inside the bronchial
airways. Having such approach applied to the brunching bronchial tree, 1t allows eliminating the
potential ambiguity options until the Tracked Scope tip 701 on Figure 7. Assuming the
operational tool 702 on Figure 7 does not have the 3D trajectory, although the abovementioned
ambiguity may still happen for this portion 702 of the tool, such event 1s much less probable to
occur. Therefore this embodiment of current invention improves the ability of the method

described herein to correctly 1dentify the current tool’s position.

EQUIVALENTS

[00093] The present 1nvention provides among other things novel methods and
compositions for treating mild to moderate acute pain and/or inflammation. While specific
embodiments of the subject invention have been discussed, the above specification 1s illustrative
and not restrictive. Many variations of the invention will become apparent to those skilled 1n the
art upon review of this specification. The full scope of the invention should be determined by
reference to the claims, along with their full scope of equivalents, and the specification, along

with such variations.

INCORPORATION BY REFERENCE

[00094] All publications, patents and sequence database entries mentioned herein are
hereby incorporated by reference in their entireties as 1f each individual publication or patent was

specifically and individually indicated to be incorporated by reference.
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[00095] While a number of embodiments of the present invention have been described, 1t
1s understood that these embodiments are illustrative only, and not restrictive, and that many
modifications may become apparent to those of ordinary skill in the art. Further still, the various
steps may be carried out 1n any desired order (and any desired steps may be added and/or any

desired steps may be eliminated).
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CLAIMS:

What 1s claimed 1s:

1. A method, comprising:
obtaining a first image from a first imaging modality,
extracting at least one element from the first image from the first imaging modality,
wherein the at least one element comprises an airway, a blood vessel, a body
cavity, or any combination thereof;
obtaining, from a second 1maging modality, at least (1) a first image of a radiopaque
instrument 1n a first pose of second imaging modality and (11) a second 1mage of the
radiopaque 1nstrument 1n a second pose of second 1maging modality,
wherein the radiopaque instrument 1s 1n a body cavity of a patient;
generating at least two augmented bronchograms,
wherein a first augmented bronchogram corresponds to the first image of the
second 1maging modality 1n the first pose, and
wherein a second augmented bronchogram corresponds to the second image of
the second imaging modality 1in the second pose,
determining mutual geometric constraints between:
(1) the first pose of the of second 1maging modality, and
(11) the second pose of the of second 1maging modality,
esttmating the first pose of the of second imaging modality and the second pose of the of
second 1maging modality,
wherein the estimation 1s performed using:
(1) the first augmented bronchogram,
(11) the second augmented bronchogram, and
(111) the at least one element, and
wherein the estimated first pose of the of second 1maging modality and the
esttmated second pose of the of second 1maging modality meets the determined mutual
geometric constraints,

generating a third image; wherein the third image 1s an augmented image derived from
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the second imaging modality which highlights an area of interest,

wherein the area of interest 1s determined from projecting data from the estimated first

pose and the estimated second pose.

2. The method of claim 1, wherein there 1s additional element from the first image from the

first imaging modality and second image of second imaging modality further comprises a

rib, a vertebra, a diaphragm, or any combination thereof.

3. The method of claim 1, wherein the mutual geometric constraints are generated by:

d.

estimating a difference between (1) the first pose and (11) the second pose by
comparing the first image of the radiopaque instrument and the second image of

the radiopaque 1instrument,

wherein the estimating 1s performed using a device comprising a
protractor, an accelerometer, a gyroscope, or any combination thereof, and

wherein the device 1s attached to the second i1maging modality;

extracting a plurality of image features to estimate a relative pose change,

wherein the plurality of image features comprise anatomical elements,
non-anatomical elements, or any combination thereof,

wherein the 1mage features comprise: patches attached to a patient,
radiopaque markers positioned in a field of view of the second 1maging modality,
or any combination thereof,

wherein the i1mage features are visible on the first image of the radiopaque

instrument and the second image of the radiopaque 1instrument;

esttmating a difference between (1) the first pose and (11) the second pose by using

a at least one camera,

wherein the camera comprises: a video camera, an infrared camera, a

depth camera, or any combination thereof,
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wherein the camera 1s at a fixed location,
wherein the camera 1s configured to track at least one feature,

wherein the at least one feature comprises: a marker attached the
patient, a marker attached to the second imaging modality, or any

combination thereof, and

tracking the at least one feature;

d. or any combination thereof.

4. The method of claim 1, further comprising:
tracking the radiopaque instrument for:
1dentifying a trajectory, and

using the trajectory as a further geometric constraint,

wherein the radiopaque instrument comprises an endoscope, an endo-bronchial

tool, or a robotic arm.

5. A method to identify the true instrument location inside the patient, comprising:

using a map of at least one body cavity of a patient generated from a first image of a first

1maging modality,

obtaining, from a second 1maging modality, an 1mage of the radiopaque instrument with
at least two markers attached to 1t and having the defined distance between them,
that may be perceived from the image as located 1n at least two different body cavities

inside the patient,

obtaining the pose of the second 1imaging modality relative to the map,
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1identifying a first location of the first marker attached to the radiopaque instrument on the

second 1image from the second 1maging modality,

1dentifying a second location of the second marker attached to the radiopaque instrument

on the second image from the second imaging modality,

measuring a distance between the first location of the first marker and the second location

of the second marker,

projecting the known distance between markers on each of the perceived location of the

radiopaque 1nstrument using the pose of the second 1maging modality, and

comparing the measured distance to each of projected distances between the two markers

to 1dentity the true instrument location 1nside the body.

6. The method of claim 5, wherein the radiopaque instrument comprises an endoscope, an

endo-bronchial tool, or a robotic arm.
7. The method of claim 6, further comprising:
1dentifying a depth of the radiopaque instrument by use of a trajectory of the

radiopaque instrument.

8. The method of claim 1, wherein the first image from the first imaging modality 1s a pre-

operative image.

9. The method of claim 1, wherein the at least one image of the radiopaque instrument from

the second imaging modality 1s an intra-operative image.
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