woO 2022/036631 A1 |0 0000 KOO 0 A 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
24 February 2022 (24.02.2022)

(10) International Publication Number

WO 2022/036631 Al

WIPO I PCT

(51) International Patent Classification:
AGIN 5/10 (2006.01) GO6N 3/02 (2006.01)
GO6N 3/08 (2006.01)

(21) International Application Number:
PCT/CN2020/110251

(22) International Filing Date:
20 August 2020 (20.08.2020)

(25) Filing Language: English
(26) Publication Language: English
(71) Applicant: SHANGHAI UNITED IMAGING

HEALTHCARE CO., LTD. [CN/CN]; No. 2258 Cheng-
bei Road, Jiading District, Shanghai 201807 (CN).

Inventors: BOSE, Supratik; 9230 Kirby Drive, Suite
600, Houston, Texas 77054 (US). MALTZ, Jonathan;
9230 Kitby Drive, Suite 600, Houston, Texas 77054 (US).
ZHOU, Jingjie; No. 2258 Chengbei Road, Jiading District,
Shanghai 201807 (CN).

Agent: METIS IP (CHENGDU) LLC; Room 808, 8th
Floor, Building B7, Block D, Tianfu Jingrong Center, No.
99 West Section of Hupan Road, Tianfu New District,
Chengdu, Sichuan 610213 (CN).

(72)

(74)

@81)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

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

(54) Title: SYSTEMS AND METHODS FOR RADIOTHERAPY

Obtaining input data relating to a target treatmenit plan for
parforming radictherapy on a lesion using a radiation device

L 1210

Obtaining a segment shape estimation modsa! ~ 1220

Estimating, based on the segment shape estimation modei and
the input data, a plurality of target location combinations of the
target treatment plan and a plurality of targst segment shapes of a
collimator of the radiation device, ¢ach of the plurality of target
segment shapes corresponding te one of the plurality of targst
jocation combinations

L 1230

FiG. 12

(57) Abstract: A method may include obtaining input data relat-
ing to a target treatment plan for performing radiotherapy on a
lesion using a radiation device(1210). The input data may include
a first target image of the lesion. The method may also include
obtaining a segment shape estimation model(1220). The method
may also include estimating, based on the segment shape estima-
tion model and the input data, a plurality of target location com-
binations of the target treatment plan and a plurality of target seg-
ment shapes of a collimator of the radiation device, each of the
plurality of target segment shapes corresponding to one of the
plurality of target location combinations(1230). One of the plu-
rality of target location combinations may indicate a location of
the collimator relative to the lesion.
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SYSTEMS AND METHODS FOR RADIOTHERAPY

TECHNICAL FIELD
[0001] The present disclosure generally relates to radiotherapy, and more
particularly, systems and methods for treatment planning.
BACKGROUND
[0002] Radicotherapy is used o treat, e.q., cancers and other ailments in biclogical
{e.q., human and animal) tissue using a radiation device. Treaiment planning is a
procass involving determination and/or updating of specific radiotherapy parameters
for implementing a freatment goal.  The outcome of the treatment planning is a
treatment plan.  Segment shapes of a collimator of the radiation device is a
significant factor in determining an overall delivery time of the treatment plan.
Therefore, it is desirable {o provide systems and/or methods to efficiently and
accurately determine segment shapes for a treatment plan.
SUMMARY
[0003] According to a first aspect of the present disclosure, a system may include
one or more storage devices and ong or more processors configured to
communicate with the one or more storage devices.  The one or more storage
devices may include a set of instructions.  When the one or more processors
executing the set of instructions, the one or more processors may be directed to
perform one or more of the following operations.  The one or more processors may
obtain input data relating to a target treatment plan for performing radiotherapy on a
lesion using a radiation device.  The input data may include a first target image of
the lesion. The one or more processors may obtain a segment shape estimation
model.  The one or more processors may estimate, based on the segment shape
estimation model and the input data, a plurality of target location combinations of the
target treatment plan and a plurality of target segment shapes of a collimator of the

radiation device. One of the plurality of target location combinations may indicaie a



WO 2022/036631 PCT/CN2020/110251

location of the collimator relative to the lesion.  Each of the plurality of target
segment shapes may correspond o one of the plurality of target location
combinations.

[0004] In some embodiments, the target treatment plan may include a plurality of
control points. Each of the plurality of target location combinations or the plurality of
target segment shapes may correspond to one of the plurality of control points.
[0005] In some embodiments, the input data may include at least one of a second
target image of normal tissue surrounding the lesion, a third target image of the
tesion, or target radiation information of the target treatment plan, the target radiation
information including at least one of an output dose, a dose oulput rate, a dose per
puise, or a dose distribution in the lesion.

[00086] In some embodiments, the target radiation information may be predicted
based on the first target image of the lesion, the second target image of normal
tissue surrcunding the lesion, and the third target image of the lesion.

(00071 In some embodiments, one of the plurality of target location combinations
may include a combination of one or more locations where oneg or more components
of the radiation device operate.

[0008] In some embodiments, the one of the plurality of target location combination
may include a gantry angle of a gantry of the radiation device.

(00091 In some embodiments, the one of the plurality of target location combination
may include a combination of a ganiry angle of a gantry of the radiation device and a
coliimator angle of the collimator of the radiation device.

[0010] In some embodiments, the one of the plurality of target location combination
may include a combination of a ganiry angle of a gantry of the radiation device, a
colliimator angle of the collimator of the radiation device, and a position of a couch of
the radiation device.

[0011] Inh some embodiments, the colimator may include a plurality of pairs of

leaves. One of the plurality of target segment shapes of the collimator may include
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leaf location of each of the plurality of pairs of leaves.

[0012] In some embodiments, the leaf location of one of the plurality of pairs of
leaves may include a location of a center of an opening of the pair of leaves and a
width of the opening of the pairs of leaves.

[0013] In some embodiments, the pluraiity of target iocation combinations may be
within a plurality of discrete candidate location combinations of a location universal
sel.

[0014] In some embodiments, the segment shape estimation model may be
obtained by performing a training process including: obtaining the location universal
set including the plurality of candidate location combinations; and determining the
segment shape estimation model by iteratively training a preliminary model based on
the location universal set.

[0015] In some embodiments, obtaining the location universal set including the
plurality of candidate location combinations may include: obtaining a plurality of
candidate gantry angles, a plurality of candidate collimator angles, or a plurality of
candidate couch locations; and obtaining the location universal set based on the
plurality of candidate gantry angles, the plurality of candidate collimator angles, or
the plurality of candidate couch locations.

10016] In some embodiments, the plurality of target segment shapes may be within
a distance universal set including a plurality of discrete candidate leaf locations.
[0017] In some embodiments, the training process may include: oblaining the
distance universal set including the plurality of candidate leaf locations; and
determining the segment shape estimation model by iteratively training the
preliminary model based on the distance universal set so that the candidate segment
shape corresponding to each of the plurality of candidate location combinations
output by the segment shape estimation model is within the distance universal set.
[0018] In some embodiments, the plurality of candidate leaf iocations may include a

plurality of candidate opening locations and a piurality of candidate opening widths.
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[0019] In some embodiments, the training process includes: obtaining fraining data
including a plurality of training sets.

100207 In some embodiments, obtaining the training data includes: for one of the
plurality of fraining sets, obtaining a historical treatment plan previously generated
based on a sample lesion; obtaining a first sample image of the sample lesion
corresponding to the historical treatment plan; obtaining sample location
combinations and corresponding sample segment shapes in the historical treatment
plar; and obtaining the training set based on the first sample image, the sample
tocation combinations, and the sample segment shapes of historical treatment plan.
[0021] In some embodiments, obtaining the training set based on the first sample
image, the sampie location combinations, and the sample segment shapes of the
historical treatment plan may include: obtaining processed sample location
combinations that are within the location universal set, the processed sample
location combinations being obtained by processing the sample location
combinations based on the location universal set; obtaining processed sample
segment shapes that are within the distance universal set, the processed sample
segment shapes being obtained by processing the sampie segment shapes based
on the distance universal setl; oblaining a sample set including the processed sample
segment shapes and closed segment shapes, the closed segment shapes
corresponding to the candidate location combinations excluding the processed
sampie location combinations; and obtaining the training set by including the first
sample image, the processed sample location combinations, and the sample set of
the historical treatment plan.

[0022] In some embodiments, the iraining process may include: initializing the
preliminary model; and obtaining the segment shape estimation model by updating
the initialized preliminary model using an iteration process including a plurality of
fterations, at least one of the plurality of iterations of the iteration process including:

obtaining one of the plurality of training sets; generating estimated segment shapes
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corresponding to the plurality of candidate location combinations by inputting the first
sample image of the training set into an intermediate model, the intermediate model
being the initialized preliminary model in a first iteration of the plurality of iterations of
the iteration process or a previously updated model generated in a previous iteration
in the iteration process; determining a value of a loss function based on the
gstimated segment shapes and the sample set in the training set; determining
whether a termination condition is satisfied; in response {0 determining that the
termination condition is not satisfied, generating an updated model by updating the
intermediate model based on the value of the loss function; and initiating a next
iteration; and designating the intermediale model in a last iteration of the plurality of
iterations of the iteration process as the segment shape estimation model.

10023] In some embodiments, the at least one of the plurality of iterations of the
iteration process may include: in response to determining that the termination
condition is satisfied, terminating the iteration process.

[0024] In some embodiments, the value of the loss function may be determined
based on sparsily of the sample sat, the sparsity of the sample set relating {o the
ciosed segment shapes in the sample set.

[0025] In some embodiments, the termination condition may relate {o at least one of
the value of the loss function or a count of iterations of the iteration process that
have been performed.

[0026] In some embodiments, the iraining set may include at least one of a second
sample image of normal tissue surrounding the sample lesion, a third sample image
of the sample lesion, or sample radiation information of the historical treatment plan,
the sample radiation information including at least one of a sample output dose, a
sample dose output rate, a sample dose per pulse, or a sampie dose distribution in
the sampile lesion.

[0027] In some embodiments, the sample radistion information may be predicted

based on the first sample image of the sample lesion, the second sample image of
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normal tissue surrounding the sample lesion, and the third sample image of the
sample lesion.

10028] In some embodiments, the at least one of the plurality of iterations of the
iteration process may include: generating the estimated segment shapes by inputting
at least one of the second sample image, the third sample image, or the sample
radiation information of the training set into the intermediate model.

[0029] In some embodiments, the at least one of the plurality of iterations of the
itergtion process may include: determining estimated radiation information based on
the estimated segment shapes; comparing the estimated radiation information and
the sample radiation information; and generating the updated model by updating the
intermediate model based on the comparison.

10030] According to another aspect of the present disclosure, a method may include
one or more of the following operations.  One or more processors may obtain input
data relating {0 a target treatment plan for performing radiotherapy on a lesion using
a radiation device. The input data may include a first target image of the lesion.
The one or more processors may obtain a segment shape estimation model. The
one or more processors may estimate, based on the segment shape estimation
model and the input data, a plurality of target location combinations of the target
treatment plan and a plurality of target segment shapes of a collimator of the
radiation device. One of the plurality of target location combinations may indicate a
location of the collimator relative to the lesion.  Each of the plurality of target
segment shapes may correspond to one of the plurality of target location
combinations.

[0031] According to yet another aspect of the present disclosure, a system may
include an input obtaining module configured to obtain input data relating to a target
treatment plan for performing radiotherapy on a lesion using a radiation device.

The input data may include a first target image of the lesion.  The system may also

include a model obtaining moduie configured to obtain a segment shape estimation
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model.  The system may also include a shape estimation module configured to
gstimate, based on the segment shape estimation model and the input datg, a
plurality of target location combinations of the target treatment plan and a plurality of
target segment shapes of a collimator of the radiation device.  One of the plurality of
target location combinations may indicate a location of the colimator relative to the
lesion.  Each of the plurality of target segment shapes may correspond to one of the
plurality of target location combinations.

[0032] According to vet another aspect of the present disclosure, a non-transitory
computer readable medium may comprise at least one set of instructions.  The at
least one set of instructions may be executed by one or more processors of a
computing device. The one or more procassors may obtain input data relating to a
target freatment plan for performing radictherapy on a lesion using a radiation
device. The input data may include a first target image of the lesion. The one or
mMore processors may obtain a segment shape estimation model.  The one or more
processors may estimate, based on the segment shape estimation model and the
input data, a plurality of target location combinations of the target treatment plan and
a plurality of target segment shapes of a collimator of the radiation device. One of
the plurality of target location combinations may indicate a location of the collimator
relative to the lesion.  Each of the plurality of target segment shapes may
correspond o one of the plurality of target location combinations.

[0033] According to yet another aspect of the present disclosure, a system may
include one or more storage devices and one or more processors configured to
communicate with the one or more siorage devices. The one or more storage
devices may include a set of instructions.  When the one or more processors
executing the set of instructions, the one or more processors may be directed {o
perform one or moreg of the following operations.  The one or more processors may
obtain a preliminary model.  The one or more processors may obtain training data.

The one or more processors may obtain a segment shape estimation model by
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training the preliminary model based on the training data. The segment shape
gstimation model may be configured o estimate, based on input data, a plurality of
target location combinations in a target treatment plan for performing radiotherapy on
a lesion using a radiation device and a plurality of target segment shapes of a
coliimator of the radiation device.  The input data may include a first target image of
the lesion. Each of the plurality of target segment shapes may correspond 1o one of
the plurality of target location combinations.  One of the plurality of target location
combinations may indicate a location of the collimator relative o the lesion.

[0034] According to vet ancther aspect of the present disclosure, a method may
include one or more of the following operations.  One or more processors may
obtain a preliminary model.  The one or more processors may obtain training data,
The one or more processors may obtain a segment shape estimation model by
fraining the preliminary model based on the training data.  The segment shape
gstimation model may be configured {0 estimate, based on input data, a plurality of
target location combinations in a target treatment plan for performing radiotherapy on
a lesion using a radiation device and a plurality of target segment shapes of a
coliimator of the radiation device. The input data may include a first target image of
the lesion. Each of the plurality of target segment shapes may correspond to one of
the plurality of target location combinations.  One of the plurality of target location
combinations may indicate a iccation of the collimator relative to the lesion.

10035] According to yet another aspect of the present disclosure, a system may
include a model obtaining module configured to obtain a preliminary model. The
mode! oblaining module may be also configured to obtain training data.  The model
obtaining module may be also configured to obtain a segment shape estimation
model by training the preliminary model based on the training data.  The segment
shape estimation model may be configured {0 estimate, based on input data, a
plurality of target location combinations in a target treatment plan for performing

radiotherapy on a lesion using a radiation device and a plurality of target segment
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shapes of a collimator of the radiation device. The input data may include a first
target image of the lesion.  Each of the plurality of target segment shapes may
correspond (o one of the plurality of target location combinations.  One of the
plurality of target location combinations may indicate a location of the collimator
refative to the lesion.
[0036] According to vet another aspect of the present disclosure, a non-transitory
computer readable medium may comprise at least one set of instructions. The at
least one set of instructions may be executed by one or more processors of a
computing device. The one or more processors may oblain a preliminary model.
The one or more processors may obtain training data.  The one or more processors
may obtain a segment shape estimation model by training the preliminary model
based on the training data. The segment shape estimation model may be
configured to estimate, based on input data, a plurality of target location
combinations in a target treatment plan for performing radiotherapy on a lesion using
a radiation device and a plurality of target segment shapes of a collimator of the
radiation device. The input data may include a first target image of the lesion.
Each of the plurality of target segment shapes may correspond to one of the plurality
of target location combinations.  One of the plurality of target location combinations
may indicate a location of the collimator relative 1o the lesion,
[0037] Additional features will be set forth in part in the description which follows,
and in part will become apparent (o those skilled in the art upon examination of the
foliowing and the accompanying drawings or may be learned by production or
operation of the examples. The features of the present disclosure may be realized
and attained by practice or use of various aspects of the methodologies,
instrumentalities and combinations set forth in the detailed examples discussed
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The present disclosure is further described in terms of exemplary
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embodiments.  These exemplary embodiments are described in detail with
reference to the drawings. These embodiments are non-iimiting exemplary
embodiments, in which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:

[0039] FIG. 1 is a schematic diagram illustrating an exemplary medical radiation
system according to some embodiments of the present disclosure;

[0040] FIG. 2 is a schematic diagram illustrating hardware andfor software
components of an exemplary computing device according to some embodiments of
the present disciosure;

[0041] FIG. 3 is a schematic diagram illustrating hardware and/or software
components of an exemplary mobile device according to some embodiments of the
present disclosure;

[0042] FIG. 4 is a schematic diagram illustrating an exemplary gantry angle
according to some embodiments of the present disclosure;

[0043] FIG. 5 is a schematic diagram illustrating an exemplary collimator angle
according to some embodiments of the present disclosure;

[0044] FIG. 6 is a schematic diagram illustrating an exemplary segment shape
according to some embodiments of the present disclosure;

10045] FiG. 7 is a flowchart illustrating an exemplary training process for
generating a segment shape estimation mode! according to some embodiments of
the present disclosure;

[0046] FIG. 8 is a flowchart illustrating an exemplary process for obtaining training
data according to some embodiments of the present disclosure;

(00477 FIG. 9 is a flowchart llustrating an examplary procass for obtaining training
data according to some embodiments of the present disclosure,

[0048] FiIG. 10 is a flowchart illustrating an exemplary process for determining a
saegment shape estimation model according o some embuodiments of the present

disciosure:

10
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10049] FIG. 11 is a block diagram illustrating an exemplary processing device
according to some embodiments of the present disclosure; and
[0050] FiG. 12 is a flowchart illustrating an exemplary process for estimating
segment shapes of an MLC based on a segment shape estimation model according
to some embodiments of the prasent disclosure.

DETAILED DESCRIPTION
[0051] In the following detailed description, numerous specific details are set forth
by way of examples in order to provide a thorough understanding of the relevant
disclosure. However, it should be apparent to those skilled in the art that the
present disclosure may be practiced without such details.  In other instances, well-
knowrn methods, procedures, systems, components, and/or circuitry have been
described at a relatively high-level, without detail, in order to avoid unnecessarily
obscuring aspects of the present disclosure.  Various modifications to the disclosed
embodiments will be readily apparent to those skilled in the art, and the general
principles defined herein may be applied to other embodiments and applications
without departing from the spirit and scope of the present disclosure.  Thus, the
present disclosure is not limited o the embodiments shown, but to be accorded the
widest scope consistent with the claims.
10052] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended 1o be limiting.  As used herein, the
singular forms “a,” “an,” and “the” may be intended to include the plural forms as
well, unless the context clearly indicates otherwise. it will be further understood that
the terms “comprise,” “‘comprises,” and/or “comprising,” “include,” “includes,” and/or
‘including,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or componenis, but do not preciude the
presence or addition of one or more other features, infegers, steps, operations,
glements, components, and/or groups theraof.

o

(00531 It will be understood that the term “system,” “engine,” "unit,” “module,” and/or

11
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“block” used herein are one method to distinguish different components, elements,
parts, section or assembly of different level in ascending order.  However, the terms
may be displaced by other expression if they achieve the same purpose.

(005841 Generally, the word "module,” "unit,” or "block,” as used harein, refers to logic
embodied in hardware or firmware, or to a coliection of software instructions. A
module, a unit, or a block described herein may be implemented as software andfor
hardware and may be stored in any type of non-transitory computer-readable
medium or other storage device. In some embodiments, a software
modula/unit/block may be compiled and linked into an executable program. it will
be appreciated that software modules can be caliable from other
modulesfunits/blocks or from themselves, andfor may be invoked in response {0
detected events or interrupts.  Software modules/units/blocks configured for
execution on computing devices (e.g., processor 210 as illustrated in FIG. 2) may be
provided on a computer-readable medium, such as a compact disc, a digital video
disc, a flash drive, a magnetic disc, or any other tangible medium, or as a digital
download (and can be originally stored in a compressed or instaliable format that
needs installation, decompression, or decryption prior to execution).  Such software
code may be stored, partially or fully, on a storage device of the executing computing
device, for execution by the computing device. Software instructions may be
gmbedded in a firmware, such as an EPROM. it will be further appreciated that
hardware modules/units/blocks may be included in connected logic components,
such as gates and flip-flops, andfor can be included of programmable units, such as
programmable gate arrays or processors.  The modules/units/blocks or computing
device functionaiity described herein may be implemented as software
moduies/units/blocks, but may be represented in hardware or firmware.  In general,
the modulesfunits/blocks described herein refer {o logical modules/uniis/blocks that
may be combined with other modules/units/blocks or divided into sub-modules/sub-

units/sub-blocks despite their physical organization or storage.  The description may

12
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be applicable 10 a system, an engine, or a portion thereof.

(00551 It will be understood that when a unit, engine, module or block is referred to
as being "on,” “connected to,” or “‘coupled {0, ancther unit, engine, module, or block,
it may be directly on, connected or coupled {o, or communicate with the other unit,
angine, module, or block, or an intervening unit, engine, module, or block may be
present, uniess the context clearly indicates otherwise.  As used herein, the term
‘and/or” includes any and all combinations of one or more of the associated listed
items.

[0058] These and other features, and characteristics of the present disclosure, as
well as the methods of operation and functions of the relaied elements of structure
and the combination of parts and economies of manufacture, may become more
apparent upon consideration of the following description with reference to the
accompanying drawings, all of which form a part of this disclosure. ftistobe
expressly understood, however, that the drawings are for the purpose of illustration
and description only and are not infended to limit the scope of the present disclosure.
it is understood that the drawings are not {o scale.

(00571 For illustration purposes, the following description is provided to help better
understanding a process for exposure controlliing. It is understood that this 1s not
intended to limit the scope of the present disclosure.  For persons having ordinary
skills in the art, a certain amount of variations, changes andfor modifications may be
deducted under the guidance of the present disclosure. Those variations, changes
and/or madifications do not depart from the scope of the present disclosure.

[0058] In this present disclosure, the terms “radiation therapy,” “radiotherapy,”
‘radiation treatment,” and “treatment” may be used interchangeably to referto a
therapy for treating, e.g., cancers and other ailments in biological {2.¢., human

334

and animal) tissue using radiation. The terms “treatment plan,” “therapy pian,”
and “radiotherapy plan” may be used interchangeably to refer to a plan used o

perform radiotherapy.
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10059] FIG. 1 is a schematic diagram illustrating an exemplary medical radiation
system according to some embodiments of the present disclosure.  In some
embodiments, the medical radiation system 100 may be applied to any radiotherapy
scenario in which a multileaf collimator (MLC) is used.  As used herein, the terms

3k

“reatment,” "radiation treatment,” “radiation therapy,” and "radiotherapy” are used
interchangeably.  In some embodiments, the medical radiation sysiem 100 may be
applied in intensity modulated radiation therapy (IMRT), intensity modulated arc
therapy (IMAT), volumn modulated arc therapy (VMAT), image-guided radiotherapy
(IGRT), single arc radictherapy, multi-arc radiotherapy, or the like.

(00607 As iliustrated in FIG. 1, the medical radiation system 100 may include a
radiation device 110, a network 120, one or more terminals 130, a processing device
140, and a storage device 150.  In some embodiments, the medical radiation
system 100 may further include an imaging device 160,  In some embodiments, the
radiation device 110 and the imaging device 160 may be integrated into a single
device, or separate devices.  In some embodiments, the imaging device 160 may
be omitted in the meadical radiation system 100.

[0061] In some embodiments, the components in the medical radiation system 100
may be connected in one or more of various ways. Merely by way of example, the
radiation device 110 may be connected to the processing device 140 through the
network 120, As another example, the radiation device 110 may be connected to
the processing device 140 directly as indicated by the bi-directional arrow in dotted
fines linking the radiation device 110 and the processing device 140, As a further
axample, the storage device 150 may be connected (o the processing device 140
directly or through the network 120.  As still a further example, the terminal 130 may
be connected o the processing device 140 directly {as indicated by the bi-directional
arrow in dotied lines linking the terminal 130 and the processing device 140) or
through the network 120, As still a further example, the imaging device 160 may be

connected to the radiation device 110 directly or through the network 120.
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10062] Inthe present disclosure, the X axis, the Y axis, and the £ axis shown in FIG.
1 may form an orthogonal coordinate system.  The X axis and the Z axis shown in
FIG. 1 may be horizontal, and the Y axis may be vertical.  As illustrated, the positive
X direction along the X axis may be from the left side to the right side of the radiation
device 110 seen from the direction facing the front of the radiation device 110; the
positive Y direction along the Y axis shown in FIG. 1 may be from the lower part to
the upper part of the radiation device 110; the positive Z diraction along the Z axis
shown in FIG. 1 may refer to a direction in which the object is moved out of the
caouch 113 of the radiation device 110,

[0063] In some embodiments, the radiation device 110 may be configured to deliver
radiation to a planned target volume (PTV) (also referred to as atarget, e.g., &
lesion) of an object (e.g., a patient) to treat the object.  The radiation device 110
may include a gantry 111, a radiation source 112, and a couch 113, In some
embodiments, the radiation source 112 may be connected 1o the gantry 111 and
rotatable around an object {e.g., the Z axis). During radiotherapy performed on an
object using the radiation device 110, the obiect may be placed on the couch 113
and moved into a treatment area of the radiation device 110, such as the treatment
area 114 in FIG.1.

[0064] The radiation source 112 may emit radiation rays to an object that is placed
in the couch 113, The radiation rays may include X-rays, y-rays, a-rays, ultraviolet,
laser, neutron, proton, or the like, or a combination thereof. A multileaf collimator
(MLC)Y 115 {e.g., as shown in FIG. 4) may be attached {o the radiation source 112.
The MLC 115 may include adjustable leaves that act as a filter, blocking or allowing
radiation o pass through, in order o tailor the shape of radiation rays to the shape of
a target {(e.¢., a tumor) of an object while reducing exposure, under the radiation
rays, of the neighboring organs at risks (OARs) of the target (e.g., normal tissue
immediately surrounding the target).  In some embodiments, the MLC 115 may

rotate with the radiation source 112.  In some embodiments, during rotation, the
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location of the MLC 115 relative to the radiation source 112 may be constant or
substantially constant.

[0065] In some embodiments, the object may be biclogical. Merely by way of
example, the object may include a patient, a man-made object, etc.  As ancther
axample, the object may include a specific portion, organ, and/or tissue of the
patient. For example, the object may include head, brain, neck, body, shoulder,
arm, thorax, cardiac, stomach, blood vessel, soft tissug, knee, feet, or the like, or any
combination thereof. In the present disclosure, “subject” and “object” are used
interchangeably.

[0066] In some embodiments, the imaging device 180 may be configured {o acquire
one or maore images of a target of an object.  In some embodiments, the imaging
device 160 may include a single modality imaging device and/or a multi-modality
imaging device. The single modality imaging device may include, for example, a
magnetic resonance imaging (MRI) device, a computed tomography (CT) device, a
positron emission tomography (PET) device, a single photon emission computed
tomography (SPECT) device, an ultrasound device, an X-ray device, or the like.
The multi-modality imaging device may include, for example, a computed
tomography-magnetic resonance imaging (MRI-CT) device, a positron emission
tomography-magnetic resonance imaging (PET-MRI) device, a single photon
gmission computed tomography-magnetic resonance imaging (SPECT-MRI) device,
a digital subtraction angiography-magneatic resonance imaging (DSA-MRI) device, a
positron emission tomography-computed tomography (PET-CT) device, a single
photon emission computed tomography-computed tomography (SPECT-CT) device,
gtc.

[0067] The network 120 may facilitate exchange of information and/or data.  In
some embodimenis, one or more components of the medical radiation system 100
(e.qg., the radiation device 110, the terminal 130, the procassing device 140, the

storage device 150, or the imaging device 160} may send information and/or data to
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another component{s) in the medical radiation system 100 via the network 120.  For
example, the processing device 140 may obtain a user instruction from the terminal
130 via the network 120, As another example, the processing device 140 may
obtain scan data from the imaging device 160 via the network 120, In some
ambodiments, the network 120 may be any type of wired or wireless network, or
combination thereof. The network 120 may be and/or include a public network
(e.g., the Internet), a private network {e.q., a local area network {(LAN), a wide area
network (WAN)Y), etc.), a wired network (e.q., an Ethernet network), a wireless
network (e.g., an 802,11 network, a Wi-Fi naetwork), a cellular network (e.g., a Long
Term Evolution (LTE) network), a frame relay network, a virtual private network
("VPN"), a satellite network, a telephone network, routers, hubs, switches, server
computers, andfor any combination thereof. Maerely by way of example, the network
120 may include a cable network, a wireling network, an optical fiber network, a
telecommunications network, an intranet, an Intermnet, a iocal area network (LAN), a
wide area network (WAN), a wireless local area network (WLAN), a metropolitan
area network (MAN), a2 wide area network (WAN), a public telephone switched
network (PSTN), a Bluetooth™ network, a ZigBee™ network, a near field
communication (NFC) netwaork, or the like, or any combination thereof.  In some
embodiments, the network 120 may include one or more network access points.
For example, the network 120 may include wired or wirgless network access points
such as base stations and/or internet exchange points through which one or more
components of the medical radiation system 100 may be connected {o the network
120 to exchange data and/or information.

[0068] The terminal 130 include a mobile device 131, a tablet computer 132, a
laptop computer 133, or the like, or any combination thereof.  In some
embodiments, the mobile device 131 may include a smart home device, a wearable
device, a smart mobile device, a virtual reality device, an augmented reality device,

or the like, or any combination thereof.  In some embodiments, the smart home

17



WO 2022/036631 PCT/CN2020/110251

device may include a smart lighting device, a control device of an intelligent electrical
apparatus, a smart monitoring device, a smart television, a smart video camerg, an
interphone, or the like, or any combination thereof.  In some embodiments, the
wearable device may include a bracelet, footgear, eyeglasses, a helmet, a watch,
ciothing, a backpack, an accessory, or the like, or any combination thereof.  In some
embodiments, the smart mobile device may include a smartphone, a personal digital
assistant (PDA), a gaming device, a navigation device, a point of sale (POS) device,
or the like, or any combination thereof.  In some embodiments, the virtual reality
device and/or the augmented reality device may include a virtual reality helmet, a
virtual reality glass, a virtual reality patch, an augmented reality helmet, an
augmented reality glass, an augmented reality patch, or the like, or any combination
thereof. For example, the virtual reality device and/or the augmented reality device
may include a Google Glass, an Oculus Rift, a Hololens, a Gear VR, etc.  In some
embodiments, the terminal 130 may remotely operate the radiation device 110, In
some embodimenis, the terminal 130 may operate the radiation device 110 via a
wireless connection.  In some embodiments, the terminal 130 may receive
information and/or instructions inputied by a user, and send the received information
and/or instructions o the radiation device 110 or to the processing device 140 via the
network 120,  In some embodiments, the terminal 130 may receive data and/or
information from the processing device 140, In some embodiments, the terminal
130 may be part of the processing device 140, In some embodiments, the terminal
130 may be omitted.

[0069] In some embodiments, the processing device 140 may process data
obtained from the radiation device 110, the terminal 130, the storage device 150, or
the imaging device 160.  For example, the processing device 140 may determine
segment shapes for a treaiment plan based on a segment shape estimation model.
The processing device 140 may be a central processing unit (CPU), a digital signal

processor (DSP), a system on a chip (SoC), a microcontroller unit (MCL), or the like,
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or any combination thereof.

(00707 In some embodiments, the processing device 140 may be a single server or
a server group.  The server group may be centralized or distributed.  In some
embodiments, the processing device 140 may be local or remote.  For example, the
procassing device 140 may access information and/or data stored in the radiation
device 110, the terminal 130, the imaging device 160, andfor the storage device 150
via the network 120,  As anocther example, the processing device 140 may be
directly connected to the radiation device 110, the terminal 130, the imaging device
160, and/or the storage device 150, {o access stored information and/or data.  In
some embodiments, the processing device 140 may be implemented on a cloud
platform. Maerely by way of example, the cloud platform may include a private
cloud, a public cloud, a hybrid cloud, a community cloud, a distributed cloud, an
inter-cloud, a multi-cloud, or the like, or any combination thereof.  In some
embodiments, the processing device 140 may be implemented on a computing
device 200 having one or more components illustrated in FIG. 2 in the present
disclosure.

[0071] The storage device 150 may store data andfor instructions.  In some
embodiments, the storage device 150 may store data obtained from the terminal 130
andfor the processing device 140.  For example, the storage device 150 may store
one or more images obtained from the imaging device 160, As another example,
the storage device 150 may store a segment shape estimation model.  In some
embodiments, the storage device 150 may store data and/or instructions that the
processing device 140 may execute or use to perform exemplary methods described
in the present disclosure.  For example, the storage device 150 may store
instructions that the processing device 140 may execute or use ¢ determine
segment shapes for a treaiment plan based on a segment shape estimation model.
in some embodiments, the storage device 150 may include a mass storage,

removable storage, a volatile read-and-write memory, a read-only memory (ROM), or

19



WO 2022/036631 PCT/CN2020/110251

the like, or any combination thereof. Exemplary mass storage may include a
magnetic disk, an optical disk, a sclid-state drive, etc.  Exemplary removable
storage may include a fiash drive, a floppy disk, an optical disk, a memory card, a zip
disk, @ magnetic tape, etc.  Exemplary volatile read-and-write memory may include
a random-access memory (RAM).  Exemplary RAM may include a dynamic RAM
(DRAM), a double date rate synchronous dynamic RAM {(DDR SDRAM), a static
RAM (SRAM), a thyristor RAM (T-RAM), and a zero-capacitor RAM (Z-RAM), etc.
Exemplary ROM may include a mask ROM (MROM), a programmable ROM
(PROM]), an erasable programmable ROM (PEROM), an electrically erasable
programmable ROM (EEPROM), a compact disk ROM (CD-ROM), and a digital
versatile disk ROM, etc.  In some embodiments, the storage device 150 may be
impiemented on a cloud platform.  Merely by way of example, the cloud platform
may include a private cloud, a public cloud, a hybrid cloud, a community cloud, a
distributed cloud, an inter-cloud, a multi-cloud, or the like, or any combination
thereof.

[0072] In some embodiments, the storage device 150 may be connected 1o the
network 120 to communicate with one or more components of the medical radiation
system 100 {(e.qg., the radiation device 110, the imaging deavice 160, the terminal 130,
the processing device 140).  One or more components of the medical radiation
system 100 may access the data or instructions stored in the storage device 150 via
the network 120,  In some embodiments, the storage device 150 may be directly
connected to or communicate with one or more components of the medical radiation
system 100 (e.g., the terminal 130, the processing device 140). In some
embodiments, the storage device 150 may be part of the processing device 140,
[0073] FIG. 2 is a schematic diagram illustrating hardware and/or software
components of an exemplary computing device according to some embodiments of
the present disclosure.  As illustrated in FIG. 2, the computing device 200 may

include a processor 210, a storage 220, an inputfoutput (/O) 230, and a
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communication port 240, In some embodiments, the processing device 140 and/or
the terminal 130 may be implemented on the computing device 200.

[0074] The processor 210 may execute computer instructions {program code) and,
when executing the instructions, cause the processing device 140 to perform
functions of the processing device 140 in accordance with techniques described
herein. The computer instructions may include, for example, routines, programs,
objects, components, signals, data structures, procedures, modules, and functions,
which perform particular functions described herein.  In some embodiments, the
procassor 210 may process data and/or images obtained from the radiation device
110, the terminal 130, the storage device 150, the imaging device 160, andfor any
other component of the medical radiation system 100,  For example, the processing
device 140 may determine segment shapes for a treatment plan based on a
segment shape estimation model.  In some embodiments, the processor 210 may
include one or more hardware processors, such as a microcontroller, a
microprocessor, a reduced instruction set computer (RISC), an application specific
integrated circuits (ASICs), an application-specific instruction-set processor (ASIP), a
central processing unit (CPU), a graphics processing unit (GPU), a physics
processing unit {(PPU), a microcontroller unit, a digital signal processor (DSP), a field
programmable gate array (FPGA), an advanced RISC machine (ARM), a
programmable logic device (PLD), any circuit or processor capable of executing one
or more functions, or the like, or any combinations thereof.

[0075] Merely for illustration, only one processor is described in the computing
device 200. However, it should be noted that the computing device 200 in the
present disclosure may also include multiple processors.  Thus operations and/or
method steps that are performed by one processor as described in the present
disclosure may also be jointly or separately performed by the multiple processors.
For example, if in the present disclosure the processor of the computing device 200

executes both process A and process B, it shouid be understood that process A and
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process B may also be performed by two or more different processors jointly or
separately in the computing device 200 (e.¢., a first processor executes process A
and a second processor executes process B, or the first and second processors
jointly execute processes Aand B).

[0078] The storage 220 may store data/information oblained from the radiation
device 110, the terminal 130, the siorage device 150, or any other component of the
medical radiation system 100,  In some embodiments, the storage 220 may include
a mass storage device, removable storage device, a volatile read-and-write memory,
a read-only memory (ROM), or the like, or any combination thereof. For example,
the mass storage may include a magnetic disk, an optical disk, a solid-state drive,
etc. The removable storage may include a flash drive, a floppy disk, an optical disk,
a memory card, a zip disk, a magnetic tape, etc.  The volatile read-and-write
memory may include a random access memory (RAM). The RAM may include a
dvnamic RAM (DRAM), a double date rate synchronous dynamic RAM (DDR
SDRAM), a static RAM {(SRAM), a thyristor RAM (T-RAM), and a zero-capacitor
RAM (Z-RAM), etc. The ROM may include a mask ROM (MROM), a programmable
ROM (PROM), an erasable programmable ROM (PEROM), an electrically erasable
programmable ROM (EEPROM), a compact disk ROM (CD-ROM), and a digital
versatile disk ROM, etc.  In some embodiments, the storage 220 may store one or
more programs and/or instructions to perform exemplary methods described in the
present disclosure.  For example, the storage device 150 may siore instructions that
the processing device 140 may execute or use to determine segment shapes for a
treatment plan based on a segment shape estimation model.

[0077] The /O 230 may input or output signals, data, andfor information.  iIn some
embodiments, the V0 230 may enable user interaction with the processing device
140.  In some embodiments, the YO 230 may include an input device and an output
device. Exemplary input devices may include a keyboard, a mouse, a touch

screen, a microphone, or the like, or a combination thereof.  Exemplary output
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devices may include a display device, a loudspeaker, a printer, a projector, or the
like, or a combination thereof. Exemplary display devices may include a liquid
crystal display (LCD), a light-emitting diode (LED)-based display, a flat panel display,
a curved screen, a television device, a cathode ray tube (CRT), or the like, or a
combination thereof.

[0078] The communication port 240 may be connected to a network (e.g., the
network 120) to facilitate data communications.  The communication port 240 may
establish connections between the processing device 140 and the radiation device
110, the terminal 130, or the storage device 150.  The connection may be a wired
conneciion, a wireless connection, or combination of both that enables data
transmission and reception.  The wired connection may include an electrical cable,
an optical cable, a telephone wire, or the like, or any combination thereof. The
wireless connection may include Bluetooth, Wi-Fi, WiMAX, WLAN, ZigBee, mobile
network (e.g., 3G, 4G, 5G, etc.), or the like, or a combination thereof. Insome
embodiments, the communication port 240 may be a standardized communication
port, such as RS232, R8485, etc.  In some embodiments, the communication port
240 may be a specially designed communication port.  For example, the
communication port 240 may be designed in accordance with the digital imaging and
communications in medicine (DICOM) protocol.

[0079] FIG. 3 is a schematic diagram illustrating hardware andfor software
components of a mobile device according to some embaodiments of the present
disclosure. In some embodiments, the processing device 140 and/or the terminal
130 may be implementad on the computing device 200, As illustrated in FIG. 3, the
mobile device 300 may include a display 310, a communication platform 320, a
graphic processing unit (GPU) 330, a central processing unit (CPU) 340, an /O 350,
a memory 360, and a storage 380,  In some embodiments, any other suitable
componant, including but not limited to a system bus or a controller (not shown), may

also be included in the mobile device 300.  In some embodiments, a mobile
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operating system 370 (e.g., 08, Android, Windows Phone, etc.) and one or more
applications 380 may be loaded into the memory 360 from the storage 390 in order
1o be executed by the CPU 340, The applications 380 may include a browser or
any other suitable mobile apps for receiving and rendering information relating to
image processing or other information from the processing device 140, User
interactions with the information stream may be achieved via the /0 350 and
provided 1o the processing device 140 and/or other componeants of the medical
radiation system 100 via the network 120.

[0080] To implement various modules, units, and their functionalities described in
the present disclosure, computer hardware platiorms may be used as the hardware
platform(s) for one or more of the elements described herein.  The hardware
elements, operating systems and programming languages of such computers are
conventional in nature, and it is presumed that those skilled in the art are adequately
familiar therewith to adapt those technologies to control exposure in medical
radiation as described herein. A computer with user interface elements may be
used to implement a personal computar (PC) or another type of work station or
terminal device, although a computer may aiso act as a server if appropriately
programmed. it is believed that those skilled in the art are familiar with the
structure, programming and general operation of such computer eguipment and as a
result, the drawings should be self-explanatory.

(0081} Radiotherapy may be used o treat, e.g., cancers and other ailmenis in
biclogical (e.g., human and animal) tissue. An exemplary radiotherapy may be
provided using a radiation device {e.g., the radiation device 110 in FIG. 1),
whereby a target (e.g., a tumor) may be irradiated by high-energy particles (e.g.,
electrons, photons, ions and the like). In a radiation treatment, multiple
radiation rays may be direcied towards the farget from different angles. The
target (e.¢g., a lesion) may be referred to as a planned target volume (PTV).

The normal tissue immediately surrounding the target may be referred to as an
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organ at risk {(OAR).  Treatment planning may be a process involving
determination and/or updating of specific radictherapy parameters for
impiemerting a freatment goal.  The outcome of the treatment planning may be
a treatment plan. A treatment planning process may include delineating one or
more targets and one or more OARs from one or more medical images of a
patient, and specifying the radictherapy parameters based on the delineating
result.

[0082] Taking a target treatment plan corresponding to a target treatment
performed on a target (8.¢., a lesion) of an object {(a.g., a patient} by the radiation
device 110 in FIG. 1 as an example, radiotherapy parameters of the target
treatment plan may include a total time of the target treatment, a total dose during
the total time, a plurality of target control points (also referred to as target control
time points) within the total time, target radiation information corresponding o each
of the plurality of target control points, or the like, or any combination thereof,

[0083] In some embodiments, the target radiation information corresponding {o
gach of the plurality of target control points may include a dose cuiput rate, a dose
output per pulse, an output dose, a dose distribution in the target, a target location
combination, a segment shape, or the like, or any combination thereof.

10084} In some embodiments, the dose disiribution in the target corresponding to a
target control point may refer 10 a dose distribution in the target during a time period
that ends in the target control point.  In some embodiments, the dose output rate
corresponding to a target control point may refer 1o a dose cutput rate during a time
period that ends in the target control point.  In some embodiments, the dose oulput
per pulse corresponding to a target control point may refer to a dose cufput per puise
during a time period that ends in the target control point.  In some embodiments,
the output dose corresponding to a target control point may refer {o the output dose
during a time period that ends in the target control point. - For example, the time

period may be from the start {e.g., the first conirol point of the plurality of target
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control points) of the total time 1o the target control point.  As another example, the
time pericd may be between the target control point and a control point prior 1o the
target control point.

[0088] In some embodiments, the target location combination or the segment shape
corresponding to a target control point may indicate a location of the radiation device
110 at the target control point.

(0086} In some embodiments, the target location combination corresponding to a
target control point may indicate a location of the MLC 115 relative to the target at
the target control point.

(60871 In some embodiments, the target location combination corresponding to a
target control point may include a combination of one or more locations where one or
more components of the radiation device 110 operate at the target control point.

For example, the target location combination corresponding to a target control point
may include a gantry angle of the radiation source 112 at the target control point.

As another example, the target location combination corresponding to a target
control point may include a combination (also referred to as a gantry-collimator
angle combination)} of a gantry angle of the radiation source 112 and a coliimator
angle of the MLC 115 at the target control point.  As still another example, the targst
location combination corresponding to a target control point may include a
combination of a gantry angle of the radiation source 112, a collimator angle of the
MLC 115, and a couch location of the couch 113 at the target control point.

(00881 In some embodiments, during the target treatment, the radiation source
112 may rotate around the £ axis illustrated in FIG. 1 and deliver radiation rays
to the target from different angles. The gantry angle (ailso referred to as a beam
angle) corresponding o a target control point may indicate a location of the
radiation source 112 in the radiation device 110 at the target control point.  For
axample, when the radiation source 112 rotates to a location at a target control

point, the corresponding ganiry angle may refer to an angle between the center
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line of the radiation rays emitted from the radiation source 112 at the location
and a reference direction {(e.g., a direction vertical to the ground).

[0089] Merely by way of exampile, FIG. 4 is a schematic diagram illustrating an
exemplary gantry angle according {o some embodiments of the present disclosure.
The radiation device 110 shown in FIG. 4 is a view of the radiation device 110 seen
from the direction facing the front of the radiation device 110 {e.g., along the negative
Z direction illustrated in FIGs. 1 and 4). The X axis, the Y axis, and the Z axis in
FIG. 4 correspond to those in FIG. 1. In FIG. 4, the positive Z direction is
represenied as a direction that is vertical to the paper and points cutward.

(0090} As shown in FiG. 4, the radiation source 112 may rotate around the Z axis
along the trajectory 116.  The MLC 115 may rotate around the Z axis with the
radiation source 112. The radiation source 112 may emit radiation rays (or referred
to as radigtion beams) 440. The center line of the radiation rays 440 is represented
by the dashed line 430 in FIG. 4. The dashed line 420 (along the Y direction as
Hustrated in FiGGs. 1 and 4) vertical to the ground may be designated as the
reference line.  When the radiation source 112 rotates {o the location 410, an angle
between the reference line 420 and the center line 430 of the radiation rays 440 is
90°.  The gantry angle of the radiation source 112 at the location 410 is 80°.

[G091]} In some embodiments, the MLC 115 of the radiation device 110 may
rotate around the £ axis with the radiation source 112 and arcund the center line
(e.g., coinciding with the center line 430 of the radiation rays 440 emitted from
the radiation source 112) of the MLC 115,  The collimator angle corresponding
to a target control point may indicate a location of the MLC 115 relative to the
radiation source 112 at the target control point.  For example, when the MLC
115 rotates, arcund its center line, {o a location at a target control point, the
corresponding collimator angle may refer 1o an angle between the location and
an initial location of the MLC 115,

[0092] Merely by way of example, FIG. 5 is g schematic diagram illustrating an
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exemplary collimator angle according {0 some embodiments of the present
disclosure. The MLC 115 shown in FIG. & is a cross-section of the MLC 115 vertical
{0 the center line (e.g., coinciding with the center line 430 of the radiation rays 440
showr in FIG. 4) of the MLC 115, The MLC 115 may rotate (e.g., along the
direction R in FIG. 5) around its center line (a.¢., the center line 430 of the radiation
rays 440 shown in FIG. 4).

(0093} The location 520 (e.g., represented as dashed lines in FIG. 5) of the MLC
115 may be designated as the initial location.  When the MLC 115 rotates, along the
direction R, to the location 510 {e.qg., represented as solid lines in FIG. 5), an angle
between the initial location 520 and the location 510 1s 80°.  The collimator angie of
the MLC 118 at the location 510 is 90°.

10094} In some embodiments, the couch 113 may translate along the X
direction, the Y direction, and the £ direction illusirated in FIG. 1. In some
embodiments, the couch 113 may rotate around the Y direction, the X direction,
or the Z direction illustrated in FIG. 1. The couch location of the couch 113 may
indicate at least one of the transiation of the couch 113 along the X direction, the
translation of the couch 113 along the Y direction, the transiation of the couch
113 along the £ direction, the rotation of the couch 113 around the Y direction,
the rotation of the couch 113 arocund the Z direction, and the rotation of the
couch 113 around the X direction.

(0095} In some embodiments, the MLC 115 may include a plurality of leaf pairs
each of which includes two leaves disposed oppositely.  In some embodiments, at a
target control point, the plurality of leaf pairs may move individually to their
respective target leaf locations so that an aperture of a specific shape is formed o
gstablish a therapy beam that approximates the shape of the target.  The shape of
the aperture of the MLC 115 at the target control point may be referred to as the
target segment shape of the MLC 115 at the target control point.

[0096] In some embodiments, the target segment shape of the MLC 115 at a target
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control point may include a target leaf location of each of the plurality of leaf pairs.
For example, the target leaf location of a leaf pair may include a location of an
opening (e.g., a location of the center point of the opening) formed by the leaf pair
and a width of the opening.  As another example, a leaf pair may include a first leaf
and a second leaf.  The target leaf location of the leaf pair may include a first target
location of the first leaf and a second target location of the second leaf.  In some
embodiments, the first target location of the first leaf may be represented as a
location of the cenier point of an end of the first leaf.  The end of the first leaf may
face the second leaf. The second target location of the second leaf may be
represented as a location of the center point of an end of the second leaf. The end
of the second leaf may face the first leaf.  In some embodiments, each of the
plurality of leaf pairs may be numbered. The information regarding the target leaf
location of a leaf pair may further include the serial number of the leaf pair.

10087} For example, FIG. 6 is a schematic diagram illustrating an exemplary
segment shape of the MLC 115 according to some embaodiments of the present
disciosure. The MLC 115 shown in FIG. 6 is a cross-section vertical to the center
line (e.g., the center line 430 of the radiation rays 440 shown in FIG. 4) of the MLC
115, As lllustrated, the MLC 115 includes 7 leaf pairs (e.g., the shaded blocks in
FIG. 8) that can move along the direction L in FIG. 6. The 7 leaf pairs are number
as Ni-Ny, respectively. Al a target control point, the leaves of the MLC 115 may
form a segment shape 610 (e.g., the white region surrounded by the shaded blocks
in FIG. 8).

160988} As shown in FIG. 6, a coordinate system is esiablished based on the MLC
115, The coordinate system includes a coordinate axis 620 along the direction L.
The positive direction of the coordinate axis 620 is from the left to the right.  The
dashed line 630 is designated as the origin of the coordinate system.

(G099} In some embodiments, the target leaf location of a leaf pair of the MLC

115 at a target conirol point may be represented as (N, ¢, w), wherein N refers {o
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the serial number of the leaf pair, ¢ refers to the location, in, e.¢., the coordinate
system, of the center point of the opening (e.q., a portion of the segment shape
610) formed by the leaf pair, and w refers to a width of the opening along the
direction L. In some embodiments, the width w may be formed by positioning the
pair of leaves symmetrically with respect to the center ¢ of the pair of leaves.

[0100] For example, the target leaf location of the leaf pair Nt at the target control
point may be represented as (N4, 0, 0) because the leaf pair N1 is closed at the origin
8630. As another example, the target leaf location of the leaf pair N2 at the target
control point may be represented as {(Nz, ¢1, 0) because the leaf pair N2 is closed at
the location ¢1 in the coordinate system.  The value of ¢1 is positive.  As still
another example, the target leaf location of the leaf pair Ns at the target control point
may be represented as (Ns, ¢4, d2), wherein cs refers o the location, in the
coordinate system, of the center point of the opening (at portion of the segment
shape 810) formed by the leaf pair Nz and is positive, and dzrefers to the width of the
opening along the direction L. As still another example, the target leaf location of
the leaf pair Ns at the target control point may be represented as (N, ¢3, di), whearein
c3 refers to the location, in the coordinate system, of the center point of the opening
(at portion of the segment shape 610) formed by the leaf pair Ns and is negative, and
ds refers {o the width of the opening along the direction L. As a further example, the
target leaf location of the leaf pair Ny at the target control point may be represented
as (N7, ¢2, 0) because the leaf pair N7 is closed at the location ¢z in the coordinate
system. The value of ¢z is negative.

10101} In some embodiments, one of the 7 leaf pairs may include a first leaf and a
second leaf. The target leaf location of the leaf pair at the target control point
may be represenied as (N, p1, p2), wherein p1 refers {o the location of the first
leaf in the coordinate system, and p2 refers to the location of the second leaf in
the coordinate system.  The location of the first leaf may be represented as a

location of the center point at an end of the first leaf.  The end of the first leaf may
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face the second leaf. The location of the second leaf may be represented as a
location of the center point at an end of the second leaf.  The end of the second leaf
may face the first leaf.

(01021 For exampile, the locations of the leaves of the leaf pair Ny at the target
control point may be the same because the leaf pair N1 i1s closed at the target control
point.  As another example, a difference between the coordinates, along the axis
620, of the locations of the leaves of the leafl pair N3 at the target control point may
be equal to da.

(0103} In some embodiments, the present disciosure provides a fraining process
{e.g., descriptions in connection with FiGs. 7-10) to determine a segment shape
estimation model configured (o determing a target segment shape corresponding
to each of target location combinations at each of a plurality of target control
points of a target treatment plan.  In some embodiments, the present disclosure
also provides a process (e.g., descriptions in connection with FIG. 12) for
determining, using a segment shape estimation model, a target segment shape
corresponding to each of target location combinations at each of a plurality of
target control points of g target treatment plan.

(0104} FIG. 7 is a flowchart illustrating an exemplary training process for
generating a segment shape estimation mode! according to some embodiments of
the present disclosure.  In some embodiments, ong or more operations of the
process 700 illustrated in FIG. 7 may be implemented in the medical radiation
system 100 illustrated in FIG. 1 or a third party (e.g., an external device). For
axample, the process 700 illustrated in FIG. 7 may be stored in a storage device
{e.g., the storage device 150, and/or the storage 220) of the medical radiation
system 100 in the form of instructions, and invoked and/or executed by the
processing device 140 (e.q., the processor 210 of the computing device 200 as
Hustrated in FIG. 2, the CPU 340 of the mobile device 300 as illustrated in FIG. 3, or

one or more modules (&.g., the model obtaining module 1120) of the processing
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device 140 llustrated in FIG. 11).  The operations of the illustrated process
presented below are intended to be lllustrative.  In some embodiments, the process
700 may be accomplished with one or more additional operations not described,
and/or without one or more of the operations discussed.  Additionally, the order in
which the operations of the process 700 as illustrated in FIG. 7 and described below
is not intended to be limiting.

[0105] In 710, a preliminary model may be constructed.  In some embodiments, a
framework of the preliminary model may be constructed based on a location
universal set and a distance universal set so that a resultant segment shape
gstimation model may be configured to cutput a plurality of target location
combinations within a plurality of discrete candidate location combinations of the
location universal set, and a plurality of target segment shapes that correspond to
the plurality of target location combinations and is within the distance universal set.
(0108} In some embodiments, the location universal set may include a plurality of
discreie candidaie location combinations.  In some embodiments, a plurality of
candidate gantry angles, a plurality of candidate couch locations, or a plurality of
candidate collimator angles may be obtained. The location universal set may be
obtained basead on the plurality of candidate gantry angles, the plurality of candidate
coliimator angles, or the plurality of candidate couch locations.  For example, each
of the plurality of candidate location combinations in the location universal set may
include one of the plurality of candidate gantry angles. As another example, each
of the plurality of candidate location combinations in the location universal set may
inciude one of the plurality of candidate gantry angles and one of the plurality of
candidate collimator angles.  As another example, each of the plurality of candidate
location combinations in the location universal set may include a combination of one
from each of the plurality of candidate gantry angles, the plurality of candidate
coliimator angles, and the plurality of candidate couch locations.

(01071 In some embodiments, the type of elements in the location universal set
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may be determined based on the type of treatment plans the segment shape
aestimation model is desired to be applied for.  For example, if a segment shape
estimation model configured o determine segment shapes corresponding to
gantry-collimator angle combinations needs to be generated, the location
universal set may include a combination of a plurality of candidate gantry angles
and a plurality of candidate collimator angles.

(0108} Taking gantry-collimator angle combinations as an example, a range of
candidate gantry angles and a range of candidate collimator angles may be
obtained. A plurality of discrete candidate gantry angles and a plurality of discrete
candidate collimator angles may be obtained from the range of candidate gantry
angles and the range of candidate collimator angles, respectively.  For example, the
plurality of discrete candidate gantry angles may be selecled, based on a first angle
resolution, from the range of candidate ganiry angles. A difference between any
two neighboring candidate gantry angles of the piurality of candidate gantry angles
may be equal to the first angle resolution.  As anocther example, the plurality of
discrete candidate collimator angles may be selected, based on a second angle
resolution, from the range of candidate collimator angles. A difference between any
two neighboring candidate collimator angles of the plurality of candidate collimator
angles may be eqgual to the second angle resolution.  The first angle resolution and
the second angle resolution may be the same or different.

10108} Merely by way of example, the range of candidate gantry angles and the
range of candidate collimator angles may be set as 360°. A plurality of discrete
candidate gantry angles, each 0.5° (the first angle resolution) apart, may be selected
from the range of candidate gantry angles. For example, the plurality of candidate
gantry angles may be represented as {0° 0.5% 1.0°,...,359.5%. A plurality of
discreie candidate collimator angles, each 0.5° (the second angie resolution) apart,
may be selacted from the range of candidate colimator angles.  For example, the

plurality of candidate collimator angles may be represented as
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{0°,0.5°1.0% ...,359.5%}.  The location universal set may include 720*720 gantry-
coliimator angle combinations based on the 720 candidate gantry angles and the
720 candidate collimator angles.

01101 In some embodiments, larger ranges of candidate gantry angles and the
range of candidate collimator angles, and smaller values of the first and the second
angle resolutions (e.g., higher first and second angle resolutions) may increase the
output quantity of the resultant segment shape estimation model, thereby increasing
the application and the precision of the resultant segment shape estimation model.
For example, if the range of the candidate gantry angles in the location universal set
is less than 360°, the resultant segment shape estimation model may not be applied
to a single arc treatment plan and a multi-arc treatment plan.  As another example,
if the first angle resolution in the location universal set is 5°, and gantry angles in a
target treatment plan are accurate {0 0.5°, the target segment shapes determined for
the target treatment plan using the resultant segment shape estimation model may
be inaccurate.  As siill another example, if the first angle resolution in the location
universal set is 0.5° the resultant segment shape astimation model may accurately
determine target segment shapes for a target treatment plan in which ganiry angles
are accurate {0, e.g., 0.5°, 17, 2°, 57, slc.

0111} In some embodiments, the distance universal set may include a plurality
of discrete candidate leaf locations.  Assuming that each of the plurality of
candidate leaf iocations includes a candidate opening location and a candidate
opening width, to obtain the distance universal set, a plurality of candidate opening
locations and a plurality of candidate opening widths may be obtained. Each of the
plurality of candidate leaf locations may include one of the plurality of candidate
opening locations and one of the plurality of candidate opening widths.,  In some
embodiments, a range of candidate opening locations and a range of candidate
opening widths may be obtained. A plurality of candidate opening locations and a

plurality of candidate opening widths may be obtained from the range of candidate
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opening locations and the range of candidate opening widths, respectively.  For
example, the plurality of candidate opening locations may be selected, based on a
first distance resolution, from the range of candidate opening locations. A
difference between any two neighboring candidate opening locations of the plurality
of candidate opening locations may be equal to the first distance resolution.  As
anocther example, the plurality of candidate opening widths may be selected, based
on a second distance resolution, from the range of candidate opening widths, A
difference between any two neighboring candidate opening widths of the plurality of
candidate opening widths may be egual 1o the second distance resolution.

[0112] For example, the range of candidate opening locations may be set as -200
mm to +200 mm, and the range of candidate opening widths may be set as 0-150
mm. A plurality of discrete candidate opening locations, each 0.5 mm (the first
distance resolution) apart, may be selected from the range of candidate opening
locations.  For example, the plurality of candidate opening locations may be
represented as {—200,—-199.5,..0,0.5,...,200}. A plurality of discrete candidate
opening widths, each 0.5 mm (the second distance resolution) apart, may be
selected from the range of candidaie opening widths.  For example, the plurality of
candidate opening widths may be represented as {0,0.5,1.0, ... 150}.

10113} In some embodiments, larger ranges of candidate opening locations and the
range of candidate opening widths, and smaller values of the first and the second
distance resolutions {(e.g., higher first and second distance resolutions) may increase
the application and the precision of the resultant segment shape estimation model.
For example, if the ranges of the candidate opening locations and the candidate
opening widths in the distance universal set is relatively narrow, the resultant
segment shape estimation model may not be applied to a treatment plan for treating
a relatively large lesion.  As ancther example, if the first and the second distance
resolutions in the distance universal set is relatively high, target segment shapes

determined for a target treatment plan using the resultant segment shape estimation
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model may be more accurate to approximate the shape of a target.

(6114} In some embodiments, the preliminary model may be further constructed
based on a count of leaf pairs so that the resultant segment shape estimation model
may be configured to output a leaf location of each leaf pair corresponding to the
plurality of candidate location combinations, and applied for an MLC with the same
number (or count) leaf pairs.  For example, the preliminary model may be
constructed based on a count of leaf pairs equal to 80 and a location universal set
including 7207720 candidate location combinations, so that the resultant segment
shape estimation model is appliad for a type of MLC with 60 leaf pairs, and
configured to output 7207720760, 3,1104,000 in total, leaf locations corresponding to
the 720720 candidate location combinations.

101158} In some embodiments, a framework of the preliminary model may be
constructed based on the discrete finite location universal set and the discrete finite
distance universail set so that a resultant segment shape estimation model may be
configured to estimate a plurality of target location combinations and corresponding
target segment shapes from the location universal set and the distance universal set.
The space of the gantry angles, the collimator angles, the couch positions, the leaf
pasitions are "discratized” (like 0.5 degree or 1 mm) in the location universal set and
the distance universal set so that the overall set of the location universal set and the
distance universal set is large but still a finite set, which makes the prediction of the
target location combinations and the target segment shapes using the segment
shape estimation model have a controliable operation amount, an efficient operation
speed, and an accurate operation result.  For example, the location universal set
may include 7207720 gantry-collimator angles that are a combination of 720 discrete
candidate gantry angles {0°0.5% 1.0°, ..., 359. 5%} and 720 discrete candidate
collimator angles {0Y0.5% 1.0% ..., 359.5%}.  The distance universal set may include
801*301 leaf locations that are a combination of 801 discrete candidate opening

locations {—200,-199.5,..0,0.5, ..., 200} and 301 discrete candidate opening widths
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{0,0.5,1.0,...150}. The overall set of the location universal set and the distance
universal set is large but still a finite set.

0118} In 720, training data may be obtained based on the preliminary model.
in some embodiments, the training data may include a plurality of training sets.
in some embodiments, one of the plurality of training sets may be obtained
based on information of a historical treatment plan previously generated for a
sample (e.q., a lesion of a patient, also referred to as a sample). Details related to
obtaining the training data may be found elsewhere in the present disclosure (e.qg.,
descriptions in conneaction with FIG. 8).

(01171 In 730, a segment shape estimation model may be determinad by
training the preliminary model based on the fraining data.

10118} In some embodiments, the training process may be an offline process,
during which a database of training data with ground truth measurements is
assembled. Forinstance, a database of previously generated treatment plans for
different patients may be constructed. In this database, the training data may be
repraesentied by a number {or count) of features. The training process may then
learn or train @ mapping between the features and the ground truth values by
achieving a best fit between predictions and ground truth values over a portion of or
the entire training database.

[6118] Inthe training process, the training data {including training inputs and the
corresponding known outputs) may be input into the constructed preliminary model
s0 that the constructed preliminary mode! may learn how to provide an output for
new input data by generalizing the information learned in the iraining process from
the training data.

(0120} In some embodiments, the preliminary model may include a plurality of
parameters. The values of the parameters in the preliminary model may be
updated by performing an iterative backpropagation training procedure, e.¢., a

stochastic gradient descent backpropagation training technigue, 1o determine the
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segment shape estimation model.  That is, the preliminary model may
backpropagate the error determined for the output in the preliminary model in order
to adjust the parameters of the preliminary model.

(01211 In some embodiments, the segment shape astimation model may be a
maching learning model.  In some embodiments, the segment shape estimation
model may be a deep learning model.  In some embodiments, the segment shape
estimation model may be a deep convolution—deconvolution (&.q., an encoder—
decoder) network, such as, U-shaped convolutional neural network (U-Net), V-
shaped convolutional neural network (V-Net), residual network {(Ras-Net) or residual
dense network (Red-Net), or the like.

(01221 Details related to a training process for determining the segment shape
astimation model may be found elsewhere in the present disclosure (e.g.,
descriptions in connection with FiG. 10).

[0123] In some embodiments, as more data is collected, the training database
containing the training data may grow in size. The updated database may then be
used to re-train the segment shape estimation model, e.q., periodically or
apericdically.  The new sampiles in the training database may be from unseen
treatment plans {e.qg., treatment plans that have not been used for either training or
prediction in the past) or from treatment plans which were used for prediction in the
past, but now have been updated.

(0124} In some embodiments, the segment shape estimation model may be
determined and/or updated by the medical radiation system 100 {e.g., the processing
device 140, the model obtaining module 1120 of the processing device 140 in FIG.
11) or a third party (e.q., an external device). In some embodiments, the medical
radiation system 100 may determine and/or update the segment shape estimation
modei offiine and store the segment shape estimation model in the storage device
(e.qg., the storage device 150, the storage 220, or the storage 390).  In some

embodiments, the segment shape estimation model may be determined and/or
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updated {or maintained) by, e.g., the manufacturer of the radiation device 110 or a
vendor.  For instance, the manufacturer or the vendor may lcad the segment shape
estimation model into the medical radiation system 100, or a portion thereof (e.g., the
processing device 140), before or during the installation of the radiation device 110
and/or the processing device 140, and maintain or update the segment shape
gstimation model from time to time {periodically or not).  The maintenance or update
may be achieved by installing a program stored on a storage device (8.¢., a compact
disc, a USB drive, etc.) or retrieved from an external source (e.q., a server
maintained by the manufacturer or vendor) via the network 120, The program may
include a new segment shape estimation model or a portion of a model that
substitute or supplement a corresponding portion of the segment shape estimation
model.

[G1258] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended o limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
varigtions and modifications do not depart from the scope of the present disclosure.
[0128] FIG. 8 is a flowchart illustrating an exemplary process for obtaining training
data according to some embodiments of the present disclosure.  In some
embodiments, one or more operations of the process 800 illustrated in FIG. 8 may
be implemented in the medical radiation system 100 illustrated in FIG. 1 or a third
party (e.g., an extemnal device). For example, the process 800 iliustrated in FiG. 8
may be stored in a storage device (e.¢., the storage device 150, and/or the storage
220) of the medical radiation system 100 in the form of instructions, and invoked
and/or executed by the processing device 140 (e.g., the processor 210 of the
computing device 200 as illustrated in FIG. 2, the CPU 340 of the mobile device 300
as llustrated in FIG. 3, or one or more modules {e.g., the mode! obtaining module

1120) of the processing device 140 illustrated in FIG. 11).  The operations of the
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Hustrated process presented below are intended to be illustrative.  In some
embodiments, the process 800 may be accomplished with one or more additional
operations not described, and/or without one or more of the operations discussed.
Additionally, the order in which the operations of the process 800 as illustrated in
FIG. 8 and described below is not intended to be limiting.  In some embodiments,
the operation 720 of the process 700 in FIG. 7 may be performed based on the
process 800.

(01271 In some embodiments, the training data may include a plurality of training
sats.  One of the plurality of training sets may be obtained based on the process
900. In some embodiments, the rest of the plurality of training sets may also be
obtained based on the process 800.

[0128] In 810, a historical treatment plan previcusly generated for a sample (e.q., a
sample) lesion may be obtained. In some embodiments, the historical freatment
plan may be obtained from a storage device {e.¢., the storage device 150, the
storage 220, the storage 380, elc.).  In some embodiments, the type of the historical
treatment plan may correspond to the preliminary model.  For example, the number
{or count) of leaf pairs of an MLC corresponding to the historical treatment plan may
be equal to that corresponding to the preliminary model.  As another example, if the
location universal set used to construct the preliminary model includes a plurality of
gantry-collimator angle combinations, location combinations (alsc referred to as
sampie location combinations) in the historical treatment plan may be gantry-
coliimator angle combinations.  As still another example, the range of the sample
location combinations in the historical treatment plan may be within the range of the
candidate location combinations in the location universal set used to construct the
preliminary model.

(01291 In 820, one or more first sample images of the sample corresponding to the
historical treatment plan may be obtained.  In some embodiments, the historical

ireatment plan was previously generated based on the one or more first sample
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images of the sample. In some embodiments, the one or more first sample images
may include identification of the sample. For example, the outline of the sample
may be remarked in the one or more first sample images.  In some embodiments,
the identification of the sample may be performed or modified manually by a user
(e.g., adoctor). In some embodiments, the identification of the sample may be
performed automatically using an image segmentation algorithm or an image
segmentation model.

(01307 In 830, a sample location combination and a sample segment shape
corresponding to each of a plurality of sample control points in the historical
freatment plan may be obtained.

[0131] In 840, the training sat may be obtained based on the one or more first
sample images, the sample location combinations, and the sample segment shapes
of the historical treatment plan.  In some embodiments, the sample location
combination and the sample segment shape corresponding 1o each of a plurality of
sample control points may be processed based on the location universal set and the
distance universal set to obtain the training set.  Details related to obtaining the
fraining data may be found elsewhere in the present disclosure {e.g., descriptions in
connection with FIG. 9).

[0132] In some embodiments, one or more second sample images of normal tissue
surrounding the sample, one or more third images of the sample, and sample
radiation information of the historical treatment plan may be obtained. The fraining
set may be obtained by further including the one or more second sample images, the
one or more third sample images, and/or the sample radiation information.  In some
embodiments, the one or more first sample images of the sample may be acquired
by scanning the sample. For example, a first sample image may include a single
modality image andfor a multi-modality image. The single modality image may
include, for example, a magnetic resonance (MR) image, a CT image, a PET image,

an SPECT image, an ulirasound image, an X-ray image, or the like. The multi-
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modality image may include, for example, a computed tomography-magnetic
resonance imaging (MRI-CT) system, a PET-MR image, an SPECT-MR image, a
DSA-MR image, a PET-CT image, a SPECT-CT image, eic. In some embodiments,
a first sample image may be a reconstructed image, such as a three-dimensional
(3D) rendered image, a muiti-planar reconstruction (MPR) image, a curved planar
reformation (CPR) image, or the like.

[0133] In some embodiments, a second sample image of normal tissue surrounding
the sample may be a mask image of the surrounding normal tissue separated from
at least one of the one or more first sample images.  In some embodiments, a third
sample image of the sample may be a mask image of the sample separated from at
least one of the one or more first sample images. in some embodiments, the
sample radiation information may include at least one of a sample output dose, a
sample dose output rate, a sample dose distribution in the sample, a sample dose
output per pulse, the accepiable dose to the normal tissue surrounding the sample,
the minimum dose to the sample, or the like, or any combination thereof.  In some
ambodiments, the sample radiation information may be determined based on the
one or more first sample images, the one or more second sample images, and/or the
one or more third sample images.  In some embodiments, the sample radiation
information may be determined using a dose prediction model.

(G134} It should be noted that the above description is merely provided for the
purposes of illustration, and not intended o limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple varigtions and modifications
may be made under the teachings of the present disciosure. However, those
varigtions and modifications do not depart from the scope of the present disclosure.
[01358] FiIG. 9 is a flowchart illustrating an exemplary process for obtaining training
data according to some embodiments of the present disclosure.  In some
embodiments, one or more oparations of the process 900 lllustrated in FIG. 9 may

be implemented in the medical radiation system 100 illustrated in FIG. 1 or a third
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party {(e.g., an external device). For example, the process 900 iliustrated in FIG. 9
may be stored in a storage device {e.g., the storage device 150, andfor the siorage
220) of the medical radiation system 100 in the form of instructions, and invoked
and/or executed by the processing device 140 (e.g., the processor 210 of the
computing device 200 as illustrated in FIG. 2, the CPU 340 of the mobile device 300
as illustrated in FIG. 3, or one or more modules {(e.g., the model obtaining module
1120) of the processing device 140 illustrated in FIG. 11).  The operations of the
Hustrated process presented below are intended to be illustrative.  In some
ambodiments, the process 900 may be accomplished with one or more additional
operations not described, and/or without one or more of the operations discussed.
Additionally, the order in which the operations of the process 900 as illustrated in
FIG. 9 and described below is not intended to be limiting.  In some embodiments,
the operation 840 of the process 800 in FIG. 8 may be performed based on the
process 900

(0136} In 910, processed sample location combinations that are within the location
universal set may be obtained.  In some embodiments, the processed sample
location combinations may be obtained by processing, based on the location
universal set, the sample location combinations of the historical treatment plan
obtained in operation 830.

(6137} Merely by way of example, the preliminary model may be constructed based
on a location universal set including 720*720 gantry-coliimator angle combinations.
The 720720 gantry-collimator angle combinations may be determinad based on 720
candidate gantry angles {0°0.5% 1.0 ...,359. 5%} and 720 candidate collimator
angles {0°0.5%1.09...,359.5°.  The sample gantry angle and sample collimator
angle of a sampie gantry-collimator angle combination may be modeled {o their
respective nearest 0.5° point that includes the sample gantry angle and sample
coliimator angle.  For example, a sample gantry angle 40.1° may be processed and

set to be 40°.
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10138} In 920, processed sample segment shapes that are within the distance
universal set may be obtained.  In some embodiments, the processed sample
segment shapes may be obtained by processing, based on the distance universal
set, the sample segment shapes of the historical treatment plan obtained in
operation 830.  Merely by way of example, the preliminary model may be
constructed based on a distance universal set including candidate opening locations
{—200,-1995,..0,0.5,...,200} and candidate opening widths {0,0.5,1.0,...150}. The
sample opening location and the sample opening width of a sample segment shape
may be modelad {o their respective nearest 0.5 mm point that includes the sample
opening location and sample opening width.  For example, a sample opening width
10.6 mm may be processed and setto be 10.5 mm.

10139} In 930, a sample set including the processed sample segment shapes and
closed segment shapes may be obtained. The closed segment shapes may
correspond o the candidate location combinations excluding the processed sample
location combinations.  In some embodiments, a closed segment shape of an MLC
may indicate that all leaf pairs of the MLC are closed.  In the sample set, each of
the plurality of candidate location combinations may have a corresponding segment
shape. In some embodiments, there may be 180-240 sample control points in the
historical treatment plan.  if the location universal set includes 720720 candidate
location combinations, most segment shapes in the sample set may be closed
segment shapes. Due to the closed segment shapes, the sample set may be
deemed as having sparsity.

10140] In 940, the training set may be obtained by including the processed sample
location combinations and the sample set of the historical treatment plan.

(01411 In some embodiments, at least one of the operations 210-930 may be
performed ouiside the preliminary model.  In some embodiments, at ieast one of
the operations 810-930 may be performed by the preliminary model.  For

example, the sample location combinations or the sample segment shapes may
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be input into the preliminary model.  The processed sample segment shapes or
the processed sample location combinations may be obtained by processing, by the
preliminary model, the sample segment shapes or the sample location
combinations.  Alternatively or additionally, the preliminary model may obtain the
sample set based on the processed sample segment shapes and the processead
sample location combinations.

10142} It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, muitiple variations and modifications
may be made under the teachings of the present disciosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
10143} FiG. 10 is a flowchart illustrating an exemplary process for determining a
segment shape estimation model according to some embodiments of the present
disclosure. In some embodiments, one or more operations of the process 1000
Hlustrated in FIG. 10 may be implemented in the medical radiation system 100
Hustrated in FIG. 1 or a third party (e.¢., an external davice). For example, the
process 1000 illustrated in FIG. 10 may be stored in a siorage device (e.g., the
storage device 150, and/or the storage 220) of the medical radiation system 100 in
the form of instructions, and invoked and/or executed by the processing device 140
(2.g., the processor 210 of the computing device 200 as illustrated in FIG. 2, the
CPU 340 of the mobile device 300 as illustrated in FIG. 3, or one or more modules
{e.g., the model obtaining module 1120) of the processing device 140 Hlustrated in
FIG. 11). The operations of the illustrated process presented below are intended to
be illustrative.  In some embodiments, the process 1000 may be accomplished with
one or more additional operations not described, andf/or without one or more of the
operations discussed.  Additionally, the order in which the operations of the process
1000 as illustrated in FIG. 10 and described below is not intended {o be limiting.  In

some embodiments, the operation 730 of the process 700 in FIG. 7 may be
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performed based on the process 1000.

(6144} In 1010, the preliminary model may be initialized.  In some embodiments,
the constructed preliminary model may include a plurality of parameters. kEach of
the plurality of parameters may be assigned an initial value.  The initialized
preliminary model may be trained using the training data in order to determine
irained values of the plurality of parameters. That is, the initialized preliminary
model may be trained in order o update the plurality of the parameters from the
initial values to trained values, s0 as o generate the segment shape estimation
madei.

[0145] In some embodiments, a segment shape estimation model may be
determined by updating the initialized preliminary model using an iteration process
including a plurality of iterations. At least one of the plurality of iterations of the
iteration process may include operations 1020-1060.

[0146] In 1020, one of the piurality of training sets may be oblained. In some
embodiments, a set of fealures may be extracied from the training sel.  In some
ambodiments, depending on the source and type of data in the training set, the
extracied features may be binary, numerical, categorical, ordinal, binomial, interval,
texi-based, or combinations thereof.

101471 In addition {o the above described features, one or more derived features
may also be determined from the extracted features. For example, the derived
feature(s) may be represented as linear or non-linear combinations of the extracted
features.

10148] In some embodiments, the feature extraction from the training set may be
fully automated, semi-automated, manual, or a combination thereof. For example,
in a fully-automated feature extraction approach, one or more iImage processing
algorithms may first detect a region corresponding to the sample in the ong or more
first sample images and then exiract the features from the detected region.  Under a

semi-automated approach, some of the features may be extracted automatically,
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while others and/or the automatically extracted features may be annctated, edited, or
correctad by a user.  Under a manual approach, the features may be annotated or
measured by a user.

[0149] In some embodiments, the preliminary model may learn features as part of
the training.  For example, the preliminary model may be a deep leaming model.
Deep learning (e.¢., deep structured learning, hierarchical learming, or deep machine
learning) may modeal high-level abstractions in data by using multiple processing
layers with structures composed of multiple non-linear transformations, where the
input data features are not engineerad explicitly. A deep neural network may
process the input via multiple layers of feature extraction to produce features used (o
derive ouiputs.  The machineg training may be unsupervised in leaming the features
to use and how to classify given a training sample {(e.g., a feature vector). Using
deep learning, the input features needed for the machine learning are not
engineered by the user explicitly.

(01507 In 1030, estimated segment shapes corresponding o the plurality of
candidate location combinations in the location universal set may be generated by
inputting the one or more first sample images of the fraining set into an intermediate
model.  In some embodiments, the one or more second sample images, the ong or
more third sample images, and/or the sample radiation information in the training set
may be further input into the intermediate model.  In some embodiments, the
intermediate model may be the initialized preliminary model in a first iteration of the
plurality of ferations of the iteration process or g previously updated model
generated in a previous iteration in the iteration process.  In some embodiments,
data in the training set input into the preliminary model may be in the form of the
extracted features illustrated in operation 1020.

[0151] In some embodiments, according to the input, the intermediate model may
selact some of the plurality of candidate location combinations and estimate, from

the distance universal set, corresponding segment shapes having real shapes. The
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segment shapes of rest of the plurality of candidate iocation combinations may be
determined as closed shapes. The estimated segment shapes cufput by the
intermediate model may include the segment shapes having real shapes and
corresponding to the selected candidate location combinations and the closed
segment shapes corresponding to the rest of the plurality of candidate location
combinations.

[0152] In 1040, a value of a loss function may be determined based on the
estimated segment shapes and the sample set in the training setl.

[0153] In some embodiments, the value of the ioss function {also referred o as a
loss) may be determined by comparing the processed sample segment shapes (e.9.,
segment shapes determined by a treatment planning system (TPS8)) and the
astimated segment shapes corresponding to the candidate location combinations.

in some embodiments, the value of the loss function may be determined by
comparing all segment shapes in the sampile set and all output estimated segment
shapes.

[0154] In some embodiments, when an estimated segment shape is compared with
a corresponding segment shape in the sample set, each leaf location (cp, wp) of the
estimated segment shape may be compared with the corresponding leaf location
{cr,wy) of the segment shape in the sample set.  In some embodiments, a loss
between (cp,wp) and {(cp, wp) may be determined based on the disjoint (i.e., non-
overlapping) open area defined by (cp, wp) and (c¢p, wy). For example, a large
toss may be introduced if (cp, wy) indicates a closed leaf pair but (cp, wp) indicates

an opened leaf pair.  As another example, if both (cp, wp) and {(¢r, wy) indicate a

(cr, wp) may be considered eguivalent and no loss may be introduced.
[0155] In some embodiments, a loss function appropriate for the sparsity of the
sample set may be selacted o determine a loss between the estimated segment

shapes and the sample set.
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[01586] In some embodiments, estimated radiation information may be determined
based on the estimated segment shapes. In some embodiments, the estimated
radiation information may correspond to each of the plurality of sample control
poirts.  In some embodiments, the estimated radiation information may include at
least one of an estimated output dose, an estimated dose output rate, an estimated
dose distribution in the sample, an estimated dose output per pulse, or the like, or
any combination thereof.  In some embodiments, the estimated radiation
information may be determined based on the estimated segment shapes using a
treatment planning algorithm or model.  In some embodiments, the estimated
radiation information may be compared with the sample radiation information {e.g.,
radiation information determined by a treatment planning system (TPS)) in the
fraining set.  Aloss may be determined based on the comparison.  The loss may
be backpropagated back into the training process o update the intermediate model.
[0157] In 1050, a determination as to whether a termination condition is satisfied
may be determined. In some embodiments, the termination condition may relate to
at least one of the value of the loss function or a count of iterations of the ileration
process that have been performed.

[0158] In some embodiments, an exemplary termination condition may be that the
value of the loss function is less than a threshold vaiue.  Other exemplary
termination conditions may include that a maximum number {(or count) of terations
has been performed, and/or a difference between the values of the loss function
obtained in a previous iteration and the current iteration (or among the values of the
loss function within a certain number or count of successive iterations) is less than a
certain threshold.

[0159] Inresponse (o determining that the termination condition is not satisfied in
1050, the process 1000 may proceed to 1060, and further repeat operations 1020~
1050 until the termination condition is satisfied.  In response {o determining that the

termination condition is satisfied in 1050, the iterative process may terminate. The
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process 1000 may proceed to 1070 in which the intermediate model in the current
iteration may be stored and/or output as the segment shape estimation maodel.
101607 In 1060, an updated model may be generated by updating the intermediate
mode! based on the value of the loss function.

[0161] Inthe training process, the training data may be input into the intermediate
model s that the intermediate model may learn how {o determineg, based on new
input data {e.q., the geomeltry of a lesion and/or surrounding tissue, and/or does
information), target location combinations from the location universal set and
corresponding target segment shapeas from the distance universal set.

[0162] It should be noted that the above description is merely provided for the
purpeses of illustration, and not intended to limif the scope of the present disclosure.
For persons having ordinary skiils in the art, muitiple variations and modifications
may be made under the teachings of the present disciosure. However, those
varigtions and modifications do not depart from the scope of the present disclosure.
[0163] FIG. 11 is a schematic diagram illustrating an exemplary processing device
140 according to some embodiments of the present disclosure.  The processing
device 140 may include an input obtaining module 1110, a model obtaining module
1120, and a shape estimation module 1130,

[0164] The input oblaining module 1110 may obtain input data relating to a target
treatment plan for performing radiotherapy on a target using a radiation device. In
some embodiments, the target treatment plan may include a plurality of target control
aloligit:}

[0165] In some embodiments, the input data may include one or more first target
images of the target.  In some embodiments, the input data may further include one
or more second target images of normal tissue surrounding the target, one or more
third target images of the target, and/or target radiation information of the target
treatment plan.  In some embodiments, a first target image may be acquired by

scanning the target using an imaging device {e.g., the imaging device 160 of the
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medicai radiation system 100). For example, the first target image may include a
single modality image and/or a multi-modality image.  The single modality image
may include, for example, a magnetic resonance (MR) image, a CT image, a PET
image, an SPECT image, an ultrasound image, an X-ray image, or the like. The
multi-modality image may include, for example, a computed tomography-magnestic
resonance imaging (MRI-CT) system, a PET-MR image, an SPECT-MR image, a
DSA-MR image, 2 PET-CT image, a SPECT-CT image, efc.  In some embodiments,
a first target image may be a reconsiructed image, such as a three-dimensional (3D)
rendered image, a multi-planar reconstruction (MPR) image, a curved planar
reformation (CPR) image, or the like.

[0168] In some embodiments, a second target image may be a mask image of the
surrounding normal tissue separated from at least one of the one or more first target
images. In some embodiments, a third target image may be a mask image of the
target separated from at least one of the one or more first target images.  In some
embodiments, the target radigtion information may include an output dose, a dose
output rate, a radiation output per pulse, a dose distribution in the target, the
acceptable dose to the normal tissue surrounding the target, the minimum dose to
the target, or the like, or any combination thereof.  In some embodiments, the target
radiation information may be predicted based on the one or more first target images,
the one or more target sample images, and/or the one or more third target images.
in some embodiments, the target radiation information may be predicted using a
dose prediction model.

[0167] In some embodiments, the type of the target ireatment plan may correspond
io the segment shape estimation model.  For example, the number (or count) of leaf
pairs of an MLC corresponding to the target treatment plan may be egual to that
corresponding to the segment shape estimation model.  As another example, if the
tocation universal set used to determine the segment shape estimation model

includes a plurality of gantry-collimator angle combinations, target location
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combinations in the target treatment plan may be gantry-collimator angle
combinations.  As still another example, the range of the target location
combinations in the target treatment plan may be within the range of the candidate
location combinations in the location universal set used to determine the segment
shape estimation model.

[0168] The model obtaining module 1120 may obtain a segment shape estimation
model.  In some embodiments, the segment shape estimation model may be a
machine learning model.  In some embodiments, the segment shape estimation
modeal may be a deep learning model.  In some embodiments, the segment shape
gstimation model may be a deep convolution—~deconvolution (e.q., an encoder—
decoder) network, such as, U-shaped convolutional neural network (U-Net), V-
shaped convolutional neural network (V-Net), residual networl (Res-Net) or residual
dense network (Red-Net), or the like.

[0169] In some embodiments, the model obtaining module 1120 may be configured
to determine the segment shape estimation model by iteratively training a preliminary
model based on training data.

[0170] The shape estimation module 1130 may estimate, based on the segment
shape estimation model and the input data, a plurality of target location combinations
of the target treatment plan and a plurality of target segment shapes of a collimator
of the radiation device. Each of the plurality of target segment shapes may
correspond o one of the plurality of target location combinations.

[0171] In some embodiments, according to the input data, the segment shape
astimation model may select, as the plurality of target location combinations, some of
the candidate jocation combinations in the location universal set and estimate, from
the distance universal set, segment shapes each of which approximates the shape
of the target at one of the target location combinations.  In some embodiments, the
saegment shape estimation model may output a plurality of candidate segment

shapes of which the segment shapes corresponding to the target location
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combinations have real shapes and the rest segment shapes are closed shapes.
The output candidate segment shapes having real shapes may be designated as the
target segment shapes. The candidate location combinations corresponding to the
segment shapes may be designated as the target location combinations.  In some
ambodiments, the segment shape estimation model may directly output a plurality of
target locations combinations and corresponding target segment shapes.

[0172] It should be noted that the above description is merely provided for the
purposes of Hllustration, and not intended to limif the scope of the present disclosure.
For persons having ordinary skills in the art, muitiple variations and modifications
may be made under the teachings of the present disciosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
For example, the processing device 140 may further inciude a storage module {(not
shown in FIG. 4). The storage module may be configured o store data generated
during any process performed by any component of in the processing device 140.
As another example, each of components of the processing device 140 may include
a storage device.  Additionally or alternatively, the components of the processing
device 140 may share a common storage device.

(0173} FIG. 12 is a flowchart illustrating an exemplary process for estimating
segment shapes of an MLC based on a segment shape estimation model according
to some embodiments of the present disclosure.  in some embodiments, one or
more operations of the process 1200 illustrated in FIG. 12 may be implemented in
the medical radiation system 100 Hllustrated in FIG. 1. For example, the process
1200 illustrated in FIG. 12 may be stored in a storage device {e.g., the storage
device 150, and/or the storage 220) of the medical radiation system 100 in the form
of instructions, and invoked and/or executed by the processing device 140 (e.g., the
processor 210 of the computing device 200 as illustrated in FIG. 2, the CPU 340 of
the mobile device 300 as illustrated in FIG. 3, or one or more modules of the

processing device 140 illustrated in FIG. 11).  The operations of the illustraied
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process presented below are intended o be lllustrative.  In some embodiments, the
procass 1200 may be accomplished with ong or more additional operations not
described, and/or without one or more of the operations discussed.  Additionally, the
order in which the operations of the process 1200 as illustrated in FIG. 12 and
described below is not intended to be limiting.

[0174] In 1210, the processing device 140 {e.q., the input obtaining module 1110)
may obtain input data relating to a target treatment plan for performing radictherapy
on a target using a radiation device. In some embodimenits, the target treatment
plan may include a plurality of target control points.

[0175] In some embodiments, the input data may include one or more first target
images of the target.  In some embodiments, the input data may further include one
or more second target images of normal tissue surrounding the target, one or more
third target images of the target, and/or target radiation information of the target
freatment plan.  In some embodiments, a first target image may be acquired by
scanning the target using an imaging device (&.¢., the imaging device 160 of the
medical radiation system 100). For example, the first target image may include a
single modality image and/or a multi-modality image. The single modality image
may include, for example, a magnetic resonance (MR} image, a CT imags, a PET
image, an SPECT image, an ultrasound image, an X-ray image, or the like. The
multi-modality image may include, for example, a computed tomography-magnestic
resonance imaging (MRI-CT) system, a PET-MR image, an SPECT-MR image, a
DSA-MR image, a PET-CT image, a SPECT-CT image, etc.  In some embodiments,
a first target image may be a reconstructed image, such as a three-dimensional (3D)
rendered image, a multi-planar reconstruction (MPR) image, a curved planar
reformation {(CPR) image, or the like.

(01761 In some embodiments, a second target image may be a mask image of the
surrounding normal tissue separated from at least one of the one or more first target

images. In some embodiments, a third target image may be a mask image of the
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target separated from at least one of the one or more first target images.  In some
embodiments, the target radiation information may include an cuiput dose, a dose
output rate, a radiation output per pulse, a dose distribution in the target, the
acceptable dose to the normal tissue surrounding the target, the minimum dose to
the target, or the like, or any combination thereof.  In some embodiments, the target
radiation information may be predicted based on the one or more first target images,
the one or more target sample images, and/or the one or more third target images.
in some embodiments, the target radigtion information may be predicied using a
dose prediction model.

[0177] In some embodiments, the type of the target treatment plan may correspond
to the segment shape estimation model.  For example, the number (or count) of leaf
pairs of an MLC corresponding to the target treatment plan may be equal to that
corresponding to the segment shape aestimation model.  As another exampile, if the
location universal set used {o determine the segment shape estimation model
includes a plurality of gantry-collimator angle combinations, target location
combinations in the target treatment plan may be gantry-collimator angle
combinations. As still another exampie, the range of the target location
combinations in the target treatment plan may be within the range of the candidate
location combinations in the location universal set used to determine the segment

shape estimation model.

[0178] In 1220, the processing device 140 (e.q., the modsl! obtaining module 1120)
may obtain a segment shape estimation model.  In some embodiments, the
segment shape estimation model may be a machine learning model.  In some
embodiments, the segment shape estimation model may be a deep learning modsl.
in some embodiments, the segment shape estimation model may be a deep
convolution—deconvoiution {e.g., an encoder—decoder) network, such as, U-shaped

convolutional neural network (U-Net), V-shaped convolutional neural network (V-
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Net), residual network (Res-Net) or residual dense network (Red-Net), or the fike.
[0179] In some embodiments, the segment shape estimation model may be
provided based on the processes 700-1000.  In some embodiments, the segment
shape estimation model may be regarded as having learned how to determine,
based on new input data {e.g., the geometlry of a lesion and/or surrounding tissue,
and/or does information), target location combinations from the location universal set
and corresponding target segment shapes from the distance universal set.

(01807 In 1230, the processing device 140 (e.¢., the shape estimation module 1130)
may estimate, based on the segment shape estimation model and the input data, a
plurality of target location combinations of the target treatment plan and a plurality of
target segment shapes of a collimator of the radiation device. Each of the plurality
of target segment shapes may correspond 1o one of the plurality of target location
combinations.  In some embodiments, the plurality of target location combinations
may be within a location universal set of the segment shape estimation model. The
universal set may include a plurality of discrete candidate iocation combinations.
The plurality of target segment shapes may be within a distance universal set of the
segment shape estimation model.  The distance universal set may include a
plurality of discrete candidate leaf locations.

[0181] In some embodiments, according to the input data, the segment shape
gstimation model may select, as the plurality of target location combinations, some of
the candidate iocation combinations in the location universal set and estimate, from
the distance universal set, segment shapes each of which approximates the shape
of the target at one of the target location combinations.  In some embodiments, the
segment shape estimation model may output a plurality of candidaie segment
shapes of which the segment shapes corresponding to the target location
combinations have real shapes and the rest segment shapes are closed shapes.
The output candidate segment shapes having real shapes may be designated as the

target segment shapes. The candidate location combinations corresponding to the
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segment shapes may be designated as the target location combinations.  In some
embodiments, the segment shape estimation model may directly output a plurality of
target iocations combinations and corresponding target segment shapes.

[0182] In some embodiments, radiation information may not be used in training or In
segment shape prediction.  In some embodiments, the segment shape estimation
model may predict the segment shapes without an estimate of the dose distribution.
in some embodiments, the segment shapes may be inferred from the relationship
between the geometry of segmenied struciures in the one or more first target
images, and the segment shapes. The addition of information such as radiation
information will provide further potential for the segment shape estimation model o
infer dosimetric relationships without requiring a dose calculation algorithm to
astimate if, or an additional element (such as a neural network) 1o more explicitly
make such inferences.

[0183] It should be noted that the above description is merely provided for the
purposes of Hllustration, and not intended to limif the scope of the present disclosure.
For persons having ordinary skills in the art, muitiple variations and modifications
may be made under the teachings of the present disciosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0184] Having thus described the basic concepts, it may be rather appareni to those
skilled in the art after reading this detailed disclosure that the foregoing detailed
disclosure is intended to be presented by way of example only and is not limiting.
Various altergtions, improvements, and modifications may occur and are intended to
those skilled in the art, though not expressly stated herein.  These alterations,
improvements, and modifications are intended to be suggested by this disclosure,
and are within the spirit and scope of the exemplary embodiments of this disclosure.
[0185] Moreover, certain terminoiogy has been used to describe embodiments of
the present disclosure.  For example, the terms "one embaodiment,” “an

embodiment,” and/or “some embodimenis” mean that a particular feature, structure
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or characteristic described in connection with the embodiment is included in at least
one embodiment of the present disclosure.  Therefore, it is emphasized and should
be appreciated that two or more references to “an embodiment” or "one
embodiment” or “an alternative embodiment” in various portions of this specification
are not necessarily all referring to the same embodiment.  Furthermore, the
particular features, structures or characteristics may be combined as suitable in one
or more embodiments of the present disclosure.

[01886] Further, it will be appreciated by one skilled in the art, aspects of the present
disclosure may be Hllustrated and described herein in any of a number of patentable
classes or context including any new and useful process, machine, manufaciure, or
composition of matter, or any new and useful improvement thereof. Accordingly,
aspecis of the present disclosure may be implemented entirely hardware, entirely
software (including firmware, resident software, micro-code, etc.) or combining
software and hardware implementation that may all generally be referred {o herein
as a ‘unit,” "module.” or “system.” Furthermore, aspects of the present disclosure
may take the form of a computer program product embaodied in one or more
computer readable media having computer readable program code embodied
thereon.

101871 A non-transitory computer readable signal medium may include a
propagated data signal with computer readable program code embodied therein, for
example, in baseband or as part of a carrier wave.  Such a propagated signal may
take any of a variety of forms, including electro-magnetic, optical, or the like, or any
suitable combination thereof. A computer readable signal medium may be any
computer readable medium that is not a computer readable storage medium and that
may communicate, propagate, or transport a program for use by or in connection
with an instruction execution system, apparatus, or device. Program code
ambodied on a computer readable signal medium may be transmitted using any

appropriate medium, including wireless, wireling, optical fiber cable, RF, or the like,
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or any suitable combination of the foregoing.

[0188] Computer program code for carrying out operations for aspects of the
present disciosure may be written in any combination of one or more programming
languages, including an object oriented programming language such as Java, Scala,
Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB. NET, Python or the like, conventional
procedural programming languages, such as the "C" programming language, Visual
Basic, Fortran 2003, Peri, COBOL 2002, PHP, ABAP, dynamic programming
languages such as Python, Ruby and Groovy, or other programming languages.
The program code may execute entirely on the user's computer, partly on the user's
computer, as a stand-alone software package, partly on the user's computer and
partly on a remaote computer or entirely on the remote computer or server.  In the
latter scenario, the remote computer may be connectad o the user's computer
through any type of network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an external computer (for
example, through the Internet using an Internet Service Provider) or in a cloud
computing environment or offered as a service such as a Software as a Service
(Saas).

[0189] Furthermore, the recited order of processing elements or sequences, or the
use of numbers, letters, or other designations therefore, is not intended o limit the
claimed processes and methods to any order except as may be specified in the
claims. Although the above disclosure discusses through various examples what is
currently considered to be a variety of useful embodiments of the disclosure, it is to
be understood that such detail is solely for that purpose, and that the appended
claims are not limited to the disclosed embodiments, but, on the contrary, are
intended to cover modifications and equivalent arrangements that are within the spirit
and scope of the disclosed embodiments.  For example, although the
impiemeantation of vanous components described above may be embodied in a

hardware device, it may also be implemented as a software only solution, e.g., an
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instaliation on an existing server or mobile device.

(01801 Similarly, it should be appreciated that in the foregoing description of
embodiments of the present disclosure, various features are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamiining the disclosure aiding in the understanding of one or more of the various
inventive embodiments.  This method of disclosure, however, is not to be
intarpreted as reflecting an intention that the claimed subject matter requires more
features than are expressly recited in each claim. Rather, inventive embodiments
fie in less than all featuraes of a single foregoing disclosed embodiment.

[0191] In some embodiments, the numbers expressing quantities, properties, and
so forth, used to describe and claim certain embodiments of the application are {0 be
understood as being modified in some instances by the term “about,” “approximaie,”

LYY

or “substantially.” For example, “about,” *approximate,” or “substantially” may
indicate +20% variation of the value it describes, uniess otherwise stated.
Accordingly, in some embodiments, the numerical parameters set forth in the writlen
description and attached claims are approximations that may vary depending upon
the desired properties sought to be oblained by a particular embodiment.  In some
embodiments, the numerical paramesters should be construad in light of the number
of reported significant digits and by applving ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of some embodiments of the application are approximations, the numerical
values set forth in the specific examples are reported as precisely as practicable.
10192] Each of the patents, patent applications, publications of patent applications,
and other material, such as articles, books, specifications, publications, documents,
things, andfor the like, referenced herein is hereby incorporated herein by this
reference in its entirety for all purposes, excepting any prosecution file history

associated with same, any of same that is inconsistent with or in conflict with the

present document, or any of same that may have a limiting affect as {o the broadest
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scope of the claims now or later associated with the present document. By way of
example, should there be any inconsistency or conflict between the description,
definition, and/or the use of a term associated with any of the incorporated material
and that associated with the prasent document, the description, definition, and/or the
use of the term in the present document shall prevail.

[0193] Inclosing, it is to be understood that the embodiments of the application
disclosed herein are illustrative of the principles of the embodiments of the
application.  Other modifications that may be employed may be within the scope of
the application. Thus, by way of example, but not of limitation, alternative
configurations of the embodiments of the application may be utilized in accordance
with the teachings herein.  Accordingly, embodiments of the present application are
not limited to that precisely as shown and described.

ADDITIONAL STATEMENT OF INVENTION

Statement of invention 1

[0194] A system, comprising:
at least one storage device inciuding a set of instructions; and
at least one processor configured to communicate with the at least one storage
device, wherein when executing the set of instructions, the at least one processor is
configured to direct the system {0 perform operations including:
obtaining input data relating to a targst treatment plan for performing
radiotherapy on a lesion using a radiation device, the input data including a
first target image of the lesion;
obtaining a segment shape estimation model, and
estimating, based on the segment shape estimation model and the
input data, a plurality of target location combinations of the target treatment
plan and a plurality of target segment shapes of a collimator of the radiation
device, one of the plurality of target location combinations indicating a

tocation of the collimator relative to the lesion, each of the plurality of target
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segment shapes corresponding 1o one of the plurality of target location
combinations.

Statement of invention 2

[0195] The system of invention 1, whearein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding to one of the plurality of control
points.

Statement of invention 3

[0196] The system of invention 1 or 2, wherein the input data includes at least one
of a second target image of normal tissue surrounding the lesion, a third targest
image of the lesion, or target radiation information of the target treatment plan, the
target radiation information including at least one of an output dose, a dose output
rate, a dose per pulse, or a dose distribution in the lesion.

Statement of invention 4

(01971 The system of invention 3, wherein the target radiation information is
predicted based on the first target image of the lesion, the second target image of
normal tissue surrounding the lesion, and the third target image of the lesion.

Statement of invention &

[0198] The system of any one of inventions 1-4, wherein one of the plurality of
target location combinations includes a combination of one or more locations where
one or more components of the radiation device operate.

Statement of invention 6

[0199] The system of invention 5, wherein the ong of the plurality of target location
combination includes a gantry angle of a gantry of the radiation device.

Statement of invention 7

(02007 The system of invention 5, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation

device and a coliimator angle of the collimator of the radiation device.
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Statement of invention 8

[0201] The system of invention 5, wherain the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device, a collimator angle of the collimator of the radiation device, and a position of a
cauch of the radiation device.

Statement of invention 9

[0202] The system of any one of inventions 1-8, wherein

the collimator includes a plurality of pairs of leaves; and

one of the plurality of target segment shapes of the collimator includes leaf
location of each of the plurality of pairs of ieaves.

Staternent of invention 10

10203] The system of invention 8, wherein the leaf location of one of the plurality of
pairs of leaves includes a location of a center of an opening of the pair of leaves and
a width of the opening of the pairs of leaves.

Statement of invention 11

[0204] The system of any one of inventions 1-10, wherein the plurality of target
location combinations are within a plurality of discrete candidate location
combinations of a location universal set.

Statement of invention 12

[0208] The system of invention 11, wherein the segment shape estimation model is
ohtained by performing a training process including:

obtaining the location universal set including the plurality of candidate location
combinations; and

determining the segment shape estimation model by iteratively training a
preliminary model based on the location universal set.

Statemnent of invention 13

[0208] The system of invention 12, wherein obtaining the location universal set

including the plurality of candidate location combinations includes:

&3
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ohtaining a plurality of candidate gantry angles, a plurality of candidate
coliimator angles, or a pluraiity of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimator angles, or the plurality of candidate
cauch locations.

Statement of invention 14

[0207] The system of invention 12 or 13, wherein the plurality of target segment
shapes are within a distance universal set including a plurality of discrete candidate
leaf locations.

Statement of invention 15

[0208] The system of invention 14, wherein the training process includes:

ohtaining the distance universal set including the plurality of candidate leaf
locations; and

determining the segment shape estimation model by iteratively training the
preliminary model based on the distance universal set so that the candidate segment
shape corresponding to each of the plurality of candidate location combinations
output by the segment shape estimation model is within the distance universal set.

Statement of invention 16

[0209] The system of invention 15, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening
widths.

Statement of invention 17

10210] The system of invention 15 or 16, wherein the training process includes:
obtaining training data including a plurality of training sets.

Statement of invention 18

[0211] The system of invention 17, wherein obtaining the training data includes:
for one of the plurality of training sets,

obtaining a historical ireatment plan previously generated based on a

&4
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sample lesion;

obtaining a first sample image of the sample lesion corresponding o
the historical treatment plan;

obtaining sample location combinations and corresponding sample
sagment shapes in the historical treatment plan; and

obtaining the fraining set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical
treatment plan.

Statement of invention 12

[0212] The system of invention 18, wherein obtaining the training set based on the
first sample image, the sample location combinations, and the sample segment
shapes of the historical freatment plan includes:

obtaining processed sample location combinations that are within the iocation
universal set, the processed sample location combinations being obtained by
processing the sampie location combinations based on the location universal set;

obtaining processed sample segment shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;

ohtaining a sampie set including the processed sample segment shapes and
closed segment shapes, the closed segment shapes corresponding to the candidate
location combinations excluding the processed sample location combinations; and

obtaining the training set by including the first sample image, the processed
sample location combinations, and the sampie set of the historical treatment plan.

Statement of invention 20

[0213] The system of invention 198, wherein the fraining process includes:
initializing the preliminary model, and
obtaining the segment shape estimation model by updating the initialized

preliminary model using an iteration process including a plurality of iterations, at least
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one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;
generating estimated segment shapes corresponding to the plurality of
candidate location combinations by inputting the first samplie image of the
training set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the piurality of iterations of the
fteration process or a previously updated model generated in a previous iteration
in the iteration process;
determining a value of a loss function based on the estimated segment
shapes and the sample set in the training set;
determining whether a termination condition is satisfied;
in response to determining that the termination condition is not satisfied,
generating an updated model by updating the intermediate model
based on the value of the loss function; and
initiating a next iteration; and
designating the intermediate model in a last iteration of the plurality of
itergtions of the iteration process as the segment shape estimation model.

Statement of invention 21

10214] The system of invention 20, wherein the af least one of the plurality of
iterations of the iteration process includes:

in response to determining that the termination condition is satisfied, ferminating
the iteration process.

Statement of invention 22

[02158] The system of invention 20 or 21, wherein the value of the loss function is
determined based on sparsity of the sample set, the sparsity of the sample set
relating to the closed segment shapes in the sample sel.

Statement of invention 23

[0216] The system of any one of inventions 20-22, wherein the termination condition

&6
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relates to at least one of the value of the loss function or a count of iterations of the
iteration process that have been performed.

Statement of invention 24

[0217] The system of any one of inventions 20-23, wherein the training set includes
at least one of a second sample image of normal tissue surrounding the sample
lesion, a third sample image of the sample lesion, or sample radiation information of
the historical treatment plan, the sample radiation information including at least one
of a sample output dose, a sample dose output rate, a sample dose per pulse, ora
sample dose distribution in the sample lesion.

Statement of invention 25

[0218] The system of invention 24, wherein the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrcunding the sample lesion, and the third sample image of
the sampile lesion.

Statemnent of invention 26

[0219] The system of invention 24 or 25, wherein the at least one of the plurality of
iterations of the iteration process includes:

generating the estimated segment shapes by inputting at least one of the
second sample image, the third sample image, or the sample radiation information of
the training set into the intermediate model.

Statement of invention 27

(02207 The system of invention 24 or 25, wherein the at least one of the plurality of
iterations of the teration process includes:

determining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the

&7
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comparison.

Statement of invention 28

[0221] A system, comprising:
at least one storage device including a set of instructions, and
at least one processor configured to communicate with the at least one storage
device, wherein when executing the set of instructions, the at least one processor is
configured to direct the system to perform operations including:
obtaining a preliminary model;
obtaining training data; and
obtaining a segment shape estimation model by training the preliminary
model based on the training data, the segment shape estimation mode! being
configurad to estimate, based on input data, a pluraiity of target location
combinations in a target treatment plan for performing radiotherapy on a
lesion using a radiation device and a plurality of target segment shapes of a
collimator of the radiation device, the input data including a first target image
of the lesion, each of the plurality of target segment shapes corresponding to
one of the plurality of target location combinations, one of the plurality of
target location combinations ndicating a location of the collimator relative to
the lesion.

Statement of invention 22

10222] The system of invention 28, wherein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding io one of the plurality of control
points.

Statement of invention 30

[0223] The system of invention 28 or 29, wherein the input data includes at least
one of a second target image of normal tissue surrounding the lesion, a third target

image of the lesion, or target radiation information of the target treatment plan, the
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target radiation information including at least one of an output dose, a dose cutput
rate, a dose per pulse, or a dose distribution in the lesion.

Statement of invention 31

[0224] The system of invention 30, wherein the target radiation information is
predicted based on the first target image of the lasion, the second target image of
normal tissue surrounding the lesion, and the third target image of the lesion.

Statement of invention 32

[0225] The system of any one of inventions 28-31, wherein one of the pluraiity of
target location combinations includes a combination of one or more locations where
one or more components of the radiation device operate.

Staternent of invention 33

[0226] The system of invention 32, wherein the one of the plurality of target location
combination includes a gantry angle of a gantry of the radiation device.

Statement of invention 34

(02271 The system of invention 32, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device and a coliimator angle of the collimator of the radiation device.

Statement of invention 35

[0228] The system of invention 32, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device, a coliimator angle of the coliimator of the radiation device, and a position of a
couch of the radiation device.

Statement of invention 36

[0229] The system of any one of inventions 28-35, whearein

the collimator includes a plurality of pairs of leaves; and

one of the plurality of target segment shapes of the collimator includes leaf
tocation of each of the plurality of pairs of leaves.

Statement of invention 37
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10230] The system of invention 368, wherein the leaf location of one of the plurality of
pairs of leaves includes a location of a center of an cpening of the pair of leaves and
a width of the opening of the pairs of leaves.

Staternent of invention 38

[0231] The system of any one of inventions 28-37, wherein the plurality of target
location combinations are within a location universail set including a plurality of
discrete candidate location combinations.

Statemnent of invention 39

[0232] The system of invention 38, wherein obtaining the preliminary model
includes:

obtaining the location universal set including the plurality of candidate location
combinations; and

obtaining the preliminary model based on the iocation universal set.

Statement of invention 40

[0233] The system of invention 39, wherein obiaining the location universal set
including the plurality of candidate location combinations includes:

obtaining a plurality of candidate ganiry angles, a plurality of candidate
coliimator angles, or a plurality of candidate couch locations; and

ohtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimator angles, or the plurality of candidate
couch locations.

Statement of invention 41

10234] The system of invention 39 or 40, wherein the plurality of target segment
shapes are within a distance universal set including a plurality of discrete candidate
leaf locations.

Statement of invention 42

[0235] The system of invention 41, wherein obtaining the preliminary model

includes:
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ohtaining the distance universal set including the plurality of candidate leaf
locations; and

obtaining the preliminary model includes based on the distance universal set so
that the candidate segment shape corresponding to each of the plurality of candidate
tocation combinations output by the segment shape estimation mode! is within the
distance universal set.

Statement of invention 43

[0238] The system of invention 42, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening
widths.

Staternent of invention 44

10237] The system of invention 42 or 43, wherein oblaining the training data
includes:
for one of a pluraiity of training sets of the training data,
obtaining a historical treatment plan previously generated based on a
sample lesion;
obtaining a first sample image of the sample lesion corresponding to
the historical treatment plan;
obtaining sample location combinations and corresponding sample
segment shapes in the historical treatment plan; and
obtaining the training set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical
treatment plan.

Statement of invention 45

[0238] The system of invention 44, wherein obtaining the training set based on the
first sample image, the sample location combinations, and the sample segment
shapes of the historical treatment plan includes:

obtaining processed sample location combinations that are within the location
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universal set, the processed sample location combinations being obtained by
proceassing the sampie location combinations based on the location universal set;

obtaining processed sample segment shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;

obtaining a sampile set including the processed sample segment shapes and
closed segment shapes, the closed segment shapes corresponding to the candidate
location combinations excluding the processed sample location combinations; and

obtaining the training set by including the first sample image, the processed
sample location combinations, and the sample set of the historical treatment plan.

Staternent of invention 46

10239] The system of invention 45, wherein obtaining the segment shape estimation
model by training the preliminary mode! based on the training data includes:
initializing the preliminary model;, and
obtaining the segment shape estimation model by updating the initialized
preliminary model using an iteration process including a plurality of iterations, at least
one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;
generating estimated segment shapes corresponding to the plurality of
candidate location combinations by inputting the first sample image of the
training set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the plurality of iterations of the
Heration process or a praviously updated model generated in a previous iteration
in the iteration process;
determining a value of a loss function based on the estimated segment
shapes and the sample set in the training set;
determining whether a termination condition is satisfied;

in response to determining that the termination condition is not satisfied,
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generating an updated model by updating the intermediate model
based on the value of the loss function; and
initiating a next iteration; and
designating the intermediate mode! in a last iteration of the plurality of
terations of the teration process as the segment shape estimation model.

Statement of invention 47

(02407 The system of invention 46, wherein the at least one of the plurality of
iterations of the iteration process includes:

in response to determining that the termination condition is satisfied, terminating
the iteration process.

Staternent of invention 48

[0241] The system of invention 46 or 47, wheregin the value of the loss funciion is
determined based on sparsity of the sample set, the sparsity of the sample set
relating to the closed segment shapes in the sample set.

Statemnent of invention 49

[0242] The system of any one of inventions 46-48, wherein the termination condition
relates to al least one of the value of the loss function or a count of iterations of the
Heration process that have been performed.

Statement of invention 50

[0243] The system of any one of inventions 46-49, wherein the training set includes
at least one of a second sample image of normal tissue surrounding the sample
lesion, a third sample image of the sample lesion, or sample radiation information of
the historical treatment plan, the sample radiation information including at least one
of a sample ouiput dose, a sample dose output rate, a sample dose per pulse, or a
sample dose distribution in the sample lesion.

Statement of invention 51

[0244] The system of invention 50, wherein the sampie radiation information is

predicted based on the first sample image of the sample lesion, the second sample
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image of normal tissue surrcunding the sample lesion, and the third sample image of
the sample lesion.

Statement of invention 52

[0245] The system of invention 50 or 51, wherein the at least one of the plurality of
fterations of the iteration process includes:

generating the estimated segment shapes by inputling at least ong of the
processed location combinations, the second sample image, the third sample image,
or the sample radiation information of the training set into the intermediate model.

Statement of invention 53

[0246] The system of invention 52, wherein the at least one of the plurality of
iterations of the iteration process includes:

determining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the
comparison.

Statement of invention 54

102471 A method implemented on a maching including one or more processors and
one or more storage devices, comprising:

obtaining input data relating to a target treatment plan for performing
radictherapy on a lesion using a radiation device, the input data including a first
target image of the lesion;

obtaining a segment shape estimation model, and

astimating, based on the segment shape estimation model and the input dats, a
plurality of target location combinations of the target treatment plan and a plurality of
target segment shapes of a collimator of the radiation device, one of the plurality of

target location combinations indicating a location of the collimator relative to the



WO 2022/036631 PCT/CN2020/110251

lesion, each of the plurality of target segment shapes corresponding to one of the
plurality of target location combinations.

Statement of invention 55

[0248] The method of invention 54, wherein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding to one of the plurality of control
points.

Statemnent of invention 56

[0249] The method of invention 55 or 58, wherein the input data includes at least
one of a second target image of normal tissue surrounding the lesion, a third target
image of the lesion, or target radiation information of the target treatment plan, the
target radiation information including at least one of an output dose, a dose cutput
rate, a dose per pulse, or a dose distribution in the lesion.

Statement of invention 57

(02507 The method of invention 56, wherein the target radiation information is
predicted based on the first target image of the lasion, the second target image of
normal tissue surrounding the lesion, and the third target image of the lesion.

Statement of invention 58

10251] The method of any one of inventions 54-57 wherein one of the piurality of
target location combinations includes a combination of one or more locations where
one or more components of the radiation device operate.

Statemnent of invention 58

10252] The method of invention 58, wherein the one of the plurality of target location
combination includes a gantry angle of a gantry of the radiation device.

Statement of invention 80

(02531 The method of invention 58, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation

device and a coliimator angle of the collimator of the radiation device.
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Statement of invention 61

[0254] The method of invention 58, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device, a collimator angle of the coliimator of the radiation device, and a position of a
cauch of the radiation device.

Statement of invention 82

[0255] The method of any one of inventions 54-61, wherein

the collimator includes a plurality of pairs of leaves; and

one of the plurality of target segment shapes of the collimator includes leaf
location of each of the plurality of pairs of ieaves.

Staternent of invention 63

10256] The method of invention 62, wherein the leaf location of one of the plurality
of pairs of leaves includes a location of a center of an opening of the pair of leaves
and a width of the opening of the pairs of leaves.

Statemnent of invention 64

[0257] The method of any one of inventions 54-63, wherein the pluralily of target
location combinations are within a plurality of discrete candidate location
combinations of a location universal set.

Statement of invention 85

[0258] The method of invention 64, wherein the segment shape estimation model is
ohtained by performing a training process including:

obtaining the location universal set including the plurality of candidate location
combinations; and

determining the segment shape estimation model by iteratively training a
preliminary model based on the location universal set.

Statemnent of invention 66

[0259] The method of invention 65, wherein obtaining the location universal set

including the plurality of candidate location combinations includes:
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ohtaining a plurality of candidate gantry angles, a plurality of candidate
coliimator angles, or a pluraiity of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimator angles, or the plurality of candidate
cauch locations.

Statement of invention 87

(02607 The method of invention 65 or 86, wherein the plurality of {arget segment
shapes are within a distance universal set including a plurality of discrete candidate
leaf locations.

Statement of invention 68

[0261] The method of invention 67, wherein the training process includes:

ohtaining the distance universal set including the plurality of candidate leaf
locations; and

determining the segment shape estimation model by iteratively training the
preliminary model based on the distance universal set so that the candidate segment
shape corresponding to each of the plurality of candidate location combinations
output by the segment shape estimation model is within the distance universal set.

Statement of invention 89

10262] The method of invention 68, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening
widths.

Staternent of invention 70

10263] The method of invention 68 or 69, wherein the training process includes:
obtaining training data including a plurality of training sets.

Statement of invention 71

[0264] The method of invention 70, wherein obtaining the training data includes:
for one of the plurality of training sets,

obtaining a historical ireatment plan previously generated based on a
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sample lesion;

obtaining a first sample image of the sample lesion corresponding to
the historical treatment plan;

obtaining sample location combinations and corresponding sample
sagment shapes in the historical treatment plan; and

obtaining the fraining set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical
treatment plan.

Statement of invention 72

[0265] The method of invention 71, wherein obtaining the training set based on the
first sample image, the sample location combinations, and the sample segment
shapes of the historical freatment plan includes:

obtaining processed sample location combinations that are within the location
universal set, the processed sample location combinations being obtained by
processing the sampie location combinations based on the location universal set;

obtaining processed sample segmaent shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;

ohtaining a sampie set including the processed sample segment shapes and
closed segment shapes, the closed segment shapes corresponding to the candidate
location combinations excluding the processed sample location combinations; and

obtaining the training set by including the first sample image, the processed
sample location combinations, and the sample set of the historical ireatment plan.

Statement of invention 73

[0266] The method of invention 72, wherein the training process includes:
initializing the preliminary model; and
obtaining the segment shape estimation model by updating the initialized

preliminary model using an iteration process including a plurality of iterations, at least
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one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;
generating estimated segment shapes corresponding to the plurality of
candidate location combinations by inputting the first samplie image of the
training set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the piurality of iterations of the
fteration process or a previously updated model generated in a previous iteration
in the iteration process;
determining a value of a loss function based on the estimated segment
shapes and the sample set in the training set;
determining whether a termination condition is satisfied;
in response to determining that the termination condition is not satisfied,
generating an updated model by updating the intermediate model
based on the value of the loss function; and
initiating a next iteration; and
designating the intermediate model in a last iteration of the plurality of
itergtions of the iteration process as the segment shape estimation model.

Statement of invention 74

[0267] The method of invention 73, wherein the af least one of the plurality of
iterations of the iteration process includes:

in response to determining that the termination condition is satisfied, ferminating
the iteration process.

Statement of invention 75

[0268] The method of invention 73 or 74, wherein the value of the loss function is
determined based on sparsity of the sample set, the sparsity of the sample set
relating to the closed segment shapes in the sample sel.

Statement of invention 78

[0269] The method of any one of inventions 73-75, wherein the termination
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condition relates 1o al least one of the value of the loss function or a count of
iterations of the iteration process that have been performed.

Statement of invention 77

(02707 The method of any one of inventions 73-78, wherein the training set includeas
at least one of a second sample image of normal tissue surrounding the sample
lesion, a third sample image of the sample lesion, or sample radiation information of
the historical treatment plan, the sample radiation information including at least one
of a sample output dose, a sample dose output rate, a sample dose per pulse, ora
sample dose distribution in the sample lesion.

Statement of invention 78

[0271] The method of invention 77, whereain the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrcunding the sample lesion, and the third sample image of
the sampile lesion.

Statemnent of invention 79

[0272] The method of invention 77 or 78, wherein the at least one of the plurality of
iterations of the iteration process includes:

generating the estimated segment shapes by inputting at least one of the
second sample image, the third sample image, or the sample radiation information of
the training set into the intermediate model.

Statement of invention 80

[0273] The method of invention 77 or 78, wherein the at least one of the plurality of
iterations of the teration process includes:

determining estimated radiation information based on the estimaited segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the

80
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comparison.

Statement of invention 81

[0274] A method implemented on a machine including ong or more processors and
one or maore storage devices, comprising:

obtaining a preliminary modeal;

obtaining training data; and

obtaining a segment shape estimation model by training the preliminary model
based on the training data, the segment shape estimation model being configured o
astimate, based on input data, a plurality of target location combinations in a target
freatment plan for performing radioctherapy on a lesion using a radiation device and a
plurality of target segment shapes of a collimator of the radiation device, the input
data including a first target image of the lesion, each of the plurality of target
segment shapes corresponding to one of the plurality of target location
combinations, one of the plurality of target location combinations indicating a location
of the collimator relative to the lesion.

Statement of invention 82

[0275] The method of invention 81, wherein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding io one of the plurality of control
CoINts.

Statement of invention 83

[0278] The method of invention 81 or 82, wherein the input data includes at least

one of a second target image of normal tissue surrounding the lesion, a third target
image of the lesion, or target radiation information of the target treatment plan, the

target radiation information including at least one of an cutput dose, a dose output

rate, a dose per pulse, or a dose distribution in the lesion.

Statement of invention 84

[0277] The method of invention 83, wherein the target radiation information is

81
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predicted based on the first target image of the lesion, the second target image of
normal tissue surrounding the lesion, and the third target image of the lesion.

Statement of invention 85

[0278] The method of any one of inventions 81-84, wherein one of the plurality of
target location combinations includes a combination of one or more locations where
one or more components of the radiation device operate.

Statement of invention 86

(02791 The method of invention 85, wherein the one of the plurality of target location
combination includes a gantry angle of a gantry of the radiation davice.

Statement of invention 87

(02807 The method of invention 85, wherein the one of the plurality of targest location
combination includes a combination of a gantry angle of a gantry of the radiation
device and a colliimator angle of the collimator of the radiation device.

Statement of invention 88

[0281] The method of invention 85, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device, a collimator angle of the coliimator of the radiation device, and a position of a
couch of the radiation device.

Statement of invention 89

[0282] The method of any one of inventions 81-88, wherein

the collimator includes a plurality of pairs of leaves; and

one of the plurality of target segment shapes of the collimator includes leaf
location of each of the plurality of pairs of leaves.

Statement of invention 90

[0283] The method of invention 89, wherein the leaf location of one of the plurality
of pairs of leaves includes a location of a center of an opening of the pair of leaves
and a width of the opening of the pairs of leaves.

Statement of invention 91

82
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10284] The method of any one of inventions 81-80, wherein the plurality of target
location combinations are within a location universal setf including a plurality of
discrete candidate location combinations.

Statement of invention 92

[0285] The method of invention 91, wherein obtaining the preliminary model
includes:

obtaining the location universal set including the plurality of candidate location
combinations; and

obtaining the preliminary model based on the location universal set.

Statement of invention 93

[0288] The method of invention 92, wherein obtaining the location universal set
including the plurality of candidate location combinations includes:

obtaining a plurality of candidate gantry angles, a plurality of candidate
colliimator angles, or a pluraiity of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimator angles, or the plurality of candidate
couch locations.

Statement of invention 94

102871 The method of invention 92 or 83, wherein the plurality of target segment
shapes are within a distance universal set including a plurality of discrete candidate
leaf locations.

Staternent of invention 85

[0288] The method of invention 94, wherein obtaining the preliminary model
includes:

obtaining the distance universal set including the plurality of candidate leaf
locations; and

obtaining the preliminary model includes based on the distance universal set so

that the candidate segment shape corresponding {o each of the plurality of candidate
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location combinations output by the segment shape estimation model is within the
distance universal set.

Statement of invention 96

[028%8] The method of invention 95, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening
widths.

Statement of invention 97

102907 The method of invention 85 or 96, wherein obiaining the training data
includes:
for one of a plurality of training sets of the training data,
obtaining a historical treatment plan previously generated based on a
sample lesion;
obtaining a first sample image of the sample lesion corresponding to
the historical treatment plan;
obtaining sample location combinations and corresponding sample
sagment shapes in the historical treatment plan; and
obtaining the fraining set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical
treatment plan.

Statement of invention 88

[0291] The method of invention 97, wherein obtaining the training set based on the
first sample image, the sample location combinations, and the sample segment
shapes of the historical freatment plan includes:
obtaining processed sample location combinations that are within the location
universal set, the processed sample location combinations being obtained by
processing the sampie location combinations based on the location universal set;
obtaining processed sample segment shapes that are within the distance

universal set, the processed sample segment shapes being obtained by processing
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the sample segment shapes based on the distance universail set;
obtaining a sample set including the processed sample segment shapes and
closed segment shapes, the closed segment shapes corresponding o the candidate
location combinations excluding the processed sampie location combinations; and
obtaining the training set by including the first sample image, the processed
sample location combinations, and the sample set of the historical treatment plan.

Statement of invention 99

[0292] The method of invention 98, wherein obtaining the segment shape
astimation model by training the preliminary model based on the training data
includes:
initializing the preliminary model; and
ohtaining the segment shape estimation model by updating the initialized
preliminary model using an iteration process including a plurality of iterations, at least
one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;
generating estimated segment shapeas corresponding o the plurality of
candidate location combinations by inpuiting the first sampie image of the
fraining set into an intermediate model, the intermediate model being the
initialized preliminary mode! in a first iteration of the plurality of iterations of the
iteration process or a praviously updated mode! generated in a previous iteration
in the iteration process;
determining a value of a loss function based on the estimated segment
shapes and the sampile set in the training set;
determining whether a termination condition is satisfied;
in response 1o determining that the termination condition is not satisfied,
generating an updated model by updating the intermediate model
based on the value of the loss function: and

initiating a next iteration; and
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designating the intermediate model in a last iteration of the plurality of
iterations of the teration process as the segment shape estimation model.

Statement of invention 100

[0293] The method of invention 99, wherein the at least one of the plurality of
fterations of the iteration process includes:

in response to determining that the termination condition is satisfied, terminating
the iteration process.

Statemnent of invention 101

[0294] The method of invention 99 or 100, wherein the value of the loss function is
determined based on sparsily of the sample set, the sparsity of the sample set
relating to the closed segment shapes in the sample setl.

Statement of invention 102

[0285] The method of any one of inventions 89-101, wherein the termination
condition relates o at least one of the value of the loss function or a count of
iterations of the iteration process that have been performed.

Statement of invention 103

[0296] The method of any one of inventions 98-102, wherein the training sat
includes at least one of a second sample image of normal tissue surrounding the
sample lesion, a third sample image of the sample lesion, or sample radiation
information of the historical treatment plan, the sample radiation information
including at least one of a sample oulput dose, a sample dose output rate, a sample
dose per pulse, or g sampie dose distribution in the sampie lesion.

Statement of invention 104

(02871 The method of invention 103, wherein the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrounding the sample lesion, and the third sample image of
the sample lesion.

Statement of invention 105
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[0298] The method of invention 103 or 104, wherein the at least one of the plurality
of iterations of the iteration process includes:

generating the estimated segment shapes by inputting at least one of the
processed location combinations, the second sample image, the third sample image,
or the sample radiation information of the training set into the intermediate model.

Statement of invention 106

[0299] The method of invention 105, wherein the at least one of the plurality of
iterations of the iteration process includes:

detarmining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated mode! by updating the intermediate mode! based on the
comparison.

Statemnent of invention 107

(03007 A system, comprising:

an input obtaining module configured to obtain input data relating to a target
treatment plan for performing radiotherapy on a lesion using a radiation device, the
input data inciuding a first target image of the lesion;

a model obtaining module configured to obtain a segment shape estimation
model and

a shape estimation model configured to estimate, based on the segment shape
astimation model and the input data, a plurality of target location combinations of the
target treatment plan and a plurality of target segment shapes of a collimator of the
radiation device, one of the plurality of target iccation combinations indicating a
location of the collimator relative to the lesion, each of the plurality of target segment
shapes corresponding o one of the plurality of target location combinations.

Statement of invention 108
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[0301] The system of invention 107, wherein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding to one of the plurality of control
poirts.

Statement of invention 109

[0302] The system of invention 107 or 108, wherein the input data includes at least
one of a second target image of normal tissue surrounding the lesion, a third target
image of the lesion, or target radiation information of the target treatment plan, the
target radiation information including at least onea of an output dose, a dose cutput
rate, a dose per pulse, or a dose distribution in the lesion.

Statement of invention 110

[0303] The system of invention 109, wherein the farget radiation information is
predicted based on the first farget image of the lesion, the second target image of
normal tissue surrounding the lesion, and the third target image of the lesion.

Statement of invention 111

[0304] The system of any one of inventions 107-110, wherein one of the plurality of
target location combinations includes a combination of one or more locations where
one or more componeants of the radiation device operate.

Statement of invention 112

[0308] The system of invention 111, wherein the one of the plurality of target
location combination includes a gantry angle of a gantry of the radiation device.

Statement of invention 113

[03086] The system of invention 111, wherein the one of the plurality of target
location combination includes a combination of a gantry angle of a gantry of the
radiation device and a collimator angle of the collimator of the radiation device.

Statemnent of invention 114

(03071 The system of invention 111, wherein the one of the plurality of target

location combination includes a combination of a gantry angle of a gantry of the
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radiation device, a collimator angle of the collimator of the radiation device, and a
position of a couch of the radiation device.

Statement of invention 115

[0308] The system of any one of inventions 107-114, wherein

the collimator includes a plurality of pairs of leaves; and

one of the plurality of target segment shapes of the collimator includes leaf
location of each of the plurality of pairs of leaves.

Statemnent of invention 118

[0309] The system of invention 115, wherein the leaf location of one of the plurality
of pairs of leaves includes a location of a center of an opening of the pair of leaves
and a width of the opening of the pairs of leaves.

Statement of invention 117

[0310] The system of any one of inventions 107-118, wherein the plurality of target
location combinations are within a plurality of discrete candidate location
combinations of & location universal set.

Statement of invention 118

[0311] The system of invention 117, wherein the segment shape estimation model
is obtained by performing a training process including:

ohtaining the location universal set including the plurality of candidate location
combinations; and

determining the segment shape estimation model by iteratively training a
prefliminary model based on the location universal set.

Statement of invention 119

[0312] The system of invention 118, wherein obtaining the location universal set
including the plurality of candidate location combinations includes:

obtaining a plurality of candidate gantry angles, a plurality of candidate
coliimator angles, or a plurality of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
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angles, the plurality of candidate collimator angiles, or the plurality of candidate
couch locations.

Statement of invention 120

[0313] The system of invention 118 or 119, wherein the plurality of target segment
shapes are within a distance universal set including a plurality of discrete candidate
leaf locations.

Statement of invention 121

[0314] The system of invention 120, wherein the fraining process includes:
obtaining the distance universal set including the plurality of candidate leaf
locations; and
determining the segment shape estimation model by iteratively training the
preliminary model based on the distance universal set so that the candidate segment
shape corresponding to each of the plurality of candidate location combinations
output by the segment shape estimation model is within the distance universal set.

Statemnent of invention 122

[0315] The system of invention 121, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening
widths.

Statement of invention 123

[0318] The system of invention 121 or 122, wherein the training process includes:
obtaining training data including a plurality of training sets.

Statement of invention 124

[0317] The system of invention 123, wherein obtaining the iraining data includes:
for one of the plurality of training sets,
obtaining a historical treatment plan previously generated based on a
sample lesion;
obtaining a first sample image of the sample lesion corresponding to

the historical treatment plan;

80



WO 2022/036631 PCT/CN2020/110251

obtaining sample location combinations and corresponding sample
segment shapes in the historical treatment plan; and

obtaining the training set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical
treatment plan.

Statement of invention 125

[0318] The system of invention 124, wherein oblaining the training set based on the
first sample image, the sample location combinations, and the sample segment
shapes of the historical treatment plan includes:

obtaining processed sample location combinations that are within the location
universal set, the processed sample location combinations being obtained by
processing the sample location combinations based on the location universal set;

obtaining processed sample segment shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;

obtaining a sampile set including the processed sample segment shapeas and
closed segment shapes, the closed segment shapes corresponding o the candidate
location combinations excluding the processed sample location combinations; and

ohtaining the training set by including the first sample image, the processed
sample location combinations, and the sample set of the historical treatment plan.

Statement of invention 126

[0318] The system of invention 125, wherein the training process includes:
initializing the preliminary model; and
obtaining the segment shape estimation model by updating the initialized
preliminary model using an iteration process including a plurality of iterations, at least
one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;

generating estimated segment shapes corresponding to the plurality of
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candidate location combinations by inputting the first sampie image of the
training set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the plurality of iterations of the
iteration process or a previously updated model generated in a previous iteration
in the iteration process,
determining a value of a loss function based on the estimaied segment
shapes and the sample set in the training set;
determining whether a fermination condition is satisfied;
in response to determining that the termination condition is not satisfied,
generating an updated model by updating the intermediate model
based on the valug of the loss function; and
initiating a next iteration; and
designating the intermediate model in a iast iteration of the plurality of
iterations of the iteration process as the segment shape estimation model.

Statemnent of invention 127

[0320] The system of invention 126, wherein the at least one of the plurality of
iterations of the iteration process includes:

in response o determining that the termination condition is satisfied, terminating
the iteration process.

Statement of invention 128

[0321] The system of invention 126 or 127, wherein the value of the loss function is
determined based on sparsity of the sample set, the sparsity of the sample set
relating to the closed segment shapes in the sample set.

Statement of invention 129

10322] The system of any one of inventions 126-128, wherein the termination
condition relates to at least one of the value of the loss function or a count of
fterations of the Heration process that have been performed.

Statement of invention 130
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[0323] The system of any one of inventions 126-129, wherein the training set
includes at least one of a second sample image of normal tissue surrounding the
sampie lesion, a third sample image of the sample lesion, or sample radiation
information of the historical treatment plan, the sample radiation information
including at least one of a sample output dose, a sample dose output rate, a sample
dose per pulse, or a sampie dose disitribution in the sampie lesion.

Statement of invention 131

[0324] The system of invention 130, wherein the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrounding the sample lesion, and the third sample image of
the sample lesion.

Statement of invention 132

[0325] The system of invention 130 or 131, wherein the at least one of the plurality
of Herations of the iteration process includes:

generating the estimated segment shapes by inputting at least one of the
sacond sample image, the third sample image, or the sample radiation information of
the training set into the intermediate model.

Statement of invention 133

[03286] The system of invention 130 or 131, wherein the af least one of the plurality
of iterations of the iteration process includes:

determining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the
comparison.

Statement of invention 134

[0327] Asystem, comprising a model obtaining module configured {o:
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ohtain a preliminary model;

obtain training data; and

obtain a segment shape estimation model by training the preliminary model
based on the training data, the segment shape estimation model being configured to
astimate, based on input data, a plurality of target location combinations in a target
freatment plan for performing radioctherapy on a lesion using a radiation device and a
plurality of target segment shapes of a colimator of the radiation device, the input
data including a first target image of the lesion, each of the plurality of targst
segment shapes corresponding to one of the plurality of target location
combinations, one of the plurality of target location combinations indicating a location
of the collimator relative to the lesion.

Statement of invention 135

[0328] The system of invention 134, wherein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding to one of the plurality of control
points.

Statement of invention 1356

[0329] The system of invention 134 or 135, wherein the input data includes at ieast
one of a second target image of normal tissue surrounding the lesion, a third target
image of the lesion, or target radiation information of the target treatment plan, the
target radiation information including at least one of an cutput dose, a dose output
rate, a dose per pulse, or a dose distribution in the lesion.

Statement of invention 137

(03307 The system of invention 136, wherein the target radiation information is
predicted based on the first target image of the lesion, the second target image of
normal tissue surrounding the lesion, and the third target image of the lesion.

Statement of invention 138

[0331] The system of any one of inventions 134-137, wherein one of the plurality of
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target location combinations includes a combination of one or more locations where
one or more components of the radiation device operate.

Statement of invention 139

[0332] The system of invention 138, wherein the one of the plurality of target
tocation combination includes a gantry angle of a gantry of the radiation device.

Statement of invention 140

[0333] The system of invention 138, wherein the one of the plurality of target
location combination includes a combination of a gantry angle of a ganiry of the
radiation device and a collimator angle of the collimator of the radiation device.

Statement of invention 141

[0334] The system of invention 138, wherein the one of the plurality of target
location combination includes a combination of a gantry angle of a ganiry of the
radiation device, a collimator angle of the collimator of the radiation device, and a
position of a couch of the radiation device.

Statemnent of invention 142

[0335] The system of any one of inventions 134-141, wherein

the collimator includes a plurality of pairs of leaves; and

one of the plurality of target segment shapes of the collimator includes leaf
location of each of the plurality of pairs of leaves.

Statement of invention 143

[0336] The system of invention 142, wherein the leaf location of one of the plurality
of pairs of leaves includes a location of a center of an opening of the pair of leaves
and a width of the opening of the pairs of leaves.

Statement of invention 144

[0337] The system of any one of inventions 141-143, wherein the plurality of targst
location combinations are within a location universal set including a plurality of
discrete candidate location combinations.

Statement of invention 145
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[0338] The system of invention 144, wherein obtaining the preliminary model
includes:

obtaining the location universal set including the pluraiity of candidate location
combinations; and

obtaining the preliminary model based on the location universal set.

Statement of invention 1456

[0339] The system of invention 145, wherein oblaining the iocation universal set
including the plurality of candidate location combinations includes:

obtaining a plurality of candidate gantry angles, a plurality of candidate
coliimator angles, or a plurality of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimaior angles, or the plurality of candidate
couch locations.

Statement of invention 147

103407 The system of invention 145 or 146, wherein the plurality of target segment
shapes are within a distance universal set including a plurality of discrete candidate
leaf locations.

Statement of invention 148

[0341] The system of invention 147, wherein obtaining the preliminary model
includes:

obtaining the distance universal set including the plurality of candidate leaf
locations; and

ohtaining the preliminary mode! includes based on the distance universal set s¢
that the candidate segment shape corresponding to each of the plurality of candidate
location combinations cutput by the segment shape estimation model is within the
distance universal set.

Statement of invention 149

[0342] The system of invention 148, wherein the plurality of candidate leaf locations
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incliude a plurality of candidate opening locations and a plurality of candidate opening
widths.

Statement of invention 150

[0343] The system of invention 148 or 149, wherein obtaining the training data
includes:
for one of a plurality of training sets of the training data,
obtaining a historical treatment plan previously generated based on a
sample lesion;
obtaining a first sample image of the sample lesion corresponding to
the historical treatment plan;
obtaining sample location combinations and corresponding sample
segment shapes in the historical treatment plan; and
obtaining the fraining set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical
treatment plan.

Statement of invention 151

[0344] The system of invention 150, wherein obtaining the training set based on the
first sample image, the sample location combinations, and the sample segment
shapes of the historical freatment plan includes:

obtaining processed sample location combinations that are within the iocation
universal set, the processed sample location combinations being obtained by
processing the sampie location combinations based on the location universal set;

ohtaining processed sample segment shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;

obtaining a sample set inciuding the processed sample segment shapes and
ciosed segment shapes, the closed segment shapes corresponding to the candidate

location combinations excluding the processed sampie location combinations; and
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ohtaining the training set by including the first sample image, the processed
sample location combinations, and the sample set of the historical treatment plan.

Statement of invention 152

[0345] The system of invention 151, wherein obtaining the segment shapse
astimation model by training the preliminary model based on the training data
includes:
initializing the preliminary model; and
obtaining the segment shape estimation model by updating the initialized
preliminary model using an iteration process including a plurality of iterations, at least
one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;
generating estimated segment shapes corresponding o the pluraiity of
candidate location combinations by inputting the first sample image of the
training set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the plurality of iterations of the
Heration process or a praviously updated model generated in a previous iteration
in the iteration process;
detarmining a value of a loss function based on the estimated segment
shapes and the sampile set in the training set;
determining whether a termination condition s satisfied;
in response 1o determining that the termination condition is not satisfied,
generating an updated model by updating the intermediate model
based on the value of the loss function: and
initiating a next iteration; and
designating the intermediate model in a last iteration of the plurality of
iterations of the iteration process as the segment shape estimation model.

Statement of invention 153

[0346] The system of invention 152, wherein the at least one of the plurality of
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iterations of the teration process includes:
in response to determining that the termination condition is satisfied, terminating
the iteration process.

Statement of invention 154

[03347] The system of invention 152 or 153, wherein the value of the loss function is
determined based on sparsily of the sample set, the sparsity of the sample set
relating to the closed segment shapes in the sample setl.

Statement of invention 155

[0348] The system of any one of inventions 152-154, wherein the termination
condition relates to at least one of the value of the loss function or a count of
iterations of the iteration process that have been performed.

Statement of invention 158

[0349] The system of any one of inventions 152-155, wherein the training set
includes ai least one of a second sample image of normal tissue surrounding the
sample lesion, a third sample image of the sample lesion, or sample radiation
information of the historical treatment plan, the sample radiation information
including at least one of a sample oulput dose, a sample dose output rate, a sample
dose per pulse, or a sample dose distribution in the sample lesion.

Statement of invention 157

(03507 The system of invention 158, wherein the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrounding the sample lesion, and the third sample image of
the sample lesion.

Statement of invention 158

[0351] The system of invention 156 or 157, wherein the at least one of the plurality
of iterations of the iteration process includes:
generating the estimated segment shapes by inputting at least one of the

processed location combinations, the second sample image, the third sample image,
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or the sample radiation information of the training set into the intermediate model.

Statement of invention 159

[0352] The system of invention 158, wherein the at least one of the plurality of
iterations of the iteration process includes:

detarmining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the
comparison.

Statement of invention 160

10353] A non-transitory computer readable medium, comprising at ieast one sef of
nstructions, wherein when executed by one or more processoers of a computing
device, the at least one set of instructions causes the computing device to perform a
method, the method comprising:

obtaining input data relating to a target treatment plan for performing
radiotherapy on a lesion using a radiation device, the input data including a first
target image of the lesion;

ohtaining a segment shape estimation model, and

estimating, based on the segment shape estimation model and the input data, a
plurality of target location combinations of the target treatment plan and a plurality of
target segment shapes of a collimator of the radiation device, one of the plurality of
target location combinations indicating a location of the collimator relative {o the
lesion, each of the plurality of target segment shapes corresponding io one of the
plurality of target location combinations.

Statemnent of invention 161

[0354] A non-transitory computer readable medium, comprising at least one set of

instructions for identifying a road feature, wherein when executed by one or more
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processors of a computing device, the at least one set of instructions causes the
computing device to perform a method, the method comprising:

obtaining a preliminary model;

obtaining training data; and

obtaining a segment shape aestimation model by training the preliminary model
based on the training dala, the segment shape estimation model being configured to
estimate, based on input data, a plurality of target location combinations in a target
treatment plan for performing radiotherapy on a lesion using a radiation device and a
plurality of target segment shapes of a coliimator of the radiation device, the input
data including a first target image of the lesion, each of the plurality of target
segment shapes corresponding to one of the plurality of target location
combinations, one of the plurality of target location combinations indicating a location

of the collimator relative to the lesion.
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WHAT IS CLAIMED I8:
1. A system, comprising:
at least one storage device inciuding a set of instructions,; and
at least one processor configured to communicate with the at least one storage
device, wherein when executing the set of instructions, the at least one processor is
configured to direct the system to perform operations including:
obtaining input data relating to a target treatment plan for performing
radictherapy on a lesion using a radiation device, the input data including a
first target image of the lesion;
obtaining a segment shape estimation model, and
estimating, based on the segment shape estimation model and the
input data, a plurality of target location combinations of the target treatment
plan and a plurality of target segment shapes of a collimator of the radiation
device, one of the plurality of target location combinations indicating a
location of the collimator relative to the lesion, each of the plurality of target

segment shapes corresponding to one of the plurality of target location

combinations.

2. The system of claim 1, wherein the larget treatment plan includes a plurality
of control points, each of the plurality of target location combinations or the plurality

of target segment shapes corresponding to one of the plurality of control points.

3. The system of claim 1 or 2, wherein the input data includes at least one of a
second farget image of normal tissue surrounding the lesion, a third target image of
the lesion, or target radiation information of the target treatment plan, the target
radiation information including at least one of an output dose, a dose outpul rale, a

dose per pulse, or a dose distribution in the lesion.

102



WO 2022/036631 PCT/CN2020/110251

4. The system of claim 3, wherein the target radiation information is predicted
based on the first target image of the lesion, the second target image of normal

tissue surrcunding the lesion, and the third target image of the lesion.

5. The system of any one of claims 1-4, wherein one of the plurality of target
location combinations includes a combination of one or more locations where one or

more components of the radiation device operate.

8. The system of claim 5, whereain the one of the plurality of target location

combination includes a gantry angle of a gantry of the radiation device.

7. The system of claim 5, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation

device and a collimator angle of the collimator of the radiation device.

8. The system of claim 5, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device, a collimator angle of the collimator of the radiation device, and a position of a

couch of the radiation davice.

9. The system of any one of claims 1-8, wherein
the collimator includes a plurality of pairs of leaves; and
one of the plurality of target segment shapes of the collimator includes leaf

location of each of the plurality of pairs of leaves.

10. The system of claim 9, wherein the leaf location of one of the plurality of

pairs of leaves includes a location of a center of an opening of the pair of leaves and

a width of the opening of the pairs of leaves.
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11. The system of any one of claims 1-10, wherein the plurality of target location
combinations are within a plurality of discrete candidate location combinations of a

iocation universal set.

12. The system of claim 11, wherein the segment shape estimation model is
obtained by performing a training process inciuding:

obtaining the location universal set including the pluraiity of candidate location
combinations: and

determining the segment shape estimation model by iteratively training a

prefliminary model based on the location universal set.

13. The system of claim 12, wherein obtaining the location universal set
including the plurality of candidate location combinations includes:

obtaining a plurality of candidate gantry angles, a plurality of candidate
coliimator angles, or a plurality of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimator angles, or the plurality of candidate

couch locations.

14. The system of claim 12 or 13, wherein the plurality of target segment shapes
are within a distance universal set including a plurality of discrete candidate leaf

locations.

15. The system of claim 14, wherein the training process includes:
obtaining the distance universal set including the plurality of candidate leaf
locations; and

determining the segment shape estimation model by iteratively training the
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preliminary model based on the distance universal set so that the candidate segment
shape corresponding to each of the plurality of candidate location combinations

output by the segment shape estimation model is within the distance universal set.

16. The system of claim 15, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening

widths.

17. The system of claim 15 or 18, wherein the training process includes:

obtaining training data including a plurality of training sels.

18. The system of claim 17, wherein obtaining the training data includes:
for one of the plurality of training sets,
obtaining a historical treatment plan previously generated based on a
sample lesion;
obtaining a first sample image of the sample lesion corresponding to
the historical treatment plan;
obtaining sample location combinations and corresponding sample
segment shapes in the historical treatmenti plan; and
obtaining the fraining set based on the first sample image, the sample
location combinations, and the sample segment shapes of historical

treatment plan.

19. The system of claim 18, wherein obtaining the training set based on the first
sample image, the sample location combinations, and the sample segment shapes
of the historical treatment plan includes:

obtaining processed sample location combinations that are within the location

universal set, the processed sample location combinations being obtained by
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processing the sample location combinations based on the location universal set;
obtaining processed sample segment shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;
obtaining a sampile set including the processed sample segment shapeas and
ciosed segment shapes, the closed segment shapes corresponding o the candidate
location combinations excluding the processed sample location combinations; and
obtaining the training set by including the first sample image, the processed

sample location combinations, and the sampile set of the historical treatment plan.

20. The system of claim 19, wherein the training process includes:
initializing the preliminary model; and
obtaining the segment shape estimation model by updating the initiglized
preliminary model using an iteration process including a plurality of iterations, at least
one of the plurality of iterations of the iteration process including:
obtaining one of the plurality of training sets;
generating estimated segment shapes corresponding to the plurality of
candidate location combinations by inputting the first sample image of the
fraining set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the plurality of iterations of the
iteration process or a previously updated model! generated in a previous iteration
in the iteration process;
determining a value of a loss function based on the estimated segment
shapes and the sample set in the training set;
determining whether a termination condition is satisfied;
in response to determining that the termination condition is not satisfied,
generating an updated maodel by updating the intermediate model

based on the value of the loss function; and
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initiating a next iteration; and
designating the intermediate model in a last iteration of the plurality of

iterations of the iteration process as the segment shape estimation model.

21. The system of claim 20, wherein the at least one of the plurality of terations
of the iteration process includes:
in response to determining that the termination condition is satisfied, terminating

the iteration process.

22. The system of claim 20 or 21, wherein the value of the loss funclion is
determined based on sparsity of the sample set, the sparsity of the sample set

relating to the closed segment shapes in the sample set.

23. The system of any one of claims 20-22, wherein the termination condifion
relates to at least one of the value of the loss function or a count of iterations of the

fteration process that have been performed.

24. The system of any one of claims 20-23, wherein the training set includes at
least one of a second sample image of normal tissue surrounding the sampie lesion,
a third sample image of the sample lesion, or sample radiation information of the
historical treatment plan, the sample radiation information including at least one of a
sample output dose, a sample dose output rate, a sample dose per puise, or a

sample dose distribution in the sample lesion.

25. The system of claim 24, wherein the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrcunding the sample lesion, and the third sample image of

the sample lesion.
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26. The system of claim 24 or 25, wherein the at least one of the plurality of
terations of the iteration process includes:

generating the estimated segment shapes by inputting at least one of the
sacond sample image, the third sample image, or the sample radiation information of

the training set into the intermediate model.

27. The system of claim 24 or 25, wherein the at least oneg of the plurality of
fterations of the iteration process includes:

determining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the

comparison.

28. A system, comprising:
at least one storage device including a set of instructions,; and
at least one processor configured to communicate with the at least one siorage
device, wherein when executing the set of instructions, the at least one processor is
configured to direct the system to perform operations including:
obtaining a preliminary model;
obtaining training data; and
obtaining a segment shape estimation model by training the preliminary
model based on the training data, the segment shape estimation model being
configured to estimate, based on input data, a plurality of target location
combinations in a target treatment plan for performing radictherapy on a

lesion using a radiation device and a plurality of target segment shapes of a
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collimator of the radiation device, the input data including a first {arget image
of the lesion, each of the plurality of target segment shapes corresponding to
one of the plurality of target location combinations, one of the plurality of
target location combinations indicating a location of the collimator relative to

the lesion.

29. The system of claim 28, wherein the target treatment plan includes a
plurality of control points, each of the plurality of target location combinations or the
plurality of target segment shapes corresponding (o one of the plurality of control

points.

30. The system of claim 28 or 29, wherein the input data includes at least one of
a second target image of normal tissue surrounding the lesion, a third target image
of the lesion, or target radiation information of the target treatment plan, the target
radiation information including at least one of an output dose, a dose outpul rale, a

dose per pulse, or a dose distribution in the lesion.

31. The system of claim 30, wherein the target radiation information is predicted
based on the first target image of the lesion, the second target image of normal

tissue surrcunding the lesion, and the third target image of the lesion.
32. The system of any one of claims 28-31, wherein one of the plurality of target
location combinations includes a combination of one or more locations where one or

more components of the radiation device operate.

33. The system of claim 32, wherein the one of the plurality of target location

combination includes a gantry angle of a gantry of the radiation davice.
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34. The system of claim 32, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation

device and a collimator angle of the collimator of the radiation device.

35. The system of claim 32, wherein the one of the plurality of target location
combination includes a combination of a gantry angle of a gantry of the radiation
device, a colliimator angle of the collimator of the radiation device, and a position of a

couch of the radiation device.

36. The system of any one of claims 28-35, wherein
the collimator includes a plurality of pairs of leaves; and
one of the plurality of target segment shapes of the collimator includes leaf

location of each of the plurality of pairs of leaves.

37. The system of claim 36, wherein the leaf location of one of the plurality of
pairs of leaves includes a location of a center of an opening of the pair of leaves and

a width of the opening of the pairs of leaves.

38. The system of any one of claims 28-37, wherein the plurality of target
location combinations are within a location universal set including a plurality of

discrete candidate location combinations.
39. The system of claim 38, wherein obtaining the preliminary model includes:
obtaining the location universal set including the plurality of candidate location
combinations; and

obtaining the preliminary model based on the location universal set.

40. The system of claim 39, wherein obtaining the location universal set
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including the plurality of candidate ocation combinations includes:

obtaining a plurality of candidate gantry angles, a plurality of candidate
collimator angles, or a pluraiity of candidate couch locations; and

obtaining the location universal set based on the plurality of candidate gantry
angles, the plurality of candidate collimator angles, or the plurality of candidate

couch locations.

41. The system of claim 39 or 40, wherein the plurality of target segment shapes
are within a distance universal set including a plurality of discrete candidate leaf

locations.

42, The system of claim 41, wherein obtaining the preliminary model includes:

obtaining the distance universal set including the plurality of candidate leaf
locations; and

obtaining the preliminary model includes based on the distance universal set so
that the candidate segment shape corresponding to each of the plurality of candidate
location combinations output by the segment shape estimation model is within the

distance universal set.

43. The system of claim 42, wherein the plurality of candidate leaf locations
include a plurality of candidate opening locations and a plurality of candidate opening

widths.

44. The system of claim 42 or 43, wherein obtaining the training data includes:
for one of a plurality of training sets of the training data,
obtaining a historical treatment plan previously generated based on a
sample lesion;

obtaining a first sample image of the sample lesion corresponding to
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the historical treatment plan;

obtaining sample location combinations and corresponding sample
segment shapes in the historical treatment plan; and

obtaining the training set based on the first sample image, the sample
tocation combinations, and the sample segment shapes of historical

freatment plan.

45 The system of claim 44, wherein obtaining the training set based on the first
sample image, the sampile location combinations, and the sample segment shapes
of the historical treatment plan includes:

obtaining processed sample location combinations that are within the location
universal set, the processed sample location combinations being obtained by
proceassing the sampie location combinations based on the location universal set;

obtaining processed sample segment shapes that are within the distance
universal set, the processed sample segment shapes being obtained by processing
the sample segment shapes based on the distance universal set;

obtaining a sampile set including the processed sample segment shapes and
closed segment shapes, the closed segment shapes corresponding to the candidate
location combinations excluding the processed sampie location combinations; and

obtaining the fraining set by including the first sample image, the processed

sampie location combinations, and the sample set of the historical treatment plan.

46, The system of claim 45, wherein obtaining the segment shape estimation
model by training the preliminary model based on the training data includes:

initializing the preliminary model;, and

obtaining the segment shape estimation model by updating the initialized
preliminary model using an iteration process including a plurality of iterations, at least

one of the plurality of iterations of the iteration process including:
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obtaining one of the plurality of training seis;
generating estimated segment shapes corresponding to the plurality of
candidate location combinations by inpuiting the first sample image of the
fraining set into an intermediate model, the intermediate model being the
initialized preliminary model in a first iteration of the plurality of iterations of the
itergtion process or a previously updated model generated in a previous iteration
in the iteration process;
determining a value of a loss function based on the estimated segment
shapes and the sample sat in the training set;
determining whether a termination condition is satisfied;
in response to determining that the termination condition is not satisfied,
generating an updated model by updating the intermediate model
based on the value of the loss function; and
initiating a next iteration; and
designating the intermediate model in a last iteration of the plurality of

terations of the teration process as the segment shape estimation model.

47. The system of claim 46, wherein the at least one of the plurality of terations

of the iteration process includes:

in response to determining that the termination condition is satisfied, terminating

the iteration process.

48. The system of claim 46 or 47, wherein the value of the loss function is

determined based on sparsily of the sample set, the sparsity of the sample set

relating to the closed segment shapes in the sample set.

49. The system of any one of claims 46-48, wherein the termination condition

relates to at least one of the value of the loss function or a count of iterations of the

113



WO 2022/036631 PCT/CN2020/110251

iteration process that have been performed.

50. The system of any one of claims 46-49, wherein the training set includes at
least one of a second sample image of normal tissue surrounding the sample lesion,
a third sample image of the sample lesion, or sample radiation information of the
historical treatment plan, the sample radiation information including at least one of a
sample output dose, a sample dose ocutput rate, a sample dose per pulse, or a

sample dose distribution in the sample lesion.

51. The system of claim 50, wherein the sample radiation information is
predicted based on the first sample image of the sample lesion, the second sample
image of normal tissue surrcunding the sampile lesion, and the third sample image of

the sample lesion.

52. The system of claim 50 or 51, wherein the at least oneg of the plurality of
fterations of the iteration process includes:

generating the estimated segment shapes by inputting at least ong of the
processed location combinations, the second sample image, the third sample image,

or the sample radiation information of the training set into the intermediate model.

53. The system of claim 52, wherein the at least one of the plurality of iterations
of the iteration process includes:

determining estimated radiation information based on the estimated segment
shapes;

comparing the estimated radiation information and the sample radiation
information; and

generating the updated model by updating the intermediate model based on the

comparison.
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54, Amethod implemented on @ machine including one or more processors and
one or more storage devices, comprising:

obtaining input data relating to a target treatment plan for performing
radiotherapy on a lesion using a radiation device, the input data including a first
target image of the lesion;

obtaining a segment shape estimation model, and

gstimating, based on the segment shape estimation model and the input data, a
plurality of target location combinations of the target treatment plan and a plurality of
target segment shapes of a collimator of the radiation device, one of the plurality of
target location combinations indicating a location of the collimator relative to the
lesion, each of the plurality of target segment shapes corresponding to one of the

plurality of target location combinations.

55 A method implemented on a machine including one or more processors and
one or more storage devices, comprising:

obtaining a preliminary model;

obtaining training data; and

ohtaining a segment shape estimation model by training the preliminary model
based on the training datg, the segment shape estimation mode! being configured to
gstimate, based on input data, a plurality of target location combinations in a targst
treatment plan for performing radiotherapy on a lesion using a radiation device and a
plurality of target segment shapes of a collimator of the radiation device, the input
data including a first target image of the lesion, gach of the plurality of target
segment shapes corresponding to one of the plurality of target location
combinations, one of the plurality of target location combinations indicating a location

of the collimator relative to the lesion.
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56, A system, comprising:

an input obtaining module configured to obtain input data relating to a target
freatment plan for performing radiotherapy on a lesion using a radiation device, the
input data including a first target image of the lesion;

a mode! obtaining module configured to obtain a segment shape estimation
model and

a shape estimation model configured {o estimate, based on the segment shape
estimation model and the input data, a plurality of target location combinations of the
target treatment plan and a plurality of target segment shapes of a collimator of the
radiation device, one of the piurality of target location combinations indicating a
tocation of the collimator relative to the lesion, each of the plurality of target segment

shapes corresponding to one of the plurality of target location combinations.

57. A system, comprising a model oblaining module configured {o:

obtain a preliminary model;

obtain training data; and

obtain a segment shape estimation model by training the preliminary model
based on the training data, the segment shape estimation modsl! being configured to
astimate, based on input data, a plurality of target location combinations in a target
treatment plan for performing radiotherapy on a lesion using a radiation device and a
plurality of target segment shapes of a collimator of the radiation device, the input
data including a first target image of the lesion, each of the plurality of targst
segment shapes corresponding {o one of the pluraiity of target location
combinations, one of the plurality of target location combinations indicating a location

of the collimator relative to the lesion.

58. Anon-transitory computer readable medium, comprising at least one set of

instructions, wherein when executed by one or more processors of a computing
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device, the at least one set of instructions causes the computing device o perform a
method, the method comprising:

obtaining input data relating to a target treatment plan for performing
radictherapy on a lesion using a radiation device, the input data including a first
target image of the lesion;

obtaining a segment shape estimation model, and

astimating, based on the segment shape estimation model and the input data, a
plurality of target location combinations of the target treatment plan and a plurality of
target segment shapes of a collimator of the radiation device, one of the plurality of
target location combinations indicating a location of the collimator relative to the
lesion, each of the plurality of target segment shapes corresponding to one of the

plurality of target location combinations.

59. Anon-transitory computer readable medium, comprising at least one set of
instructions for identifying a road feature, wherein when executed by one or more
procassors of a computing device, the at least one set of instructions causes the
computing device to perform a method, the method comprising:

obtaining a preliminary model;

ohtaining training data; and

obtaining a segment shape estimation model by training the preliminary model
based on the training data, the segment shape estimation model being configured o
estimate, based on input data, a plurality of target location combinations in a target
treatment plan for performing radiotherapy on a lesion using a radiation device and a
plurality of target segment shapes of a collimator of the radiation device, the input
data including a first target image of the lesion, each of the plurality of target
segment shapes corresponding 1o one of the plurality of target location
combinations, one of the plurality of target location combinations indicating a location

of the collimator relative to the lesion.

117



PCT/CN2020/110251

Sheet 1 of 11

WO 2022/036631

% % .
# b2 \.\\\ o4 o o od et
a % I %
’ 2
~ -
VA &3 o S et et oot e, t
e A 1 3
w i %
e 7 P
% 17 2 2
@ “i i ;
= > =
“, z 3
e, 4 2
e ' \MA. L
@u\lf‘v S
s, “
g,
2 ».
H
& 3
¢ s
i~ e :
H s .\\ s
koo H
P :
el %
A.o.‘”\ o, 3
i, :
LR M
v >
3 3
o / 3 o, :
7 S ., 1 w .}93“
7 % : ol X m. s
€ 7 4 ._ Lsssessivsiessind™ g! O S T \&wva.. b
i o > 3 %, ~ 4 4
L= < % Pt <= p A
- 4 4 ] N Jrreeocooecesreeecdy = % /«\\\\\\\\\\\\\\\\\\»%
gl - R L et : ; %
¢ o, \\\\\\\\\\\\\\\§\\\\\\\\ w\ a \\
3
£ 7 zZ &
\\,\ % ¢
4 £
apeee %, } P

e

">
&
o

e
e
B e

imaging Device
Storage
Device

e

R A
R Nnaay

e
\"""N«\‘\“\‘\. " B

{

FIG. 1



WO 2022/036631 PCT/CN2020/110251

Sheet 2 of 11

(Y

210 220
A A4

Processor Storage

230 240
A4 [

Communication
Port

e

FiG. 2



WO 2022/036631 PCT/CN2020/110251

Sheet 3 of 11

&3
&
o3

4 N,sm I

Display
/\/320 /\/35()
Communication 370
Platform oS /\/
330
'/\/ 380
i App(s) v
/\/ 340 Memory
CPU
) 350 390
O Storage

FIG. 3



WO 2022/036631 PCT/CN2020/110251

Sheet 4 of 11

FIG. 4

oo
JEN
&

mﬁl
:
[]
]
[]
]
&
)]
)
o

FIG. 8



00000000000000000000000000000

Sheet 5 of 11

///////////////////&'//,////////////////
///////////// ////////

= & =z Z2 Z2 Z =
-~ o] (5] N w %) =y




WO 2022/036631 PCT/CN2020/110251

Sheet 6 of 11

Constructing a preliminary model - 710

Obtaining training data based on the preliminary model ~~ 120

Determining a segment shape estimation model by fraining the L. 730
preliminary model based on the training data

FIG. 7



WO 2022/036631 PCT/CN2020/110251

Sheet 7 of 11

860
Obtaining a historical treatment plan that has been determined for
) : L. 810
a sample lesion or has been performed on the sample lesion to
treat the sample lesion
¥
Obtaining a first sample image of the sample lesion ... 820
corresponding to the historical treatment plan
¥
Obtaining a sampie location combination and a sample segment 830
shape corrasponding to each of a plurality of sample control ~
points in the historical treatment plan
¥
Obtaining a training set based on the first sample image, the 840

sample location combinations, and the sample segment shapes of
historical treatment plan

FIG. 8



WO 2022/036631 PCT/CN2020/110251

Sheet 8 of 11

©w
o3
o)

Obtaining processed sample location combinations that are within

the location universal set, the processed sample location e 910

combinations being oblained by processing the sample location
combinations based on the location universal set

g

Obtaining processed sample segment shapes that are within the

distance universal set, the processed sample segment shapes ..~ 920

being obtained by processing the sample segment shapes based
on the distance universal set

&

Obtaining a sample set including the processed sample segment

shapes and closed segment shapes, the closed segment shapes L.~ S30

corresponding o the candidate location combinations excluding
the processed sample location combinations

4

Obtaining the training set by including the processed sample
location combinations and the sample set of the historical
freatment plan

o 940

FIG. 9



WO 2022/036631 PCT/CN2020/110251

Sheet 9 of 11

1000
Initializing the preliminary model s 1010
k4
Obtaining one of the plurality of training sets ... 1020

4

Generating estimated segment shapes corresponding to the
plurality of candidate location combinations by inputting the first  p~’ 1030

¥

sample of the training set into an intermediate modal

Determining a value of a loss function based on the estimated

segment shapes and the sample set in the training set ~ 1040

is a termination condition
satisfied?

- 1060

Generating an updated model by updating the intermediate model

basad on the value of the loss function

Designating the intermediate model in the current iteration as a
segment shape estimation model

")

.~ 1070

FiG. 10



WO 2022/036631

Sheet 10 of 11

PCT/CN2020/110251

1110
S

input Obtaining Module

1120
%

Mode! Obtaining Module

Nﬂ?;()

Shape Estimation Module

FiG. 11



WO 2022/036631 PCT/CN2020/110251

Sheet 11 of 11

1200
Obtaining input data relating to a target treatment plan for s 1210
performing radiotherapy on a lesion using a radiation device
¥
s 1220

Obtaining a segment shape estimation model

¥

Estimating, based on the segment shape estimation model and

the input data, a plurality of target location combinations of the

target treatment plan and a plurality of target segment shapes ofa |~ 1230

coliimator of the radiation device, sach of the plurality of target

segment shapes corresponding to one of the plurality of target
location combinations

FIG. 12



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2020/110251

A.

CLASSIFICATION OF SUBJECT MATTER

AG61IN 5/10(2006.01)i; GO6N 3/08(2006.01)i; GO6N 3/02(2006.01)i

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

B.

FIELDS SEARCHED

A61N 5/-; GO6N 3/-

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,.CNKLWPLEPODOC:model, radiation, position, collimat+, treatment, united w imaging, plan, MLC, train

+, therapy
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2019192880 Al (ELEKTA, INC.) 27 June 2019 (2019-06-27) 1-59
description, paragraphs [0002],[0039],[0047],[0050]-[0053],[0056],[0060],[0073],[0079],
[0118], figures 1-2,5-7,9-12
A CN 107072624 A (ELEKTA AB. et al.) 18 August 2017 (2017-08-18) 1-59
the whole document
A CN 108771795 A (SHANGHAI UNITED IMAGING HEALTHCARE CO., LTD.) 09 1-59
November 2018 (2018-11-09)
the whole document
A CN 107731298 A (BEIJING QUANYU MEDICAL TECH. CO., LTD.) 23 February 2018 1-59
(2018-02-23)
the whole document
A CN 104548372 A (SHANGHAI UNITED IMAGING HEALTHCARE CO., LTD.) 29 April 1-59
2015 (2015-04-29)
the whole document
A CN 107224678 A (SHANGHAI UNITED IMAGING HEALTHCARE CO., LTD.) 03 October 1-59
2017 (2017-10-03)
the whole document

Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

> document published prior to the international filing date but later than
the priority date claimed

wr

D&

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

> document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

100088
China

Facsimile No. (86-10)62019451

31 March 2021 27 April 2021
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Ji Bridge, Haidian District, Beiji .
, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing CHEN, Fei

Telephone No. 86-(10)-53962394

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2020/110251
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2012014507 A1 (DUKE UNIVERSITY) 19 January 2012 (2012-01-19) 1-59
the whole document

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2020/110251

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

uUs 2019192880 Al 27 June 2019 AU 2017324627 Al 02 May 2019
JP 6688536 B2 28 April 2020
EP 3509697 Al 17 July 2019
AU 2017324627 B2 05 December 2019
Jp 2019526380 A 19 September 2019
WO 2018048575 Al 15 March 2018
RU 2719028 C1 16 April 2020
CN 109843377 A 04 June 2019

CN 107072624 A 18 August 2017 RU 2017101161 A 18 July 2018
us 2015367145 Al 24 December 2015
RU 2684173 C2 04 April 2019
us 2018311510 Al 01 November 2018
AU 2015275750 B2 11 April 2019
us 10046177 B2 14 August 2018
uUsS 10765888 B2 08 September 2020
EP 3157627 Al 26 April 2017
AU 2015275750 Al 01 December 2016
CN 107072624 B 06 November 2020
WO 2015193776 Al 23 December 2015
RU 2017101161 A3 18 July 2018
JP 6620116 B2 11 December 2019
Jp 2017522097 A 10 August 2017

CN 108771795 A 09 November 2018 None

CN 107731298 A 23 February 2018 None

CN 104548372 A 29 April 2015 CN 104548372 B 22 December 2017

CN 107224678 A 03 October 2017 CN 107224678 B 10 April 2020

us 2012014507 Al 19 January 2012 uUsS 8976929 B2 10 March 2015

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - wo-search-report
	Page 131 - wo-search-report
	Page 132 - wo-search-report

