SYSTEM AND METHOD OF COVPUTER- Al DED DETECTION Field of Invention [00011
The invention relates generally to the field of conputer-aided detection
("CAD'") and analysis of abnormalities. In particular, the invention
relates to automatic detection of abnormalities in and analysis of nedical
i mges and aut omat ed assessnent thereof Background of Invention 100021 Wth
the enphasis on early detection of cancer, nore and nore people are taking
part in early screening prograns, such as nmanmography screening and in sone
parts of the world ultrasound screening for breast cancer. Sone recent
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- 2- description (“Stavros characteristics”).  Such local characteristics may include local

spiculation, local branch pattern, local duct extension and local micro-lobulation, among

others.

fog03] 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 (MR]) images.

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

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



est abl i shed. Conputer-ai ded detection has becone an increasingly essential
probl em solving tool in detecting and di agnosi ng cancer and ot her

di seases. Mddern technol ogy has been advancing in many different ways to
aid a radiologist to automatically identify and evaluate a battery of
characteristics of masses seen in nedical imges. For exanple, 5 technol ogy
has been developed to aid a radiologist to automatically identify and

eval uate. sonographic characteristics, to distinguish benign features in
medi cal i mges from sonographic findings of malignancy, and to conbine

i ndi vi dual benign findings and malignant findings to classify a nodule as
ei ther benign or malignant in order to make a diagnosis. It is also known
to automatically detect and mark candi date | esions or potential 10
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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, i.e., identifying characteristics and medical features in medical images and
suggesting diagnosis based on characteristics automatically detected in the medical image.
There is therefore a need for a CAD systermn 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 10 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



image is first segnented to provide one or nore segnentation candidates to
facilitate further imge processing. A segnentation candidate is confirned
or selected fromthe segnentation candidate or candi dates, either manually
by a user or automatically detected or identified by the system The
segnented nedical imge is analyzed to extract and identify features in the
5 image relevant to a diagnosis, based on which the system conputes an
initial diagnosis by combining the identified features with a diagnosis
nodel . The user is provided with an annotation tool to confirmor nodify a
list of identified features presented-8o the user. Upon nodification of
the list of features, a revised diagnosis is dynamcally re-conputed. Upon
a user having sel ected a di agnosis, either confirm ng or nodif g the
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[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



control points or defining additional control points on a segnentation
outline, thereby obtain a nodified segnentation outline. [00111 In a
second aspect of the invention, there is provided a systemfor providing
interactive conputer=ai ded detection of abnornalities captured in a nedical
imge. The 5 systemincludes a display for presenting the nedical inmage;

i nput devices for receiving user input; an analytic engine for identifying
i mage characteristics fromthe nedical inmage and providing an initial set
of identified i mage characteristics for user review, and an annotation and
nodi fication tool for a user to nodify. paid initial set of identified inmge
characteristics . to obtain a nodified set of identified i mge
characteristics. The system conputes an initial 10 diagnosis fromthe
initial set acm»dtmpaiﬁt oﬂkﬁ@ﬂg&dd&édamdnﬁmimebd Bsegridhiiénch@ging fiercbydbtdial set and
the initial aho ggégwmgmnoghuser for review, receives the nodified set
fromthe user, na re- a diagnosis fromthe nodified set and the
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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 muitiple 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



medical inmage to identify an initial set. of inmage features within the
digitized nedical inmage, the initial set of identified inmage features
satisfying descriptions of a set of pre-defined characteristics; providing
the initial set of identified imge features for user review, receiving a
nodi fied set of image features nodified by the user fromthe initial set of
5 identified inmage features; conputing a diagnosis fromthe nodified set
for user validation; and producing a diagnosis report upon receiving a

val i dat ed di agnosis fromthe user. [00151 In yet another aspect of the
invention, there is provided a nethod of acquiring a nedical inmage aided
by a conputer-aided detection system the conputer-aided detection system
havi ng a nedi cal imging device for generating a nedical imge and an
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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 (“ROJ”) for further study;

foo21] 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 5 showing only its segnentation boundary outline and its control
poi nts; [0024) Figure 5 shows a suspect |esion being tagged as a type DCI S
lesion in an exenplary screen display generated by the system shown in
Figure 1; [0025) Figure 6 shows an exenplary screen display presented to a
user of the system shown in Figure 1, that displays initial results for
further evaluation by the user, the display 10 being the result of
processi ng of the segnentation candi date selected by the user fromone of
t he segnentation candi dates shown in Figure 6; [0026) Figure 7 shows an
exenpl ary screen display that a radiol ogist may use for nodifying and
saving a sunmmary text on findings generated froma build-in tenplate and
resul ts shownl002R]Fi digues 4 sha®s {nERaMYarFiapen displ@NresenteddBa gisoly the psnof a

wor kf 1 ow i npl er@pted. fym tWAgh BRILUEEE seRHThE B SPOWcdoRnkih A UWaRiidiies WET €1 N
Figure SA shows the first half of the workflow and ~ Figure 8B shows the
second hal f; fubggocesiggitd "99%hows a process nodified fromthat shown in
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exermpl ary scr d¥R4ldi sieuwiy § sheveo sBpechiesiph deing) Begs a5 2styee QSBr i I"dis t he
steps shown i Ruxdmp@iey RrediDdispB9 gbRAR by fik glated slodvnShBipge schematical ly a CAD
systeminplenented differently fromthat shown in Figure 1; [0032) Figure
13A and 13B sHomShn Exweerplsimy ag exeehndicsph diyplayhpagseredus @ useof thheystnst em
shown in Fi gursﬁov;nén FENre lf,stﬁattdgplgﬂgtirﬁtﬁal }e%@%r%h@f%dal%ibﬁ@tﬁé hsEfthk Higﬂz{yrmt ion of
a probe or transducer and a report 1ncorporating such |ocation and
orientati off i bFise thetresplihof Riprgssing of the sramentatiop Gindidaty sedaqisdBy be HspieT e |y a
process that ajfiep@iditiion Us@™attokARDFEMSEEEM shown in Figure 12 to obtain
optimal imaging results and nmake a diagnosis. Detailed Description of the
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exanpl es, of particular enbodi nents of
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 I1A 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 I,

[0032] Figure 13A and 13B show an exemplary screen display that a user of the sysiem
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 the invention. In the description which follows, like parts are marked
t hr oughout the specification and the drawings with the same respective
reference nunerals. 10 (00351 Figure 1 shows a CAD system 100 that is
controlled by a software systemfor automatically analyzing nedica

i mages, detecting, identifying and classifying physical, textural and

nor phol ogi cal characteristics or other features of masses w thin nedical

i mges, providing conputer-aided deteetfion and assessnent of suspected

| esions for user selection, and allow ng interactive feedback froma user
to dynamcally nodify a list of 15 detected features and the di agnosis
conmput ed t het®®33 omFighed 4 shays sapipatyellyas precebing pmaperator vieg diedlAdyiveem or a

physi ci an. TRewHR%guRBY tebBf o haRiREfeRlOdnd RhkdURgheD System 100, for
exanpl e, a staff nenber, who receives instructions froma radiologist or a

physi ci an frggig ! ‘gnnéie“lﬂotﬁgf“i on. The CAD system 100 may be used by a user
to acquire 2 : _ di cal scanning device and anal yze the

i mages in regqdozd)i Meppe TRRHFAN whiiBY f@bw0 afd te 0RhoAmBHE ULtk Yhettird] el €d

nmedi cal inage from a database for further analysis.  Alternatively, a user,

such as a 5 adrouidghhvstay st sApe Pia, exmple. Sherp@PEs, of mgigwar spetRENs °facqui r ed
in real-tine wrpripfivd Fuis presa Giviehitd, Thisé Bxadplae fre padidal fogihs parpaes ghysi ci ans
to collectively eval yate. and an ze.the i nage an t I sh.a.di agnosi s.
100361 The CAB! técf"e?'ﬁhlé‘ tg’{/\%tatlmr?’ Eﬁ!&%‘? 8""f‘pﬁ"5%“da°?ig}er‘r‘a’g‘gsgcg‘ﬁg‘%‘% N rlloqxsubsyst em
102. 25 The vwhirhdalons bk mirts are makebtyooghont thegpeciafion ol the drawipghivithithe mages i n

real -time whep,. COBRGELRALOuARGsOr Nul tiple nedical image scanning
devi ces. The CAD system provides in general a nulti-nodality platform

Whi ch nodad i tyossp SEk@E eibvaepeAmlsysem 1ohehat BRGRrollédyiyer soRwire epsamigbe, t he
system may be | npl ement ed or_conf.iqured to s rt o ult i rfages,
X-ray inages, a"%ﬁ)glgtt‘f?l?’?ﬂé%mbg’f&&? ,'m%fséléégtg?tfng’l\}g%%ﬁ%gagg ,Ja%?f?'.”%g%”e‘“‘%g?r om ot her
30 imagi ng noedilt indsndrptatogicsl demetetiedrtaher HenGAD! gyestee mithipheedips t em
itself may al §QsddGroviditel ddApaleldted dGOMSOLMR RlessHRfitk?bRbd.RA 1dsBhs oLV¥eeW Of sonme
or all medical Tmaging nodalities. 8 é%OS?l I n one |.r‘rHI erTﬁ ta |og, t he

i mage acqui si ¥legonstap elevtipgrinterreivs ferdback fropq weer tohnaougels PAAR Hi™ §bvi ce 104
for acqui nsngdersedd ealiet MAGRSJidghovin @mpattd thertfrdni Theaker triaprbe a Ashnidvot 2d, t he
nmedi cal scann}acrﬁgloglgw ce, 104 c 1 l?s%r a0 a;’ﬂslotbfe%x?g&%%r% gﬂﬁ S&J&g& fd(,ni%L udes an

. ca a 6{Jh¥swlan. , )
ul t rasoni ¢ source”ah ransdaucer or ransducer S ) medl cal Scanni ng
devi ce may al semple 25taflmemberpeknadceiveinsiugionigenps ragiplogistopy PhygeipiEnand an
X-ray inmager. fbR 16%shnC ahe BABNRINI100 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 analysis.
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 inages of a patient's tissue, bones or organs
may be used. [00381 The image acquisition subsystem 102 may al so | oad
previously acquired images for further study or for sharing with other
users, such as radiologists, technician or 10 physicians. For exanple, the
i mage acqui sition subsystem 102 may include a digitizer 106 for digitizing
a previously acquired inage that is recorded on a film Alternatively, the
i mge acquisition subsystem 102 may retrieve an inage froma renote inmge
server 108 or from an i mage dat abase -18.0 accessible to the CAD system

[ 00391 The CAD system 100 includes a user interface 112 that allows a user
of the 15 systemto view an imge, to manipulate its presentation, and to
i nteract withl08¥k siseremmpleTiogatiegethe jimeger feaggtion1 @biysieh udesnerteditepl ay 114.

The display IdéicgBYanRRe fevi®RAD4 RF acqfirindhetiGFifkes 8 3R¥enCh RELiRdI Aabl e
di splay device that is capable of visually presenting a nedical 1mage to

the user and ‘?OéEdc‘&bﬁﬁ@‘éa] Sfanpine deifei 1y cg %"p‘ﬂ’i 'é%i‘fso‘%iﬂd“a@éﬂ& et indEt Bht s, The
user interf acatraka;f«tc salirS®ank laethsdﬁsf dr Rpisducete VTR @kdidal Gcamfg dtah& m@@rso b© 1 nteract

\M t h t he S st a éz(:)ase%nc%nstis % St OICEE?I;] %éltaemipart he me 1 gl ans Of
i nt er est |n t hie™ 1 aye |caf ﬁa i* V ﬂf@'%ﬁ% i ncl ude

device
a keyboard, fdwwema)rm¢<>é>e af GF, PEﬂiergrrorti\@Uesmneﬁ @xryysuméktlmmmg denpufer A voi ce

recogni tion npdulie AR%.RRadl % 9e { Qb URLG S b:25b B nehk@nscri ption. 1t nmay
al so include a nouse or sonme other pointing device for the user to identify

a particul ar mo3sgl Te¢ mraggacqmlmfn shmstmmzqﬁly alsmg@p&@oumbecqsyﬁtlﬁﬁges Di spl ay

114 and |nput devi,ce hysical |y to,a single piece
of har dvar o ufif el Col B Bfief SRR P PO SR Gt 17
dlsplaylng09rdphmwwaﬁm1$€mﬂuﬁwlmuﬁpumwmnmmwemﬁmﬂphgmueémkmnmuuﬁ1&@0401 The

system 100 al &pd@&mﬁ%%&vﬁmﬂyHas&ed%a@%m; reBG ARG @S AkbBativBy UBET MY
use the output peripherals to reproduce or record results of an

anal ysi s sess!H¥® HUHIMSEOsY SR b(l?tm"éf‘e“i"ﬁé ansinagedim Eispote yuag peaver 1 out put
peri pheral s maymanilapdiBtabasp 1 10nkaEsibleXO the TA® sgllenpr | Nt er may be, for exanpl e,
fil mbased or paper based. A filmbased printer may be used to transfer
t he medi cal i i§¥8s, Tk O0adY system 189 iingludes| 2 vspmigterfese 1 h thaipaliowes verd of thmge to a

filmfor -8- ld}?s%m%tvﬂwrﬁﬁr a rﬁ%atnlpqm@hts@&e@maayn Mo GRS ack Bk QG € 2
filmed image. r|n er be used to produce hard copy

reports for sﬁa‘? r‘)sr?g“\'iﬁ’ ‘f‘i’ ‘il“df)%%’isﬁli%xy oThef‘B?Playdtlél’i‘}a\Vn Ag PiHPodes. The
out put per i pherogkser, bianmmyeraslusmd digpllay dfeviee mbnsb:ram&e:ff vis2ly gr@énting Rar i ng

results wth %& ﬁ}ﬁa{l na‘iag?lo%é)&hsa‘iﬁ stcha&Q)é?érSAe%E% f%ﬁ ical %dtt& u%f:‘%gtlg}{nl 'ﬁ1at ion

network 124. econmuni cati'on ne oca
net wor k ( LAN) ugr inggsface| 142 alsqy éncludes input devices 116 for the user to mteract 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  physicaily 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 ocutput peripherals 118. A user may
use the output peripherals 118 to reproduce or record resulfs 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 nake any nodification in real-tinme to results
automatically produced by the system 100. In addition, the out put
peripherals 118 may include D COM conpliant devices 126 for transferring
or storing processed results, nanely conposite inmages generated by the 10
systemtogether with associated reports. [00411 The system 100 has a data
war ehouse 128. The data warehouse may include its own nodul es for.
retrieving and managi ng data, or may sinply provi de storage space for
storing data therein. The data warehousge 128 is generally for storing
systemrelated or generated data, including archiving processed nedical

i mges. For exanple, the data 15 warehouse 128 nay be used for storing

pre- di agnoseds FRPRS trhFdak 'dﬂﬂa;p&nzﬁmﬁaﬂe&lrea'ﬁ%ed%&@rAlaﬁfent lBa@éar}’t'mtglat a used
by the system for providi ng automated detection. Preferably dat a

war ehouse 128‘“§’Lfﬂasﬁd’fet“§e a‘Pd’Fﬂ dYserTgrItoRORPRES BT Thafing Witheqyhes Pb’ﬁtc"ab*t ‘I’fefPf forns of
i mages such aﬁchﬂvﬁ]ﬁ@,urp&eg_l\m Rkt pdawraasl 18 nlag alos DEle&SLEleb isvat k| fons,

E?méznpl | a%#l’&\'%%?&% $ WAE (&) I rg%&o%% ) or SlCla!lS ()Q\Iel'n gﬂg%&%lg ingI?]B?Woaﬁgfiet O:‘)f t ?ma
st anp of pfocEwddebommuyention nareioryd 24 madbh ) iomh s netmrld (EANatr iterintemetdet ect ed

features all ﬂgp B&s & [ T=To G o) (RRT=T-Tof p - essed
i mge, as well. H.EEOOZZ?Q@l he sy st(get?}l?l ﬂwsﬁ%@ﬂn&%ég@%j%@;ﬁm@g%ﬁ% | ed by a
PEAYSP
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b he CAD ft
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| ocati ons and execult% g‘| on djfferent ﬁ)rocessors of the hardware units, or
8{ C

even as indeptiddnt G Bd 00 ps a dpfe agh e 1381 Tasrdatdrvarehenseip ey acludrife sof t war e
conponent s canwahsdulds dorpetawiigead Imana&&gdihﬁafcﬁrn&@tsmmnptfm&etwr@esmcd:ﬁﬁ exarrpl e,

a medi cal SC&‘QQJﬂ%QIa&%Mer&E '?Renégtaa\%:% ere 1%){5 geral 01? st(l)rE 3, 5900) SPE)C’Pt Shar e
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combined in su h a wa ferént subsystens to deljver

form di
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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 software 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 software 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 software 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



5 readabl e nedium such as a hard di sk, and executing on one processor. As
~wll be appreciated, the CAD system provides in general a nulti-nodality
platform This may be achieved, for exanple, by providing a
nodal i ty-specific conponent in each conponent of the software system 130,
where required, to inplenent the supported nodalities. [0043] The software
system 130 has an anal ytical engine 132 for analysing nedical 10 inages
and deriving a diagnosis for user review and validation. For exanple, in
one inplenmentation, the anal ytical engine 132 processes inages obtai ned by
the image acquisition subsystem 102 to idgntify regions of interests for
further feature extraction, extracts features presented in an inmage, such
as physical or norphol ogical characteristics, prepares the resulting

i nformation for dideplit@y haeid TRV BMvara BhpoRAS n{ahelscslﬁtcomfamﬁeﬁ ach £6hay k%
features to a d| Odst‘feren
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mani pul ation nodul e 206 sensthelmaetot displa
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contrast, bright %44 | elgre 2 shovysamhvinatralsr camondntygfithre ofwae 5ystein Eopafiei cul ar
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further processi E‘gﬁ qe100461 The |maﬁe processi ng nodul e 208 or 1 nage
S

processor is res trean fu&ﬂ, prB&e[sie%Io various component modules of software system 130,
Software systern 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, ie., 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



5 recognition and feature extraction and perforns various conputerized

i mage processing and pattern recognition operations. The inmge processing
nodul e 208 conputes, i.e., extracts and identifies physical, texture,

nor phol ogi cal as well as nodality-specific characteristics associated with
a mass defined by the boundary of an abnormal region, such as a lesion or a
nodul e, that has been identified in a segnentation process. In general, the
i mge processing 10 nodul e needs to be inplenmented or configured
differently to process images obtained from different nodalities. For
exanpl e, when an ultrasound image is | oadgd, the features are generally
those defined for ultrasound i mages. The features nay be those associ at ed
with the interior of a suspect lesion as well as those identified from
regi ons outsidethummadpweﬁM$Mylh@Ah&mnﬂanympﬂmameahm@mgafmmggm@ammﬂuch as
posterior shado t. b xtracted
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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. ¥t 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



5 delineates the boundary of an abnormal region such as a nodule within the
RO . The RO may be identified manually by a user, or automatically by the
system and suggested to a user. In one inplenentation, the user selects
and identifies the RO to the systemby first selecting a segnentation
"seed point", i.e., a point in the interested region. Figure 3A shows an
exenpl ary screen display fromwhich a user may select an RO. Typically,
the 10 seed point 302 is selected at a point near the general center of the
interested region, such as a suspected solid nodule. The user may sel ect
the segnentation seed point by, for examlig. using a nouse and clicking a
point in the central region of the nodule (see Figure 3A). RO is defined
by selecting the seed point and draggi ng the cursor away fromthat point. A
circle appears qmﬁemmie@rdageghhﬁmroﬁgiam ieEHgﬂ:tiMnﬂkbaﬁjhﬁbxﬁﬁ@dﬁEﬂﬂb@hﬁt@Jﬂl be

al gorithm shal | use butt.on until the RO
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exanpl e, featlir eShe uselreitee theomomsButtos AP e ROI BEINE Alffidonily @Rk 6d hietdist B of a
suspect | esion, Qi hers. The -13- lesion depth indicator 318 provides
an estimate of a eptiqn of the lesion fromskin as a relative nmeasure,
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SUSpECt l'esion is.i segnent e delineate a

boundary cont our ﬂ‘fcsf’ﬂ% ssﬁﬁgﬁg‘& aPde?l e&%“a“tfjrm%%fd’i‘?éﬁt"at Tiyhapgppghjng be further

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 2 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



5 This may facilitate further image processing, as inage patterns and
features relevant to a diagnosis of the suspected |lesion are nore likely
those inside or outside but adjacent the segnmentation outline. Different
al gorithnms may be inplenented for segnmenting an RO. For exanple, in one
i npl enentation, a front propagation type of region growing algorithm is
i npl emented for segnenting lesions in an ultrasound i mage. A "seed point"
within the 10 suspect lesion is first selected. Adaptive thresholds are
selected for determ ning the boundary outline. Region growi ng from seed
poi nt based on adaptive thresholds may further take into account | ocal
information and is constrained by domain know edge. Initial region
outlines are defined based on local information. Wien equilibriumis
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developed for ultrasound i images will need to be re-tuned and/or modified to process MRI
20  data.

[0051} = Each algorithm can produce several segmentation candidates, i.e., segmentation
cutlines 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



5 user may select one the systemdetermned to be the best result. The user
may al so select a segnented inage fromone of the other candi date inmages
408. The user may identify a selection to the system by, for exanple,

doubl e-clicking a segnentation candidate. Optionally, a user can reject
any or all of the displayed candi dates and review the conplete set of
segnentation results. This allows the user to visually exam ne all
segnentation 10 results and pick one suitable candi date based on the user's
own experience and judgnent. Alternatively, the systemnmay al so be
configured to select the best candi date ggmerated using the nost suitable
algorithmfor further processing, wthout any user intervention. [0053]
The user can also refine a selected candidate by editing the segnentation
outline 404. Tdesitm Hohndagy 41)4us‘é’hatriaymmidérbd € i bedt i caglideerMos of thpciegitemtadon
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anal yzes the i magg‘?’fgonewa‘:é’ntt“}1 F’ym%ﬁﬁatg%syﬁtg?tdéalﬂ %Jggégﬂmefltgté‘lntﬂug% Poﬁgtlet ern
20 wuser to confirm. Once the system receives a selectlon from the user, the system starts its

computerized pattern recognition and feature exiraction process.

[0054] The image processing module 208 shown in Figure 2 has a pattern recognition
module 218. Paitern recognition module 218 analyzes an image, in particular an ROl
delincated 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 2 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



recognition nodule 218 may al so anal yze the image to identify features such
as clustering 5 and contrast of pixels in a segnented RO, or analyze the

i mge to incorporate sone notion of domain know edge including surroundi ng
information in order to better identify specific |ocal features. [00551
The i mage processing nodul e 208 shown in Figure 2 has a feature extraction
nodul e 220 for extracting fromthese locally identified patterns speci al
features that may be 10 relevant to diagnosi ng cancer. Sone of these
features may include shape, orientation, angular margin, |esion boundary,
and calcification. The features may al so i.ng¢lude those unique to a
specific detection technology. For exanple, for an ultrasonic inmage, the
features may include echo patterns and posterior acoustic features. [00561
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ranks t he set of pre-defined ¢ aractenstlcs 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 -ancl are

30 ‘determined from the results of calibrating the set of already diagnosed images.



5 inportance of each feature relating to a diagnosis, and conputes an
assessnent or diagnosis. In general, a range of discrete assessnents are
possi bl e. The particular set of possible assessnments depends on the
standard used. For exanple, the assessnent may be one of benign,
mal i gnant, or indeterm nate, or nmay be one to which BI-RADS category the
| esion belongs. In other words, the decision nodule 210 nmaps the findings,
or set of features 10 extracted, to an assessnent of the |esion based on
the underlying nodel. As will be appreciated, different nodels may be
enpl oyed for assessing suspected |esions._ (the nodality of the software
system 130 permts different nodels to be applied to the sane set of
features extracted to arrive at an assessnent. As will be further
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20 |00S8] 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

ata 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 resuits and collective
knowledge of radiologists and physicians. In one implementation, the knowledge is
30  summarized as a set of artificial intelligence {Al) rules. Frolm 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



di agnosis. 5 100601 The foll ow ng exanple outlines the steps of one nethod
of producing a set of Al rules, inthis case, to build a statistical

nodel . A pool of diagnosed inages, together with their corresponding

bi opsy results, is first selected. Characteristics identified fromthese

i mges as well as the known di agnosed results are conpiled. Fromthese
data, a statistical nodel based on nutivariate adaptive regression splines
(MARS) technol ogy can be built, 10 which has the general formY = CO

+EC *BFi where CO and C are coefficients and BFi are the i-th basis
functions. Each basis function takes as iput a defined conbination of
defined set of characteristics and potentially defined set of basis
functions. For exanple, a basis function nay have the form BF240 = (ECHO 15
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wi th the diagnosed”imges. 20 )0061) Once such a nodel is built, it can be
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out puts of these di erDeﬁtZ(as}‘S?@ssnent engi nes where desirable. 100621

Al t hough an assessnent mm provided in any manner, in general, the 30
assessnent nodul é”hzfzﬁoﬁfl‘béi ‘H%goeﬁ'iclﬁétéﬁndvﬁf’tl Aredfe il bsis Senevans. o PSiHfHSaRi th a

common st andar d,;ake8izlnpasa JRHiRdicekBIghian SHdRHRO Sdt 5f BfracteriBilcs Rﬁ@&eﬂﬁﬁﬁ&eﬁﬁﬁnt A
Si ngI e assessnent

conput ed di agnosi®§. OE%MS%CQ‘B]S grzega{’pg%ﬁ%ﬁgfsaf“%?}gé?‘%lslbae‘gﬁhg E‘E %1450 @gﬁgm sis
presented to &5 userORIECHEhe } rQRI EfHOtat Oh EGIQuseD 4 8F180resenE@dOw tie one
of two groups of FRSeSHIBM:Sy with GligR opddhl G, GOF § S PRABHTr 1 bRls RS as
well as the coefFicients are obtained by fitting the model with the statistical data, namely the
characteristics identified in the diagnosed images as well as the known diagnosed results

associated with the diagnosed images.

20 [0061}  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



| to 3 and "nmalignant™ which corresponds to Bl-RADS 4a to 5. The user wl|

then have to 5 select a particular assessnent fromthe suggested group of
assessnments or make an assessnent selected from outside the suggested

group. This tends to discourage adopting an autonated di agnosis w thout

eval uation by a user. O course, other granularity of the grouping is
possible. For exanpl e, the possible assessnents nay be divided into
"benign", "internediate, or possible benign", and "malignant." 10 100631

After a dlagn05|s is conputed, the decision nodule 210 may al so tag the

|l esion, i.e., associate the lesion with agtype. Sonme conmmon types include

flbroadenona (FA), invasive ductal carcinoma plus DCI'S conponent (11),

i nvasi ve ductal (I1D) carcinoma, ductal carcinoma in-situs (DCS), and
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|l evel for types FfMtershddiatd B podsiblelve@igl nau “Mhifzhant 2agged type DCI'S. This
advant ageously provi des feedback to the user as to a i kely type of the

suspect |esiom [#eShougherkidgemsis 5 ®howsd, onkisison enctylp 21 0edynge &g dodisat.ed
with a lesion, i tl eI Sdss é?fﬁus “.hglle%)ﬁ}l%&l Zl},?peS %’ﬁeadom%geﬁ)e@ﬁﬁl@detfﬁ)?oa?ftﬁbﬂ‘l&?&':@f

confi dence | evel A3S0¢| At e erew t confidence range.
The system may t hevesivedgiekarcigomaplps %‘S%m@eﬁm dDtigpaeive duptpl (D) gagginaga, dyetely e
with its value Ofca&%fnh q&eme(d@g)eland ﬁxlvislv@goﬁddaf mpcarmndefcsdaamyr aﬂ'@l&e ofor may
be one outside the @Iﬂternatl

ev§|>}

z
of confidence | ev‘é’flﬁ Pcﬁ R &Flg‘}blmayabﬁt gﬁﬁ%ﬁ%lﬁf Poe R grSt the “Zéﬁ ﬂ\én to
be of that type. Ble[odoGHdendolesal il evibinta defieed zuifiderat enigd elteéﬁﬁtm@‘ntamed as

characteristics, l?e%n%ﬂ%%ttﬁi R Fﬁg%%'&sho&s%h&é@é&ﬁe@ﬂn aéng%gg@mqmﬁs 9t send

nodi fi cati on nodu is provided so that a user may -19- add annotati ons
to an inmage or nogoddy a%ﬁﬁﬁﬁt@i@réﬂ b @11 Ri4suciths alldecrbeshapammtaaatblema on

generally refers t Orafa)ﬁé%f‘ce:[ﬂgn e&pﬁi I}owgaigtxser rSHSseI a cor%el Ca}:lm I &d bf %g%b‘;{xﬁhor

characteristics O? I'n or a et are
f eat ures sel ect edthfesioid $06pnda defer Hedhdd508. Figure 5 also can opnonally 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 S shows graphically
values of confidence level for types FA, 1], ID, IL togethér 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 tecol,

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



of features, such as that defined by BI-RADS. Wth the aid of annotation
and nodification 5 nodule 212, a user can al so add features that are not
identified by the software system 130 or renove fal se positives, i.e.
features automatically detected by the system but are considered false
detection. A user can also assign a different probability to a feature or
nodi fy a probability assigned by the system Advantageously, as the list of
features and, their respective probabilities are nodified by the user, the
system automatically re-conputes 10 its autonmated assessnent, to give the
user an inmmedi ate feedback so the user canyrtake a nore accurate and

i nproved di agnosis. 100661 The annotati on and nodification nodule 212

- provides a list of detected characteristics for a user to review and

annotate. Such aadd ShothiMs tbeanpiﬁrﬁgfeatﬁ@hlﬂyqnaotumrahieﬂyaemefeesumrs Whaiglew 600
as shown in Figure 6 resul.ts ndow 600 ontaln a cogﬁgete |.ist, 15 of
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conposi te i mage vwhere, &9&3}5&13@11“@;:"91@%09%& &he Jsg%ysggan a&ﬁn&agaﬂ%%g,pmes

i con, synbol or other graphical representation ate an-
annot ati on 608 [t a?tﬁ’@atﬁbﬁsiweb‘owtgl‘(ﬁﬁh@ﬁﬂtq‘?emﬂ’é@m feadbagkriel dhe vEOCan makg a

di agnosi s 25 panehorbkurftosnddhsleadiagi@siconput ed di agnosis and for the user

to select a validated diagnosis. Also shown at the bottomof the results

wi ndow 600 is a dotsébnt Thu acbowtidhl 2ndf owdibatier impdule Cadnpervidss anikt afinietatd ons.
10067] Toget her wipthdfig, ‘Pq?%fk%lo r@vxé\ﬁﬁggm{éh&plSQt%%qlst'nﬁg%QE F@% 2 Haw 602,

features detected autonmati ca stem are resented to
the user in the r&¥lvigdgys§ilas ShBU“ B‘d’AB"F?ﬁ aThFF‘é‘étsé‘tlfrde‘étﬁﬁf’r@dtm%‘afq}i}?@fellliStst

Referring to K guste s&,of proQefines tﬂata&em&e{mtﬁ% dﬁé’b&%haﬁwt%ﬂsfhbﬁﬁe-@épuﬁﬁ@CWXeS

614I|nked|natr utu |nd|cteth interrelation

checkbox in Figur®& E’Z’lecsﬁ'{ rfc r5s fham et Sﬁgsr &% er'fsg éo%ef l:Jttﬁ‘(’-:[“ g’t‘:@g?‘g oS
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highlighted or chggkesk, ﬂeqégaakﬁﬁdo@%@k&oﬁe ,ﬁés&ted'tgghs%ﬁ&n%ﬁe &mg e fgpture

has been detectedinthelma In the i 19
also be made availal le 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



on the left hand side. An unchecked checkbox 618 indicates that the
corresponding characteristic or feature is not detected in the imge. 5
[ 00681 The user can nodify the autonated detection by renoving a detected
characteristic fromthe list or add a characteristic to the list. If the
renoved characteristic can be traced back to a region in the inmge, the
di spl ayed i nage nay be automatically wupdated to indicate the renoval of
t he characteristic, for exanple, by renoving the corresponding icon.
Conversely, a user can add a characteristic that has not been identified 10
by the systemin an autonated detection prgeess, nanely, to identify a

| ocation in the nedical image as the site of the characteristic. A
characteristic manually added to an image can be automatically added to
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di fferent diagnosis cat etgor ies are
use the annofation 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.



provi ded, namely, (lnconplete, 1, 2, 3, 4a, 4b, 4c, 5 and 6). This set
corresponds to the categories used in BlI-BADS. According to this schene, |
is Negative, 2 is Benign Finding, 3 is Probably Benign Finding, 4 is
Suspi ci ous Abnormality (which is further sub-divided or 5 refined in the
field by radiologists into 4a, 4b and 4c: 4a is finding wwth a | ow

suspi cion of being cancerous, 4b is finding with an internedi ate suspi cion
of being cancerous and 4c finding of noderate concern of being cancerous,
but not as high as Category 5), 5 is H ghly Suggestive of Mlignancy and 6
is Knowmn Cancer. [(t , These possible diagmasis are divided into groups, or
buckets. Different 10 granularity, i.e., different nunber of buckets, my
be inplenmented. In one inplenentation, a two-bucket approach is taken. In
t he di agnosi s pane?0)610n oh&l@nﬁlémﬁtaudaudktart syB@4, hise diffloran diagnosisn@legrties are

di agnosis 1, 2 and SEED bucket ld 4b,
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default group, i %lggestb'yoféléhl@mncngld@n%limﬂa@ﬁ@sq s fromeit her the first
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ination-of th ylt f
annot ation an S tag%rg“haq?‘keg;{tf agrbos’e nglgr%og{%&.o cygtlﬁ ?lhtsln)gvg “beni gn

annot ati on and m)dl |caf’
and mal i gnant soniogndeghieosiehat adBand e jegend Auckelef36 inpladed dla%@’i}%‘*a #n AvrdtSi on
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related to annot atl ons ( annot at|ion conment)_ or ener es related to

the i mage (gener aPt ¥YPATHIA) 'ag“%‘sge’hé’r“élmaéfogﬁlﬁ‘ér?t ?gﬁgﬁ‘sb‘léo"é Y ARG
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20  diagnosis from a default group, i.e., by selecting one diagnosis from either the first bucket

2oIn one implementation, a user must validate a diagnosis by selecting one
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.

10073]  Using the annotation and modification module 212, a user can annotate both
25  benign and malignant sonographic characteristics as described above. Amnnofation 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,



general notes, reporting findings and the radiologist's assessnent. The
tenpl ate provides the basic structure of a summary text, wth suitable
statenents sel ectable by the annotation 5 and nodification nodul e 212 based
on findings and the validated assessnent. The tenplate nay be nodified by
i ndi vi dual radiol ogists according to radiologists' style to provide nore
flexibility. Notes generated froma tenplate can be further edited to
provide nore flexibility. Figure 7 shows an exenplary screen display that
a radiol ogist may use for saving a system generated sumary text on
findings as part of a general note. A summgsy 10 text providing the
radi ol ogi st's inpression of the | esion nay be generated and saved
simlarly. As can be seen fromFigure 7, information relating to the |esion
is inserted into [067Ap sOsmaMiatY, aké 2RRALOD ﬁrl’dﬂi&ﬂﬁ'bdﬁont ﬂodutlaiusrh@\/\lﬁcliﬂb iohe
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20 or may be an electronic report suitable for sharing or archiving in the data warchouse 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 commeﬁts, 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



medi cal inmage and its processed counterpart can be included as well. The
report can also include other information such as institution information,
pati ent denographic information, an overview of the software application
and its algorithmsettings. Finally, the report may 5 contain the inmage
findings and assessnent of the radiologists, for exanple, in a format
conplying wwth the ACR-BI RADS Ul trasonic Lexicon C assification form
100771 The report can be provided as a form w th suitable boxes checked to
indicate findings and an assessnment. Conveniently, the report may include
a sumary list, listing all identified feasures. The report may al so
include a summary text, or supplenented with a 10 sunmary text. The sunmary
text may be based on findings and inpressions generated by the annotation
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information to provide improved audit capability and to discourage accidental modification
20 of'the reports.

[0079] Multiple iesions from one image may be processed in one session, in which case,
a single report containing all findings can be produced. Alternatively, multipie images may
be processed in one session that leads to a single report containing all ﬁndingé 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



reference. If an instance for that conposite rendering already exists in
the archive for the patient, a newinstance is created. Audit information,
such as user ID, date or tinme stanp, and user addition or nodification of
detected features, can be recorded for each archived 5 instance. [00811
Wth reference to Figure 8, steps of a workflow 800 are now described in
detail. This is a work flow inplenented by the systemto match that of a
radi ol ogi st but with further flexibility and user control built into the
process. Images are first acquired and |oaded by the inmage acquisition
subsystem 102 under the control of image |l.ggder 204 at the 10 i mage
acquisition step 810. As described before, inmage | oader 204 may | oad an
imge from a nedical scanning device, |load a nmedical image fromthe image
dat abase 110, or vwesdeove ﬁepormad:illg ala damgelnﬁtﬁr@lﬁﬂecadlfeetﬂ@t &hik ma:gsates arsyﬂfurelOB
anong others. [00
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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
arid 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 describled 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



RO at step 816. Once the RO is identified at step 816, the segnentation
nodul e 216 begins processing the inmage and attenpts to identify possible
boundari es of an abnormal region such as a nodule. 5 [00841 During a
segnentation step 818, a series of possible boundaries, or contours of a
suspected nodul e, are generated. |Instead of selecting one boundary
automatically, the segnentation nodule 216 requests the inmage display and
mani pul ati on nodul e 206 to overlay the possible boundaries wi th individual
images to provide a series of candidate inmages and provide these candidate
i mages for user selection. 10 100851 At step. 820, a user selects one of the
candi dates and conmmuni cates that selection to the system for exanple, by
pressing an "OK" button. Once the systemreceives the selection fromthe
user at step 818 defehi BatGtseMest &k tuser imw&hemg&m&wbwmm@mp s@atfng At Step

822, pattern r ecqgﬂnélétgg Sﬁdqgmce t%t lI£0 1sd)§38nt1?1%: at speB ng%l?e Pegm?n aélor% oéiu(‘-l)enf‘ll l y, a
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editing them as show.dis Fhaui.e 4B. 100861 Features detected at step 822
are next provided to the decision nodule 210 for conputing a conputed
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aut omat ed di agnosi s, ¢ ron1 ou her,. such as from
one of 4a, 4bgl§nd O%th? %a“é]%a?e °°P °‘ir amgm%v"ggsor e‘P““ |°(':“ et \S/hé"r"m m%gué%m [ 00891 Once a

user is satisfiedidoBgt frRAbM ERcREAtd '3;2i L}@ nbABIGIAE tlﬁ:ldlemé&ll R5R316 Bt he
feature panel and the checkboxes in tﬁ feature channel do not have any
fal se detection, t:cﬂ’%outmg a computed diagnosis. The auto-diagnosis step may include an Al rule mapping

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 resuit
from the automated detection process. The results window 609 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 836). 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 to the other, such as from one of'4a, 4b and 5 to one of 1, 2 or 3, or vice versa.



user may confirmor select a diagnosis (step 832). After a diagnosis is

val idated or selected by the user, the reporting nodule 214 at step 834
automatically produces a report. Results 5 fromthe anal ysis can be saved
to a data warehouse 128, or shared with other physicians or radiologists.
Audit trail of operations by the user, including selection of RO,

sel ection of segnentation candi dates, annotation and nodification of
results and validation of diagnosis, can all be saved. This conpletes the
i mge processing workflow 800. [00901 As will be appreciated, although the
wor kf | ow 800 described here is for 10 praggssing one inage at a tine, with
nodi fication, the system my be used to process multiple |esions or
multiple related i mages in one single session. For exanple, the system nmay
be configured to [pead t Ohdecn wees sitisficdethat featir@ sednap th8 Ibage Qresl semttecamahéner
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Figure 9, there i $ “TEJ Eec‘F‘G > al%?‘@éég%lwﬁﬂ‘ﬂ%lﬁopﬂe@”"%@é‘s B a

single | esionion probesdyy ©O0magltat s tties, Qﬁﬁ)momﬂ&u&f thehe@steriudaly |bplueed|tmgﬁ5ssi S
first |oaded. Them ﬂﬁi@%@&l&r@%ﬁ{ﬂ%&?& én%dsm%l réf%%(gny For exalrlljole tTLe sy gn? nt ed
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as shown in Fi gur ehe3bncRiod b @é;bwaz ihslanbi Erb&z@&mg% HRALANRE S sfNifLEd ThE @
w ndow as that shown in Fi imag e is exam ned at step 930

to determ ne whet H&F MEHESO) %@thi’ ftf’peﬂoliétj"aq %"Og‘@dﬁ‘éﬂﬁ Qicprocpssing fn thessamg sesgiofy
segnent ed, thert s@pnesitmmapalsOdduntey cdrégbydasoedhie the sasie lesioByhodvh SOdifftregt t 0

by pass segment at i %g@sv &lhet {11 BBorks ﬁﬁﬂ?sah% il Flg Qesg r{){éb‘?sse%eﬁ'n? Ls!e{b (%gl f’then

earlier, a user may 30 use the annotation
features to the sy&"t"’éﬁf" SfePé?ﬂ Wﬂl’c’é‘l'f’et‘H'églsgﬁﬂ?l‘emmwl%eselﬁmn@kbmmseﬂ all images
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950 for further roc ssin C niti eature extraction
and di agnosi s EWJ&&‘{SE‘E‘? “ES" bN”f’@E?féﬁ“?i}réWe‘?B ejuper ?%ée"%a“q‘?“iaéi"’be
segment ed, t he?.d miﬂﬁl]' S Itqunmlq%n{aﬁon, 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 ROl 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



segnent ati on nodul e 216 for segnentation 940 and further processing. 100921
After the inage is processed, for exanple, follow ng the renaining steps
818 to 822 as described in reference to Figure 8, the process may return
to the beginning of the 5 Ioop 900 and | oads a second inage. At the
identification step 920, the RO is again identified. At the next step, the
RO is examned to determne if it is already segnented or segnentation is
required. Conveniently, the segnented lesion in the second i mage can be
correlated to the lesion in the first inmage if the second inmage is
segnented; or, the location and boundary .gef.the |esion segnented in the
first image can be advantageously used as first 10 inputs for segnenting
the lesion in the second i nage. The second imge is then processed and the
process returns tcomphgiobegitenitingy,afr it the RDDBpo BOLgmattdd] the avdge af folwaiednd ti pl e
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The system nay swsuitigniesiviseei imagye omevetk &egivishadubipfeameges. mgmélldls}{bg/s aeMRs al

a1 o o 130 SOl 8L of RlocP Bt SERLARL mEfSiohRIGAL bih A neified

and the i mage now segnent e aﬁf’SfloegeS%l de
by side. As an exﬁ‘f?ﬁ?sé’ns Eisyigs &4 @dlymmaexez@msw@s emé@gfh’antbmystgm as a
candi date 1112 i nusr SRGAeRlsapd BowPaPle1d14 on the right hand side and

[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 1620 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



an oval curve 1110 encircling the first lesion 1104 in the first imge 1102
on the left hand side. In this exanple, only one segnentation candidate is
provi ded by the systemalthough it will be understood that nultiple

candi dates are provided in general. Figure 11D shows a 5 segnentation
candidate 1116 in a segnentation panel 1114 and the second |lesion 1108 in
the first inmage 1102 on the left hand side. [0097] In another

i npl enentation, the systemnay take advantage of its ability of |oading
several images for a single lesion to performsegnentation in a

three-di mensional space. As will be apprecjated, a three-dinensiona

regi on can be represented by a series of 10 slices. Each slice may be a

t wo- di nensi onal i nage and contains a region corresponding to the |esion.

As the series of glwgnenmmrsdah&@ase uamaség@rféaghon%mﬁn 1r1<1?p&ﬁ§@rghﬁtah@£id@afnat he
|l esion in each slice can _be correl at st ack

slices thus provi BeSaLupgALY. engjiclipg,ibe frjbiesionA10d wdhe ﬁfﬁé‘nf}gﬁ 1&“’2"“(9‘?"&%%4“%&
segment ati on pr oceids, In thisexaiysd, enly cmseghGatios@gh®RLis rbadddvy Ge-sﬁbtdﬂnt&bl@ﬂal

dataset and provi Q%\ﬁll l?eqnd&ﬁoo%ftha? g@ﬂ‘gﬁntc%td{dgtgs a(%%g}gxlru%@"inﬁ%sen%rﬁ re Héb ggtw pei n 9

t hr ee- di nensi on space Tor user s
a three- di nensi ofegineisiige cogidatpdligsn ngegmhetat@mpsbtllﬂ el tdmsecfmdd@en 1¢¢8nin

sel ect one envel opefif:PiMafA02 SAMLIARIBSiat hat best fits the boundary of the
suspect lesion. [0098] In a further nodified inplenentation, the CAD system

displays in a terrmmsar Y InWehdtbk® \iinplementation} thcema@xhaﬂdyl tykeaidkzaﬁa@& of itéliaGidy a9f
region, a series adlhgn&ggﬁ ufngr s o%l?irsm laYeimrc]m tt%}%gf{) eéx}legl ;vownﬁicfgr\ﬁ %glﬁﬂSB)gai

Advantageously, t hese” 1 mages

"t hunbnai | " i magespacEghs Vél& éﬁmP@c'aE@ aﬁlnreqadlmmlonal regioe e be fephesanttil hya omies dfnmage,
several thunbnpai |s]1dem@1$sh@@-¥la3bl§‘e d t%qmnh&haft 191§getaﬁm{aﬁ1'§ X n OHQ?WSJOQ&mg to
sel ection. A thunbn ver si on of | oaded 1cal 1nma

generally with a rﬂ?é’g'fﬂ?éd% hgée”e’f efrimasges ifp plises, Hflloaq‘eédb“b‘ieﬁ@sei‘tﬁ@“ P%‘é‘%leﬁltni Bn.
Because of its recebabcesdaz de carelalmdmbmauad;h otheg Fhgenkrodblicys Pas plotides Ahdeast er

processing and manipy rr d| n o these thunbnail |mage
can be different anlpl é‘%‘? %?3 3 nﬁg% ag:%hx%eﬁm ona m%’a%uo" grgfess AR §v 488y ent
versions of a mediseslent ‘bf’rf)ﬁfg@dlhlaﬂﬁioﬁ@ detesef and praviddsegsicosfseduicgtatianghridaldies indr be

di fferent nedi cal thr%ﬁ&sﬁhQWc@gort tﬁs‘é‘r sHRNE, le8R1 Rfmenfliod FRISS (Bf:mé hepgane
region taken at differ en{9 tinmes conbi nation thereof, anong others.

These i mages can K& %f“'%l%pq'ﬂ‘fﬂf’ﬂ’i‘)g t?‘lﬁsurs%eétl lesgonrd Y5pr ‘iﬂw&é%onPé‘tvFlP%\ffé’ﬂ ther om
30 archives. -29- cm@i@i@t@ﬂthﬂfh%étstﬂammnaybftherm@ersle@:am be a series of inages
W th suspect | esion candi dates hl i ghted for user review and sel ecti on.
Conveni ently, thed®Blsiye ‘E%HF‘G@?@SII“@@WC%@OH the CAD system displays in a temporary

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 cotresponding 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.



automatically identified by the system For exanple, the system may inage
processor nmay be provided with a |esion locator for this purpose. The

| esion locator first scans all pixels in 5 each of the imges correspondi ng
to the thunbnail images and perforns an i mage anal ysis. Regions that
appear to have distinct features nmay be suggested as regions correspondi ng
to lesion candidates to a user. Alternatively, regions having
characteristics like texture that differs fromthe background may be
suggested as |l esion candidates to a user. Thus, the system can dynamcally
provide a nunber of |esion candidates for usger selection, wthout 10
requiring the user to identify or define a region of interest to the system
first. The system may further segnent each of the regions corresponding to

| esi on candi dat es [@pg] PrESRMumbail illRs LASE o sa@iks%?gndé’béxﬂth%ﬁs%&t leGSd &Hdldates
candi date, the be%@hlfgﬁt%gim ation cg{adl date for each | esion candi date.

Thus, the steps 9 D WEYCRRY Y BlreoRd Conreriptn WPsflsHon Sendidates can be
i ntervention. Thigormmticaliydestiffed by the sysaas iFst &Bﬁﬂe i@ s?stdﬂ:ﬁﬁﬁy nlnlgel pd&eisbrf;ﬁﬁly ng

| di .
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data set, | esions Regd@nRinat b.ﬁa@la.r torhaQJ‘tﬁstQEt A esThal &%@sﬁlggéﬂd B NFgféng%ml-e@;QJ'n&:i kon of
a

| esions in nei ghgorl n%‘ﬂ As anot her ex ata set y be
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or sub-vol ume, Wmage | g@ ub-sets, as | esion
candi dates, whi ch lfe" %“‘f” %ﬁ’? %*t?@@ tdatteo"h%lb"a‘ss&&mem?%‘m[%M@Tfm each lesion
Advant ageousl y, t heldtdeuerp@?htartye seps d20vvo @ mali iphdyibtey with tifiah Lset RREBRILAN be

configured for di s’[ﬂisﬁyc}vﬂgs fﬁmmgﬁ%ﬂce 1" TRGE f 1EeQ?}y1nFT%§{no?s in medlciapt ergst toa

user. For exanple, a user may select an I nage a % he

t enporary w ndow f[omod]atElivﬂph!iech@@rs&étagthaﬂ'éa%n RS cQA @@r‘é&imhéhe\fsﬁ IRYsul e
been processed, part hﬁ’ noyreg)tflg cessed, or, not processed at al %\
a

artrally
processed i mage may NaVE" St P SEIe dpgrtse i2pqve dF g5 Pxaceple; H’s@? Caﬁﬁf"pﬁ‘é’v’é‘ not
been 30 processed dirpngsital dattsetf Beionrdestifferd dmork: lothd e:s¢scmﬁt3proxﬁ‘anwcﬁdfatnﬁ1rﬁfheylonst he

CAD system may pr Gg gsishbor le“e@W'Ay MP ﬁ%ﬁﬁs 1.0 S8
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to
gadolinium based contrast agent (e.g., Gd-DTPA) is used. The use of contrast agents tends
to provide greater contrast between norma! 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



i mges that a user may wi sh to exam ne further. Preferably, the thunbnail
images are ranked to assist a radiologist to prioritize them Any suitable

ranki ng system nay be used. For exanple, the list of thunbnail images can
be ranked by the likelihood that an image 5 contains a | esion. The inage
with the nost suspicious lesion is then placed on the top of the list. O,

a coloring systemcan be devel oped to indicate the |likelihood. For exanple,
ared outline can be used to indicate that a | esion candidate is nost
suspi cious, yellow for significant suspicion, and blue for unprocessed
images. Different ranking systemmay al so .{ge conbined to provide better
assi stance to a radiologist. 10 [001021 Once a candidate lesion is
identified, either selected by the user or by the system the user may
continue with thfeteﬁm'rpwbmtmmay ko g&xﬁnmmaieha cﬁﬁﬁmﬁmaocle@Ss crmyspgﬂnlgitdﬂue
with extracting r a n.and co utlng
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descri bed earl i er ke tocasiist g gadialggist toypgienitizerthgma Agp suithtde tanking shauamey lpraisctder n
recogni tion and featel; 1&&{&1@@&&%@9@&@&%%&;an%@bfﬁn% nﬂé’ﬂn&ﬂ%%ﬁ%‘. Ynage
features within the nedjcal earlier. ot war e
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RO or a general gy@hwmbd 8Provilb6erSyasd@Mab » pRGINRr € systeminitially

di splays a gallery of several, for exanple 6, candi dates of segnented

i mages or candiodatoese2pf @u@mﬁdxddtﬂssmn&dmﬁﬁémem&isSletcal}byil&ﬁﬂser d® theldgsfm, May
sel ect any candid ractlve e anal ysis
inreal- time for %Esre? ﬁlgy &gﬁ;ﬁ %Eﬂml%g °Oi lt:or shaw &atgﬁggbﬁmcesﬁga’?ﬁﬁti'ﬁﬁl | f
the i mages are ac dith egecting fFaé{iP& ftSqui’étedt"'ﬁbt*@y@n@wqriayonb@d@@mﬂuhggm didgtosis

provide feedback fb@ tHeRRirdde® fea@Rtsl tpUedSs dr %wh’ﬁd% beR d@tivdSLarich €O TR flﬁL:
scanni ng device 104 tonﬁsﬁglre a better inmage. This enables a radi o6l ogi st

to obtain an opti Haf "% SHUIP PYPaSBAem ré??éﬁ‘f’?fh”t“ij Bﬁﬁmé“'é?é‘i"?ﬂ‘i‘ a“‘l/\ﬁ“’é’ﬁ?)ﬁ’t“‘ﬁ“éVl ng
to recall a palsi emanfalhy fegtmes Wighin tx andicahiniagan, ddesciilied earsddqu CHB|soﬁv6§&g[36

bei ng obtai ned. SubQRLLAR: LIRS

artificial shadow ng due to I m?%%@%rsﬁg%'ﬁgéﬁgﬁq%}m%g&a ufe?)?]s omateg?”ltgﬂ'e

ul trasoni c transdife@porlesigngh real -ti me feedback the. user may adjust the
orientation or po n.of the ultraso transducer to renpve any
artificial shadovm%r?tébs? I op ﬁ%ﬂon’s%l"seﬁ’g t 'ﬂtés {]flﬁ&AH IRy ecduingng an image or

several i 1mages 80 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



sweep across a suspected region. A frane-grabbing technology can be
inplemented to help identify the best orientation or position of the
instrunment. As inappropriate pressure applied at the interface of
transducer/gel / skin may degrade the quality of ultrasound inmages 5

obt ai ned, the system can provide feedback in real-tine, for exanple, via
audible alert, if too nmuch pressure is applied. [001051 Wth the aid of a
CAD system a user can therefore obtain an optimal inmage or inmages for
nore clearly showi ng any abnornmalities that nay present in the tissue. The
foll owi ng steps can be followed. The inmage3is first segnented if desirable,
with a nunber 10 of segnentation candi dates presented for selection. The
system processes the selected segnentation candidate and identifies, or
extracts, feat ur ésnstiieat to aeneve emsirdfena dhadelingy adt the @sa maglinmge the itensdier to

aut omat ed di agno i n I } ified.
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process i s possi muehpesstrhisspplied.nt . For exanpl e, as described before, a

user may add or renobve al% or all characteristics originally identified by
the system The APOIPY)| eWitpdgiol 2 LAY SteHe Y Serstbrrefate ofrisan eptiimlinpge or

automati cal |y conpbges $orGhord éieaﬁl?%ﬁﬁu%sar@ AhAGNASS that S GbsHR irl dﬂ@ néE@@ll fhecation
by the user andft en up dat e
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extracted with a higher confidence e user can keep adjusting the
nedi cal scanni ng 9By iARSuisRed djanesl i gadehesed o8 tedentusg eﬂﬁﬁ‘géa'ﬁr‘%@@gi ng
andI anal yz i fsf unt ITheaﬂadﬂpcilﬂpr@J a boiESte rdhderPR bothiaplt irld20 WA derdifed dﬁ&ﬁfeh@l@ﬁ
earlier, different ne eV| r at th a
system In one i uPenmgnstegtl l(gr&ra%gmg(ﬁ'g ﬁmﬁng‘yrdgte %‘2%‘89 %’@ chﬂfwgf Cledthi
device 104 45 anchenattttrras@uﬁ‘éje Aacted whardcR0gics iva prelyamlaeddetinetiaibdin Sinf resnbis e

application 1204 {Qfow 688X Nbo3ettdlBBRaddi@FES W th positioning and
orientation of ultrasound transducer. The software application 1204 is

operatively connepoed] t Gultet biset bentidl bf Ms Auedionpbisn e acmae anthist fomne, CAlDy - 32-

sortware system 13Qmub I ollBE frord TRALRLPEA RSy bR HiALASRY LR " e

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 medica!
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 orentation of ultrasound transducer, The software

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



i ndex, which corresponds to a position coordinate and orientation angle of
the transducer when taking the imge. As an operator of the ultrasound
machi ne 1202 noves the transducer of the ultrasound nmachine 1202 around a
patient, a series of inmages 1206 are produced, each having a 5 | ocation and
an orientation index. The operator may review the series of inmages,. .and
select one that is considered of the best quality fromthe series of

i mges for further processing. For exanple, once selected, the best image
1208 may be segnented and a gallery of six segnmentation candldates may be
di splayed in a tenporary wi ndow 1210 for user selection and that further
feature extraction can be perforned on the selected segnentation candi date.
10 Alternatively, the operator may feed the series of inages to the CAD
sof tware system JSBE\Aéa‘rdJSysténm'ﬂ?di e n&d1€a‘f®na{gés()ﬁ@&8d Wthee@@etaom mbdhehe amuia§ ﬁd
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get optimal images. This provides inmediate feedback to the operator as to
the quality of inH§¥8l ol dewend syliartht CABorfvaEt systen 43 dam be st iv idwtify and
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sati sfied that thglg?tlma i mages are obtai ned, the operator %/se ect
one best inage 1288 Fags f’i‘fé‘t‘edtaﬁ%‘dﬁﬂélﬁeds&f“ﬁ%P éosé'?/‘%ihétrﬁml@efa‘ﬁ’avaydﬁﬁ % htferewi t h
the CAD procdass, thasAbesesss Besmpadiaoell ofihk mgespthatayts@ﬁ@dfluﬁégbdcmndﬁe;e&&@d
features as wel | t i agno

foatur e once n o DinAlimadht YR LG FARVE Sl Ao CRIRY el SULARE o
results are di spl ayeegtiqnrpf gherteagigdpces Svmma‘@f\'nlaﬁ@@dowmels wmucedastoc!bsnmpsebe"ﬂle 30

before, may then gandiilsRdSkindTRey Eaiset mc&@e@tfwtﬁécﬁﬂtsem}e Gakh M3d q,e‘%leéﬂyed by
the system and then validate a di agnosis based on the sug E(E;este group of

di agnosi s present & “f%@“?fg‘élf“es i 4 images (APRSRPTIRE AISHILE ARl Ry WSSOt h
t he medi cal i rgesamduderoial@lso degrale theGmageeBalitt The eEly dl@ver3 3F 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



saved, transmtted for sharing with other radiol ogists, or used for
producing a report, using the output devices 1212. [001101 Advant ageously,
when the CAD software system 130 is connected to a transducer for
obtaining images in real-tinme, an operator nmay also enter the | ocation and
orientation of the 5 transducer or probe through a probe/transducer

| ocati on window for inclusion in a report. Figure 13A shows a graphical
user interface for a user to enter the |location and orientation
information. The | ocation may be entered by selecting a point in the

w reframe diagram 1302. To facilitate entsgring orientation information, a
rectangl e 1304 for representing a probe or transducer is displaced
superinposed onto the wireframe diagram By rotating the rectangle 10 1304,
an orientation oiavetdhmm@éae‘orqnanhg@nﬁdﬂuﬁﬁmolﬁgys breus@ITbrek Rtkingfairgpdft sid@Be Shows
a page of the rq@ ié 3#1DFOVIdES the recorded | ocation and orientation

i nformation. 100T11% 4 14 is a flow chart summarizing the process 1400
descri bed above o] 0Si s
based on the co ﬁﬁ?@h rggﬁﬂ%gﬂﬂfg&ﬁggg: E %%Amlgg €§E§%£§§§%§%@% 0.
Briefly, an oper 2f ehtainingimpags @éea\"ﬁ@ ﬁ'r‘tﬁ%@grsmﬁtals%?f@b‘hih?%owd PEEERRE 1IE ng

i mages using a neghkduad @@ﬁﬁ&thﬂ@glﬂﬁwoﬁﬁraiﬁﬂﬂer Neatiba wﬂﬁoﬁtf@pnc%%m d h:ﬁort

operator initiates Cﬁ‘ rocess,to ang % e the ac U|ri i mage or i nages
and extract and | @&RLTH S OMF BARPRL USSR IO 455 Myl g geetion Atk risiatoRe " caD
process, the opemérosiodctiedeaioninet franteeth by select'mgepcamquher\ecbﬁmse diggtamidh?. and
adj usts accor di ngh, )r‘aclnm%teﬁﬁg%ﬂeﬁhzfoh%mﬁ&{b% Qe I%prﬁ)r Apresefin & hrk /nd

orientation of a transducer positioni # patient, at step 1406 in
order to 20 obt af¥s8p¥i lqﬁﬁplﬂmﬁié@@gmpwﬁ "é’toﬁg“o‘t‘i’é@ﬁmﬁ’rﬁwﬂlﬁ‘é Pifounedte meiek t he

operator is sati sfidea ohﬁ}iﬂdtlo@@ﬁthd’ﬁ(ibe of fGREGr dbfbdaleRH. NBigure BPBShORBIREOS t hen
conti nues at ste%el40]§ 0Si S features identified

and extracted fromtn thatﬁfoq}%eseiherecorde(ﬂocatmafl "““'%tg%?“a‘f"éfa%% s conputed from

the extracted fegjoy{i§s mhPOldal, X&) Rk ﬁfﬁﬁlalrlz%g EIBEerCﬁt%§ A gﬁj%g Boed is

al so possible. For exanp real -ti1nme provi ded during
the process so t [Rbfpinigg ?Pé‘@?l igjpgssend then Making aldlﬁg'l?ﬂh??ﬁf‘ét"éthﬁ H@P“@A@“b? edued on

all inmages acqui meehe (AOY sofwaBPls@m IBEJ.CBneSISi,anﬂ ofEtorIhikikd GiR p&:c&@ﬁﬂs&:ﬁ 1902 Uymages
which nmay be ¢ispla tenporary

a
i mages. As descrlgﬁﬁggtgﬁ%lmmﬁh ‘Fﬁmﬁ%mmm¥99W§%39 3%“ %|6PH3 Hﬁf??%?ent
views of the saménifiates |ad?fAIamomtolae@\Jrzbyhe doqghered miageed Iblyges el syrat e ideifymay be

the sanme initial fi.Rgfelcvif tda BhdibLl atkind &S C%%rdc@s@rlﬂé Spk@ier deRided GnERG e
t hunbnai | imges. Prior to procaﬁredl nagj further wth steps 1404 to 1406 a

user can select FE§APqTEd foHRAB M RSOTERRY gpase é‘?ﬂé’l"%{‘l’“ FREERES Pt
further study ancogimaest dhichtuinoeimintduteg or @éitioning of the patient, at step 1406 in order to

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 diagnosts based on
features identified and extracted from the optimal image as well as a diagnosis computed from

the exiracted 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



ones. Thus, instead of using the process 1400 for obtaining an opti nal

i mage, a user can also wuse a process nodified from process 1400 for
dynam cal ly picking images for studying a particular suspect |esion or

| esions. [00113) As another exanple, the configuration shown in Figure 12
also allows the operator 5 to study the elasticity of a lesion, i.e., to
acquire el astography inages. To initiate the process, the operator starts
by introducing sonme vibration into the region of tissues under exam nati on.
For exanple, the operator may apply sone pressure to the tissues
surrounding a lesion and then rel ease thg pressure. As will be

appreci ated, abnormal region such as a lesion or nodule may have different
elasticity than its surrounding tissues. As the vibration is introduced
into 10 the tisswe, Tl astkidol tgnge prdiess MO0 Qir BRbinin@gi Piimitiayaghe usdr dghiadd from

the series of frane nor mal

regi on may have %‘ @%cre ée%n Odlf%gg %(:F‘r ‘?%?}Ss\gﬁ‘y fmﬁgr g?@allg% Cﬁ%g ;maggsgfgrnsg di'Fferent | y
to the vibrati ometitviensusitet lesionoplerielisng ti ssues. The series of inmages '
captured, once indexed as a tine sequence, can he used to jdentify Ieglons
or nodul es based®®} ehspapthe F’faiﬁp\‘?at}l? Qpligyrtion shoyngm Bigyrrd st the gperatern e
segnent ati on Srmdmuﬁiymelelamz]q&fbltteﬁﬁ iel ﬁ&tquﬁé é]@éto@:’éplﬂﬁrﬁa‘g&r an Gfifatedlfe pmkeaat ified
T e el T
medi cal scanni ndoulewnde ﬂmeratsrhmwmapplm SWrngmseJrél@ thesnsalemlpplh@mg B lfmgennd As

w Il be appreci dﬁeﬁ%leaQQl&HJm%uré MRRQif Ge alp%reéﬁ&sab‘hbr}ﬁ% regidh sQéh%@gieﬁl&P%ﬁmdu& bl ood
vessels. If a tran es too much pressure on the tissues

uce

t her eby i npedi nd"¥| 6"66‘ féTEB‘\ﬁP"FtF%Y than tt%%”ﬂ’)@%'%?e‘lm%“es ¢ feths Yibration sptsplynsdy mH’ay be
of poor qual 10 y.the tldae, dysadie of HeCbhadas rhyont e ohldic@ GbmtthoORigho WamesnofFi gur e
12 provides an i, i uch.as. an_ audi ert

operator, if t héﬁg%gs%h”?uebeag‘g?ma?g %la '%oﬁmal tPanst %@Eerdbf*ere“&tlam“%md ﬂ}erep%s

of the step of awgyussrdndgifgeentycp |tlwgntamn thewythee surobusling diemedi tTihe peoes ctfhneageqoer at or

may adj ust the pLASEUILRe ﬁhﬁext:ché% attmeéldéﬁ@eeemap&ka @@deﬁlf% sibA b &@Jms%a&&m in
order to obtain opti mal i mges. [00115 arious enbodi nents of

the invention ha mﬁbv@“ﬂt@é% IBé?gec‘Fip{‘i@H’tﬁ“ﬂm H?ts%ﬁﬂemat?ﬁﬁ’g@‘le wires fhesg elafficthe art
wi || appreci ase diffadncenasnidentfial frondi felicalf Fams to @oladetadietied Betecian Gt vegbenbitibrons
may be made to the. ﬁ{;‘oodl ments wi thout departing fromthe scope of the
i nvention. Since anges in and or additions to the above-descri bed best
node may be rrade[owmhougamhaemfpkl RAGndiifeHi m[premaudaaﬂ,we%emsa@wmngqém%qepe of

t he i nventi on, e inyention is q to he mted. tq those details but
only by the app e Quyin }g&re%lsaDggg er imager. As will be appreciated, Doppler imaging 1s sensm\fe

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 guality.
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.



CLAIMS WHAT IS CLAIMED IS: 1. A systemfor providing interactive

conput er - ai ded detection of abnormalities captured 5 in nedical imges,
said system conprising: a segnentation nodul e, said segnmentation nodul e
generating a boundary outline delineating a region within a nmedical inmage
corresponding to a suspect lesion; a user interface, said user interface
provi di ng said boundary outline for user 10 selection and nodification and
receiving froma user at |least one of an indication of selecting said
boundary outline for further processing3and a nodification to said
boundary outline; an inmage processor, said inage processor processing the
nmedi cal inage and extracting features relevant to diagnosing the '
abnormalities fromthe nedical 15 i nddéIMBhe extracted features satisfying
descriptions of a set of pre-defined features and being associated with
said regi on deYinBht e '8 d selected and nodified boundary outline; . a
deci si on engi ne for conputing a conputed diagnosis fromthe extracted
features; and 2 ynot at.i on. and nodi f i cat i .00l. for a.user t

identify a se;1 ' o’? S’%{e&é‘t ur persw\sfl\?g['lﬁferr?dfvﬁec oY g‘rq?%%‘é“e"faﬂ;"a"é'a%ﬁ %ap}uﬁeg

extract ed feat uriesediendintagespraghsisthen ¢omrisiet: of i dentified features to the
deci sion engine fOf smbiioh S hA%EOMRNEPhoofl AABAH,S: bRndalf1GufYSt M Of
claim1, further conprising a plurality of rules assocrating the set of

pre- 25 defined feat ur8dingginh 2gcgamyehipre pediay inage domgpryding 19 @rsusiset

deci sion engine to compgb® the conputed diagnosis fromthe extracted
features.' 3. The system ?f claim?2, wherein said plurality of rules are
calibrated from a hosF Beriacy; Sﬁ@n‘dﬁ%ﬂ“ﬁ@ﬁ? ExVidingpigidsboundagy. ollineTfor userst em of
claimi1, further conprkdictigh adl esiifvatidrogdt @éeivingy framal wai agedkthenenadincal

i mage and identifying i.0 Lthin.the nmedical | corresponding to a
suspect lesion. 5. Thzhd%gtg)tn e"%s%?ctng% 5?“?11%‘1, & gPtgPenkoﬁlg&ffs‘g?gefs ef dce is
configured for displ ayimedififatien wsad boundary outline; :

an image processor, said image processor processing the medical image and
extracting features relevant to diagnosing the abnormalities from the medicai
15 image, the extracted features satisfying de_Script_ions of a set of pre-deﬁned‘
features and being associated with said region delineated by said selected and - =~
modified boundary outline;.
a decision engine for computing a computed diagnosis from the extracted features;
and
20 an annotation and modification tool for a user to identify a set of features within the
medical image aided with the extracted features and to provide the set of
identified features to the decision engine for establishing the computed

diagnosis.

2. The system of claim 1, further comprising a plurality of rules associating the set of pre-
25 defined featurcs 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.



5 selection a plurality of alternative boundary outlines of the region
corresponding to the suspect lesion and is responsive to a user indication
for selecting one of the alternative boundary outlines as said selected
and nodi fi ed boundary outline. 6. The system of any one of clains 1 and 5,
wherein said. selected and nodi fied boundary outline has a set of control
poi nts and, upon said set of control points being nodified by 10 the user,
sai d segnentation nodul e re-generates a nodi fied boundary outline from said
set of nodified control points. 7. The systemof claim1, wherein the

deci sion engine is configured for re-conputing dynamcally the conputed

di agnosis fromthe set of identified features. 8. The systemof claim]l1,
further conprisitg saswxepbclﬁimnndmﬂ}er tfoﬁfprigﬁbg]eﬂaaibh gater foepahyingfhe ddichi ndi ngs

based on the setygl. [ dentiiled Lot WkR AndANeng5l BblLLANGS, d 2anosi s O A
system for prOV|51%g Inter i've“conputer- ar déd get et rmalities

captured in a negincal |nage, sai d systen1conprising. a graphlcal user
interface for presenting the nedical inmage to a user for review and

modi fication; £ OTli%rhydtfﬁlﬁ) U 18RVl ®Berdi® the W8S BtMFBDis USBTzured Whlspl@gﬁhgafﬂlaﬁs)irt IC
engi ne for %dentl characteristics frog&the medi cal | mage, sai d

e
anal ytic enyi ne ﬁI?¥‘f?@ ad’é‘é?ﬁ’f?ﬂﬁé‘?‘i}“ﬁ’?)ﬁﬂ@é%ﬂ“t{“&sg firegion SATeERdipg 9y
interface; an anmbtaésmmnandespmdivé teCAliseoindit-0m fof edlectilpLond 9 the tleermmiad fy sai d

identified imge, aract eri stics, d 23.48 0si.s _deci si on engi ne
Ings as 1 te?1 an mo 1 ed oun&&y outlin a
operatively connec?éﬁy?o SHldana I'née and sai annot ati on and

nodi fi cation tooI sai d di agnosi s deC|S|on engi ne havin access to a set
of pre-defi ned®cFiesasigm of %ﬁé’l‘ee‘?fﬁag%ldaﬂ& aWybrel gidgelerted R medifehbouedivput es an

initial di agnosi sutffde®ad 2det dfdbrtdoBpoifiSind Qfpon bABGELf oo BgHiRY BeSiginflific@Byd upon
receiving =37- .fromthe

set characteristics nodifie t he us
it ol 2eR0or i Mg e PR EL R TR A A e bt SR Pl d et
of nodified |nag£obh@h@&bmmbbmums for user validation. 10. The system of
‘claim9, wherein said diagnosis is conputed froma set of rules calibrated

froma pool of 7dirRIfREA HLYQS wheteid the &‘é@i@loﬁ YSdifems Qf)nffgl.lﬁﬂ TorSe-chiphbiRer
conprising a segnentatlon nodul e for delineatin boundary outli ne

encl osi.ng a regi ORARICEH; e PRBuFEY oS ff%@%seé‘bfr‘?eé‘é‘?fﬂrf HHG to a
8. The system of claim i, further comprising a report module for generating a report of

15 findings based on the set of identified features and the established diagnosis.

9. A system for providing interactive computer-aided detection of abnormalities captured
in a medical image, said system comprising;
a graphical user interface for presenting the medical image to a user for review and
modification;
20 - an inputl device for receiving user input; _
an analytic engine for identifying image characteristics from the medical image, said
analylic engine being operatively connected to said graphical user interface;
an annotation and modification tool for the user to modify said identified image
characteristics; and
.25 . a diagnosis decision engine operatively connected to said analytic engine and said
annotation and modification tool, said diagnosis decision engine having
access 1o a set of pre-defined criteria,
wherein said diagnosis decision engine computes an initial diagnosis from an initial set of

image characteristics, and upon receiving a set of image characteristics medified by the user



suspect | esion, said boundary outline being displayed on said graphical
user interface for wuser review and nodification. 12. The systemof claim
9, further conprising a lesion |ocator for analyzing the nmedical 10 inmage
and identifying a candidate region within the nedical inmage correspondi ng
to a suspect lesion, said candidate region being displayed on said
graphi cal user interface for wuser selection, said analytic engine
identifying imge characteristics associated with said candidate region.
13. A system for providing conputer-aideg.di agnosis of abnormalities in a
plurality of 15 médical inmages, said plurality of nedical inmages being
different views of an anatomical region of a patient's body, said system
co(rjrpri Isi ng: anfrdnMe@eini@giCdet 51 tohape cﬁﬂ)?:tﬂriaicﬁ,%-caﬁ;ﬁltﬁs ra m@gﬁsas;c ﬂorﬁ!dgilﬁadlei myl of f
medi cal i mages; i. age, processor for . .processing each of said plurality o
nedi cal inagesm%ﬁ%d"Fﬁ%ﬁW¥¥VFﬁﬁsg%“* VT@QP‘set of features within said each
medi cal image rel evant 20 to diagnosing the abnornalities; a decision
engi ne for conPuthersgstemnof o P ayheghinagid dgignosts isgampuedorqn usehefirelgs cobibrajed d
initial sets of ghflepsdi bt dndseRintiE&S; and an annotation and nodification
tool for a user to nodify said inrtial set of identified features to
obtain a nodifjed set of .identified features; 25 wherein the decision
engine re- bl S SHeS a0 st ou et s e relm et e O DB o

nodi fied set of baedwy butbe éelbing esregidnl witlinethes ygdiedn imhgectommiespodding fous t her
conprising a |esj -at f VZi LG k -

identifying a rekgu?%ﬁll f{%i?(tﬁhél%ﬁ b’goﬁrgiéﬁe%g{h%:% eﬂlgr%;as eyeggg%ags %pﬁzic?ﬁg&tng&gws%rspect

| esi on for sel ectievmsvipy andeodification. - 38- 15, The system of clai m 14, wherein
said lesion locator identifies multiple regions within the nedical inmage,
each of said md. Thepdyeem eficlains 9Cclufitiee spopdingg 1ésdndodaps fd Rndwhrgoheediaal t he

user. 16. The sygtem of . Ghail danddlieLs! ”w{?‘rf}' Be il $cél%ﬁg%%%n95foddx pijfied
features includes Peaturas B H430¢ At W th saideeac reglgn of said

mul tiple regi onssusaert lesitmesaiy@pdidatoteiol binndispiayef an sdiberaphiaistrgiterficalor epor t
nodul e for gener g &%c@ondéaﬁ%ﬁ?ﬁc%n%iﬁc%ﬁaﬁ&yg%ég@ﬂ%e\fﬁdréc\i\ﬂeﬁﬁdcgst&biatefdQﬁm@-ﬂ&fp“t ed

di agnosi s by the user. 18. The system of 7, erein said diagnosis
report includes FHWHETEERLI on
13. A system for providing computer-aided diagnosis of abnormalities in a plurality of
15 medical images, said plurality of medical images being different views of an anatomical -
region of a patient’s body, said system comprising;
an image acquisitioﬁ module for acquiring said plurality of medical images;
an image processor for processing each of said plurality of medical images and
identifying an initial set of features within said each medical image relevant
20 to diagnosing the abnormalities;
a decision engine for computing an initial diagnosis from said plurality of said initial
sets of identified features; and
an annotation and modification tool for a user to modify said initial set of identified
features to obtain a modified set of identified features;
25  wherein the decision engine re-computes a computed diagnosis for user validation from said

modified set of identified features.

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

‘lesion for selection by the user.



information for auditing purposes. 10 19. The system of claim 18, wherein
said identification information includes at |east one of patient
identification information, software identification information,

exam nation identification, report serial nunber, time information
relating. to said diagnosis report, % and user identification. 20. The
system of claim19, further conprising a cryptographic nodule for digitally
signing 15 said diagnosis report. 21. The system-of claim 13, further
conprising a tenplate for generating a sisnmary text based on said. nodified
set of identified features and said conputed diagnosis. 22. The system of
claim?21l, further conprising a pre-defined rule for associating said

nodi fied set dOf. Thdeystdnf ofedhih dat witegdn santllegad kdcammmutﬁfed noltiplpegiens withinh a
treatment 20 re on i

nodi fiabl e by t hgé)ﬂg&gérm%ge eaﬂl}%?sa(?d Hlﬁﬁ]tefr eg’qtns CO%% v dtg 1‘%h°n§al sQ’st emis
configured for phowsessing said pl ural ity of rredl cal i mages obtained from
multiple nodalities. 24. The systemof claim 23, wherein said initial sets
of identified lfGE'EHelé?s‘&a‘in oMkl de, \iﬁlﬁﬁiﬂJé’aﬁSmtlﬂ%&Q@icﬁﬁtﬂﬁd Watubes Melubidsturisegi ons
in said eac,)h medi cal i % S ﬁ%stem of claim 24, wherein said
conput ed di agnoszls§°°’iat§ %ﬁjteé rF$‘%’]’T‘? §ﬂf18‘“ BI€I°BY set of identified
features associated with said nultiple regions in said each nedical imge.
26. The syst em7ofhechsdmmeiziim dpdprtien cagerivigingry kappip medwo@nEdnpriadng 4 dighestle at
least two of 5 SERAYLARNIFioh FRBERmMpHEPRAG s HyRIESSer. SPectral Doppl er

i mges, X-ray inmages, CT | mages, IET I mages, PET-CT |mages and MN i mages.
27. A et hod of I‘OVI in teractive. conputer-ai ded, detect

abnormal i ties cap furdd™ |9fn cga rre@i e "f"hﬁ%@ J’aégﬁ?sﬁ FRYhde 2 dc ﬁ?cl"gé)cﬁ'éo“t he
steps of: obtai ninfegnaionlfogirtditnggumesds.cal i nage; 10 pr oce55| ng said digitized
medi cal inmage toidentify an initial set of inage features wthin said

digitized medi pathe smeafcm ds lvmemr@alasﬁltlmtldmdﬂaﬁﬂamﬂﬂcmmgeeast ch&at ures
sati sfying descr et of pre-defined chara resent| ng

|a@t|tog ? erjstics;
said initial setPtiigeEH ?af‘?’b ipRieY. reatyals deentifipationy i’ﬁﬁf‘tﬁ’&l ’H"E’c’-:"ra Yt er f ace
for user review gndficmidi, frépoatstroih purdier, rtelmenﬁsmmgmaremﬁdg fol said (ﬁ‘@ﬁosﬁfrepoﬂﬁge

features nodifi edeQnXerﬁremH%eifonf romsaid initial set of

20. The system of claim 19, further comprising a cryptographic module for digitally signing
15 said diagnosis report.

- 21. The system of claim 13, further comprising a template for generating a summary text

based on-said modified set of identified features and said computed diagnosis.

22. The system of claim 21, further comprising a pre-defined rule for associating said
modified set of identified features and said compuied diagnosis with a treatment

20 recommendation, said treatment recommendation being modifiable by the user,

23. The system of claim 13, wherein said system is configured for processing said plurality

of medical images obtained from multiple modalities.

24. The system of claim 23, wherein said initial sets of identified features include features

associated with multiple regions in said each medical image.



identified i mge features; conputing a diagnosis fromsaid nodified set of
image features; if said diagnosis is not validated by the user, receiving
further nodification to said nodified set of inmage features fromthe user.
and re-conmputing said diagnosis 20 until said diagnosis is validated by

t he user; and upon said di agnosis being validated by the user, producing a
di agnosi s report based on said diagnosis. 28. The nmethod of claim 27,
further conprising the steps of: prior to processing said digitized nedical
i mage, receiving an identification of a3925 region of interest in said
digitized nedical image froma user; generating a plurality of segnmentation
candi dat es, each segnentation candldate corresponding to an alternative
boundary out | izdeTidedyitae af ichtn 2ai shdregisan c&ﬁputddndl@’neﬁi is qarr@wacﬂ'fr&g SRl d
plurality of segne ti i,dat es sel ection; -
wherein said pr g'ge@ielgr?egt 0st‘eﬁn{]petd @aturgssaséocggﬁé”é@ alds"é“t feﬁf) Sofl S%lgﬁ?ﬁhdat e
when i denti fyi ngmedivel imggst of image features. 29. The nethod of claim 27,
further conprising the step of obtaining a plurality of rules associating

the set of presdpfe §aeh s s Widiis SaM dlkiROssiMLe ALRENAES wRabd
di agnosi s bei n nputed fromsaid pluraljty of rules_and said nodified

set of image feaﬁog?%@ hic Sﬁlage"l’h@"@gf%t”@ﬁﬁebfSPE‘I‘fé]i PP@@F’ RS- X 5aYs BragespCdr al | ty

of rul es are calinbgatft iha@MPETEIGhagk anddiROmaged nmedi cal i mages. 31. A
met hod of acquiring a nedical inmage aided by a conputer-aided detection

system  sai d GORRHHIBH oﬁbﬂﬁ&ﬁnﬁ%ﬁe%&&eo&mﬁﬁ(féﬁa‘?d@h Ravkng oﬁab!}l?rﬂl'aﬁtﬁz c éyﬂ?&'r ng

device for generati ng dical imge and an analytic engin
processi ng the nBdme *alﬂrﬂﬁééa'dﬂﬁ@oﬁ%{'ﬂi’ﬁﬂ“g'é@mpgl ng the steps of:

acquiring a plural by a ABEEARedicATRISS; from a patient usi ng t he nedi cal

i magi ng df\“ ce, anal z1l ng. ﬁ:@fth gf galld I |t.t of . medic g@fges usi ng
sai d anal ytic engi Pl@c i< 5851 HEF myUE 4 @e‘f o 6‘653 Y t h
each of said plurality whinnedi digiizedi magm;s mme ngidsaitel €0 P udeatificdi ichagk.
detection system and ?{L&u?&%&t@%dn%%gs%}ﬁl&é $9 5GP HLR0F ROk n an opti mal
i mage based on said quality
presenting said initial set of identified image features on a graphical user interface
for user review and modification;
15 receiving a modified set of image features modified by a user from said initial set of
identified image features;
computing a diagnosis from said modified set of image features;
if said diagnosis is not validated by the user, receiving further modification to said
* modified set of image features from the user and re-computing said diagnosis
20 until said diagnosis is validated by the user; and
upon said diagnosis being validated by the user, producing a diagnosis report based

on said diagnosis.

« 28. The method of claim 27, further comprising the steps of:
prior to processing said digitized medical image, receiving an identification of a
25 _ region of interest in said digitized medical image from a user;
generating a plurality of segmentation candidates, each segmentation candidate
corresponding to an alternative boundary outline clelineating said region of
interest;

providing said plurality of segmentation candidates to the user for user selection,



I ndicators. 32. The nethod of claim 31, wherein the step of anal yzing each
of said plurality of nedical 20 inmages includes extracting features within
said each nedical imge relevant to diagnosing a disease and generating a
conput ed di agnosis fromthe extracted features. 33. The nethod of claim 31,

wherein the steps of acquiring a plurality of nedical

i mages

and anal yzi ng

the plurality of nedical inmages are perforned in same exami nation session.
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- wherein said processing step utilizes a selected segmentation candidate when identifying the

set of image features. .

29. The method of claim 27, further comprising the step of obtaining a plurality of rules

associating the set of pre-defined characteristics with possible diagnosis, said diagriosis

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

30. The system of claim 29, wherein said plurality of rules are calibrated from a pool of

diagnosed medical images.

- 31. A method of acqpiring a medical image aided by a computer-aided detection system,’

said computer-aided detection system having a medical imaging device for generating a

10 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

device,

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

15 generating a quality. indicator associated with each of said plurality of medical

images using said computer-aided detection system; and -

adjusting acquisition conditions to obtain an optimal image based on said quality

indicators,

32. The method of claim 31, wherein the step of analyzing each of said plurality of medical

20 images includes extracting features within said each medical image relevant to

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

33. The method of claim 31, wherein the steps of acquiring a plurality of medical images

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

session,



