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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -
CHARACTERISTICS OF DIGITAL X-RAY IMAGING DEVICES -

Part 1: Determination of the detective quantum efficiency
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8) Attent ! ative’ references cited in this publication. Use of the referenced publications is
indispen application of this publication.

9) Attent i 3 ibility that some of the elements of this IEC Publication may be the pubject of
paten{ ri p EC haN not¥e held responsible for identifying any or all such patent rights.

Internatjopal-Standard IEC 62220-1 has been prepared by subcommittee 62B: Diagnostic
imaging| equipment, of IEC technical committee 62: Electrical equipment in medical pr;ctice.

The text of this standard is based on the following documents:

FDIS Report on voting
62B/493/FDIS 62B/506/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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In this standard, terms printed in SMALL CAPITALS are used as defined in IEC 60788, in
Clause 3 of this standard or other IEC publications referenced in Annex B. Where a defined
term is used as a qualifier in another defined or undefined term it is not printed in SMALL
CAPITALS, unless the concept thus qualified is defined or recognized as a “derived term
without definition”.

NOTE Attention is drawn to the fact that, in cases where the concept addressed is not strongly confined to the
definition given in one of the publications listed above, a corresponding term is printed in lower-case letters.

The committee has decided that the contents of this publication will remain unchanged until
2006-12. At this date, the publication will be

*  recopfirmed:

* withfirawn;

* replaced by a revised edition, or
+ amepded.

@%
8
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INTRODUCTION

DIGITAL X-RAY IMAGING DEVICES are increasingly used in medical diagnosis and will widely
replace conventional (analogue) imaging devices such as screen-film systems or analogue X-
RAY IMAGE INTENSIFIER television systems in the future. It is necessary, therefore, to define
parameters that describe the specific imaging properties of these DIGITAL X-RAY IMAGING

DEVICES

and to standardize the measurement procedures employed.

There is growing consensus in the scientific world that the DETECTIVE QUANTUM EFFICIENCY
(DQE) is the most suitable parameter for describing the imaging performance of an X-ray
imaging device. The DQE describes the ability of the imaging device to preserve the signal-to-
NOISE ratio from the radiation field to the resulting digital image data. Since_in X-ray imaging,

the NOI$E in the radiation field is intimately coupled to the exposure level, DQE valpes can
also be |considered to describe the dose efficiency of a given imaging

NOTE 1 ices, the
connectio £ not yet
completel

NOTE 2 BIFIERS at
nearly ze FIERS, not
on the im | quantity
(luminang SSEMBLY,
whereas AY IMAGE
INTENSIFIH

The DC 3 > the performance |of their
equipment. The specification of the DQE is™alsk i latory agencies (such as the
Food arn ' es. However, there is presently
no stan s or the measurement procedure with
the con ot be comparable.

This stg r to specify the measurement prpcedure
togethe ent for the DETECTIVE QUANTUM EFFICIENCY
of DIGIT

In the [ onse is
measur

The sta jencies.
It can b GITAL X-
RAY IMA

1) Figures in square brackets refer to the bibliography.
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MEDICAL ELECTRICAL EQUIPMENT -
CHARACTERISTICS OF DIGITAL X-RAY IMAGING DEVICES -

Part 1: Determination of the detective quantum efficiency

1 Scope

:2003(E)

This part of IEC 62220 specifies the method for the determination of the DETECTIVE QUANTUM
EFFICIENCY (DQE) of DIGITAL X-RAY IMAGING DEVICES as a function of exposure and of SPATIAL

FREQUERTY forthe working conditions imthe Tange of the medicat apptication ified by

the MANUFACTURER.

This paft of IEC 62220 is applicable to projection DIGITAL X-RAY I\ pducing

IMAGES |n digital format that are used for medical diagnosis. | L X-RAY

IMAGING|DEVICES that are used for radiographic imaging, such a h-based

systemgq, flat panel detectors, optically coupled CCD detecto Y IMAGE

INTENSIHIERS used for single exposures.

This parnt of IEC 62220 is not applicable to

— DIGITAL X-RAY IMAGING DEVICES ipntended dental
radipgraphy;

— COMPUTED TOMOGRAPHY:

— systems in which the X-ray field is scan

— devites for dynamic iy Copic or
cardjiac imaging)

NOTE T nge, beam

qualities, lgeometry, t|me d 4 intended

to treat spme of thegé for speed

and contrpst, in IEC™s

2 Normative

The foll p cument.

For date edition cited applies. For undated references, the lates} edition

of the rq (including any amendments) applies.

IEC 603 -ray tube assemblies for medical diagnosis — Characteristics of focgl spots

IEC 60601-2-7- Medical electrical equipment — Part 2-7- Particular requirements for the safety

of high-voltage generators of diagnostic X-ray generators

IEC 607

IEC 61267:1994, Medical diagnostic X-ray equipment —

88:1984, Medical radiology — Terminology

determination of characteristics

Radiation conditions for use in the

ISO 12232:1998, Photography — Electronic still-picture cameras — Determination of ISO speed
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3 Terminology and definitions
For the purposes of this part of IEC 62220 the following terms and definitions apply.

3.1
CENTRAL AXIS
line perpendicular to the ENTRANCE PLANE passing through the centre of the entrance field

3.2

CONVERSION FUNCTION
plot of the large area output level (ORIGINAL DATA) of a DIGITAL X-RAY IMAGING DEVICE versus
the number of exposure quanta per unit area (Q) in the DETECTOR SURFACEK plan

NOTE 1 @ is to be calculated by multiplying the measured exposure excluding bac
column 2 |of Table 2.

P given in

NOTE 2 |Usually AIR KERMA is substituted for exposure.

NOTE 3 Mlany calibration laboratories, such as national metrology instit ETERS to

measure AIR KERMA.

3.3

DETECTIVE QUANTUM EFFICIENCY

DQE(u,¥)

ratio of fwo NOISE POWER SPECTRUM (NPS) fu 3 ator being the NP of the
input signal at the DETECTOR SURFACEOf a aftér having gone thrqugh the

determipistic filter given by the syste
measur¢d NPS of the output signal (ORI

the denominator beging the

NOTE Irstead of the two-dimensional DETE FFICIENCY, often a cut through|the two-

dimensional DETECTIVE QUANTJU . i PATIAL FREQUENCY axis is published
3.4
DETECTQR SURFACE

area which is closes EPTOR PLANE with all protecting parts (includling the
ANTI-SCATTER G « hat can
be safel for

3.5

DIGITAL
device (
practice]
(DN) of

r use in
AL DATA

3.6
IMAGE MATRIX
arrangement of matrix elements in a preferably Cartesian coordinate system

3.7
LAG EFFECT
influence from a previous image on the current one

3.8
LINEARIZED DATA
ORIGINAL DATA to which the inverse CONVERSION FUNCTION has been applied

NOTE The LINEARIZED DATA are directly proportional to the exposure.
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3.9

MODULATION TRANSFER FUNCTION

MTF(u,v)

modulus of the generally complex optical transfer function, expressed as a function of SPATIAL
FREQUENCIES u and v

3.10
NOISE
fluctuations from the expected value of a stochastic process

3.1

NOISE POWER SPECTRUM
(NPS)
Wu,v)
modulug of the Fourier transform of the NOISE auto-covariance function. r-df NOISE,
containgd in a two-dimensional SPATIAL FREQUENCY interval, he two-
dimensipnal frequency

NOTE Irf literature, the NOISE POWER SPECTRUM is often named “Wiener spe ematician

Norbert Wiener.

3.12
ORIGINAL DATA
DN
RAW DATA to which the corrections allowed in thi cen applied
3.13
PHOTON|FLUENCE

0

mean nyimber of photons per unit area

3.14
RAW DATA

pixel vaJues read dire
DEVICE \vithout

3.15
SPATIAL
uorv
inverse
FREQUE

digital-conversion from the DIGITAL X-RAY |IMAGING

SPATIAL

4.1 Operatingconditions

The DIGITAL X-RAY IMAGING DEVICE shall be stored and operated according to the
MANUFACTURER’S recommendations. The warm-up time shall be chosen according to the
recommendation of the MANUFACTURER. The operating conditions shall be the same as those
intended for clinical use and shall be maintained during evaluation as required for the specific
tests described herein.

Ambient climatic conditions in the room where the DIGITAL X-RAY IMAGING DEVICE is operated
shall be stated together with the results.

4.2 X-RAY EQUIPMENT

For all tests described in the following subclauses, a CONSTANT POTENTIAL HIGH-VOLTAGE
GENERATOR shall be used (IEC 60601-2-7). The PERCENTAGE RIPPLE shall be equal to, or less
than, 4.
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The NOMINAL FOCAL SPOT VALUE (IEC 60336) shall be not larger than 1,2.
For the measurement of exposure, calibrated RADIATION METERS shall be used. The

uncertainty (coverage factor 2)[2] of the readings shall be less than 5 %.

NOTE 1 “Uncertainty” and “coverage factor” are terms defined in the ISO Guide to the expression of uncertainty in
measurement [2].

NOTE 2 RADIATION METERS to read AIR KERMA are, for instance, calibrated by many national metrology institutes.

4.3 RADIATION QUALITY

The RADIATION QUALITIES shall be one or more out of four selected RADIATION QUALITIES
specifie M EC 61267 (seeTabte—t)—f onmty a smygte RADIATION QUALITY TS ®SEd; RADIATION

QUALITY|RQAS should be preferred.

For the ppplication of the RADIATION QUALITIES, refer to IEC 61267:1

NOTE 1 | According to IEC 61267, RADIATION QUALITIES are defined by\a fixed™Ax ON and a
HALF-VALUE LAYER that is realized with this filtration by a suitabl i VOLTAGE,
starting from the approximate X-RAY TUBE VOLTAGE (Table 1).

of DETECTIVE QUANTUM EFFICIENCY

N
Approxi te< HALF-yA UE\j DITIONAL
RADIATION X-RAXTUB LAYER (H ILTRATION
QUALITY No. E

VOLT

\") m mm Al
o () &,/ 10,0
N\o\ B 1 21,0
(N0 X 30,0
20\ 11,5 40,0

NOTE 2

NOTE 3
RQAQ9. In

ecially for
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4.4 TEST DEVICE

The TEST DEVICE for the determination of the MODULATION TRANSFER FUNCTION and the
magnitude of LAG EFFECTS shall consist of a 1,0 mm thick tungsten plate (purity higher than
90 %) 100 mm long and at least 75 mm wide (see Figure 1). Inadequate purity of tungsten
shall be compensated by increased thickness.

The tungsten plate is used as an edge TEST DEVICE. Therefore, the edge which is used for the
test IRRADIATION shall be carefully polished straight and at 90° to the plate. If the edge is
irradiated by X-rays in contact with a screenless film, the image on the film shall show no
ripples on the edge larger than 5 pm.

The tunpsten plate shall be fixed on a 3 mm thick lead plate (see Figure 1). This arragement
is suitaple to measure the MODULATION TRANSFER FUNCTION of the MDIBITAL X-RAY |IMAGING
DEVICE in one direction.

Pb (2)

<

IEC 2253/03

NOTE The TEST DEVICE consists of a 1,0 mm thick tungsten plate (1) fixed on a 3 mm thick lead plate (2).
Dimension of the lead plate: a: 200 mm, d: 70 mm, e: 90 mm, f: 100 mm.
Dimension of the tungsten plate: 100 mm x 75 mm.

The region of interest (ROI) used for the determination of the MTF is defined by b x ¢, 50 mm x 100 mm (inner long
dashed line).

The irradiated field on the detector (outer dashed line) is at least 160 mm x 160 mm.

Figure 1 — TEST DEVICE
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4.5 Geometry

The geometrical set-up of the measuring arrangement shall comply with Figure 2. The X-RAY
EQUIPMENT is used in that geometric configuration in the same way as it is used for normal
diagnostic applications. The distance between the FOCAL SPOT of the X-RAY TUBE and the
DETECTOR SURFACE should be not less than 1,50 m. If, for technical reasons, the distance
cannot be 1,50 m or more, a smaller distance can be chosen but has to be explicitly declared
when reporting results.

The TEST DEVICE is placed immediately in front of the DETECTOR SURFACE. The centre of the
edge of the TEST DEVICE should be aligned to the CENTRAL AXiS of the X-ray beam.
Displacement from the CENTRAL AXIS will lower the measured MTF. The CENTRAL AXIS can be
located py maximizing the MTF as a funclion of TEST DEVICE displacement

The recommended procedure is that the TEST DEVICE and the X-ray i on the
detector. If this is not done, the position of the centre of the X-ray field BDEVICE
needs tp be stated.

In the set-up of Figure 2, the DIAPHRAGM B1 and the ADDED FALTER sha ity hear the
FOCAL grPoT of the X-RAY TUBE. The diaphragms B2 an Y ; may be

omitted|if it is proven that this does not change ~ ts. The
DIAPHRAGMS B1 and - if applicable - B2 and the ADDEP FILTER n to the
position i b URFACE
shall be / GM B3 —
if appligable — shall be 120 mm in fr, DETH ) : size to
allow an m. The
RADIATI( s tightly
collimat shall be

at least|160 mm x 160 mm.

on into
DIATION
DIATION
DIATION

The attpnuating prope
shielded areas does

APERTURE of the DMPHR
BEAM wijll be @r

APERTURE of DIAPHR

A monit ed/to assure the precision of the X-RAY GENERATPR. The

monitor nside the beam that irradiates the DETECTOR SURFACE if it is
suitably Al Structure; otherwise, it shall be placed outside the beam. The
precisiop RS iation 10) of the monitor detector shall be better than 2|%. The
relationgh W Re monitor reading and the exposure at the DETECTOR SURFACE [shall be

calibrated for-@ach RADIATION QUALITY used (see also 4.6.2). To minimize the effect pf back-
scatter from(layersbehind the detector a minimum distance of 500 mm to other object$ should
be providéd.

NOTE The calibration of the monitor detector may be sensitive to the positioning of the ADDED FILTER and to the
adjustment of the shutters built into the X-RAY SOURCE. Therefore, these items should not be altered without re-
calibration of the monitor detector.

This geometry is used either to irradiate the DETECTOR SURFACE uniformly for the
determination of the CONVERSION FUNCTION and the NOISE POWER SPECTRUM or to irradiate the
DETECTOR SURFACE behind a TEST DEVICE (see 4.6.6). For all measurements, the same area of
the DETECTOR SURFACE shall be irradiated. The centre of this area, with respect to either the
centre or the border of the digital X-ray detector, shall be recorded.

For the determination of the NOISE POWER SPECTRUM and the CONVERSION FUNCTION, the TEST
DEVICE shall be moved out of the beam.
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o NS

__——— Added filter

\

Monitor detector R1

B2

1,5 m min.

B3

/ TEST DEVICE

— Detector surface
me

\ NS
\/l'
1
Q V IEC 2254/03
NOTE No i rt t of the CONVERSION FUNCTION and the NOISE POWER SPECTRUM.

NOS he DIGITAL X-RAY IMAGING DEVICE in order to deflermine
e NOISE POWER SPECTRUM and the MODULATION TRANSFER
FUNCTION

Figure
the
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4.6 IRRADIATION conditions
4.6.1 General conditions

The calibration of the digital X-ray detector shall be carried out prior to any testing, i.e., all
operations necessary for corrections according to Clause 5 shall be effected. No re-calibration
of the digital X-ray detector shall be allowed between any measurement of the series.

The exposure level shall be chosen as that used when the digital X-ray detector is operated
for the intended use in clinical practice. This is called the “normal” level and shall be specified
by the MANUFACTURER. At least two additional exposure levels shall be chosen, one 3,2 times
the normal level and one at 1/3,2 of the normal level. No change of system settings (such as
gain etdyshati be alffowed when changing exposure fevels.

NOTE 1 |A factor of three in the exposure above and below the “normal” level apprgximat ds to the
bright and dark parts within one clinical radiation image.

To covgr the range of various different clinical examinations, z
be chogen. For these additional “normal” levels other syste
kept comstant during the test procedure.

els may
sen and

Each IHRADIATION shall be made without interruptigh. Th iati shall be
carried |out by variation of the X-RAY TUBE CURRENT ¢ th. The
IRRADIATION TIME and exposure level shall be simyifay to the dit Qns for clinical appligation of

The IRR | c - ults (see Clause 7).

The RADIATION QUALITY shs ryimg the X-RAY TUBE CURRENT| or the
IRRADIATION TIME and shak be ghe

4.6.2 Exposure me

The exposure a@
For thid purpose, ‘thé

measured with an appropriate RADIATION METER.
tor is removed from the beam and the RADIATION

DETECTQR of the RADI pfaced behind APERTURE B3 in the DETECTOR $URFACE
plane. | \ mize the back-SCATTERED RADIATION. The cofrelation
betweel p i RADIATION METER and the monitoring detector, if used, ghall be
noted, ~ N the exposure calculation at the DETECTOR SURFACE when
irradiati he \DERECTOR \SURFACE to determine the CONVERSION FUNCTION, the NOISH POWER
SPECTRUYN MODUDATION TRANSFER FUNCTION. It is recommended that abput five

exposures beNyponitored &nd that the average be used for the correct exposure.
NOTE 2 |Toreduce back<SCATTERED RADIATION, a lead screen of 4 mm in thickness may be placed 450 mjm behind
the RADIATION/DETECTOR. It has been proven by experiments that, under these conditions, the back-SCATTERED
RADIATIONTTS ot TmoTe tham 0,5 %, i the fead Screen 1S at a aistance of 250 T, the Dack-SCATTERED RADIATION is
not more than 2,5 %.

If it is not possible to remove the digital X-ray detector out of the beam, the exposure at the
DETECTOR SURFACE may be calculated via the inverse square distance law. For that purpose,
the exposure is measured at different distances from the FOCAL SPOT in front of the DETECTOR
SURFACE. For this measurement, radiation, back-scattered from the DETECTOR SURFACE, shall
be avoided. Therefore, a minimum distance between the DETECTOR SURFACE and the
RADIATION DETECTOR of 450 mm is recommended.

If a monitoring detector is used, the following equation shall be plotted as a function of the
distance d between the FOCAL SPOT and the RADIATION DETECTOR:

f(d) = monitor detector reading
radiation detector reading
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By extrapolating this approximately linear curve up to the distance between the FOCAL SPOT
and the DETECTOR SURFACE rg|p, the ratio of the readings at rqp can be obtained and the
exposure at the DETECTOR SURFACE for any monitoring detector reading can be calculated.

If no monitoring detector is used, the square root of the inverse RADIATION METER reading is
plotted as a function of the distance between the FOCAL SPOT and the RADIATION DETECTOR.
The extrapolation etc. is carried out as in the preceding paragraph.

NOTE 3 To reduce back-SCATTERED RADIATION, a lead shield of 4 mm thickness may be placed in front of the
DETECTOR SURFACE.

4.6.3 Avoidance of LAG EFFECTS

d the NOISE
UANTUM

LAG EFAECTS may influence the measurement of the CONVERSION FU
POWER BPECTRUM. They may, therefore, influence the measurement/of D
EFFICIENCY.

The influence may be split into an additive component (additia iplicative

componlent (change of gain). The magnitude of both compo

For the|determination of possible LAG EFFECTS, the perated
accordiJg to the specifications of the MANUFACTURER. een two
succesgive exposures (as determined by the tests gi i ust be maintgined to
prevent| the contaminating LAG EFFE ne f the DETECTIVE QUANTUM
EFFICIENCY.

NOTE Tpe following parameters may contribute s : Wi FtRRADIATION relative to read-oyt, method
of erasurp of remnants of previous IRRADIATION, ti grase\{o re-IRRADIATION, time from read-put to re-
IRRADIATI erase the effects of a previous IRRADIATION.

To test the magnitude of ' Lhe res as given in Annex A shall b¢ used.

4.6.4 IRRADIATION to

The seftings of > DEVICE shall be the same as those usgqd when

exposing the TEST D E. p shall be carried out using the geometry of Figure 2
but without any TEST® i m. The exposure is measured according to 4.6.2. The
CONVER mined from exposure level zero up to four times the
normal

The co for exposure level zero shall be determined from a darH image,
realized| u i conditions as an X-ray image. The minimum X-ray exposyre level

shall nof be gre tert an one-fifth of the normal exposure level.

Dependjng*on the form of the CONVERSION FUNCTION the number of different exposureg varies;
if only the linearity of the CONVERSION FUNCTION has to be checked, five exposures, uniformly
distributed within the desired range, are sufficient. If the complete CONVERSION FUNCTION has
to be determined, the exposure shall be varied in such a way that the maximum increments of
logarithmic (to the base 10) exposure is not greater than 0,1. The RADIATION QUALITY for all
exposure levels shall be assured and shall be checked at the lowest exposure level. In case
of deviations from this requirement, the FOCAL SPOT to DETECTOR SURFACE distance may have
to be increased.

4.6.5 IRRADIATION for determination of the NOISE POWER SPECTRUM

The settings of the DIGITAL X-RAY IMAGING DEVICE shall be the same as those used when
exposing the TEST DEVICE. The IRRADIATION shall be carried out using the geometry of Figure 2
but without any TEST DEVICE in the beam. The exposure is measured according to 4.6.2.
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A square area of approximately 125 mm x 125 mm located centrally behind the 160 mm
square DIAPHRAGM is used for the evaluation of an estimate for the NOISE POWER SPECTRUM to
be used later on to calculate the DQE.

For this purpose, the set of input data shall consist of at least four million independent image
PIXELS arranged in one or several independent flat-field images, each having at least 256
PIXELS in either spatial direction. If more than one image is necessary, all individual images
shall be taken at the same RADIATION QUALITY and AIR KERMA. The standard deviation of the
IRRADIATIONS used to get the different images shall be less than 10 % of the mean.

NOTE The minimum number of required independent image PIXELS is determined by the required accuracy which
defines the minimum number of ROIs. For an accuracy of the two-dimensional NOISE POWER SPECTRUM of 5 %, a
minimum of 960 (overlapping) ROls are needed meaning 16 million independent image pixels with the given ROI

size. The averaging and binning process applied atterwards 1o obtain a one-dimensional T reduces the]l minimum
number of required independent image PIXELS to four million, still assuring the necessar

Care shfall be taken that there is no correlation between the subseglent i EFFECT,;
see 4.6)3). No change of system setting is allowed when making the\

The images for the determination of the NOISE POWER Sp Q bt three
exposure levels (see 4.6.1): the normal one and two othe r of 3,2
from thg normal one.

4.6.6

The IRR EVICE is
placed vay that
the edgg i 3, where
ais betyween 1,5° and 3°.

NOTE 1 |The method of tilting i A bmmon in
other stapdards (ISO 15529 and | a Fsampling
MODULATIPN TRANSFER FUNC[NON ha ¢ \ \

The TEST DEVICE RAL AXIS
of the RADIATION e to the
CENTRAIL AXIS of t

NOTE 2 |Deviations fre

Two IRR vith the
TEST DE DEVICE
approxima b . iti [ponents
shall ndg shall be
made.

The images for the™determination of the MTF shall be taken at one of the three elxposure
levels (sea4 6 1)
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5 Corrections of RAW DATA

The following linear and image-independent corrections of the RAw DATA are allowed in
advance of the processing of the data for the determination of the CONVERSION FUNCTION, the
NOISE POWER SPECTRUM, and the MODULATION TRANSFER FUNCTION:

— The RAwW DATA of bad or defective pixels may be replaced by appropriate data as in normal
clinical use.

— A flat-field correction comprising

« correction of the non-uniformity of the radiation field,

may|be applied as in normal clinical use.

ain correction for the individual pixels

NOTE Spme detectors execute linear image processing due to their physical conhcgpt. his image
processin ]
6 De
6.1
The eqd FFICIENCY DQE(u,v) is

(1)
The sodyrce for this\e i s t of Medical Imaging | (equation 2.153) [4],
In this $tandard, ; ULATION
TRANSFE on the
LINEARIZ VERSION
FUNCTIO mber of
exposur QUENCY
(equatid parately
determi
Therefo TECTIVE

QUANTUM-EEFICIENCY DQE(u,v) according to this standard is :

where
MTF(u,v)

Win(u,v)

Wour (,v)

2 Win (u,v)
DQE(u,v) = MTF “ (u,v) ——
Wout (:v)

is the pre-sampling MODULATION TRANSFER FUNCTION of the DIGITAL X-RAY IMAGING
DEVICE, determined according to subclause 6.3.3;

is the NOISE POWER SPECTRUM of the radiation field at the DETECTOR SURFACE,
determined according to subclause 6.2;

is the NOISE POWER SPECTRUM at the output of the DIGITAL X-RAY IMAGING DEVICE,
determined according to subclause 6.3.2.
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6.2 Parameters to be used for evaluation

For the determination of the DETECTIVE QUANTUM EFFICIENCY, the value of the input NOISE
POWER SPECTRUM W;,(u,v) shall be calculated:

2
Win(u,v) = Ko (SNRiq (3)
where
K, is the measured AIR KERMA, unit: uyGy;
SNR;,’ is the squared signal-to-NOISE ratio per AIR KERMA, unit: 1/( mm2[Gy) as given in

caolumn 2 of Tahle 2

The vallljes for SNRm2 in Table 2 shall apply for this standard.

Table 2 — Parameters mandatory for the application of this standaxd

RADIATION QUALITY
No.

RQA 3
RQA5
RQA7

Backgra

6.3 Determination of dj
6.3.1 Linearization

to the
\Since the CONVERSION FUNCTION is the output level
ber of exposure quanta per unit area, the linearized

The LINEARIZED DATA
ORIGINA|. DATA o'
(ORIGINAL DATA) a

data ha

NOTE In \ 3 (CTION this calculation reduces to the multiplication by a donversion
factor.

The CcON S " is determined from the images generated according to 4.6.4.

The out 2 ad by averaging 100 x 100 pixels of those ORIGINAL DATA in the dentre of
the exp PIXEL values shall be the ORIGINAL DATA, meaning the RAW DATA values

which afe.€drrected according to Clause 5 only. This output is plotted against the input signal
being the number of exposure quanta per unit area ¢ calculated by muliplying the AIR KERMA
by the value given in column 2 of Table 2 (see 6.2).

The experimental data points shall be fitted by a model function. If the CONVERSION FUNCTION
is assumed to be linear (only 5 exposures made according to 4.6.4) only a linear function
shall be fitted. The fit-result has to fulfil the following requirements:

— Final R2>0,99; and

— no individual experimental data point deviates from its corresponding fit result by more
than 2 % relatively.
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6.3.2  The NOISE POWER SPECTRUM (NPS)

The NOISE POWER SPECTRUM at the output of the DIGITAL X-RAY IMAGING DEVICE (W, (u,v)) shall
be determined from the images generated according to 4.6.5.

The portion of the uniformly exposed area of the digital X-ray detector used for NPS analysis
shall be divided into square areas, called ROIs. Each ROI for calculating an individual sample
for the NOISE POWER SPECTRUM shall be 256 x 256 PIXELS in size. These areas shall overlap by
128 PIXELS in both, the horizontal and vertical direction (see Figure 3). Let the first area be the
one in the upper left corner of the total region analysed. The next is produced by moving the
rectangular area 128 PIXELS in the horizontal direction to the right-hand side, generating a
second area, which overlaps half with the first one. The next is defined by moving the second
one by 128 PIXELS again. This is repeated up to the end of the first horizontal “hand-. [Starting
again af the left-hand side of the image and simultaneously movin 5 in the

vertical |direction, a second horizontal “band” is generated. The vertical
direction generates further bands until the whole area of about 125 mni is povered
by ROISs.

Trend rémoval may be performed by fitting a two-dimensiopak s ; omial to the
LINEARIZED DATA of each complete image used for calculafing th subtracting this

function (S(xi,yj), see equation (4)) from the LINEARIZED/DAT®
the two{dimensional Fourier transform is calculated for exery |

irlg any windowing,

The twq-dimensional Fourier transform.is applié
3.44 ag given in the Handbook of i
determi

Wout (4,

where

AxA

I(Xi,_}'
S(Xi,y'
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«— nl2 __y

First horizontal band
»

ni2 Second horizontal bar@

»
l L}

NOTE The size of the ROIs shall be n = 256.

Figure 3 — Geometric ar

An averpge two-dimensional NOISE PO
all the sppectra.

hples of

In ordel to obtain one-di
along the axis of the sSPA bnsional
spectrum around each s : TRUM of
seven rpws or columns on Aoth sid ting the

ECTRUM

axis itself, are a ense of
radial d|stance @ lated. Smoothing shall be obtained by ayeraging
the dat@ points Wi d columns that fall in a frequency intgrval of
fit (f -lfit < f SPATIAL FREQUENCIES which shall be reported (see
Clause J).

fint is defi

NOTE Making.thexy
points is galways Used it

g frequency interval dependent on pixel pitch assures that a similar numbgr of data
€ binning process, independent of the pixel pitch. This assures a constant accufacy.

The dintemsiomof the NorsSEpower spectrat density s the squaredtiNEARIZED DATA Per two-
dimensional SPATIAL FREQUENCY, that means inverse length squared.

In order to estimate if quantization effects influence the NOISE POWER SPECTRUM, the variance
of the ORIGINAL DATA var(DN) which are used for the calculation of the NOISE POWER SPECTRUM
shall be calculated for one image. If the variance is larger than 0,25 (see 6.2.5 in ISO 12232),
it may be assumed that quantization NOISE is negligible. If the variance is smaller than 0,25,
the data is considered to be not suitable for the determination of the NOISE POWER SPECTRUM.

NOTE Generally, the variance of the ORIGINAL DATA is larger than a quarter of the quantization interval. Only if the
number of bits for quantization is very small, may the variance be smaller. For the calculation of the quantization
variance i. e. 1/12, it is assumed that the analogue values which are digitized have a uniform or rectangular
distribution with respect to each quantization interval [2].

If the NOISE POWER SPECTRUM is determined along a diagonal (45° with respect to the
horizontal or vertical axis), the averaging of single samples shall be carried out in a similar
way as described in the preceding paragraph but including the values along the diagonal.
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These measurements at 45° may also require averaging of adjacent 45° cuts in order to
improve the precision of NPS determination.

6.3.3 Determination of the MODULATION TRANSFER FUNCTION (MTF)

The pre-sampling MODULATION TRANSFER FUNCTION shall be determined along two mutually
perpendicular axes which are parallel to the rows or to the columns of the IMAGE MATRIX,
respectively.

For the determination of the MTF, the complete length of the edge spread function (ESF) as
defined by the ROI shown in Figure 1 shall be used.

The integer number N of lines (i.e. rows or columns) leading to a latera Shlf f the

line dirgction which most closely matches the value of 1 PIXEL i

edge in
Different

method$ may be applied. One is to determine the angle a between columns
or rows flenotes
the rour

NOTE Th

The pixX . fows or
columns 3F). The
value of SF, the
first PIXE the N th
data po p ines, for
example, the value of the second PIXEL i Al [ int, the

second

The san ed to be constant and is giveh by the
PIXEL S . ¥, = n(Ax/N). The oversampled|ESF is
differentiated using a , rnel yielding the oversampled lind spread

function . the finite-element differentiation may be
correctdd [6]. A digi he line-spread function is calculated, jand the
modulug TF. The MTF is normalized to its valug at zero

of this |
frequeng i s ) the line
directiop and not in\ a octi andi , i ing |(scaling
factor: 1 2

NOTE The

To calc TF, this procedure is repeated for other groups of N congecutive
lines ald rhatively, and especially suited for noisier images, the averapge of all
edge spread.fu tlons is determined, and the MTF is calculated based on this average ESF.

To obtalnthe MTF at the SPATIAI FREQUENCIES which shall be reparted (QQQ Clause 7)7 binning
of the data points in a frequency interval of fi,, mm=" (f - fi,y < /< / + fin, S€€ 6.3.2 for fi,)
around these SPATIAL FREQUENCIES shall be performed.

7 Format of conformance statement

When stating the DETECTIVE QUANTUM EFFICIENCY, the following parameters shall be stated:

— RADIATION QUALITY according to Table 1;

— exposure (AIR KERMA);

— distance between FOCAL SPOT and DETECTOR SURFACE if less than 1,5 m;
— deviations from recommended centred geometry (see 4.5);

— method used for MTF determination and its validation, if a method different from the
standardized edge method is used;


https://iecnorm.com/api/?name=7d7e17ef2a0317e8017d3a7708820a80

62220-1 O IEC:2003(E) -21-

— ambient climatic conditions.

The measurement results for DQE shall be given as numbers in a table gsee Table 3 as an
example). The DQE shall be reported for SPATIAL FREQUENCIES of 0,5 mm™, 1 mm™, 1,5 mm™
up to the highest SPATIAL FREQUENCY which is just below the Nyquist frequency. Other relevant

parameters may be added to the table. Additionally the measurement results may be plotted
as values of DQE(u,v) as a function of SPATIAL FREQUENCY, showing the AIR KERMA as
parameter using a linear scale on both axes. An example is given in Figure 4.

0,7 ‘
0,6
0,5 \C\
0,4
S
Q03 BN/
0,2 \)
0,1
0
0
IEC 2256/03
Rigure 4 — Example for a plot nction of SPATIAL FREQUENC]Y

f DOE(u,w) @
with AIR KERMA (a: 2,5uGy, b:\2,5 *3

Addition
with the|

Al axes.

y stated

<\ 1 IATIO SPATIAL FREQUENCY DOE (horizontal) or
ROAMNGY, mm™’' (vertical)
\> 0,5 0,65
1,0 0,6
1,5 0,5
5/2,5
2,0 0,4
2,5 0,3
3,0 0,15

8 Accuracy

The uncertainty of DQE should be determined following the instructions of GUM [2] using

equation (2) as a model equation.

The uncertainty (coverage factor 2 according to [2]) of the DQF values presented shall be less

than
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A(DQE(u)) = £ 0,06 or
A(DQE(u))IDQE(u) = £ 0,10,

whichever is greater.
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The uncertainty should be stated in the data sheets.

62220-1 O IEC:2003(E)

24

@%



https://iecnorm.com/api/?name=7d7e17ef2a0317e8017d3a7708820a80

62220-1 O IEC:2003(E) - 23 -

Annex A
(normative)

Determination of LAG EFFECTS

A.1  Test of additive LAG EFFECTS

To test the magnitude of additive LAG EFFECTS, the following test procedure shall be

performed:

1) Follpwing the method as described in 4.6.6, carry out an IRRADIATION ge TEST
DEVICE. Ensure that the object is properly aligned with the bea 6.6. The
IRRADIATION shall be made at the “normal” exposure level as des

2) Create an image resulting from the IRRADIATION of step 1 roposed
by the manufacturer

3) Follpw whatever steps are part of the proposed methed igital X-
ray fletector between IRRADIATIONS.

4) WitHout further irradiating the DETECTOR SUR bing the
method of step 2.

5) Rec bding of
the iIme determined in Clause A.2
shal ion of the
CON

6) On the (irradiated) im hTA of a
rect ing, the
aree

7) On the (non ED DATA
of a ing, the
areg

8) On om step 4 measure the average pixel vaque of a
rect image of
the

9) The[d 6 and 7
divig

10) Thig insures that I2g contributes less than 0,5 % of the effective exposure.

11) In gasé’the test is not passed, repeat it with an increased time-interval betwgen the

exposures/readings of the digital X-ray detector.

2 The use of 1 000 pixels is a limit derived from the number of samples necessary to ensure that a relative
difference of means of 0,005 is detected at 95 % confidence with a probability of detection of 80 %. The use of
10 000 pixels is preferable.
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