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Met hod of determining the spatial response signature of a detector

in conmputed radiography.

[ DESCRI PTI ON]

FI ELD OF THE | NVENTI ON

The present invention relates to conputed radiography. The
invention nore particularly relates to a nmethod and a system for
determining the spatial response signature of a photo-stinmnulable

phosphor detector used in conputed radiography.

BACKGROUND OF THE | NVENTI ON

Comput ed radi ography (cR) performance is tightly coupled to the
overall image quality and detection capabilities of the entire imge
acqui sition, processing and display chain. For diagnosis or during
technical imge quality testing patient- or target (phantom -

i mages are created on an internmediate storage nedium called imge
plate or detector. During exposure the inage plate traps the locally
i mpinging x-rays and stores the |atent shadow image until it is

scanned and converted into a digital imge by a digitizer.

Physical process |limtations and tolerances during inage plate

manuf acturing generate local sensitivity variability across the
detector surface. Storage phosphor based ( anorphic or crystal ) CR
detectors are nulti-layered structures conposed of a substratum an
adhesion layer, a conversion and storage |ayer and a protective
sealing layer. Each of these functional |ayers and their interfaces
may suffer from various |evels of typical inperfections, blenishes
and artifacts causing locally deviating image plate sensitivity. The
medi um to high spatial frequency conponents of the relative
sensitivity distribution across a detector's surface reflect the

i mage plate structure (IPS), the detector's unique signature.

A CRimage should closely reflect the patient's or object's x-ray
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shadow information. Since the detector's |local sensitivity is the
multiplicative factor controlling the conversion of the latent dose
information into the inmage signhal, the IPS is inevitably water-
marked into each CR image acquired from it. Local inmge plate
sensitivity wvariability can by consequence |ead to diagnostic inmage
quality loss because the relevant patient information is polluted by
the detector's |IPS. Like dose-related quantum (photon) noise and
digitizer noise, the IPS is a detector-related, di sturbing noise
source which dimnishes the Detective Quantum Efficiency (D) of
the CR system Excessive |PS thus reduces the radiologist's reading
confort and confidence level since it becomes nore difficult to

di scern subtle but inportant inmge information.

Manmogr aphy, an inmage quality w se highly demanding CR narket,

i mposes tough requirenents to the magnitude and spatial extent of
the detector's sensitivity wvariability distribution. Stringent |IPS
control is key to preserve a sufficient visibility of tiny objects
like micro-calcifications and the sharp delineation of subtle,
medium to large structures inside the breast tissue. Inmge plate
artifacts, isolated sensitivity disturbances, also part of a
detector's characteristic [IPS, are of major concern in diagnostic
imge viewing since their distinct presence can potentially hide
pat hol ogy and hanper the reading of the surrounding inmmge area.
Excessive detector sensitivity variability can easily generate

costly yield loss in detector nanufacturing.

It is an object of the present invention to characterize an Xx-ray

detector's wunique spatial response signature.

SUVMARY OF THE | NVENTI ON

The above-nentioned aspect is realised by a nethod having the

specific features set out in claim 1.

SUBSTITUTE SHEET (RULE 26)
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Specific features for preferred enbodinments of the invention are set

out in the dependent clains .

A detector's signature is defined as the relative, nedium to high
spatial frequency conponents of a conputed radiography detector's

characteristic sensitivity.

Wth the nethod of the present invention, it will be possible to
extract the medium to high spatial frequency conponents of the
relative sensitivity distribution across the surface of a CR
detector to perform a nore representative quality control (Q

testing in CR inmage plate nmanufacturing.

A nore representative QC testing will result in an inprovenment of
the yield in CR image plate manufacturing by having |PS renoval
indirectly ( inproved inmage quality and DQE ) weaken the need for

tough 1PS acceptance criteria in detector QC.

Furthernore, it will enable the renmoval of an image plate's
di sturbing IPS noise from diagnhostic CR inmages to obtain an
unprecedented inmage quality level and increased detection

capabilities (DQE)

The nmethod of the present invention wll further allow to
redetermine a CR inmage plate's |IPS to conpensate for detector wear
and IPS drift thus optimally assuring inproved inmage quality and

better detection capabilities (DQ) over tine.

Further advantages and enbodinments of the present invention wll

becone apparent from the followi ng description and draw ngs.
BRI EF DESCRI PTION OF THE DRAW NGS
Fig. 1 is a flow chart illustrating the different steps of the inage

plate structure deternination nethod of the present invention,

Fig. 2 is an illustration of the nmethod steps performed to select a

SUBSTITUTE SHEET (RULE 26)
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reference inmage for spatial warping of the other inages of the inage
set ,

Fig. 3 shows the spatial correlation results for a 200 pixels square
virtual marker defined in a reference inmage and its spatially associated
220 pixels search region in a different image acquired from that sane

det ector .

DETAI LED DESCRIPTION OF THE | NVENTION

Bel ow a specific enbodi nent of the process of determ ning an image
plate's (also called ‘CR detector') spatial response signature is

descri bed.

The image plate used in conputed radiography typically conprises a
phot o-sti mul abl e phosphor .

Exanmples of suitable detectors conprising a photo-stimulable

phosphor are described e.g. in European patent application 1 818 943
and European patent application 1 526 552.

Flat field imge generation

The process in its nost general fornulation conprises the steps of

generating a flat field inmge by honpgeneously exposing a well-

cleaned detector to radiation such as X-rays and scanning,

preferably line-wise scanning, t he honmpgeneously exposed detector by
neans of light, e.g. laser light and by digitizing the scanned
i mage .

Next, a lowpass filtered version of the flat field inmage is
generated and the flat field inage is background denodulated by
neans of correspondi ng pi xel values in said lowpass filtered

version
Examples of a scanning and digitizing nmethod and apparatus (al so

called digitizer) are well known in the art. The apparat us

generally conprises neans for line-wise scanning (nmain scan
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direction) a conputed radiography detector that has been exposed to
penetrating irradiation (e.g. x-rays) wth stinulating light (e.g.
according to the flying spot scanning principle) and neans for
transporting the detector in a second direction substantially
perpendicular to the main scanning direction (sub-scan or slow scan
transport direction) to obtain a two-dinensional scan. Upon

stimulation the radiography detector emts inmage-w se nodulated

light. Means (such as a photomultiplier ) are provided to detect
this imge-wise nodulated light and convert it into an electric
i mge signal. The electric image signal is next digitized by an

anal og- to-digital convertor.

Several steps (some of which are optional) of the present invention
are described hereinafter. It will be clear to the man skilled in
the art that the nunerical values which are disclosed are only given

for illustrative purposes and do not limt the present invention.

Dose- | i near signal conversion

The digitizer's characteristic dose response curve is used to
convert 1image signals from the native format obtained by scanning
and digitizing into dose-linearized signals because the intended
removal of an image plate's structure (1PS) from CR (conputed

radi ography) inmages requires a multiplicative denpdulation (if the

native format is not dose-linear)

This first step in image preparation is perforned for each of the

available CR-detector inmmges, part of the image set (see bel ow)
Of Image Plate signal reconstruction

In one enbodi nent various views (inmages obtained by honpgeneously
irradiating a well-cleaned photostinulable phosphor plate and

digitizing the inmage read out from these honpgenous irradiated

phosphor plates) are acquired from the same CR detector. The imges

SUBSTITUTE SHEET (RULE 26)
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constitute a so-called inmage set.

These views are preferably created by exposing and scanning a
slightly wi der physical region to be able to capture and
characterize the inmage plate's entire screen structure up to its

borders .

The on detector pixels carry flatfield signals showing slowy
varying signal gradients due to the exposure heel effect and to the
source to inage distance variation between the X-ray tube's focus

and the various l|ocations on the inage plate surface.

The off detector pixels, between the inmage plate borders and the

edges of the image have signals near to zero.

It is inportant to replace the off detector signals by a signal
| evel that could be expected based on the signal gradients as
reflected in the on plate signals to mninmally disturb the upcom ng
background signal normalization process for the on detector pixels

near the image plate's edges.

The isotropic gradient based edge-line is calculated to localize the

border-pi xel s of the detector.

Then the pixel -locations of the inner border line at about 1 mm

distance from the inage plate's edges are cal cul ated.

These pixels still carry normal signals since they aren't affected

by a too close proxinmty of the detector's border vyet.
Next the 19 pixels square average signal is calculated per inner
border 1line pixel. The value '19° is given for illustrative

purposes and does not limt the present invention.

The off image plate pixel signal is reconstructed as follows .

SUBSTITUTE SHEET (RULE 26)
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First the nearest inner border line pixel position and its point
symetri cal | ocation are determ ned.

Then the 19 pixels square average si gnal are calcul ated for both

| ocati ons

Finally the off inage plate signal is reconstructed by subtracting
the difference bet ween the point symetry average signal and the
inner border average signal from that Jlast one and by assigning t hat

value to it.

This linear extrapolation of the average signal | evel and signal
gradi ents for the pixels beyond the detector's inner border line
ensures that the signal levels of the inner border pi xel s, t he
fart hest pixels for which the inage plate's characteristic IPS is
cal cul at ed, match with their reconstructed average background

signal s

All the inmage pixels beyond the inage plate's defi ned inner border
are replaced accordingly and this region-specific processi ng is
per forned for each of the available det ect or Vi ews, part of the

imge set.

Background norrmal i zati on

The |IPS represents the relative, medium to high spatial frequency
conmponent s of a CR detector's characteristic sensitivity. Low

spati al frequency imge signal conponent s, resulting from the uneven
exposure di stribution across the image plate's surface, are

preferably removed  upfront

A pixel -centered 1 square c¢cm (200 pixels square) backgr ound aver age
ker nel low pass filters the entire imge.

Exposur e shadi ng  background denodul ati on i s achieved by dividing t he
pi xel signals by their background average signals. The result can

be scaled wth a fixed factor to obtain a desired background

normal i zed si gnal level .
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normalization step is performed for each of the avail able

detector views, part of the inmage set.

Bi di recti onal de- streaking

The i

mages are obtained by scanning and digitizing the flat

exposed detectors in a digitizer. In a specific enbodi nent

scanner is a flying spot scanner. Two-dinensional scanning

-field

t he

i's

obtained by line-wise scanning the detector by neans of deflected

| aser

light in a first direction (fast scan direction) and

by

transporting the detector in a second direction substantially

perpendicular to the first direction (slow scan direction)

Sub-optimal shading conpensation in the digitizer's fast scan

direction and residual speed fluctuation in the imge plate

transport system introduce residual streaking in both main

directions .

Si nce

these streak-artifacts are not resulting from a CR-detector

i mage

S

IPS they nust also be renoved upfront. A statistics based filter
process, described in published European patent application 1 935
340, effectively renoves these digitizer artifacts.

Each of the available detector inmages, part of the views set, is

streak-filtered accordingly.

High Stop Filtered Background nornalization

A pixel -centered 5 x 5 pixels square background average kernel high

stop filters the entire bidirectionally destreaked inmage and the |ow

to mediumlow spatial frequency conponents of the detector's

rel ati
si gnal

resul t

ve sensitivity spectrum are denodulated by dividing t
s by their background average signals and by scaling

wth a fixed factor to obtain the desired nornmalized

| evel .
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- 9 -
The 5x5 pixels kernel size is given for illustrative purposes and
does not linit the present invention.

This normalization step is performed for each of the destreaked
detector views, part of the preprocessed inmage set.

Delta dipping

Virtual marker correlation acts on two sets of neighbouring pixel
clusters, each located in a different, preprocessed view of the sane
i mge-pl ate .

Pol luting surface particles in one of these views can generate high
signal contrasts and these can seriously dimnish the accuracy of

the register vector detection.

Signal delta clipping limts the relative maxi num deviation of the
local pixel signal to +/- 1% of its local background to prevent
this. This +/- 1%clip level is given for illustrative purposes and

does not limt the present invention.

Signal delta clipping is performed for each of the high stop
filtered background normalized detector views.

Ref erence Image determination ( fig. 2 )

Due to tolerances in the digitizer's imge plate alignnent system

the fluctuations in the slow scan detector transport nechanism and
the limted flying spot repeatability in the fast scan stimnulation

and detection systens, the set of n pre-processed detector views is
inevitably affected by translation, rotation, resizing and

di stortion .

It is inmportant to restrict the anount of inter-image rotation to a

m ni mum before trying to calculate the spatial register of the
detector's IPS for a pair of images, part of the set.

SUBSTITUTE SHEET (RULE 26)
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Selecting the right reference imge for spatial registration from
the inmage-set ensures that the accuracy of the spatial register
cal cul ation will be maximlly preserved by mnimzing the |argest,
absolute angular difference between two detector Vi ews.
It is inpossible to physically equip the imge plate surface wth
easily discernable, physi cal | andmar ks since these would potentially
hi de val uabl e i mge -information and hanmper the easy reading of the
sur roundi ng region due to their disturbing shape and contrast.
The | P structure pattern, representing the spatial di stribution of
the imge plate's relative dose response, is available as a faint
wat er mar k ever ywhere on the detector's surface though.
Pixel clusters can be sanmpled from that inage plate structure to act
as flexible, vi rtual | andmar ks since they are unique and spatially
relate to only one physical region on the image plate surface.
The ability to detect these soft-markers in every inmage from the set
is a big asset since it enables accurate, spati al distortion
measur enent s between the various image plate views
In a specific enbodi ment of the present i nvention, two pixel -
clusters are defined as virtual markers and centered about the
positions A and B in Imge 1 in figure 2, acting as the spatial
reference view initially.
Both markers are defined at two different regions on the detector's
surface at a sufficient di st ance. Searching through each of the
other image plate views, the two corresponding i mge -1l ocations at
which the detector's structure matches best wth these markers are
det ect ed.
This is done by sanpling all the integer pixel shifted simlarly
sized clusters i nstances from the associated mar ker's | arger search
region and by looking for the pixel -position where a maxinmm spatial
correl ation result between the virtual mar ker (Image 1) and the
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cluster instance (other image) is obtained.

Fig. 3 shows the spatial correlation results for 1 cm2, a 200 pixels
square, virtual marker defined in a reference inage and its
spatially associated, slightly larger, 220 pixels search region in a

different image acquired from that same detector.

Bidirectional interpolation, executed at each 0.1 pixel pitch
spatial instance within a maxi mumcentered 3 x 3 pixels correlation
result matrix followed by peak l|ocalization returns the subpixel
estimated location of the virtual marker spatial register point.

A spatial register vector RV,, starting at pixel position A in Inmage
i and pointing to the sub-pixel spatial register |ocation, which
corresponds best with the detector structure as present in Virtual
Marker A (in Inmage 1), is defined.

Repeating that virtual marker based spatial registration process for
Virtual Marker B, the second spatial register vector RVizis
est abl i shed.

Having both spatial register vectors available per image in the set,
the relative angular difference, between the Inmage i and the Image 1
views, can be calculated and the best Reference |nmage can be

sel ected as foll ows:

Vi ,j,nenNn | 1<i ,j <n

angl e = ATAN [ (RVigy - Rvjay ) /1 ( By + RV - ((Ac + RV ) ) ]
angle ., = (MAX [ angle; ] + MN [ angle i ; , , 2

I F

 angle ., - angle ;i | < | angle ,,4 - angle

THEN

| mage i becones the Reference Inmage for spatial registration wth

m nimal rotation inpact.

SUBSTITUTE SHEET (RULE 26)
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Virtual marker frame definition

Once the rotation-wise best image is selected from the set to act as
the reference image for spatial registration, a virtual marker grid
(or mesh) spanning the majority of the detector's surface is
defined .

Using a bidirectional grid-pitch of 100 pixels at a 50 micron pixel-
size a 5 mm naze-size grid of invisible but accurately detectable

| andmarks is generated in the Reference | nage.

This creates a 57 x 45 (2565) virtual marker array for a 30 x 24 cm
CR cassette format (a cassette carrying a CR detector) and enables a

tight local control of each views spatial distortions.

The nunerical data are given for illustrative purposes and are not

limtative for the present invention.

Spatial register vector calculation

Virtual marker pixel -clusters, centered about the nesh-points wthin
the spatial reference inage are individually sub-pixel correlated
with their corresponding, simlarly sized, pixel clusters arranged
within their slightly larger, corresponding register vector search
regions in each of the other inage plate views .

This way local register vectors are detected with a sufficient
surface resolution by sub-pixel interpolated nmaxi mum correlation or
by correlation-maxi num centered, (thresholded) , gravity-center
determ nation based on the detector's hidden |IPS between each

i ndividual image plate view and the reference inage. The |ocal
register vectors found are arranged in a map per image plate view
and by concept the register vector map of the reference inmage would

be filled with zero vectors.

Regi ster vector map verification and corrections

SUBSTITUTE SHEET (RULE 26)
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The register vector map containing the in sub-pixel spatial register
information for each of the available pictures with the reference

i mage is cross-checked for |ocal unexpected virtual marker
correlation abnormalities. This is done by calculating the
interpolated or extrapolated ( virtual mnarker grid borders and
corners ) average register vector based on the immediately
surrounding register vectors. The locally calculated register vector
is replaced by its surrounding vector average if its vector-
difference exceeds a certain sub-pixel distance. Each of the

avail able image register vector maps is subjected to this

verification and correction process.

War p-vect or map generation

Once the virtual marker register vector map has been checked and
possibly nodified, the local warp vectors, relating each of the
reference inmage pixels to their sub-pixel spatially associated
points in the other inmages, are created. Interpolation and or
extrapolation of the available register vector map data generates
this many thousand tinmes bigger, imge-wide map of sub-pixel
accurate warp vectors at pixel resolution. Each of the available

maps passes this map w dening step.

In reference-inage register warping

Based on the sub-pixel accuracy warp vector available for each
reference image pixel, the in spatial register signal reconstruction
is performed by using the pixel signals fromthe correlated inage.
Warp vector steered interpolation of the correlated inage's
surroundi ng pixel signal conputes the in register signal . This way
each detector-view, part of the image set, is replaced by its in
spatial register (with the reference inmmge) conputed image. The
result is that the pixel signals of that warped inmage have been

cal culated at the sane physical position at the surface of the
detector as the signals from their corresponding pixels in the

reference inage.
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Sub- pi xel phases controlled MIF reconstruction

The various images have been warped according to their inage-w de
warp vector maps based on their locally surrounding original pixel
data and their bidirectional sub-pixel phases corresponding wth the
actual interpolation ( resanpling ) point, indicated by the spati al
regi ster vector. A certain ampunt of sharpness 10ss is inherent to

this image resanpling ( warping ) process and the resulting,

bi directional image-blur depends on the interpolation point's
bi di rectional, sub-pixel phase's nmagnitudes. The closer the
interpolation point is located to the nearest original inmage pixel

in a certain inmage direction, the sharper the warped inmage in that
direction will be. The sharpness 1loss is at nmaxi num when the
interpolation point is located in the center of the four surrounding
original data pixels at identical 0,5 pixel phases in both main

i mge directions. Mdulation Transfer Function ( sharpness )
reconstruction extracts the bi-directionally decoupled, sub-pixel
phases from the verified and corrected register vector mp and
distills an anisotropic convolution filter kernel from it to re-
establish the sharpness of the warped image at the level before
war pi ng .

The frequency domain gains of this bidirectional sharpness
reconstruction filter process are near unity for the |ow spatial
frequencies and gradually increase towards the higher spatial
frequencies according to the levels of upsharping required for blur

r enoval

Statistical filtering

Finally the IPS is calculated by statistical filtering, preferably
nmedi an averaging, the in sub-pixel spatial register interpolated and
MIF reconstructed inmage signals, calculated for each of the

available images, including the reference image signal. This
statistical filter process acting on the set of images reduces the
non | P related photon noise conponent significantly because the
photon noise, related to the limted anpbunt of dose in a single

imge, is proportional to the root of the nunber of images
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participating during averagi ng. In addition polluting |oose
particles or cleanable stains, occasionally present at the surface
of the inage plate during scan in a mnority of the inages

avail able, are effectively renoved by this statistical filtering
process since they invoke lower inmage signals, at the extremities of
the image pixel signal histogram due to their |ight absorption
during read-out.

The image plate signature can be stored as a file. It can be
encrypted prior to file export.
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[CLAIMS]

1. Method of determining the spatial response signature of a two

di mensi onal x-ray detector conprising a photostinul able phosphor by
- generating a flat field imge by honogeneously exposing said
detector to radiation and scanning the honpbgeneously exposed
detector and by digitizing the scanned inmge,

- generating a lowpass filtered version of said flat field inage,

- denmpdul ating said flat field image by neans of corresponding pixel
values in said |lowpass filtered version characterized in that

- said signature is obtained by processing multiple flat field

i mmges generated for the same detector and

- said nultiple flat field inages are spatially registered by

appl ying spatial warping whereby a reference flat field inmage for
said spatial warping is selected such that the maxi rum angul ar

di fference between the pixel matrices obtained by scanning said
reference flat field inmage and any other of said nmultiple flat field

i mages, is mninal.

2. A nmethod according to claim 1 wherein a signal value in a flat
field image is clipped if said signal value deviates nore than a
preset threshold percentage from the pixel value of a corresponding

pi xel in said denodulated flat field inage.

3. A nethod according to claim 1 wherein a register vector map is
calculated by cross-registering a nultitude of spatially distributed
markers arranged in the detector surface and present in each flat-

field inmage.

4. A method according to claim 3 wherein said nmarkers are virtual
mar kers which consist of a neighbouring pixel-cluster defined within

said reference flat-field inage.

5. A method according to claim 4 wherein for a marker an in-register
location is calculated by cross-correlating its pixel-cluster data

in said reference flat-field inage with a nultitude of neighbouring,
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bi-directionally pixel-shifted, pixel-cluster-data sets in the other

flat-field inmages so as to obtain cross-correlation results.

6. A method according to claim 5 where a marker's in-register
|ocation is determined with sub-pixel accuracy by interpolating said
cross-correlation results or by a gravity-center determ nation
centered around the correlation nmaxi num of said cross-correlation

results.

7. A nmethod according to claim 5 wherein a bidirectional marker-grid

is defined in the reference flat-field inmage.

8. A nmethod according to claim 7 where interpolation or
extrapolation of the data in said register vector map is used to
conpose a warp vector nmap which |inks each pixel of said reference
flat-field inage to its physically associated |ocation in the other

flat-field imges.

9. A method according to claim 8 where each flat-field inmage is
warped to correspond pixel-wise with the reference flat-field inmage
by interpolating or extrapolating the data at the positions

i ndicated by the corresponding warp vector map such that pixel
signals of the warped inage have been calculated at the sane
position on the detector surface as the signals of their

corresponding pixels in the reference inmage.

10. A nethod according to claim 9 wherein bi-directionally

decoupl ed, sub-pi xel phases from said register vector nap are
extracted and an anisotropic convolution filter kernel is derived
from said phases to re-establish the sharpness of the warped inmage

bef ore war pi ng.

11. A nethod according to claim 1 wherein a statistically filtered
value of all corresponding pixels fromthe warped flat-field inages

is selected as signature pixel.
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