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(57) Abstract: A system and method for tracking a sur-
gical implement in a patient can have an imaging system
configured to obtain sequential images of the patient,
and an image recognition system coupled to the imaging
system and configured to identify the surgical imple-
ment in individual images. The image recognition sys-
tem can be configured to identify the surgical implement
relative to the patient in one of the images based, at least
in part, on an identification of the surgical implement in
at least one preceding one of the sequential images, and
a probabilistic analysis of individual sections of the one
of the images, the sections being selected by the image
recognition system based on a position of the surgical
implement in the patient as identified in the at least one
preceding one of the images.
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TOOL TRACKING DURING SURGICAL PROCEDURES

CLAIM OF PRIORITY
This application claims the benefit of priority of U.S. Provisional Patent
Application No. 65/510,797, entitled “AN ADAPTIVE SURGICAL TOOL
TRACKING ALGORITHM FOR USE DURING SURGICAL
PROCEDURES,” which was filed on 22 July 2011, which is incorporated herein

by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with government support under award nuraber
SR2TEBOGTT79-02 from the Mational Institute of Health.

The government has certain rights in this invention.

TECHNICAL FIELD
This document pertains generally o the tracking of surgical implements,
and more particularly, but not by way of imitation, to visual tracking of surgical

implements using adaptive algorithms and related methods.

BACKGROUND
Various technologies have been utilized to track the position of surgical
tmplements in a patient. Ultrasound and other indirect imaging techniques can
display a representation of the surgical implement on a screen. Fiduciary
markers that show up on ultrasound iraages, for instance, have been positioned at
known locations on or within the patient. The position of the surgical imaplement
can then be compared against the positions of the fidaciary markers to give an

approximated position of the surgical implement relative o the markers.
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OVERVIEW

This docoment describes a system to track a surgical implement during a
surgical procedare. While contemporary surgical implement tracking can
usefully provide position information for the surgical implement, the use of
fiduciary markers can create a variety of challenges. 'the fiduciary markers
necessarily have to be placed in usetul locations on or in the patient, which can
require costly operating roora time and, potentially, separate or lengthened
surgical procedures to place the fiduciary markers in the locations. 'the fiduciary
markers can be more limited in scope than potential anatomical features of the
patient; a patient can have far more anatomical features than it can be realistic to
associate with fiduciary markers. Consequently, certain anatomical features can
create obstacles to moving and positioning a surgical implement that are not
necessartly made apparent by the fiduciary markers.

Visual systerns can be utilized o guide surgical implerents during
surgical procedures. A medical professional could, for instance, position a
camera to show the environment around a surgical implement. However, the
simple use of a camera could require or encourage constant atiention by the
medical professional, reducing & potential viility of automated or robotic surgical
procedures. In addition, because of changing conditions in a patient, such as
changing light levels at different locations in the patient’s body, recognition of
tools and anatomical features can be made challenging to medical professionals
and tmage recognition systems over tine.

Further, because conventional image recognition systems can rely on
known views and aspects of previously intiahized objects, surgical conditions
can create difficulties for such conventional image recognition systems. Because
surgical iraplements can often be twisted and manipulated during surgical
procedures, the image recognition system can be presented with aspects of the
surgical implement for which the tmage recognition system has not been
initialized and might not recognize. In addition, because surgical procedures can
atilize muliiple, occasionally unusual surgical implements on short notice, the
fmage recognition system can encounter surgical implements that have not been
initialized and that are otherwise unknown to the image recognition systenm.

The surgical implement tracking system and related methods described
herein can utilize a probabilistic analysis of a visual image to identify the

)
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surgical implement. The syster can identify the surgical implenent in
individual ones of a series of images. The probahilistic analysis of one of the
series of images can be based on the identification of the surgical implement in a
preceding one of the series of images. The probahilistic analysis can incorporate
5  separate analysis of a variety of image characteristics, such as image color,
texture, edge identification, corner identification, curvature, size, orientation,
object area, and so forth, As a result, surgical implements can be identified in a
varicty of aspecis and in a variety of visual conditions.
Example 1 can include subject matter that can include a device-assisted
10 method for tracking a surgical implement previously introduced into a patient.
The method can include obtaining sequential images of the patient, using a
processor circuit, probabilistically analyzing individual sections of one of the
tmages to generale a probabilistic analysis, the individual sections selected using
information about a previous position of the surgical implement as identified in
15 at least one preceding one of the tmages, and, using the processor Circuit,
identifving the surgical implement in individual images at least in part using the
probabilistic analysis and information about an identification of the surgical
iroplement in at least one preceding one of the images.
In Example 2, the subject matter of Example 1 can optionally include that
20 probabilistically analyzing the sections is based on probabilistically analyzing
tmage characteristics of the sections.
In Example 3, the subject matter of any one or more of Examples 1 and 2
can optionally include that the sequential images are visual images, and that the

tmage characteristics inchude at least one of coloy, texture, an edge of an object, a

o]
L

corner of the object, curvature, size of the object, orientation of the object, and
area of the object.

In Example 4, the subject matier of any one or more of Examples 1-3 can
optionally include that probabilistically analyzing the individual sections
comprises, for individual image characteristics, determining a likelibood that the
30 individual image characteristic corresponds to the surgical implement, and
determining a likelihood that the individual section corresponds to the surgical
iraplement based on the likelihoods of the individual image characteristics.

In Example 5, the subject matier of any one or more of Examples 1-4 can

optionally include that the likelihood that the individual section corresponds to

3
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the surgical impleroent is based on a weighied average of the likelihoods of the
individual image characteristics.

In Example 6, the subject matter of any one or more of Examples 1-5 can
optionally include that the weighted average is a dynargically weighted average
based on the fikelihood of the individual image characteristics relative to a
standard likelihood.

In Example 7, the subject matter of any one or raore of Examples 1-6 can
optionally include that the sections are equally sized, the sections comprise a
search region, and a size of the search region of one of the images is selected at
least in part using a nomber of immediately preceding images in which the
surgical iraplement was not wentified.

In Example 8, the subject matter of any one or more of Examples 1-7 can
optionally include the individual sections are one pixel in size.

In Example 9, the subject matter of any one or more of Examples [-8 can
optionally inclade that the search region for one of the images is sized equal to a
number of search pixels adjacent to a pixel in which the surgical implement has
been identified.

in Bxample 10, the subject matier of any one or more of Examples 1-9
can optionally include storing, in a database, at least one physical feature of the
surgical implement as identified in at least one of the timages, and wherein the
surgical implement is identified using the physical featare of the surgical
implement as stored in the database.

In Example 11, the subject matter of any one or more of Examples 1-10
can optionally inclade that the at least one physical feature comprises different
physical features of the surgical impleraent identified in at least one of the
tmages, and wherein a physical feature of the surgical implement is added to the
database upon being identified in one of the images.

In Example 12 the sebject matter of any one or more of Examples 1-11
can optionally include storing the at least one physical feature in the database
comprises storing the sequential images in the database at specified intervals.

In Example 13, the sabject matter of any one or more of Examples 1-12
can optionally include storing the at least one physical feature in the database
comprises storing a current image based on a change in an aspect of the at least
one physical feature relative to a preceding image stored in the database.

4
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In Example 14 the subiject matter of any one or more of Examples 1-13
can optionally include that the sequential images are captured by a camera
contigared to capture aspects of the surgical implement in the images, and
wherein identifying the surgical impleruent is based at least in part on the
aspects.

In Example 15, the subject matter of any one or more of Examples 1-14
can optionally inclade that the sequential images are captured by cameras
sitnated in a specified interrelationship, and identifying the surgical implement
identifies a three-dimensional position of the surgical implement.

In Example 16, the sabject matter of any one or more of Examples 1-15
can optionally include displaying, on a user interface, a track of the position of
the surgical implement in the patient, as identified by the image recognition

ystenm.

2]

In Example 17, the subject matter of any one or more of Examples 1-16
can optionally include obtaining, using the user interface, a user input that
identifies the surgical implement in a first one of the images.

Example 18 can include subject matter that can include a system for
tracking a surgical imaplement in a patient. The system can comprise an irnaging
system configured to obtain sequential images of the patient and an image
recognition system coupled to the imaging system and configured to identify the
surgical implement in individual images. The Umage recognition system is
configured to identify the surgical ireplement relative to the patient in one of the
images based, at least in part, on an identification of the surgical implement in at
least one preceding one of the sequential images and a probabilistic analysis of
individual sections of the one of the images, the sections being selected by the
irpage recognition system hased on a position of the surgical implement in the
patient as identified in the at least one preceding one of the images.

In Example 19, the subject matter of Example 138 can optionally include
that the probabhilistic analysis is based on a probabilistic analysis of image
characteristics of the sections.

In Example 20, the subject matter of any one or more of Examples 18
and 19 can optionally include that the sequential images are visual images, and

wherein the image characteristics include at least one of color, texture, an edge
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of an object, a corner of the object, curvature, size of the object, orientation of
the obiject, and area of the object.
In Example 21, the sabject matter of any one or more of Examples 18-20
can optionally include that the probabilistic analysis of the individual sections is
5 hased, at least in part, on for individual image characteristics, a likelihood that
the individual image characteristic corresponds to the surgical implement, and a
likelihood that the individual section corresponds to the surgical imaplement
based on the likelihoods of the individual image characteristics.
In Example 22, the subject matter of any one or more of Examples 18-21
10 can optionally include that the likelihood that the individual section corresponds
to the surgical implement is based on & weighted average of the likelthoods of
the individual image characteristics.
In Example 23, the subject matier of any one or more of Examples 18-22
can optionally include that the weighted average is a dyvnamically weighted
15 average based on the likelihood of the individual image characteristics relative o
a standard likelihood.
In Example 24, the sabject matter of any one or more of Examples 18-23
can optionally include that the sections are equally sized, the sections comprise a
search region, and a size of the search region of one of the images is selected at
20 least in part using a number of immediately preceding images in which the
surgical implement was not identified.
In Example 25, the subject matter of any one or more of Examples 18-24
can optionally include that the individual sections are one pixel in size.

In Example 26, the sabject matter of any one or more of Examples 18-25

o]
L

can optionally include that the search region for one of the itnages is sized equal
to a mumber of search pixels adjacent to a pixel in which the surgical imaplement
has been identified.

In Example 27, the subject matier of any one or more of Examples 18-26
can optionally include a database configured to store at least one physical feature
30 of the surgical implement as identified in at least one of the images, and wherein
the surgical implement is identified using the physical feature of the surgical
iroplement as stored in the database.

In Example 28, the subject matier of any one or more of Examples 18-27
can optionally include that the at least one physical feature comprises different

6
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physical features of the surgical implement identified in at least one of the
images, and wherein a physical feature of the surgical implement is added to the
database upon being identified in one of the images.

In Bxample 29, the subject matier of any one or more of Examples 18-28

5 can optionally include that the database is configured to store the at least one
physical feature in the database by storing the sequential images in the database
at specified intervals,

In Example 30, the subject matter of any one or more of Examples 18-29
can optionally inclode that the database is configured to store the at least one

10 physical feature in the database based on a current image based on a change in
an aspect of the at least one physical feature relative to a preceding fmage stored
i the database.

In Example 31, the subject matier of any one or more of Examples 18-30

can optionally include that the imaging system comprises a camera configured to
15 capture aspects of the surgical impiement in the images, and wherein the surgical
implement is identified based at least in part on the aspects.

In Example 32, the sabject matter of any one or more of Examples 18-31
can optionally include that the imaging system cornprises caroeras situated ina
specified interrelationship, and the image recognition syster is configured to

20 identify a three-dimensional position of the surgical implement.

In Example 33, the subject matter of any one or more of Examples 18-21
can optionally include a user interface conligured to display a track of the
position of the surgical implement in the patient, as identified by the image

recognition system.

o]
L

In Bxample 34, the subject matter of any one or more of Examples 18-21
can optionally include that the user interface is configured o obtain a user input
that identifies the surgical implement in a first one of the images.

Example 35 can include subject matter that can inchude a storage mediom
comprising instructions that, when executed on & processor, cause the processor
30 to obtain sequential images of the patient, probabilistically analyze individual
sections of ong of the images o generate a probabilistic analysis, the individual
sections selected using information about a previous position of the surgical
irnplement as identified in at least one preceding one of the images, and identify

the surgical implement in individual images at least in part using the

—~—d
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probabhilistic analysis and information about an identification of the surgical
implement in at least one preceding one of the images.

In Example 36, the subject matter of Example 353 can optionally include
probabilistically analyzing the sections is based on probabilistically analyzing

5  image characteristics of the sections.

In Example 37, the subject matter of any one or more of Examples 35
and 36 can optionally inchade that the sequential images are visual iroages, and
wherein the image characteristics include at least one of color, texiure, an edge
of an object, a corner of the object, curvature, size of the object, orientation of

10 the object, and area of the object.

In Bxample 38, the subject matier of any one or more of Examples 35-37
can optionally inclade that probabilistically analyzing the individual sections is
based on instructions to cagse the processor to, for individual image
characteristics, determine a likelihood that the individaal image characteristic

15 corresponds to the surgical implement, and determine a likelihood that the
individual section corresponds to the surgical implement based on the
likehhoods of the individaal image characteristics.

fn Example 39, the subject matter of any one or more of Examples 35-38
can optionally include that the likelihood that the individual section corresponds

20 to the surgical implement is based on a weighted average of the likelihoods of
the individual image characteristics.

In Exarople 40, the subject matier of any one or raore of Exaroples 35-39
can optionally include that the weighted average is a dynamically weighted

average based on the likelihood of the individual image characteristics relative to

o]
L

a standard likelihood.

In Example 41, the subject matter of any one or more of Examples 35-40
can optionally include that the sections are equally sized, the sections comprise a
search region, and a size of the search region of one of the images is selected at
least in part using a number of immediately preceding images in which the
30 surgical implement was not identified.

In Example 42, the sabject matter of any one or more of Examples 35-41
can optionally include that the individual sections are one pixel in size.

In Example 43, the subject matter of any one or more of Examples 35-42
can optionally include that the search region for one of the images is sized equal

3
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to a muraber of search pixels adjacent to a pixel in which the surgical implement
has been identified.

In Example 44, the sabject matter of any one or more of Examples 35-43
can optionally include that the instructions cause the processor (o store, ina
database, at least one physical feature of the surgical imaplement as identified in
at least one of the images, and wherein the surgical implement is identified using
the physical feature of the surgical iraplement as stored in the database.

In Example 45, the subject matter of any one or more of Examples 35-44
can optionally inclode that the at least one physical feature comprises different
physical features of the surgical implement identified in at least one of the
irnages, and wherein a physical feature of the surgical imaplement is added to the
database upon heing identified in one of the images.

In Example 46, the subject matter of any one or more of Examples 35-45
can optionally include that the instructions that cause the processor to store the at
least one physical feature in the database cause the processor 1o store the
sequential images in the database at specified intervals.

In Example 47, the sabject matter of any one or more of Examples 35-46
can optionally include that the instructions that cause the processor to store the at
least one physical feature in the database cause the processor to store a current
tmage based on a change in an aspect of the at least one physical feature relative
to a preceding image stored in the database.

In Example 48, the subject matter of any one or more of Examples 35-47
can optionally inclode that the instructions that cause the processor to capture the
sequential images are captured by a camera configured to capture aspects of the
surgical iraplement in the images, and wherein the instructions that cause the
processor to identify the surgical implement are based at least in part on the
aspects.

In Example 49, the subject matier of any one or more of Examples 35-48
can optionally include that the sequential images are captured by cameras
situated n a specified interrelationship, and wherein the instructions cause the
processor to identity a three-dimensional position of the surgical implement.

fn Example 50, the subject matter of any one or more of Examples 35-49

can optionally include instructions that cause the processor to display, on a user

9
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interface, a track of the position of the surgical implement in the patient as
identified.

In Example 51, the sebject matter of any one or more of Examples 35-50
can optionally include instractions that cause the processor 1o obtain, using the
user interface, a user input that identifies the surgical iraplement in a first one of
the images.

This overview is intended to provide an overview of subject matter of the
present patent application. It is not intended to provide an exclusive or
exhaustive explanation of the invention. The detailed description is included to

provide further information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn {o scale, like numerals
may describe similar components in different views. Like numerals having
different letier suffixes may represent different instances of similar components.
The drawings illusirate generally, by way of example, but not by way of
Limitation, various embodiments discuassed in the present document.

FIG. 1 shows a block diagram of a system for tracking a surgical
traplement in a patient.

PG, 2 is a drawing of an exemplary imaging system posttioned with
respect to a surgical implement.

FIG. 3 is a flowchart for recognizing a surgical iraplersent using an
image recognition systent.

FIG. 415 a flowchart for tracking a surgical implement previously

introduced into a patient,

DETAILED BESCRIPTION

System Overview

FIG. 1 shows a block diagram of a system 100 for tracking a surgical
implement 152 in a patient. Fhe system 100 inclodes an imaging system 104
and an image recognition systemn 106, The imaging system 104 can include an
irnaging device 108, such as a camera. The camera can be confligured to detect
light in the spectrum visible to the human eye, and certain cameras can be
sensitive to light cutside of the visible spectrum. The camera can be configured

10
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to detect color rather than only grayscale. The imaging device 108 can
incorporate multipie cameras, tor instance two cameras, such as can provide
stereoscopic imaging. The imaging device 108 can be or include a computed
torgography (C'1) scanner, a magnetic resonance imaging {MRI) scanner, X-ray
5 or other medical or non-medical scanner or imnage generation system. The

tmaging device 108 can present images in real time, which can be understood as
providing the images substantially immediately upon acquiring the images. The
imaging device 108 can obtain or record discrete irages and/or video. listobe
snderstood that video can include multiple discrete images obtained sequentially

10 and rapidly, and thus video can be deconstructed into multiple sequential images
that can be separately and independently analyzed for content.

The imaging systern 104 can include a support structure 110, 'The

tmaging device 108 can be mounted on or with respect to the support structiure
116, The support structure 110 can be utilized to position the imaging device

15 108 with respect to the surgical implement 102 and a patient. The imaging
device 108 can be articulable or rotatable with respect to the support structure
110 to aliow the tmaging device 108 to change a focal point without necessarily
having to reposition the support stracture 110

The imaging systern 104 can be biocompatible, such as to support

20 insertion into 8 patient during a surgical procedure. The imaging system 104 can
further include various electronic devices that can support the generation and
saving of visual images in a digital format, such as can be generated when the
imaging device 108 is a digital camera, as known in the art. For example, the

imaging system 134 generally, or the imaging device 108 specifically, can

o]
L

inchude a processor and electronic data storage such as a hard disk or standard
computer or electronic device mermory like random access memory (RAM) or
fiash or other electrically erasable and programmable read only memory
(EEPROM). The processor can support generation of digital images while the
electronic data storage can store the digital images at least untif the digital
30 images are transmitted o the image recognition system 106. The electronic data
storage can be configured to store at least one and, in certain examples, multiple
irnages.

The Umage recognition system 106 can be cormmunicatively coupled to
the imaging system 104 via a communication link 112. The communication link

11
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112 can utilize wired conununication or wireless conununication technologies
according to standard or proprietary modalities as well known in the art. Where
the communication link 112 1s wireless, the imaging system 104 can be sterilized
for use in a steride filed while the froage recognition systern 106 can be

5 positioned outside of the sterile field. Where the communication link 112 is
wired, or in certain instances where the communication link 112 is wireless,
various componenis of the system 100 can be positioned in various relationships
to a sterife field.

The image recognition system 106 can include a processor 114 and

10 electronic data storage 116 such as 3 hard disk or standard computer or
electronic device memory. The electronic data storage 116 can include a
database 118 for storing visual images as transmitted {from the imaging system
104. The database 118 can include multiple sequential visual images that can be
utilized in the analysis of a current image and/or subsequent images.

15 Alternatively, the electronic data storage 116 can store the sequential images
without respect to organizing the images in a database 118 or other organized
structure.

The processor 114 can be configured to analyze individual ones of the
trpages as transmitted by the imaging system 104 to identify and track the

20 surgical implement 102 with respect to the patient and the patient’s anatomy. It
is 1o be understood that while the image recognition system 106 is described here
with respect specifically to identifying and/or tracking surgical implements 102,
the principles applicable to identifying the surgical implement 102 can be

applied equally well to other objects in other circumstances. The system 100

o]
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generally, and the image recognition system 106 specifically, can be applied o
identify and track various objects in various environments for or of which
tmages can be obtained.

The system 140 can optionally include a user interface 120, The user
interface 120 can be configured to display tmages from the imaging system 104
30 for inspection by a user, such as on a display as well known in the art. The user
interface 120 can be further configured to receive a user input, such ason the a
touchscreen associated with the display or via a keyboard or other electronic

input device. The user input can, for instance, initialize a particular object, such
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as to provide a basis for subsequent analysis by the tmage recognition system

106, as discussed below.

Imaging svstem

5 PG, 2 is a drawing of an exemplary imaging system 104 positioned with
respect to an exemplary surgical implement 102, The surgical implement 102 as
presented is merely presented for non-himiting illustrative purposes, and the
imaging system 104 can be uwtilized with any suitabie surgical implement 102 or,
as noted above, any object in general. The imaging system 104 includes an

10 exemplary imaging device 108 mounted with respect to the support structare
110. The sapport structure 116 4s positioned with respect to the surgical
traplement 102, as illustrated by being attached to a shaft 200 of the surgical
implement 102. Manipulation and positioning of the surgical implement 102
thergby positions, at least in part, the tmaging system 104,

15 The surgical implement 102, as illusirated, includes articulable and
extendable arms 202. The imaging device 108 can be positioned to provide
visual images of one or more of the arms 202 with respect to the environment in
which the anm 202 is positioned. The umaging device 108 can rotate and aciuate
with respect to the support structure 110 so as to keep at least one arm 202

20 within a visoal field of the imaging device 108. The imaging device 103 can
include two lenses, for instance to generate stereoscopic images. The
communication link 112 can transmit the stereoscopic images o the image
recognition system 106.

The surgical implement 102 can be a component of a robot or can be

o]
L

robot-controlled. In an example, the image recognition system 106 can be
communicatively coupled to a control mechanism of the surgical imaplement 102,
Based on an output of the image recognition system 106, the control mechanism
of the image recognition system 106 can maneaver the arms 202 and the surgical
implement 152 generally. For instance, the armas 2072 can be positioned at a

30+ location so that surgical tools positioned on or with respect to the arms 202 can
perform surgical activities. Such surgical tools could include blades, drills,
electrodes, and so forth. The maneuvering of the arras 202, for instance, can be
so as to avoid anatomical features of the patient that might obstruct access of the

arms 202 to a target location.
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Flowcharts for recognizing the sureical implement

FIG. 3 is a flowchart for recognizing the surgical implement 102 using
the image recognition systera 106, The tmage recogaition system 106 can uiilize
a probabilistic analysis as detailed below to recognize the surgical implement
102, The flowchart can operate as the imaging system 104 obtains and transmits
multiple seqguential visual images to the image recognition system 106, As
discussed above, the multiple sequential visual images can be digital images
obtained through discrete frames or images or through a video feed. The visual
fmages can be transmitted to the image recognition system 106, and the various
blocks of the flowchart discussed below can be tmplernented as images are
received from the image recognition system 1086,

At 300, a tirst one of the sequential visual images is received by the
tmage recognition system 106.

At 302, a user can utilize the user interface 120 to mamaally initialize the
surgical implement 102 in the first one of the timages. In such an example, the
aser interface 120 can include a display and a touchscreen or other input device,
such as a raouse or trackball. 'The user can initialize the surgical implement 102
by physically selecting the surgical implement, such as by touching the surgical
tmplement 102 on the touchscreen or marking the surgical implement 102 with a
carsor controlled by the mouse or trackball.

At 304, the systern 100 generally, and the uimage recognition system 106,
processor 114, and user interface 120 specifically, can note a location of the user
selection and denote an object in the location as the surgical implement 102,

The object can be identified in the location based on a nature of one or more
sections of the image at or near the location of the user selection. One section
can be one pixel in size. Based on the pixel or pixels at the selected location, the
tmage recognition can utilize the color of the pixels, the texture of the object
implied by the pixels, identification of edges as implied by the pixels,
identification of corners as implied by the pixels, and other image recognition
technigues known in the art. Pixels of the image that correspond generally to at
Ieast one of the color, textare, edges, and corners of the location selected by the
user can be identified by the image recognition system 106 as showing the

surgical implement 102,
&
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At 3006, at lcast one of the first iinage and the data related to the surgical
implement 102 as displayed on the first image can be saved in the database 118,
As identified at 304, the data relating {0 the surgical implement 102 can inclade
a raw list of the identity of the pixels of the irnage that correspond to the surgical
traplement 102, The data relating 1o the surgical implement 102 can include
relative positions of pixels that cosrespond to the surgical implement 102 with
respect t0 one another; stated another way, the data relating to the surgical
implement 102 can detail a shape of the surgical implement 102. Instead of orin
addition to being stored in the database 118, the first image or the data relating to
the surgical implement 102 can be stored in relatively shorter-term memory of
the data storage 116, such as in RAM, 1o make the image or data available
relatively quickly for subsequent analysis.

The database 118, potentially in combination with the data storage 116,
can maintain track states of the surgical tmoplement 102, The track state
maintained in the database 118 can be a representative sample of the surgical
implement 102, such as samples of different aspects of the surgical implement
102 obtained {rom various images. Each track state can include: the image
corresponding to the aspect of the surgical iraplement 102; a search region or
region of interest of the image corresponding to the surgical implerent 102 and
surrounding parts of the image, as discussed in detail below; and image
characteristics of the surgical implement 102 in the image, such as color, textuare,
edges, and corners. The surgical impleraent 102 as initialized by the user in the
first image can provide a first one of the track states of the surgical implement
102

At 308, the imaging system 104 can obtain a subsequent sequential
trnage. The subsequent sequential image can be can be obtained with the
timaging system 104 positioned in the same location as a preceding sequential
tmage or with the imaging systery 104 having been repositioned relative to the
preceding image.

At 310, the image recognition systermn 100 can apply a search region to
the sabsequent, now “current” 1mage. The fiage recognition system 106 can
utilize the track state of the surgical implernent 102 as previcusly identified and
stored in the database 118, In particular, the imnage recognition system 106 can
apply a region of interest of one or more preceding track states and images as the

1
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search region of the current image. 'The region of interest as applied to the
current image can be the identical region of interest as applied to a preceding
tmage or can be modified, such as by increasing the scope of the region of
interest to include pixels immediately adjacent 1o the pixels of the preceding

5  region of interest.  The current region of interest can be based on a region of
interest of an immediately preceding image or, if the image recognition system
106 did not identify the surgical implement 102 in the immediately preceding
image, of a region of inferest of an image that precedes the immmediately
preceding image. 'The region of interest can be iteratively expanded by one or

10 more sections, such as one pixel, for every sequential image in which the

surgical toplement 102 is not identified.

At 3172, the image recogaition system 106 can extract information from
the search region of the current image. For instance, the image recognition
system 106 can extract image characteristics, such as color, texture, edges, and

15 corners, from the search region. The extracted information can be stored in the
data storage 116.

At 314, the image recognition system 106 can compare the extracted
information from the search region of the current image with related inforration
from the track state of preceding images stored, for instance, in the database 118

20 and/or the data storage 116. The extracted information can be compared
between and among related data. For instance, a normalized cross-correlation of
sections around identified corners identified from the current iimage can be
compared against other sections around corners of images in which the surgical

tmplement 102 was identified. The sections can be one pixel in size or larger.

o]
L

For instance, an alignment between potential matching features of the surgical
traplement in the current image and a preceding image can be estimated.
Outlying matches can be deleted utilizing an estimation technigue to fit a model
to observations, such as the m-estimator sample consensos (*M-SAC™) or the
random sample consensus (“RANSAC”) known in the art.

30 An estimation techpique soach as M-SAC can select a2 number of random
or pseudo-random points to compute & model. The model can be an eguation
that, for instance, best fits the selected points. The model as estimated based on
the random points can be evaluated against observations, such as sections
corresponding to the potential matching features, and an error score of the

16
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observations to the madel can be computed. The points can be iteratively
selected and can be less than the total number of observations. Selections can
proceed for a preselected mumber of iterations or unfil the error score is less than
a preselected nuoumum. M-SAC utilizing terative selection of points relative 1o
a preselected miniroum error rate can, under certain circurastances, be relatively
less susceptible to large outlying observations than utilizing a preselected
mumber of gerations or, for instance, RANSAC.

In further examples, the alignment of the search region of the current
image can be compared against warped information from the track state, such as
the region of interest from preceding images or the image of the sargical
iraoplement 102 as identified in the preceding images. The warped information
can account for changes in perspective relating to movement of the surgical
tmplement 102, the tmaging system 104, or both. The warped track state
information can be based on the alignment as estimated above. Affine arithmsetic
models known in the art can be vtilized for numerical analysis of the warped
information from the track state. Based on the analyses conducted by the image
recognition system 106, including but not necessarily limited to some of those
detailed above, the image recognition system 106 can identify a preceding track
state that represents a best match to the search region of the current image.

At 316, the image recognition system 106 can construct a likelihood map
of the current image. The likelihood map can define areas of the current image,
such as areas of the search region, that are relatively likely to contain the surgical
implement 102 relative to arcas that are unlikely to contain the surgical
tmoplement 102, Likely areas can be assigned with high probability values while
unlikely arcas can be assigned with low probability values. Relatively likely
regions can be identified based on the comparison of the extracted data of the
current image with the best match of the track state as identified at 314. The
areas that are relatively likely can include sections where the surgical implement
102 was previously identified, and sections, such as individual pixels, that are
directly adjacent to sections in which surgical implement 102 was previously
identified.

The likelihood map can be based on a variety of probabilitics that can be
identified in the search region of the current image and the best match of the
track state. The probabilities of various image characteristics can be assessad,

17
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such as color, texture, and other mathematically-identifiable features of the
image. In an example, an overall likelihood that the search region of the current

image includes the surgical implement 102 can be defined as:

5 Fquation 1. Pi= D wi Py
k

£ s the overall probability that the search region of the current image
corresponds to the surgical implement 102, wy is a weight for each image
characteristic, Py is a probability for cach characteristic, and k is the number of

10 image characteristics assessed. The weights can sum to “17, The weighis can be
dynamically weighted for various conditions, with certain image characteristics
weighted more strongly relative to a standard hikelihood. ¥For instance, in
environmments where there is relatively substantial amounts of light, color can be
weighted relatively strongly. For instance, in environments with relatively weak

15 light, identified curves can be weighted relatively strongly.

Where an image characteristic is color, various “seed” {eatures can
incorporate linear combinations of colors in the visual color space 1o compute
local image window histograms. The seed features can then be utilized as
known “tuned” colors against which other colors in the current image and the

20 wrack state can be corapared. Various physical features of the search region of
the image, such as are identified by edge and corner analysis, can be converted
into normalized histograms. The histograms can be normalized according to
each element within each physical feature of the surgical implement 102, sach as
the arms 202, and according to various sections of the physical feature or

25 individual pixels of the physical feature. The normalized histograins can
constitute a probability distribution function for each physical feature. Physical
features that are relatively prominent, such as those displayed in the foreground
of the image, can be assessed separately from physical features that are relatively

less prominent, sach as those displayed in the background of the image.

8]
e}

Relatively less prominent features can be obtained from a larger search region
than relatively prominent features. 'The seed features can be formed from g log-

Iikelihood ratio of the probability distribution function:

S . o {max{p{i}.o})
Hquation 2: L{{} = logm(maxm o

18
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in the probability distribution function, p can be the probability of the
surgical implement 102 or other object in the foreground, ¢ can be the
probability relating to background ohjects, and & can prevent taking a logarithm
of zero of dividing by zero. Discrimination between different features of the
surgical implement 102 can be based on a two-class variance ratio, with the
vartance for the surgical inoplement 102 or other object in the foreground

probabhility p being:
Pauation 3;  var(l; p) = E[LA(D] — (B[L(DHD?

The variance {or the background probability g can be computed
according 0 HEquation 3 by substituting ¢ for references to p. The variance ratio
for the log-likelthood function is thus:

DGy

ra
‘E?(LTLL," .

var(L;pi+ var{l;q)

Equation 4:  VR({L;p,g) =

Color {eatures can be scored based on the variance ratio. The largest
variance ratio, which can indicate the most-distinctly discriminated feature in the
image, can be chosen as the “tuned” color the subject image.

The tuned color can be identified based, for instance, on a previous
tdentification of the surgical implement 102, In such a circomstance, a color that
is most distinctly associated with the surgical implement 102 can be identified
the tuned color corresponding to the surgical implement 102, Such a color can
be dentified, for instance, by having been associated with the largest variance as
determined above, such as in the current image or in a preceding image. Colors
that are identified in previous images as being the tuned color can be stored in,
for instance, a lookup table in the database 118 or data storage 116, The number
of tiraes a particular color is identified in the look up table as a tuned color can
serve as a weight for future analysis of various colors.

A color that is identified as having high variance and a high weight can
serve as the tuned from which to compare other colors in the subject image. The

lookup table can incorporate a color chart that includes known relationships

19
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between various colors. Based on the tuned color for an image as identified

above, the lookup table can identify an anticipated appearance of other colors

given ambient lighting conditions. On the basis of the comparisons of the

anticipated appearance of the other colors, pixels throughout the subject image
5 can be assessed for color.

Where an image characteristic is a corner in the image, a (3aussian prior
can be performed on an initial estimate of a location of the corer. The initial
estirnate of the location of the corner can be based on a location of the corner in
a preceding one of the images, such as an inunediately preceding image. A two-

10 dimensional elliptical Gauossian function as known in the art can be applied 0
define a region where the corner is expected. The elliptical Gaussian function
can be parameterized so that the function is centered at the initial estimated
location. The function can be shaped based on dimensions of the corner as
previously identified. The dimensions can, for instance, be rectangular based on

15 the comer as previously identified.

in an example, the mean of the Gaussian function is the estimated two-
dimensional center of the region of interest. A sub-region or “track patch” of the
irnage can be identified, wherein half of a track patch can be defined as one
standard deviation of the Gaussian function. Based on a section’s location in a

20 region of interest and relationship to the previously identified corner, a
likelihood that that particular section corresponds to the surgical implement 102
can be determined.

Texture can be characterized based on changes in a spatial image

gradient within an image. Texture can be re-identifiable between images

o]
L

separated in time and can be locally discriminative, in that texture can be
identifiable relative to conditions local to the texture regardless of if the texture
is globally identifiable within the image. A corner feature can be a section of
the image in which the object is re-localizable and can be used to identity the
location of the object in subsequent images.

30 Where an image characteristic is a texture of an object, the track patch
identified with respect 1o the Gaussian function can be utilized with an affine
rransformation to identify and preserve straight lines to identify warping in the
subject image. The warping can be compensated for in the identification of
textures in the subject image. Texturing can further or optionally be identified

20
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without compensating for warping. Based on previously identified texture
characteristics, the texture of the object corresponding to each section, for
instance in the region of interest, can be utilized o deterimine a likelihood that
the section corresponds to the surgical implement 162,

5 {hther image characteristics, including edges, curvature, size, oricntation,
area, and so forth, can be incorporated in ways known in the art. Based on the
identified probabilities for the various coraputed image characteristics, the
function of Equation 1 can be run and the overall likelihood of the surgical
implement 102 being in the region of interest identified.

10 At 318, the image characteristics as identified at 316 can be utilized as
seed points in the generation of the region of interest for sequential iraages.
Outlying sections, such as individual pixels, that have abnormally high
likelihoods can be eliminated based on probabilistic analyses. For instance,
individual sections that vary from surrounding sections by more than one

15 standard deviation, or by a more or less rigorous standard, can be identified as
outliers and eliminated from further consideration.

The likelihood of the surgical implement 102 being at the expected
location in the region of interest can be based on a nursber of times in preceding
irnages the surgical implement 142 was identified. Where the surgical

20 implement 102 was identified in a relatively large number of preceding images,
the current image can be approached with a relatively high likelihood of finding
the surgical impleroent in a relatively narrow expected region of interest or
search region, potentially creating relatively large variances in likelihoods for

sections not within the expected region of interest. The less the vanance in

o]
L

Iikelihood between individual sections, the fewer outliers can or may be
eltiminated from further consideration,

{Ime cause of reduced variance between sections can be a relatively low
likelihood that the surgical implement 142 1s in any particular location from a
previcusly identified image. As such, if the surgical implement 102 is not
30 identified in a preceding image, then the likelihood of finding the surgical
tmplement 102 in a refatively narrow specific location in the current image can
decrease. As a result, various sections at increasing numbers of locations in the
trpage can have likelihoods that are not so significant outliers as to be eliminated
from further consideration, resulting in an incraase in the search region or region

21
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of interest. Hence, the search region may expand, such as by one section, such
as one pixel, around each existing section of the previous search region. Once
the sargical implement 102 is identified again, the region of interest may reduce
by the same process described above.

5 At 3206, particuiar physical features of the surgical iraplement 102 can be
identified, such as the shaft 200 or the arm 202. Sections of the image that are
identified as likely relating to the surgical imaplement 102 can be correlated to
previcusly identified features of the surgical iraplement 102 based on the image
characteristics. 'Thus, sections that combine to incorporate likelihoods for

10 colors, textares, and curves, for instance, can have those image characteristics
compared against previously identified irmnage characteristics of the arm 202,
Sections that can combine to show a relatively high likelihood of colors,
textures, and curves that correspond to the same or similar previously identified
colors, textures, and curves of the arm 202 can be identified as the arm 202.

15 Upon completion of 308-320, subsequent images can be obtained and
analyzed iteratively per 308-32( as can be needed or useful to a surgical
procedure or other circumstance where image recognition can be useful.

FIG. 4 is a flowchart for tracking a surgical implement previously
introduced into a patient. 'The surgical implement can be the surgical implement

20 102 of the system 1(0. The surgical implement 102 can be tracked with the
devices of the system 100, or can be tracked according to other devices and
systems that are suitable for doing so. Additionally, while the flowchart is
presented with respect to tracking the surgical implement 102 in a patient, the

vartous steps of the flowchart can be implemented with respect to generic

o]
L

ohjects in generic circurnstances and are not linnited solely to medical
CRVITONRICHLS.

At 400, sequential images of a patient are obtained. The sequential
tmages can be obtained vsing the imaging device 108 of the imaging system 104,
such as a camera for capturing visual images. The tmaging system 104 can
30 include multiple cameras positioned in a specified interrelationship, such as can
produce a three-dimensional position of the sargical device 102, as discussed
below. The sequential images can be obtained by using an imaging device such
as a computed tomography (C'1) scanner, a magnetic resonance imaging (MR
scanner, X-ray or other medical or non-medical scanner or irnage generation

22
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system. The imaging device can capture discrete images or video, and can be
presented in real time.

At 402, a user can identify the surgical implement 102 in one of the
sequential images. The user can use the user interface 120 to select the surgical

5 implement on g display. The user can identify the surgical implement 102 in a
first one of the sequential images.

At 404, individual sections of one of the sequential images can be
probabhilistically analyzed to generate a probabilistic analysis. Individual
sections, such as individual pixels, can be selected from the image based on

10 information about the surgical implement 102 as previously identified. Such
information can include image characteristics of the surgical implement as well
as position information about the surgical implement 102 in at feast a preceding
tmage of the sequential images. The probabilistic analysis of the individual
sections can be based on the image characteristics as applied to the individual

15  sections. 'The image characteristics can include color, texture, an edge of an
object, a corner of the object, curvature, size of the object, orientation of the
object, and area of the object.

The individual sections can be eqgually sized. Fach section can be one
pixel in size. Taken together, the individual sections can make up a search

20 region or region of interest. The size of the search region can be selectable
based on a nuraber of imymediately preceding images in which the surgical
mplement was not identified 102, The selection of the number of sections in the
search region can be based on relative likelthoods of individual sections. The

search region for any one image can be based on sections that correspond to a

o]
L

location of the surgical implement 102 and sections that are inmmediately
adjacent to the sections in which the surgical implement 102 has been identified.
At 446, probabilistically analyzing the image can optionally include
determining a likelihood that an individual image charactenistic corresponds (o
the surgical implerent 102. For instance, & particular color in the image can be
30 identified as corresponding to a color associated with surgical implement 102,
At 408, probabifistically analvzing the image can optionally include
determining a likelthood that a section, such as a pixel, corresponds to the
surgical iraplement 102 based on the image characteristics of the section. 'the
likelihood that the section corresponds o the surgical tmplement 102 can be
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based on a weighted average of the likelihoods of the individual characteristics.
The weighted average can be a dynamically weighted average.

At 410, the surgical implement 102 can be identitied based on the
probabilistic analysis and the previous position information of the surgical
iroplement 102, The surgical implement 102 can be identified by a processor
circuit 114, such as can be a part of, or operate in conjunction with the tmage
recognition system 106,

At 4312, data relating to a physical feature of the surgical implement 102,
as identified in the image, is stored in a database, such as in the database 118,
For instance, the physical feature can be one of the shaft 200 or the arm 202.
The data relating to the physical feawre can be stored in the database 113 upon
the physical feature being identified. Each physical feature of the surgical
tmplement 102 that is identified can be separately saved in the database.

Different images of same physical feature, such as the arm 202, can be
stored in the database 118, For instance, such images can incorporate different
aspects of the same physical feature. Images of different aspects of the physical
features of the surgical implement 102 can be utilized in identifying the physical
feature, specifically, and the surgical iraoplement 102, generally, with the image
recognition system 106. Different images of the physical features can be stored
at specified intervals, such as regular intervals.

At 4i4, a track of the surgical implement 102 is displayed on a user
interface 120, The tack of the surgical implement 102 can include a current
position of the surgical implement 102 and/or a representation of past positions

of the surgical implement.

Additional Notes

The above detailed description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by
way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “examples.” Such
examples can include elements in addition to those shown and described.
However, the present inventors also conternplate examples in which only those

elements shown and described are provided.
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All publications, patents, and patent documents referred to in this
document are incorporated by reference herein in their entirety, as though
individually incorporated by reference. In the event of incounsistent usages
hetween this document and those documenis so incorporated by reference, the

5 usage in the incorporated reference{s) should be considered supplementary o
that of this document; for irreconcilable inconsistencies, the usage in this
document controls.

In this document, the terms “a” or “an” are used, as is comnon in patent
documents, to include one or more than one, independent of any other instances

10 orusages of “at least one” or “one or more.” In this document, the term “or” is
used {0 refer 1o a nonexchusive or, such that “A or B” includes “A but not B,” “B
but not A7 and “A and B,” unless otherwise indicated. In the appended claims,
the terms “inclading” and “in which” are used as the plain-tnglish equivalents
of the respective terms “comprising” and “wherein.” Also, in the following

15 claims, the terms “including” and “comprising” are open-ended, that is, a
system, device, asticle, or process that includes elements in addition to those
Iisted after such a term in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terras “first,” “second,” and
“third,” etc. are used merely as labels, and are not intended to impose numerical

20 requirements on their objects.

Method examples described herein can be machine or computer-
implemented at least in part. Some examples can include a computer-readable
medivm or machine-readable medium encoded with instructions operabie to

configare an electronic device to perform methods as described in the above

o]
L

examples. An implernentation of such methods can include code, such as
niicrocode, assembly language code, a higher-level language code, or the like.
Such code can include computer readable instructions for performing various
methods. The code may form portions of computer program products. Further,
the code can be tangibly stored on one or more volatile or non-volatile computer-
30 readable media during execution or at other times. These computer-readable
media may include, but are not Hmited to, hard disks, removable magnetic disks,
rerpovable optical disks (e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories (RAMs), read only

memories (ROMs), and the like.

[as
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The above description can include reference to a microprocessor, a
processor circuit, a signal processor, a controller circuit, or the like. Such terms
can include, among other things, a microcontrolier including one or more of a
volatile or non-volatile memory, roultiple input/output channels, an analog-to-

5 digital converter, a power supply, a digital-to-analog converter, or one or more
other circuits, modules, or components that, in an example, can be co-integrated
in a single integrated civcuit, & single circuit package, a multi-chip module
package, a hybrid, a polyimide flex-circuit assembly, or the like. In some
examples, the implementations of such devices can be logically realized as, for

10 example, a microcontroller, programmable logic device (e.g., field
programmable gate array), state machine, or the like.

The ahove description is intended to be tlustrative, and not restrictive.
For example, the above-described examples (or one or more aspects thereof)
may be used in combination with each other. Other embodiments can be used,

15 such as by one of ordinary skill in the art upon reviewing the above description.
The Abstract is provided to comply with 37 C.FR. §1.72(b), to allow the reader
to quickly ascertain the nature of the technical disclosure. It is submitted with
the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Description, various features

20 may be grouped together to streamline the disclosure. This shouid not be
interpreted as intending that an unclaimed disclosed feature is essential to any
claim. Rather, inventive subject matter may He in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby

incorporated into the Detailed Description, with each claim standing on iis own

o]
L

as a separate embodiment. The scope of the invention should be determined
with reference to the appended claims, afong with the full scope of equivalents to

which such claims are entitled.
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CLAIMS

What is claimed is:

1. A device-assisted method for tracking a surgical implement previously
5 introduced into a patient, the method comprising:
obtaining sequential images of the patient;
using a processor circuit, probabilistically analyzing individual sections
of one of the images to generate a probabilistic analysis, the individual sections
selected using information about a previous position of the surgical implement as
10 identitied in at least one preceding one of the images; and
using the processor circuit, identifving the surgical implement in
individual images at least in part using the probabilistic analysis and information
about an identification of the surgical implement in at least one preceding one of
the images.
15
2. The method of claim 1, wherein probabilistically analyzing the sections

is based on probabilistically analyzing image characteristics of the sections.

3. The method of claim 2, wherein the sequential images are visual images,
20 and wherein the image characteristics include at least one of color, texture, an
edge of an object, a corner of the object, curvature, size of the object, orientation

of the object, and area of the object.

4. The method of claim 2, wherein probabilistically analyrzing the individual

o]
L

SeCHONS COMprises:
for individual image characteristics, determining a likelihood that the
individual image characteristic corresponds to the surgical implement; and
determining a likelihood that the individeal section corresponds to the
surgical implement based on the likelthoods of the individual image

30 characteristics.

5. The method of claim 4, wherein the likelihood that the individual section
corresponds to the surgical implenent is based on a weighted average of the
likelihoods of the individual image characteristics.

27
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8. The method of claim 5, wherein the weighted average is a dynamically
weighted average based on the likelihood of the individual image characteristics

relative 1o a standard likelihood.

7. The method of any one of claims 1 to 6:
wherein the sections are equally sized;
wherein the sections comprise a sgarch region; and
wherein a size of the search region of one of the images is selected at
10 leastin part using a namber of immediately preceding images in which the

surgical iraplement was not wentified.

3. The method of claim 7 wherein the individual sections are one pixel in
size.

15
8. The method of claim & wherein the search region for one of the images is
sized equal to a mumber of search pixels adjacent to a pixel in which the sargical

iroplement has been identified.

26 10, The method of any one of claims 1 to 6, comprising storing, ina
database, at least one physical feature of the surgical implement as identified in
at least one of the images, and wherein the surgical iraplement is identified using

the physical feature of the surgical implement as stored in the database.

o]
L

11. The method of claim 10, wherein the at least one physical feature
comprises different physical features of the surgical tmplement identified in at
least one of the images, and wherein a physical feature of the surgical implement

is added to the database upon being identified in one of the images.

300 12, The method of claim 10, wherein storing the at least one physical feature
in the database comprises storing the sequential images in the database at

specified intervals.
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13. The method of claim 10, wherein storing the at least one physical feature
in the database comprises storing a current image based on a change in an aspect
of the at least one physical feature relative to a preceding image stored in the

database,

14. The method of any one of claims 1 to 6, wherein the sequential images
are captured by a camera configured to capture aspects of the surgical iraplement
in the images, and wherein identifying the surgical implement is based at least in
part on the aspects.

i0
15, The method of claim 14, wherein the sequential timages are captured by
cameras situated in a specified interrelationship, and identifying the surgical

implement identifies a three-dimensional position of the surgical implement.

15 18 The method of any one of claims 1 {0 6, further comprising displaying,
on a user intertace, a track of the position of the surgical implement in the

patient, as identified by the image recognition system.

17. The method of claim 16, further comiprising obtaining, using the user
20 interface, a user input that identifies the surgical implement in a first one of the

mages.

1&. A system for tracking a surgical implement in a patient, comprising:

an imaging system configured to obtain sequential tmages of the patient;

o]
L

and

an image recognition system coupled to the imaging system and
configured to identify the surgical implement in individual images;

wherein the image recognition system is configured to identify the
surgical implement relative to the patient in one of the images based, at least in
30 part, on:

an identification of the surgical implement in at least one
preceding one of the sequential images; and

a probabilistic analysis of individual sections of the one of the
images, the sections being selected by the irnage recognition sysiem

29
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based on a position of the surgical implement in the patient as identified

in the at least one preceding one of the images.

19. The system of claim 18, wherein the probabilistic analysis is based on a

probabilistic analysis of image characteristics of the sections.

24, The system of claim 19, wherein the sequential images are visual irnages,
and wherein the image characteristics include at least one of color, texiure, an
edge of an object, a corner of the object, curvature, size of the object, orientation

of the object, and area of the object.

21. The system of claim 19, wherein the probabilistic analysis of the
individual sections is based, at least in part, on;

for individoal image characteristics, a likelihood that the 1individual
image characteristic corresponds to the surgical irapicment; and

a likelihood that the individual section corresponds to the surgical

tmplement based on the likelihoods of the individual image characteristics.

22. The system of claim 21, wherein the fikelithood that the individual section
corresponds to the surgical implement is based on a weighted average of the

likelihoods of the individual image characteristics.

23. The system of claim 22, wherein the weighted average is a dynamically
weighted average based on the likelihood of the individual image characteristics

relative 1o a standard likelihood.

24. The system of any one of claims 18 to 23:

wherein the sections are equally sized;

wherein the sections comprise a sgarch region; and

wherein a size of the search region of one of the images is selected at
least in part using a nomber of immediately preceding images in which the

surgical iraplement was not wentified.
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25. The systera of ¢laim 24 wherein the individual sections are one pixel in
size.
26. The system of claim 25 wherein the search region for one of the images

is sized equal to a number of search pixels adjacent to a pixel in which the

surgical implement has been identified.

27, The system of any one of claims 18 to 23, further comprising a database
contigured to siore at least one physical feature of the surgical implement as
identified in at least one of the images, and wherein the surgical implement is
identified using the physical feature of the surgical implement as stored in the

database.

28. The system of claim 27, wherein the at least one physical feature
comprises different physical features of the surgical implement identified in at
least one of the images, and wherein a physical feature of the surgical implement

is added to the database upon being identified in one of the images.

29. The system of claim 27, wherein the database is configured to store the at
least one physical feature in the database by storing the sequential images in the

database at specified intervals.

30. The system of claim 27, wherein the database is configured to store the at
least one physical featare in the database based on a current image based on a
change in an aspect of the at least one physical feature relative (o a preceding

traage stored in the database.

31 The system of any one of claims 18 to 23, wherein the imaging system
comprises a camera configured to capture aspects of the surgical implement in
the images, and wherein the surgical implement is identified based at least in

part on the aspects.

joS)
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32, The system of claim 31, wherein the imaging system comprises cameras
situated in a specified interrelationship, and the image recognition system is

contigared to identify a three-dimensional position of the surgical implement.

33 The system of any one of claims 18 to 23, further comprising a user
interface configured to display a track of the position of the sergical implement

in the patient, as identified by the image recognition system.

34, The system of claim 33, wherein the user interface is configured to obtain

a user input that identifies the surgical implement in a first one of the images.

35, A storage medivm comprising instructions that, when executed on 2
processor, cause the processor o

obtain sequential images of the patient;

probabilistically analyze individual sections of one of the images o
generate a probabilistic analysis, the individual sections selected using
information about a previous position of the surgical implement as identified in
at least one preceding one of the images; and

identify the surgical implement in individual images at least in part using
the probabilistic analysis and information about an identification of the surgical

mplement in at Jeast one preceding one of the images.

36. The storage medium of claim 35, wherein probabilistically analyzing the
sections is based on probabilistically analyzing image characteristics of the

SeCHons.

37. The storage medium of claim 36, wherein the sequential images are
visual images, and wherein the image characteristics include at least one of
color, texture, an edge of an object, a corner of the object, curvature, size of the

objeact, orientation of the object, and area of the object.

33 The storage roedium of claim 36, wherein probabilistically analyzing the

individual sections is based on instructions o cause the processor to;

42
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for individual image characteristics, determine a likelihood that the
individual image characteristic corresponds to the surgical implement; and

determine a likelihood that the individual section corresponds (o the
surgical implement based on the likelihoods of the individual image

characteristics.

34, The storage medium of claim 38, wherein the likelihood that the
individual section corresponds 1o the surgical implement is based on a weighted

average of the likelihoods of the individual image characteristics.

40. The storage medium of claim 39, wherein the weighted average is a
dynamically weighted average based on the likelihood of the individual image

characteristics relative to a standard likelihood.

41, The storage medium of any one of claims 35 to 40:

wherein the sections are equally sized;

wherein the sections comprise a search region; and

wherein a size of the search region of one of the images is selected at
least in part using a number of immediately preceding images in which the

surgical implement was not identified.

42, The storage medium of claim 41 wherein the individual sections are one

pixel in size.

43. The storage reedium of claim 42 wherein the search region for one of the
trnages is sized equal to a number of search pixels adjacent o a pixel in which

the surgical implement has been identified.

44, The storage medium of any one of claims 35 to 40, wherein the
instructions cause the processor to store, in a database, at least one physical
feature of the surgical implement as identified in at least one of the images, and
wherein the surgical uplerment is identified using the physical feature of the

surgical implement as stored in the database.

joe)
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43, The storage medium of claimn 44, wherein the at least one physical
feature comprises different physical features of the swrgical implement identified
in at least one of the images, and wherein a physical feature of the surgical

iroplement is added to the database upon being identified in one of the images.

46. The storage medium of claim 44, wherein the instructions that cause the
processor to store the at least one physical {feature in the database cause the

processor (o store the sequential images in the database at specified intervals.

1 47, The storage medium of claim 44, wherein the instnuctions that cause the
processor to store the at least one physical feature in the database cause the
processor (o store a current image based on a change in an aspect of the at least

one physical feature rejative to a preceding image stored in the database.

15 48 The storage medium of any one of claims 35 to 40, wherein the
instructions that cause the processor to capture the sequential images are
captured by a camera configured to capture aspects of the surgical implement in
the images, and wherein the instructions that cause the processor to identify the
surgical iraplement are based at feast in part on the aspects.

20
49, The method of claim 48, wherein the sequential images are captured by
cameras situated in a specified interrelationship, and wherein the instructions
cause the processor 1o identify a three-dimensiconal position of the surgical

tmplement.

o]
L

50. The storage medium of any one of clairs 35 to 40, further comprising
mnstructions that cause the processor to display, on a user interface, a track of the

position of the surgical implement in the patient as identified.

30 51 The storage medium of claim 50, further comprising instructions that
cause the processor (o obtain, uvsing the user interface, a user input that identifics

the surgical implement in a first one of the tmages.
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