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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIATION PROTECTION INSTRUMENTATION -
SECURITY SCREENING OF HUMANS -

MEASURING THE IMAGING PERFORMANCE OF X-RAY SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
all natignal electrotechnical committees (IEC National Committees). The object of IEC is to promote, i
co-operation on all questions concerning standardization in the electrical and electronic fields. (Tio/th
in addit|on to other activities, IEC publishes International Standards, Technical Specifications, Technid
Publicly| Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication
prepardtion is entrusted to technical committees; any IEC National Committee interested in_the subjed
may patfticipate in this preparatory work. International, governmental and non-governmenta) organizati

comprising
ternational
is end and
al Reports,
s)”). Their
t dealt with
pns liaising

with thg IEC also participate in this preparation. IEC collaborates closely with the Interhational Orgahization for

Standafdization (ISO) in accordance with conditions determined by agreement between the two orga

The forpal decisions or agreements of IEC on technical matters express, as nearly as possible, an if
consensus of opinion on the relevant subjects since each technical committee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international, use and are accepted by IH
Committees in that sense. While all reasonable efforts are madeto,'ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for/the/way in which they are used
misintefpretation by any end user.

In ordef to promote international uniformity, IEC Nationalk€ommittees undertake to apply IEC H
transpafently to the maximum extent possible in their national and regional publications. Any divergen
any IEQ Publication and the corresponding national or regional publication shall be clearly indicated i

IEC its¢lf does not provide any attestation of confarmity. Independent certification bodies provide
assessinent services and, in some areas, access’to |[EC marks of conformity. IEC is not responsi
service$ carried out by independent certification.bodies.

All useris should ensure that they have the latest edition of this publication.

No liabjlity shall attach to IEC or its directors, employees, servants or agents including individual 4
membefs of its technical committees-and’IEC National Committees for any personal injury, property
other dgmage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publications.

Attentidn is drawn to the Normative references cited in this publication. Use of the referenced pul
indispepsable for the carrect application of this publication.

IEC drgws attentiopyte“the possibility that the implementation of this document may involve the
patent($). IEC takes‘no position concerning the evidence, validity or applicability of any claimed pate
respect|thereof.*As.of the date of publication of this document, IEC had not received notice of (a) pate
may be|required to implement this document. However, implementers are cautioned that this may ng
the latelst infermation, which may be obtained from the patent database available at https://patents|
shall an be.held responsible for identifying any or all such patent rights.

hizations.

ternational
n from all

C National
ent of IEC
or for any

ublications
Ce between
h the latter.

conformity
ble for any

xperts and
damage or
fees) and
other IEC

lications is

use of (a)
nt rights in
ht(s), which
t represent
iec.ch. IEC

IEC 62709 has been prepared by subcommittee 45B: Radiation protection instrumentation, of
IEC technical committee 45: Nuclear instrumentation. It is an International Standard.

This second edition cancels and replaces the first edition published in 2014. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)
b)
c)
d)
e)

Clarified the test procedures to maintain consistency with IEC 62463.
Changed the term "spatial resolution" to "pentalith resolution".

Modified some standard test conditions.

Modified some terms and definitions.

Changed the imaging requirements for transmission general-use systems.
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The text of this International Standard is based on the following documents:

Draft Report on voting

45B/1059/FDIS 45B/1069/RVD

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

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance-with4+SOHECDirectives—Pa ardSOHECDirectivesH=EGC-Supplementqavailable
at www.iec.ch/members_experts/refdocs. The main document types developed.by| IEC are
described in greater detail at www.iec.ch/publications.

The coanittee has decided that the contents of this document will remain Unechanged until the
stability ¢late indicated on the IEC website under webstore.iec.ch in the\data relatged to the
specific Jocument. At this date, the document will be
e reconffirmed,

e withdfawn, or

e revised.

IMPORTANT - The "colour inside™” logo on the cover page of this document indicates
that it cpontains colours which are consideredto be useful for the correct understanding
of its contents. Users should therefore print this document using a colour pringer.
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INTRODUCTION

This document establishes standard test methods and test objects for measuring the imaging
performance of X-ray systems for security screening of humans. For each image quality test,
this document also sets minimum acceptable levels of performance. These procedures and
minimum acceptable requirements should not be construed as an all-inclusive measure of
performance for any situation. Depending on the circumstances and detection needs, user
institutions will continue to generate their own requirements and are encouraged to do so.
Rather, it is hoped that this document will provide a starting point for evaluating systems,
provide a uniform set of readily available information to compare equipment, and offer a
standard procedure for periodic quality control testing.

Four anngxes—are-inciuded—AnrexA{normativerprovidesmechanica winrgs—ofthe imaging
test objegts. Sample test report forms are given in Annex B (informative). Annex Cinfprmative)
provides |a generic description of the pentalith resolution test object. Annex D\(ihfprmative)
seeks to [describe the different types of security systems presently being used for whole-body
imaging.
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RADIATION PROTECTION INSTRUMENTATION -
SECURITY SCREENING OF HUMANS -
MEASURING THE IMAGING PERFORMANCE OF X-RAY SYSTEMS

1 Scope

This document applies to security screening systems that utilize X-ray radiation and are used
to inspect people who are not inside vehicles, containers, or enclosures. Specifically, this
documeni—applies {o systems used to detect nhjnnfc carried on or within the hndy of the

individua| being inspected.

The folloying types of systems are included in the scope of this document:

- Systzlms designated as mobile or fixed.

— Systems employing detection of primary radiation, backscatterfed radiation, | forward-
scattgred radiation, (see Annex D) or some combination of these modalities to form two-
dimensional X-ray images.

matetlial discrimination, automatic active or passive detéction alerts. This document does

- Syst1ms that are primarily imaging but that also may have ¢omplementary feature$ such as
not adldress how to test these complementary features.

The obj€ctive is to provide standard methods of ‘measuring and reporting imaging quality
charactetistics that enable system manufacturers,(potential system users and other ipterested
parties tq:

a) Establish a consistent indicator of the’ expected technical performance of gcreening
systens used for the inspection of“individuals. Such technical performance testing
complements explicit detection testing and evaluation. In this document "detectipn" refers
to items in an image.

b) Provigle repeatable and verifiable imaging performance data that can be used to[compare
systems from different vendors.

c) Establish a baseline that can be used over time to calibrate the system or dg¢tect any
performance degradation. (It is not intended that the entire test method be ¢mployed
fordally quality assurance testing.)

d) Establish minjmam acceptable performance requirements for the systems describg¢d above.

2 Normative references

The following documents are referred to in the text 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 document (including any
amendments) applies.

IEC 60050-395:2014, International Electrotechnical Vocabulary (IEV) — Part 395: Nuclear
instrumentation — Physical phenomena, basic concepts, instruments, systems, equipment and
detectors

IEC 60050-395:2014/AMD1:2016

IEC 60050-395:2014/AMD2:2020

IEC 60050-881:1983, International Electrotechnical Vocabulary (IEV) — Part 881: Radiology and
radiological physics

IEC 60050-881:1983/AMD1:2014

IEC 60050-881:1983/AMD2:2019

IEC 60050-881:1983/AMD3:2020
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IEC 62463:2024, Radiation protection instrumentation — X-ray systems for the security
screening of persons

ISO 683-17:2023, Heat-treatable steels, alloy steels and free-cutting steels — Part 17: Ball and
roller bearing steels

3 Terms, definitions, abbreviated terms, quantities and units
For the purposes of this document, the following terms and definitions apply.

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

o |EC Hlectropedia: available at https://www.electropedia.org/
e |SO Online browsing platform: available at https://www.iso.org/obp

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply. The general
terminoldgy concerning X-ray systems and radiological physics is\given in IEC 60050-395:2014
and IEC 60050-881:1983.

3.11
backscaftered radiation
backscaftter

scattering of photons by material through angles, greater than 90°with respect to their initial
direction

3.1.2
backscatter system
security screening system that makes“use of backscattered radiation to form an imjage

3.1.3
body phantom
object whose absorption and:scattering effects on ionizing radiation are equivalent tola human

3.1.4
contrast| sensitivity.
ability to| distinguish a small difference of intensity in an area of an X-ray imagg from a
surround|ng ufiform background

[SOURCEHEC 62523:2010,3.11]

3.1.5

edge detection

ability to discern edges of objects or anomalies even when the bulk of the objects oranomalies
may appear with the same brightness as the background

3.1.6

effective dose

dose quantity intended to reflect the stochastic health risk to the whole body due to radiation
exposure. It is calculated based on the sum of the equivalent doses in various organs multiplied
by the appropriate tissue weighting factors


https://www.electropedia.org/
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forward-scattered radiation
forward-scatter
scattering of photons by material through angles less than 90°with respect to their initial

direction

3.1.8

forward-scatter system
security screening system that makes use of forward-scattered radiation to form an image

3.1.9

floor of the scanner
surface that-individuals-stand-on-when-scanned

3.1.10
general-
X-ray scr

ise system
pening system that is configured to deliver an effective dose of less\than 0,2

screening (using the dose estimation methods defined in IEC 62463) and\operating

administr
restrictio
number d

Note 1 to 4
ANSI/HPS

[SOURC

3.1.11

ative controls specified in IEC 62463. Given proper jUstification ang
s, general-use systems may be operated without specific.controls that woulg
f individuals scanned or the number of scans per individualin a year

ntry: This definition was reproduced, with the permission of the Health Physics Society (
N43.17-2009 (R2018)

E: |IEC 62463:2024, 3.4]

influence quantity

quantity

3.1.12

limited-u
personneg
10 ySv p
meet the

that is not the measurand but thatzaffects the result of the measurement

se system

br screening (using the dose estimation methods defined in IEC 62463) which
definition of a general-use system. Limited-use systems require additiona

and documentation to ensure that annual individual dose limits are not exceeded.

Note 1 to 4
ANSI/HPS

[SOURC

ntry: This definition was reproduced, with the permission of the Health Physics Society (
N43.17.

E: IEC62463:2024, 3.7]

3.1.13

b USv per
Using the
certain
limit the

HPS), from

| screening system that/is\configured to deliver an effective dose that does n¢t exceed

does not
controls

HPS), from

materials detection
test of the ability to detect materials on or off the body phantom

3.1.14
operator

person that controls one or more aspects of the screening procedure. An operator is authorized
to perform their duties, appropriately trained, and performs their duties according to the

standard

operating procedure

[SOURCE: IEC 62463:2024, 3.9]

3.1.15

partial body field of view
field of view of systems designed to scan parts of the body, such as cast and prostheses

scanners

or shoe scanners


https://iecnorm.com/api/?name=ebfdcdea90f8829e015e225174d210d3

IEC 62709:2024 © |IEC 2024 -1 -

3.1.16
penetration test
test of pentalith resolution and wire detection as a function of body phantom thickness

3.1.17

pentalith

resolution test object consisting of five equal spheres placed at the vertices of a regular
pentagon. The vertices are separated by twice the diameter of the spheres

Note 1 to entry: See Annex C for a complete description.

3.1.18

pentalith resolution

minimumlseparation between two spherical objects at which they can be resolved as|separate
entities, as measured using the pentalith test

3.1.19
primary fradiation
ionizing radiation emitted by a radiation source which has not undergonelscattering

3.1.20
radiation source
equipment or matter emitting or capable of emitting ionizing/#adiation

3.1.21
referencg location
required Jocation where test objects are placed for,assessing imaging performance gccording
to this ddcument

Note 1 to eptry: The reference location is specifiedin’4.2.

Note 2 to eptry: Other testing locations may be‘used for additional information.

3.1.22
Screening procedure
Procedure, described in the SOP, that is followed to completely inspect something using the X-
ray system

Note 1 to eptry: Depending on the concept of operation of the system, this could involve taking multiplg scans.
[SOURCIE: IEC 62463:2024, 3.17]
3.1.23

scan area
field of view of a screening system at a given distance from the source of radiation

3.1.24
scanning speed
speed of the inspected object moving relative to the inspection system, or vice versa

[SOURCE: IEC 62523:2010, 3.15]

3.1.25

scattered radiation

scatter

radiation which, during passage through a material, has been deviated from its original
direction or changed in energy by scattering

Note 1 to entry: Backscatter and forward-scatter systems use scatter to form backscatter and/or forward-scatter
images.
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[SOURCE: IEC 60050-881:1983,881-03-19]

3.1.26

security screening

inspection of personnel, goods, cargo, vehicles and other objects to detect prohibited,
controlled or dangerous items

Note 1 to entry: In the case of this document, the objects inspectedare carried on or within the body of a person.

3.1.27

system
scanning system
equipment used to produce a scanned image, including the X-ray generator, collimator,
detector pssembly, computer and display console

3.1.28
transmijlsion system
system dising the conventional means of projection radiographic imaging/in~which X fays pass
through 4 target (e.g., person or container) and create shadowgrams of enclosed objgcts (e.g.,
contrabanpd) based on their radiation attenuating properties

3.1.29
whole body field of view
field of view of systems designed to completely scan and image a person in one image

3.1.30
wide field of view
field of yiew of systems for which one scan.,covers an area that may contain more than
onepersqn

3.1.31
wire detgction
minimum|diameter of a wire in mm, that can be detected and distinguished from the background

[SOURCE: IEC 62523:2010, 3.10]

3.2 Abbreviated terms
HDPE high-densityspolyethylene

3.3 Quantities.and units

In this dpcument, the units are the multiples and sub-multiples of units of the Intgrnational

System df Wnits(S!_The definitions of radiation quantities are given in IEC 60050-395.

4 Imaging performance evaluation procedures

4.1 General characteristics and test procedures

The procedures of this document shall be used to measure the following four characteristics of
imaging performance or image quality:

a) Pentalith resolution.
b) Wire detection.
c) Materials detection (may be by means of contrast sensitivity or edge detection).

1 International Bureau of Weights and Measures: The International System of Units, 8th edition, 2006.
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d) Penetration.

The test procedures provide for the measurement of systems that use the following imaging
modes: detection of primary radiation, backscattered radiation, forward-scattered radiation, or
some combination of these modalities (see Annex D).

For each test, the test object shall be scanned as in normal use; this is defined to mean standard
operating procedure, software, and hardware settings of lateral and/or vertical scan speed,
power supply, source voltage and current, and filtration, and which are the same as the machine
settings for radiation safety testing (measuring the effective dose). Since effective dose and
image quality are interrelated, the system shall comply with the effective dose requirements in
IEC 62463. General-use systems shall deliver an effective dose of less than 0,25 uSv per

screenin

. Limited-use systems shall deliver a dose of less than 10 ySv per screening. See

IEC 6244

These m
example,
image-en
be used {
density,

be recorg

Each tes

3 for more details on the system classes and effective dose estimation meth

achine settings and the effective dose shall be included in the test/ repo

hancement software features are available to the operator in nokmal use, tH
p achieve the best possible image. Examples are zoom, edge enhancement, ¢
black-and-white reverse, and pseudo-color. The use of these software featy
ed in test documentation.

should be repeated 3 times.

4.2 Lolcation of testing

At a min
referencs

a) the st
shall

b) thec
body
referg
illustr]

imum, all the image quality tests shall be performed at the reference locs
location is defined as follows:

rface of the body phantom and test:0bject combination closest to the radiatid

ods.

t (for an
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Figure 1 — Generic illustration of the testing configuration showing a HDPE body

phantom with a test object on one end supported 1 m off the ground
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Additionally, off-centre tests may be performed at specified locations. Prospective users may
request test results for specific locations in the scan area (e.g., head, feet, sides, edge of scan
area). For off-centre tests, a 300 mm x 300 mm x 100 mm block of high-density polyethylene
(HDPE) may be placed in the centre of the field of view if needed for proper functioning of the
auto gain control.

4.3 Body phantom and test objects

The test objects for each of the image quality tests shall be mounted on a body phantom. The
body phantom shall be made of HDPE. The body phantom and all the other HDPE parts of test
objects described in this document shall have a density of 0,95 g cm™3 + 0,05 g cm~3.

The body-phantom eep. The
body phantom shall have a means of supporting each of the test object assemblies,described
in 4.4 through 4.7 so that the overall HDPE depth of the body phantom and test object assembly
(excluding the 1,5 mm overlay) shall be 300 mm. That is, an HDPE cube, 300 mmon €ach side,
is used t¢ simulate the human body.

For general-use transmission systems, it is acceptable to use a reduced body phantom with
dimensiohs of 300 mm wide x 300 mm high x 230 mm deep, so that{the overall HDPH depth of
the body [phantom and test object assembly shall be 250 mm.

For the penetration test for limited-use systems, the overall depth shall be expandable from
300 mm {o 400 mm by attaching additional 50 mm thick HDPE slabs.

For the penetration test of general-use systems, the.overall depth shall be expandable from
250 mm {o 300 mm by attaching additional 25 mmdahick HDPE slabs.

A diagrain of the body phantom and test objects is shown in Figure 2. Complete méchanical
drawings|of the body phantom and test objects are provided in normative Annex A.

All the djmensions of the body phantom and test objects shall be within +2 % or| 0,2 mm,
whichever is greater, unless otherwise specified.
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Figure 2 — Body phantom and test objects
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4.4.2 Test object description

The pentalith resolution test object consists of fourteen sets of five equal spheres, forming
fourteen regular pentagons, called pentaliths (see also informative Annex C). The spheres are
made of bearing steel, ISO 683-17:2023, grade designation 100Cr6 or equivalent (e.g.
AISI/SAE 52100 in ASTM A295/A295M-14:2020, 1.3505 in EN 10027-2; SUJ2 in JIS G4805)
and are imbedded in a block of HDPE, 300 mm x 300 mm x 25 mm, so that the front surface of
each sphere is flush with the surface of the block. The five spheres are placed at the vertices
of a regular pentagon. The space between adjacent spheres is equal to the sphere diameter.
Each pentagon is aligned such that no side is perfectly vertical or horizontal. There is a
pentagon for each of the following sphere diameters: 1 mm, 1,2 mm, 1,5 mm, 2 mm, 2,5 mm,
3mm, 4 mm, 5mm, 6 mm, 7 mm, 8 mm, 10 mm, 12 mm, and 14 mm. The tolerance for each
sphere diameter and the hole containing each sphere shall be no greater than +0,1 mm. A
1,5 mm ticksteetof HBPETS pidbcu' overthe bpilclcb tosmutate= idycl of thickclo hing and
to hold the spheres in place.

The pentalith assembly is attached to the body phantom to form a solid HBPE blo¢k that is
300 mm pn a side. Mechanical drawings of the pentalith resolution test ‘object are| given in
Figure A1, Figure A.13, Figure A.14, Figure A.15 and Figure A.16.

4.4.3 Procedure

A test object meeting the description in 4.4.2 and a body phantom as described in 4.3 shall be
used for this test.

The test pbject shall be mounted on the body phantomaand positioned at the reference location
(see 4.2)| as follows. For backscatter and/or forward-scatter systems, the surface of|the body
phantom|containing the test object shall be the surface closest to the radiation solirce. For
transmisgion systems, either the surface containing the test object or the opposite surface shall
face the [radiation source (the orientation of-the body phantom shall be recorded in the test
report).

The test pbject shall be scanned as in.normal use as defined in 4.1.
The procgdure may be repeated ‘at other desired testing locations.

4.4.4 Fvaluation and.'record

Find the smallest pentagon for which all five spheres are visible as completely separat¢ objects.
Software|image adjustments available to the operator may be used to obtain optimun] contrast
and brightness.~The settings for any adjustments shall be recorded in the test rejport. For
example |if contrast and brightness adjustments are available to the operator, the following is
an acceptable procedure for testmg separatlon and for achlevmg reprodumble meas rements:
turn the € r S e-islands can be
formed. See Annex C for further mformatlon related to objectlvely scormg th|s test.

Record the smallest sphere diameter meeting the above analysis.

The reported results shall be the sphere diameter of the smallest pentalith that was detected in
at least two thirds of the images.

4.5 Wire detection test
4.51 Purpose

The purpose of this test is to determine the minimum diameter of copper wire that can be
detected.
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4.5.2 Test object description

The wire detection test object consists of nine copper wires, each forming a circle with a nominal
diameter of 50 mm. The wires are attached on the surface of a HDPE block having dimensions
of 300 mm x 300 mm x 25 mm. (Alternatively, the wires may be mounted on a 6,4 mm thick
sheet using an additional 19 mm HDPE spacer). A 1,5 mm thick sheet of HDPE is placed over
the wires to simulate a layer of thick clothing.

The following wire sizes are included on the test object (see Table 1).

Table 1 — Wire sizes for the wire detection test

Nominal di .

mm
0,812
0,644
0,511
0,405
0,321
0,255
0,202
0,160
0,127

Mechanigal drawings of the wire detection .test object are given in Figure A.1, Figure A.7,
Figure A|11 and Figure A.9.

4.5.3 Procedure

A test objject meeting the description in 4.5.2 and body phantom as described in 4.3 shall be
used for this test.

The test pbject shall beqmetnted on the body phantom so that the surface on which the wires
are placed faces away.from the HDPE cube. The body phantom and test object|shall be
positioned at the seference location (see 4.2) as follows. For backscatter and/of forward
systems the surfaceof the body phantom containing the test object shall be the surfage closest
to the radiationssource. For transmission systems, either the surface containing the tgst object
or the ofposite surface shall face the radiation source (the orientation of the body|phantom
shall be recorded in the test report).

The procedure may be repeated at other desired testing locations.

4.5.4 Evaluation and record

Identify and record the smallest wire gauge for which a contiguous length of at least half the
circle circumference is visible. Image adjustments available to the operator may be used to
obtain optimum contrast and brightness. The settings for any adjustments shall be recorded in
the test report.

The reported results shall be the diameter of the smallest wire gauge that was detected in at
least two thirds of the images.
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4.6 Materials detection on body test
4.6.1 General

This test is intended to measure the ability to detect objects on the body that are of a density
similar to that of the body. Depending on the properties of the scanning system, this test may
serve as either a contrast sensitivity test or edge detection test.

4.6.2 Purpose

The purpose of this test is to measure the ability to observe step changes in thickness of flat
organic material superimposed on the flat body phantom.

4.6.3 est object description

The test pbject consists of HDPE discs placed over the body phantom. The dises.are p0O mm in
diameter{and have thicknesses of 1,5 mm, 3 mm, 5 mm, 7 mm, 10 mm, 14-mm, ang 20 mm.
The disc$ are attached on the surface of a 300 mm x 300 mm x 25 mm HDPE sheef and are
spaced af least 60 mm apart. (Alternatively, the discs may be mounted on a 6,4 mm thick sheet
using an|additional 19 mm HDPE spacer). In order to adequately space the discs, the seven
thicknesdes are distributed on two HDPE sheets. The 7 mm thickness is repeated on|each set
for refergnce. Mechanical drawings of the materials detection on\body test object arg given in
Figure A1, Figure A.8 and Figure A.9.

4.6.4 Procedure

A test objject meeting the description in 4.6.3 and bedy phantom as described in 4.3 shall be
used for this test.

The test pbject shall be mounted on the body-phantom and positioned at the reference location
(see 4.2) as follows. For backscatter and/or-forward-scatter systems the surface of [the body
phantom|containing the test object shall be the surface closest to the radiation solirce. For
transmisgion systems, either the surface containing the test object or the opposite surface shall
face the [radiation source (the orientation of the body phantom shall be recorded in the test
report).

Each set|of discs shall be,scanned using the normal scanning procedure as defined in 4.1.
The procgdure may bexepeated at other desired testing locations.

4.6.5 Fvaluation and record

Identify gnd record the smallest disc thickness that is observable. Observable means that at
least onelLhalf of the circumference can he discerned Imagp adjllqtmpnfq that are avhilable to
the operator may be used to obtain optimum contrast and brightness. The settings for any
adjustments shall be recorded in the test report.

The reported results shall be the thickness of the smallest disc that was detected in at least two
thirds of the images.

4.7 Materials detection in air test
4.71 General

This test is intended to measure the ability to detect objects hidden in clothing on the sides of
the body, when the image of the objects is not superimposed on the image of the body.
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4.7.2 Purpose

The purpose of this test is to measure the ability to observe objects of different materials and
thicknesses in air.

4.7.3 Test object description

The test object consists of two "combs" having square teeth of varying thickness. The teeth are
25 mm wide by 25 mm long and are separated by 25 mm. The first comb is made of HDPE and
includes teeth thicknesses of 1,2 mm, 2,0 mm, 3,0 mm, 5,0 mm, and 7,0 mm. The second comb
is made of stainless steel, SST-304 alloy (an equivalent material may be utilized, provided it is
no more radio-opaque under comparable penetrating radiation energy conditions), and includes
teeth thicknesses of 0,8 mm, 1,6 mm, and 3,2 mm. The combs are placed on a
300 mm WMF@WWWWMWW, the
combs mpy be mounted on a 6,4 mm thick sheet using an additional 19 mm HDPErspacer). The
supporting sheet may also contain another test object. The combs are placed so.that|the teeth
extend bg¢yond the upright edges of the body phantom and do not overlap any part of|the body
phantom|in the image. Mechanical drawings of the materials detection jn air test dbject are
given in Figure A.1 through Figure A.7.

4.7.4 Procedure

A test object meeting the description in 4.7.3 and a body phantom as described in 4.3 shall be
used for this test.

The test pbject shall be mounted on the body phantomiand positioned at the referencg location
(see 4.2)| as follows. For backscatter and/or forwardsscatter systems, the surface of|the body
phantom|containing the test object shall be the surface closest to the radiation solirce. For
transmisgion systems, either the surface containing the test object or the opposite surface shall
face the [radiation source (the orientation of.the body phantom shall be recorded in the test
report).

The test pbject shall be scanned using the normal scanning procedure as defined in 4.1.
The procgdure may be repeated‘at other desired testing locations.

4.7.5 Fvaluation and (record

Identify gnd record the thinnest tooth observable for each material. Observable means that at
least onel half of the’25 mm x 25 mm tooth area can be discerned. Image adjustment$ that are
available[to the operator may be used to obtain optimum contrast and brightness. The¢ settings
for any afljustments shall be recorded in the test report.

taoal [ES ball b +lo ol £ 4+l o F s ot ot Aat ol
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two thirds of the images.

4.8 Penetration test
4.8.1 General

This test applies only to transmission systems or other modalities if the intent is to image inside
the body.

4.8.2 Purpose

The purpose of this test is to measure any degradation of pentalith resolution and wire detection
with increased body size.
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4.8.3 Test object description

The test object consists of two 300 mm x 300 mm x 50 mm slabs of HDPE to be added to the
body phantom on the opposite side as the other test objects. Mechanical drawings of the
penetration test object are given in Figure A.1 and Figure A.19.

4.8.4 Procedure
Repeat the pentalith resolution and wire detection tests of 4.4 and 4.5 with a 50 mm thickness

of HDPE added to the body phantom (on the side opposite the resolution or wire detection test
object) and again with a total of 100 mm of HDPE added.

4.8.5 Evaluation and record

Evaluate|and record the results as in 4.4.4 and 4.5.4.

5 Minimum acceptable imaging performance

The secufity screening systems covered by the scope of this document'shall meet the minimum
imaging performance requirements shown in Table 2. These minimum requirements| apply to
the testirlg performed at the reference location, as described in 432, according to the|methods
in 4.4 thnough 4.8. The machine settings and the effective dose' requirements during the test
are desdfribed in 4.1. Different minimum performance requirements are given for| systems
employing the three fields of view,viz., partial body (3.1.12), whole body (3.1.29), and wide
(3.1.30).

For gendral-use transmission systems the test résults are all report only (i.e. the [minimum
acceptabje imaging performance requirements _do not apply).

Table 2 — Minimum acceptable imaging performance at the reference locatjon

Image quality test Whole body | Partial body | Wide field Relevant
field of view | field of view of view sphibclause
1 P_en alith resolution: smallest sphefe 6 mm 2.5 mm 14 mm 44
diameter resolved
2 Wirg detection: smallest(wiye detected 0,511 mm 0,321 mm RO° 4.5
3 lc\jl:zlézrrir?ésddetection on body: thinnest disc 5 mm 5 mm RO 46
4 Matgrials detéction in air:
smdllest plastic thickness discerned 3 mm 2 mm RO 4.7
smalllest metal thickness discerned 1,6 mm 0,8 mm RO
5 Pen.etration test
a) through 350 mm HDPE?:
smallest sphere diameter resolved RO RO optional
smallest wire detected RO RO optional 4.8
b) through 400 mm HDPE®:
smallest sphere diameter resolved RO RO optional
smallest wire detected RO RO optional

2  Though 275 mm HDPE for transmission general-use systems.

b Though 300 mm HDPE for transmission general-use systems.

Cc

RO: Report only; there is no minimum requirement.
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6 Environmental requirements

To ensure uniformity of test results, all the image quality tests in this document summarized in
first column of Table 2 shall be performed under the standard test conditions specified in
Table 3.

Table 3 — Standard test conditions

Influence quantities Standard test conditions
(unless otherwise indicated by the manufacturer)

Warm-up time >15 min
Ambient temperature 22°C+5°C
Relative Humidity 30 % to 75 %
Atmosphdric pressure 86 kPa to 106 kPa
Power supply voltage Rated power supply voltage £10 %
Power supply frequency Nominal frequency +1 %
Power supply waveform Sinusoidal with total harmonic distortion lower than 5 %
Gamma radiation background Less than air kerma rate of 0,25 pGy-b/

Electromdgnetic field of external origin | Less than the lowest value that causes interference

Magnetic jnduction of external origin Less than twice the value of the’induction due to earth's magnetic field

Equipment controls Set up for normal operatiah

If the sy$tem is intended for operation in envirenmental conditions significantly outside the
ranges specified in Table 3, additional testing should be done to demonstrate that the imaging
performaphce reported for standard test;“conditions remains unchanged at [the Ilow
temperathre/low-humidity limit and at the.high-temperature/high-humidity limit of the|intended
range.

The valug¢ of ambient air temperature, relative humidity, and atmospheric pressure af the time
of the test shall be recorded (see, e.g., Annex B). The environmental conditions |stated in
Table 3 tgke priority over other énvironmental conditions stated in the referenced stapdards.
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Mechanical drawings of the test objects

This Annex contains a complete set of mechanical drawings for the test objects specified in this

document and is normative in the sense that it reflects the requirements of this document See

Figure A.1 through Figure A.20. Other implementations of test objects that deviate from these
drawings, but continue to conform to the dimensional and material specifications of this
document, are permitted. Unless otherwise specified, dimensions are in mm. Tolerances:
angular: £0,5°; X/.x£0,3 mm; 0, xx£0,15 mm.

Key

© 00 N O g A W0 N

mat
mat
mat
wirg

pen

bod

brial detection in air Figure A.2 through Figure A.7 Quantity 1
brial detection on body 1 Figure A.8 Quantity 1
erial detection.on body 2 Figure A.9 Quantity 1
detectionest Figure A.10 through Figure A.12 Quantity 1
alith (resolution Figure A.13 through Figure A.16 Quantity 1
phantom,55 mm thick Figure A.17 Quantity 1
body phantom,75 mm thick Figure A.18 Quantity 3
penetration test,50 mm thick Figure A.19 Quantity 2
storing spacer Figure A.20 Quantity 1

Figure A.1 — Components of the test phantom

IEC
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NOTE 1 Hee 4.7.2 for detailed materials specifications.

NOTE 2 Higure A.3 through Figure A.7 show additionakdetails.

3
1 IEC
metpl comb, three teeth Quantity 1
metpl comb, two teeth Quantity 1
metpl comb, one tooth Quantity 1
plagtic comb, five teeth Quantity 1
conlbs mounting sheet Quantity 1

Phillips head screws, M5x12,18-8 SST Quantity 2

Figure A.2 — Material detection in air phantom
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NOTE 1 This is fabricated from stainless steel (SST-304 alloy or equivalent).

NOTE 2 All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3 mm; 0, xx 0,15 mm.

Figure A.3 — Subassembly of the material detection in air phantom (Figure A.2),
metal comb, three teeth
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NOTE 1 Tjhis is fabricated from stainless steel (SST-304 alloy or equivalent).
NOTE 2 All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3 mm; 0, xx 0,415 ,mm.
Figyre A.4 — Subassembly of the material detection in air phantom (Figure ;
metal comb, two teeth
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NOTE 1 Tlhis is fabricated\from stainless steel (SST-304 alloy or equivalent).
NOTE 2 All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3 mm; 0, xx 0,15 mm.
Figyre A:5.— Subassembly of the material detection in air phantom (Figure ;
metal comb, one tooth
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NOTE 1 Tlhis is fabricated from stainless steel (SST-304 alloy or equivalent)¢

NOTE 2 Al dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3ynm; 0, xx +0,15 mm.

Figyre A.6 — Subassembly of the material detection in air phantom (Figure 4
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NOTE 1 This is fabricated from HDPE plastic .

NOTE 2 All dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3 mm; 0, xx +0,15 mm.

Figure A.7 — Subassembly of the material detection in air phantom (Figure A.2),

mounting sheet
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NOTE 1 Tihis is fabricated from HDPE.
NOTE 2 Al dimensions are in mm. Tolerances: angular: +0,5°; X/sx #0,3 mm; 0, xx +0,15 mm.
Figure A.8 — Material detection on body 1
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NOTE 1 This is fabricated from HDPE.

NOTE 2 All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3 mm; 0, xx 0,15 mm.

Figure A.9 — Material detection on body 2
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1 base, spe Figure A.11
2 cover, gee Figure A.12
3 screws
Figure A.10 — Wire detectiovphantom
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NOTE 1 The base is fabricated from HDPE plastic. The thicknesses of the copper wires are given in Table 1.

NOTE 2 All dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3; 0, xx +0,15.

Figure A.11 — Subassembly of the wire detection phantom (Figure A.10), mounting base
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NOTE 1 Tlhis part is fabricated from transparent polycarbonate plastic.

NOTE 2 Al dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3; 0, xx +0415.

Figre A.12 — Subassembly of the wire detection phantom’(Figure A.10), cqver
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NOTE Figure A.14 through Figure A.16 show additional details.

Phil
stes
steq
stes
steg
steg
stes
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ips screws, M5x12,nylon,quantity 20

| ball bearing,1,0 mm diameter, quantity 5

| ball bearing,1,2 mm diameter, quantity 5

| ball bearing,1,5 mm diameter, quantity 5

| ball bearing, 2,0 mm diameter, quantity 5
| ball bearing, 2,5 mm diameter, quantity:5
| ball bearing, 3,0 mm diameter, quantity 5
| ball bearing, 4,0 mm diameter, guantity 5
| ball bearing, 5,0 mm diameter,*quantity 5
| ball bearing, 6,0 mm diameter, quantity 5
| ball bearing, 7,0 mm~diameter, quantity 5
| ball bearing, 8,0lmm diameter, quantity 5
| ball bearing, 4030 mm diameter, quantity 5
| ball bearing;12,0 mm diameter, quantity 5
| ballbearing,14,0 mm diameter, quantity 5

b, fesolution test, quantity 1

1EC

cover, resolution test, quantity 1

Figure A.13 — Pentalith resolution phantom
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NOTE 1 Tlhis part is fabricated from HDPE plastic.

NOTE 2 All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3;0, xx %0,15"

Figure A.14 — Subassembly of the pentalith resolution phantom
(Figure A.13), mounting base



https://iecnorm.com/api/?name=ebfdcdea90f8829e015e225174d210d3

- 31 -

aseq Buipunow up Juswase|d ajoy (g}v 24nbi4) wojlueyd uoiynjosai yjijejuad ayj jo Ajquasseqng — Gy ainbi4

IEC 62709:2024 © IEC 2024

GLOF XX0 ‘€0F X'/X uode®mcm 1S90UBJS|0] "WW ul aJe suolsuawip IV J1ON
o3l %

slou 10 iida ¥S'LL £0°ES 1 (5
() siou Heed :W 65°49 [¥'Z51 (2
/ / £0[¢ A 1T1¥A 0'2@ 9€'cL Ly'érL 3]
. - £6'99 978yl 2]
X ..|A nmo._JF £5°0Z ¥oorL B
i N LT85T ANIA sr
- - Iﬁ N L . . 95SIT 7691 23
& & & & A O ¢ 2] 68°%F A 1A 0TI ﬂ_wwm_m mwmw” m__”
9//. 61°EET P8VEL Ir
s & 4707 Z5'1ve 51 €617 6L°€T1 SH
o . Has h,. 0889 0z'1¥e ¥l ) 66'99 l0ezl vH
#  # H ﬁ ﬁ*wv .MWAv 82l 4 T8a 01D 89 1L €65 €l ovlc 2 TeasT@ | 0CVZ €E611 EH
o5 g 7 P /7 8r'89 €7 6EC Z1 12’99 L08LL ZH
O 20 788 [ 19704 0811 [H
N 81951 £1'25¢ Sy €975 1 orezl 3)
8e0v 1 29°6vC v 8LTr1 zT izl )
A < Aa e ﬁ.e%va 080 | ¥rESl 85T o] 0zl 2 TIMa 0'9@ | 80091 ov'8LL £9
/87781 ZBEET zd 06071 LESLL 23]
O £zl & 09151 26601 5
N zLIgT 91'SzZ Sd el G5¥6 G4
| 16712 £025¢ vd 6€799 19°€6 v
£e'g A TIHA 0'01@|[  08°9¥Z yE/ET £d S8lz A 1Ida 0'ED v0'SZ 0268 €4
" vevic 82ZEe Zd S¥'G9 8978 Zd
997CET oz'eee Id 080/ 96%8 [E]
£6°0L z8°llz SN 60°¢Z 90799 5Q
95°89 LT ¥N 6159 18%9 vQ
Pl ATNEA TLD z0'cL 89'60C EN €9l A TNHa 0'v D L9/ ¥6°8S £d
81’89 £0°602 ZN v6'€9 169 zd
Ze0L 86207 [N 90'1L 8TES 1a

UL T8l SW 98°€S |

0z'89 08'L8l W 46V 1

9°1 ATMNa S ® | ZSeL 09641 EW Lrlv A TINA0's@ | Or'8S1

€479 y8°8/1 W vl

ov'0/ Sr LI W €E°151

(AT 19061 a1 18°0ve

‘ 85 Irl cr'esl 1 opLL SIElz

86'S 1 TIMA QY@ [ 977191 v18L1 £l 1A 08 L@ [

6E6E L &S FPLL Al 84807

987151 ¥2891 1 ELEEC

3ZIS 20T A 201X SVL sZIs 20T A

3[qe} S[oH 3[q=} 3|oH



https://iecnorm.com/api/?name=ebfdcdea90f8829e015e225174d210d3

- 32 - IEC 62709:2024 © IEC 2024

278

20x g6 Thru 4% R9
Yo o
278 )
4x 268 / ® @
2% 244 —
4x 174——e * ® &
4x 104—te ¢ o é
2% 34—
4% 10— e $
0 \ka @ D '} L
J
\\ p / ] |(1’59)
o ©
©
N
X
~

4x 10
2% 341
4% 104

4x 174

2x 244+

IEC

NOTE 1 Tlhis part is fabricated from transparent polycarbonate plastic.

NOTE 2 All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3; 0,xx +0,45.

Figurg A.16 — Subassembly of the pentalith resolution phantom (Figure A.13),[cover
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NOTE 1 Tlhis part is fabriéated from HDPE plastic.
NOTE 2 All dimensjens,are in mm. Tolerances: angular: £+0,5°; X/.x £0,3; 0,xx +0,15.

Figure A.17 — Body phantom, 55 mm thick
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NOTE 1 Tlhis part is fabricated from HDPE plastic.

NOTE 2 All dimensions are in mm. Tolerances: angular: £+0,5°; X/.x £0,3; 0,xx +0,15.

Figure A.18 — Body phantom, 75 mm thick
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NOTE 1 Tlhis part is fabricated from HDPE plastic.
NOTE 2 All dimensjons.are in mm. Tolerances: angular: £0,5°; X/.x £0,3; 0,xx +0,15.

Figure A.19 — Body phantom, 50 mm thick
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NOTE 1 Tlhis part is fabricated from HDPE plastic.

NOTE 2 Al dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3; 0,xx £0,15

Figure A.20 — Storing space



https://iecnorm.com/api/?name=ebfdcdea90f8829e015e225174d210d3

IEC 62709:2024 © |IEC 2024 - 35 -

Annex B
(informative)

Example of reporting form
The following pages contain a sample form for recording the results of the imaging test.

IEC 62709 body scanner imaging test report

Doc. Ref.#: ,Page 1 of 2
Tester(s): Place: Date/Time:
System npanufacturer: Model/Type: Serial#:
Class of dystem: OTransmission O Backscatter O General-use 0O kimited-use
Ambient temperature: Relative humidity: Barometric pressure:

Body phaftom ID No.:

Test objefts ID Nos.:

Machine pettings (include all the operator control settings necessary to reproduce (this test; for example |kV, mA,
scanning ppeed, filtration, mode, software version):

Effective flose:

Other tesf conditions:

Test objelct placement

Is the tedt object at the reference location HYes CONo

(RL)?

For transmission systems: test object facing Osour  Oaway from source
ce

Distance from beam-exit surface:

If not RL:
Lateral p¢gsition Oleft of RL Oright of RL
Height

Transmisgion systems, only: test objects placed on side of phantom [CInearest Cfurthest from the radiatjon
source.

Other objects'in/field of view Distance and location



https://iecnorm.com/api/?name=ebfdcdea90f8829e015e225174d210d3

— 36 —

IEC 62709:2024 © IEC 2024

IEC 62709 body scanner imaging test report

Doc. Ref.#:

,Page 2 of 2

Test

Image enhancement features and settings used

1.Pentalith resolution

2.Wire detection

3.Materials detection on body

4. Materials detection in air

5.Penetration

Minimum requirement

Type | Image quality test

Pass

)

0 Whole body

O Partial body

O Wide view

Test
results|

Rentalith resolution: smallest
gphere diameter resolved

6 mm

2,5 mm

14 mm

Wire detection: smallest wire
detected

0.511 mm

0.321 mm

RO

3 Nlaterials detection on body:
thinnest disc discerned

5 mm

5 mm

RO

Taterials detection in air:

mallest plastic thickness
4 discerned

gmallest metal thickness
discerned

3 mm

1,6 mm

24om

0,8 mm

RO

RO

Renetration test (applies to
tfansmission systems only):

through 350 mm HDPE?

gmallest sphere diameter
resolved smallest wire
5 detected

through 400 mm HDPEP:

gmallest sphere diametér
resolved

gmallest wire detected

RO

RO

RO

RO

RO

RO

RO

RO

Optional

Optional

Optional

Optional

List of atthchments:

Notes:

The image _é€yaluation tests above were conducted in accordance with IEC 62709

Signature

a8  Though 275 mm HDPE for transmission general-use systems.

b

¢ RO: Report only.

Though 300 mm HDPE for transmission general-use systems.
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