SYSTEM AND METHOD OF COVPUTER- Al DED DETECTI ON Fi el d of Invention [0001] The
invention relates generally to the field of conputer-aided detection
("CAD') amo 2aoval2g®s of abnornmalities. In particul ar, tRreTianzeostaoooer el at es
to automatic detection of abnormalities in and anal ysis of nedical inmages
and aut omat ed assessnent thereof. Background of Invention [0002] Wth the
enphasis on early detection of cancer, nore and nore people are taking part
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sonographic images corresponding to a set of pre-defined characteristics and their
description (“Stavros characteristics”).  Such local characteristics may include local
spiculation, local branch pattern, local duct extension and local micro-lobulation, among

others.

[0003] In general, successful early detection of abnormalities and diagnosis of cancer
requires a radiologist to successfully and correctly identify and evaluate characteristics of
masses seen in individual medical images in order to distinguish benign from malignant
solid nodules. Medical images are not limited to those obtained from mammography or
ultrasound screenings, namely X-ray images (or digitized X-ray images) or sonographic
images, but may include medical images obtained from any suitable medical scanning
device utilizing any underlying image acquisition technology. Some examples of such
medical images include sonographic images, Doppler images, spectral Doppler images, X-
ray images, computed tomography (CT) images, positron emission tomography (PET)

images, PET-CT images and magnetic resonance imaging (MRI) images.

[0004] The experience and expertise of an examining radiologist plays an important role

in correctly identifying the characteristics so that a well-informed diagnosis may be



in correctly identifying the characteristics so that a well-infornmed

di agnosi s nmay beestablished. Conputer-ai ded detection has becone an

I ncr easi ngoyo@sesei al probl ensol ving tool in detectingpramaAd@goe®sng
cancer and ot her diseases. Mdern technol ogy has been advancing in many
different ways to aid a radiologist,to automatically identify and evaluate
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Further, even if successful detection of all relevant characteristics in a medical image were

possible, automated diagnosis may not always provide a correct diagnosis due to, for

20 example, inadequacy or lack of sophistication of models underlying a diagnosis engine.

[0006] The foregoing creates challenges and constraints for all CAD systems for
extracting, 1.e., identifying characteristics and medical features in medical images and
suggesting diagnosis based on characteristics automatically detected in the medical image.
There 1s therefore a need for a CAD system and method as compared to the existing art. It
25 is an object of the present invention to mitigate or obviate at least one of the above

mentioned disadvantages.

Summary of Invention

[0007] The invention relates to computer-aided automatic detection and identification of
abnormalities in and analysis of medical images. Computer assisted assessment of detected
30  abnormalities is also provided. Features within a medical image relevant to diagnosing

diseases are identified and presented to a user for review. Advantageously, the medical



di seases are identified and presented to a user for review Advantageously,
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20  identified features and the computed diagnosis.

[0009] In one feature of this aspect of the invention, the plurality of rules are calibrated
from a pool of diagnosed medical images. In another feature of this aspect of the invention,
the system includes a lesion locator for analyzing the medical image and identifying a
suspect lesion within the medical image. In yet another feature, the image processor
25  segments the medical image, identifies a plurality of segmentation candidates of the medical
image for user selection, and receives an indication from a user to process one of the -

segmentation candidates as a segmented image.

[0010] Optionally, a user is able to reject any of the displayed segmentation candidates
and review the complete set of intermediate segmentation results leading to the displayed
30 candidates with the objective of selecting another candidate. The user can also refine a

selected candidate by modifying segmentation results, for example, by editing existing



sel ected candi date by nodifying segnentation results, for exanple, by
editing existingcontrol points or defining additional control points on a
segnent atworroa2Bione, thereby obtain a nodified segnment acraa2oesidoogoe.

[0011] In a second aspect of the invention, there is provided a systemfor
providing interactive conputer-aided4detection of abnormalities captured in
a nedi cal inmage. The systemincludes 'a display for presenting the nedical

i mge; input devices for receiving user input; an analytic engine for
identifying i mage characteristics fromthe nedical inmage and providing an
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di agnosi s for user validation fromthe nodified set of identified features.

[ 0013]validatiome feature of this aspect of the invention, the systemis
configured for processing nedical inmages obtained frommultiple nodalities.
These [8012]i pl & apokhki tspest bficheu devention, ethere isvgrovtied anogteap Hivic provities

pl er imges, .spectral | er. i mages -ray. i s, CT immges, PET
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conmput er - ai ded detection of abnormalities captured i'n a nedical image. The
an image acquisition module for acquiring the plurality of medical images, an image
processor for processing each of the plurality of medical images and identifying an initial
set of features within the each medical image relevant to diagnosing the abnormalities, a
20  decision engine for computing an initial diagnosis from the plurality of the initial sets of
identified features, and an annotation and modification tool for a user to modify the initial
set of identified features to obtain a modified set of identified features. The decision engine

re-computes a computed diagnosis for user validation from the modified set of identified

features.

25 [0013] In one feature of this aspect of the invention, the system is configured for
processing medical images obtained from multiple modalities. These multiple modalities
include at least two of sonographic images, Doppler images, spectral Doppler images, X-ray

images, CT images, PET images, PET-CT images and MRI images.

[0014] In yet another aspect of the invention, there is provided a method of providing
30  interactive computer-aided detection of abnormalities captured in a medical image. The

method includes the steps of obtaining a digitized medical image; processing the digitized



met hod includes the steps of obtaining a digitized nedical imge;
processing the digitizednedical inmage to identify an initial set of inmage
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user review, receiving a nodified séet of inage features nodified by the
user fromthe initial set of identified imge features; conputing a

di agnosis fromthe nodified set for user validation; and producing a

di agnastdical epagetougrntify ae wiitjalisgt of nake Batuses withigribe digitized medivel image, [ 0015]
In yet, anot.her_.a ct..of .the invention. there is.prow de nmet hed_ of
acqu P i ten 2R At S vt Y S BRI, (e
conputchhradfetiiitsd giredlingnthey Hitgdh fed Vo gleatifiedliigake | foRgies Ofod Q)set eviow;
generating a nedical imge and an anal ytic_engine for processing the

nedi cdpcaiviag e moHidiedetehod image fertures Hrodifiedh by dhe Asgufromnpeaingial sat pfy of

medi ¢ i i : i i i i i . | yzing
cagn Qe R GRand b ded Bbhllink 7 AalE AUREUE o  FRILATO Bl 0O X

adj ustand gpredigingsd diagrossaggbrt upoisretdviaptaiatidaad daghesd frommeuder.om t he
plurality of medical imges. [0016] In other aspects the invention provides
vari oysorsjnbi Hﬁgt(hﬂ&h%ﬂﬁk[pébtmh§ in9enddie tIREPRGrevides & mdasd b iridg 4 ef
Description of awi ngs [0017] For the purposes of description, but not of
|i mi t Jeediepl 1MRge pided Joi heompeenhided detspieqn systm,tthe cpmpuisiridad detecesipl ai ned
in gr - 3] L4 : L Ng - i i i ch:
[o0TeTRen PR b it i EhE MGick dol BEnGERRTE AR HEMCE ablill] T
anoenteadineefor ppdcesting phe sedical nmegd, i the éjme{tﬂ@cﬁ Yclkdeg the sfﬂepis |dfua]§:t1ﬁiaingsa
schematical |y fupctional conponents and architecture of a software system
for cditrb cryfﬁaec{fwé I@aﬁssfm”g RRUGTS WRINE thermgdiedl imagmgpisyire mnglyzidg e3gh shows
an ex r : Dy : in

B g o e B B A dat o
and defondiioas teeglitan aofoptimabmesge droni R plyrafityroffroedidaéimagesdy; [ 0021] Fi gures
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study;[0022$ Fi. ur% 4A shows an exenpl ary screen display presented to a
uder ~ APPERY %ﬁ%&%ﬁi@VaFigure 1, fromwhich the user may sel ect one of
several segnentation candidates for further processing and study;

Brief Description of Drawings

[0017]  For the purposes of description, but not of limitation, the foregoing and other
aspects of the invention are explained in greater detail with reference to the accompanying

drawings, in which:

20 [0018] Figure 1 is a schematic diagram showing a CAD system that implements an

embodiment of the present invention;

[0019] Figure 2 illustrates schematically functional components and architecture of a

software system for controlling the CAD system shown in Figure 1;

[0020]  Figures 3A shows an exemplary screen display presented to a user by the system
25  shown in Figure 1, from which the user can select an initial segmentation candidate and

define a region of interests (“ROI”) for further study;

[0021] Figures 3B shows another exemplary screen display for a user to enter

identification parameters to define a region of interests for further study;



[0023] Figure 4B illustrates schematically a segnmentation candi date of
Figure 4A showing only its segnentation boundary outline and its control
poi nts; [WO024j¢/B8mare 5 shows a suspect |esion being taggeadazsocaooyppe DCl S
| esion in an exenplary screen di splay generated by the system shown in
Figure 1; [0025] Figure 6 shows an exgnplary screen display presented to a
user of the systemshown in Figure 1, that displays initial results for
further evaluation by the user, the display being the result of processing
of the se%rrent ation candi date sel ected b%listhe user from one, of t
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Fi goir eSheingsalisits segmegiagon sewgrnoytling prd itherpto! PIRSa single lesion in a
| oop; [0029] Figure 10 shows steps of another process nodified fromthat
shown i[#024] gur BguBASath@ws B fseipestetpsiont being regaer pasea |trs B Splesiopnagad  or

Sever alexlergsfgpynsscrge Ié%lé{/géﬂgllﬁlé U e%le 8%&?1%%110\5}1 ?Igﬁl‘%ﬁreﬁA to HD are sone

exenpl ary r’een e Sys as d user follows the

st eps in_Figure 10; [0031]. Figure 12 shows schemati cal a _CAD system
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results shown in Figure 6;

15 [0027] Figures 8A and 8B show steps of a workflow implemented by the software
system shown in Figure 2, wherein Figure 8A shows the first half of the workflow and
Figure 8B shows the second half;

[0028] Figure 9 shows a process modified from that shown in Figures 8A and 8B for

processing multiple images for a single lesion in a loop;

20  [0029] Figure 10 shows steps of another process modified from that shown in Figures
8A and 8B for segmenting multiple lesions per image, or several lesions on multiple

images;
[0030] Figures 11A to 11D are some exemplary screen displays produced by the system

as a user follows the steps shown in Figure 10;

25  [0031] Figure 12 shows schematically a CAD system implemented differently from that

shown in Figure 1;

[0032] Figure 13A and 13B show an exemplary screen display that a user of the system
shown in Figure 12 may use to enter location and orientation information of a probe or

transducer and a report incorporating such location and orientation information; and



the principles of the present invention. These exanples are provided for

t he purposes of explanation, and not limtation, of those principles and of
t he i nvenwoanos/i2gsoche descri pti on which follows, |ike pactraazne/ooegked

t hroughout the specification and the drawings with the sane respective
reference nunerals. [0035] Figure 17hows a CAD system 100 that is
controlled by a software system for automatically anal yzi ng nedi cal i mges,
detecting, identifying and classifying physical, textural and norphol ogical
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therefrom The user be a technician, a radiologist, or a physician. The
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or prexalanasipy, andqiet digtitatin of HesreprincaieILPlsthe inyienpios; s [teths desqription
col l ecti ] . . | i is.
Foozef o Ko e afis BRTARA GG LENEGARHIOR At SRl AR 2. ot e
102. Jdnee iespgeivacafercacd numersigbsyst em 102 can acquire nedical inmages in
real -time when connected to one or nultiple nedical inmage scanning devices.
The Cfdassyst aVildRss 4 CAIRRRNté@h 1@0NtHAt is-oaadalldd by plsaftivareystdhi 6t
nodal ity 1s selected depends on the inmage type., For exanple, the system may
be i npitemeticaly enalyzing impadical imagesu getseting,| idenidfyingdandnalgesifying physiGahmges, or
CT, PET El- I , LB S i f sl L
rodal 1 e PG EREL oMEhobARRESor, Bhel TRAGRS OMUBER AT LY ol so
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i mag dalities.[0037] | i npl enentation, the | j.Siti
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subsy 8¢ &fHons 28 ; _ _
mpgli Ca!ate%t@m@amfeg QR @b Edls dotpued thelef®m. AThAAE&dnay BE a TBGintc#n, SCaNNI ng
devi ce 104 can be an ul trasound machi ne that includes ‘an ultrasonic source

and arddielngidiyoer physicraanStheases may hisorhedirceperatonnhthedC Al \systemnilp, &rso be
?;: ;ﬁ% iegagrslﬁg,’ a staft Snilesr;[lti)err],gwl?cf) re%givé(g instructions Fonta eracﬁ&oé(fs{ &Pa f)lwn%%?arrf fr(-)rrplea medi cal
remote location. The CAD system 100 may be used by a user to acquire medical images
from a medical scanning device and analyze the images in real-time. The user may also
20 load a previously acquired medical image from a database for further analysts.
Alternatively, a user, such as a radiologist or physician, may share an image, whether

acquired in real-time or previously acquired, with other radiologists or physicians to

collectively evaluate and analyze the image and establish a diagnosis.

[0036] The CAD system shown in Figure 1 has an image acquisition subsystem 102.
25 The image acquisition subsystem 102 can acquire medical images in real-time when
connected to one or multiple medical image scanning devices. The CAD system provides
in general a multi-modality platform. Which modality is selected depends on the image
type. For example, the system may be implemented or configured to support ultrasound
images, X-ray images, or CT, PET, PET-CT, Nuclear, MRI images, or images from other
30 imaging modalities that is connected to the CAD system. The system itself may also be

included in a console or workstation for review of some or all medical imaging modalities.



device may al so be a CT, PET, Nuclear or MRl scanner. Any suitabl e inmaging
device for acquiring nedical inmges of a patient's tissue, bones or organs
may be usw0.2060Q8Bp The i mage acqui sition subsystem 102 pomycAzbemobwad
previously acquired images for further study or for sharing w th other
users, such as radiologists, technig an or physicians. For exanple, the

i mage acqui sition subsystem 102 may i nclude a digitizer 106 for digitizing
a previously acquired inage that is recorded on a film Alternatively, the
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A filmbased printer may be used to transfer the nedical inmages, either the
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net WodedikdtintdR thehSudePaRd iPEHabIe & PWRlsntidg BhpRtaltdAg tbALARRtents. The
user interface 112 also includes input devices 116 for the user to interact with the system

20  and to identify to the system particular regions of interest in the displayed medical image.
The input device 116 may include a keyboard, for example, for the user to enter any textual

input. A voice recognition module may be provided for voice-to-text transcription. It may

also include a mouse or some other pointing device for the user to identify a particular pixel

or region of the medical image to the system. Display 114 and input device 116 may be

25  physically combined into a single piece of hardware unit, such as a touch screen that is

capable of both displaying graphic and textual output and receiving user input.

[0040] The system 100 also provides a number of output peripherals 118. A user may
use the output peripherals 118 to reproduce or record results of an analysis session or other
output of the system. For example, the output peripherals may include a printer 120. The
30  printer may be, for example, film based or paper based. A film-based printer may be used

to transfer the medical images, either the original image or the processed image to a film for



This allows a physician to renotely review i mages obtai ned by an operator
froma patient and nmake any nodification in real-tinme to results

aut omat i cabl2gogpnesdaced by the system 100. I n addition, Poe/c20@0006

peri pherals 118 nmay include DI COW conpliant devices 126 for transferring or
storing processed results, nanely cogposi te i mges generated by the system
together with associ ated reports. [0041] The system 100 has a data

war ehouse 128. The data warehouse may include its own nodul es for
retrieving and nmanagi ng_data, or may sinply_ provide storage space for
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images such as JPEG, BITMAP etc. may also be processed. Annotations, comments,

results of image processing all can be archived as part of a DICOM-compliant file. Audit
20  information, such as user ID, date or time stamp of processed images, and user addition or
modification of detected features all can be recorded for each archived instance of a

processed image, as well.

[0042] The system 100 shown in Figure 1 is controlled by a sofiware system 130.
Referring to Figure 2, software system 130 coordinates and controls the flow of data and the
25  processes implemented by the CAD system 100. The sofiware system 130 has a number of
components. These software components do not have to reside in a single computer
hardware unit. They may be dedicated software systems stored at different locations and
executing on different processors of the hardware units, or even as independent modules
executing on different computers. The soﬁware components can also be provided by
30  different manufacturers. For example, a medical scanning device manufacturer may
provide its own software component for image processing or feature extraction. These

software components can be combined together to provide the functionality of system 100



readabl e nmedium such as a hard di sk, and executing on one processor. As
w Il be appreciated, the CAD system provides in general a nmulti-nodality
pl at f or mwohes/1r8302be achi eved, for exanple, by providi RGTAA2006/000906
nodal i ty-specific conponent in each conponent of the software system 130,
where required, to inplenment the supporigd nodalities. [0043] The software
system 130 has an anal ytical engine 132 for anal ysing nedical imges and
deriving a diagnosis for user review and validation. For exanple, in one

i npl ement atj on, the analytical engine 132 processes i es. obt ai ned by the
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flow between and processes of various component modules of software system 130.

Software system 130 has individual modules for interacting, directing and monitoring

20  corresponding hardware units or subsystems. Its image loader 204 interacts with and directs

the operation of image acquisition subsystem 102 of the CAD system 100. Conceptually

part of the analytical engine 132, an image display and manipulation module 206 is

provided for a user to adjust and manipulate the display of images. Also provided as part of

the analytical engine 132 are an image processing module 208, a decision module 210, and

25 an annotation and modification module 212. A report module 214 is provided for

producing reports and generating output.

[0045]  When a medical image is required for processing or viewing, the image loader
204 directs the image acquisition subsystem 102 to load, i.e., to retrieve or obtain the
medical image. Once the medical image is retrieved or obtained, the image display and
30  manipulation module 206 sends the image to the display 114 for displaying the image to a

user. The user can use the input devices 116 to further manipulate or adjust the display of



[ 0046] The i nmage processing nodul e 208 or inmage processor is responsible
for pattern recognition and feature extraction and perforns various

conput er iwedoéamag®2pr ocessi ng and pattern recognition operatA20082009Dhe | mage
processi ng nodul e 208 conputes, i.e., extracts and identifies physical,
texture, norphological as well as nodal ify-specific characteristics
associated with a mass defined by the boundary of an abnormal region, such
as a lesion or a nodule, that has been identified in a segnentation
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though it will be appreciated that other nodul es may be included for other

i mge protaskesng Geetsh sebof gyre-taknedrehpsagierssties snd dexsonlie timoslevelopttbhm t o
have a seqiRpLAt b%ﬁeé]éo gf'kgdl%i]o%y (ACR) for use with Breast Imaging Reporting and Data
20  systems (BI-RADS®). For different applications, different pre-defined sets and standards
may be used. For example, as part of a standard, BI-RADS lexicon is primarily used for
radiology, while the Bethesda System for Reporting Cervical Cytologic Diagnoses is
primarily used for cytology. It will be understood that while the examples provided herein
relate to diagnosing cancer, they are for illustration only and the system and the process and
25  method described herein are applicable to diagnosing diseases in general, and not restricted

to diagnosing cancer.

[0047] The required image processing operations may include segmentation (i.e.,
selecting and delineating a region of an image for further study and processing), pattern
recognition (i.e., analyzing and classifying patterns in an image) and feature extraction (i.e.,
30  analyzing and identifying features or characteristics that may be relevant to diagnosing

abnormal or normal conditions in the tissues represented by the image). Figure 2 shows



The segnentation nodul e 216 anal yzes a region of interest ("RO")
identified by a user and delineates the boundary of an abnormal region such
as a.noduwve st he RO. The RO may be identified nmeowalA2gocpomesuser ,
or automatically by the system and suggested to a user. In one

i npl enentation, the user selects and |de%t|f|es the RO to the system by
first selecting a segnentation "seed poifit", i.e., a point in the
interested region. Figure 3A shows an exenplary screen display fromwhich a
user may select an RO. Typically, the seed point 302 is selected at a
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refined, where the lesion appears to be an elongated mass, by providing an orientation of an
20  axis generally aligned with the elongated mass and an aspect ratio. Figure 3B shows a
location identification window 306 for a user to enter lesion identification parameters 308,
which may include, for example, any one of a lesion identification number 310, a lesion size
parameter 312, lesion coordinates 314, a lesion feature indicator 316, a lesion depth
indicator 318, among others, and a combination thereof Here, the lesion identification
25  number 310 refers to an identification number, for example, a first lesion, a second lesion, a
third lesion, and so on, among several lesions identified in the image. The lesion size
parameter 312 provides an estimate of the lesion size, for example, 1 cm. The location of
the lesion may be defined using a suitable coordinate system through lesion coordinates
314, such as depth from skin, distance from nipple and azimuth angle from a vertical
30  direction. The lesion feature indicator 316 refers to a feature type, for example, features

related to mass, shape, orientation, calcification of a suspect lesion, among others. The
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20 data.

[0051] Each algorithm can produce several segmentation candidates, i.e., segmentation
outlines that may correctly delineate the suspect lesion. Based on certain pre-established
criteria, the system can present one as the best candidate and the rest as second-best
candidates. The segmentation module 216 may present only the best candidate produced by
25  the most suitable algorithm. Preferably, the segmentation module 216 presents the best
candidate along with several second-best candidates for user selection. Where several
algorithms are available, candidates identified by other algorithms may also be presented for

user selection.

[0052] In one implementation, the segmentation module 216 presents for user selection
30 6 segmentation candidates in a temporary window, as shown in Figure 4A. Each candidate

image 402 is a composite image with the original image superimposed thereon a possible
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20  user to confirm. Once the system receives a selection from the user, the system starts its

computerized pattern recognition and feature extraction process.

[0054] The image processing module 208 shown in Figure 2 has a pattern recognition
module 218. Pattern recognition module 218 analyzes an image, in particular an ROI
delineated by the segmentation module 216, to identify and index morphological and
25  texture patterns or features in the image. Pixels both inside and outside the segmentation
outline are scanned to identify patterns or local features of a suspect lesion and modality-
specific features such as sonographic characteristics. Local characteristics such as local
spiculation, local branch pattern, local duct extension and local micro-lobulation, may be
identified. The segmentation outline itself also can be analyzed to identify features of the
30  suspect lesion that may be relevant to the diagnosis. Patterns, local features, modality-
specific characteristics, features identified from the segmentation outline, among other

features, are compared with descriptions of a set of pre-defined features, such as
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set of pre-defined characteristics and the characteristics’ description, for example, the ACR-

20  BIRADS lexicon, to make automated feature identification and extraction. The feature
extraction module 220 uses detection performance thresholds to determine if any feature
can be identified from the indexed local characteristics recognized by the pattern
recognition module 218. The indexed characteristics are each assigned a probability based
on a goodness-of-fit indicator against the description of the matched feature, to provide a

25  statistical measure of the likelihood of their presence in the image. A characteristic is
considered to exist in the image or is detected when the probability is above that threshold.
Conveniently, all characteristics may be assigned the same threshold. Preferably, these
thresholds may be based on Stavros’ performance thresholds obtained from calibrating a set
of diagnosed images. Such thresholds then depend on each characteristics and are

30  determined from the results of calibrating the set of already diagnosed images.
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20  [0058] Different modules may be provided for providing different diagnosing functions.
Assessments obtained by applying different models may not necessarily be the same.
Results from different models are combined, preferably with appropriate weights, to arrive
at a computed diagnosis. The decision module 210 in Figure 2 is shown to have an Al rule
module 222 and an assessment module 224, though it will be understood that the modular

25  design of the software system 130 allows the substitution or addition of diagnosis modules

where desirable.

[0059] The Al rule module 222 makes use of knowledge gained in the past, such as
from diagnosis of a pool of image data, the corresponding biopsy results and collective
knowledge of radiologists and physicians. In one implementation, the knowledge is
30 summarized as a set of artificial intelligence (AI) rules. From the set of Al rules, the
findings made from pattern recognition and feature extraction can be mapped to an

automated assessment. As will be described in detail later, not all features detected may be



assessnent based on the set of features detected and their relative

i nportance to a particular diagnosis. [0060] The foll ow ng exanple outlines
t he st epswofo@nessmwet hod of producing a set of Al rul es, PCvaArd®/0e®e, tO
build a statistical nodel. A pool of diagnosed i nages, together with their
correspondi ng biopsy results, is first_z | ected. Characteristics identified
fromthese imges as well as the known di agnosed results are conpiled. From
these data, a statistical nodel based on nutivariate adaptive regression
splines (MARS) technol ogy can be built, which has the general form
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20  [o0061] Once such a model is built, it can be incorporated into the Al rule module 222
for computing a diagnosis, namely an overall likelihood that a lesion may be benign or
malignant, based on the set of characteristics identified in the diagnosed images. It will be
appreciated that the computation of an assessment is not limited to using a statistical model.
The assessment may also be computed using a super vector machine (SVM) method or may

25  be generated using an Al engine that employs a more complicated approach such as a neural
network method. The modality of the system permits the incorporation and integration of
different assessment engines into the system and the combination of the outputs of these

different assessment engines where desirable.

[0062] Although an assessment may be provided in any manner, in general, the
30 assessment module 224 provides a user with an assessment conforming with a common

standard, such as providing a diagnosis as a BI-RADS assessment. A single assessment
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di splay val ues of confidence |evel conputed for different types on sliding
rul ers 510intermefiaty, eapessibiebenigi’ dehdBalighasl” associ ated with | esion types.
For exanple, Figure 5 shows graphically values of confidence |evel for

t ypes 1FA, [0063]1 D, After 2 digandsdy isvgontputedgthediecigion mojule 239 imay dspaliag spelgsiony
provi des feedback.tqg the user, as. t | i K t f. EQR.

A though Ergdhees & MssSsH § b AsbS p s FetbiSps: iR oY),

possi bl e fhakiveavemblaréineas phr \BCIS@nyneeIfincaife dett €D)eurinoass doital ed
therewith falling within the confidence range. The system may, then [eqﬁtiricre
a user to cawinoma g-3itnse(DGIR).candrinyagise dohulare(thy cArcinama, 5 Graeidtly.c 8 efugetce

LYl ) R e, ARPLAEE TG, B O b 1R
syst enrs maywahlessf @ufidemiei lewd|fyll¢ agthihe defisednonfolebee cingehthe lesigreis t_[agg:ﬁS}s To
ol ermont SUICAT0 AFORS: T RIOBU FIPAR OISR 258 & Ao Wensth
that a user mayadd annotations to an image or nodify annotations, alread
entered. HBPEI anReferringie ligHeSap I°9ntfcé\‘eégg4’t58‘3}b§%%%‘i‘(§’(‘{]’éﬁe ‘F“‘F"é‘jpgr?éeao‘?‘ya
medi cal i nRge L e ifiSrfAle, HMBHACE G5éStd §& Plonfidence range defined by an upper
threshold 506 and a lower threshold 508. Figure 5 also can optionally display values of
20 confidence level computed for different types on sliding rulers 510, to indicate the
confidence level associated with lesion types. For example, Figure 5 shows graphically
values of confidence level for types FA, II, ID, IL together with tagged type DCIS. This
advantageously provides feedback to the user as to a likely type of the suspect lesion.
Although Figure 5 shows only one type being associated with a lesion, it is possible that
25  several types have the values of confidence level associated therewith falling within the
confidence range. The system may then require a user to select a type, which may be a type
with its value of confidence level falling within the defined range, or may be one outside the

range. Alternatively, if a type has the largest value of confidence level, the system may also

automatically tag the lesion to be of that type.

30 [0065] To supplement the automated detection of characteristics, an annotation tool,

implemented as an annotation and modification module 212 is provided so that a user may



the regions or patterns in or adjacent a region with features selected from
a pre-defined set of features, such as that defined by Bl-RADS. Wth the
aid of anwotada/assoand nodification nodul e 212, a user caoTalAR06a00006eat ur es
that are not identified by the software system 130 or renove fal se
positives, i.e., features automatically detected by the systembut are
considered fal se detection. A user can also assign a different probability
to a feature or nodify a probability assigned by the system

Advant ageously, as the list of features and their respective_probabilities
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B RADS.  FRBSPRTE rise {Pieap. 6 g0 ity ol B eaiegend RreBPiN T e eatuddpry
114. 1t mayodhse pasbabRAE asd@iddaly) thel §sRmVe A dDERNERIsIY 24 HRNREGF ehiles ki
systemrenotely. The results w ndow 600 shown in Figure 6 has an inmage

wi ndow 602beinerspeqtive prababiditige pregoadified by theatser, she sysigm ausordatigallsye-domputehe
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annot at ed.md¥e acagnte ady ilptoved daghedis.gr aphi cal representation nay be used to
i ndi cate an annotation 608. In the bottom portion of the results w ndow 600

is a diagnosés pamek mbdtdioh ShdRheMTiodioRoMydLRd 282 aglaoRles Andt fdIr détb@ediser
to select a validated diagnosis. Also shown at the bottomof the results

wi ndow 60CPhrercteristeniene LHTIBERYIEN 2nd epnaseiee Suelya bisinmesnbe peesentedioot wser ona.
ootk ea JEETihAD bl s SRTPEI EGuld B IPng AR Gdoh N ol IR RSN £ 02

features ect autonmt | € Systemare preftera

the ugér iof a deeof pruddiisied @harhct6Agticsnwirh thicedetsdtédiCadictetistieaptergopulatdd. Any
Referring to Figure 6, t%\@tresults panel 604 shows a serjes of checkboxes
614 | i nkedUftably set of Ps3-Aefinedr ehapasterittirt MY hassd. i Remerdd] themotmshids Stevien

Chec Koo LA, by SheLAghaLie R T i o
or checkeddI-RADYe cKizdrestitsckindrwai® may be presented to a user on the display 114. It may
also be made available to a web browser 122 connected to the system remotely. The results
20  window 600 shown in Figure 6 has an image window 602 and a results panel 604. A
composite image is displayed in the image window 602 along with an original image.
Features detected 606 are indicated in the composite image where possible. Some of the
features are annotated. An icon, symbol or other graphical representation may be used to
indicate an annotation 608. In the bottom portion of the results window 600 is a diagnosis
25  panel 610 for displaying computed diagnosis and for the user to select a validated diagnosis.

Also shown at the bottom of the results window 600 is a comment window 612 for entering

comments and annotations.

[0067] Together with the composite image displayed in the image window 602, features
detected automatically by the system are preferably presented to the user in the results panel
30 604 in a tree-structured feature list. Referring to Figure 6, the results panel 604 shows a
series of checkboxes 614 linked in a tree-structure to indicate their interrelationship. Each

checkbox in Figure 6 corresponds to a characteristic of the Stavros characteristics. Some of



indicates that the feature has been detected in the inmage displayed in the
i mge wi ndow 602 on the left hand side. An unchecked checkbox 618 i ndi cates
t hat .t he wonn@spsesedi ng characteristic or feature i s not pdetEeb@DoIect he

i mge. [0068] The user can nodify the autonated detection by renoving a
detected characteristic fromthe list or Oadd a characteristic to the list.
If the renoved characteristic can b e trQaced back to a region in the inmage,
the displayed i mage may be automatically updated to indicate the renoval of
t he charact eristic, for exanple, by renoving the corresponding icon.
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user may simply check the checkbox correspondlng to the characteristic. The user may also

use the annotation tool to drag a checkbox corresponding to the characteristic to be added to
20  a desired location on the image and release it. A symbol or icon representative of the
selected characteristic 622 will be dropped at the selected location. A user can then enter
or edit a comment in the comment window 612 per added annotation. This step can be
repeated for as many annotations and characteristics as desired or required. Each time a
characteristic is added or removed, the image is updated where possible. In other words, if
25  the characteristics may be represented by a symbol or icon image, that symbol or icon is

also added or removed.

As the list of features (or characteristics) is modified or updated by the user, the
system also updates its computed diagnosis at the same time. It will be appreciated that
when a user adds a new feature, the user may also assign a probability to that finding. In

30  one implementation, all user added features are assigned a probability of 100% and all user

removed features are assigned a probability of 0%, but other values of a probability can be

assigned, too.



assigned, to00.[0070] In one inplenmentation of the system nine different

di agnosi s categories are provided, nanely, {Inconplete, 1, 2, 3, 4a, 4b,

4c, 5 andwBhooslins®2set corresponds to the categories usedTiOA28i6/0RFDE.
According to this schene, 1 is Negative, 2 is Benign Finding, 3 is Probably
Benign Finding, 4 is Suspicious Abnor ma_li'lt_y (which is further sub-divided
or refined in the field by radiologists into 4a, 4b and 4c: 4a is finding
with a | ow suspicion of being cancerous, 4b is finding with an internedi ate
suspi ci on of bheing cancerous and 4c_finding of noderate concern of being
cancer ous, 08781 noin age Aimglementatigpefothy syptems; nine difigipnt Gagppsist Fajegasies are
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[0073] Using the annotation and nodification nodule 212,” a user can
annot at e blotthe butigl gesudin displdyednthasygemogh aphi bigbhghtaneef it fvosgmspsimstead bed
above. Ann tion,.and difi.cation nodul e, 212 al so_al L.ows .a user to,add
comment o SRl PRLeRar FREnbE® A TR S16E 2 Bpate KRB, G, nBkREr
not es I5el adigghdsi3. The uberansy {196 oedrile geHBRBInShd sélefieNdihgdosHUIRAS theBYoups
entered in the comment w ndow 612. These comments and notes may be entered
as text, pihered yogglyisageges yrithyan ayemateddliggnesisromputnd by e syFteme Abyvilh
voi ce-to-t 74. Veni A IRYIUN | n i i flcatjon
dul e 21 Zﬁngisglﬁﬁécq %éer(,)gnus;er CGRRY 60 irEffided - to! 2 cRANREAsRNpADR trﬁgcgygﬂeﬁl P
produce any report.

n one implementation, a user must validate a diagnosis by selecting one
20  diagnosis from a default group, i.e., by selecting one diagnosis from either the first bucket
624 or the second bucket 626. Without selecting a diagnosis, all possible diagnosis in the
default group are highlighted. This tends to reduce the risk of accidentally confirming a

diagnosis without a detailed examination of the results of automated detection.

[0073] Using the annotation and modification module 212, a user can annotate both
25  benign and malignant sonographic characteristics as described above. Annotation and
modification module 212 also allows a user to add comments and notes related to
annotations (annotation comment) or general notes related to the image (general comments).
A general comment may be entered in the comment window 612. These comments and
notes may be entered as text, picked from a list of pre-defined comments, or transcribed by

30 a voice-to-text module.



optional build-in tenplate for generating a summary text, or sumrary note,
as part of the general notes, reporting findings and the radiologist's
assessnenwo 20¢w128mopl at e provi des the basic structure oPCI/CN2000800§906 Xt ,
with suitable statenments sel ectable by the annotation and nodification
nmodul e 212 based on findings and the vali,dated assessnent. The tenplate may
be nodified by individual radiologists according to radiologists' style to
provi de nore erxibiIity. Notes generated froma tenplate can be further

edited to re flexibility, Figure 7 shows an exenplary screen
di spl ay thﬁioc}é ra %‘1"8&‘1"%‘? ugtation and, megiticatign imedule RdPamay igelHdn gy
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etc. is shown in both the results panel 4 and the Findings panel
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sel ect ed characteristics, as a part of a CCMstructure repor

processed fhRgatternii6sseris shomorimbotivthe mespltapars! 584 srehthe Findingdd @RI 108np! i ant
device 126 for storing or sharing with other physicians or radi ol ogists.

[ 0076]15Thel80&pbr t Wentepntts mareleg2hériafetactoyvithe hadildirebrst@d opertttd datcutput

avai l abl e jn. the ed image as annotated by the user and al so contains
ot her per t]i’fﬁg’&lf allﬁcw) @Cﬂiﬁ‘%ﬁ“elg%ﬁﬁ”i}saﬁ FRIPPPRCRt H{g ‘B}thﬁ}éﬁ&%ﬁf”"aﬁi@ﬁﬁq 1&dheon
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avail abl e | n the results wi ndow 600 are generally
image or any report. Once an assessment is validated by a user, the report module 214
produces a report for the current active image. The report may be printed on a printer 120,
20 or may be an electronic report suitable for sharing or archiving in the data warehouse 128.
One example may be a PDF report. The PDF report may be displayed, printed or stored if
desired. Another example may be a DICOM-structured report. When requested, the report
module 214 saves to the system’s data warehouse 128 all information on the image,
annotations and symbols, related comments, lesion boundaries, BI-RADS assessments and
25 selected characteristics, as a part of a DICOM-structured report for that processed image.
The same information may also be sent to a DICOM-compliant device 126 for storing or

sharing with other physicians or radiologists.

[0076] The report contents are generally by default based on the data available in the
processed image as annotated by the user and also contains other pertinent information,
30  such as institution or patient identification information and the patient’s demographic
information. In other words, data available in the results window 600 are generally

reflected in the report. The report may include detected features such as sonographic



reflected in the report. The report may include detected features such as
sonogr aphi ccharacteristics along with any annotations and comrents and user
nodi f i catworeoe/1@830gi nal nedi cal inmage and its processedPCcouAer@0%06can be
i ncluded as well. The report can also include other information such as
institution information, patient denographic information, an overview of
the software application and its algorithmsettings. Finally, the report
may contain the image findings and assessnment of the radiol ogists, for

le, i f t |.yi ith the ACR-BI RADS U t Ic Lexi .
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Preferably, reports ar rchi ved as. Dl C%]VI Secondary Capture. Annotations,
conments, B graB}"(‘fcg’QgPﬁgmra@stlﬂ P‘éo"é‘gé’h O sSIBHAEL Jhe HepeTH sigitdlyadin glesgawsi s
resul ts ar@gnature generated by the cryptographic module may include some or all identification

information to provide improved audit capability and to discourage accidental modification

20  of'the reports.

[0079] Multiple lesions from one image may be processed in one session, in which case,
a single report containing all findings can be produced. Alternatively, multiple images may
be processed in one session that leads to a single report containing all findings about all
lesions in all images. The report can group the findings by lesion, characteristics identified,
25 images processed or in some other fashion. An overall assessment, such as a BI-RAD
assessment taking into account of findings about multiple lesions in a medical image, a
single lesion seen in multiple images for the lesion, or multiple lesions in multiple related

images, may also be provided.

[0080] Preferably, reports are archived as DICOM Secondary Capture. Annotations,
30 comments, image processing results such as lesion boundaries and diagnosis results are

archived as part of a DICOM-compliant file. A user can also save, for example, a PDF



archived as part of a DICOMconpliant file. A user can also save, for
exanpl e, a PDFversion of the report locally in a patient's instantiated

di rect or ywothées128mei | i tates easy future reference. |f amcirsessoeodoer t hat
conposite rendering already exists in the archive for the patient, a new
instance is created. Audit information, sych as user ED, date or tine
stanp, and user addition or nodification of detected features, can be
recorded for each archived instance. [0081] Wth reference to Figure 8,
steps of a workfl ow 800 ﬁ?e now descrjhed in detail. This is.a wrk flow
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can examine the image in great detail as well as to view any suspicious regions in context.
In one implementation, the image acquisition subsystem 102 supports the acquisition of
20  multiple images. Image display and manipulation module 206 provides a predetermined
number (for example, 4) of images for selection at step 812. For example, the image
scanning device may provide several images of cross-sections of an anatomical part of a
patient, such as a breast, for viewing and selection by the radiologist. The image display
and manipulation module 206 may display all cross-section images on a display 114, or it
25 may display only one of them, while displaying the rest as some thumbnail views. The
user, such as a radiologist, may select one of the views for further evaluation and study. In
case of breast ultrasound images, two views may be provided per case at the same time (one

Radial and one Anti-Radial), also known as “R and AR views”.

[0083] At a next step 814, the user may add annotations to the selected image as
30  described in connection with the annotation and modification module 212. The user may

also add annotations later after a results window 600 is pre-populated with automatically



al so add annotations later after a results wi ndow 600 is pre-populated with
automatical l ydetected features. Next, the user initiates CAD processing by
i denti fyiwQ 2aoudi2s®mkecti ng an RO at step 816. Once the ROr/dAR006ch00M05f | ed at
step 816, the segnentation nodul e 216 begins processing the i mage and
attenpts to identify possible boundaries 5of an abnormal region such as a
nodul e. [0084] During a segnentation step 818, a series of possible
boundaries, or contours of a suspected nodule, are generated. |nstead of

sel ecting one boundary autonatically, the segnentatiaon mpdul e 216 requests
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824 step, during which the Al rule module 222 maps these characteristics to an intermediate

result based on a set of pre-defined Al rules. The assessment module 224 combines the
20  result of Al rule mapping with the analysis of detected characteristics to arrive at an

automated diagnosis at step 826.

[0087] At step 828, in a results window 600, the user is presented with an initial result
from the automated detection process. The results window 600 is pre-populated with all

detected features as well as with a group of suggested diagnosis.

25  [0088] A user can add or delete features by selecting or unselecting checkboxes shown
in the results panel 604 (step 830). Based on this dynamically modified feature list, as well
as their assigned probabilities, auto assessment module 224 dynamically updates the
computed diagnosis. A different group of diagnosis may be dynamically displayed if the
modification of the feature list is such that the automated diagnosis changes from one group

30  tothe other, such as from one of 4a, 4b and 5 to one of 1, 2 or 3, or vice versa.



feature panel and the checkboxes in the feature channel do not have any
fal se detection, the user may confirmor select a diagnosis (step 832).
After a dwvegnasi2gles validated or sel ected by the user, PChaAZeq@mMOb400g
nodul e 214 at step 834 automatically produces a report. Results fromthe
anal ysis can be saved to a data warehousggl28, or shared with other

physi ci ans or radiologists. Audit trail of operations by the user,

i ncluding selection of RO, selection of segnmentation candi dates,

annot ati on nmodification of .results.and validatjon of diagnhosis,,can all
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(in all images) may also be produced and presented to the user for review and validation.

20  [0091] In one implementation, the system is configured to assist a user to process
multiple images for a single lesion. Referring to Figure 9, there is shown a process for
processing multiple images for a single lesion in a loop 900. At step 910, one of the
multiple images is first loaded. The loaded image may be segmented already, or not
segmented as yet. Once loaded, an ROI is identified at step 920, for example by identifying

25 its “seed point” and size using a graphical pointing device as shown in Figure 3A or through
identification parameters entered in a window as that shown in Figure 3B. Next, the image
is examined at step 930 to determine whether the identified ROI is segmented. If it is
already segmented, then segmentation 940 may be bypassed. A user may also elect to
bypass segmentation even if an image is not segmented. As described earlier, a user may

30  use the annotation tool to identify a list of features to the system, from which the system
also can compute a diagnosis. If segmentation is to be bypassed, the system proceeds to

step 950 for further processing, such as pattern recognition, feature extraction and diagnosis



step 950 for further processing, such as pattern recognition, feature
extraction and di agnosi sconputation. Alternatively, or if the RO is to be
segnent edvotzhe/isamge i s forwarded to segnentation nodul @CZAG20@v000906
segnentation 940 and further processing. [0092] After the image is
processed, for exanple, following the remsining steps 818 to 822 as
described in reference to Figure 8, the process may return to the begi nning
of the I oop 900 and | oads a second inage. At the identification step 920,

the RO is again.identified. At t .Step, the i s, examned to
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[0094] At step 1010, two images are loaded and shown to a user for selection of lesion
candidates. Figure 11A shows a first image 1102 containing a first lesion 1104 and a
20 second image 1106 also containing the first lesion 1104, as displayed to the user. At step
1020, the user enters parameters for defining the first lesion 1104. One example of defining

a lesion is described earlier in reference to Figure 3B. At step 1020, a second lesion 1108 is

also similarly defined.

[0095] A lesion so identified may be marked with a circle or a generally oval curve
25 encircling the lesion, on a composite image including the image and the marking circle or
oval curve. Figure 11B shows the first lesion 1104 marked with an oval curve 1110, on

both the first image 1102 and the second image 1106.

[0096] Referring back to Figure 10, a lesion identified at step 1020 is segmented. The
system may segment the image as described before, providing several segmentation
30  candidates for selection. The image with an ROI identified and the image now segmented

and selected by the user may be displayed side by side. As an example, Figure 11C shows a



and sel ected by the user may be displayed side by side. As an exanpl e,
Figure H C shows asingle segnentation candidate 1112 in a segnentation
panel 1liwoanodiesoei ght hand side and an oval curve 1lll@cemN20@loiomyet he
first lesion 1104 in the first inmage 1102 on the left hand side. In this
exanpl e, only one segnentation candidatezgg provi ded by the system al t hough
it wll be understood that multiple candidates are provided in general.
Figure H D shows a segnentation candidate 1116 in a segnentation panel 1114

dth ond lesion.1108 in the first | 1102 on the left hand side.
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etr

acquired in real-tine or imges r i eved Trom archives.[0099] These
thunbnai | jouegps qan Meher 28GR iAbIdEAARNH"CABSHSEh hisRhonicandidates
window, i.e., a temporarily allocated display region, a series of images for user review and
20  selection. Advantageously, these images displayed in the temporary window can be
“thumbnail” images. For example, at step 910, instead of loading one image, several
thumbnail images may be loaded in the temporary window for selection. A thumbnail
image is a version of a loaded medical image, generally with a reduced size, for example, by
reducing its resolution. Because of its reduced size, a thumbnail image generally permits
25  faster processing and manipulation. Images corresponding to these thumbnail images can
be different slices of a three-dimensional data set, can be different versions of a medical
image having different lesions highlighted, can be different medical images showing the
same lesion, or images of the same region taken at different times, or a combination thereof,

among others. These images can be images acquired in real-time or images retrieved from

30 archives.



hi ghl i ghted for user review and sel ection. Conveniently, these |esion

candi dates can be automatically identified by the system For exanple, the
syst em nmayoiznegesprocessor nay be provided with a | esi orCiracab@roodws this
purpose. The lesion locator first scans all pixels in each of the images
corresponding to the thumbnail images andgperforms an inmage analysis.

Regi ons that appear to have distinct features may be suggested as regions
corresponding to |esi on candidates to a user. Alternatively, regi ons havi ng

that differs fromthe background may
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mul tiple suhrsRks, THS, HRSKGR Rondisdat bé"éllt&ﬁa% 2 ?ﬁl '{ls&‘{&%ﬁ%h% a
user. [00101] Advant ageousl Yy, the tenporary wn ay| ng nai

i mges canThis pEvid¢sgurther Fseistantestolaaysenio ldmﬁhngﬂésmnmlgﬁ&dtcbhm%y be of
interest to a user. For exanple, a user nay select an inmage and place it in

t he tehpor HW}OO\] ndowill be apmteelatqdrthadsﬁbmgand[&vaes comge ﬁbnﬁﬁ&!ﬂl Ushey gnyn@tablave
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system may, process all newly acquired i nages to ident esl on can
as descri b@dneag)lghpémgrp@cgﬁ adeé apnpthen example, an MRI data set may be a series of contrast-

enhanced MRI images obtained at regular time intervals. Before or during the exam, a
20 contrast enhancement agent is injected into a vein in a patient’s arm. Typically, a
gadolinium based contrast agent (e.g., Gd-DTPA) is used. The use of contrast agents tends
to provide greater contrast between normal and abnormal tissues. Analyzing the time-
variation of enhancement also facilitate delineating a sub-set, or sub-volume, of imaged

region, or multiple sub-sets, as lesion candidates, which the system can suggest to a user.

25 [00101] Advantageously, the temporary window for displaying thumbnail images can be
configured for displaying thumbnail images that may be of interest to a user. For example,
a user may select an image and place it in the temporary window for later processing. The
image placed there may have been processed, partially processed, or not processed at all. A
partially processed image may have a few lesions identified by the user but have not been
30 processed to extract features from the lesions. Conveniently, the CAD system may process
all newly acquired images to identify lesion candidates as described above and place in the

temporary window those images that contain at least one suspect lesion. Thus, the



tenporary w ndow those i mages that contain at |east one suspect |esion.
Thus, thetenporary w ndow nay have placed therein a series of thunbnail
i mages cowoes@onsioag to i mages that a user may w sh to exardAreosiooodober .

Preferably, the thunmbnail imges are ranked to assist a radiologist to
prioritize them Any suitable ranking syspem nmay be used. For exanple, the
list of thunmbnail images can be ranked by the |ikelihood that an inage

contains a lesion. The image with the nbost suspicious lesion is then placed

on the top,of the l.ist. O, a colori System c be devel oped to indicate
the I kel | KGBETHESngsus mpehavs Hasd shipimpescbizn of Sruphoail {Bassicosisseondg on
| esi on cangh#}b @hitsa WG mY SHLIE t® Wsamte! fuftherd OPrerb@Blyf itﬁ‘eaﬂﬁmﬁiﬂﬁi@iiﬁfag& ardnd
blue for unprocessed images. Different ranking system may also be conbined
to provi detdked & assist p sediplesist tp prigrifige shemyi fny fupatile 2ankdrg systent amaglibdatsed.

l esion is j i ' t. by .t user . or . system the
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pattern reg@gps td f gat U, ' . i.de to sel.ect manual
features wthi % étaﬁ;b eﬁggeldcgfh:ﬂrlr‘gaé%sﬂgtga‘s:tlé gds}lcr {l}gié%ﬁée:égﬁ?oesf.suspﬁ%(’&ge 8t b%r e
130 i s t hesigoidieantfsuspicionpard bige dordimgpyoeesies ifitagss. Mifferint yankhgnivkfeiregay also
features a sociﬁtt e(g vvith.dt he | esi.on or Iesi.ors, [00103] In operation, a
user first°f FOPPRELL RRsideRetenastistanceyy adadiglogisiy an i rmage or several

i mages go hﬂ@b t he system 100 may | gad the image or images for review and
furt het? anHiW02k  ger qpdidatelesien isddeniifipdpeithsnsalerteshbyathe seer-dr drihé $yistet, RO
or a gener gle R¥AhYakd f S (Ritially displays a
gal l ery of seever aﬁfk?%&ug@%pﬁ%%ﬁ gé\%?%éio\gg&%?a é’e%ﬁ?rélg(?&?cr%sgégy 8?8“1“
candi dat eswith extrepieng fdapgeoassoomntedhwithlitbglcaydidatd .lesIhie and €ompBting &l dgdnosRY
candi date and performihe interactive, controlled inmge analysis in real
time for fﬁp{nhtﬁ? e’étﬁ%ﬁtif’_‘sgémaﬁ‘s’ s ety o5 ehichulas P68y desctbacoeprligrt Qfirourseathes
are acqui r gér inthy @ elbdt T8 bypdi€ pairsrh 288 oTR¥ioR%nE FfthQUWKEctid a%%:(ibf&% £ g%g(‘iac K
to the user and guide the uUser to adjust the nedical scanning device to
acqui r & a manyaly Tepteps witthn sheemedicdlSmagesads dessgbed earberobTaé €A safpwared30

i mage duri ] L.on _session,. W thout havi to recall a patient
for anot he{rlq%%{;%egg i O n% lﬁ@gtao, 4y %IS&OWH?WQ@?@#%MW assqeigted with the
Subopt i mal lesiva@e fesivmy. be caused by, for exanple, artificial shadow ng due
to inproper orientation or positioning of an ultrasonic transducer.

[00103] In operation, a user first initiates the CAD process by acquiring an image or

several images so that the system 100 may load the image or images for review and further
20 analysis. Such further review may be based on a user-identified ROI or a general evaluation.
The system or software system initially displays a gallery of several, for example 6,
candidates of segmented images or candidates of suspect lesions on the display 114. The
user may select any candidate and perform the interactive, controlled image analysis in real-

time for further analysis of anatomy and pathology.

25 [00104] If the images are acquired in real-time, the system may be configured to provide
feedback to the user and guide the user to adjust the medical scanning device 104 to acquire
a better image. This enables a radiologist to obtain an optimal image during one
examination session, without having to recall a patient for another examination due to,
suboptimal images being obtained. Suboptimal images may be caused by, for example,
30 artificial shadowing due to improper orientation or positioning of an ultrasonic transducer.

With real-time feedback, the user may adjust the orientation or position of the ultrasonic



Wth real-time feedback, the user may adjust the orientation or position of
the ul trasoni ctransducer to renove any artificial shadow ng. O, the user
may nove wbeodyas®ducer to sweep across a suspected regiPOm/CAR006/000906

f rame- grabbi ng technol ogy can be inplenented to help identify the best
orientation or position of the instruneni;_As inappropriate pressure
applied at the interface of transducer/gel/skin may degrade the quality of
ul trasound i mages obtai ned, the system can provide feedback in real-tine,

for exanple ia audible alert.. i op nuch pressure is appli.ed. 010
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by a user . dig¢dosisnaAn wetlomatddhdiagrests inmadetasedosn thejfesttires ketraced amd identified. ng
device in grder to . obtain a better inage, Lromv\/nich f eat ures aLe ..
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descrilfed durdcteristicsli The detettedeirraateristnmgire greipoputaed matpriaticalhyt mgthatresltsi t h
hown in Figure 12, the nedical

a CAD system. In ane i.npl ntati.on as.

scanni né qWiRdey ﬁ@fsiaslggﬂﬁgﬁ?qﬁia?ﬁ%f?‘?ﬁﬁﬁ?ne 1202 that has a dedicated
software appljcation 1204 for indexing, i mage frames with positionin d
ori ent at i olIOB9STa | (b Hoer Sonbiol Gt ohe UetiStGomrgEre s PossibIE at this point For

example, as described before, a user may add or remove any or all characteristics originally

identified by the system. The Al rule module 222 and the assessment module 224
20  automatically computes or re-computes a diagnosis based on the modification by the user
and then updates a BI-RADS assessment automatically. A report can be generated upon a
diagnosis being validated by a user. Alternatively, the user may move or adjust the medical
scanning device in order to obtain a better image, from which features are identified or
extracted with a higher confidence level. The user can keep adjusting the medical scanning
25  device and reviewing the results of image processing and analysis until an optimal image is

obtained.

[00107]  As described earlier, different medical imaging devices may be integrated with a
CAD system. In one implementation as shown in Figure 12, the medical scanning device 104
is an ultrasound machine 1202 that has a dedicated software application 1204 for indexing
30 image frames with positioning and orientation of ultrasound transducer. The software

application 1204 is operatively connected to both the ultrasound machine 1202 and the CAD



application 1204 is operatively connected to both the ultrasound nmachi ne
1202 and the CADsoftware system 130. Any nedical inmages acquired by the

ul t rasourstorraehi2ge21202 has an i ndex, whi ch corresponds PCO/GA2p@Ri00906 N
coordi nate and orientation angle of the transducer when taking the inage.
As an operator of the ultrasound machi ng,1202 noves the transducer of the
ul trasound machi ne 1202 around a patient, a series of inages 1206 are
produced, each having a | ocation and an orientation index. The operator may
review the series of Jinages, and select one that is consjdered t he best
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in a resulattiiogl riiadeve0g magheause difficalies farcihe HoADbsoftwwaes systm 1188 rto ceometthim or
modify t h?defnﬁ%} Hhé Sab%'ﬁl%rﬁﬁ%g (i:naltﬂey iniladg%g.t in];;i)éargprti)éfe tprr]éassﬁsrg Satpsﬁgd ?ongn ultrasound
20  transducer may also degrade the image quality. The early discovery of poor quality of the
images allows an operator to adjust detection parameters such as position, orientation or
pressure of the transducer, or even the position of the patient in order to get optimal images.
This provides immediate feedback to the operator as to the quality of images obtained so that

corrective actins, such as transducer repositioning, may be taken.

25 [00109] Once the operator is satisfied that the optimal images are obtained, the operator
may select one best image 1208, so that the CAD software system 130 may continue with the
CAD process, as described before. A list of automatically detected features as well as an
automated diagnosis may be computed from the features once a segmentation candidate is
selected by the user. The results are displayed in a results window 600. The user, as described
30  before, may then confirm or modify the features automatically identified by the system, and
then validate a diagnosis based on the suggested group of diagnosis presented to the user. The

validated diagnosis, together with the medical images and other detection results, may be



then validate a diagnosis based on the suggested group of diagnosis
presented to the user. The validated diagnosis, together wth the nedi cal
i mages amstoabdwensiet ecti on results, may besaved, transmpPcirah2b@roosdoari ng
wi th other radiologists, or used for producing a report, using the output
devices 1212. [00110] Advantageously, whgn the CAD software system 130 is
connected to a transducer for obtaining rnages in real-tinme, an operator
may al so enter the location and orientation of the transducer or probe

t hrough a prohe/transducer .l ocati gn wi ndow for inclusion.in a repor.t.
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position and orientation of a transducer or positioning of the patient, at step 1406 in order to

L)

—t

20  obtain optimal images. This process may be repeated until the operator is satisfied that optimal
images are obtained. The operator then continues at step 1408 to make a diagnosis based on
features identified and extracted from the optimal image as well as a diagnosis computed from

the extracted features.

[00112]  Variations to the process 1400 described is also possible. For example, real-time
25  feedback may be provided during the process so that a user does not have to complete the
CAD process on all images acquired. For example, each scan may produce a series of images,
which may be displayed in a temporary window as a series of thumbnail images. As described
above, the thumbnail images may all have different views of the same lesion automatically
identified by the system, or may be the same initial image, with different lesions identified in
30  each thumbnail images. Prior to proceeding further with steps 1404 to 1406, a user can select

from the thumbnail images one or several images for further study and discard the remaining



each thunbnail images. Prior to proceeding further with steps 1404 to 1406,
a user can select fromthe thunbnail inages one or several imges for
further swoaygocansdodi scard the remaini ngones. Thus, i nstead/@20esa00096t he
process 1400 for obtaining an optiml inmge, a user can al so use a process
modi fied from process 1400 for dynam calyly picking images for studying a
particul ar suspect |esion or lesions. [00113] As another exanple, the
configuration shomm in Figure 12 also allows the operator to study the
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Vari ous (ggatrrents of the invention have now been described in detail.
Those sklcla1l Fn the art will appreC| ate that nunerous nodifications,

R AR TS R AR TN
above- de%ﬁé\bﬂ%ﬂﬁ%ﬁ@tur{@g@dﬁkr BRagERdAsWill BeYWppreciated, Doppler imaging is sensitive
to blood flows in blood vessels. If a transducer applies too much pressure on the tissues,
20  thereby impeding blood flow inside the vessels, the image obtained may be of poor quality.
The system provided by the configuration shown in Figure 12 provides an immediate
feedback, such as an audible alert, to the operator, if the pressure applied by the transducer is
too great. As part of the step of adjusting detecting and acquisition conditions, the operator
may adjust the pressure of the transducer applied on a patient’s skin, in order to obtain optimal

25  Doppler images.

[00115} Various embodiments of the invention have now been described in detail. Those
skilled in the art will appreciate that numerous modifications, adaptations and variations
may be made to the embodiments without departing from the scope of the invention. Since
changes in and or additions to the above-described best mode may be made without
30  departing from the nature, spirit or scope of the invention, the invention is not to be limited

to those details but only by the appended claims.



departing fromthe nature, spirit or scope of the invention, the invention
is not to be limted to those details but only by the appended

cl ai ms. CLWONBIISD21 S CLAIMED |1S: 1. A system for provi @CmgA20d68080061 ve
conput er - ai ded detection of abnormalities captured in nedical inmages, said
system conprising: an inmage processor.§9r processing a nedical imge and
extracting features within the nedical inage relevant to diagnosing the
abnornmalities, the extracted features satisfying descriptions of a set of
pre-defined features; a decision en%ggﬁl&gr generating a conputed di agnosis
fromthe extracted features; and an tion and nodification tool for a

user to _jdent] a_s features within the nedical inage aided with the
extract M{S{JEE@J@? establish a diagnosis based on the set of
identified features and the conputed diagnosis. 2. The system of claiml,

further conprising a plurality of rules associating the set of predefined
f eat ur ed- wit fystem EiguoyingJaterastize gpmgrisERIled detectien gbabnarpalitiessapired

corrp?te thﬁlf\ﬁﬁmﬁﬁi&qégg} gg@gﬁ#ﬁ%@gﬁ%ﬁghextram ed features. 3. The system

of claim 2, erein | es are calibrated froma pool of
di agnosed nedincialage pagessordor plozesyss e medicat irmaga dnd éxtrdchieg feamies wdthing a

| esion locator for_ analyzing the nedical. inmage and jdentifying a region
wi thin the medicalthf %@iﬁ%d%a%% PYREM JO tdiagRozing rsgf‘ctahv%rg}%ﬁ.esa ghe P m
of claim L, wher eiad,Rg shibhifis REQFGASA! ofiies ég?ﬂgﬁi’é\!;’lmﬂ%fi‘éaﬁﬂ%ﬁodu' e for

delineating a boundary outliné encfosing a re in thé nedical inmage

correspondi nep dexisorns engee forl genembing @ computedsdisgmmisdion|thé axtiactdduteatuess;
co bi sing a user igterface for providing a plurality of candi date boundary
out I'i'nes of the reaé]l on corresponding to the suspect |esion for user

sel ection, ang {n@btatiBk @hd mdQifasatibA et #d Pitsel ECMehts A8 bf FANRELHRES thhe of
candi dat e boundary outlines.7. The systemof claim®6, wherein said

segnent at i on nodul medicaldmags gded avithothe exuaripd featurereandatodistiblieh bdingdesiy

out 1 1e_upon = sety, gl G0 8 o Bkl Harbhif oS SRLEAMARLY, OUt! T e

2. The system of claim 1, further comprising a plurality of rules associating the set of pre-
15 defined features with a range of possible diagnosis for the decision engine to compute

the computed diagnosis from the extracted features.

3. The system of claim 2, wherein said plurality of rules are calibrated from a pool of

diagnosed medical images.

4. The system of claim 1, further comprising a lesion locator for analyzing the medical
20 image and identifying a region within the medical image corresponding to a suspect

leston.

5. The system of claim 1, wherein the image processor has a segmentation module for
delineating a boundary outline enclosing a region within the medical image

corresponding to a suspect lesion.

25 6. The system of claim 5, further comprising a user interface for providing a plurality of
candidate boundary outlines of the region corresponding to the suspect lesion for user
selection, and for receiving an indication from the user to process one of candidate

boundary outlines.



8. The systemof claim 1, wherein the decision engine is configured for
re-conputing dynam cally a conputed diagnosis fromthe set of identified

f eat ur es.wB.20dnes®yst em of claim 1, further conprising acrapands/oowal e for
generating a report of findings based on the set of identified features and
the established diagnosis. 10. A systgmfor providing interactive
conput er - ai ded detection of abnormalities captured in a nedical inmage, said
system conprising: a display for presenting the nedical imge; input

devi ces _for, receivi user input; .an analytic engine f i denti fying inmage
char act dri 51§ ®stefm ghilaHe OndFe S3itnsgamet 1%!89?‘@? MY CUERFd to AP -QEPULST

i dent i fi eyl RBARIADVorRdAY oallineUupbRTa $48BF chRYHIGWintddf HXGIAldaR b ARMary |
nodi fication tool for a user to nodify said Initial set o |§ent|f|eg i mge
char act er i authimsbeing ootlidied by thodieki ed set of identified i mage
characteristics; wherein the systemconputes an initial diagnosis from said

initial os and a set ,of pre.defined. cri.teria, provigdes idinitial set
and sai & (TS vl T Pt W Rt p e B, YophEEed Jo° kPomhling T o
set §rom tfmatS@lly adddthputedcdagidsR Frotn HieagnoBidentiflcdestated nodi fied set and
said set of pre-defined criteria for user validation. 11. The system of

claim 10, wherein said diagnosis is conputed froma set of rules calibrated
from a Poolhesystamghsken |.nugbey comprismgea separemogdpledprganereting ¢ Fenesy of

a_foothe _ _ © S5RTbOR " b
anch osi ng L SSHIRE, B4 Nl DM TR BRF B AU IREAC Lopect

| esion, said display presenting said boundary outline for user review and
modi f i cd0i Arsystsinnfpr paocddiing puteradevé cempuitBr-aifibé dstestienobibrokmaltictGapfuned her

conprising. a | esiqgn Iocat.(ar for anal i?/Zi ng the nedical inmge and identifying
a candi dat’@ ar’BE;‘?‘B RREHSA S @A Brage corresponding to a suspect

l'esijgn, sai d aQji§Por PFReR Mgl the nedicdl igRBdi date region for user
sel ection. 14. A'systemfor providing conputer-aided di agnosis of
abnor mal i t i ednput davipésfoarécelyingfuseedipstal | mages, said plurality of nedical

i mges being different wviews .of.an anatom cal regign of a tient' s bpdy,
o d syst em aorpp SUE Hhete RS ReREP FhER sBE0H HorbineTofid et
plurality of nedi grbvilifig@asaitiaiset Ghidentiicicamge chiractentios asisadreeroh) of said
plurality of medical inmages and. . o . .
an annotation and modification tool for a user to modify said initial set of identified
15 image characteristics to obtain a modified set of identified image
characteristics;
wherein the system computes an initial diagnosis from said initial set and a set of pre-
defined criteria, provides said initial set and said initial diagnosis to the user for review,

receives said modified set from the user, and re-computes a diagnosis from said modified

20  set and said set of pre-defined criteria for user validation.

11. The system of claim 10, wherein said diagnosis is computed from a set of rules

calibrated from a pool of diagnosed images.

12. The system of claim 10, further comprising a segmentation module for delineating a
boundary outline enclosing a region within the medical image corresponding to a
25 suspect lesion, said display presenting said boundary outline for user review and

modification using said input device.

13. The system of claim 10, further comprising a lesion locator for analyzing the medical
image and identifying a candidate region within the medical image corresponding to a

suspect lesion, said display presenting said candidate region for user selection.



identifying an initial set of features within said each nedical inmage

rel evant to diagnosing the abnormalities; a decision engine for conputing
an initi avodnegne®es fromsaid plurality of said initialcsaaoa@iooomentified
features; and an annotation and nodification tool for a user to nodify said
initial set of identified features to4gbtain a nodified set of identified
features; wherein the decision engine re-conputes a conputed di agnosis for
user validation fromsaid nodified set of identified features. 15. The

oot o S, 5B RS pERRBELSER ok T S SEb R AR5

cor r espondinpdicilAnmagsy SA8 plurhiR Fnddial BRARE HERAR derbMSiBFEDF antfhatcihigalSy St em
of claim 15, wherein said lesion |ocator 1dentrfied multiple regions wthin

t he medi categiomade, patiests idyssaiidisystem terhprisieg)i ons corresponding to a | esion

selected by the user. 17. The Sysiem of. cl ai "}161 %eﬁi n,said initial sets
of identified fBagIUSion Hod %’ioataﬁgwggn%ga%@ urplity ofMe1cgbimfssSich regi on of
sai dsmul ti pl @nrig@i@tsocebsbr fHRrédsdifiMeadh of ahiM Pidsalify of REddiaPIRAsS i

report nodul e for generating a diagnosis report upon validation of the
conput ed di agnosi sdamifying apguritial spo of fageures withim 8fd edchimedicrl impge rwlayastai d

di agnosi s report | | i fi Lon information for auditing purposes.
20. The system of t@ﬁ%ﬁ?ﬁ@% gl\?\k%[e)}rlgeérﬁdﬁ]éslgé?d identification information

i ncl udes at laeksisionredgik fopatdntputingAanitibl diagiomis frarh edidplirality of @it Waitiel
identification informatijon xam nation identification, report serial
nunber, time i nfo@ﬁ‘éﬁéﬂ‘?@‘@?‘gfqaﬂﬁe%@%ai d di agnosis report, and user

i depgi ficatiqp. - ' | s Jonts
Do oo SR eTOF ¥ STl Bl W gt SARGLt B0picemies
system of cl ai m 14¢atéings thebtaioanpodified getaf idenpfied &afuves; generati ng a sunmary

text based on sajd. nodified set of identified features andg. said.conputed
di agnos MTes e eEisNRAnBIRe Sp-COmERtes 3 SOMPHIEIAETOS @Fh@aq'gas%fra@rﬁaﬁtd

rul e formmAss&aricabf gnSRédreledsf i ed set of identified features and said
conput ed di agnosis with a treatnment reconmendati on, said treatnent

recommendat i on being nodi fiable by the user.. ' )
15. The system of claim 14, further comprising a lesion locator for analyzing the medical

15 image and identifying a region within the medical image corresponding to a suspect

lesion for selection by the user.

16. The system of claim 15, wherein said lesion locator identified multiple regions within
the medical image, each of said multiple regions corresponding to a lesion selected by

the user.

20  17. The system of claim 16, wherein said initial sets of identified features include features

associated with said each region of said multiple regions.

18. The system of claim 14, further comprising a report module for generating a diagnosis

report upon validation of the computed diagnosis by the user.

19. The system of claim 18, wherein said diagnosis report includes identification

25 information for auditing purposes.

20. The system of claim 19, wherein said identification information includes at least one of
patient identification information, software identification information, examination
identification, report serial number, time information relating to said diagnosis report,

and user identification.



24. The system of claim 14, wherein said systemis configured for
processing said plurality of nedical imges obtained fromnultiple

nodal i ti ewo 2866/1283e system of claim 24, wherein said i nipCralA28@t0w6
identified features include features associated with nultiple regions in
said each nedical inmage. 26. The systggmof claim25, wherein said conputed
di agnosis is conputed fromsaid nodified set of identified features
associated with said nultiple regions in said each nedical inmage. 27. The
system of ¢l aim 24, er.ei aid nmul.tiple dali.ties .include. l.east two
of sonog ABFsetr g S R0, e Porltyiutd’s Sedbretions FRekl Tondgudly 5675

i mages, Claild3@8sis Rpbril mages, PET-CT images and MR images. 28. A nethod
of providing interactive conputer-aided detection of abnornmalities captured
in a nedical inmge, said nethod conprising the steps of: obtaining a

di gi ti Z2% Thedystam ofneleiar 1hr eides Porppaungl a dpgplale Ky 2eRIRERS 3 SHRMGIATY &t
T e o ‘ gt o L oed med: cal
mge.  sardsdtin o] m8iieGer FaGhREA kR Wid PeaBh Rodlliddiie0 Mo o

descriptions of a set of pre-defined characteristics; providing said

i ni t3 al 2% dtheodysieteof icldimd22, mgthef eatprieing fao praidefined emiecefyr asscaatuignepid
nodi fi ed set of image features nodified by the user. fromsajd initial set
of i dent i FResedagl OF dderliied FeatpueidiGad avEBwES| Uogiosth BHPR HEEITIEG set
of imge frem,a@,giatieﬁ sHRiGFeatbt d8ddnfiRenddNER bAHY Gl SbP@RRRES Teport upon
receiving a validated diagnosis fromthe user. 29. The nethod of claim 28,
further conprising the steps of: prior to processing said digitized nmedical
i mge, 24ddewystgmanf dlaient4, whesein saidopstamrie gpafigused fastpepcessing prid alugality
digitized dical.inmge fro user.: nerating a plurality of segnentation
candi dat es é‘b"i“P&L%‘%ﬁ%?RBta{HSW@%%“@&‘%ﬁ‘Oo? ifit er est ; providing said
plurality of segnentation candi dates for user selection; wherein said

pr opes S2H Tt wptett of ¢12i6524 whiretnt @il BégurBeds alfiidentified deabades invhete featerdsi f yi ng
the set of image features. 30. The met hod 8} claim 28, further conprising
the step GFsosked WithuARie iegaensiiy sgid eph wedical image.

26. The system of claim 25, wherein said computed diagnosis is computed from said
modified set of identified features associated with said multiple regions in said each

medical image.

15  27. The system of claim 24, wherein said multiple modalities include at least two of
sonographic images, Doppler images, spectral Doppler images, X-ray images, CT

images, PET images, PET-CT images and MRI images.

28. A method of providing interactive computer-aided detection of abnormalities captured
in a medical image, said method comprising the steps of:
20 obtaining a digitized medical image;
processing said digitized medical image to identify an initial set of image features
within said digitized medical image, said initial set of identified image
features satisfying descriptions of a set of pre-defined characteristics;
providing said initial set of identified image features for user review;
25 receiving a modified set of image features modified by the user from said initial set
of identified image features;
computing a diagnosis from said modified set of image features for user validation;

and



associating the set of pre-defined characteristics with possible diagnosis,
sai d di agnosis being conputed fromsaid plurality of rules and said

nodi fi ed wetzomf1283vage features. 31. The system of cl ai mp8®;cAsbevoeogssai d
plurality of rules are calibrated froma pool of diagnosed nedical inages.
32. A nethod of acquiring a nedical inmgge aided by a conputer-aided
detection system said conputer-aided detection system having a nedi cal

i magi ng device for generating a nmedical inmage and an anal ytic engi ne for
processing the di cal,.i mage, the nethod.conprising.the steps . of: acquiring
a plurality offoRBYPEAdiaghy %EEPP%’HPQT??&{‘?%%TB%}HS&FF@ diggnons droontheiuselyi ng

devi ce, analyzing each of said plurality of nedical inages using said

anal yticzﬁmierh%th&ﬂ@f@ﬂhm&iﬁﬂ%@%@ﬁ?ﬁgih'g@ﬁb #&pdirti ons to obtain an optinal
imge fromsaid plurality of nedical images. 33. The nethod of claim 32,
wherei n the sPRq ©f pesedsingi sidd digitizedf medice] imagearsceiying ampdiintificatiornges

I ncl udes extractin It hin.sai ] i | relevant to

di agnosi ng a disea%@kgﬁ%qé%ﬁgggfﬁwahéﬁég%%%?@%ﬂﬁﬁggﬁ%gigggfbn1the extracted
feat wes. 34.gdieeatingthphhiralfty Of alegme@atiovh ediidutésheoredsp@alind taealdiregiog of
plurality of medical inmages and anal yzing the plurality of nedical inmages
are perforned in sBb¥e¥xamni nati on session

providing said plurality of segmentation candidates for user selection;
wherein said processing step utilizes a selected segmentation candidate when identifying the

set of image features.

10 30. The method of claim 28, further comprising the step of obtaining a plurality of rules
associating the set of pre-defined characteristics with possible diagnosis, said diagnosis

being computed from said plurality of rules and said modified set of image features.

31. The system of claim 30, wherein said plurality of rules are calibrated from a pool of

diagnosed medical images.

15 32. A method of acquiring a medical image aided by a computer-aided detection system,
said computer-aided detection system having a medical imaging device for generating a
medical image and an analytic engine for processing the medical image, the method
comprising the steps of:

acquiring a plurality of medical images from a patient using the medical imaging
20 | device,

analyzing each of said plurality of medical images using said analytic engine; and

adjusting acquisition conditions to obtain an optimal image from said plurality of

medical images.

33. The method of claim 32, wherein the step of analyzing each of said plurality of medical
25 images includes extracting features within said each medical image relevant to

diagnosing a disease and generating a computed diagnosis from the extracted features.

34. The method of claim 32, wherein the steps of acquiring a plurality of medical images

and analyzing the plurality of medical images are performed in same examination

session.



