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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Non-destructive testing — Image quality of radiographs —

Part 5:
Determination of the image unsharpness and basic spatial
resolution value using duplex wire-type image quality

in

1
Thi

res¢lution of radiographs and radioscopic images. The IQI with up to 13)wire pairs ca

effe
att
the

Thd
con
und

ISO

ISO
req

For

ISO

31
dugp
du

dicators

Scope

5 document specifies a method of determining the total image unshafpness and b4
ctively with tube voltages up to 600 kV. The IQI with more than 13 wire pairs can be used

results are not be completely satisfactory.

Normative references

following documents are referred to in the text iitsuch a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

5576, Non-destructive testing — Industrial X<ray and gamma-ray radiology — Vocabulary
IEC 17050-1, Conformity assessment*<= Supplier’s declaration of conformity — Part

iirements

Terms and definitions

the purposes of this do€ument, the terms and definitions given in ISO 5576 and the folloy

and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/

lex'wire-type image quality indicator

sic spatial
n be used
effectively

ibe voltages lower than 225 kV. When using source voltages in the mmegavolt range, it is ppssible that

bir content
pplies. For
[s) applies.

1: General

ving apply.

dresses:

lexXwire-type IQI

image quality indicator specifically designed to assess the total image unsharpness and basic spatial
image resolution of a radiograph or a digital image and composed of a series of pairs of wire elements
made of high density metal

3.2

total image unsharpness value

Ut

smallest number of the duplex wire pair which is not sufficiently separable and corresponds to wire
diameter plus wire spacing

Note 1 to entry: The corresponding unsharpness values are given in Table 1.

Note 2 to entry: Ut can be Upvisual, U120% or iU120%,
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3.3

total image unsharpness value determined visually

Urvisual

smallest number of the duplex wire pair, which is visually not separable in a film radiograph on a
viewing station or on a monitor image

3.4

total image unsharpness value determined from a profile function in a digital image

Ut20%

smallest number of the duplex wire pair, which is not separable or separable by a profile function with

less than 20 % modulation depth in a linearized profile

3.5

interpolated total image unsharpness value

iUT20%

smallest niimber of the duplex wire pair which is separable, determined from a profile function fn a
digital imalge by interpolation from a linearized profile function and obtained by intérpolation to 2D %
modulation depth from neighbour element modulations

3.6

basic spatjal resolution

SRp

smallest g¢ometrical detail which can be resolved and half of the meadsured unsharpness in a digital
image or rgdiograph

Note 1 to enftry: SRy can be SRpimage or SRy detector,

3.7

basic spat|
SRpdetector

smallest gq
and corres

correspondls to the effective pixel size and is. determined from the smallest number of the duplex v

pair, which
with less t

without object

Note 1 to e
imaging pla

3.8

basic spat|
SRbimage
smallest ge

to half of the measured image unsharpness, Utvisual or Ut20%, in a digital image and corresponds toj

effective p

jal detector resolution value

ometrical detail, which can be resolved with a digital detector at magnification equal to
ponds to half of the measured detectorunsharpness, Utvisual or Utr20%, in a digital image

is not separable by visual inspéction or from the smallest number of the duplex wire
han 20 % modulation depth, in a linearized profile, measured with the IQI on the dete

htry: For this measurement, the duplex wire IQI is placed directly on the digital detector arra
fe.

jal image resolution value
ometrical detail, which can be resolved in a digital image at magnification >1 and correspqg

xel'size of the magnified image and is determined from the smallest number of the du

wire pair, Y

one
and
vire
bair
Ctor

y or

nds
the
blex

which is not separable by visual inspection or from the smallest number of the duplex V

vire

pair with less than 20 % modulation depth in a linearized profile

39

interpolated basic spatial image resolution value

iSRbimage

smallest geometrical detail, which can be resolved in a digital image at magnification >1 and
corresponds to half of the measured image unsharpness, iUT20%, in a digital image and corresponds to
the interpolated effective pixel size of the magnified image and is determined from a profile function
in a digital image by interpolation from a linearized profile function and obtained by interpolation to
20 % modulation depth from neighbour element modulations

Note 1 to entry: For measurement of iSRpdetector, the duplex wire IQI is placed directly on the digital detector
array or imaging plate and iSRpdetector js equal to iSRpimage,

© ISO 2018 - All rights reserved
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3.10

linepair per mm value
Ip/mm

duplex wire pair values or interpolated values corresponding to 1/Ut, where Ut can be Urvisual, U120%
or iUt20%

Note 1 to entry: The corresponding values are given in Table 1.

4

Specification of duplex wire-type 1QI

IS0 19232-5:2018(E)

4.1

4.1

The
plas
are

The

Dimensions, manufacture, and marking

1 Dimensions and material

of tungsten, the others of platinum.

dimensions shall be in accordance with Figure 1.

<6

<10 5 b

[—|

|
17 3x5(=15) Lxk(=16)

standard duplex wire-type 1QI shall consist of a series of 13 elements placéd, in a transp
tic holder. Each element shall consist of a pair of wires of circular section/The element

Dimensions in

arent rigid
s D1 to D3

millimetres

15

4,5

5x3,5(=17,5)

10

©IS

space for identification marking

rigid plastic mounting

wire diameter (equals spacing between the wires)
Wire diameter, d, equals spacing between the wires.
Enlarged view of each wire pair (element).

Figure 1 — Duplex wire-type 1QI

02018 - All rights reserved
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4.1.2 Manufacture

The wire diameters and spacing of the wires are shown in Table 1.

4.1.3 Marking

The 1QI shall be identified by marking “ISO D (or ISO 19232-5) and a serial number”. Marking shall be
performed by any suitable means. IQIs with the letters “EN D, or EN 462-5 or ASTM E 2002 or JISZ 2307”
are considered to be identical to IQIs with the letters ISO.

4.2 Declaratiomofctonformity
Each IQI shall be delivered with a declaration of conformity according to ISO/IEC 170501, which
confirms that the IQI complies with this document. For identification, the IQI shall be numbered pnd
marked by|the producer.
Table 1]— Duplex wire number, corresponding total unsharpness, basic spatial resolution,
linepair readings and wire diameters and its tolerances?
Toleranice
Wi Duplex Corresponding | Corresponding | Corresponding Wire (.)f
ire : : . . : . wire
. wire unsharpness basic spatial linepair diameter .
material . . diameter
number value resolutionb value and spacing .
and wire
spacing
Ut SRy, value d
mm mm (Ip/mm) (mm) (mm)
Ptc D13 0,10 0,050 10,0 0,050
Pt D12 0,13 0,063 7,94 0,063
Pt D11 0,16 0,080 6,25 0,080 +0,00]
Pt D 10 0,20 0,100 5,00 0,100
Pt D9 0,26 0,130 3,85 0,130
Pt D8 0,32 0,160 3,13 0,16
Pt D7 0,40 0,200 2,50 0,20
Pt D6 0,50 0,250 2,00 0,25 +0,01
Pt D5 0,64 0,320 1,56 0,32
Pt D4 0,80 0,400 1,25 0,40
wd D3 1,00 0,500 1,00 0,50
W D2 1,26 0,630 0,79 0,63 0,02
W D1 1,60 0,800 0,63 0,80
a  All unssharpness values are rounded to two digits after the comma.
b For conversion of the SKp-values to pm, multlply values which are given in mm by 1 000.
¢ Pt=Platinum.
d W =Tungsten.

5 Use of duplex wire

5.1 General

A radiograph shall be made or an image displayed on a monitor with the duplex wire placed on the
source side of the item being examined, or the IQI may be placed on a block representing the material

© ISO 2018 - All rights reserved
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and total thickness of the item being examined. The duplex wire 1QI should be aligned, as closely as
possible, normal to the axis of the radiation beam.

NOTE If the IQl is placed directly on the detector, the inherent detector unsharpness and detector SRpdetector
is measured.

The evaluation of the duplex wire pair images are based on a visual evaluation by an operator of films
on a viewing station or images on a monitor or by measurement with a profile function if digital images
are available. The total image unsharpness Ut is given by 2d, where d is the corresponding diameter of
the duplex wires and is also the wire spacing distance (see Figure 1). The value of d is considered as the
basic spatial resolution of the image. The term 1 / (2d) is considered as linepair/mm value.

5.2| Visual evaluation

The image of the duplex wire IQI shall be examined using magnification up to 4 times on fjlm or on a
monitor. For evaluation of D12 and higher on films a magnification lens >2 tithes shall bg used. The
eletnent with smallest wire number (that is pair of wires) of which the image hiasjust merged into single
form without an identifiable space between the images of the two wires, is taken as the linit of visual
disg¢ernibility for radiography and radioscopy.

Vistfial determination of the first unresolved wire pair can depend en‘the contrast-to-noise fatio (CNR)
and signal-to-noise ratio (SNR) for digital systems or radioscopic(systems, or can depend pn the film
system class and tube kV. Therefore, the visual evaluation of reference images should be pgrformed at
CNR or SNR values (for digital systems) or using the film syStem class and kV values typically used for
the|production radiographs.

5.3| Evaluation of digital images with profilefunction

If djgital images are evaluated with a profile.funiction the element with smallest wire nunpber, of the
duplex wire pair, which is separable by a prefile function with less than 20 % modulatizll depth, is
taken as the limit of discernibility for digital radiography. See Figure 2. The profile functipn shall be
evaluated from linearized pixel profiles.

The duplex wire IQI shall be positioned at an angle of approximately 2° to 5° towards the gixel line or
colymn orientation as shown in Eigure 2 a) in order to reduce aliasing effects in the digital i]:ages.

The total unsharpness or the basic spatial resolution of digital images is based on the deterinination of

thelfirst duplex wire pair{smallest number) with less than 20 % modulation depth (dip).

Thg measurement shall’be done with a profile function of an image processing software|across the
middle area of thé 1Q] image integrating along the wires of about 30 % to 60 % of the dyplex wires
length in order to-obtain a robust repeatable value, but shall use a minimum of an 11 pixelf width line
profile to aveid{variability along the length of the wires [Figure 2 b) and Figure 2 c)].

5.4| Evaluation of digital images with profile function by interpolation

For more accurate measurement of the total unsharpness, 1UT, or the basic spatial resolution of digital
images (iSRp) the measurement of the 20 % modulation depth should be performed by interpolation
or approximation. This can be required for manufacturer qualification or if specified by contracting
parties. See Figure 3. The profile function shall be evaluated from linearized pixel profiles.

The duplex wire IQI shall be positioned at an angle of approximately 2° to 5° towards the pixel line or
column orientation as shown in Figure 2 a) in order to reduce aliasing effects in the digital images.

The measurement shall be done with a profile function of an image processing software across the
middle area of the IQI image integrating along the wires of about 30 % to 60 % of the duplex wires
length in order to obtain a robust repeatable value, but shall use a minimum of an 11 pixel width line
profile to avoid variability along the length of the wires [Figures 2 a), 2 b) and 2 c)].

© IS0 2018 - All rights reserved 5
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For improved accuracy in the measurement of the iUt and the iSRy value, the 20 % modulation depth
(dip) value shall be approximated from the modulation depth (dip) values of the neighbour duplex wire
modulations. Figure 3 visualizes the corresponding procedure.

The iSRy, is calculated as the polynomial approximation of the modulation depth (dip) vs. the wire
pair spacing of neighboured wire pairs with at least two wire pairs with more than 20 % dip between
the wires in the profile and at least two wire pairs with less than 20 % dip between the wires in the
linearized profile (see Figure 3), if their values are larger than zero. If no values are available with dip
<20 %, the next wire pair value with the dip of zero shall be used. If the measured iSRy, is smaller than
the pixel size, e.g. due to aliasing effects. iSRp shall be qualified as iSRy, = pixel size.

The interp
iUr=2

The result
documentgq
unsharpne

The depen
function of]

5.5 Ima

Image qua
application
practices,

5.6 App

The duples
Ur, the im4
be used fo
radioscopi

NOTE ’
step/hole ty

blated total unsharpness, iUT, is calculated from iSRp by Formula (1):
-iSRyp
ng approximated or interpolated basic spatial resolution value [see Figunel3 b)] shal

d as “interpolated SRp-value” or iSRp. The resulting approximated op.interpolated t
ss value shall be documented as “interpolated Ut-value” or iUr.

second order for calculation of the intersection with the 20 % lifie as indicated in Figure

pe quality classes

lity classes or levels of unsharpness of images or“detectors are relative to the us
s and shall be specified in the purchaser/supplier agreement or in reference to stand
s ISO 17636-2 for example.

lication of duplex wire 1QI

wire IQI may be applied to monitor the"geometric unsharpness, U, the total unsharp

" reference exposures to deterniine the inherent unsharpness, Uj, of film screen system
b systems, or the basic spatial resolution, SRpdetector, of digital detectors.

'he duplex wire IQI relates.only to unsharpness and is not an alternative for the wire, plate/ho
pe IQls.

An examp

of the wire-pair'immage analysis for calculation of basic spatial resolution, SRy, and t

ess,
ge unsharpness, Uiy, and basic spatial resolution, SRpimage, in radiographic images. Itl]nay

M

be
ptal

Hence of modulation depth (dip) from wire pair spacing should béfitted with a polynomnial

b b).

er's
ard

S or

ptal

unsharpness, Ur, of digital.imhages is shown in Figure 2. The lowest wire pair value shall be determined

which has

modulatiomdepth (dip) <20 %. The modulation depth is determined in the profile funct

as shown in Figures 2%¢)-and 2 d). The first “unsharp” wire pair in Figure 2 c) is D8. The resulting va
correspondl to Table.1:'SRp = 0,16 mm and Ut = 0,32 mm.

—e

on
ues
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a) Image of duplex wire IQI as shown in a digital radiograph
with indicated profile line and its integration window

Y
— FaYalm IR B v
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2000 " H
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0 20 40 60 80100 | 140 | 180 ! 220 420

260 | 300 | 340 \380
120 160 200 240 280 320 860 400

b) Zoomed profile of a duplex wire IQI, averaged from profile lines,
covering 30 % to 60 % of the wirelength

Y T T T T T T T T

132: D7 | Tps]

0 28,3 A! 9,9 % c

70 A

60 B

50

40

30

20

o-—1H

0 235 240 245 250 255 260 265 270 275 280
X 1 | 1 | 1 | 1 | L |
790 800 810 820 83(
c¢) Zoomed profile of wire pair D7 and D8 d) Scheme of the calculation of the dip value
in % with Dip = 100 x (A+B—ZC)/JE+B)

Key
A |intensity value of théAfirst minimum in reference to the base line
B |intensity value pf.second minimum in reference to the base line
C [smallest intefisity value between the minima A and B in reference to the base line
X |distance
Y [|amplitude

NOTE Digitized films and CR images are typically presented and acquired in negative presentation. These
images and their line profile plots will be inverted compared to the examples shown (i.e. white = more dense
material).

An example of the wire-pair image analysis for calculation of interpolated basic spatial resolution,
iSRpimage, and interpolated total unsharpness, UT, of digital images with iUt = 2 - iSRpimage is shown in
Figure 3.

© ISO 2018 - All rights reserved 7
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a) Profile plot of a measured profile of a high resolution system
with determined modulation depth (dip)
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b) Approximation of modulation depth vs. duplex wire pair spacing?

Key
X wire pajir spacing in um
Y moduldtion depth (dip) in %
a  The 20|% value is determined from the intersection with the 20 % line resulting in iSRp = 0,066 mm|and
iUr=0,132 mm.
Figure 3 — Wire-pair image analysis for calculation of interpolated basic spatial resolution,
iSRpim3ge, and interpolated tetalunsharpness, UT, of digital images with iUt = 2 - iSRpimagg
6 High resolution IQFwith increased measurement range

For special
and Table |
with highe

applications;it can be required to measure lower unsharpness values than given in Figu
. Therefore, alternative high resolution duplex wire 1QIs (HR Duplex Wire 1QIs) may be y
I numbers of wire pairs than 13.

These IQIs

re 1
sed

shall be constructed as described in the example scheme of Figure 4, which describes a

HR-

IQI with 15 wire pairs. A larger gap of 5 mm is required between the 13th and 14th wire pair to enable
the operator a reliable recognition of the higher wire pair values (see Figure 4). HR IQIs can have more
than the 15 wire pairs as shown in Figure 4.

Table 2 provides information about the corresponding HR IQI construction requirements of the wire pairs
and the corresponding readings of U, SRy, and Ip/mm for the HR IQI wire pairs with up to 18 wire pairs.

HR duplex wire 1QIs may have a reduced number of low-resolution wire pairs for practical reasons. The
IQI wire pairs can start with D 4, if more than 15 duplex pairs are available. This needs to be indicated
on the IQI with "HR4".

NOTE Duplex wire IQIs with more than 13 wire pairs for readings of higher than D13 can be applicable at
lower X-ray tube voltages than 225 kV only. This depends on the properties of the test objects. Users can take test
exposures to verify the suitable application and kV range.
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