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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIATION PROTECTION INSTRUMENTATION -
SECURITY SCREENING OF HUMANS -
MEASURING THE IMAGING PERFORMANCE OF X-RAY SYSTEMS

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization-.can

all national electrotechnical committees (IEC National Committees). The object of IEC is to promotetinter
co-gperation on all questions concerning standardization in the electrical and electronic fields. T@-this ¢

ina
Pub)

idition to other activities, IEC publishes International Standards, Technical Specifications, Technical H

pregaration is entrusted to technical committees; any IEC National Committee interested in ‘the subject dg

withl the IEC also participate in this preparation. IEC collaborates closely with the Interbational Organiz

Sta

The
con
inte

IEC

dardization (ISO) in accordance with conditions determined by agreement betWwegen the two organiz

formal decisions or agreements of IEC on technical matters express, as néafly as possible, an inter
Eensus of opinion on the relevant subjects since each technical committee has representation
ested IEC National Committees.

Conpmittees in that sense. While all reasonable efforts are made, to énsure that the technical content

Pub)
mis

ications is accurate, IEC cannot be held responsible for_the way in which they are used or
nterpretation by any end user.

In grder to promote international uniformity, IEC National Committees undertake to apply IEC Publ

tran
any

IEC
ass

pparently to the maximum extent possible in their national‘and regional publications. Any divergence j
IEC Publication and the corresponding national or regional publication shall be clearly indicated in th

itself does not provide any attestation of confarmiity. Independent certification bodies provide co
bssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible

ser\lices carried out by independent certification-bodies.

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

No

iability shall attach to IEC or its directors, employees, servants or agents including individual exp4g

members of its technical committees‘and IEC National Committees for any personal injury, property dar
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe

exp
Pub)

bnses arising out of the padblieation, use of, or reliance upon, this IEC Publication or any ot
ications.

Attelntion is drawn to the Narmative references cited in this publication. Use of the referenced publicd

indi
IEC
patq

Epensable for the cofrect application of this publication.
draws attention te-the possibility that the implementation of this document may involve the us

resgect thereof {As-of the date of publication of this document, IEC had not received notice of (a) patent(s
may| be requifed) to implement this document. However, implementers are cautioned that this may not re]

the
sha

This r
made to the previous edition IEC 62709:2014. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.

atest information, which may be obtained from the patent database available at https://patents.iec|
| not(be held responsible for identifying any or all such patent rights.

icly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”].

hprising
ational
nd and
eports,
Their
alt with

tion for
ions.

may| participate in this preparatory work. International, governmental and non-governmental organizationsiliaising

hational
rom all

Publications have the form of recommendations for internationalk use and are accepted by IEC National

of IEC
for any

cations
etween
E |atter.

formity
for any

rts and
hage or
ps) and
er IEC

tions is

b of (a)

nt(s). IEC takes\no position concerning the evidence, validity or applicability of any claimed patent fights in
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present
ch. IEC

nges
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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) Clarified the test procedures to maintain consistency with IEC 62463.

b) Changed the term "spatial resolution” to "pentalith resolution".

c) Maqdified some standard test conditions.
d) Maqdified some terms and definitions.

e) CHanged the imaging requirements for transmission general-use systems.

The tgxt 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 indicgted 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 with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs..The main document types developed by IHC are
descriped in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stabilify date indicated on the lEC website under webstore.iec.ch in the data related |to the
speciflc document. At this date, the document will be

e re¢onfirmed,
e wifhdrawn, or

e reyised.

IMPORTANT - The "colour inside™” logo on the cover page of this document indi¢ates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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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 gnnexes are included. Annex A (normative) provides mechanical drawings of thé i;taging
test objects. Sample test report forms are given in Annex B (informative). Annex C (informative)
provides a generic description of the pentalith,—the—spatial resolution test object. Arlnex D
(informative) seeks to describe the different types of security systems presentlylbeing uged for
wholetbody imaging.



https://iecnorm.com/api/?name=5dcc6aca8db9fd29761efdcd3f61c8a5

-8 - IEC 62709:2024 RLV © IEC 2024

RADIATION PROTECTION INSTRUMENTATION -
SECURITY SCREENING OF HUMANS -
MEASURING THE IMAGING PERFORMANCE OF X-RAY SYSTEMS

1 Scope-and-objeet

This document applies to security screening systems that utilize X-ray radiation and are used

to ins

document applies to systems used to detect objects carried on or within the body

indiviqual being inspected.—This—standard—does—not—include—requirementsrelat

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

— Sypgtems designated as-fixed,portal-transportable; mobile or-gantty fixed.

— Syptems employing detection of primary radiation, backscattered radiation, fo

SC

dirhensional X-ray images.

— Syptems that are primarily imaging but that also may-have complementary features s
m4aterial discrimination, automatic active or passive.detection alerts. This documen

no

The opjective is to provide standard methods; of measuring and reporting imaging

chara
partie

a) Establish a consistent indicator of ‘the expected technical performance of scr

sy
co
to
b) Pr
sy
c) Es
pe

forldaily quality~assurance testing.)

d) Es

2 N

+ 1 la F HPA | laial P l o H Ll
PCLL PTUPIC WITU 4Adlc TIUU TTTolTUT VTITTIVIT S, LUITLAITICTT S, UT TIIVIVOUTTo. Oy TUuITiuartl

cdlolog ala a¥a
y/ ccHO1HOG cl cl G

httered radiation, (see Annex D) or some combination ef{these modalities to forn

I address how to test these complementary features.

teristics that enable system manufacturers, potential system users and other inte
b to:

stems used for the inspection of individuals. Such technical performance
mplements explicit detection-testing and evaluation. In this document "detection”
items in an image.

pvide repeatable and verifiable imaging performance data that can be used to co
stems from different.vendors.

tablish a basetine’ that can be used over time to calibrate the system or dete
rformance degradation. (It is not intended that the entire test method be em

, this
pof the
pd—to
These

r'ward-
n two-

ich as
does

juality
rested

ening
esting
refers

mpare

Ct any
bloyed

tablish-minimum acceptable performance requirements for the systems described @above.

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

detect

ors

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

IEC 61
screel

ISO 6
17: B4

3 Terms, definitions, abbreviated terms, quantities and units

For th

ISO gnd IEC maintain terminology databases for uselin standardization at the fol

addre

e |E
e |S

3.1

3.1.1

For the purposes of this document, the following terms and definitions apply. The g
terminfology concerning X-ray systems-and radiological physics is given in4EC-60050-393]

P463:20102024, Radiation protection instrumentation — X-ray systems for the-sg

bing of persons-for-security-and-the-carrying-of-illicit-items

B3-17:49992023, Heat-treatedtreatable steels, alloy steels and free-cutting steels
Il and roller bearing steels

b purposes of this document, the following terms and defidjtions apply.

bSES!

C Electropedia: available at https://www.electtepedia.org/

D Online browsing platform: available at htips://www.iso.org/obp

Terms and definitions

: IEC 60050-395:2014 and IEC 60050-881:1983.

back

backslcatter
scattering of photons-by material through angles greater than 90°with respect to their|

directi

[sous

cattered radiation

n

bcurity

— Part

owing

eneral

initial

3.1.2

backscatter system
security screening system that makes use of backscattered radiation to form an image

3.1.3

body phantom
object whose absorption and scattering effects on ionizing radiation are equivalent to a human

3.1.4

contrast sensitivity
ability to distinguish a small difference of intensity in an area of an X-ray image from a
surrounding uniform background

[SOURCE: IEC 62523:2010, 3.11]
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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

3.1.7
forward-scattered radiation
forwafd-scatter

scattering of photons by material through angles less than 90°with respect ito ‘their|initial
direction

3.1.8
forwafd-scatter system
security screening system that makes use of forward-scattered radiation to form an inpage

3.1.9
floor ¢f the scanner
surfacie that individuals stand on when scanned

3.1.10
generpl-use system
X-ray pcreening system that is configured to deliver an effective dose of less than 0,25 ppv per
screening (using the dose estimation method$ "defined in IEC 62463) and operating usipg the
adminjstrative controls specified in IEG\62463. Given proper justification and ¢ertain
restrigtions, general-use systems may beperated without specific controls that would linit the
numbgr of individuals scanned or the number of scans per individual in a year

Note 1 fo entry: This definition was reptoduced, with the permission of the Health Physics Society (HP$), from
ANSI/HPS N43.17-2009 (R2018)

[SOURCE: IEC 62463:2024, 3.4]

3.1.11
influence quantity
quantity that is<not the measurand but that affects the result of the measurement

3.1.12

limited-use system

personnel screening system that is configured to deliver an effective dose that does not exceed
10 uSv per screening (using the dose estimation methods defined in IEC 62463) which does not
meet the definition of a general-use system. Limited-use systems require additional controls
and documentation to ensure that annual individual dose limits are not exceeded.

Note 1 to entry: This definition was reproduced, with the permission of the Health Physics Society (HPS), from
ANSI/HPS N43.17.

[SOURCE: IEC 62463:2024, 3.7]

3.1.13
materials detection
test of the ability to detect materials on or off the body phantom
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349
mobile system
hat i | hicl hick hi .

3.1.14
operator

horised-and fullvtrai |

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 62463:20402024,3.9]

3.1.1

partial body field of view
field qf view of systems designed to scan parts of the body, such as cdast-and pros{heses
scanngrs or shoe scanners

3.1.16
penetration test
test offspatial pentalith resolution and wire detection as a funcfion of body phantom thichness

3.1.17
pentalith
spatial-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 fo entry: See Annex C for a complete description.

3.1.18

pentalith resolution
minimpm separation between two spherical objects at which they can be resolved as separate
, as measured using the pentalith test

ionizirlg radiation emitted-directly by a radiation source which has not undergone scatterjng

3.1.21

reference location

required location where test objects are placed for assessing imaging performance according
to this document

Note 1 to entry: The reference location is specified in 4.2.

Note 2 to entry: Other testing locations may be used for additional information.
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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 entry: Depending on the concept of operation of the system, this could involve taking multiple scans.

[SOURCE: 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
scanniing speed
speed|of the inspected object moving relative to the inspection system, or vice versa

[SOURCE: IEC 62523:2010, 3.15]

3.1.2
scattgred radiation
scattqgr

radiatijon which, during passage through a material, has been-deviated from its original difection
or changed in energy by scattering

Note 1 fo entry: Backscatter and forward-scatter systems use scatter to form backscatter and/or forward}scatter
images

[SOURCE: IEC 60050-881:1983, 881-03-19]

3.1.26

securjty screening

inspegtion of personnel, goods, cargo, vehicles and other objects to detect prohjbited,

contralled or dangerous items—n-the-casepertaining-to-this-standard-the-objectsinspectpd-are
. ithin_the body.of

Note 1 1o 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
wheletequipmeént used to produce a scanned image, including the X-ray generator, collimator,
detecjor assembly, computer and display console

3.1.2

transmission system

system using the conventional means of projection radiographic imaging in which X rays pass
through a target (e.g., person or container) and create shadowgrams of enclosed objects (e.g.,
contraband) 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-ene a person-ata-time in one
image
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3.1.30

wide field of view
field of view of systems for which one scan covers an area that may contain more than one
person

3.1.31

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

[SOURCE: IEC 62523:2010, 3.10]

3.2

3.3

In thig

SysteE of Units(SI)1. The definitions of radiation quantities’are given in-+EC-60050-39

4 Imaging performance evaluation procedures

4.1

The p
imagir
a) S
b) W

c) Materials detection (may be by means of contrast sensitivity or edge detection).

d P

The tqg
modeg
some

Abbreviated terms

high-density polyethylene

. forf .

Quantities and units

IEC 60050-395.

General characteristics and test procedures

g performance or image quality:

batialPentalith resolution.
ire detection.

bnetration.

document, the units are the multiples and sub-multiples of units of the International

3—and

ocedures of this document shall be~used to measure the following four characteristics of

st procedures provide for the measurement of systems that use the following inmpaging
. detection. of primary radiation, backscattered radiation, forward-scattered radiat
combination of these modalities (see Annex D).

on, or

1 Inte

rnational Bureau of Weights and Measures: The International System of Units, 8th edition, 2006.
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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
screening. Limited-use systems shall deliver a dose of less than 10 uySv per screening. See
IEC 62463 for more details on the system classes and effective dose estimation methods.

These
examy

imagefenhancement software features are available to the operator in normal use  les

be use

density, black-and-white reverse, and pseudo-color. The use of these softwatgfeature
be regorded in test documentation.

Each {

4.2

At a minimum, all the image quality tests shall be performed at the reference locatio
referepce location is defined as follows:

a) the

machine setings and Ihe eliective dose shall be included in the (est reporg (
le, see Annex B) to facilitate the evaluation of overall system perfornran

d to achieve the best possible image. Examples are zoom, edge enhancem@ent, exp

est should be repeated 3 times.

Location of testing

surface of the body phantom and test object combination closest to the radiation §

or an
ce. If
e may
Anded
b shall

n. The

ource

shall be perpendicular with the floor and at the Optimum operating distance as specified by

thed
b) the

bofy systems, at a height 1 m from the-gtound floor of the scanner. For partial body sy
reference location should be centred about the subject imaging location. A generic

the
illd

manufacturer; and,
centre of the body phantom shall be in.the lateral centre of the scan area and, f

stration of this testing configuration is given in Figure 1.

pr full-
stems
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Test phantoms—\
_\\\ —r—— /
Support /
——— /
| —— /
——————
R |
IEC 0586/14
Test phantoms
\..
\l;
Support
Floor of the scanning
— _
C———————
| — |
C———
| ——
IEC
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
Additioraty—eff-centretests should-may-beperformed-atspecifiedlocations—Prospestive users

A2 =4 T Tt o PTTTTT rocotr

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 shall have dimensions of 300 mm wide x 300 mm high x 280 mm deep. 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
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(excluding the 1,5 mm overlay) shall be 300 mm. That is, an HDPE cube, 300 mm on each side,
is used to simulate the human body.

For general-use transmission systems, it is acceptable to use a reduced body phantom with
dimensions of 300 mm wide x 300 mm high x 230 mm deep, so that the overall HDPE 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 to 400 mm by attaching-twe additional 50 mm thick HDPE slabs-efHBPE.

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

A diagram of the body phantom and test objects is shown in Figure 2. Completemechanical
drawings of the body phantom and test objects are provided in normative Annex'A.

All the dimensions of the body phantom and test objects shall be within-"t2 % or 0,2 mm,
whichever is greater, unless otherwise specified.

9

O OO

IEC

1 materials detection in air

2 and 3 materials detection on body
4 wire detection

5 spatial resolution

6 and 7 body phantom, four pieces

8 penetration-testadditional phantom, two pieces

9 storage spacer
NOTE For each test the respective test object, (1) through (5), is placed over the four body phantom pieces, (6)
and (7). The body phantom extensions, (8), are used for the penetration test. The last piece, (9), is only a spacer

used for storing and stacking pieces (2) and (3) with the other blocks. The combs of piece (1) swivel inward for
storage.

Figure 2 — Body phantom and test objects
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4.4 SpatialPentalith resolution test
4.4.1 Purpose

The purpose of this test is to measure the ability to distinguish as separate, objects that are
themselves separated by a space equal to the object width.

4.4.2 Test object description

The-spatial 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, 1ISO 683-17:49992023, grade designation 100Cr6 or
equivglent (e.g. -14: , 1. n -2:-43505;
SUJ2 |n JIS G4805) and are imbedded in a block of HDPE, 300 mm x 300 mm x 25 mm;*$o that
the frgnt surface of each sphere is flush with the surface of the block. The five<sphergs 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 diametersi 1 mm, 1,2 mm,
,2mm, 2,5mm, 3mm, 4 mm, 5mm, 6 mm, 7 mm, 8 mm, 10 mm,-12 mm, and 14 mm.

than 0,1 mm. A 1,5 mm thick sheet of HDPE is placed over the spheres to simulate a Igyer of

The pentalith assembly is attached to the body phantom teiform a solid HDPE block that is
300 mm on a side. Mechanical drawings of the-spatial penitalith resolution test object ar¢g given
in Figlre A.1, 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 fior this test.

The tgst object shall be mounted on the body phantom and positioned at the reference location
(see 4.2) as follows. For backscatterand/or forward-scatter systems, the surface of th¢ body
phantpm containing the test object shall be the surface closest to the radiation source. For
transmission systems, either the.surface containing the test object or the opposite surfacg shall
face the radiation source (the orientation of the body phantom shall be recorded in the test
report).

The tgst object shall be scanned as in normal use as defined in 4.1.
The procedur€ may be repeated at other desired testing locations.

4.4.4 Evaluation and record

Find the smallest pentagon for which all five spheres are visible as completely separate objects.
Software 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. For
example, if contrast and brightness adjustments are available to the operator, the following is
an acceptable procedure for testing separation and for achieving reproducible measurements:
turn the contrast all the way up, adjust the brightness to see if five separate islands can be
formed. See Annex C for further information related to objectively scoring this 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.
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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.

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 jusing an additional 19 mm HDPE spacer). A 1,5 mm thick sheet of HDPE is place[ over
the wifes to simulate a layer of thick clothing.

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

Table 1 — Wire sizes for the wire detection test

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

Mechanical drawings of the ‘wire detection test object are given in Figure A.1, Figule A.7,
Figurd A.11 and Figure A.9.

4.5.3 Procedure

A test|object meeting the description in 4.5.2 and body phantom as described in 4.3 shall be
used flor this test.

The tgst 0bject shall be mounted on the body phantom so that the surface on which thg wires
are placedfaces away from the HDPE Tube. T he pody pramntorm and testopjectshall be
positioned at the reference location (see 4.2) as follows. For backscatter and/or forward
systems the surface of the body phantom containing the test object shall be the surface closest
to the radiation source. For transmission 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 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
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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.

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
similarto-that of the hnr’l\ll nnpnnding on the prnpprfine of the er‘nnning Q\J/cfnm, this test may

serve fas either a contrast sensitivity test or edge detection test.

4.6.2 Purpose

The plrpose of this test is to measure the ability to observe step changescin-thickness|of flat
organic material superimposed on the flat body phantom.

4.6.3 Test object description

The tgst object consists of HDPE discs placed over the body phantom. The discs are 60 jmm in
diamefer and have thicknesses of 1,5 mm, 3 mm, 5 mm, 7 mm; 10 mm, 14 mm, and 20 mm.
The di|scs are attached on the surface of a 300 mm x 300 fdm x 25 mm HDPE sheet apd are
spacefl at least 60 mm apart. (Alternatively, the discs may(be mounted on a 6,4 mm thick| sheet
using fan additional 19 mm HDPE spacer). In order toyadequately space the discs, the [seven
thickngsses are distributed on two HDPE sheets. The 7 mm thickness is repeated on each set
for reference. Mechanical drawings of the materials detection on body test object are given in
Figurg A.1, Figure A.8 and Figure A.9.

4.6.4 Procedure

A test|object meeting the description~in 4.6.3 and body phantom as described in 4.3 shall be
used flor this test.

The tgst object 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 thg body
phantpm containing the~test object shall be the surface closest to the radiation sourcge. For
transmission 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 get of discs shall be scanned using the normal scanning procedure as defined in 4|1.

The acedre—mav-baranaatad ot Athar Aacirad tactina Aot Ano
p OCTCUUOTCITay e TopTatCUatr UtiCT Ut o oUtCothTgToCatioTTS,

4.6.5 Evaluation and record

Identify and record the smallest disc thickness that is observable. Observable means that at
least one half of the circumference can be discerned. Image adjustments that are 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 thickness of the smallest disc that was detected in at least two
thirds of the images.
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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.

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 tgst object consists of two "combs" having square teeth of varying thickness. The tegth are
25 mn wide by 25 mm long and are separated by 25 mm. The first comb is made’of HDHE and
includgs 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 mofe radio-opaque under comparable penetrating radiation energy canditions), and in¢ludes
teeth |thicknesses of 0,8 mm, 1,6 mm, and 3,2 mm. The combs are placed |on a
300 mm x 300 mm x 25 mm HDPE sheet for mounting on the body phantom. (Alternativdly, the
combg may be mounted on a 6,4 mm thick sheet using an additional 19 mm HDPE spacef). The
suppofting sheet may also contain another test object. The combs are placed so that thg teeth
extend beyond the upright edges of the body phantom and do.not overlap any part of thg body
phantom in the image. Mechanical drawings of the materials detection in air test objdct are
given |n 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 flor this test.

The tgst object shall be mounted on thé*body phantom and positioned at the reference location
(see 4.2) as follows. For backscatter-and/or forward-scatter systems, the surface of thg body
phantpm containing the test object shall be the surface closest to the radiation sourcge. For
transmission 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 tgst object shall be scanned using the normal scanning procedure as defined in 4.1.
The ptrocedure may be repeated at other desired testing locations.

4.7.5 Evaluation and record

Identify and record the thinnest tooth observable for each material. Observable means that at
least one half of the 25 mm x 25 mm tooth area can be discerned. Image adjustments that are
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 thicknesses of the thinnest tooth that was detected in at least
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.
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4.8.2 Purpose

The purpose of this test is to measure any degradation of-spatial pentalith resolution and wire
detection with increased body size.

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

Repegt the-spatial pentalith resolution and wire detection tests of 4.4 and 4.5 with.a $0 mm
thickngss of HDPE added to the body phantom (on the side opposite the resolution qr wire
detectjon 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 Mjinimum acceptable imaging performance

The s¢curity screening systems covered by the scope of this document shall meet the mipimum
imaging performance requirements shown in Table 25 These minimum requirements apply to
the testing performed at the reference location, as.described in 4.2, according to the m¢thods
in 4.4|through 4.8. The machine settings and the.gffective dose requirements during the test
are de¢scribed in 4.1. Different minimum perfermance requirements are given for syjstems
emplolying the three fields of view,viz., partial*body (3.1.12), whole body (3.1.29), and wide
(3.1.3D).

For g¢neral-use transmission systems the test results are all report only (i.e. the mifimum
accepfable imaging performance reqdirements do not apply).

Table 2 — Minimum acceptable imaging performance at the reference location

Image quality test Whole body | Partial body | Wide field Relgvant
field of view | field of view of view subcjause
1 —?paﬁa#Pentalith resolution: smallest sphere 6 mm 2.5 mm 14 mm a4
iameter resofved I
2 ire detection: smallest wire detected 0,511 mm 0,321 mm RO° 45
3 ;/::;irri:(lasadetection on body: thinnest disc 5 mm 5 mm RO de
4 Materials detection in air:
smallest plastic thickness discerned 3 mm 2 mm RO 4.7
smallest metal thickness discerned 1,6 mm 0,8 mm RO
5 Penetration 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 HDPEP:
smallest sphere diameter resolved RO RO optional
smallest wire detected RO RO optional
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Image quality test Whole body | Partial body | Wide field Relevant

field of view | field of view of view subclause

a Th
b Th

ough 275 mm HDPE for transmission general-use systems.

ough 300 mm HDPE for transmission general-use systems.

¢ RO: Report only; there is no minimum requirement.

6 Enpvironmental requirements
To engure uniformity of test results, all the image quality tests in this document summarized in
first cplumn 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)

Warmtup time >15 min

Ambigint temperature 18°2Cte22°C 22°C+5°¢

Relatiye humidity 5030 % to 75 %

Atmosgpheric pressure 7086 kPa to 106 kPa

Power supply voltage NeminalRated power supply voltage+4+ +10 %

Power supply frequency Nominal frequency +1 %

Power supply waveform Sinusoidak with total harmonic distortion lower than 5 %

Gammja radiation background Lessthan air kerma rate of 0,25 pGy-h™"

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

Magngtic induction of external origin Less than twice the value of the induction due to earth's magneti¢ field

Equipfnent controls Set up for normal operation
If the [system is intended for operation in environmental conditions significantly outsigle the
ranges$ specified.in<Fable 3, additional testing should be done to demonstrate that the inpaging
performance eported for standard test conditions remains unchanged at the¢ low
tempefrature/low-humidity limit and at the high-temperature/high-humidity limit of the infended

range

The value of ambient air temperature, relative humidity, and atmospheric pressure at the time
of the test shall be recorded (see, e.g., Annex B). The environmental conditions stated in
Table 3 take priority over other environmental conditions stated in the referenced standards.
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Annex A
(normative)

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

1 naterial detection in air Figure A.2 through Figure A.7 Quantity 1
2 naterial detection on.body 1 Figure A.8 Quantity 1
3 material detection on body 2 Figure A.9 Quantity 1
4 vire detection‘test Figure A.10 through Figure A.12 Quantity 1
5 $patialpentalith resolution Figure A.13 through Figure A.16 Quantity 1
6 body ‘phantom,55 mm thick Figure A.17 Quantity 1
7 body’ phantom,75 mm thick Figure A.18 Quantity 3
8 penetration test,50 mm thick Figure A.19 Quantity 2
9 storing spacer Figure A.20 Quantity 1

Figure A.1 — Components of the test phantom

\§

IEC
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4
5
6
5 3

1 IEC
Key
1 metal comb, three teeth Quantity 1
2 metal comb, two teeth Quantity 1
3 netal comb, one tooth Quantity 1
4 blastic comb, five teeth Quantity 1
5 combs mounting sheet Quantity 1
6 Phillips head screws, M5x12,18-8 SST Quantity 2

NOTE 1 See 4.7.2 for detailed materials specifications.

NOTE 4 Figure A.3 through Figure A.7 show additional details.

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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This is fabricated from stainless steel (SST-304 alloy or equivalent).

metal comb, two teeth
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This is fabricated from stainless steel (SST-304 alloy or equivalent)

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

NOTE 4
igure A.4 — Subassembly of the material detection in air phantom (Figure A.2

IEC

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

)

-

)

-

igure A(5)— Subassembly of the material detection in air phantom (Figure A.2
metal comb, one tooth
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NOTE 1 This is fabricated from stainless steel (SST-304 alloy or equivalenty!

NOTE 4 All dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3-mm; 0, xx +0,15 mm.

Fligure A.6 — Subassembly of the material detection in air phantom (Figure A.2)
plastic comb
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NOTE {1 “IHis is fabricated from : i 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

NOTE 3

This is fabricated from HDPE.

All dimensions are in mm. Tolerances: angular: +£0,5°; X/ 40,3 mm; 0, xx 0,15 mm.

Figure A.8 — Material detection on body 1
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This is fabricated from HDPE.
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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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3
«
IEC
Key
1 base, see Figure A.11
2 cover, see Figure A.12
3 scrgws
Figure A.10 — Wire detection¢gphantom
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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


https://iecnorm.com/api/?name=5dcc6aca8db9fd29761efdcd3f61c8a5

IEC 62709:2024 RLV © IEC 2024 - 29 —

NOTE 1

NOTE 3
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This part is fabricated from transparent polycarbonate plastic.

All dimensions are in mm. Tolerances: angular: £0,5°; X/.x £0,3; 0, xx 0515,

Figure A.12 — Subassembly of the wire detection phantom (Figure A.10), cove

-
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Phillips screws, M5x12,nylon,quantity 20

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

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

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

bteel ball bearing, 2,0 mm diameter, quantity 5
bteel ball bearing, 2,5 mm diameter, quantity 5
bteel ball bearing, 3,0 mm diameter, quantity/ 5
bteel ball bearing, 4,0 mm diameter, quantity 5
bteel ball bearing, 5,0 mm diametef,-quantity 5
bteel ball bearing, 6,0 mm diameter, quantity 5
bteel ball bearing, 7,0 mm diameter, quantity 5
bteel ball bearing, 8,0-mim diameter, quantity 5
tteel ball bearing, 10,0 mm diameter, quantity 5
tteel ball bearing, 12,0 mm diameter, quantity 5
bteel ball bearing,14,0 mm diameter, quantity 5
base sresolution test, quantity 1

Covery resolution test, quantity 1

IEC

Figure A.13 — Pentalith resolution phantom
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This part is fabricated from HDPE plastic.

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

Figure A.14 — Subassembly of the-spatial pentalith<réesolution phantom
(Figure A.13), mounting base
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NOTE 1 This part is fabricated from transparent polycarbonate plastic.

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

Figyre A.16 — Subassembly of the-spatial pentalith resolution phantom (Figure A{13),
cover

300 S5

300

IEC
NOTE 1 This part is fabricated from HDPE plastic.
NOTE 34 All dimensions 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 This part is fabricated from HDPE plastic.
NOTE 34 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
- 300 — > 5L¢
o
o
[sp]
L~
N IEC
NOTE 1 This part is fabricated from HDPE plastic.
NOTE 3 All dimensiéns are in mm. Tolerances: angular: £0,5°; X/.x £0,3; 0,xx +0,15.
Figure A.19 — Body phantom, 50 mm thick



https://iecnorm.com/api/?name=5dcc6aca8db9fd29761efdcd3f61c8a5

IEC 62709:2024 RLV © IEC 2024 - 35 -

4x @62 Thru

o &

300

NOTE 1

NOTE 3

< 90 |« 120 ‘

25

This part is fabricated from HDPE plastic.

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

Figure A.20 — Storing space

IEC
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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
Testef(s): Place: Date/Time:
Systen manufacturer: Model/Type: Serial#:
Class|of system: OTransmission O Backscatter O General-use [ kimited-uge
Ambignt temperature: Relative humidity: Barometric pressure:

Body phantom ID No.:

Test dbjects ID Nos.:

Machipe settings (include all the operator control settings necessary to reproduce(this’test; for example kV,[mA,
scann|ng speed, filtration, mode, software version):

Effect|ve dose:

Other|test conditions:

Test gbject placement

Is the|test object at the reference location [TYes CONo

(RL)?

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

Distance from beam-exit surface:

If not [RL:
Lateral] position Oleft of RL Oright of RL
Heigh

Transmission systems-only: test objects placed on side of phantom CInearest Cfurthest from the radiation
source.

Other|objects-in field of view Distance and location
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IEC 62709 body scanner imaging test report

Test lsseephanecmenfonlunes nnd cotiinoe ool
Y ) B
5 _Penetration
Test Description Minimum-requirement Test— -\ [Pass-

Partial- | Wide_ Fes@/“)
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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
Pass
Minimum requirement v
Type | Image quality test )
O Whole body | O Partial bod O Wide view | 165t -\
' ' resuits
1 Pentallth‘ resolution: smallest 6 mm 2.5 mm 14 mm b<<
sphere diameter resolved N
|74
Wire detection: smallest wire )
2 || yotesie] 0.511 mm 0.321 mm ROCO{],
Materials detecti bod N}
aterials detection on body:
3 thinnest disc discerned 5 mm 5 mm q@p
f v
Materials detection in air: I~ O _
llest plastic thick Q\)
smallest plastic thickness 3
4 discerned 3 mm 2mm 5\\ RO
. ®)
smallest metal thickness
) 1,6 mm 0 m RO
discerned
— v
Penetration test (applies to \Y
transmission systems only): S\&
through 350 mm HDPE? RO (%) RO Optional
smallest sphere diameter \'\(\
resolved smallest wire Rgs RO Optional
S detected A‘\
through 400 mm HDPEP®: \O _
smallest sphere diameter ‘{~ .
resolved \\C) RO RO Optional
smallest wire detecteci . RO RO Optional
) . N
List ofl attachments: (\ﬁ
Notes C)
The ifnage evalu@sts above were conducted in accordance with IEC 62709
.AO Signature
@ Thou@/g%S mm HDPE for transmission general-use systems.
b Ti ugrn suu mim maurFE 101 lldllblllibbioll gerierdi-use systellls.

¢ RO: Report only.
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Annex C
(informative)

Image resolution measurement using the pentalith

C.1 General

Spatiqgl resolution can be measured by a variety of methods, including the modulation transfer
functign (MTF) and the edge response. Methods for comprehensivel§)Characterizing resolution
as a flunction of contrast are used in the medical domain. This_ Annex proposes a peIntaIith
methojd of measuring the spatial resolution of digital images, tRat’is suitable for charactérizing
X-ray pystems for security screening of humans.

C.2 | Strategy
The gtiiding principle of this approach can be stated as follows:

An impging system has a spatial resolution D, if it can resolve two circles of diamgter D,
separated by a distance D, regardless of.the circle’s placement on the sampling grid.

This principle takes into account three separate problems that are associated with $patial
resolution:

a) Analog blurring, such as. lens aberration in optical systems, focal spot blurring in| X-ray
depices, and the illumination spot size in scanning beam applications.

b) Sampling grid size; that is, the spacing between pixels. This essentially represents the
information lost'\when an analog image is converted into a digital image.

c) Signal-to-neis¢€ ratio.

The abilityto.detect smaII objects in a digital image requires a certain level of performance in

mdependent of the others For mstance both the MTF and edge response methods do not take
into account the signal-to-noise ratio. The pentalith approach combines all three of these factors
into a single measurement, making it useful for tasks such as quality control and the comparison
of dissimilar systems. However, the combined information provided by the pentalith is clearly
not sufficient for all engineering tasks.

C.3 Pentalith description

The name pentalith is derived from the Greek words for five stones. Figure C.1 shows the
dimensional construction of the basic pentalith pattern. Five dark circles or elements (stones),
each with diameter of 1 unit, are placed around a circle of radius 1,76437 units. This geometry
makes the centre-to-centre spacing between adjacent circles a distance of 2 units. The
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placement of the circles around the circle is rotated slightly to prevent any two circles from
aligning either vertically or horizontally.

0,000

IEC 0608/14

- N
/
0,772
0,266
, 0,000

: /

SN
-1,203
|

[52]
o
N
-

1,516

AK

[
\

-0,772
0,000

IEC

NOTE Each element (shown as circles) is one unit in diameter, with one unit spacing between adjacent elements.

Figure C.1 — Dimensional design of the pentalith pattern

The importance of this geometry is illustrated in Figure C.2, where a pentalith is superimposed
on an example pixel grid. As shown, some of the circles are centred on squares that represent
individual pixels; however, other circles straddle the lines. The pentalith geometry was designed
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by computer simulation to minimize the alignment of the elements with the pixel grid, regar

of the shift or scaling between the two.

IEC
Figure C.2 — Example of a pentalith overlying a pixel grid

Figurg C.3 shows a typical pentalith test phantom with circle sizes ranging from 3 to
relative units. This pattern may be useful, for example, to measurecthe resolution of a
camerfa. Figure C.4 shows another example of a pentalith test ph@antom designed for
imaging. In this case the five elements are metal spheres mounted into a block of plas

dless

14, in
video
X-ray
ic. As

showr| by these examples, the pentalith test phantom is constructed to provide the highest
contralst between the circles and the background for the particular application being consifiered.

NOTE The circle sizes are 1A’ 1‘7’ 10, R, 7, R, ’-'\, A‘ and 3 units

IEC

NOTE 2 Black circles on a white background provide the maximum contrast for this particular application.

Figure C.3 — Example of a pentalith test phantom suitable for optical measurements
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IEC

Metal spheres mounted in a plastic backgretnd provide the maximum contrast for this application. Th
as acquired with backscatter X-ray imaginhg:

Figure C.4 — Example of a pentalith test phantom suitable for X-ray imaging

Pass/fail criterion

alith test passes\the detection criterion only if all five of its elements are observab
ed from each other. In many cases this can be determined by simple inspection
ale image,with the operator allowed to adjust the brightness and contrast as ne
er, an objective pass/fail criterion is available based on thresholding of the imags

e lower

e and
of the
eded.
. This

implemented by setting the digital contrast adjustment to its maximum, and then moving

ghtness adjustment from low to high while observing the image.

Figure T.5 shows an example of this. Figure C.5.A 1S a grayscale image of tour pentalith
patterns, with element sizes of 3,0 mm, 2,5 mm, 2,0 mm, and 1,5 mm. In Figure C.5.B the
contrast has been turned to maximum, with the brightness set to a relatively low level. Figures
C, D and E show the effect of successively increasing the brightness control(which is equivalent
to increasing the threshold level).

All five elements of the 3 mm pentalith are detected and resolved from each other in each of
the five images, A to E.

The 2,5 mm pentalith is only detected and resolved in C and D. In B, only four elements are
detected. In E, two of the elements connect into a single object. That is, they have not been
resolved as separate objects.
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In this same manner, the 2 mm elements are detected and resolved in C, but not B, D, or E.
Pay special attention to the 2 mm pattern in D, where two of the elements are connected by
pixels diagonal to each other. Diagonally touching pixels are considered connected when
scoring the pentalith.

Lastly, the 1,5 mm pentalith does not appear as five distinct elements regardless of the
threshold setting. Since there is a threshold setting where the 2 mm pattern is detected and
resolved, but not for the 1,5 mm pattern, the—spatial pentalith resolution of this image is
classified as between 1,5 mm and 2,0 mm.

3 mm 2,5mm 2 mm 1,5 mm

b N
._n :'l ::o 4

A
. .
[«
" + b .
B ‘ ‘ ™ n -
21
'l" ‘j. " .
C & 24
'. '. > _ .

L

-»
o

s
=
ful

£

'i

IEC

Figure C.5 — Example of using image thresholding as an objective pass/fail criterion

C.5 Repeatability

To provide a rough estimate of repeatability, the above example was repeated 16 times with
random repositioning of the test phantom between scans. The 2 mm pentalith was detected and
resolved in all 16 scans. However, the 1,5 mm pentalith was not detected and resolved in any
of the 16 scans. In other words, the repeatability of the measurement using this method is better
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than the spacing between the two pentaliths. That is, the repeatability of this measurement is
better than £15 % (i.e., £100 % x 0,25 mm/1,75 mm). This is especially significant considering
the image noise of this system is relatively high, with a coefficient of variation of about
5 %.Lower noise systems will likely experience even better repeatability using the pentalith.
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Annex D
(informative)

Comparison of whole body imaging systems

A variety of methods have been implemented to use X rays to screen persons for reasons
related to security and law enforcement. The different types of systems that exist at present are
described in this Annex. Some commercially-available whole body imaging systems also

combine more than one of these methods into a screening system.

The cpravention “Hranstssieon—or—profection— y—HRage— ermed—by—passing

( rays

through an object to create a shadowgram, which is the result of the differential attenuatign due

path

In confrast, backscatter and forward-scatter systems employ a "flying.spot" of X rays and
areai
signal
corre
is pri

from these detectors is briefly integrated and assigned-to” a pixel value in an

arily determined by the size of the flying spot.

It shoyld be noted that different modalities generally are intended to detect threats or ano

in the
m that
solid-
idual.
Kels.

large-

tegrating detectors. A small spot is rastered across an individual and the collected gcatter

image

ponding to the transient location of the flying spot. In this'modality the image resglution

malies

at different locations with respect to the body. As\noted in Table D.1, backscatter syjstems

primaljily are intended to see objects on the body; forward-scatter systems, on the side
body; pnd transmission systems, inside the body’ It is also noted that some primary radi

of the
tion is

regist¢red in a forward-scatter image, and that some scatter is always present in a projection

image
sometjmes referred to as transmission .systems. Because of the different imaging metho
and intent, we have introduced the term "forward-scatter" in this standard.

Tlable D.1 — Comparison‘of-whole body imaging systems for security screenin

Finally we note that when forward-scatter systems were first introduced, they were

ology

Type of radiation
used to form
image

Primatry.detection

Typ¢g of system intent

Imaging method

Security venues

Backgcatter objects on body flying spot; large, backscatter

non-imaging
detectors

aviation; milital
checkpoints

ry

Forwgrd-scatter

objects on side of
body

flying spot; large,
non-imaging
detectors

forward-scatter (and
some primary)

aviation; militafy
checkpoints

Transmission

objects inside body

projection imaging
with small-pixel
detectors

primary (and some
scatter)

smuggling of
contraband; mines,
prisons
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RADIATION PROTECTION INSTRUMENTATION -
SECURITY SCREENING OF HUMANS -
MEASURING THE IMAGING PERFORMANCE OF X-RAY SYSTEMS
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IEC technical committee 45: Nuclear instrumentation. It is an International Standard.
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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) Clarified the test procedures to maintain consistency with IEC 62463.

b) Changed the term "spatial resolution" to "pentalith resolution".

c) Modified some standard test conditions.

d) Modified some terms and definitions.

e) 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 dotu d—devetoped in
accorq ment,-available
at w C are

descriped in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain_unchanged until the
stabilify date indicated on the IEC website under webstore.iec.ch in theJdata related [to the
speciflc document. At this date, the document will be

e re¢onfirmed,
e withdrawn, or

e reyised.

IMPORTANT - The "colour inside” logo on the 'cover page of this document indi¢ates
that {t contains colours which are considered’'to be useful for the correct understanding
of itg contents. Users should therefore print this document using a colour printer
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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 gnnexes are included. Annex A (normative) provides mechanical drawings of thé-impaging
test objects. Sample test report forms are given in Annex B (informative). Annex C (infornative)
provides a generic description of the pentalith resolution test object. Annex Dy(informative)
seeks|to describe the different types of security systems presently being used for wholg-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 ins

+ 1 la F HA | laial P l o H Ll
PCLL PTUPIC WITU 4Adlc TIUU TTTolTUT VTITTIVIT S, LUITLAITICTT S, UT TIIVIVOUTTo. Oy TUuITiuartl

document applies to systems used to detect objects carried on or within the body
indiviqual being inspected.

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

— Sy

— Sy
SC

stems designated as mobile or fixed.

stems employing detection of primary radiation, backscattered radiation, fo
httered radiation, (see Annex D) or some combination of these”modalities to forn

dirhensional X-ray images.

— Sy

stems that are primarily imaging but that also may have complementary features s

material discrimination, automatic active or passive detection alerts. This documen

no

| address how to test these complementary features!

The oppjective is to provide standard methods of.measuring and reporting imaging

chara
partie

teristics that enable system manufacturers,.potential system users and other inte
b to:

a) Establish a consistent indicator of the “expected technical performance of scr

Sy
co
to
b) Pr
sy

stems used for the inspection -of; individuals. Such technical performance
mplements explicit detection testing and evaluation. In this document "detection”
items in an image.

bvide repeatable and verifiable imaging performance data that can be used to co
ttems from different vendors.

c) Establish a baseline that can be used over time to calibrate the system or dete

pe

rformance degradation. (It is not intended that the entire test method be em

forldaily quality assurance testing.)

d) Es

2 N

brmative references
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Ct any
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tablish minimum acceptable performance requirements for the systems described above.

The following documents are referred to in the text in such a way that some or all of their c
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.

bntent

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 gnd—TEC mamtaim terminofogy databases for use I standardizationm at the fofjowing

addresgses:

o |EC Electropedia: available at https://www.electropedia.org/
e ISP 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 ggneral
terminfology concerning X-ray systems and radiological physics is(given in IEC 60050-39%:2014
and IHC 60050-881:1983.

3.11
backscattered radiation
back%catter

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

3.1.2
backicatter system
securify screening system that makes™use of backscattered radiation to form an image

3.1.3
body phantom
objectlwhose absorption and scattering effects on ionizing radiation are equivalent to a luman

3.1.4
contrast sensitivity
ability| to distinguish a small difference of intensity in an area of an X-ray image ffom a
surroynding uhniferm background

[SOURCEEC 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
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3.1.7

forward-scattered radiation

forward-scatter

scattering of photons by material through angles less than 90°with respect to their
direction

3.1.8
forward-scatter system

initial

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

3.1.9

floor T

surface that individuals stand on when scanned
3.1.1
generpl-use system

adminjstrative controls specified in IEC 62463. Given proper justification and (

Sv per
ng the
ertain

restrigtions, general-use systems may be operated without specific centrols that would lifnit the

numbgr of individuals scanned or the number of scans per individual'in a year

Note 1 fo entry: This definition was reproduced, with the permission of’the Health Physics Society (HPJ
ANSI/HPS N43.17-2009 (R2018)

[SOURCE: IEC 62463:2024, 3.4]

3.1.11
influence quantity
quantity that is not the measurand but that ‘affects the result of the measurement

3.1.12
limited-use system

persomnel screening system that iskconfigured to deliver an effective dose that does not €
10 uSYy per screening (using the:dose estimation methods defined in IEC 62463) which do
meet the definition of a general-use system. Limited-use systems require additional c¢
and dpcumentation to ensure that annual individual dose limits are not exceeded.

Note 1 fo entry: This definition was reproduced, with the permission of the Health Physics Society (HP{
ANSI/HPS N43.17.

[SOURCE: IE€C62463:2024, 3.7]

3.1.1

), from

xceed
es not
ntrols

), from

materjals’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 auth

orized

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=5dcc6aca8db9fd29761efdcd3f61c8a5

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
minimpm separation between two spherical objects at which they can be resolved as_separate
entities, as measured using the pentalith test

3.11
primary radiation
ionizirlg radiation emitted by a radiation source which has not undergone_scattering

3.1.20
radiatjon source
equipment or matter emitting or capable of emitting ionizing fadiation

3.1.21
refereince location
requirgd location where test objects are placed forassessing imaging performance accprding
to this|document

Note 1 fo entry: The reference location is specified.in 4.2.

Note 2 jo entry: Other testing locations may be'\used for additional information.

3.1.22
Screenhing procedure
Procedlure, described in the SOP; that is followed to completely inspect something using [the X-
ray syptem

Note 1 jo entry: Dependjng.on the concept of operation of the system, this could involve taking multiple scans.

[SOURCE: IEC 62463:2024, 3.17]

3.1.23
scan Frea

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
scanni
equipment used to produce a scanned image, including the X-ray generator, collimator,

3.1.2
transmission system
system using the conventional means of projection radiographic imaging (n which X ray$ pass

through a target (e.g., person or container) and create shadowgrams ofi enclosed objectq (e.g.,
band) based on their radiation attenuating properties

3.1.29
wholéd 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 pf view of systems for which one scan covers an area that may contain mor¢ than
onepgrson

3.1.31
wire detection
minimpm 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-density.polyethylene

3.3 Quantities-and units

In thi§ document, the units are the multiples and sub-multiples of units of the International
Systelln of 'Uhits(SI)1. 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 G?AEL&MWMMMW
ing. Limited-use systems shall deliver a dose of less than 10 ySv per screenin

screet
IEC 61

These
examy
image
be use
densit
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Each {
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a) the
sh
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P463 for more details on the system classes and effective dose estimation method

y, black-and-white reverse, and pseudo-color. The use of these, software featuresg
orded in test documentation.

est should be repeated 3 times.

Location of testing

hce location is defined as follows:

surface of the body phantom and test ebject combination closest to the radiation §
bll be perpendicular with the floor and at the optimum operating distance as specifi
manufacturer and,

stration of this testing cenfiguration is given in Figure 1.

Test phantoms
\.\~\
[~
Support
Floor of the scanning
\~\~ { /

——
C—————

(m—]

IEC

v per
. See

o7

machine settings and the effective dose shall be included in the test report (for an
le, see Annex B) to facilitate the evaluation of overall system) performance. If
tenhancement software features are available to the operator in nérmal use, these may
d to achieve the best possible image. Examples are zoom, edge €nhancement, exppnded

shall

minimum, all the image quality tests shall beperformed at the reference locatiop. The

ource
ed by

centre of the body phantom‘shall be in the lateral centre of the scan area and, for full-
dy systems, at a height 1 mifrom the floor of the scanner. For partial body systems the

reference location should“be centred about the subject imaging location. A generic

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 g

4.3

ain control.

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 b

body phantom shall have a means of supporting each of the test object assemblies des

in4.4
(exclu
is use

For g¢
dimen
the bg

bdy phantom shall have dimensions of 300 mm wide x 300 mm high x 280 mm dee

hrough 4.7 so that the overall HDPE depth of the body phantom and test object ass
ding the 1,5 mm overlay) shall be 300 mm. That is, an HDPE cube, 300 mim'on eac
 to simulate the human body.

sions of 300 mm wide x 300 mm high x 230 mm deep, so that;the overall HDPE dg
dy phantom and test object assembly shall be 250 mm.

b. The
cribed
embly
h side,

neral-use transmission systems, it is acceptable to use a redduced body phantomm with

pth of

For the penetration test for limited-use systems, the overallidepth shall be expandablg¢ from

300 m

For th
250 m

A diag
drawir

All the
which

m to 400 mm by attaching additional 50 mm thick HDPE slabs.

penetration test of general-use systems, the“overall depth shall be expandabl
to 300 mm by attaching additional 25 mm.thick HDPE slabs.

ram of the body phantom and test objects is shown in Figure 2. Complete mech
gs of the body phantom and test objects are provided in normative Annex A.

dimensions of the body phantom and test objects shall be within £2 % or 0,
bver is greater, unless otherwise specified.

b from

anical

P mm,
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IEC

1 materials detection in air

2 and 3] materials detection on body

4 wire detection

5 spatial resolution

6 and 7| body phantom, four pieces

8 additional phantom, two pieces

9 storage spacer

NOTE |For each test the respective testobject, (1) through (5), is placed over the four body phantom piefes, (6)
and (7)|] The body phantom extensions,\(8), are used for the penetration test. The last piece, (9), is only al spacer
used for storing and stacking pieces (2) and (3) with the other blocks. The combs of piece (1) swivel inyard for
storage]

Figure 2 — Body phantom and test objects

4.4 |Pentalith resolution test
4.41 Purpose

The pprpose of this test is to measure the ability to distinguish as separate, objects that are
themselves separated by a space equal to the object width.
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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

spheré¢ diameier and the hole coniaining each sphere shall be no greater than 0,1 fnm. A
1,5 me thick sheet of HDPE is placed over the spheres to simulate a layer of thick clothigng and
to hold the spheres in place.

The pgntalith assembly is attached to the body phantom to form a solid HDRE block that is
300 mm on a side. Mechanical drawings of the pentalith resolution test,object are giyen in
Figurd A.1, 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 flor this test.

The tgst object shall be mounted on the body phantonmand positioned at the reference Igcation
(see 4.2) as follows. For backscatter and/or forward-scatter systems, the surface of thg body
phantpm containing the test object shall be the«surface closest to the radiation source. For
transnpission 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 tgst object shall be scanned as_inynormal use as defined in 4.1.
The pfocedure may be repeated\at other desired testing locations.

4.4.4 Evaluation and.record

Find tle smallest pentagon for which all five spheres are visible as completely separate objects.
Software image adjustments available to the operator may be used to obtain optimum cqntrast
and brightness.{Fhe settings for any adjustments shall be recorded in the test repoift. For
example, if contrast and brightness adjustments are available to the operator, the following is
an acgeptable*procedure for testing separation and for achieving reproducible measuremments:
turn thecontrast all the way up, adjust the brightness to see if five separate islands gan be
formed.'See Annex C for further information related to objectively scoring this 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 diameter
mm
0,812
0,644
0,511
0,405
0,321
0,255
0,202
0,160
0,127

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

4.5.3 Procedure

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

The tgst object shall be_mounted on the body phantom so that the surface on which thg wires
are placed faces away.from the HDPE cube. The body phantom and test object sHall be
positigned at the reference location (see 4.2) as follows. For backscatter and/or fgrward
systems the surface of the body phantom containing the test object shall be the surface dlosest
to the|radiatiop~Source. For transmission systems, either the surface containing the test jobject
or the| opposite’surface shall face the radiation source (the orientation of the body phpntom
shall Qe 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 Test object description

The tgst object consists of HDPE discs placed over the body phantom. The dises’are 60 Jmm in
diameler and have thicknesses of 1,5 mm, 3 mm, 5 mm, 7 mm, 10 mm, 14(mm, and 20 mm.
The d|scs are attached on the surface of a 300 mm x 300 mm x 25 mm HDPE sheet and are
spacef at least 60 mm apart. (Alternatively, the discs may be mounted ona’ 6,4 mm thick] sheet
using jan additional 19 mm HDPE spacer). In order to adequately space the discs, the [seven
thickngsses are distributed on two HDPE sheets. The 7 mm thickness'is repeated on each set
for reference. Mechanical drawings of the materials detection on(body test object are given in
Figurg A.1, Figure A.8 and Figure A.9.

4.6.4 Procedure

A test|object meeting the description in 4.6.3 and body phantom as described in 4.3 shall be
used fpr this test.

The tgst object shall be mounted on the bodyphantom and positioned at the reference location
(see 4.2) as follows. For backscatter and/er forward-scatter systems the surface of thg body
phantdm containing the test object shalllbe the surface closest to the radiation source. For
transnpission 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 procedure may be repeated at other desired testing locations.

4.6.5 Evaluation and record

least ¢ong half of the circumference can be discerned. Image adjustments that are availgble to
the operator may be used to obtain optimum contrast and brightness. The settings for any
adjustments shall be recorded in the test report.

Identi§/ andsrecord the smallest disc thickness that is observable. Observable means {hat at

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-opague 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 x 300 mm x 25 mm HDPE sheet for mounting on the body phantom. (Alternativelly, the
combg may be mounted on a 6,4 mm thick sheet using an additional 19 mm HDPE spacef). The
supporting sheet may also contain another test object. The combs are placed soithat thg teeth
extend beyond the upright edges of the body phantom and do not overlap any part of th¢ body
phantpm in the image. Mechanical drawings of the materials detection in air test objdct are
given |n Figure A.1 through Figure A.7.

4.7.4 Procedure

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

The tgst object shall be mounted on the body phantomyand positioned at the reference location
(see 4.2) as follows. For backscatter and/or forward-scatter systems, the surface of thg body
phantpm containing the test object shall be the¢surface closest to the radiation source. For
transnpission systems, either the surface containing the test object or the opposite surface shall
face the radiation source (the orientation ofithe body phantom shall be recorded in the test
report).

The tgst object shall be scanned using the normal scanning procedure as defined in 4.1,
The procedure may be repeated.at other desired testing locations.

4.7.5 Evaluation and record

Identify and record thie,thinnest tooth observable for each material. Observable means that at
least gne half of the.25 mm x 25 mm tooth area can be discerned. Image adjustments tHat are
availaple to the gperator may be used to obtain optimum contrast and brightness. The s¢ttings
for any adjustments shall be recorded in the test report.

The rgparted results shall be the thicknesses of the thinnest tooth that was detected in ar least
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 Mjinimum acceptable imaging performance

The s¢curity screening systems covered by the scope of this document shall meet the mifimum
imaging performance requirements shown in Table 2. These minimum requirements apply to
the testing performed at the reference location, as described in 4.2, according to the m¢thods
in 4.4|through 4.8. The machine settings and the effective dose’requirements during the test
are described in 4.1. Different minimum performance requirements are given for systems
emplolying the three fields of view,viz., partial body (3.1.12), whole body (3.1.29), and wide

(3.1.30).
For general-use transmission systems the test xesults are all report only (i.e. the mipimum
accepfable imaging performance requirements do not apply).
Table 2 — Minimum acceptable imaging performance at the reference location
Image quality test Whole body | Partial body | Wide field Reldvant
field of view | field of view of view subcjause
D H H .
1 _enta||th resolution: smallest sphefre 6 mm 2.5 mm 14 mm ada
iameter resolved
2 Wire detection: smallest wire detected 0,511 mm 0,321 mm RO°¢ 45
3 \/!atenals detection.on body: thinnest disc 5 mm 5 mm RO de
liscerned
4 Materials detection in air:
Emallest plastic thickness discerned 3 mm 2 mm RO 47
Emallestymetal thickness discerned 1,6 mm 0,8 mm RO
5 Penetration 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.

Though 300 mm HDPE for transmission general-use systems.

¢ 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

Ambigint temperature 22°Ct5°C

Relatiye humidity 30 % to 75 %

Atmosgpheric pressure 86 kPa to 106 kPa

Power supply voltage Rated power supply voltage £10 %

Power supply frequency Nominal frequency +1 %

Powen supply waveform Sinusoidal with total harmonic distortion lewer than 5 %

Gamnija radiation background Less than air kerma rate of 0,25 pGy:h-'

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

Magngtic induction of external origin Less than twice the value of thelinduction due to earth's magneti¢ field

Equipfent controls Set up for normal operation
If the [system is intended for operation in envirohmental conditions significantly outsigle the
ranges$ specified in Table 3, additional testing should be done to demonstrate that the imaging
performance reported for standard test* conditions remains unchanged at thr£ low

tempe
range

The value of ambient air temperature, relative humidity, and atmospheric pressure at trI time
test shall be recorded-(s€e, e.g., Annex B). The environmental conditions stdted in

of the
Table

rature/low-humidity limit and at the_high-temperature/high-humidity limit of the in

3 take priority over otherJenvironmental conditions stated in the referenced standg

nded

rds.
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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

haterial detection in air Figure A.2 through Figure A.7 Quantity 1
material detection on body 1 Figure A.8 Quantity 1
material detection on body 2 Figure A.9 Quantity 1
vire detection‘test Figure A.10 through Figure A.12 Quantity 1
bentalith‘resolution Figure A.13 through Figure A.16 Quantity 1
body ‘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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4
5
6
5 3
1
IEC
Key
1 metal comb, three teeth Quantity 1
2 metal comb, two teeth Quantity 1
3 netal comb, one tooth Quantity 1
4 blastic comb, five teeth Quantity 1
5 combs mounting sheet Quantity 1
6 Phillips head screws, M5x12,18-8 SST Quantity 2
NOTE 1 See 4.7.2 for detailed materials specifications.
NOTE 4 Figure A.3 through Figure A.7 show additional details.
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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This is fabricated from stainless steel (SST-304 alloy or equivalent).

metal comb, two teeth

75
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This is fabricated from stainless steel (SST-304 alloy or equivalent)

metal comb, one tooth

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

NOTE 4
igure A.4 — Subassembly of the material detection in air phantom (Figure A.2

IEC

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

)

-

)

-

igure A(5)— Subassembly of the material detection in air phantom (Figure A.2



https://iecnorm.com/api/?name=5dcc6aca8db9fd29761efdcd3f61c8a5

IEC 62709:2024 © |IEC 2024

— 25 —

1 75
25 Typ
—— ++L
' N
A
A ]
o
= i s
HE -
5 [ | -2
N
N
1]
[ | -2 N
y o
Y A J
A
& 26 Thru B
12
S IEC

NOTE 1 This is fabricated from stainless steel (SST-304 alloy or equivalenty!

NOTE 4 All dimensions are in mm. Tolerances: angular: +0,5°; X/.x +0,3-mm; 0, xx +0,15 mm.
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NOTE 1 “This is fabricated from HDPE plastic .
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Fligure A.6 — Subassembly of the material detection in air phantom (Figure A.2

)

EC

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


https://iecnorm.com/api/?name=5dcc6aca8db9fd29761efdcd3f61c8a5

- 26 — IEC 62709:2024 © IEC 2024

-

20, ]
gl

10
14

4x @60

AN
W
(D\

300
120

v N ®
A \j
o
o
L~
Yy
<90 g 120
B 300 _
- . IEC
NOTE {1 This is fabricated from HDPE.
NOTE 4 All dimensions are in mm. Tolerances: angular: +0,5°; X/ #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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3
«
IEC
Key
1 base, see Figure A.11
2 cover, see Figure A.12
3 scrgws
Figure A.10 — Wire detection¢gphantom
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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


https://iecnorm.com/api/?name=5dcc6aca8db9fd29761efdcd3f61c8a5

	Redline version (English only)
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope 
	2 Normative references
	3 Terms, definitions, abbreviated terms, quantities and units
	3.1 Terms and definitions
	3.2 Abbreviated terms
	3.3 Quantities and units

	4 Imaging performance evaluation procedures
	4.1 General characteristics and test procedures
	4.2 Location of testing
	4.3 Body phantom and test objects
	4.4 Pentalith resolution test
	4.4.1 Purpose
	4.4.2 Test object description
	4.4.3 Procedure
	4.4.4 Evaluation and record

	4.5 Wire detection test
	4.5.1 Purpose
	4.5.2 Test object description
	4.5.3 Procedure
	4.5.4 Evaluation and record

	4.6 Materials detection on body test
	4.6.1 General
	4.6.2 Purpose
	4.6.3 Test object description
	4.6.4 Procedure
	4.6.5 Evaluation and record

	4.7 Materials detection in air test
	4.7.1 General
	4.7.2 Purpose
	4.7.3 Test object description
	4.7.4 Procedure
	4.7.5 Evaluation and record

	4.8 Penetration test
	4.8.1 General
	4.8.2 Purpose
	4.8.3 Test object description
	4.8.4 Procedure
	4.8.5 Evaluation and record


	5 Minimum acceptable imaging performance
	6 Environmental requirements
	Annexes 
	Annex A (normative) Mechanical drawings of the test objects
	Annex B (informative) Example of reporting form
	Annex C (informative) Image resolution measurement using the pentalith
	C.1 General
	C.2 Strategy
	C.3 Pentalith description
	C.4 Pass/fail criterion
	C.5 Repeatability

	Annex D (informative) Comparison of whole body imaging systems

	Bibliography
	Figures 
	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
	Figure 2 – Body phantom and test objects
	Figure A.1 – Components of the test phantom
	Figure A.2 – Material detection in air phantom
	Figure A.3 – Subassembly of the material detection in air phantom (Figure A.2), metal comb, three teeth
	Figure A.4 – Subassembly of the material detection in air phantom (Figure A.2), metal comb, two teeth
	Figure A.5 – Subassembly of the material detection in air phantom (Figure A.2), metal comb, one tooth
	Figure A.6 – Subassembly of the material detection in air phantom (Figure A.2), plastic comb
	Figure A.7 – Subassembly of the material detection in air phantom (Figure A.2), mounting sheet
	Figure A.8 – Material detection on body 1
	Figure A.9 – Material detection on body 2
	Figure A.10 – Wire detection phantom
	Figure A.11 – Subassembly of the wire detection phantom (Figure A.10), mounting base
	Figure A.12 – Subassembly of the wire detection phantom (Figure A.10), cover
	Figure A.13 – Pentalith resolution phantom
	Figure A.14 – Subassembly of the pentalith resolution phantom (Figure A.13), mounting base
	Figure A.15 – Subassembly of the pentalith resolution phantom (Figure A.13); hole placement in mounting base
	Figure A.16 – Subassembly of the pentalith resolution phantom (Figure A.13), cover
	Figure A.17 – Body phantom, 55 mm thick
	Figure A.18 – Body phantom, 75 mm thick
	Figure A.19 – Body phantom, 50 mm thick
	Figure A.20 – Storing space
	Figure C.1 – Dimensional design of the pentalith pattern
	Figure C.2 – Example of a pentalith overlying a pixel grid
	Figure C.3 – Example of a pentalith test phantom suitable for optical measurements
	Figure C.4 – Example of a pentalith test phantom suitable for X-ray imaging
	Figure C.5 – Example of using image thresholding as an objective pass/fail criterion

	Tables 
	Table 1 – Wire sizes for the wire detection test
	Table 2 – Minimum acceptable imaging performance at the reference location
	Table 3 – Standard test conditions
	Table D.1 – Comparison of whole body imaging systems for security screening


	International standard (Bilingual)
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, abbreviated terms, quantities and units
	3.1 Terms and definitions
	3.2 Abbreviated terms
	3.3 Quantities and units

	4 Imaging performance evaluation procedures
	4.1 General characteristics and test procedures
	4.2 Location of testing
	4.3 Body phantom and test objects
	4.4 Pentalith resolution test
	4.4.1 Purpose
	4.4.2 Test object description
	4.4.3 Procedure
	4.4.4 Evaluation and record

	4.5 Wire detection test
	4.5.1 Purpose
	4.5.2 Test object description
	4.5.3 Procedure
	4.5.4 Evaluation and record

	4.6 Materials detection on body test
	4.6.1 General
	4.6.2 Purpose
	4.6.3 Test object description
	4.6.4 Procedure
	4.6.5 Evaluation and record

	4.7 Materials detection in air test
	4.7.1 General
	4.7.2 Purpose
	4.7.3 Test object description
	4.7.4 Procedure
	4.7.5 Evaluation and record

	4.8 Penetration test
	4.8.1 General
	4.8.2 Purpose
	4.8.3 Test object description
	4.8.4 Procedure
	4.8.5 Evaluation and record


	5 Minimum acceptable imaging performance
	6 Environmental requirements
	Annexes 
	Annex A (normative) Mechanical drawings of the test objects
	Annex B (informative) Example of reporting form
	Annex C (informative) Image resolution measurement using the pentalith
	C.1 General
	C.2 Strategy
	C.3 Pentalith description
	C.4 Pass/fail criterion
	C.5 Repeatability

	Annex D (informative) Comparison of whole body imaging systems

	Bibliography
	Figures 
	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
	Figure 2 – Body phantom and test objects
	Figure A.1 – Components of the test phantom
	Figure A.2 – Material detection in air phantom
	Figure A.3 – Subassembly of the material detection in air phantom (Figure A.2), metal comb, three teeth
	Figure A.4 – Subassembly of the material detection in air phantom (Figure A.2), metal comb, two teeth
	Figure A.5 – Subassembly of the material detection in air phantom (Figure A.2), metal comb, one tooth
	Figure A.6 – Subassembly of the material detection in air phantom (Figure A.2), plastic comb
	Figure A.7 – Subassembly of the material detection in air phantom (Figure A.2), mounting sheet
	Figure A.8 – Material detection on body 1
	Figure A.9 – Material detection on body 2
	Figure A.10 – Wire detection phantom
	Figure A.11 – Subassembly of the wire detection phantom (Figure A.10), mounting base
	Figure A.12 – Subassembly of the wire detection phantom (Figure A.10), cover
	Figure A.13 – Pentalith resolution phantom
	Figure A.14 – Subassembly of the pentalith resolution phantom(Figure A.13), mounting base
	Figure A.15 – Subassembly of the pentalith resolution phantom (Figure A.13); hole placement in mounting base
	Figure A.16 – Subassembly of the pentalith resolution phantom (Figure A.13), cover
	Figure A.17 – Body phantom, 55 mm thick
	Figure A.18 – Body phantom, 75 mm thick
	Figure A.19 – Body phantom, 50 mm thick
	Figure A.20 – Storing space
	Figure C.1 – Dimensional design of the pentalith pattern
	Figure C.2 – Example of a pentalith overlying a pixel grid
	Figure C.3 – Example of a pentalith test phantom suitable for optical measurements
	Figure C.4 – Example of a pentalith test phantom suitable for X-ray imaging
	Figure C.5 – Example of using image thresholding as an objective pass/fail criterion

	Tables 
	Table 1 – Wire sizes for the wire detection test
	Table 2 – Minimum acceptable imaging performance at the reference location
	Table 3 – Standard test conditions
	Table D.1 – Comparison of whole body imaging systems for security screening



