2017/136551 AT |10 00 I 00O O 00O 00

<

W

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2017/136551 Al

10 August 2017 (10.08.2017) WIPOIPCT
(51) International Patent Classification: (74) Agent: CHAN, Gerald; VISTA IP LAW GROUP, LLP,
HO05G 1/54 (2006.01) 2160 Lundy Ave., Ste. 230, San Jose, California 95131
(21) International Application Number: (US).
PCT/US2017/016217 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
2 February 2017 (02.02.2017) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(25) Filing Language: English 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,
(26) Publication Language: English KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(30) Priority Data: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
15/014,813 3 February 2016 (03.02.2016) Us NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(71) Applicant: VARIAN MEDICAL SYSTEMS, INC. TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
[US/US]; 3100 Hansen Way, Palo Alto, California 94304- ZA, ZM, ZW.
1038 (US). (84) Designated States (uniess otherwise indicated, for every
(72) Inventors: WAN, Hong; 1428 241st PI SE, Sammamish, kind of regional protection available): ARIPO (BW, GH,
Washington 98075 (US). KRAFT, Raymond; 5511 17th GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Ave NE, Seattle, Washington 98105 (US). LIN, Sun-Kai; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
76 Cedar St. #309, Seattle, Washington 98121 (US). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
PHILLIPS, Stephen C.; 15703 NE 162nd St, Woodin- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ville, Washington 98072 (US). HARRINGTON, An- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
thony; 19800 242nd Ave NE, Woodinville, Washington SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
98077 (US). MOSTAFAVI, Hassan; 1281 Via Huerta, GW, KM, ML, MR, NE, SN, TD, TG).
Los Altos, California 94024 (US). SLOUTSKY, Alexan- Published:

der; 109 Chamning Road, Burlingame, California 94010
(US). JEUNG, Andrew G.; 2516 Westford Way, Moun-
tain View, California 94040 (US).

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

(54) Title: SYSTEM AND METHOD FOR COLLISION AVOIDANCE IN MEDICAL SYSTEMS

504

Surface Extraction

Data Fusion Dynamic Model

Surface Modeling

| Brotected Surface

T Static Models
Static Parameters Gantry Couch
510~ Calibration Data, Accessory

Swrface Modeling and
Extraction Paramsters

820

RealTime Metion Detection L., Position &
530 {opticnal}

Treatment Plan Data
Treatment Field Parameters
Control Point Parametars

=P
540"

Motion Parameters
Couch 6D Position
Gantry Position
Collimator Rotation
KV/MV Imager Positions

The Field Trade Cibres

522

FIG.

6

/ 100
External Control
{optional)
“Geometric Models 550
Maotion Models
Proximity Datection
User Interface

560

(57) Abstract: A method of detecting a possible collision in a medical procedure that involves a medical system, includes: obtaining
an image of a patient that is supported on a patient support; determining a tirst model using a processing unit based at least in part on
the image, at least a part of the first model representing a surface of the patient; determining a second model using the processing
unit, the second model representing a first component of the medical system; virtually moving the first model, the second model, or
both, using a collision prediction mechanism to simulate a movement of the first component of the medical system to determine
whether there is a possible collision between the first component and the patient; and generating an output to indicate the possible
collision or an absence of the possible collision.
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SYSTEM AND METHOD FOR COLLISION AVOIDANCE IN MEDICAL SYSTEMS

FIELD

[0001] The field of the application relates to systems and methods for detecting a
possible collision between an object and a patient during a medical procedure,
wherein the object may be a part of a medical device.

BACKGROUND
[0002] Radiation therapy involves medical procedures that selectively expose
certain areas of a human body, such as cancerous tumors, to high doses of
radiation. The intent of the radiation therapy is to irradiate the targeted biological
tissue such that the harmful tissue is destroyed. During a radiation therapy, a
radiation source may be rotated around a patient to deliver radiation from different
angles at target region inside the patient. The radiation source may be mounted on
an arm or a ring gantry. In certain radiation therapy, the patient support supporting
the patient may also be moved. Despite careful treatment planning, during a medical
procedure, a collision may occur between a moving part of a medical device and a
patient. For example, the gantry of the radiation machine and the patient may
possibly collide during radiation therapy. As the dose delivery plans become more
complex, the combination of a rotating gantry during treatment and couch movement
for non-coplanar beams delivery increases the chance of collisions.
[0003] While gantry mounted laser systems and room mounted scanners have
been used to detect possible collisions, these methods have disadvantages. While a
gantry mounted laser system has the ability to detect when a plane defined by laser
scanning is intersected by an intruding object, it does not work in many situations
where the couch is rotated.
[0004] Applicant of the subject application has determined that it may be

desirable to develop a new collision avoidance system and method.
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SUMMARY
[0005] An apparatus for detecting a possible collision in a medical procedure,
includes: a camera for providing an image of a patient that is supported on a patient
support; and a processing unit configured for: determining a first model based at
least in part on the image, at least a part of the first model representing a surface of
the patient, and determining a second model, the second model representing a first
component of the medical system; and a collision prediction mechanism configured
for virtually moving the second model to simulate a movement of the first component
of the medical system to determine whether there is a possible collision between the
first component and the patient; wherein the collision prediction mechanism is also
configured for generating an output to indicate the possible collision or an absence of
the possible collision.
[0006] Optionally, the processing unit is also configured for determining a third
model representing the patient support.
[0007] Optionally, the collision prediction mechanism is further configured for
virtually moving the first model and the third model as a single unit.
[0008] Optionally, the first model includes a modeling of at least a part of the
patient support.
[0009] Optionally, the collision prediction mechanism is further configured for
virtually moving the first model to simulate a movement of the patient due to a
movement of the patient support.
[0010] Optionally, the processing unit is configured for determining the first model
in response to a movement of the patient.
[0011] Optionally, the processing unit is configured for determining the first model
after the patient is set up for a treatment procedure.
[0012] Optionally, the processing unit is configured for determining the first model
in response to a user entering a user input via a user interface.
[0013] Optionally, the apparatus further includes a graphical output interface for
providing a graphic indicating a movement trajectory of the second model. In some
cases, the first model may be undergoing motion that is coordinated with the second
model. In such cases, the graphic may allow a user to view both models.
[0014] Optionally, the apparatus further includes a graphical output interface for

providing a video indicating the virtual movement of the second model.
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[00156] Optionally, the image comprises a depth image of the patient, and wherein
the processing unit is configured for, in a process to determine the first model:
identifying a portion in the depth image that corresponds with the surface of the
patient; and using the identified portion in the depth image to create the first model.
[0016] Optionally, the processing unit is configured for, in a process to determine
the first model: identifying a portion in another depth image that corresponds with
another surface of the patient; and combining the portion from the depth image and
the portion in the other depth image.

[0017] Optionally, the processing unit is configured for extracting a first set of
points from the identified portion in the depth image.

[0018] Optionally, the processing unit is configured for, in a process to determine
the first model: identifying a portion in another depth image that corresponds with
another surface of the patient; extracting a second set of points from the identified
portion in the other depth image; and determining a third set of points representing a
protected surface associated with the patient using the first set of points and the
second set of points.

[0019] Optionally, the third set of points includes at least some of the first set of
points, and at least some of the second set of points.

[0020] Optionally, the protected surface represented by the third set of points is
away from the surface of the patient, and wherein the third set of points are away
from at least some of the first set of points, and are away from at least some of the
second set of points.

[0021] Optionally, the processing unit is configured for, in a process to determine
the first model, determining a protected surface that is away from the surface of the
patient.

[0022] Optionally, the medical system comprises a radiation treatment system.
[0023] Optionally, the first component comprises a gantry, a radiation source, a
portal imager, or a kV imager.

[0024] Optionally, the image comprises a depth image, and wherein the
processing unit is further configured for removing stray points from the depth image.
[0025] Optionally, the collision prediction mechanism is configured for virtually
moving the second model by executing a treatment plan virtually.

[0026] Optionally, the apparatus further includes a motion detection device

configured to detect a motion of the patient; wherein the collision prediction
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mechanism is configured to, after the motion is detected, determine a position of the
first component of the medical system.

[0027] Optionally, the collision prediction mechanism is configured for virtually
moving the second model after the position of the first component of the medical
system is determined.

[0028] Optionally, the processing unit is further configured for: determining a third
model representing a second component of the medical system; and virtually moving
the third model to simulate a movement of the second component.

[0029] Optionally, the collision prediction mechanism is a part of the processing
unit.

[0030] Optionally, the camera is configured to generate the image based on time-
of-flight technique, stereoscopic technique, structured light, or ultrasound.

[0031] Optionally, the apparatus further includes an optical device for providing
infrared illumination or pattern projection for enhancing the stereoscopic technique.
[0032] Optionally, the depth sensing camera is configured to generate the image
using ultrasound.

[0033] Optionally, the apparatus further includes an additional depth measuring
camera.

[0034] Optionally, the image comprises a depth image, and wherein the
processing unit is configured to obtain a visible image of the patient.

[0035] Optionally, the processing unit is configured to output both the visible
image and the depth image for display on a screen.

[0036] A method of detecting a possible collision in a medical procedure that
involves a medical system, includes: obtaining an image of a patient that is
supported on a patient support; determining a first model using a processing unit
based at least in part on the image, at least a part of the first model representing a
surface of the patient; determining a second model using the processing unit, the
second model representing a first component of the medical system; virtually moving
the second model using a collision prediction mechanism to simulate a movement of
the first component of the medical system to determine whether there is a possible
collision between the first component and the patient; and generating an output to
indicate the possible collision or an absence of the possible collision.

[0037] Optionally, the method further includes determining a third model

representing the patient support.
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[0038] Optionally, the method further includes virtually moving the first model and
the third model as a single unit.

[0039] Optionally, the first model includes a modeling of at least a part of the
patient support.

[0040] Optionally, the method further includes virtually moving the first model to
simulate a movement of the patient due to a movement of the patient support.
[0041] Optionally, the act of determining the first model is performed in response
to a movement of the patient.

[0042] Optionally, the act of determining the first model is performed after the
patient is set up for a treatment procedure.

[0043] Optionally, the act of determining the first model is performed in response
to a user entering a user input via a user interface.

[0044] Optionally, the method further includes displaying a graphic indicating a
movement trajectory of the second model.

[0045] Optionally, the method further includes displaying a video indicating the
virtual movement of the second model.

[0046] Optionally, the image comprises a depth image of the patient, and wherein
the act of determining the first model comprises: identifying a portion in the depth
image that corresponds with the surface of the patient; and using the identified
portion in the depth image to create the first model.

[0047] Optionally, the act of determining the first model further comprises:
identifying a portion in another depth image that corresponds with another surface of
the patient; and combining the portion from the depth image and the portion in the
other depth image.

[0048] Optionally, the act of determining the first model further comprises
extracting a first set of points from the identified portion in the depth image.

[0049] Optionally, the act of determining the first model further comprises:
identifying a portion in another depth image that corresponds with another surface of
the patient; extracting a second set of points from the identified portion in the other
depth image; and determining a third set of points representing a protected surface
associated with the patient using the first set of points and the second set of points.
[00560] Optionally, the third set of points includes at least some of the first set of

points, and at least some of the second set of points.
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[00561] Optionally, the protected surface represented by the third set of points is
away from the surface of the patient, and wherein the third set of points are away
from at least some of the first set of points, and are away from at least some of the
second set of points.

[00562] Optionally, the act of determining the first model further comprises
determining a protected surface that is away from the surface of the patient.

[0063] Optionally, the medical system comprises a radiation treatment system.
[0064] Optionally, the first component comprises a gantry, a radiation source, a
portal imager, or a kV imager.

[0065] Optionally, the image comprises a depth image, and wherein the method
further comprises removing stray points from the depth image.

[0066] Optionally, the act of virtually moving the second model is performed by
executing a treatment plan virtually.

[0067] Optionally, the method further includes: detecting a motion of the patient;
and after the motion is detected, determining a position of the first component of the
medical system.

[0068] Optionally, the act of virtually moving the second model is performed after
the position of the first component of the medical system is determined.

[00569] Optionally, the method further includes: determining a third model
representing a second component of the medical system; and virtually moving the
third model to simulate a movement of the second component.

[0060] Optionally, the collision prediction mechanism is a part of the processing
unit.

[0061] A product includes a non-transitory medium storing a set of instructions,
an execution of which by a processing unit causes a method for detecting a possible
collision in a medical procedure to be performed, the method comprising: obtaining
an image of a patient that is supported on a patient support; determining a first
model using the processing unit based at least in part on the image, at least a part of
the first model representing a surface of the patient; determining a second model
using the processing unit, the second model representing a first component of a
medical system; virtually moving the second model using a collision prediction
mechanism to simulate a movement of the first component of the medical system to

determine whether there is a possible collision between the first component and the
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patient; and generating an output to indicate the possible collision or an absence of
the possible collision.

[0062] Optionally, the method further comprises determining a third model
representing the patient support.

[0063] Optionally, the method further comprises virtually moving the first model
and the third model as a single unit.

[0064] Optionally, the first model includes a modeling of at least a part of the
patient support.

[0065] Optionally, the method further comprises virtually moving the first model to
simulate a movement of the patient due to a movement of the patient support.
[0066] Optionally, the act of determining the first model is performed in response
to a movement of the patient.

[0067] Optionally, the act of determining the first model is performed after the
patient is set up for a treatment procedure.

[0068] Optionally, the act of determining the first model is performed in response
to a user entering a user input via a user interface.

[0069] Optionally, the method further comprises displaying a graphic indicating a
movement trajectory of the second model.

[0070] Optionally, the method further comprises displaying a video indicating the
virtual movement of the second model.

[0071] Optionally, the image comprises a depth image of the patient, and wherein
the act of determining the first model comprises: identifying a portion in the depth
image that corresponds with the surface of the patient; and using the identified
portion in the depth image to create the first model.

[0072] Optionally, the act of determining the first model further comprises:
identifying a portion in another depth image that corresponds with another surface of
the patient; and combining the portion from the depth image and the portion in the
other depth image.

[0073] Optionally, the act of determining the first model further comprises
extracting a first set of points from the identified portion in the depth image.

[0074] Optionally, the act of determining the first model further comprises:
identifying a portion in another depth image that corresponds with another surface of

the patient; extracting a second set of points from the identified portion in the other
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depth image; and determining a third set of points representing a protected surface
associated with the patient using the first set of points and the second set of points.
[0075] Optionally, the third set of points includes at least some of the first set of
points, and at least some of the second set of points.

[0076] Optionally, the protected surface represented by the third set of points is
away from the surface of the patient, and wherein the third set of points are away
from at least some of the first set of points, and are away from at least some of the
second set of points.

[0077] Optionally, the act of determining the first model further comprises
determining a protected surface that is away from the surface of the patient.

[0078] Optionally, the medical system comprises a radiation treatment system.
[0079] Optionally, the first component comprises a gantry, a radiation source, a
portal imager, or a kV imager.

[0080] Optionally, the image comprises a depth image, and wherein the method
further comprises removing stray points from the depth image.

[0081] Optionally, the act of virtually moving the second model is performed by
executing a treatment plan virtually.

[0082] Optionally, the method further comprises: detecting a motion of the patient;
and after the motion is detected, determining a position of the first component of the
medical system.

[0083] Optionally, the act of virtually moving the second model is performed after
the position of the first component of the medical system is determined.

[0084] Optionally, the method further comprises: determining a third model
representing a second component of the medical system; and virtually moving the
third model to simulate a movement of the second component.

[0085] Optionally, the collision prediction mechanism is a part of the processing
unit.

[0086] Other and further aspects and features will be evident from reading the

following detailed description.

DESCRIPTION OF THE DRAWINGS
[0087] The drawings illustrate the design and utility of embodiments, in which
similar elements are referred to by common reference numerals. These drawings

are not necessarily drawn to scale. In order to better appreciate how the above-
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recited features, other advantages, and objects are obtained, a more particular
description of the embodiments will be rendered, which are illustrated in the
accompanying drawings. These drawings depict only exemplary embodiments and
are not therefore to be considered limiting in the scope of the claims.

[0088] FIG. 1 illustrates a radiation treatment system configured for detecting
possible collision between a moving part of a medical device and a patient during a
medical procedure in accordance with some embodiments.

[0089] FIG. 2 illustrates a system for determining whether there is a possible
collision between a patient and an object.

[0090] FIG. 3 illustrates a time-of-flight technique used by a depth sensing
camera.

[0091] FIG. 4 illustrates an example of a model representing a surface of a
patient.

[0092] FIG. 5A illustrates different models representing different objects involved
in a treatment procedure.

[0093] FIG. 5B illustrates the models of FIG. 5A being placed in a coordinate
frame so that their relative positioning corresponding to that of the actual setup.
[0094] FIG. 5C illustrates examples of virtual movements of the models of FIG.
5B performed by a collision prediction mechanism.

[0095] FIG. 6 illustrates an implementation of the system of FIG. 2.

[0096] FIG. 7 illustrates a method for determining whether there is a possible
collision between a patient and an object.

[0097] FIG. 8 illustrates a computer system with which embodiments described

herein may be implemented.

DETAILED DESCRIPTION
[0098] Various embodiments are described hereinafter with reference to the
figures. It should be noted that the figures are not drawn to scale and that elements
of similar structures or functions are represented by like reference numerals
throughout the figures. It should also be noted that the figures are only intended to
facilitate the description of the embodiments. They are not intended as an
exhaustive description of the invention or as a limitation on the scope of the
invention. In addition, an illustrated embodiment needs not have all the aspects or

advantages shown. An aspect or an advantage described in conjunction with a
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particular embodiment is not necessarily limited to that embodiment and can be
practiced in any other embodiments even if not so illustrated, or if not so explicitly
described.

[0099] FIG. 1 illustrates a radiation treatment system 10. The system 10 includes
an arm gantry 12, a patient support 14 for supporting a patient 20, and a control
system 18 for controlling an operation of the gantry 12 and delivery of radiation. The
system 10 also includes a radiation source 22 that projects a beam 26 of radiation
towards the patient 20 while the patient 20 is supported on support 14, and a
collimator system 24 for changing a cross sectional shape of the radiation beam 26.
The radiation source 22 may be configured to generate a cone beam, a fan beam, or
other types of radiation beams in different embodiments. Also, in other
embodiments, the source 22 may be configured to generate a proton beam, electron
beam, or neutron beam, as a form of radiation for treatment purpose. Also, in other
embodiments, the system 10 may have other form and/or configuration. For
example, in other embodiments, instead of an arm gantry 12, the system 10 may
have a ring gantry 12.

[0100] In the illustrated embodiments, the radiation source 22 is a treatment
radiation source for providing treatment energy. In other embodiments, in addition to
being a treatment radiation source, the radiation source 22 can also be a diagnostic
radiation source for providing diagnostic energy for imaging purpose. In such cases,
the system 10 will include an imager, such as the imager 80, located at an operative
position relative to the source 22 (e.g., under the support 14). In further
embodiments, the radiation source 22 may be a treatment radiation source for
providing treatment energy, wherein the treatment energy may be used to obtain
images. In such cases, in order to obtain imaging using treatment energies, the
imager 80 is configured to generate images in response to radiation having
treatment energies (e.g., MV imager). In some embodiments, the treatment energy is
generally those energies of 160 kilo-electron-volts (keV) or greater, and more
typically 1 mega-electron-volts (MeV) or greater, and diagnostic energy is generally
those energies below the high energy range, and more typically below 160 keV. In
other embodiments, the treatment energy and the diagnostic energy can have other
energy levels, and refer to energies that are used for treatment and diagnostic
purposes, respectively. In some embodiments, the radiation source 22 is able to

generate X-ray radiation at a plurality of photon energy levels within a range
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anywhere between approximately 10 keV and approximately 20 MeV. In further
embodiments, the radiation source 22 can be a diagnostic radiation source. In such
cases, the system 10 may be a diagnostic system with one or more moving parts. In
the illustrated embodiments, the radiation source 22 is carried by the arm gantry 12.
Alternatively, the radiation source 22 may be located within a bore (e.g., coupled to a
ring gantry).

[0101] In the illustrated embodiments, the control system 18 includes a
processing unit 54, such as a processor, coupled to a control 40. The control system
18 may also include a monitor 56 for displaying data and an input device 58, such as
a keyboard or a mouse, for inputting data. The operation of the radiation source 22
and the gantry 12 are controlled by the control 40, which provides power and timing
signals to the radiation source 22, and controls a rotational speed and position of the
gantry 12, based on signals received from the processing unit 54. Although the
control 40 is shown as a separate component from the gantry 12 and the processing
unit 54, in alternative embodiments, the control 40 can be a part of the gantry 12 or
the processing unit 54.

[0102] In some embodiments, the system 10 may be a treatment system
configured to deliver treatment radiation beam towards the patient 20 at different
gantry angles. During a treatment procedure, the source 22 rotates around the
patient 20 and delivers treatment radiation beam from different gantry angles
towards the patient 20. While the source 22 is at different gantry angles, the
collimator 24 is operated to change the shape of the beam to correspond with a
shape of the target tissue structure. For example, the collimator 24 may be operated
so that the shape of the beam is similar to a cross sectional shape of the target
tissue structure. In another example, the collimator 24 may be operated so that
different portions of the target tissue structure receive different amount of radiation
(as in an IMRT procedure).

[0103] As shown in FIGS. 1 and 2, the medical system 10 also includes a
collision prediction system 100, which includes two depth measuring cameras 130,
and a securing mechanism 132 for securing the depth measuring camera 130
relative to an object (e.g., a wall, a ceiling, a floor, a stand, or any of the components
in the system 10, such as the gantry 12, the patient support 14, etc.).

[0104] Each depth sensing camera 130 is configured to sense depths and to

generate signals representing the depths. The depth sensing camera 130 is
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configured to provide a two-dimensional image, wherein each pixel in the two-
dimensional image represents a distance from a reference location (e.g., from the
camera 130). In some embodiments, the depth sensing camera 130 may use
structured light for depth measurement (e.g., a Kinect camera). For example, a
projector may be used to project a known pattern (structured light), e.g., grids,
horizontal bars, etc., on to a scene, and the way the pattern deforms when striking
the surface may allow depth and surface information of the object in the scene be
determined. In other embodiments, the depth sensing camera 130 may use time-of-
flight method for depth measurement (e.g., Mesa SR4000, or the new Microsoft
Kinect2 camera). In further embodiments, the depth sensing camera 130 may be
any device that is capable of sensing depth using any known techniques. It should
be noted that the term “camera”, as used in this specification, may be any device,
and should not be limited to a device that provides “image” signals. For example, in
some embodiments, the depth sensing camera 130 may be configured to provide
depth signals, which may or may not be considered image signals, regardless of
whether such depth signals are displayed in image form or not. A depth signal may
be any signal indicating a depth or distance, or any signal from with a depth or
distance may be derived. By means of non-limiting examples, the signal may be an
infrared signal, an ultrasound signal, etc. In some embodiments, the dimensions of
the depth sensing camera 130 may be small enough to be non-intrusive to the
treatment process when mounted during use. For example, in some embodiments,
the camera 130 may have a dimension of 11 inch x 2.5 inch x 1.5 inch. In other
embodiments, the camera 130 may have other dimensions, such as those larger or
smaller than the example provided above, as long as the use of the camera 130
does not interfere with the treatment procedure.

[0105] Also, in further embodiments, the camera 130 may be any of other types
of depth camera. For example, the camera 130 may be a stereoscopic camera with
/ without illumination, a stereoscopic camera with a projected pattern, or a depth
camera using structured light. Also, in some embodiments, the collision prediction
system 100 may include multiple (e.g., two, three, etc.) stereoscopic cameras. In
one implementation, each stereoscopic camera may be an alignRT camera from
VisionRT.

[0106] Because the depth sensing camera 130 is configured to sense depth, the

two-dimensional image it produces has an array of pixel values that indicate
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respective distances between the camera 130 (i.e., the sensors in the camera 130)
and different objects (or different parts of an object). For example, as shown in FIG.
3, an arbitrary origin may be set to be at the camera, and so an object that is further
away from the camera 130 will have a corresponding sensed depth by the camera
130 that has a higher value than another object that is closer to the camera 130.
Thus, a pixel with a smaller value indicates that the sensed object is closer to the
depth sensing camera 130 compared to a pixel that has a larger value.

[0107] Also, in some embodiments, the depth sensing camera 130 may be
infrared-based, in which cases, the depth may be sensed by the camera 130 using
infrared. In some embodiments, such depth sensing camera 130 may be configured
to output infrared video images from which depth images are formed. In some
embodiments, these infrared video images may have exactly the same field of view
as the depth images. Thus, the infrared video images may be used together with the
depth images to determine whether there is a possible collision.

[0108] Furthermore, in some embodiments, the depth sensing camera 130 may
include an infrared emitter, a color sensor, and an infrared depth sensor. The
infrared depth sensor is configured to sense depth based on infrared signals output
by the infrared emitter. The color sensor is configured to sense visible image.
[0109] In some embodiments, the depth sensing camera 130 may have a
detection (or frame) rate of 30 per second or higher. In other embodiments, the
detection / frame rate may be less than 30 per second.

[0110] In some embodiments, the securing mechanism 132 may be configured to
secure the depth measuring camera 130 to a part of the medical system 10, or to a
structure that is not a part of the medical system 10. The securing mechanism 132
may be a clamp for grasping an object, a screw for insertion into a screw slot located
in an object to which the depth measuring camera 130 is to be secured against, a
snap-and-fit type connector, a hook-and-loop type connector, or any of other types of
securing mechanism. In still further embodiments, the securing mechanism 132 is
not required, and the collision prediction system 100 does not include the securing
mechanism 132. For example, in other embodiments, the support 134 may be a
base, and the base may be placed on a flat surface that supports the depth sensing
camera 130 during use.

[0111] Also, in some embodiments, the depth sensing camera 130 may be

moveably coupled to the securing mechanism 132. For example, the depth sensing
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camera 130 may be coupled to the securing mechanism 132 via a support (not
shown). The support may be a post, a bracket, a beam, an arm, etc., for supporting
the depth sensing camera 130. The securing mechanism 132 may be located at the
support. Also, in some embodiments, the support may optionally have one or more
moveable parts to allow a position and/or an orientation of the depth sensing camera
130 to be adjusted. In some embodiments, a first part of the support may be
movable relative to a second part of the support in order to adjust the camera
position (e.g., in a linear direction and/or in a rotation). For example, the first part
and the second part of the support may be implemented using a telescopic arm. As
another example, the first part of the support may be rotatably coupled to the second
part of the support via a hinge or a ball socket. In further embodiments, the support
may be a base with a tilt motor, which allows the camera 130 to be tilted in one, two,
or three, degrees of movement relative to the base. In other embodiments, the
support is not needed, and the collision prediction system 1000 may not include the
support. In further embodiments, the camera 130 may be mounted on a motorized
support.

[0112] Although two depth cameras 130 are shown in the illustrated
embodiments, in other cases, the collision prediction system 100 may include only a
single depth sensing camera 130, or more than three depth sensing cameras 130.
For example, in other embodiments, there may be one or more additional depth
sensing cameras 130 pointing at different parts of the treatment system 10.

[0113] As shown in FIG. 2, the collision prediction system 100 also includes a
processing unit 140 communicatively coupled to the depth sensing camera 130. The
processing unit 140 is configured to process signals transmitted from the depth
sensing camera 130, and to determine whether there is a possible collision between
the patient and an object based on the signals. In some embodiments, the
processing unit 140 may be a processor, such as an ASIC processor, a FPGA
processor, a general purpose processor, or any of other types of processor. Also,
the processing unit 140 may include hardware, software, or combination of both.
Also, in some embodiments, the processing unit 140 may be the same as the
processing unit 54, or a component of the processing unit 54. In other embodiments,
the processing unit 140 may be considered to be a part of the treatment system 10,

and not a part of the collision prediction system 100.
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[0114] In the illustrated embodiments, the processing unit 140 is configured for
determining a first model based at least in part on the image, at least a part of the
first model representing a surface of the patient. The processing unit 140 is also
configured for determining a second model, the second model representing a first
component of the medical system. It should be noted that as used in this
specification, the term “component” may refer to any portion of a medical system,
which portion may be a device or a part of a device. For example, with respect to
the patient support 14, the component may be the patient support 14 itself, an
individual part (such as a plate forming the support surface of the patient support
14), or a portion of the individual part of the patient support 14, such as a surface
that is a subset of all of the surfaces of an individual part of the patient support 14.
Also, the collision prediction system 100 includes a collision prediction mechanism
150 configured for virtually moving the first model, the second model, or both, to
simulate a movement of the first component of the medical system to determine
whether there is a possible collision between the first component and the patient.
Also, the collision prediction mechanism 150 may be configured for generating an
output to indicate the possible collision or an absence of the possible collision. The
collision prediction mechanism 150 may be implemented as a module in the
processing unit 140 (as shown in the figure), or as a separate processing unit.
[0115] During use of the collision prediction system 100, the patient 20 is first
positioned on the patient support 14 of the radiation treatment system 10. This may
be performed during a treatment session after and/or during a patient setup
procedure. The cameras 130 view the patient, and are then used to generate depth
images. As used in this specification, the term “image” may refer to any group of
data (e.g., depth values), which may or may not be displayed in image form. For
example, the data may be stored in a non-transitory medium, and/or may be
processed by the processing unit 140 without being displayed to a user for viewing.
The depth images include information regarding a surface of the patient. In
particular, the depth images will indicate a surface profile of the surface of the
patient. As used in this specification, the term “surface” of the patient 20 is not
limited to a skin surface of the patient 20, and may refer to other object(s) that is
coupled to, or extends from, the patient. For example, the surface of the patient 20
may be the surface of a gown being worn by the patient 20, the surface of a cloth

being worn by the patient 20, a blanket covering the patient 20, a towel covering the
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patient, a facemask, a goggle, a glasses, a breathing device, a catheter or a tube
connected to the patient 20, etc.

[0116] Also, in some embodiments, a safety margin may be provided for the
patient surface that is desired to be protected. In such cases, the surface of the
patient may be a protected surface that is away from the actual patient’s surface.
For example, the protected surface may be defined as a surface that is 5 cm (or any
of other values) away from, and surrounding, the actual patient’s surface. Thus, the
“surface” of the patient may refer to the actual surface of the patient 20, a surface of
object(s) connected to or extending from the patient 20, or a surface (e.g., a virtual
surface that is the protected surface) that is away from and surrounding the actual
patient’s surface.

[0117] The depth images provided by the cameras 130 may also include surface
contours of other objects in the treatment room. For example, the depth images may
include surface information regarding the patient support 14, the gantry 12, the
collimator 24, the imager 80 (which may be a portal imager), and kV imager, which
indicate the surface contours of these components.

[0118]  After the depth images are generated, the cameras 130 transmit the depth
images to the processing unit 140 for processing. The processing unit 140 performs
image processing to determine surfaces that are desired to be protected during a
treatment session performed by the treatment system 10. In some embodiments,
the processing unit 140 may include a stray point removal module configured to
detect and remove stray points in the depth image. Stray points are pixel error or
noise that does not represent any part of an actual surface. Thus, removal of such
stray points will reduce noise in the depth image and improve accuracy and quality of
the surface detection. In one implementation, the stray point removal module is
configured to detect a stray point by determining whether for a given pixel value,
there is any adjacent pixel having a value that is within a certain range from the
given pixel value. For example, if the depth image includes a pixel value of “50”, the
stray point removal module may be configured to determine if surrounding pixels
(e.g., pixels within a 3x3, 4x4, etc. window or region of interest) has a depth value
that is within 2 units from 50 (e.g., 50 £ 2). If the number of pixels in the region of
interest having pixel values within the given range exceeds a certain number (e.g., 3
or more), then the stray point removal module may determine that the pixel with the

pixel value of “50” is a legitimate pixel that is a part of a surface. Otherwise, the
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stray point removal module may determine that the pixel with the pixel value of “50”
is a stray point that is not a part of any surface, in which case, the stray point
removal module may remove such pixel value by replacing the value with a value of
an adjacent pixel.

[0119] Also, in some cases, the processing unit 140 may also include three-
dimensional rendering algorithms for rendering surfaces in a way suitable for visual
presentation. For example, the three dimensional rendering algorithm may down-
sample, up-sample, perform surface meshing, etc.

[0120] In the illustrated embodiments, the processing unit 140 processes the
depth images to identify surfaces that are desired to be protected. In some cases,
this may be performed automatically. In other cases, a user may provide input to the
processing unit 140 to identify the different surfaces that are desired to be protected
during the treatment procedure. In one implementation, each camera 130 may have
optical imaging capability (in addition to depth imaging), and may provide an optical
image for display on a screen. The user may view the optical image together with
the depth image, in a side-by-side configuration or an overlay configuration, and may
then identify different surfaces. For example, the user may enter an input to identify
a surface to be a surface of the gantry 12, an input to identify a surface of the patient
20, an input to identify a surface of the patient support 14, an input to identify a
surface of the imager 80, an input to identify a surface of a kV imager, etc. In some
cases, the user may also use a user interface to contour the surface of the patient
and other part(s) of the treatment system.

[0121] In the illustrated example, the collision prediction system 100 includes two
depth cameras 130 positioned to view opposite sides of the patient 20. In particular,
there is a first depth camera 130 positioned to view the patient 20 from his / her right
side, and a second depth camera 130 positioned to view the patient 20 from his / her
left side. In another example, there may be a first camera 130 positioned to view the
patient 20 from above his / her head towards a direction of the feet, and a second
camera 130 positioned to view the patient 20 from below his / her feet towards a
direction of the heard. Having two opposite cameras 130 is advantageous because
it allows a substantially complete (e.g., 70% or greater, such as 80%, and more
preferably 90%) surface of the patient 20 to be captured by the combination of the
depth cameras 130. In some embodiments, the processing unit 140 may be

configured to receive a first depth image from the first depth camera 130, and to
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receive a second depth image from the second depth camera 130. Because the
relative position between the two depth cameras 130 is known, the processing unit
140 may use this positional information to perform coordinate transformation so that
the surfaces of the patient 20 from the two depth images may be combined to form a
continuous surface. FIG. 4 illustrates an example of surface points forming a surface
model for the surface of the patient. The surface model is formed by combining a
first surface model representing a right side of the patient 20 (viewed by a first
camera 130 - View A) with a second surface model representing a left side of the
patient 20 (viewed by a second camera 130 — View B). In some cases, the
alignment of the two surface models may not be perfect, resulting in a combined
model having a “double wall” at the connection area of the two surface models. The
processing unit 140 may be configured to detect this “double wall” feature, and
adjust the position of one or both of the surface models so that the boundaries of the
two surface models for the patient can be aligned.

[0122] In further embodiments, the collision prediction system 100 includes more
than two depth cameras 130 (e.qg., three cameras 130, four cameras 130, etc.). In
such cases, the surface model may be formed by combining point clouds from the
different cameras 130.

[0123] Also, in some embodiments, the processing unit 140 may be configured to
determine a protected surface from a point cloud of the entire field of view of a
camera, or a merged multi-camera view based on expected and/or detected
protected surface location and dimension. In some cases, a region of interest (e.g.,
a rectangular bounding box) may be employed by the processing unit 140 to detect
protected surface location and dimension. For example, if the gantry 12 is expected
to be at certain part of an image from the camera 130, then the processing unit 140
may be configured to search for a surface of the gantry 12 in a region of interest at
that location in the image. In other cases, the processing unit 140 may be
configured to identify surface(s) of interest by fitting of the actual point cloud or part
of it to a geometrical model (parametric or numeric) that is known to represent the
protected surface (or part of it) in order to determine the location and extent of the
protected surface more intelligently. An example may be the patient support 14 that
is part of the protected surface and known to be flat with a known dimension (which
can then be represented by a parametric model). Another example may be a portion

of the patient body whose model (in a numeric form) may come from pretreatment
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imaging. A further example may be the gantry head or a portion of it that could fall
into the scene of the camera capture, and whose 3D model is known and can be
built in a numeric form. Detection and delineation of the portions of the protected
surface that correspond to those models through model fitting and matching (e.g.,
pattern matching) may provide the processing unit 140 with certain information that
allows the processing unit 140 to either detect the actual location and extent of the
protected surface, or to identify those regions that do not belong to it (such as the
gantry head). In either case, the processing unit 140 can determine the protected
surface more accurately and with fewer clutters.

[0124] In addition, in some embodiments, a two-dimensional optical image may
be obtained to assist the processing unit 140 in identifying surfaces of interest. For
example, a correspondence between the two-dimensional optical image and the 3D
point cloud data from the depth image may be established on a pixel-by-pixel basis.
Also, information (such as grayscale, color, edge, shape, dimension, etc., or a
combination of these properties) not present in the 3D point cloud information may
be obtained from the two-dimensional optical image, and may be used by the
processing unit 140 to identify surfaces (e.g., surface of the patient support 14, etc.).
[0125] After different surfaces that are desired to be protected during the
treatment procedure are identified, the surfaces may then be processed by the
processing unit 140 to determine different models representing the different objects
having the identified surfaces. In some cases, the surfaces themselves may be the
models representing the different respective objects involved in the treatment
procedure. For example, the coordinates of the pixel points forming the identified
surface of the patient 20 may form a first model representing the surface of the
patient 20. As another example, the coordinates of the pixel points forming the
identified surface of the gantry 12 may form a second model representing the gantry
12. Similarly, the coordinates of the pixel points forming the identified surface of the
patient support 14 may form a third model representing the patient support 14. In
addition, the coordinates of the pixel points forming the identified surface of the
imager 80 may form a fourth model representing the imager 80. Also, if the
treatment system 10 includes a kV imager, the coordinates of the pixel points
forming the identified surface of the kV imager may form a fifth model representing
the kV imager. In some embodiments, the models of the various objects may be

stored in a non-transitory medium for later use. Also, in some embodiments, the
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models of the various objects may be displayed on a screen for presentation to a
user.

[0126] In other embodiments, models of the machine components do not need to
come from pixel points. For example, in other embodiments, models of the machine
components may be based on libraries of known shapes of these components. In
some embodiments, the models of the machine components may be determined
based on information (e.g., spec, CAD figures, etc.) obtained from manufacturer, or
from a server that stores dimensional information and movement information
regarding the components.

[0127] In other cases, each model of the object may include a protected surface
that is away from the surface points provided from the depth camera(s) representing
the actual surface of the object.

[0128] FIG. 5A illustrates an example in which the processing unit 140
determines two models of the objects involved in the treatment procedure. As
shown in the figure, there is a first model representing a surface of the patient 20 on
the support 14. There is also a second model representing a surface of the gantry
12 with imager 80. The models may represent the actual surfaces of the objects, or
protected surfaces that are away from the actual surfaces of the objects.

[0129] In some embodiments, the models of the various objects may optionally
include information regarding their respective positions and/or degrees of
movements. For example, the model of the gantry 12 may include the position of the
gantry 12 with respect to some coordinate system, such as a coordinate system of
the treatment system 10, a coordinate system of the collision prediction system 100,
or any of other arbitrary coordinate system. Alternatively, or additionally, the model
of the gantry 12 may also include information regarding the degrees of movement for
the gantry 12. For example, the model of the gantry 12 may include information
regarding a rotational direction, axis of rotation, rotational rate, or any combination of
the foregoing. Similarly, the model of the patient being supported on the patient
support 14 may include information regarding a translational direction, axis of
translation, translation rate, or any combination of the foregoing. For example, in the
case in which the patient support 14 is configured to translate along X, Y, and Z
axes, and to rotate about three orthogonal axes, the model may include these pieces

of information.
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[0130] Also, in some embodiments, the collision prediction mechanism 150 may
receive information regarding the current actual positions of the components of the
treatment system 10. For example, a communication interface may be provided
between the treatment system 10 and the collision prediction mechanism 150, which
reads and passes positions of the components of the treatment system 10 to the
collision prediction mechanism 150. The collision prediction mechanism 150 may
also be configured to positionally register the models of the various objects in certain
coordinate system, such as the coordinate system of the treatment system 10, based
on the actual positions of the components of the treatment system 10. In particular,
the collision prediction mechanism 150 may position (e.g., translate and/or rotate)
the models of the various objects to match the real-world setup that corresponds with
the time the surface profile of the patient is captured. FIG. 5B illustrates the
examples of the models of FIG. 5A, particularly showing the relative positioning of
the models after they have been positioned to match the real-word setup. As
discussed, in some cases, the positions of the components can be included as parts
of the models representing those components.

[0131] In some embodiments, the model fitting and pattern matching described
previously may also be used to help fine-tune the placement of the models
representing the different surfaces of the objects in a coordinate system. For
example, if the 6 degree of freedom (DOF) parameters (i.e., X, y, z, pitch, roll, and
yaw) of the patient support 14 as provided by the treatment system 10 is known, the
processing unit 140 can place the protected surface precisely in the coordinate
system (e.g., a treatment room coordinate system) used by the collision prediction
system 100, as the position of the patient support 14 from the treatment system 10 is
registered in the treatment room coordinate system. However, due to patient weight,
the patient support 14 may undergo a certain deflection and pitch resulting in a
similar movement of the protected surface at the patient support 14. In such case,
adjusting the 6 DOF parameters associated with the patient support 14 may not be
sufficient to match that movement, as the 6 DOF parameters are defined assuming
the patient support 14 rotating around an 1SO center but the couch deflection and
pitch under the patient weight does not follow that assumption. In this case,
detecting and delineating the surface of the patient support 14 would allow the
processing unit 140 to more accurately place the protected surface in the collision

model, and improve the performance of the collision prediction system.
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[0132] After the models of the various objects involved have been determined by
the processing unit 140, the processing unit 140 may then determine whether there
is any possible collision between two or more objects that may happen if a treatment
procedure is executed according to a treatment plan. In the illustrated embodiments,
the collision prediction mechanism 150 in the processing unit 140 is configured to
receive information regarding a treatment plan, and then virtually executes the
treatment plan by virtually moving one or models to simulate movement of the
object(s) represented by the model(s) based on the treatment plan information. For
example, the treatment plan may prescribe that the patient support 14 supporting the
patient be translated along the longitudinal axis of the patient support 14 from z-
position of 5 cm to z-position of 6.6 cm, and then the gantry 12 be rotated from
gantry angle 45° to gantry angle 49°. Based on these information, the collision
prediction mechanism 150 then “virtually” (i.e., mathematically) moves the model
representing the surface of the patient support 14 fromz = 5cmtoz =6.6 cm, and
also virtually (or mathematically) rotates the model representing the surface of the
gantry 12 from 45 ° to 49°. FIG. 5C illustrates the models of FIG. 5B, particularly
showing the models being virtually (mathematically) moved in accordance with a
treatment plan to simulate an execution of the treatment plan. As the collision
prediction mechanism 150 moves one or more of the models virtually, the collision
prediction mechanism 150 determines whether a surface of one of the models
touches, intercepts, or comes into a prescribed proximity with, a surface of another
one of the models. If so, the collision prediction mechanism 150 then determines
that there is a possible collision between the corresponding objects. Otherwise, the
collision prediction mechanism 150 may determine that there is no possible collision,
and the treatment procedure may proceed forward. In some cases, the collision
prediction mechanism 150 may be configured for generating an output to indicate the
possible collision or an absence of the possible collision.

[0133] In some embodiments, the processing unit 140 or another processing unit
may be configured to provide one or more recommendations on how to modify the
treatment plan based on the collision data and a dosage requirement of the
treatment plan. For example, the processing unit 140 may be configured to
determine one or more alternative treatment plans that address the potential collision
issue while meeting the dosage requirement. In such cases, a user may select one

of the recommendations (e.g., one of the proposed alternative treatment plans) for
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treating a patient. In other embodiments, the processing unit 140 or another
processing unit may be configured to automatically modify the treatment plan in
order to accomplish the dosage requirement and to avoid collision.

[0134] In the illustrated embodiments, the model representing the surface of the
patient 20 is positionally slaved to the model representing the patient support 14, so
that virtual movement of the model representing the patient support 14 will also
cause the model representing the surface of the patient 20 to move correspondingly.
In one implementation, the model representing the surface of the patient 20 is
coupled to the model of the patient support 14, so that the model of the surface of
the patient 20 and the model of the patient support 14 can be virtually positioned
(e.g., translated and/or rotated) as a single unit. In another technique, the model
including the surface profile of the patient 20 may also include a surface profile of the
patient support 14, so that a virtual movement of the model will move both the
surface model of the patient 20 and the surface model of the patient support 14.
[0135] In some embodiments, the collision prediction mechanism 150 may be
configured to receive the treatment plan electronically, and process the trajectories
prescribed in the treatment plan, so that information from the treatment plan can be
extracted for use by the collision prediction mechanism 150 to mathematically
simulate movements of the objects involved in the treatment procedure. For
example, the collision prediction mechanism 150 may convert trajectories of the
treatment components (e.g., gantry 12, patient support 14, imager 80, kV imager,
collimator, etc.) prescribed by the treatment plan to a format or a set of positional
parameters that can be used by the collision prediction mechanism 150 to simulate
movements of the objects involved in the treatment procedure (e.g., components of
the treatment system 10 and the patient 20).

[0136] In some embodiments, when the processing unit 140 determines that
there is a possible collision that may happen if the treatment is allowed to go
forward, the processing unit 140 may generate a signal to prevent the treatment
system 10 from being operated to execute the treatment plan, may generate a visual
signal, may generate an audio warning signal, or a combination of the above.

[0137] In some embodiments, a patient position monitoring system may be
provided for monitoring a position of the patient 20 during a treatment procedure.
For example, one or more optical camera(s) may be provided for viewing the patient

during a treatment procedure. Images from the camera(s) may be analyzed by a
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processing unit (e.g., the processing unit 140 or another processing unit) to
determine if certain parts (e.g., head, arms, legs, etc.) of the patient 20 remain
stationary during the treatment procedure. If it is determined that the patient 20 has
moved out of a desired position during the treatment procedure, the processing unit
may stop the treatment procedure. Also, in the illustrated embodiments, after the
treatment procedure is stopped, the collision prediction technique described above
may be performed again to check for possible collision before the treatment
procedure is resumed. In some embodiments, the processing unit 140 may
automatically perform the collision prediction in response to a detected unwanted
movement of the patient 20. In other embodiments, the collision prediction system
100 may provide a user interface (e.g., a one-click mechanism, such as a button)
that allows the user to launch the virtual treatment process to get an immediate
assessment of whether the treatment plan in question is collision-free based on the
new patient position. In particular, because the patient 20 has moved, the surface
profile of the patient 20 has also changed. When the collision prediction is
performed in response to the patient’'s movement, the depth cameras 130 generate
depth images that will capture the new surface profile of the patient. The processing
unit 140 of the collision prediction system 100 then creates a new model that
represents the new surface profile of the patient 20, and virtually executes the rest of
the treatment plan to simulate the rest of the treatment procedure to determine if
there is any possible collision between the patient and any of the components of the
treatment system 10 based on the new patient position. If there is no possible
collision, then the treatment may proceed.

[0138] FIG. 6 illustrates an implementation of the collision prediction system 100.
The collision prediction system 100 is configured to process images 501 from
camera(s) 130. The collision prediction system 100 includes a surface extraction
module 502 configured to extract surfaces from the image(s). The surface extraction
module 502 may also be configured to perform data fusion and/or surface modeling.
Also, in some cases, static parameters may be provided for the surface extraction
module 502 to perform its function. For example, as shown in item 510 in the figure,
calibration data, surface modeling parameter(s), surface extraction parameter(s), or

any combination of the foregoing, may be input to the surface extraction module 502.
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[0139] The collision prediction system 100 also includes a dynamic model module
504 configured to determine a protected surface. In some embodiments, the
protected surface may be represented by a model modeling a surface of the patient.
[0140] The collision prediction system 100 also includes a static model module
520 configured to determine models of different components involved in the
treatment procedure. For example, the static model module 520 may be configured
to determine models representing surfaces of the gantry 12, the patient support 14,
and other components.

[0141] The collision prediction system 100 also includes a position and motion
parameters module 522 configured to determine the positions of the various
components (e.g., patient support 14, gantry 12, collimator, imager 80, kV imager,
etc.). In some cases, the position and motion parameters module 522 may include a
communication interface for providing communication between the treatment system
10 and the collision prediction system 100, so that the positions of the various
components of the treatment system 10 may be communicated from the treatment
system 10 to the collision prediction system 100. The position and motion
parameters module 522 is configured to pass these information to a collision
prediction mechanism 506 for processing.

[0142] The position and motion parameters module 522 is also configured to
receive treatment plan information 540, and extract information from the treatment
plan for later use by the collision prediction system 100. The extracted information
may include prescribed positions of the various components at different stages of the
treatment procedure. For example, the extracted information may indicate that the
gantry 12 is to be rotated clockwise from 40° to 46° at certain stage of the treatment,
and that the patient support 14 is to be translated in a Z-direction from coordinate of
35 to coordinate of 60, etc.

[0143] The collision prediction system 100 also includes a collision prediction
mechanism 506 (which may be the collision prediction mechanism 150 described
previously) configured to place the models into a coordinate frame based on input
from the position parameters module 522, so that their respective positions match
those in the real-world setup. The collision prediction mechanism 506 is also
configured to virtually execute a treatment plan by virtually (mathematically) moving
one or more of the models based on the extracted treatment plan information to

simulate movement(s) of the respective object(s) prescribed by the treatment plan.
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In some cases, the collision prediction mechanism 506 is configured to consider
motion models for the respective components when virtually moves the models
representing the surfaces of the various objects. The motion models indicate
direction and degree of movements for the different respective object surface
models. Also, in some cases, the models representing the surfaces of the objects
themselves may include respective positional information that corresponds with the
real-world setup. Furthermore, in some cases, the models representing the surfaces
of the objects themselves may include information regarding degree and direction(s)
of movement(s).

[0144] As shown in the figure, the collision prediction system 100 also optionally
includes a motion detection module 530 configured to detect a movement of the
patient 20. In some embodiments, the motion detection module 530 may be
configured to receive optical images from an optical camera, and process those
images to determine if there is any patient motion during an actual treatment
procedure. For example, the motion detection module 530 may subtract a current
image from a reference image (obtained during a patient setup). If there has been
no patient motion, the resulting subtracted image will have pixel values being zero or
being close to zero. If there has been patient motion, the resulting subtracted image
will have pixel values that are significantly different from zero.

[0145] In the illustrated embodiments, if the motion detection module 530 detects
a patient movement, then the collision prediction system 100 generates a signal to
stop an operation of the treatment system 10 so that the treatment procedure may
be paused. The collision prediction system 100 then obtains image(s) from the
camera(s) 130, and the surface extraction module 602 and the dynamic model 604
then process the image(s) to update the model representing the surface of the
patient 20. Also, the position parameters module 522 determines the positions of the
various components (e.g., patient support 14, gantry 12, collimator, imager 80, kV
imager, etc.). The updated model of the patient and the position information
regarding the positions of the components are then passed to the collision prediction
mechanism 506. The collision prediction mechanism 506 then place the models of
the components so that they match up with the real-world set up, and then virtually
executes the rest of the treatment plan by virtually (mathematically) moving one or
more of the models to simulate movement(s) of the respective object(s) prescribed

by the rest of the treatment plan that has not yet been performed, in order to
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determine whether there is any possible collision between components of the
treatment system 10 or between one or more components and the patient 20.
[0146] As shown in FIG. 6, the collision prediction system 100 also includes a
user interface 560. The user interface 560 may include any user input device, such
as a keyboard, a mouse, a touch pad, a button, a knob, etc., for allowing a user to
enter input to the collision prediction system 100. The user input may be one or
more input for identifying surfaces of different objects (e.g., patient, patient support
14, gantry 12, imager 80, kV imager, etc.) involved in the treatment procedure. The
user input may also include information regarding positions of the components in the
treatment system 10, and/or degrees and directions of movements for the various
components. In some embodiments, the user input may be an input to stop a
treatment procedure. In further embodiments, the user input may be a command to
re-profile the patient. In such cases, when the collision prediction system 100
receives the input, that the camera(s) 130 will generate image(s) and the collision
prediction system 100 will generate a new model representing a surface of the
patient. The collision prediction system 100 will also determine the positions of the
various components in response to such user input, and will automatically execute
the treatment plan (or a remaining part of a treatment plan) virtually in order to
simulate an execution of the treatment plan.

[0147] In some embodiments, the user interface 560 may also include a screen
for displaying information to a user. For example, the user interface 560 may
provide graphics indicating the model of the patient, and models of the various
components in the treatment system 10. The user interface 560 may also display
the models in relative position with respect to each other after they have been
positioned to match up with the real-world setup. In addition, the user interface 560
may display an actual optical image of the system 10 with the patient 20. Such
display may be in a side-by-side configuration with respect to a graphical image
showing the models. Furthermore, the user interface 560 may display a processor-
generated video showing a virtual movement of the model(s) as the treatment plan is
virtually executed to simulate an actual treatment procedure. Also, the user interface
560 may provide results from the treatment simulation that is performed virtually by
the collision prediction mechanism 506. For example, the results may indicate how
close the components are relative to each other during the treatment simulation,

whether any of the components touches or comes within a prescribed margin from
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another component, whether any of the components touches or comes within a
prescribed margin from the surface of the patient, or any combination of the
foregoing.

[0148] As shown in FIG. 6, the collision prediction system 100 also optionally
includes an external control 550. The external control 550 may be any controller that
is configured to use collision estimates. For example, the external control 550 may
be a digital electronic controller that controls the motor moving the gantry of the
radiation system. In such cases, the controller may automatically slow or stop the
gantry based on output of the collision prediction algorithm. For example, the gantry
may be automatically slowed as it approaches a collision surface, and may be
automatically stopped before a collision occurs. It should be noted that the external
control 550 is optional, and the collision prediction system 100 may or may not
include such control.

[0149] FIG. 7 illustrates a method 600 of detecting a possible collision in a
medical procedure that involves a medical system. The method 600 includes
obtaining an image of a patient that is supported on a patient support (item 602);
determining a first model using a processing unit based at least in part on the image,
at least a part of the first model representing a surface of the patient (item 604);
determining a second model using the processing unit, the second model
representing a first component of the medical system (item 606); virtually moving the
first model, the second model, or both, using a collision prediction mechanism to
simulate a movement of the first component of the medical system to determine
whether there is a possible collision between the first component and the patient
(item 608); and generating an output to indicate the possible collision or an absence
of the possible collision (item 610).

[0150] In some cases, the method 600 further includes determining a third model
representing the patient support.

[0151] In some cases, the method 600 further includes virtually moving the first
model and the third model as a single unit.

[0152] In some cases, the first model includes a modeling of at least a part of the
patient support 14.

[0153] In some cases, the method 600 further includes virtually moving the first
model to simulate a movement of the patient due to a movement of the patient

support 14.
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[0154] In some cases, the act of determining the first model is performed in
response to a movement of the patient.

[0155] In some cases, the act of determining the first model is performed after the
patient is set up for a treatment procedure.

[0156] In some cases, the act of determining the first model is performed in
response to a user entering a user input via a user interface.

[0157] In some cases, the method 600 further includes displaying a graphic
indicating a movement trajectory of the second model.

[0158] In some cases, the method 600 further includes displaying a video
indicating the virtual movement of the second model.

[0159] In some cases, the image comprises a depth image of the patient, and
wherein the act of determining the first model comprises: identifying a portion in the
depth image that corresponds with the surface of the patient; and using the identified
portion in the depth image to create the first model.

[0160] In some cases, the act of determining the first model further comprises:
identifying a portion in another depth image that corresponds with another surface of
the patient; and combining the portion from the depth image and the portion in the
other depth image.

[0161] In some cases, the act of determining the first model further comprises
extracting a first set of points from the identified portion in the depth image.

[0162] In some cases, the act of determining the first model further comprises:
identifying a portion in another depth image that corresponds with another surface of
the patient; extracting a second set of points from the identified portion in the other
depth image; and determining a third set of points representing a protected surface
associated with the patient using the first set of points and the second set of points.
[0163] In some cases, the third set of points includes at least some of the first set
of points, and at least some of the second set of points.

[0164] In some cases, the protected surface represented by the third set of points
is away from the surface of the patient, and wherein the third set of points are away
from at least some of the first set of points, and are away from at least some of the
second set of points.

[0165] In some cases, the act of determining the first model further comprises

determining a protected surface that is away from the surface of the patient.

29



WO 2017/136551 PCT/US2017/016217

[0166] In some cases, the medical system comprises a radiation treatment
system.

[0167] In some cases, the first component comprises a gantry, a radiation source,
a portal imager, or a kV imager.

[0168] In some cases, the image comprises a depth image, and wherein the
method 600 further comprises removing stray points from the depth image.

[0169] In some cases, the act of virtually moving the second model is performed
by executing a treatment plan virtually.

[0170] In some cases, the method 600 further includes: detecting a motion of the
patient; and after the motion is detected, determining a position of the first
component of the medical system.

[0171] In some cases, the act of virtually moving the second model is performed
after the position of the first component of the medical system is determined.

[0172] In some cases, the method 600 further includes: determining a third model
representing a second component of the medical system; and virtually moving the
third model to simulate a movement of the second component.

[0173] In some cases, the collision prediction mechanism is a part of the
processing unit.

[0174] In the above embodiments, the collision prediction system 100 is
configured to automatically detect a possible collision. In other embodiments, a user
may also participate in determining whether there is a possible collision. For
example, in some cases, the monitor 56 may be used to display graphics (e.g.,
image, video, etc) showing the objects being virtually moved by the collision
prediction mechanism 150, so that a user may identify a possible collision.

[0175] In some embodiments, the depth sensing camera 130 may have the ability
to acquire optical images (e.g., infrared or visible images), simultaneously in addition
to depth images. In other embodiments, there may be two separate cameras, one
capturing depth images and the other capturing optical images. If depth and optical
images are both acquired during the procedure, the processing unit 140 may display
both images next to each other on the monitor 56, or superimpose the two images
on top of each other, to show how the depth image corresponds with the optical
image. Also, in some embodiments, the processing unit 140 may perform analysis
using optical images to identify surfaces for the various objects involved in the

treatment process. In one or more embodiments, the depth image and the optical
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image may be superimposed / overlaid to obtain a composite image that shows both
depth and visible image.

[0176] In addition, in other embodiments, the cameras 130 may be any time-of-
flight (TOF) cameras, such as those that use infrared, ultrasound, etc. In further
embodiments, the cameras 130 may be configured to use structured light to
generate images. Also, in other embodiments, the cameras 130 may be
stereoscopic imaging devices.

[0177] Also, in other embodiments, the cameras 130 do not need to be depth
cameras, and may be optical cameras. In such cases, surfaces of the various
objects (e.g., patient 20, gantry 12, patient support 14, imager 80, kV imager, etc.)
may be derived by processing the optical images obtained from two or more optical
cameras that are positioned to view the treatment system 10 and the patient 20 from
different angles.

[0178] Furthermore, it should be noted that the cameras 130 do not need to be
mounted to a stationary object, and may instead be mounted on moving object(s).
For example, the cameras 130 may be mounted to a moving gantry, or to a patient
support.

[0179] In the above embodiments, the system and method have been described
with reference to performing a virtual dry run of a treatment plan based on images
from the camera(s) 130. In other embodiments, one or more features and/or
techniques described herein may be applied for real time monitoring for collision
avoidance. For example, in some embodiments, the processing unit 140 may be
configured to analyze image(s) from the camera(s) 130, and determine whether any
portion of the system comes too close (e.g., exceeds a threshold safety distance
value) to the patient or to another portion of the system. If so, the processing unit
140 may generate a control signal to stop the treatment procedure. In some cases,
the processing unit 140 may also be configured to modify the treatment plan or
provide suggestions for allowing a user to modify the treatment plan.

[0180] Although the above embodiments have been described with reference to
avoiding collision in a radiation treatment system, in other embodiments, the collision
prediction system and technique described herein may be used with other types of
medical devices. For example, in other embodiments, the collision prediction system
and technique described herein may be used with a non-radiation treatment

machine, such as an ultrasound treatment machine, a RF medical device, etc. Also,
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in other embodiments, the collision prediction system and technique described
herein may be used with a non-treatment machine, such as an imaging device (e.g.,
a CT machine, a x-ray, a fluoroscopic machine, etc.).

[0181] Furthermore, in some embodiments, features described herein may be
employed with other tools for management of treatment strategy and/or for
determining a treatment plan. For example, the collision prediction feature described
herein may be used together with another tool that assists management of treatment
strategy based on probability density function(s), so that together they provide a
more comprehensive tool for allowing management of treatment strategy and/or for
determining a treatment plan. Systems and techniques for management of
treatment strategy and for determining treatment plan based on probability density
function(s) are described in U.S. Patent Application No. 13/960,642, filed on August
6, 2013, the entire disclosure of the above application is expressly incorporated by
reference herein. Also, the above referenced application discloses using probability
density functions to represent different uncertainties associated with a treatment.
Similar techniques may also be employed in the collision prediction algorithm to
determine probability of two surface models colliding based on trajectory of each
object’'s movement.

[0182] Specialized Processing System

[0183] FIG. 8 is a block diagram illustrating an embodiment of a specialized
processing system 1600 that can be used to implement various embodiments
described herein. For example, the processing system 1600 may be configured to
implement the method of FIG. 7 in accordance with some embodiments. Also, in
some embodiments, the processing system 1600 may be used to implement the
processing unit 140 of FIG. 2 and/or the processing unit 54 of FIG. 1. Processing
system 1600 includes a bus 1602 or other communication mechanism for
communicating information, and a processor 1604 coupled with the bus 1602 for
processing information. The processor 1604 may be an example of the processor
54 of FIG. 1A, an example of the processor 80 of FIG. 1B/1C, or an example of any
processor described herein. The processor system 1600 also includes a main
memory 1606, such as a random access memory (RAM) or other dynamic storage
device, coupled to the bus 1602 for storing information and instructions to be
executed by the processor 1604. The main memory 1606 also may be used for

storing temporary variables or other intermediate information during execution of
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instructions to be executed by the processor 1604. The processor system 1600
further includes a read only memory (ROM) 1608 or other static storage device
coupled to the bus 1602 for storing static information and instructions for the
processor 1604. A data storage device 1610, such as a magnetic disk or optical
disk, is provided and coupled to the bus 1602 for storing information and instructions.
[0184] The processor system 1600 may be coupled via the bus 1602 to a display
167, such as a cathode ray tube (CRT), for displaying information to a user. An input
device 1614, including alphanumeric and other keys, is coupled to the bus 1602 for
communicating information and command selections to processor 1604. Another
type of user input device is cursor control 1616, such as a mouse, a trackball, or
cursor direction keys for communicating direction information and command
selections to processor 1604 and for controlling cursor movement on display 167.
This input device typically has two degrees of freedom in two axes, a first axis (e.g.,
X) and a second axis (e.g., y), that allows the device to specify positions in a plane.
[0185] In some embodiments, the processor system 1600 can be used to
perform various functions described herein. According to some embodiments, such
use is provided by processor system 1600 in response to processor 1604 executing
one or more sequences of one or more instructions contained in the main memory
1606. Those skilled in the art will know how to prepare such instructions based on
the functions and methods described herein. Such instructions may be read into the
main memory 1606 from another processor-readable medium, such as storage
device 1610. Execution of the sequences of instructions contained in the main
memory 1606 causes the processor 1604 to perform the process steps described
herein. One or more processors in a multi-processing arrangement may also be
employed to execute the sequences of instructions contained in the main memory
1606. In alternative embodiments, hard-wired circuitry may be used in place of or in
combination with software instructions to implement the various embodiments
described herein. Thus, embodiments are not limited to any specific combination of
hardware circuitry and software.

[0186] The term "processor-readable medium" as used herein refers to any
medium that participates in providing instructions to the processor 1604 for
execution. Such a medium may take many forms, including but not limited to, non-
volatile media, volatile media, and transmission media. Non-volatile media includes,

for example, optical or magnetic disks, such as the storage device 1610. A non-
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volatile medium may be considered an example of non-transitory medium. Volatile
media includes dynamic memory, such as the main memory 1606. A volatile
medium may be considered an example of non-transitory medium. Transmission
media includes coaxial cables, copper wire and fiber optics, including the wires that
comprise the bus 1602. Transmission media can also take the form of acoustic or
light waves, such as those generated during radio wave and infrared data
communications.

[0187] Common forms of processor-readable media include, for example, a
floppy disk, a flexible disk, hard disk, magnetic tape, or any other magnetic medium,
a CD-ROM, any other optical medium, punch cards, paper tape, any other physical
medium with patterns of holes, a RAM, a PROM, and EPROM, a FLASH-EPROM,
any other memory chip or cartridge, a carrier wave as described hereinafter, or any
other medium from which a processor can read.

[0188] Various forms of processor-readable media may be involved in carrying
one or more sequences of one or more instructions to the processor 1604 for
execution. For example, the instructions may initially be carried on a magnetic disk
of a remote computer. The remote computer can load the instructions into its
dynamic memory and send the instructions over a telephone line using a modem. A
modem local to the processing system 1600 can receive the data on the telephone
line and use an infrared transmitter to convert the data to an infrared signal. An
infrared detector coupled to the bus 1602 can receive the data carried in the infrared
signal and place the data on the bus 1602. The bus 1602 carries the data to the
main memory 1606, from which the processor 1604 retrieves and executes the
instructions. The instructions received by the main memory 1606 may optionally be
stored on the storage device 1610 either before or after execution by the processor
1604.

[0189] The processing system 1600 also includes a communication interface
1618 coupled to the bus 1602. The communication interface 1618 provides a two-
way data communication coupling to a network link 1620 that is connected to a local
network 1622. For example, the communication interface 1618 may be an
integrated services digital network (ISDN) card or a modem to provide a data
communication connection to a corresponding type of telephone line. As another
example, the communication interface 1618 may be a local area network (LAN) card

to provide a data communication connection to a compatible LAN. Wireless links
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may also be implemented. In any such implementation, the communication interface
1618 sends and receives electrical, electromagnetic or optical signals that carry data
streams representing various types of information.

[0190] The network link 1620 typically provides data communication through one
or more networks to other devices. For example, the network link 1620 may provide
a connection through local network 1622 to a host computer 1624 or to equipment
1626 such as a radiation beam source or a switch operatively coupled to a radiation
beam source. The data streams transported over the network link 1620 can
comprise electrical, electromagnetic or optical signals. The signals through the
various networks and the signals on the network link 1620 and through the
communication interface 1618, which carry data to and from the processing system
1600, are exemplary forms of carrier waves transporting the information. The
processing system 1600 can send messages and receive data, including program
code, through the network(s), the network link 1620, and the communication
interface 1618.

[0191] Although particular embodiments have been shown and described, it will
be understood that it is not intended to limit the claimed inventions to the preferred
embodiments, and it will be obvious to those skilled in the art that various changes
and modifications may be made without department from the spirit and scope of the
claimed inventions. The specification and drawings are, accordingly, to be regarded
in an illustrative rather than restrictive sense. The claimed inventions are intended to

cover alternatives, modifications, and equivalents.
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CLAIMS

1. An apparatus for detecting a possible collision in a medical procedure,
comprising:
a camera for providing an image of a patient that is supported on a patient
support; and
a processing unit configured for:
determining a first model based at least in part on the image, at least a
part of the first model representing a surface of the patient, and
determining a second model, the second model representing a first
component of the medical system; and
a collision prediction mechanism configured for virtually moving the first
model, the second model, or both, to simulate a movement of the first component of
the medical system to determine whether there is a possible collision between the
first component and the patient;
wherein the collision prediction mechanism is also configured for generating

an output to indicate the possible collision or an absence of the possible collision.

2. The apparatus of claim 1, wherein the processing unit is also configured for

determining a third model representing the patient support.

3. The apparatus of claim 2, wherein the collision prediction mechanism is
further configured for virtually moving the first model and the third model as a single

unit.

4. The apparatus of claim 1, wherein the first model includes a modeling of at

least a part of the patient support.

. The apparatus of claim 1, wherein the collision prediction mechanism is
further configured for virtually moving the first model to simulate a movement of the

patient due to a movement of the patient support.

6. The apparatus of claim 1, wherein the processing unit is configured for

determining the first model in response to a movement of the patient.
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7. The apparatus of claim 1, wherein the processing unit is configured for

determining the first model after the patient is set up for a treatment procedure.

8. The apparatus of claim 1, wherein the processing unit is configured for
determining the first model in response to a user entering a user input via a user

interface.

9. The apparatus of claim 1, further comprising a graphical output interface for

providing a graphic indicating a movement trajectory of the second model.

10.  The apparatus of claim 1, further comprising a graphical output interface for

providing a video indicating the virtual movement of the second model.

11.  The apparatus of claim 1, wherein the image comprises a depth image of the
patient, and wherein the processing unit is configured for, in a process to determine
the first model:

identifying a portion in the depth image that corresponds with the surface of
the patient; and

using the identified portion in the depth image to create the first model.

12.  The apparatus of claim 11, wherein the processing unit is configured for, in a
process to determine the first model:

identifying a portion in another depth image that corresponds with another
surface of the patient; and

combining the portion from the depth image and the portion in the other depth

image.

13.  The apparatus of claim 11, wherein the processing unit is configured for

extracting a first set of points from the identified portion in the depth image.

14.  The apparatus of claim 13, wherein the processing unit is configured for, in a

process to determine the first model:

37



WO 2017/136551 PCT/US2017/016217

identifying a portion in another depth image that corresponds with another
surface of the patient;

extracting a second set of points from the identified portion in the other depth
image; and

determining a third set of points representing a protected surface associated

with the patient using the first set of points and the second set of points.

15.  The apparatus of claim 14, wherein the third set of points includes at least

some of the first set of points, and at least some of the second set of points.

16.  The apparatus of claim 14, wherein the protected surface represented by the
third set of points is away from the surface of the patient, and wherein the third set of
points are away from at least some of the first set of points, and are away from at

least some of the second set of points.

17.  The apparatus of claim 11, wherein the processing unit is configured for, in a
process to determine the first model, determining a protected surface that is away

from the surface of the patient.

18.  The apparatus of claim 11, wherein the medical system comprises a radiation

treatment system.

19.  The apparatus of claim 18, wherein the first component comprises a gantry, a

radiation source, a portal imager, or a kV imager.

20.  The apparatus of claim 1, wherein the image comprises a depth image, and
wherein the processing unit is further configured for removing stray points from the

depth image.
21.  The apparatus of claim 1, wherein the collision prediction mechanism is

configured for virtually moving the second model by executing a treatment plan

virtually.
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22.  The apparatus of claim 1, further comprising a motion detection device
configured to detect a motion of the patient;
wherein the collision prediction mechanism is configured to, after the motion is

detected, determine a position of the first component of the medical system.

23.  The apparatus of claim 22, wherein the collision prediction mechanism is
configured for virtually moving the second model after the position of the first

component of the medical system is determined.

24.  The apparatus of claim 1, wherein the processing unit is further configured for:
determining a third model representing a second component of the medical
system; and
virtually moving the third model to simulate a movement of the second

component.

25.  The apparatus of claim 1, wherein the collision prediction mechanism is a part

of the processing unit.
26. The apparatus of claim 1, wherein the camera is configured to generate the
image based on time-of-flight technique, stereoscopic technique, structured light, or

ultrasound.

27. The apparatus of claim 26, further comprising an optical device for providing

infrared illumination or pattern projection for enhancing the stereoscopic technique.

28. The apparatus of claim 26, wherein the depth sensing camera is configured to

generate the image using ultrasound.

29. The apparatus of claim 26, further comprising an additional depth measuring

camera.

30.  The apparatus of claim 1, wherein the image comprises a depth image, and

wherein the processing unit is configured to obtain a visible image of the patient.
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31.  The apparatus of claim 30, wherein the processing unit is configured to output

both the visible image and the depth image for display on a screen.

32. A method of detecting a possible collision in a medical procedure that involves
a medical system, comprising:

obtaining an image of a patient that is supported on a patient support;

determining a first model using a processing unit based at least in part on the
image, at least a part of the first model representing a surface of the patient;

determining a second model using the processing unit, the second model
representing a first component of the medical system;

virtually moving the first model, the second model, or both, using a collision
prediction mechanism to simulate a movement of the first component of the medical
system to determine whether there is a possible collision between the first
component and the patient; and

generating an output to indicate the possible collision or an absence of the

possible collision.

33. A product having a non-transitory medium storing a set of instructions, an
execution of which by a processing unit causes a method for detecting a possible
collision in a medical procedure to be performed, the method comprising:

obtaining an image of a patient that is supported on a patient support;

determining a first model using the processing unit based at least in part on
the image, at least a part of the first model representing a surface of the patient;

determining a second model using the processing unit, the second model
representing a first component of a medical system;

virtually moving the first model, the second model, or both, using a collision
prediction mechanism to simulate a movement of the first component of the medical
system to determine whether there is a possible collision between the first
component and the patient; and

generating an output to indicate the possible collision or an absence of the

possible collision.
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