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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 135, Non-destructive testing,
Subcommittee SC 5, Radiation methods.

Any feedback or questions on this document:should besdirected td'the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

This third edition cancels and replaces the second edition (ISO 19232-5:2013), which has been
technically revised. The main changes compared to the previous edition are as follows:

— new high definition duplex IQI;
— extended description of usage;
— extended table with basic spatial resolution and linepairs/mm;

— evaluation of duplex wire-type IQI by visual evaluation and evaluation with profile function in
digital images.

Alist of all parts in the ISO 19232 series can be found on the ISO website.
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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
indicators

1 Scope

This document specifies a method of determining the total image unsharpness and basic spatial
resolution of radiographs and radioscopic images. The IQI with up to 13 wire pairs can be used
effectively with tube voltages up to 600 kV. The IQI with more than 13 wire pairs can be used effectively
at tube voltages lower than 225 kV. When using source voltages in the megavolt range, it is possible that
the results are not be completely satisfactory.

2 Normative references

The following documeéntstare referred tolin/thettext in such, a/'way. that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition‘of the'referenced-doecument (including any amendments) applies.

ISO 5576, Non-destructive testing — Industrial X-vay-and gamma-ray radiology — Vocabulary

ISO/IEC 17050-1, Conformity assessment . — Supplier’s declaration of conformity — Part 1: General
requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5576 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

duplex wire-type image quality indicator

duplex wire-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%,

© ISO 2018 - All rights reserved 1
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3.3

total image unsharpness value determined visually

UTvisual

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 number of the duplex wire pair which is separable, 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

3.6

basic spatial resolution

SRp

smallest geometrical detail which can be resolved and half of the measured unsharpness in a digital
image or radiograph

Note 1 to entry: SRy can be SRpimage @n §Rpdetector,

3.7

basic spatial detector resolution value

SRbdetector

smallest geometrical detail, which can be resolved with a digital detector at magnification equal to one
and corresponds to half of the measured detector-unsharpness, Ugvisual or Ur20%, in a digital image and
corresponds to the effective pixel size and is determined from the smallest number of the duplex wire
pair, which is not separable by visual inspection or from the smallest number of the duplex wire pair
with less than 20 % modulation depth in a linearized profile, measured with the 1QI on the detector
without object

Note 1 to entry: For this measurement, the duplex wire 1QI is placed directly on the digital detector array or
imaging plate.

3.8

basic spatial image resolution value

SRbimage

smallest geometrical detail, which can be resolved in a digital image at magnification >1 and corresponds
to half of the measured image unsharpness, Utvisual or Ur20%, in a digital image and corresponds to the
effective pixel size of the magnified image and is determined from the smallest number of the duplex
wire pair, which is not separable by visual inspection or from the smallest number of the duplex wire
pair with less than 20 % modulation depth in a linearized profile

3.9

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,
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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 IQI
4.1 Dimensions, manufacture, and marking

4.1.1 Dimensions and material

The standard duplex wire-type IQI shall consist of a series of 13 elements placed in a transparent rigid
plastic holder. Each element shall consist of a pair of wires of circular section. The elements D1 to D3
are of tungsten, the others of platinum.

The dimensions shall be in accordance with Figure 1.

Dimensions in millimetres

9 n
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17 3x5(=15) lyxle(=16) 5x3,5(=17,5)
70
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space for identification marking

1

2 rigid plastic mounting

d wire diameter (equals spacing between the wires)
a

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

Figure 1 — Duplex wire-type 1QI
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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 Declaration of conformity

Each IQI shall be delivered with a declaration of conformity according to ISO/IEC 17050-1, which
confirms that the IQI complies with this document. For identification, the IQI shall be numbered and
marked by the producer.

Table 1 — Duplex wire number, corresponding total unsharpness, basic spatial resolution,
linepair readings and wire diameters and its tolerances?

Tolerance
Wire Duplex Corresponding Corrgspond_ing Corr_espm}ding _Wire w(i)lf'e
material wire unsharpness basic sp_atlal linepair dlametgr diameter
number value resolutionb value and spacing and wire
spacing
Ut SRy, value d
mm mm (Ip/mm) (mm) (mm)
Ptc D 13 0,10 0,050 10,0 0,050
Pt D12 0,13 0,063 794 0,063
Pt D11 0,16 0,080 6,25 0,080 +0,005
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 SRp-values to pm, multiply 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

4 © 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 film or on a
monitor. For evaluation of D12 and higher on films a magnification lens >2 times shall be used. The
element with smallest wire number (that is pair of wires) of which the image has just merged into single
form without an identifiable space between the images of the two wires, is taken as the limit of visual
discernibility for radiography and radioscopy.

Visual determination of the first unresolved wire pair can depend on the contrast-to-noise ratio (CNR)
and signal-to-noise ratio (SNR) for digital systems or radioscopic systems, or can depend on the film
system class and tube kV. Therefore, the visual evaluation of reference images should be performed 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,profilé furiction

If digital images are evaluated with a profile function the element with smallest wire number, of the
duplex wire pair, which is separable by a“profile’function with less than 20 % modulation depth, is
taken as the limit of/discernibility for'digital radiography. See ‘Figure 2."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 total unsharpness or the basic spatial resolution of digital images is based on the determination of
the first duplex wire pair (smallest number) with less than 20 % modulation depth (dip).

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 [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, iUT, 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)].
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