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IMAGHE ACQUESITION WITH MULTIPLE DETEUTORS
BACKGROUND OF THE INVERTION

OO0 ] The subject matter disclosed herein relates (o stationary or mobile
X-ray unaging systems used m medical imaging facilities that have one or more
digital radiography detectors assigned ot registered thereto for use i capturing x-

ray unages.

G602 ] A problem that may occur during X-ray imaging using DR
detectors 18 that radiographic images may not be property captured during an x-ray
exposure due to a mismatch between the detector being used for pnage capture

and the detector actually capturing the exposures.

003 The discussion above 1s merely provided tor general background
information and 18 not mtended to be used as an awd in deternuming the scope of

the claimed subject matter.
BRIEF DESCRIPTION OF THE INVENTION

{3004 ] A system and method 1s disclosed hercin to simultaneously
activate, or arm, all DR detectors that are assigned to a particular radiography
systemn and are thereby activated for irmnage capture at the moment when the xX-ray

source of the system 18 fired to expose a subject for radiographic unaging.

LHHIRY The activation of the DR detectors can be initiated by one of, or a
combination o, several user actions: removal of the detector from a storage shot;
moving the detector which triggers a movement sensor; and moving the detector
which friggers a proximity sensor detecting that the detector 1s moving away from
a parficular storage location. The acfivation of the detectors would mnchide
mnifially awakening the detectors from an 1dle mode or 4 low power sleep mode to
a veady mode {or X-ray exposure infegration, and/or starting a standard integration
cyele pertormed by the DR detector. Once an exposure{s) 18 captured, the system
can set the detectors back mto an idle mode or ow power sleep mode for the

purpose of preserving battery energy of reducing generated heat, As mudtiple
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radiograpbic images are captured by the activated DR detectors, the capture

HAages may be transierred to the system consoele, or displayed on digital displays

7

built into the DR detectors, and presented to an operator (o select the etfective
imnage tor diagnostic use and to discard any remaimng unages. An alternative
method may mclude the console, or the DR detectors, automatically processing
the captured 1tmages o select and store those images that most are likely 0 be
used eifectively for diagnosis. Another alternative method 1s to program the DR
detectors to process the captured images and report the image attributes, such as
average or maximum signal magnitude, to the console system, or to an on-board
processing system, betore the tmages are finalized, selected for diagnosis, or
transmutied to the console. The console may also be used to determune which

detectors will transter a captured image first, second, third, et al., based on

reported signal magnitudes or other data recorded by the DK detectors.
3006 A radiography system having owltiple digital radiographic

detectors capiures an umage 11 each of the detectors when the X-ray source s fired.
The detectors record data pertaining to the image capture and evalualte the
captured irmages. A controller pnioritizes the captured unages according to the
cvaluations or according to the the recorded data to deternune which captured

images are torwarded, and if more than one captured 1mage 18 forwarded then in

which order they are transimitted. At least one of the DR detectors captures a
suifable diagnostic X-ray image. An advaniage that may be realized i the practice
of some disclosed emmbodiments of the mvention is to ensure property capturing an

X-ray unage dUring an X-ray exanination.

OO ] In one embodunent, a radiography system baving an X-ray source
and a plurality of DR detectors 1s configured to capture an umage in each of the
DR detectors in synchronization with activating the x-ray source. The plurality of
detectors are further configured to transmit one or more of the captured unages

according to a priority order.

HB0S ] in another embodirment, a method of operating a vadiography

system includes firing an X-ray source and capturing an Haage in each of a



WO 2021/118969 PCT/US2020/063734

plurality of DR detectors. The detectors are prionitized 1 a sequential order and af
icast one of the plurality of DR detectors forwards ds captured unage to the

system according to the prioritized order.

F GO0Y ] This brief description of the invention is intended only o provide a
brict overview of subject matter disclosed herein according to one or more
Hustrative embodinments, and does not serve as a guide (o interpreting the clanms
o1 to define or limit the scope of the mvention, which s defined only by the
appended claims., This briet descrpiion 18 provided to mtroduce an itHustrative
selection of concepts 1 a stmplitied form that are further desceribed below mn the
detailed description. This brief description 18 not miended to identify key features
or essential features of the claimed subject matter, nor 18 it intended to be used as
an aid 10 determuaning the scope of the claimed subject matter. The claimed
subject matter 1s not mited to unplementations that solve any or all disadvantages

noted in the background.

BRIEF DESCRIPTION OF THE DRAWINGS

G010 S0 that the manner 10 which the features of the tnvention can be
understood, a detatled description of the invention may be had by reference to
certain embodiments, some of which are tlustrated in the accompanying
drawings. It s 1o be noted, however, that the drawings diustrate ondy certamn
embodiments of this mvention and are therefore not o be considered umiting of
1S scope, for the scope of the mvention encompasses other equally effective
embodiments. The drawings are nof necessaridy o scale, emphasis generally
bemyg placed upon lustrating the features of certain embodunents of the
invention. In the drawings, like numerals are used to mdicate like parts
throughout the various views. Thus, for further understanding of the ipvention,
reference can be made to the following detatled description, read in connection

with the drawings m which:

10011 Fi(s, 1 1s a schematic perspective view of an exemplary x-ray

system;
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1394 P, 2 18 a diagram of an exemplary DR detector;
10013 Fi(s, 315 a cross section diagram of an exernplary DR detector;
(0141 FIG. 4 18 an dlustration of a mobile radiography system including

storage tor multiple DR detectors;

10015] Fi(s 515 a diagram that iilustrates the mobile radiography system

of FI{3. 4 1n more detail:

OU16] FI1(. 6 18 a schematic diagram of an exemnplary mobile radiography

detector managemﬁfnt SY SICIN !

TG FIG. 7 18 an exemplary table of assigned detectors’ status;
018 FI(G. 8 18 a tlowchart for operating an X-ray imaging system; and
{0019 Fi( 915 a display of exposed imnages from DR detectors.

DETAILED DESCRIPTION OF THE INVENTION

OG220 This application claims priority to U.S. Patent Application Serial
No. 62/046,475, filed December 11, 2019, 1n the name of Wang, ¢t al., and
entitled IMAGE ACQUISTTION WITH MULTIPLE DETECTORS, which 1s

hereby mcorporated by reference herein in its entety.

8021 ] FIG. 1 s a perspective view of a digital radiographic (DR} imaging
system 10 that may include a generally curved or planar DR detector 40 (shown n
a planar emnbodiment and without a housimg for clarity of description), an x-ray
source 14 contigured to generate radiographac energy (X-ray radiation), and a
digital monttor, or electronic display, 26 contigured to display images captured by
the DR detector 40, according to one embodiment. The digital monitor, or

clectromic display, 26 may comprise a touch screen (o enable a user to enter

instructions for operating the digital radiographic (DR) tmaging system 10, The

o

DR detector 40 may include a two dimensional array 12 of detector celis 2

{(photosensors ), arranged in electronically addressable rows and columns. The DR
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detector 40 may be posiioned to receive x-rays 16 passing through a subject 2{
during a radiographic energy exposure, or radiographic energy puise, emitted by
the x-ray source 14. As shown m Fi(G. 1, the radiographic imaging system 10 may
gse an x-ray source 14 that emuts collumated x-rays 16, e.g. an X-ray beam,
selectively armed at and passing through a preselected region 18 of the subject 24,
The x-ray beam 16 may be attenuated by varying degrees along s plurality of
rays according to the mtermal structure of the subject 20, which attenuated rays are
detected by the array 12 of photosensitive detector cells 22, The curved or planar
DR detector 40 18 positioned, as much as possible, i a perpendicular relaton to a
substantially central vay 17 of the plurality of rays 16 enmutied by the X-ray source
14, In a curved array embodiment, the source {4 may be centrally positioned such
that a larger percentage, or all, of the photosensitive detector cells are posifioned
perpendicular to mcomung X-ravs trom the centrally positioned sowurce 14, The
array 12 of mdividual photosensitive cells {(pixels) 22 may be electromcally
addressed (scanned) to determine a signal level captured therein by their position

A

according to column and row, which signal {evel datum may be processed

individuaily, as a whole tmage usimmg the enfire array of photosensitive cells, or
with respect (o a portion of the array, as needed. As used berein, the terms
"column” and "row” refer (o the vertical and horizontal arrangeraent of the
photosensor cells 22 and, Tor clardy of description, 1 will be assurned that the
rows extend horizontally and the columns extend vertically. However, the
orientation of the colummns and rows 18 arbitrary and does not himit the scope of
anv embodiments disclosed herem. Furthermore, the term "subject” may be
iilusirated as a buman patient mn the deseription of PG, 1, bowever, 4 subject of a
DR mmaging system, as the term 1s used herein, may be a human, an amimal, an

inanumate object, or a portion thereodf.

0221 I one exemplary embodiment, the rows of photosensitive cells 22
may be scanned one or more at a time by electronic scanning cicuil 28 so that the
exposure data from the array, 1.¢., signal levels, 12 may be transmutted o
clectromc read-out curcuit 340, Each photosensitive cell 22 may independently

store a charge proportional to an mntensity, signal level, or energy level, of the
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atterntated radiographic radiation, or X-rays, recerved and absorbed 1n the cell.
Thus, each photosensitive cell, when read-out, provides mformation defining a
pixel of a radiographic unage 24, e.g. a brightness level or an amount of enecrgy
absorbed by the pixel, that may be digually decoded by on-board image
processing electronics 36, which may be referred to herein as a controller,
DrOCESSOr, OF Processing systern, or may be transoutied 0 a central acquisition
control and image processor 34, which may be referred to herein as a confrolier,
tor display on a digital monttor 26 tor viewing by a user. An electronic bias
circutt 32 18 elecincally connected to the two-danensional detector arrvay 12 to

provide a bias voliage to each of the photosensitive celis 22.

00231 Fach of the bias circuid 32, the scanning circuif 2%, and the read-out
circuif 34, may commumcate electronically and be controlied by on-board

Y

processor 36, Bach of the bias circuit 32, the scanning circuit 28, and the read-out

circutt 34, may also communicate with external acquisition confrol and 1mage
processing umt 34 over g connected cable 33 (wired), or the DR detector 40 and
the acquisition control and mage processing unit 34 may each be equipped with a
wireless transmitter and recerver to transmit radiographic image data wirelessly 35
to the acquustiion controd and mmage processing unit 34, The acquisition control
and nage processing unit 34 may mchide a processor and electronic memory (not
shown} to control operations of the DR detector 40 as descenbed herein, imclhuding
control of curcuits 28, 30, and 32, for example, by use of programmed instructions,
and to store and process unage data. The acquasiiion control and image
processing wint 34 may also be used {o control activation of the X-ray source 14
during a radiographic exposure, controliing an x-ray tube electric current
magnifude, and thus the fluence of X-rays m x-ray beam 16, and/or the X-ray tube
vottage, and thus the energy level of the X-ravs in X-ray beam 16, A portion or all
of the acquisition control and unage processing untt 34 functions may reside in the
detector 443 in the on-board processing system 36 which may mclude a processor
and electronic memory o control operations of the DR detector 44 as described
heremn, mchiding control of aircuits 28, 30, and 32, by use of programmed

instructions, and to store and process unage data similar to the functions of
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standalone external acquisifion control and image processing system 34, The
HNAge Processing system may perfornm image acquisition and unage disposiiion
functions as described herein. The image processing system 36 may controd
Inage ransmission, nage processing and image correction on board the detector
40 based on mstructions or other commands transmitted from the acquisition
control and image processing unit 34, and transmut corrected digital tmage data
thercirom. Altematively, acquisition control and tmage processing unit 34 may
receive raw umage data from the detector 40 and process the image data tor
storage, or it may store raw unprocessed imnage data i local memory, or i
remotely accessibie memory. As described heremn below, x-rav source 14, digital
monitor 26, and acquusifion control and image processing system 34, may be

contained in and form part of a mobile radiography apparatus 100 (FIG. 4).

24 With regard to a direct detection embodiment of DR detector 443,
the photosensitive cells 22 may each include a sensing element sensitive {0 X-1ays,
i.¢. if absorbs X-rays and gencrates an amount of charge carriers in proportion to a
magnitude of the absorbed X-ray energy. A switching element may be configured
(o be selectively activated to read out the charge level of a corresponding x-ray
sensing element. With regard to an induect detection embodiment of DR detector
44}, photosensitive cells 22 may each mclude 4 sensing clement sensitive to light
rays i the visible spectrum, 1.e. 1t absorbs hight rays and generates an amount of
charge carriers in proportion (0 a magnitude of the absorbed light energy, and a
switching element that 18 selectively activated to read the charge level of the
corresponding sensing element. A scintdlator, or wavelength converter, may be
disposed over the Light sensitive sensing elements to convert incident x-ray
radiographic energy to visibie light energy. Thus, i the embodiments disclosed
heren, it should be noted that the DR detector 40 may inciude an indirect or direct
type of DR detector. Examples of sensimyg elements used 1n sensing array 12
inchide various types of photoelectric conversion devices {€.8., photosensors} such
as photodiodes (P-N or PIN diodes), photo-capacitors (M1IS), photo-transistors or

photoconductors. Examples of switching elements used for signal read-out
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imnctude a-S1 TETs, oxade TFs, MOS transistors, bipolar fransistors and other p-n

JURCTHON Components.

[ O025] FIG. 2 shows a perspective view of generally rectangular, planar,
portable wireless DR detector 40 according to an embodiment of DR detector 44)
disclosed hercin. The DR detector 440 may nclude g fiexible substrate to allow the
DR detector to be bent into a curved orientation. The Hexible substrate may be
fabricated in a permanent curved orientation, or # may remain flexible throughout
its fife to provide an adjustable curvature in two or three dimensions, as desived.,
The DR detector 40 may mchude a sumilarly Hexibie housing portion 214 that

surrounds a multilayer structure comprising a Hexible photosensor array portion

22 of the DR detector 40. The housing portion 214 of the DR detector 4 may
mclude a continuous, ngid or flexible radiopague material, surrounding an mteror
volume of the DR detector 40, The housmyg portton 214 may mclude four fexible
edges 218, extending between the top side 221 and the bottom side 222, and
artanged substantially orthogonally m relation to the top and bottom sides 221,
222, The bottom side 222 may be continuous with the four edges and disposed
opposite the top side 221 of the DR detector 40, The top side 221 compnses a top
cover 212 attached to the bousing portion 214 which, together with the housing
portion 214, substantially encloses the multlayer structure i the mtenior volume
of the DR detector 40, The top cover 212 may be attached o the housimyg 214 to
form a seal therebetween, and be made of a material that passes X-rays 16 without
significant attenuanon theveot, 1.e., a radiohucent matenal, such as a carbon fiber

plastic, polymeric, or otber plastic based material.

30261 With reference to Fi(. 3, there 1s tllustrated m schematic form an
exemplary cross-section view along section 3-3 of the exemplary embodiment of
the DR detector 40, For spatial reference purposes, one major surface of the DR
detector 44 may be referred to as the top side 351 and a second major surface may
be referred {0 as the bottom side 352, as used heremn. The multilayer structure
may be disposed within the interior volurae 35 enclosed by the housing 214 and
top cover 212 and may mclude a Hlexible curved or planar scintillator layer 344

over a curved or planar the two-dimensional rmaging sensor array 12 shown
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schematically as the device laver 302, The scintitlator layer 304 may be divectly
under {e.g., directly connected to} the substantially planar top cover 212, and the
imaging array 3402 may be duectly under the scintiliator 304, Alternatively, a
flexible layer 306 may be positioned between the scintitlator layer 304 and the top
cover 212 as part of the multdaver structure to allow adjustable curvature of the
multilayer structure and/or to provide shock absorption. The flexible laver 306
may be selected 1o provide an amount of tiexible support for both the top cover
212 and the scintillator 304, and may comprise a foam rubber type of material.
The layers just described compnising the multilayer structure each may generally
be tormed 1 a rectangular shape and defined by cdges arvanged orthogonally and
disposed m paraliel with an mterior side of the edges 218 of the housing 214, as

described in reterence (o FiG. 2.

027 A substrate layer 320 may be disposed under the imaging array
3idZ2, such as a rigid glass laver, in one embodiment, or flexible substrate
comprising polyumnide or carbon fiber upon which the array of photosensors 302
imay be formed to allow adjustable curvature of the array, and may comprise
another layer of the mudtilayer structure., Under the substrate layer 320 a
radiopague shield layer 318 may be used as an x-rav blocking laver 1o help
prevent scattering of X-rays passing through the substrate layer 320 as well as o
block x-rays reflected from other surtaces in the mterior volume 358, RKeadout
clectronics, mcluding the scanning circuit 28, the read-out circuit 34, the bias
crircuit 32, and processing svstemn 36 (all of FI1G. 1) may be formed adjacent the
imaging array 302 or, as sbown, may be disposed below frame support member
316 n the form of miegrated curcuits (MUs) electrically connected (o printed circuit
boards 324, 325, Other electronic modules disposed below frame support member
316 may include a bluetooth conmununication moduie for near held communication
and an accelerometer for sensing movement of the detector 40. The imaging array
32 may be electrically connected to the readout electronics 324 (Is) over a
ficxible connector 328 which may comprise a plurality of flexible, sealed

conductors known as chip-on-film (COF) connectors.
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LHirsy A-tay THax may pass through the radiohicent top panel cover 2172,
in the direction representad by an exemplary X-rav beam 16, and impinge upon
scintitiator 304 where stimulation by the high-energy x-rays 16, or photons,
causes the scmnfiliator 304 to emut lower energy photons as visible hght rays which
are then received in the photosensors of imaging array 302, The frame support
member 316 may connect the multiayer stvucture to the housing 214 and may
further operate as a shock absorber by disposing elastic pads (not shown) between
the frame support beams 322 and the housing 214, Fasteners 310 may be used to
attach the top cover 2172 to the housmyg 214 and create a seal therebetween 1n the
region 330 where they come into contact. in one embodiment, an extemal bumper
312 may be attached along the edges 218 of the DK detector 40 10 provide

addittonal shock-absorption.

Y] FIG. 4 shows a perspective view of a mobile radiography unit 100
that can be used together with portable DR detectors 40 that are mechanically

uncoupied from the mobue radiography uni 100, The exemplary mobile X-ray or

radiographic apparatus 100 can be emploved for digital radiography (DR) and/or
tornosynthesis or tomographic imaging. Mobile radiography apparatus 100 can
include a moveable transport frame 120 that includes a st digital display 110
and an ophional second dagital display 110, as part of x-ray fube head 140, to
display relevant information such as obtained xX-ray iimages and related data, as
well as o receive operator 1npuis to control fiving an X-ray source in X-rayv tube
head 140, As shown i FIG. 4, the second display 110 can be prvotably mounted

at the x-ray tube head 144 to be viewable/touchable from a 360 degree area.

030 The displays 110, 114 can provide an mput screen (e.g., touch
screens) for an operator (o implement or control functions of the mobile
radiography apparatus 100, such as controlling tiring and energy level of an X-ray
source m tube head 144, adjusting an apertire of a collirnator in tube head 144,
registering DR detectors with mobile radiography apparatas 10{, generating,
storing, transmuitting, oodifyving, and printing of the obtained, or captured X-ray

image(s). For mobility, the mobile radiographic apparatus 100 can have one or

more wheels 115 and one or more handle grips 125, typically provided at waist-

- 1 -
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tevel, arm-level, or hand-level, that belp an operator 1o move and to guide the
1obile radiographic apparatus 100 {o its intended location. A self-contained
battery pack {e.g., rechargeable) can provide source power, which can reduce or
clitpinate the need tor operation near a power outlet. Hurther, the seli-contained
battery pack can be configured to provide power for motorized wheels (o transport
the entire mobiie radiography untt 1 to 18 wtended location. For storage, the
mobile radiographic apparatus 100 can inciude slots 134 for stormg one or more
DR detectors 40 or computed radiography casseties. The slots 134 can be a
storage area disposed in the transport frame 120 conhigured to removably retain at
icast one DR detector 4. The storage siots 134 can be configured to hold a
plurality of detectors 40 and can also be configured fo hold one size or muitiple

sizes of DIR detectors.,

LLISDE Sall refemng to FIG. 4, a processing control system 130, which
may be referred 0 herein as a controlier, provides the control logic for unage
processing, wdentification of DR detectors registered {0 the mobile radiography
apparatus 100, wWentifying a position of the tube head 1440 relative to the transport
frame 120, as well as other control functions. Image processing may be provided
by the processing control system 130 as part of mobile radiography apparatus 100
isell, or it can be provided by one or more external corputers, such 4s a controld
console, and other processors networked in signal commumcation with mobile

radiography apparatus 104,

{032 ] Mounted to frame 120 1s a support member or column 135 that
supports X-ray head 144, also calied an x-ray tube, tube head, or generator, that
mcludes the x-ray source and that can be mounted to the support member ot
column 133, In the embodiment shown i FIG. 4, the support member or column
135 can mclude a second hortzontal telescoping section 30 that extends outward at
a f1xed or vanable distance from the vertical first section where the second section
is configured to ride vertically up and down the first section o the desired height
for obtaimning a radiographic image of a subject. In addition, the support member
or column 1335 vertical section is rotatably attached 1o the moveable frame 120 to

allow manual rotation of the support member or columm 135 around a vertical

- 11 -
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axis. Height settings for the x-ray tube head 140 can range from low height for
imaging feet and lower extremities to shoulder height and above for imaging the

upper body portions of patienis i Various positions.

8033 ] The perspective view of FIG. 4 shows mobile radiography
apparatus 100 1 an undocked posifion for projection imaging, tomosynihesis
umagimg, or tomographic imaging. Telescoping honzontal section 30 of the
support member or column 135 1s extendible 1n a linear direction away from the
vertical section of support member or column 133, Mobide radiography apparatus
104 can provide charging for a battery contained in portable radiographic detector
44} mserted o one of the storage slots 134, For exaraple, a charging port in the
DR detector 40 may electrically engage a mating power port in one of the storage
siots 134 when the DR detector 443 18 mserted thereun.  {he mobile radiography
apparatus 100 can be also be employed tor computed radiography (CR) and/or

digital radiography (DR).

8034 FIG. 5 illustrates mobile radiography apparatus 100 without tube
head 140 attached for clarity of description. Portable DR detector storage shots

134 may hold a large portable DR or CR detector 40a, medium size portable CK

or DR detector 40b, and small portable CR or DR detector 40¢ that can be secured
within the slots 134 using locking device 57, The locking device 507 can
reciprocally move between a first position (e.g., unlocked) where detectors 44 can
be removed from the storage slot area 134 area and a second position {(e.£..
iocked) where detectors 40 cannot be removed from the storage siots 134, in one
cmbodiment, the storage slots 134 can mclude a battery charge slot 509 where at
teast one battery for use with or removed from a detector 44 can be re-charged by
the mobile radiography apparatus 100, Une or more additional DR detectors 4iid
may be assoctated with mobile radiography apparatus 100, Portable DR detecior
40d may be placed mn proximity o mobile radiography apparatus 10U such as in a
common redical facthity X-ray iimaging room or i may be carned by a techmcian
intending to use it together with mobile radiography apparatus 10{). Each DK
detector 40 typically inchudes a charging port 319 so that the DR detector 40 may

have 1ts battery charged when mserted o a storage slot 134, Additional storage
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areas 1ov materials at the mobile radiography apparatus 10U can inchide storage
311 for rubber gloves and bag storage arca 513. The mobile radiography
apparatus 100 can also include a prep/expose control panel 515 and a holder 517

for a wireless remote prep/expose confrol.

LHIRRY The schematic block diagram of FIG. 6 shows 4 system for

management of DR detectors 44 used by a particular mobile radiography
apparatus 100, Although embodiments described herein refer {0 mobile
radiography apparatuses H¥} the invention mayv be used with stationary im-room
X-ray mstatlattons that may mciude X-ray tube cranes fixed {o a stationary
structure 1n an X-ray faciiiy and himited to m-room movements, and other fixed
position X-ray systems. Mobile radiography apparatus 100 can manage a pluralgy

of associated detectors (e.g., detectors 4{ja-40d for example). Andentifier 601

(1D}, which may hardwired i, or assigned and stored in, DR detector 40 provides
a unique digital identitier for a particular detector 40 which may be used by
detector 440 to deternune when a conunumication, which includes the detector’s 1),
from mobile radiography apparatus 100 is mtended tor i, and it may be used by
the processing system 13{ in mobile radiography umt 100 to target
compuinications {0 a specitic DR detector 40 by mcluding the detector Y in the
comnmurcation. Identifier 601 may be used to hink, register or, as use(
synonyimousty herein, assign DR detectors 44 to one or more mobile radiography
apparatuses 100 that may travel throughout a medical imaging facility having
imany portable DR detectors 40 distributed therein and/or one or more stationary
iN-To0Im X-ray mstaliations. Processing system 134 roamntains a registry 603 (as
shown, e.g., i FI(G. 7} of one or more DR detectors 41} that are associated with
maobile radiography apparatus 100, wiuch association may inchude a previous
registrafion, a current registration, or an available detector 443 that 18 proximate to
the mobile radiography apparatus 1U{ and can be registered thereto. A detector 40
may transiion from a low power maode, sleep mode, or power off state, by waking
up the detector 440 or by powering on the detector 40, Thus may be performed by
arnt operator manually waking or powering on the detector such as by manually

activating a switch on the detector. This may also be performed by fransmutiing a



WO 2021/118969 PCT/US2020/063734

wake up or power on signal from a mobile radiography apparatus 100 to the DR

detector 40, This may also be performed by a signal from an on-board

accelerometer i the detector 40 responding to sensing movement of the detector

40. Upon awakemng or powering on m this way, the detector 44 transmuts an

“avarlable” signal. Upon receiving the availability signal and a detector 10,
mobile radiography apparatus 100 may then add the detector 40 to a regisiry of
avatlable detectors stored at the mobile radiography apparatus 140, as shown n
FIGL 7. Registry 603 can include electromc memory for storage of power level,
registration information and other status information about one or more dennfied

DR detectors 440 that are programmed (O transmit such mformation.

8036 in one embodiment, processing system 130 may be programmed to
automatically register a detector 40 that 1 detected o be available andn
proximity to mobile radiography apparatus 100, The processing system 130 may
detect that an unregistered detector 44 18 1n proximity {0 the mobile radiography
apparatus 100, such as by using a near ficld conununication protocol, such as
bluetooth modules 605, Upon detecting the proximate DR detector 443, mobile
radiography apparatus 100 may deternune that the proximate detector 443 18
compatible with mobile radiography apparatus 100, or the mobile radiography
apparatus 10U may query the proxumate DR detector Tor an wdentifier 601, or other
DR detector system miormation, to determine compatibibity. It the proximate DR
detector 443 18 determuned (0 be compatible, mobile radiography apparatus 100
imay proceed with registening the DR detector 44, wherealter the proximate DR
detector 443 may be used together with mobile radiography apparatus 100 to

capture radiographic 1mages of a subject, if designated 0 do so.

03T In one embodument, registering a DR detector 40 in system registry
613 mayv be performed by operator entry at an mput screen 110 of mobile
radiography apparatus 100, Kegistration of a DR detector 44 may be used 1o
entable certain status communications between registered detectors 44 and mobile
radiography apparatus 100, such as to validate that data is bemg communicated
only from an appropriate compatible DR detector 44 so that only data from a

registered DR detector 44} 1s transierred to processing system 130, System 130

- 14 -
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can have mudaple DR detectors 40 registered therewith, but can be conhigured (o
communicate only with one designated DR detector 40 at a tune. However, this
may result in certain operator errors as described herein, which mav be avoided by
implementing the embodunents disclosed heremn. Thus, a registry 603 of avauable
DR detectors 4{} can be maintained at processing system |30 so that one detector
40}, a portion of the detectors 40, or all detectors 40 can be activated for a

parficular X-ray unaging cxapunation. System 130 can mamtain power level

information, calibration fiules or other information for a3 number of DR detectors 443
iy the registry 603, from which designated DR detectors 40 tor a particular
examination can be selected for activation, as shown in the last colunm of Fi{5, 7.
Deregistration can also be used o deregister a particular DR detector 40 with

respect to mobile radiography apparatus 100,

0381 FIG. 7 18 an exemplary table that may be electronically stored in
registry 613 which lists a number of detectors 44 that are associated with an X-ray
irpagimg systern, such as mobile radiography svstern 1040, Table information
sigmiving that a detector 4} 1s registered and powered on, or awake, may be
contfigured to mdicate to the processing system 130 that these detectors are active,
proximate to the mobile radiography system 144}, and can be immediately
activated Tor X-ray exposure inage capture. Table imformation signifying that a
detector 44118 registered and disconnected may be configured {0 indicate (o the
processing system 130 that such registered detectors are mactive, such as being
powered off, 1 a low power sleep mode, or too distant from the mobile
radiography apparatus 100 i order to commumcate therewith. Table information
signifying that a detector 40 1s not registered but avatiable may be configured 1o
indicate to the processimg svstem 130 that these detectors are proximate o the
mobile yadiography apparatus 100 and can be registered thereto, 1t deswred. The
processing system 138 may be selectively configured to designate any one of
detectors (1), (4) and (5 m the table, or a combination thereod, as active detectors
that may be tnmediately activated 1oy capiuring X-ray images i response to
exposure synchronization signals transmitted from processing system 130, as

exemplitied m the last column of FI(G. 7. As the ferms “activate”, “activated” or
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“activation” are used herein, a detector 443 18 activated when 1t 1s awaiting 4 signal,
such as one or a sequence of synchronization signals, from the mobile radiography
apparatus 100, which causes the detector 40 {0 open s infegration window, for a
preset pentod of time, to capture X-ray signals emitted by an X-ray source and
impacting the detector 440, if any. If the processing system 130 1s configured (o
auntomatically register detectors that are avatlable to be registered, then detector
(3) m the tabie of FIG. 7 may be registered and added to the combination of active

DR detectors designated for activation.

LEIRV A problem that may occur during X-ray umaging where a nurnber of
ditterent DR detectors 40 1s available to an operator 18 that radiographic 1mages
may not be properly captured during X-ray exposure because of a mismaich
between the detector 40 being used by the operator tor umage capture and the
detector 40 actually activated for capturing the exposures. Thus, m one
embodiment, activation of all DR detectors 40 that are avatlable (o an unaging
system can be pertormed to avoid this probiem. In one embodiment, an operator
imay begin inttialization of the mobile radiography apparatus 100 for an x-ray
examination, such as by setting a power level of the X-ray source, turning on a
remote control for Tiring the X-ray saurce, displaying an exanunation schedule for
a patient on a display 110, 1147, accessing technigue information tor a particutar
X-ray examination, etc. In response to these detected operator actions, the
processing system 130 may be configured to automatically access the registry 643
to identily registered and active DR detectors and to transmat a detector activation
signal to some or all of the wdentified DR detectors. Thus, if all available detectors
are activated in response to the activation signal, anv detector that is used by an

operator will properly capture X-rayv images, as intended.

30340 In one embodiment, activation of some or all detectors 40
registered {o roobile radiography apparatus 100, may be imtiated by one, or a
combination, of several user actions 1 addition to the mobile radiography
apparatus 100 detecting the operator actions described above: 1) removal of
detector 44 from a storage siof) 2) detecting detector movement using a bude-in

accelerometer; and 3) a proximity sensor detecting that the detector 18 moving

- 16 -
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away {rom a storage location or from the mobile radiography apparatus 130, In
one embodiment, the detector 443 s configured {o send a system activation signal
to the processing system 130 when the detector 40 detects that 118 charging port is
disengaged {rom a mating power port i the storage siot 134, In one embodiment,
the detector 40 can be configured to send a system activation signal to the
processing system 130 when the detector 40 detects movement, such as using a
signal from an on-board three dimensional accelerometer 607 (FiG. 6). In one
simbodiment, the detector 40 is configured to send a system activation signal to the
processing system 130 when the detector 44 detects that it 18 being moved away
from a storage location, such as a storage slot 134 in the mobile radiography
imaging apparatus {00 or a storage bin in an X-ray exanunation room, by using an
on-board proximnty sensor 609 (Fi(s. 6). Such a proxanuty sensor may also be
linked to the detector’s bluetooth module 605 to measure a weakening signal
strength therein in velation to the bluetooth module 605 1 the mobile radiography
apparatus 130, in order to determine mcereasmyg distance, of movement, away from
wobile radiography apparatus 100, In response to recetving such a system
activation signal, the processing system 130 may be configured to automatically
access the registry 603 (o wdentity active DR detectors and to activate some oy all

active registered detectors 40 by transmitting a detector activation thercto. in one

or wake-up signal to detectors 443 that ave listed i the registry 603 as
disconnected. Thus, activating the detectors 40 would mclude powenng on or
awakening particular detectors 40 from an idle mode, a low power sleep maode, or
even a power off state, to an active state, m order to be activated Tor capturing
image data durimg an X-ray exposure. In one embodiment, disconnected detectors
40 and available unregistered detectors 40 may all be automatically registered and
rendered active such that all the detectors in a registry 603 may be designated for

mnediate achvation o capiure X-ray exposures.

(3041 | Fi(s. 8 1s a tlowchart for operafing an x-ray imaging system, such
as mobile radiography system 100, having multiple activated DR detectors. Alter

activating multiple detectors in step 801, the x-ray imaging system fires an x-ray
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source 1n step sU3 (o generate an image of a subject for capture by an activated
DR detector 43, In step 804, an automated procedure is undertaken {o determine
which one or more DR detectors 40 has captured a suitable diagnostic X-ray image
of the subject. During this step 804, each activated DR detector 44 1s programnmed
o automatically, after closmyg its integration window, or i response {0 a reguest
from the X-ray imaging system, determine an image rating of the just captured x-
ray imnage and transmit the rating to the X-ray imaging system, such as the mobile
radiography apparatus 100, In one embodiment, the image rating may be
determined by programiving each activated DR detector to calculate and transmit
a numerical average signal level of the detector’s pixels, which calculated average
signal level may be used as the unage rating. In one embodiment, the 1mage
rating may be determined by programming each activated DR detector to vrecord
and transnut a maximum signal level as captured 1n the detector’s pixels, which
maxunum signal value may be used as the image rating. {n one embodiment, the
umage rating may be determined by programuming each activated DR detector to
caiculate and transout a numerical average signal level of exposed pixels in a
presefected region of the detector 44, such as a central region of the detector 40,
which calculated average region signal level may be used as the umage rating.
This embodiment may be useful when a collimator 18 used o expose a small area
of the detector 44 In one embodunent, the image rating may be deternuned by
programumng each activated DR defector to calculate and transmit a percentage of
pixels of the detector that sansiy a logical comparison {0 a preset signal level,
which calculated percentage may be used as the tmage rating. In one
embodiment, the image rating may be determuned by progranuning each acfivated
DR detector to store and transmit a tirne at wiach s on-poard accelerometer last
detected movement, which time of detected movement may be used by the
imagimng system to deternune the detectors’ unage ratings. Uther suitable unage

rafing methods may be used as well.

0342 tn step &4, the 1mage ratings may be used by the imaging system
to determine a priority order for the detectors 44 to transmit captured tmage data.

The imaging system, such as mobile radiography system 100, may rank the 1mage
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ratings from highest to lowest values, or vice versa, or 1nay use some other
ranking method. If the fime of accelerometer movement 18 used for image rafimgs,
the tmaging system, such as mobile radiographyv system 1{K}, mav rank the image
ratings {rom most recent time of movement to least recent iime of movement, or
vice versa. In one embodiment of step 8406, the received umage ratings from all
activated DR detectors may be used by the tmaging system, such as mobile
radiography system 100, to determine which one of the activated DR detectors
captured umage 18 transmitted to the tmaging system for diagnostic purposes. in
one embodiment, the nnage, or detector, at the top of the ranking may be selected
for transnussion of the captured tmage for diagnostic purposes. in one
embodiment of step 306, the received image ratings from all activated DR
detectors may be used by the imaging systeim, such as mobile radiography system
104, to deternune a priordy order of the activated DR detectors 440 i which to
fransmit sorne or all of the captured unages 1o the imagmyg system for diagnostic
purposes. The prionty order may be used to transmut only the first, ghest
ranking priority unage, a plurality of the highest priority ranked 1mages, or all of
the captured tmages. In one embodunent, an alternative method 1o steps 804, SUG,
which follow step 803, 1s step 305, in which each activated DR detector 18
programined to automatically, or in response o a request from the X-ray imaging
system, transnut its captured X-ray image without regard to g priority order 1o the
X-ray naging system, such as the mobile radiography apparatus 100, The
umaging system may then umrmnediately display all the transimtted captured images
80 that an operator of the X-ray imaging system may select the most appropriate
imnage tor diagnostic purposes. in one embodunent, as shown i FIGL Y, all the
transimitied captured tmages may be unmediately displayed on an electromc
display 26 as thumbnail tmages, from which an operator may select the most

appropriate 1mage for diagnostic purposes.

30343 As will be appreciated by one skilled m the art, aspects of the
present invention may be embodied as a system, method, or computer program
product. Accordingly, aspects of the present invention may take the form of an

entirely hardware emabodiment, an entuely sotiware emabodiment (ancluding
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firmware, resident soifware, mucro-code, ete. ), or an embodiment combining

software and hardware aspects that may all generally be veferred to herein as a

S . 2% 6 0 . e 7 be A ax v 72 Ae N k) . « B 7 - . -
service,” “circuit,” “circuitry,” “maodule,” and/or Tsystem.” Furthermore, aspects

of the present mvention may take the formo of a4 computer program product

ermnbodied i one or more computer readable medium(s) having computer readable

program code embodied thereon.

3044 Any combination of one or more computer readable medim{s}
may be utitlized. The computer readable medium may be a computer readable
signal medium or a computer readable storage medium. A computer readable
storage medium may be, for example, but not luntted to, an elecironic, magnetic,
optical, electromagnetic, tnirared, or semiconductor system, apparatus, or device,
or any suitable combmation of the foregoing. More specitic examples (a non-
exhaustive st} of the computer readable storage medium would mclude the
following: an electrical connection having one of more wires, a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory

(ROM}, an erasable programnmable read-only memory (EPROM or Flash

memory ), an optical fiber, a portable compact dise read-only memory (CD-ROM),
an optical storage device, a magnetic storage device, or any suitable combination
of the foregoing. in the context of this document, a computer readable storage
medivm may be any tangible medium that can contain, of store a program for use

by or i connection with an instruction execution system, apparatus, or device.

HHEERY Program code and/or exccutable instructions embodied on a
computer readable medium may be fransmitted Using any appropriatc medium,
mcluding but not hinuted to wireless, wireline, optical fiber cable, Rl etc., or any

suitable combination of the foregoing.

0046 ] {omputer program code for carrying out operations for aspects of
the present invention may be writien i any combination of one or more
progranuning languages, mcluding an object ortented programnung language such
as Java, dalltalk, C4++4 or the like and conventional procedural programming

fanguages, such as the "7 programuming language or stmilar prograpuming
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tanguages. The programn code may execute entively on the user's computer
(device), partly on the user's computer, as a stand-alone software package, partly
on the user's computer and partly on a remote computer or entively on the remote
computer or server. In the latfer scenaro, the remote computer 1nay be connected
to the user's computer through any type of network, mncluding a local area network
(LAN) or a wide area network {WAN), or the connection may be made {0 an
external computer (for example, through the Internet using an Internct Service

PFrovider).

16047 ] Aspects of the present invention are described herein with
reterence to flowchart dlustrations and/or biock diagrams of methods, apparatus
{(systems} and computer program products according to embodiments of the
mvention. It will be understood that each block of the Hlowchart dlustrations
and/or block dragrams, and combinations of blocks n the flowchart tHustrations
and/or block diagrams, can be implemented by computer program msiructions.
These computer program instructions may be provided {0 a processor of a general
puUrpose computer, special purpose compuler, or other programmable data
processing apparatus to produce a machine, such that the istructions, which
cxecute via the processor of the computer or other progranimable data processing
apparatus, create means tor unplementing the functons/acts specified m the

tlowchart and/or block diagram block or blocks.

0043 These computer prograin instructions may also be stored in a
computer readable medium that can divect a compuler, other programmable data
DYOCESSING apparatus, or other devices 1o hunction in a particular manner, such that
the mmstructions stored in the computer readable mediurn produce an article of
manutacture cluding mstructions winch implement the function/act specified

the flowchart and/or block diagram block or biocks.

8049 The computer program instructions may also be loaded onto a
computer, other programmable data processing apparatus, or other devices to
cause a series of operational steps to be pertformped on the computer, other

programmable apparatus or other devices to produce a computer implemented
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process such that the mstructions which execute on the computer or other
programmabie apparatus provide processes for implementing the functions/acts

specified i the tlowchart and/or block diagram block or blocks.

FHIRIE This writfen description uses examples to disciose the mveniion,
including the best mode, and also to enabie any person skilled 1n the art to practice
the mvention, including making and using any devices or systems and perfornung
ahv incorporated methods, The patentable scope of the invention is defined by the
claims, and may inciude other examples that occur to those skilled m the art.

Such other examples are mitended (o be withan the scope of the claums if they have
structural clements that do not ditfer trom the literal language of the claims, or if
they include equivalent structural elements with insubstantial differences from the

titeral language of the claims.
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CLAIMS:
I. A radiography system comprising:
an x-ray source; and
5 a plurality of DR detectors assigned to the system and configured

to capiure an image m svachronization with an activation of the X-ray source,

whierein the plurality of detectors are further condigured (o fransmit

one or more of the phurality of captured wnages according 1o a prionty order.

2. The systemt of claim |, turther comprising a controiler,

1} wherein each of the plurality of detectors are further configured to evaluate the
image captured by the detector and to transmit an evaluation value corresponding
thereto o the controller, and wherein the priority order 1s determined by the
confrolier according to the evaluation values received from of each of the plurality

oF detectors.

IS 3. The system of claim 2, wherein each of the plurality of
detectors are further configured to calculate the corresponding evaluation value

based on a signal level of pixels m the captured unage.

4, The system of claim I, turther comprising a controller
configured to transnut a detector activation signal to activate the plurality of
20 assigned DR detectors before transmitting a source activation signal to activate the

X-1dy SOUICC.

3. The system of claim 4, wheremn each of the plurality of
detectors 1s further configured to transmit a preparation signal to the controller
response o a corresponding sensor mndicating that the detector 18 being prepared

25 for an x-ray umage capture, and wherein the controlier 18 further configured (o

transmit the detector activation signal in response to receiving the preparation

signal.
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5. The system of claun 5, wheremn the corresponding sensor
indicating that the detector 18 being prepared 1or an X-rayv image Capiure Comprises

ai accelerometer for detecting mmovement of the detecior.

7. The system of claun 4, wherein the controlier s further
contigured to determine that an operator 18 preparing the svstem for acguiring an

x-ray pnage and to transimt the detector activation signal o response thereto.

5. A method of operating a radiography 8ysiei Comprisimmg an

x-ray source and a plurality of DR detectors, the method comprising:

firing the X-ray source and, 1 response thereto, capturing an image

in each of the plurality of DR detectors;

prionzing i a sequenaal order the plurality of images captured by

the plurality of DR detectors; and

at least one of the plurality of DR detectors transnutting s

captured 1mage based on the step Of priotiiZing.

4. The method of claim 8, turther comprising each of the
plurality of detectors evaluating the nage captured therein and fransmitting an
evaluation value corresponding thereto, wherein the step of priontzing 1s

performed according to the evaluation values,

118} The method of claim 9, turther comprising each of the
plurality of detectors determining a signal level 1 one or more pixels of the

detector to perform the step of evaluaung the image captured theren.
1. The roethod of claim 8, turther comprising:

at {cast one of the plurality of detectors sensing that 1t 18 being
ywrepared for image captyre, and., i response. transmtting a detector preparation
PLIep g 1 , ; P , £ PIcy

signal; and

24
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transmiiting an activation signal to activate the phurality of DK

detectors 1n response to receiving the detector preparafion signal.

12, The method of claim 11, wherein the step of sensing
CoOmprises receiving a signal from an on-board accelerometer indicating that the

detector 18 being moved,

163 The method of claim &, further comprising the radiography
system defecting the system being prepared 1o capture a radiographic unage and,
il response, ransmitting an activation signal to activate the plurality of DR

detectors.

14, The method of claim &, turther comprising all of the
phuraliy of DR detectors transmitting the plurality of captured images m the

sequiential order.

15, The method of clazm &, wherein the step of prioritizang
comprises determimng which of the plurality of detectors most recently sensed a

wovement of the detector.



PCT/US2020/063734
1/7

WO 2021/118969

a2 sU o " " B " " S o " "R o' o S o7 o S L 0" o SN 0" o S BN o7 oF SR 0" 0" SR 0" oF I o 0" SRS " 0" SR " " RN o7 o o B o7 o ol

F e
7 gl /
/ 7 i
¥ ,
“ % K7, iutaduiniadadeii bl b \\\\\\\\\% 4
7 % Pa? % 7
; E ¢y .
’ Ars ﬁ .»\.\\..&M
(7 \Y \ LR
” a4 f A awwww PR fv
\ \hfc @ PO T L A aa e i e 2 \V.
AL TS A, T LA, (2 A O LA \n n.v

IO

.Ch \.m. "

£

\
/

“
T

K.

V"
AT,

A CHAR HTA LT AAF VA FAA FAAL TAAX XA TR

_\
’
7
/
\
7
7
-
\
7
/) A w \
/ AW. s |
7 Al m / QO
. ‘ n
w | M L o “ W 1
B> S _..,...M“w 5 /
# ) .\icv " v oy “m“ ”
“ W.. s .\m.h tr....rth E &Klf».. m. “u
Z Pl a4 \ _ By ..3\ iiiiiiiii - ”
/ o et L% £% 5 2
A ) Y e e AR A \._“
) A . N&M\v : HM. v . L i o
r .“ . ..n\ u w - l!g((nucﬂﬂﬂuunqugg "]
“ " mﬂyﬂnv B S il LY )GY# (ol “
? “ ey Tlﬂ ‘V.\h' ..I.N‘ . ™, /;
4 MYt \yiu\mn Lasws % . ‘
" - A s HEFR o~y “ .
A - .. \.\ &..\.\.\- ittt e % ﬁ \" W I-‘ A
” £ e T o, o..c..é %, 2
4 m uw..\.h.__ : u-..nl.hm\.\. o -\I\.\\Mu. mm \&-I\\g\ w. A
% “ £, W T R e 7 B PR .......buw __..,vé \\ Z
) - gl N
v , o o . . %5 ”,
M m ;N\\(h”q ] & x w ..“-Afc A.\.. *cr. m
w : ? ~ fu”f “
?,
v o “ . AR AR AR m:zaw ", /
% % w . 4 % % 7
/ : m % % T I
r .“” ‘ . )
b aar. trer  wrs o\_“.\\ m
“m .
. ;
A

e AR
\i
N
h)
&
\‘:‘
" . 3 . :~ .
{.-
\"'.\

'd'ds

3

A AR AR,

-

L)
.
DL T R by

s

as

e e ot s K EWAALAT S,

1‘.‘}“%“!‘!&'[“5 ey

Yo
O
L

AR LA R A AR AR TN NN

AL IR RN AR S S SR A AN N AR SRS R LA S

M\\L\x\\\\bm\“m\mwmmxmw

N

RN

.\.-\

>

%
/
2,
”
2
’
”
%
%
%

‘s
vﬁ

\
v A A A i B PP IS

. . *,




WO 2021/118969 PCT/US2020/063734




PCT/US2020/063734

WO 2021/118969

3/7

CHE
0G¢

OLE

&€ Old

9LE Gc¢ 81¢ 0cEé cc&  8¢E 4
cce

\Z \ \\\\\\\\\\\\\\\\\ Y%, &‘\\\\\\\\\\\\\\\\\\\\\\\\\\

ﬁ cGé

4 LA 8ct

QN

\/
/

\\

\\\\
7%

7

Q2222
‘\\‘k\\

7 o s e s e————————' " /

\Hir/d?ﬂ\l-lxu“rrﬁr/ﬂ“rlx \/
i S A A

.. L NN O O e AN [N V

\w\\\\\ 0070077774227 F /

LLLLLLL L L L L L L L L L L L L LLL L L LLLLLLLLL \\
""” NANRRN

0,
Y

0EE— Clc 90¢ yO& c0& 0%

ﬁ/ h LGE
9/ N

Oor

OLE



PCT/US2020/063734

WO 2021/118969

4/7

A SISO .
o o o

o

\\\\\\\\\\\\\\\\\\\




WO 2021/118969 PCT/US2020/063734

5/7

o517,

511

. ';ig
» N:‘

408...... \\\%\%

R
R\&fx\%‘ﬁ-:-k-b:-:,ci:c-:g_-:;

S
e .... :-i\. W@%&Eb:\ﬁx """"""""" o R

e e e e ATt

e e N e
ﬁ*%33%\%\“mg=as:s%£%k=§~>>>}.‘.~>.a:g:-\

.--I:III.‘-IIII:IIRI

4 v 4 % T T Y Y YYYIYYY L s LN RE I
vvvvvvvvvvvvvvv

R e
e
SRS

LJ L} - . -‘% . v L] . o ... :‘ ‘.

:\ SRR S \ i

4 0 b tﬂ%\\"%\‘-‘\u%&\xhﬁax“%ﬁﬁ AR N AR XN
. -‘...\-II LJ LJ IIIIIII-\-‘

)
ATt T e e et e e e e e e e e e e e e e e e e e e e e e e e e a ta e L L L N e e e e e e e e e R R L L L S R R R e e R R b g s e e e s v
-
- LR e

\. 2%“\%'2- . R R e e e ettt T N AN R et R N i S et e e e L Tt N T T
e e e O R _ .
R\}\ﬁ\xﬂ\ A A A T a N

lll

AR \-L.N&_.:._.,_W_: SRR \
N R e ' e
%\‘m\&i\ﬁ&mm W R 213

R R R AT

 EEEEEEEAEEAEAAAAAEAADN l\ \\\\\

"'5:5:,5.:‘1'7:3:3.;.; R A A N
\\_\\\\\ R %\{Q@E&% “*-:»}\\*-_‘\55“*-‘_'» i "\\\.\
A \%\a N e e e e T "'\.“\ \X\x&\\\.

TR R AR S

poa
SRR SRR

.

S

DDDDD
-
\\\\\

R
— \w\
N

FIG. 5



O 2021/118969 PCT/US2020/063734

FIG. 7



WO 2021/118969 PCT/US2020/063734

/17

801

Activate multiple DR detectors

Fire x-ray source 803

804
\_ Determine DR Transmit all 805

detector priority captured images

806\' Transmit captured

iImage(s) by priority

FIG. 8

26




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/063/34

CLASSIFICATION OF SUBJECT MATTER

INV A61B6/00
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

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

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

EPO-Internal, BIOSIS, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2017/352154 A1 (TEZUKA HIDETAKE [JP] ET
AL) 7 December 2017 (2017-12-07)
paragraph [0025]
paragraph [0035]
paragraph [0037]
figure 1
claim 1

X US 2015/245807 Al (TAJIMA TAKASHI [JP] ET
AL) 3 September 2015 (2015-09-03)
paragraph [0056]
paragraph [0065]
paragraph [0066]
paragraph [0112]
paragraph [0116]
paragraph [0120]
figures 5, 6

D Further documents are listed in the continuation of Box C. See patent family annex.

“ Special categories of cited documents : _ _ _ . .
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited_to establish the pup_lication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the ant

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

3 March 2021 12/03/2021

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
sz:((+31-73) 340-3016 Ordavo, Ivan

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT . ——
International application No
Information on patent family members
PCT/US2020/063734
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2017352154 Al 0/-12-2017 JP 2017213287 A 0/-12-2017
US 2017352154 Al 0/7-12-2017
US 201524580/ Al 03-09-2015 JP 6208600 B2 04-10-201/
JP 2015165845 A 24-09-2015
US 2015245807 Al 03-09-2015

Form PCT/ISA/210 (patent family annex) (April 2005)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

