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(57) Abstract

A multiple mode digital X-ray imaging system providing for preprocessing “binning" of analog pixel signals from_a detector array
by selectively summing, within the detector array, adjacent pixel charges on a row-by-row basis and selectively summing, within detector
array readout circuits, the previously summed pixel charges (by rows) on a column-by-column basis. An array, or mapping, of "defective
pixel" flags is used to identify defective pixels within the detector array, with such flags being added to, or inserted into, the incoming
data stream for dynamic processing along with the incoming pixel data. A buffer and filter is used to perform still image capture during
the radiographic mode of operation and to recursively filter incoming data frames during the fluoroscopic mode of operation by summing
a scaled amount of pixel data from prior data frames with a scaled amount of incoming pixel data from the present data frame.
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~ aforementioned time delay as well as the X-ray dosage received by the patient.

WO 98/24059 PCT/US97/21685

MULTIPLE MODE DIGITAL X-RAY IMAGING SYSTEM

RELATED APPLICATIONS .

- This application claims the benefit of U.S. Provisional Application No. 60/056,926
which was converted to provisional status from U.S. Non-Provisional Application No.

08/753,799, which was filed on November 29, 1996, and entitled "Multiple Mode Digital

X-Ray Imaging System."

BACKGROUND OF THE INVENTION
The present invention relates to radiation imaging systems, and in particular, to solid

state X-ray radiation imaging systems capable of operating in multiple detection and display

modes.

DESCRIPTION OF THE RELATED ART

The use of X-ray radiation has become a valuable and widespread tool in medical
diagnoses and treatments. In film radiography, a burst of X-rays, after passing through the
body, is recorded on high resolution X-ray film. In fluoroscopy, an image intensifier tube
converts X-ray radiation to a video signal for viewing and recording interior body activity as
a video image.

7 Fll;nradlography is @mhoh}}?sed 7dt'17erto 1ts good épiﬁai Vreis'olutitr)n,rhi;gh -sighal-tb-
noise ratio (SNR), large detection area and low cost. However, developing exposed X-ray

film typically takes a minimum of ninety seconds which can be too long in emergency

situations. Further, the relatively low dynamic range of X-ray film can result in under- or

over-exposed images and, therefore, necessitate additional exposures which increase the

The image intensifier tube used in fluoroscopy has a greater exposure latitude than
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X-ray film, but also has a more limited active detection area and lower spatial resolution.

The lower spatial resolution associated with the total active area is somewhat mitigated in
that the image intensifier :ﬁbes allow magnification of the central image portion, thereby
providing a means to enhance visual details. However, the image intensifier tube is typically
S  heavy, bulky and expensi\)e, and can introduce image distortion which can only be partially
removed during post processing.
A number of alternative X-ray imaging technologies have been develéped. For

example, one alternative, known as computed radiography, involves the use of a A
photostimulablé phosphor plate which has the same physical appearance as a standard X-ray -

10 film cassette and provides good spatial resolution, SNR and dynamic range. However, after

exposure to X-rays,_the photostimulable phosphor plate must be scanned with a laser system

which is large an_d/expe'nsive, and the readout process is just as slow as the development of

film.

Another alternative which provides good spatial rgsolution and dynamic range, as
15  well as the added advantage of compatibility with real time digital image processing
techniques, involves the use of solid state detector panels. One such pa;lel uses an
amorphous ;ilicon (a-Si) detector array arranged as a two dimensional matrix of pixels, each
~ of which consists of a photosensitive element and a tmnsistqr SWitvC!‘-A As witli X-ray ﬁlm
cassettes, the detecto? array is covered with a scintillation layer to convert impinging X-rays

20 into visible light for the photosensitive elements.




SUMMARY OF THE INVENTION

An X-ray imaging system in accordance with the present invention is

capable of operating in multiple imaging modes, such as radiographic and
fluoroscopic, while providing spatial resolutions, SNRs and dynamic ranges
5 which can be selectively optimized to the selected mode of operation.

According to one aspect of the present invention there is provided an

apparatus including a multiple mode X-ray imaging system for suppofting
multiple X-rgy image display-modés by providing X-ray image signals having selectable
10 spatial resolutions in a still image mode or an image motion mode with correction for
defective pixels individually or in groups, including:
a detector array configured to receive a plurality of detector control signals
and in accordance therewith
15 receive and convert a plurality of X-ray photons corresponding to a-

two-dimensional image into a first plurality of image signals representing a

first two-dimensional array which includes a first plurality of rows and a first
' plurality of columns of pixels which together correspond to said two-

‘:..: 20 dimensional image and which individually correspond to respective portions of
) said two-dimensional image, and

‘provide a second plurality of image signals representing a second two-

esee dimensional array which includes a second plurality of rows and said first
2% pl’tira’lify of columns of pixels ‘which selectively represent respective

individual ones or multiple adjacent ones of said first plurality of rows of
. pixels and respective individual ones of said first plurality of columns Qf
pixels, respectively;
30 : o
a plurality of detector array receiver circuits, coupled to said detector array,
configured to receive a plurality of receiver control signals and in accordance

therewith receive and combine said second plurality of image signals and in

accordance therewith-provide a third plurality of image signals representing a third
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two-dimensional array which includes said second plurality of rows and-a second
plurality of columns of super pixels which selectively represent respective individual
ones of said second plurality of rows of super pixels and respective individual ones or
multiple adjacent ones of said first pluralit;' of columns of super pixels, respectively;

a first data processing circuit, coupled to said plurality of detector array
receiver circuits, configured to feceive and process together said third plurality of
image signals with a corresponding plurality of successive sets of correction data and
in accordance therewith provide a plurality of successive sets of corrected image datz;
wherein said plurality of successiye sets of correction data represents a plurality of
correction factors, each one of said plurality of correction factors corresponds to a |
respective one of said'plurality of super pixéis and each one of said plurality of
successive sets. of correction data includes a first data shbse; which indicates whether
said respective one of said plurality of super pixels is defective;

a first data selection ci;cuit, coupled to said first data processing- circuit,
configured to receive and select between individual ones of séid plurality of
successive sets of corrected image data and individual ones of said corresponding

| plurality of successive sets of correction data and in accordance therewith provide a

" first plurality of successive sets of selected data, wherein an individual one of said

first plurality of successiye sets ,qt: ;ele;:tgd data includes a corresponding individual
bne of said plurality of s'uccess'ive sets of correctionrdata when said first data subset
indicates that said corresponding respective one of said plumli'ty of pixels is

defeéﬁvg; and wherein said individual one of said first plurality .bf successive sets of

selected data includes a corresponding one of said plurality of successive sets of
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3b

corrected image data when said first data subset does not indicate that said
corresponding respective one of said plurality of pixels is defective;

a data scaling and summing circuit, coupled to said first data selection circuit,
configured to receive and scale said first plurality of successive sets of selected data,
receive and scale a stored data sum signal and sum said scaled first plurality of
successive sets of selected d_gta and said scaled stored data sum signal and in
accorda_ncé therewith provide a data sum signal, wherein said first plurality of
successive sets of selected data is scaled in accordance with a first scaling factor and
said stored data sum signél is scaled in accordance .\-Nith a second scaling factor; and
wherein said first plurality of successive sets of selected data includes a plurality of
successive sets _of image data, and furthef wherein each one of said plurality of
successive sets of image data includes a plurali& of super pixel data with active and
inactive data states and which corresponds to said third two-dimensional array; and

a data memory circuit, coupled to said data scaling and summing circuit,
configured to receive and selectively store said data sum signal and in accordance

therewith provide said stored data sum signal;

wherein said data scaling and summing circuit and said data memory circuit

cooperatively operate in one of a piurality of operational modes during said reception
of said first plurality of successive sets of selected data;

wherein, in a first one of said plurality of operational modes,

said first scaling factor has a value which is between zero and unity,

_and

said second scaling factor has a value which equals a difference
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between unity and said first scaling factor value; and

wherein, in a second one of said plurality of operational modes,

said first scaling factor has a value which is initially unity when a first
one of said plurality of successive sets of image data is in said inactive data
state, reﬁdns unity when a subsequent second one of said plurality of
successiveAsets of image data is in said active data state and becomes zero
when a further subsequent third one of said plurality of successive sets of
image data is in said inactive data. state, and

s;aid second scaling factor has a value which is initially zero, becomes
unity when said subsequent second one of @d plurality of successive sets of

image data is in said active data state and remains unity thereafter.

According to a furthér aspect of the present invention there is provided
an apparatus including a multiple mode X-ray detector system for supP_orting
multiple X-ray image disp}ay modes by providing X-ray image signals ha\_/_ing selectable
spatial resolutions, inc luding: '
a detector array configured to receive a plurality of deuéctdr control signals |
and in accordance therewith
receive and convert a plurality of X-ray photons correépond_ing toa
* two-dimensional image intoa first lurality of image ignal representing a
_ first two-dimcﬁsional array which includes a first plurality of rows and a first
plurality of columns of pixels which together correspond to said two-
dimensional image and which individually correspond to resi)ective portions of -

said two-dimensional image, and
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- said third plurality of image signals.

3d
provide a second plurality of image signals representing a second two-
dimensional array which includes a second plurality of rows and said first
plurality of columns of ' pixels which selectively represent respective
individual ones or multiple adjacent ones of said first plurality of rows of
pixels and respective individual ones of said first plurality of columns of
pixels, respectively; and
a plurality of detector arr#y receiver circuits, coupled to said detector array,
configured to receive a plurality of receiver control signals and in accordance
therewith receive and combine said second plurality of image signals and in
accordance therewith provide a third plurality of image signals representing a third
two-dimensional array which includes said second plurality of rows and a second
plurality of columr;s of super pixels which selectively represent respective individual
ones of said second plurality of rows of super pixel's”and resbective individual ones or
multiple adjacenf ones of said first plurality of columns of super pixels, respectively;
wherein said 'plurality of detector array receiver circuits comprises a plurality
of capacitive switching circuits configured "to receive a portion of said plurality of |

receiver control signals and in accordance therewith receive and combine selected

. ones of said second plurality of image signals and in accordance therewith provide

According to a still further aspect of the present invention there is
provided an apparatus inélhding a data processing system for processing a serial stream of
multiple bit data sets which represent an array of pixels corresponding to a two-dimensional

image including correcting for defective pixels individually or in groups, including:
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a first data processing circuit cénﬁgured to receive and process together a
plurality of successive sets of image data with a corresponding plurality of successive
sets of correction data and in accordance therewith provide a plurality of successive
sets of corre-cted image data, wﬁerein said plurality of successive sets of image data
represents a plurality of pixels corresponding to a two-dimensional image, said
plumlit& of successive sets of correction data represents a plurality of correctign
factors, each hone,of said plurality of correction factors corresponds to a respective
one of said pluiality of pixels and each one of said plurality of sucqessive sets of
correction data includes a first data subset which indicates whether said _respective
one of said plurality of pixels is defective; a_nd _

a first data selection circuit, coupled to said first data processing circuit,
configured to receive and select between individual ones of said plurality of
successive sets of corrected image data and individual ones of said corresponding
plurality of successive sets of correction data and in accordance therewiéh provide a
first plurality of successive sets of selected data, wherein an individual one of said
first plurality of successive §ets of selected data includes a corresponding individual
one of said plurality of successive sets of correction data when said first data subset

indicates that said corresponding respective one of said plurality of pixels is

_ defective, and wherein @l@.@i‘i@}l@l,pne,,of said first_plurality of successive sets of -

selected data includes a corresponding one of said plurality of successive sets of
corrected image data when said first data subset does not indicate that said

corresponding respective one of said plurality of pixels is defective.




3f .
According to a still further aspect of the present invention there is

provided an apparatus including a digital data buffer and filter for selectively
storing image pixel data, combining new incoming image pixel data with
previously stored image pixel data and providing such combined image pixel
5 data for display thereof in a still image mode or an image motion mode,
including: |
a data scaling and summing circuit configured to receive and scale an input
data signal, receive and scale a stored data sum signal and sum said scaled input data
signal and said scaled stored data sum signal and in accordance therewith provide a
10 data sum signal, wherein said input data signal is scaled in accordance with a first
scaling factor and said stored data sum sngnal is scaled in accordance with a second

scaling factor, and wherein said input data signal includes a plurality of successive

sets of image data, and further wherein each one of said plurality of successive sets of

e image data inclﬁdes a' plurality of pixel data with active and inactive data states and
:.1 5 which corresponds.to a two-dimensional image having a two-dimensional array
” including a plurality of rows and a plurali'ty of columns of pixels which togeiher
, - correspond to said two-dimensional image and which if;dividuany correspond to

_ respective portions of said two-dimensional image; and

; - a data memory circuit,.coupled to said data scaling and summing circuit,

. 20 oonﬁgﬁred to recéive and seléctively store sa1d data sum signal and in -accordance
. therewith provid;:"said stored data sum signal;

-
e eo

wherein said data scaling and summing circuit and said data memory circuit

cooperatively operate in one of a plurality of operational modes during said reception

Y
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of said input data signal;

wherein, in a first one of said plurality of operational modes,
said first scaling factor has a value which is between zero and unity,
and
5 said second scaling factor has a value which equals a difference
betweeﬁ unity and said first scaling factor value; and
whefein, in a second vone of said plurality of operational modes,
said first scaling factor has a value which is initially unity when a first
one of said plurality of successive sets of iinage data is in said inactive data
10 state, remains unity when a‘subsequeht second one of said plurality of
successive sets of image data is; in sald active data staie and becomes zero
when a further subsequent third one of said plurality of successive sets of
image data is in said inactive data state, and

said second scaling factor has a value which is initially zero, becomes

: '.: 1 5 unity when said subsequent second one of said plurality of successive sets of
seee, image data is in said active data state and remains unity thereafter.

R According to a still further aspect of the present invention there is
provided an apparatus including a multiple'mode X-ray imaging system for

: suppbrting multiple X-ray image display modes by providing X-ray image
20 signals having selectable spatial resolutions in a still image mode or an image
motion mode including correcting for defective pixels individually or in groups,

including:
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a detector array configured to receive a plurality of detector control signals
and in accordance therewith receive and convert a plurality of X-ray photons into a
first plurality of image signals,: wherein
said plurality of X-ray photons correspond to a two-dimensional image
represented by a first two-dimensional array which includes a first plurality of
rows and a first plurality of columns of pixels which together correspond o
said two-dimensional image and which individually correspond to respective
portions of said two-dimensional image, and
said first plurality of image signals represent a second two-dimensional
array which includes a second plurality of rows and said first plurality of
columns of pixels which selectively represent respective indiﬁdual ones
or multiple adjacent ones of said first plurality of rows of pixelS-and
respective individual 'ones of said first plurality of colﬁmns of pixels,
respectively;

a plurality of detector array receiver circuits, coupled to said detector array,
configured to receive a plurality of receiver control signals and in accordance
therewith receive and combine said ﬁrst.plurality of image signals and in accordapce
therewith provide a second plurality of image signals representing a third two-
@imgnsiond_ array which includes said second plurahty of mwg and a second plurality

of columns of super pixels which selectively represent respecﬁve individual ones of

said second plurality of rows of super pixels and respective individual ones or
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multiple adjacent ones of said first plurality of columns of super pixels, respectively;

a first data processing circuit, coupled to said plurality of detector array
receiver circuits, configured to receive and process together said second plurality of
image signals with a corresponding plurality of successive sets of correction data and
in accordance therewith provide a plurality of successive sets of corrected image data,
wherein said plurality of succgésive sets of correction data represents a plurality of
correction factors, each one of said plurality of correction factors corresponds to a
respective one of said plurality of super pixels and each one of said plurality of
successive sets of correction data includes a first dz;ta subset which indicates wﬁether
said respective one of said plurality of super pixels is defective;

a first data selection circuit, coupled to said first data processing circuit,
configured to receive and select between individual ones of said plurality of
successive sets of corrected image data and individual ones of said corresponding
plurality of sixccessive_ sets of correction data and in accordance therewith provide a
first plurality of successive sets of selected data, wherein an individual one of said
first plurality of successive sets of selected data includes a corresponding individual
one of said plurality of successive sets of correction data when said first data subset
indicates that said correlspondin_g respecﬁv§ one of said plurality of pixels is-

' defecﬁvé, and wherein said individual one of said first plurality of successive sets of
selected dat'a‘ih(':ludés a cbrréfsporidvingﬁdhe‘of ‘said plurélityA of successive sets of :
corrected image-data when said first data sﬁbset does not indicate that said

corresponding respective one of said plurality of pixels is defective;

a data scaling and summing circuit, coupled to said first data selection circuit,
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configured to receive and scale said first plurality of successive sets of selected data,
receive and scale a stored data sum signal and sum said scaled first plurality of
successive sets of selected data and said scaled stored data sum signal and in
accordance therewith provide a data sum signal, wherein said first plurality of

5 successive sets of selected data is scaled in accordance with a first scaling factor and
said stored data sum signgl is scaled in accordance with a second scaling factor, and
wherein said first plurality of successive sets of selecied data includes a plurality of
successive sets of image data, and further wherein each one of said plurality of |
successive sets of image data includes a plurality of super pixel data with active and

10 inactive data states and which corresponds to said third two-dimensiohhl array; and
_a data memory circuit, coupled to sa;id data scaling and summing circuit,

configured to rece;ve and selectively store said data sum signal and in accordance

therewith provide said stored data sum signal;

T o wherein said data scaling.and summing circuit and said data memory circuit
: ..:: 15 cooperatively operate in one of a plurality of operational modes during said reception
celee, ~ of said first plurality of successive sets of selected data;

‘wherein, in a first one of said plurality of operational modes,

» said first scaling factor has a value which is between zero and unity,
;::::; 0 and
| 20 o - sa;d secondscalmg f#cfér_-h;s a §a1ue which‘equals a c-i-iffere;\ee
© between unity and said first scaling factor value; and
‘wherein, in a second one of said plurality of operational modes,

said first scaling factor has a value which is initially unity when a first
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one of said plurality of successive sets of image data is ’xp said inactive data
state, remains unity when a subsequent second one of said plurality of
successive sets of image data is in said active data state and becomes zero
wﬁen a further subsequent third one of .said plurality of successive sets of
5 image data is in said inactive data state, and
said second scaling factor has a value which is initially zero, becomes
unity when said subsequent second one of said plurality of successive sets of
image data is in said active data state and remains unity thereafter.
According to a still further aspect of the present invention there is
10 provided a method of providing X-ray image signals having selectable spatial
resolutions in a still image mode or an imége motion mode including correcting
for defective pixels individually or in groups, including the steps of:

receiving a plurality of detector control signals and in accordance therewith:

Teat , receiving and conyerting a plurality of X-ray photons whi-ch'

. . 15 correspond to a two-dimensional image into a first pluﬂiq of image signals

' which represent a first twg-dimensional array including a first pluraiity of

: rows and a first plurality of col'umqs of pixels which together correspond to
said two-dimensional image and which individually correspond to respective

portions of said two-dimensional image, and

o0 oo
LR

20 generating a second plurality.of image signals which represent a
XN second two-dimensional array including a second plurality of rows and.said
first plurality of columns of pixels which selectively represent respective

individual ones or multiple adjacent ones of said first plurality of rows of
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pixels and respective individual ones of said first plurality of columns of

pixels, respectively; and

receiving a plurality of receiyer control signals and in accordance therewith
receiving and combining. said second plurality of image signals and in accordance
therewith generating a third plurality of image signals which represent a third two-
dimensional array including said second plurality of rows and a second plurality of
columns of super pixels which ;elccﬁvely reprcsént respective individual ones of said
second plurality of rows of super pixels and respective individual ones or multiple
adjacent ones of said first plurality of columns of super pixels, respectively;

receiving and processing together said third plurality of image signals with a
corresponding plurality of successive séts of correction data énd in accordance
therewith generating a plurality of successive sets of corrected image data, wherein
said plurality of successive sets of correction data represents a plurality of correction
factors, eacl; one of said pluraliiy of correction factors corresponds to a respective
one of said plurality of super pixels and each one of said plumlity of successive sets
of corrééﬁon data includes a first data subset which indicates whether said réspective
one of said plurality of super pixels is defecﬁve;

- selectiné between individual ones of éaid plurality of successive sets of
corrected imﬁge data and individual ones of said corresponding plurality of successive
sets of correction data and in accordance therewith gerjgrgting a first pluralitiy of
successive sets of selected data, wherein an individual one of said first plurality of
succcssiye sets of selected data includes a corresponding individual one of said

plurality of successive sets of correction data when said first data subset indicates that
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said corresponding respective one of said plurality of pixels is defective, and wherein

said individual one of said first plurality of successive sets of selected data includes a
corresponding one of said plurality of successive sets of corrected image data when
said first data subset does not indicate that said cormresponding respective one of said
plurality of pixels is defective;

receiving and scaling said first plurality of successive sets of selected data,
receiving and scaling a stored ;iata sum signal and summing said scaled first plumﬁty
of successive sets of selected data and said‘ scaled stored data sum signal and in
accordance therewith generating a data sum signal, wherein said first plurality of
successive sets of selected data is scaled in accordance with a first scaling factor and
said stored data sum signal is scaled in accordance with a second scaling factor, and
wherein said first plurality of successive sets of selected data includes a plurality of

successive sets of image data, and further wherein each one of said plurality of

- successive sets of image data includes a plurality of super pixel data with active and

 jnactive data states and which corresponds to said third two-dimensional array; and

selectively storing said data sum signal and in accordance therewith generating
said storedA data sum signal; |

whercin said step of receiving and scaling said first plurality of successive sets
of selected data, receiving and scaiing a stored data sum signal and summing said
scaled first plurality of successive sets of selected data and said scaled stored data
sum signal and in accordance therewith generating a data sum signal and said step of
selectively storing said data sum signal and in accordance therewith generating said

stored data sum signal-are cooperatively performed in one of a plurality of
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performance modes during said reception of said first plurality of successive sets of
selected data;
wherein, in a first one of said plurality of performance modes,
said first scaling factor has a value which is between zero and unity,
and
said second scaling factor has a value which equals a difference
. between unity and said first scaling factor value; and
wherein, in a second one of said plurality of performance modes,
said first scaling factor has a value -thiqh is initially unity wheﬁ a first
10 one of said plurality of successive sets of image data is in said inac;ive data |
state, remains unity when a subsequent second one of said plufaﬁt;' of
successive sets of image data is in said active data state and becomes zero
when a further subsequent third one of said plurality of successive sets of
e image data is in said inactive data state, and |
. 15 said second scaling factor has a value which is initially zerb. becomes
K unity when said subsequent second one of said plufality of successive sets of
image data is in said active data state and remains unity thereafter.
: According to a still further QSpect of the present invention there is
pfovided a method of providing X-ray image signals having selectable spatial
2-0 re;élutions in a stillimage mode or an image motion mode including correcting
‘e for defective pixels individually or in groups, including the steps of: -

receiving a plurality of detector control signals and in accordance therewith

receiving and converting a plurality of X-ray photons into a first plurality of image
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signals, wherein
said plu;_ality of X-ray photons correspond to a two-dimensional image
- represented by a first two-dimensional array which includes a first plurality of
rows and a first plurality of columns of pixels which together correspond to
5 said two-dimensional image and which indivic;cally correspond to respective
portions of said two—dimcnsional image, and
said first plurali& of image signals represent a second two-dimensional
array which includes a cecond plﬁrality of rows and said first plurality of
columns of pixels which selectivcly represent respective individual ones
10 or multiple adjacent ones of said first plurality of rows of pixels and
respective individual ones of said first plurality of columns of pixels,
respectively; -

receiving a plurality of receiver control signals and in.accordancc therewith

R receiving and combining said first plurality of image signals and in accordance

15v merewith generating a second plqrality of imagc signals which represent a third two-
dimensional array including said second plurality of rows and a second plurality of
columns of super pixels which selectively represent respective individua} ones of said
second plurality of rows of super pixels and fespectivc' individual ones or multiple
adjacent ones of said first plurality of columns of super pixels, respectively; '

' 20 o 'rccciVicg and processing together sald second plurality of image signals with a
corresponding plurality of successive sets of correction data and in accordance

. therewith generating a plurality of successive sets of corrected image data, wherein

said plurality of successive sets of correction data represents a plurality of correction
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factors, each one of said plurality of correction factors corresponds to a respective
one of said plurality of sul;er pixels and each one of said plurality of successive sets
of correction data includes a first data subset which indicates whether said respective
one of said plurality of super pixels is defective;

selecting between individual ones of said plurality of successive sets of
corrected image data and in@ividual ones of said corresponding plurality of successive
sets of correction data and in accordance therewith generating a first plurality of
successive sets of selected data, wherein an individual one of said first plurality of
succéssive sets of selected data includes a wﬁesponding individual one of said |

plurality of successive sets of correction data when said first data subset indicates that

said corresponding respective one of said plurality of pixels is defective, and wherein

said individual one of said first plurality of successive sets of selected data includes a
corresponding one of said plurality of successive sets of corrected image data when
said first data subset does not indicate that said corresponding respective one of said
plurality of pixels is defective; |
receiving and scaling said first plurality of successive séts of selected data,
receiving and scaling a stored data sum signal and summing said scaled first plurality

of successive sets of selected data and said scaled stored data sum sighﬁ‘l'apd in

- accordance therewith geherating a data sum signal; ‘wherein said first plurality of

-successive sets of selected data is.«si:;led in accordance with a first smling factor and
said stored data sum signal is scaled in accordance with a second scaling factof,: and
wherein said first plurality of successive sets of selected data includes a plurality of

successive sets of image data, and further wherein each one of said plurality of =~
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successive sets of image data includes a plurality of super pixel data with active and
inactive data states and which corresponds to said third two-dimensional array; and
selectively storing said data sum signal and in accordance therewith generating
said stored data sum signal;

5 wherein said step of receiving and scaling said first plurality of successive sets
of selected data, receiving .ax}d scaling a stored data sum signal and summing said
scaled ﬁrst'plurality of successive sets of selected data and said scaled stored data
sum signal and in accordance therev&ith generating a data sum signal and said step of
selectively sioring said data sum signal and in accordance therewith generating said

10 stored data sum signal are cooperatively performed in one of a-plurality of
performance modes during said reception of said first plurality of successive_sets of

selected data;

wherein, in a first one of said plurality of performance modes,

RO said first scaling factor has a value which is between zero and unity,
I | and |

.:- ' : said second scaling factor has a value which equals a difference
between unity and said first scaling féctor value; ';cmd

R wherein, in a second one of said plurality of pgrformance modes,

said first scaling factor has a value which is initially unity when a first
20 “ " one of said plﬁfality of Successive sets of image data is in said inactive data
state, remains unity when a subsequent second one of said plurality of

successive sets of image data is in said active data state and becomes zero '

when a further subsequent third one of said plurality of successive sets of

-
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image data is in said inactive data state, and

said second scaling factor has a value which is initially zero, becomes
unity when said subsequent second one of said plurality of successive sets of

image data is in said active data state and remains unity thereafter.

5 According to a still further aspect of the present invention there is
provided a method of providir}g X-ray image signals having selectable spatia'l
resolutions, including the steps of:

receiving a plurality of detector control signals and in accordance therewith:
receiving and converting a plurality of X-ray photons which
10 correspond to a two-dimensional image into a first plurality of image signals
which represent a first two-dimensiomﬂ array including a first .plﬁrality.of
rows and a first plurality of columns of pixels which together correspond to
said two-dimensional image and which individually correspond to respective
. portions of said two-dimensional image, and
. 15 . generating a second plu;ality of image signals which replfeseht a
: seodnd two-dimensional array inclixding a second plurality of rows and'sajd
. first plurality of columns of . ‘pixels which selectively fep;esent respective
individual ones or multiple adjacent ones of said first plurality of rows of
R ~ pixels and respective iﬁdividual ones of said first plurality of columns of
20 | piiéls, respe.ctively;' and | - | |
receiving a plurality of receiver control signals and in accordance therewith
receiving and combining said second plurality of image signal; and in accordance

therewith generating-a third plurality of image signals which represent a third two-
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dimensional array including said second plurality of rows and a second plurality of
columns of super pixels which selectively represent respective individual ones of said
second plurality of rows of super pixels and respective individual ones or multiple
adjacent ones of said first plurality of columns of super pixels, respectively;
wherein said second and third pluralities of image signals comprise first and
second pluralities of electricali charges, respectively; and
said étep of receiving a plurality of receiver control signals and in accordance
therewith receiving and combining said second plurality of image signals and in
accordance therewith generating a third plurality of image signals comprises receiving
a portion of said plurality of receiver control signals and in accordance therewith
receiving and capacitively combining selected ones of said first plulrality of .electrical
charges a_r;d in accordance therewith generating said second plurality of electrical

charges.

According to a still further aspect of the present invention there is
provided a method of providing X-ray image signals having selectable spatial

resolutions, including the steps of:

receiving a plurality of detector control signals and in accordance therewith
receiving and converting a plurality of X-ray pﬁotons into a first pluralit)f_ of image
signals, wherein:
said plurality of X-ray prhdto'ns' iépx"r_gspbnd to a two-dimensional image
represented by a first two-dimensional #rray which includes a first plurality of
rows and a first plurality of columns of pixels which together corrcépond to
said two-dimensional image and which individually correspond to respective
portions of said two-_ditﬁensional image, and . -
said first plurality of image signals represent a-second two-dimensional

array which includes a second plurality of rows and said first plurality of
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columns of pixels which selectively represent respective individual ones
or multiple adjacent ones of said first plurality of rows of pixei§ and
respective individual ones of said first plurality of columns of pixels,
respectively;

‘receiving a plurality of receiver control signals and in accordance therewith
réceiving and combining said first plurality of image signals and in accordance
therewith genex_'ating a necond plurality of image signals which represent a

~ third two-dimensional array including said second plurality of rows and a
second plurality of columns of super pixels which selectively represent

10 respective individual ones of said second pin;a—.iity of rows of super pixels and
respective individual ones or multiple adjacent ones of said first plurality of
columns of super pixels, respectively;
wherein said first and second pluralities of image signals comprise first and

et second pluralities of electrical charges, respectively; and

. 15 said step of receiving a plurality of receiver control signals and in accordance

¢ s therewith receiving and combining said first plurality of image signals and in

. accordance therewith generating a second plurality of image signais comprises

seve receiving a portion of said plurality of recciver control signals and in accordance

: therewith receiving“ and capacitively combining selected ones of said first plurality of

2' 0 electrical charges and in accordance therewith generating said second plurality of

et electrical charges.

According to a still further aspect of the present invention there is
provided a method of processing a serial stream of multiple bit data sets which

represent an array of pixels corresponding to a two-dimensional image including

25  correcting for defective pixels individually or in groups, including the steps of:
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receiving and processing together a plurality of successive sets of image data
with a corresponding plurality of successive sets of correction data and in accordance
therewith generating a plurality of successive sets of corrected image data, wherein
said plurality of successive sets of image data represents a plurality of pixels
corresponding to a two-dimensional image;said plurality of successive sets of
correction data represents a pl_}xrality of correction factors, each one of said plurality
of correction factors corresponds to a respective one of said plurality of pixels and
each one of saidA plu_lality of successive sets of correction data includes a first data
subset which indicates whether said respective one of said plurality of pixels is
defective; and
receiving and selecting between ind.ividual ones of said plurality of successive
sets of corrected image data anq individual ones of said corresponding piumlity of
successive sets of correction data and in 'accordance therewith generating a first
plumhty of successive sets of selected data, wherein an individual one of said first
plurality of succeQSive sets of selected data includes a corresponding individual one of
said plurality of successive sets of correction data when said ﬁfst data subsét indicates
that said corresponding respective one of sajd plurality of pixels is defective, and
wherein said individpal one of said first plurality of successive'sets of selected data
includes a corresponding one of said ﬁlu}rality of successive sets of corrected image
data when said first data subset does not indicate tha_i said correspondi;mg -respectiv_e
one of said plurality of pixels is defective. -

According to a still further aspect of the present invention there is
provided a method of selectively storing image pixel data, combining new
incoming image pixel data with previously stored image pixel data and providing
such combined image pixel data for display thereof in a still image mode or an

image motion mode, including the steps of:
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receiving and scaling an input data signal, receiving and scaling a stored data
sum signal and summing said scaled input data signal and said scaled stored data sum
signal and in accordance therewith generating a data sum signal, wherein said input

data signal is scaled in accordance with a first scaling factor and said stored data sum

-signal is scaled in accordance with a second scaling factor, and wherein said input

data signal includes a-plurality of successive sets of image data, and further wherein

each one of said plurality of successive sets of image data includes a plurality of pixel
data with active and inactive data states and which corresponds to a two-dimensional
image having a two-dimensional array including a plurality of rows and a plurality of
columns of pixels which together correspond to said two-dimensional image and
which individually correspond to respective portions of said two-dimensional image;
and

receiving and selectively storing said data sum signal and in accordance

therewith generating said stored data sum signal;

wherein said step of receiving and scaling an input data signal, receiving and .

scaling a stored data sum signal and summing said scaled input data signal and said
scaled stored data sum signal and in accordance therewith generating a data sum

signal and said step of receiving and selectively storing said data sum signal and in

| accordance therewith generanng said stored data sum 51gnal are cooperatlvely

performed in one of a plurality of performance modes durmg said reception of smd
input data signal;
wherein, in a first one of seid plurality of performance modes,
said first scaling factor has a value which is between zero and unity,
and
said second ecahng factor has a value which equals a difference

between unity and said first scaling factor value; and
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wherein, in a second one of said plurality of performance modes,

said first scaling factor has a value which is initially unity when a

first one of said plurality of successive sets of image data is in said

inactive data state, remains unity when a subsequent second one of said

plurality of successive sets of image data is in said active data state and

becomes zero when a further subsequent third one of said plurality of

successive sets of image data is in said inactive data state, and

said second scaling factor has a value which is initially zero,

becomes unity when said subsequent second one of said plurality of

successive sets of image data is in said active data state and remains

unity thereafter.

The combining of pixel information collected by the detector array, i.e.,
"pixel binning", may be performed by selectively combining one portion of the
pixel information within the detector array and selectively combining the
remainder of the pixel information within the circuits fed by the output of the
detector array. Such pixel binning is preferably analog in nature and is
performed prior to any digitizing of the pixel signals, thereby providing for a
higher SNR, and, importantly, reducing the bandwidth requirements for the
digital electronics. More specifically, a multiple mode X-ray detector system for
supporting multiple X-ray image display modes by providing X-ray image
signals having selectable spatial resolutions may include a detector array and a
group of detector array receiver circuits. The detector array may be configured
to receive a group of detector control. signals and in accordance therewith
receive and convert X-ray photons corresponding to a two-dimensional image

_ into a_first_group_of image signals representing a first two-dimensional_array

which includes a first group of rows and a first group of columns of pixels which
together correspond to the two-dimensional image and which individually
correspond to respective portions of the two-dimensional image. The detector
array may provide, in accordance with the detector control signals, a second
group of image signals representing a second two-dimensional array which
includes a second group of rows and the first group of columns of super pixels
which selectively represent respective individual ones or multiple adjacent ones
of the first group of rows of pixels and respective individual ones of the first

group of columns of pixels, respectively. The detector array receiver circuits,
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coupled to the detector array, are configured to receive a group of receiver
control signals and in accordance therewith receive and combine the second
group of image signals and in accordance therewith provide a third plurality of
image signals representing a third two-dimensional array which includes the
second group of rows and a second group of columns of super pixels which
selectively represent respective individual ones of the second group of rows of
super pixels.and respéctive individual ones or multiple adjacent ones of the first
group of columns of super pixels, respectively.

Data flags méy be used to identify defective pixels within the detector
array and are inserted into the data stream collected from the detector array for -
dynamic processing along with the pixel data. More specifically, a data
processing system for processing a serial stream of multiple bit data sets which
represent an array of pixels corresponding to a two-dimensional image including
correcting for defective pixels individually or in groups may include a data
processving circuit and a data selection circuit. The data processing circuit may
be configured to receive and process together a plurality of successive sets of
image data with a corresponding plurality of successive sets of correction data
and in accordance therewith provide a plurality of successive sets of corrected
image data. The plurality of successive sets of image data may represent a
plurality of pixels corresponding to a two-dimensional image, the plurality of
successive sets of correction data may represent a plurality of correction
factors, each one of the plurality of correction factors corresponds to a
respective one of the plurality of pixels and each one of the plurality of

successive sets of correction data may include a data subset which indicates

whether the respective one of the plurality of pixels is defective. The data

selection circuit,> coupled to the data processing circuit, may be configured to
receive and select between individual ones of the plurality of successive sets of
corrected image data and individual ones of the corresponding plurality of
successive sets of correction data and in accordance therewith provide a
plurality of successive sets of selected data. An indiViduaI one of the plurality of
successive sets of selected data may include a corresponding individual one of
the plurality of successive sets of correction data when the data subset
indicates that the corresponding respective one of the plurality of pixels is

defective, and the individual one of the plurality of successive sets of selected
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data may include a corresponding one of the plurality of successive sets of
corrected image data when the data subset does not indicate that the
corresponding respective one of the plurality of pixels is defective.

A data buffer and filter may be used to perform still image capture during
radiographic imaging and to recursively filter incoming image data during
fluoroscopic imaging. More specifically, a digital data buffer and filter for
selectively storing image pixel data, combining new incoming image pixel data
with previously stored image pixel data and providing such combined image
pixel data for display thereof in a still image mode or an image motion mode
may include a data scaling and summing circuit and a data memory circuit. The
data scaling and summing circuit may be configured to receive and scale an
input data signal, receive and scale a stored data sum signal and sum said
scaled input data signal and said scaled stored data sum signal and .in
accordance therewith provide a data sum signal. The input data signal may be
scaled in accordance with a first scaling factor and the stored data sum signal
may be scaled in accordance with a second scaling factor. The input data
signal may include a plurality. of successive sets of image data, and each one of
the plurality of successive sets of image data may include a plurality of pixel
data with active and inactive data states and which corresponds to a two-
dimensional image having a two-dimensional array including a plurality of rows
and a plurality of columns of pixels which together correspond to the two-
dimensional image and which individually correspond to respective portions of
the two-dimensional image. The .data_.memory circuit, coupled to the data
scaling and summing circuit, may be configured to receive and selectively store
the data sum signal and'provide the stored data sum signal. The data scaling
and sUmfning circuit ahd _thé d_été memory circuit may cooperatively operate in
one of a plurality of operational modes during reception of the plurality of
successive sets of image data. In a first one of the plurality of operational
modes (e.g., in fluoroscopic mode), the first scaling factor may have a value
which is between zero and unity, and the second scaling factor may have a
value which equals a difference'between unity and the first scaling factor value.
In a second one of the plurality of operational modes (e.g., in radiographic
mode): the first scaling factor may have a value which is initially unity when a

first one of the plurality of successive sets of image data is in the inactive data
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state, may remain unity when a subsequent second one of the plurality of
successive sets of image data is in the active data state and may become zero
when a further subsequent third one of the plurality of successive sets of image
data is in the inactive data state; and the second scaling factor may have a
value which is initially zero, become unity when the subsequent second one of
the plurality of successive sets of image data is in the active data state and
remain unity thereafter.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention will now be described

with reference to the accompanying drawings wherein:
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Figure 1 is a functional block diagram of an X-ray imaging system in accordance
with the present invention.
Figure 2 is an exploded perspective view of an X-ray detector cassette for an X-ray
imaging system in accordance with the present invention.
5 Figure 3 is a schematic diagram of a portion of the detector array of Figure 2.

Figure 4 is a functional bl.ock'diagram of the array driver circuit assemblies of Figure

_ Figure 5 is a functional block diagram _of the receiver circuit assembly of Figure 2.
Figure 6 is a functional block diagram of the readout circuits in the receiver circuit
10  assembly of Figure 5. | |
Figure 7 is a simplified schematic diagram of several adjacent preampliﬁer circuits in
the readout circuit of Figure 6. |
Figure 8 is a functional block diagram 6f the portion .of the aomﬁuter and control
. system of Figure 1in wi\ich the image data is processed for display in accordance with the -
. 15 selected mode of .operation. |
. Figure 9 represents the format of the data correction instruction word used by the
decode/select and pixel data averaging stages of Figure 8.
: Fxgure 10 111ust1at&s an example of how the groupmg of defecnve pixels thhm the
sese” detector array determmes the selecuon of north/south or east/west pixel data averagmg

Fxgure Ilisa funcnonal block dxagmm of the pixel data averaging stages of Figure
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Figure 12 is a functional block diagram of the data buffer stage of Figure 8.

Figure 13 is a timing diagram illustrating the relative timing and values of the data
scaling factors during a radiographic mode of operation.
Figure 14 is a functional block diagram of an alternative embodiment of the data

buffer stage of Figure 8.

DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, an X-ray imaging system 10 in accordance with the present
invention includes a detector cassette 12, a computer and control system 14, a user interface
16, a fluoroscopic display 18a ar_nd a radiographic display 18b, interconnected substantially as
shown. A user controls the system 10 by way of a user interface 16 (e.g., graphical user
interface display, k_eyboa;d, mouse, etc.) which communicates with the whputer and control
system 14. Accordingly, the computer and control system 14 genemtes control signals 13a
for the detector cassetté 12 which provides image data signals 13b in return. (As desired,
one display monitor could i)e used to selectively display both fluoroscopic and radiographic
images, as well as the graphical user interface display image, e.g., all images could be
displayed simultaneously in a "windowed" format, or either a ﬁuoroscopic image or a
radiographic imagg could be displayed along with a pull down menu bar, which menu bar
cohstitdte‘s. the gmi)hicé.l -user interfa; providing for selection of fluoroscopic or rédiographic
imaging.) |

Following processing of such image data, the computer and control system 14

. provides fluoroscopic image data 15a or radiographic image data 15b for display on a

fluoroscopic display 18a or a radiographic display 18b, respectively, depending upon the
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selected mode of operation. The fluoroscopic display 18a preferably employs a phosphor

which has a relatively short persistence time, thereby reducing unwanted ghost images when
observing motion in the sequence of displayed images. The radiographic display 18b

preferably employs a phosphor which yields a bluish tint to gray levels and has a relatively

(§]

long persistence time, thereby replicating the bluish tint typically found in standard medical
X-ray film images and reducing unwanted flicker in the displayed image.

Referring to Figure 2, the detector cassette 12 is similar in external appearance to the
typical cassette which contains standard medical X-ray film and is, therefore, highly mobile _
and easy to usé as required for a radiographic mode of operation. A scintillation layer 20, -
10 e.g., of cesium iodide (CsI), absorbs and converts impinging X-ray photons to visible light

photons for detection by photosensit_ive elements within the detector anay 22,e.g., of
amorphous silicon (a-Si). The thickness of the scintillation layer 20 is selected 50 as to
absorb sufficient X-ray photons and produce sufficient visible photons so as to generate an
adequate SNR for fluoroscopic operation._ Similarly, the columns, or "nee:dles," of the
15 crystalline CsI are selected so as to have diameters sufficiently small to support the spatial

resolution sampling desired for radiographic operation.

The<detector array 22 is designed in accordance with well known techniques into a
~ two dimensional array of microscopic squares ;eferred toas picﬁl(e_ elgmeptﬁ, or 'lpi_xels. "
N Facl; pixei‘ is composed of an addressable photosensitive element, such as a photodiode a_md
20 switching transistor combination. As discussed in more detail below, each pixel is accessed
in accordance with drive signals from off-array driver circuit assemblies 26a, 26b which

provide addressing control~signals. In accordance with well known technic{txes, the lateral

dimensions of the photodiodes are made sufﬁciently.. small to provide the desired spatial
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resolution imaging for radiographic operation and the capacitance of the photodiodes is

designed to be sufficiently large to provide the desired signal handling capacity for
accommodating the largest sig'naln produced during radiographic operation.

The pixel data accessed by the driver circuits 26 are read out by a receiver, or
readout, circuit assembly 28, as discussed in more detail below. The receiver circuit
assembly 28 and detector array 22 are mounted on opposing sides of a base plate 24. (The
receiver circuit assembly 28 is placed beneath the array 22 so as to minimize the lateral size
of the detector cassette 12 and thereby make the detector cassette 12 approximately the same
size as a film cassette. If so desired, the driver circuits 26 can also be placed beneath the
array 22.)

Referring to Figure 3, the detector arrﬁy 22, as noted above, is composed of a two
dimensional array, or matrix, of photosensitive pixels 30 which, in a preferred embodiment,
include a switching transistor 32 and a photodiode 34. The anode of the photédiode 34is
biased by a biasing voltage 35 to establish a capacitance for storing electrical charges which
accumulate due to the reception of incident ligi]t 21 from the scintillation layer 20 (Figure_

2). When the pixell 30 is accessed, a row address signal 31 from the array driver circuit 26

(discussed in more detail below) drives the gzite of the switching transistor 32 (TFT), théreby

'providing a column data signal 33 representing the stored charge from the photodiode 34.

This signal 33 is received and buffered by a charge sensitive amplifier within the receiver

- circuit assemf)ly 28 (discussed in more detail below).

Each row address signal 31 is asserted for a predetermined period of time, referred to
as “line time." During assertion of each row address signal 31, the signal 33 from each

pixel along that row is transmitted via the column data lines to the receiver circuit assembly
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28 where the signal 33 on each data line is received and buffered by a corresponding charge

sensitive amplifier (discussed in more detail below). Hence, an entire row of image data is

- captured in one line time period. With each subsequent line time period, a subsequent row

of image data is captured. At‘&e end of a "frame time" period, the entire image has been
captured. In this manner, each pixel contained in the entire active detection area is sampled
individually.

Based upon the foregoing, and in accordance with the more detailed discussions of
the driver 26 and receiver 28 circuit assemblies which follow, it can be seen thgt the pixel

array supports multiple modes of operation. For examplé, during radiographic operation,

the pixel data is sampled on a pixel-by-pixel basis as discussed above. However, during
fluoroscopic operation, pixel data access can -be accelerated, albeit With a reduction in spatial
resolution. This can be done by combining, or "binning," mﬁltiple pixels to produce "super
pixels." For example, a two-by-two pixel subset in which two rows and columns of pixels

are combined can be created by addressing two adjacent rows and two adjacent columns of

pixels at one time, with the driver circuit assembly 26 performing the simultaneous row

addressing an.d\the receiver circuit assembly 28 performing the column line signal

combining. Hence, while the spatial resolution is reduced accordingly, signiﬁcamly less

time will be required to capture the imége, thereby allowing ﬂuoio;._copi_c_imaging to be

performed.

This use of super pixels can also be done in a more selective manner. For example,
image acquisition in a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>