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Abstract: This document establishes standards for the technical performance of cabinet x-ray
imaging systems used for screening at security checkpoints and other inspaction venues,
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Please Read Carefully

The Institute of Blectrical and Electronics Engincers, Ine., (“IEEE™) owns the copyright to this Document
in all forms of media. Copyright of the text retricved, displayed, or output [rom this Document is owned by
TEEE and is protected by the copyright laws of the United States and by international treaties. The IEEE
reserves afl rights not expressly granted (o the user.

Except as wlowed by the copyright Jaws af the United States of America, applicable international treaties,
or any license or agreement the user or the user's employer may have enlered into with the 1EEE or one of
its authorized distributors, the user may not copy and/or distribute copies of this Document, nor significant
portions of the docament, in any forny, nor may the user post this document on any intranel, website, or
database withoul prior written permission from the JEEE.

Permission and/or requests for licenses should be divected to:
IEEE Standards Association

Standards Licensing and Contracts

stds.ipri@icec.org

+1-732-562-6397
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Piscataway, NJ 08854

A-;k)% P~ §MK ded el S S o g%m {:{,g\(

Ivde oo ML 23 ‘3‘.():»//&

Authorized licansed use fimited 1o: Chulalongkorn Universify provided by UniNel. Downloaded on March 15,2018 at 08:44:42 UTC from IEEE Xplore. Restrictions apply.



American National Standard

An American Nationn! Standard implies a consensus of those substantially concerned with its scope and
provisions. An American National Standard is intended as & guide to aid the manufacturer, the consumer,
and the general public. The existence of an American National Standard does not in any respect preclude
anyone, whelher he has approved the standard or nol, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standard. American National Standards are
subject to perfodic reviews and users are cautioned to obtain the latest editions.

CAUTION NOTICE: This American National Standard may be revised or withdrawn at any time. The
procedures of the American National Standards Institute require thal zction be taken to affirm, revisc, or
withdrany this standard no later than five years rom the dute of publication, Purchasers of American
National Standards may recetve carrent information on all standards by calling or wriling the American
National Standards Institute.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by
the Institutc of Electrical and Eleclronics Engineers, Inc., provided that the appropriate fee is paid to
Copyright Clearance Center, To arrange for payment of licensing fee, please contact Copyright Clearatice
Cenler, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1-978-750-8400. Permission
to photocopy portions of sny individual standard for educational classroom use ¢um also be ebtained
through the Copyright Clearance Center,
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Introduction

"This introduction is net part of ANST N42.44-2008, American Nationnl Standard for the Performonce of Checkpoint
Cnbinet X-Ray Imaging Security Systems.

This standard is the responsibility of lhe Accredited American Standards Committee on Radiation
Instrumentation, N42, The standard was approved by the N42 letter ballot of March 20608-July 2008,

Notice to users

Laws and regulations

Users of these documents should consult all applicable faws and reguolations. Compliance with the
pravisions of this standard does not imply compliance to any applicable regulatory requircments.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requircments. 1EEE does not, by the publication of its standards, intend 10 urge action that is not In
compliance with applicable laws, and these documents may nol be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide varicly of bolh public and
private uses. These inclade both use, by reference, in Faws and regulations, and use in privaie sell-
reguiation, slandardization, and the promotion of engineering practices and mcthods. By making this
document available for use and adoption by public authorities and private users, the [EEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards shouid be aware thal these documents may be superseded at any time by the
issuance of new cditions or may be amended from time to time through the jssuance of amendments,
corrigenda, or errala, An official 1EEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the [EBEE Standards  Associafion web sile at
hto:Hieeexploredece.org/xpl/standards. jsp, or contact the TEEE at the address lisled previously.

For more information about the IEEE Standards Association or the IEEE standards development process,

visit the IEEE-SA web site at hitp://standayds.icee.org,
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Errata

Errata, il any, for this and all other standards can be accessed at the following URL:
hitpu/fstandards.ieee orpfreadingficeciupdates/orrata/index htiml, Users arc cncouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: hitp/fstandards.jece orglending/icee/intarp/
index i,

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by palent rights. By publication of this standard, no position is tnken wilh respect to the existence
or vilidity of any patent rights in connection therewith. The IEEE is not responsible for identilying
Essential Patent Claims for which a license muy be required, for conducting inquiries inlo the legal validity
or scope of Patents Claims or determining whether any licensing terms or conditions provided in
connection with submission of a Letter of Assurance, il any, or in any licensing sgreements are reasonable
or non-diseriminatory, Users of this standard are expressly advised that determination of the validity of any
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further
information may be obtained from the IEEE Standards Association.
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American National Standard

for the Performance of Checkpoint
Cabinet X-Ray Imaging Security
Systems

IMPORTANT NOTICE: This stondard is not imtended to assure safely, securitv, heaith, or
enviranmental proteclon in all circumstances, Implementers of the standard are respousible for
determining appropriate sqfety, security, ervirommental, and health practices or regulatory reguirements,

Tiis IEEE document is wade available for use subject to important notices and legal discluimers. These
#otices and disclalmers appear In all publications containing this decument and may be found unier the
freading “Important Notice” or *Important Notices and Disclnimners Concerning 1EEE Documents.” They
can also be obtalned on request from IEEE or viewed ot http:/standards.icee,org/IPRAdsclainers, i,

1. Overview

Numerous measures of imaging performance for x-ray screening systems have been defined over the past
several years. For example, penetration, spatial resolution, and wive gauge diameter are well-known and
frequently used measures for defining an xeray syslem’s imaging performance. ASTM F792.01'
establishes nine tests to determine the performance levels of an x-ray system. These fests have been widely
accepted by the x-ray screening community, both manufacturers and users, and are adopted in this standard.

This document establishes minimunt performance requirements for the nine tests of the ASTM F792-01
test method as applied to checkpoint cabinet x-ray systems. A well-defined test method and @ sct of
minimum acceptable image-guality slandards will provide value Lo both users and manufacturers of these
x-ray imaging sceurity systems. Monufacturers will have a betler understanding of the needs, wants, and
expeetations of the user community and a clearer understanding of the minimum set of imaging goals, Tt is
understood (hit some users will require image-quality standards higher than the minimum performance
required in this standard.

Addilionally, this standard provides a number of salety requirements, derived from a vagiety of standards
documents and federal regotations, that are essenlial to the responsible operation of checkpoint cabinel x-
ray systems. These include: radiological salety, electrical and mechanical safety, electromagnetic
compalibility, and limitation of x-ray exposure to scanned objects (e.g., photographic film).

1 Tuformation on references can be found it Clause 2. ) o - m ‘::(
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Sample test reports are given in Annex A (informative), Sefected buman-factors engineering considerations
are included in Annex B (informative),

1.1 Scope

This documert esiablishes standnrds for the technical performance ol cabinet x-ray bnaging sysiems used
for screening at secorily checkpoints and other inspection venues. Included are all x-ray systems designed
primarily for the inspection of baggage at alrtine, raifrond, and bus terminals, and in similar facilities. An x-
ray tube used within a shielded part of 2 building, or x-ray equipment that may temporarily or occasionally
incorporate portable shielding, is not considered to be a cabinet x-ray system,

Hereinafler, systems covered by the scope of this standard wre referred o as the system,

This standard applies to x-ray imaging equipment with all ol the following characteristics:

—  Meet the definition of cabinel x-ray systems as given in 21 CFR 1020.40
—  Operate at or above 120 kY

- Have tunnel nominal dimensions ofupto 1.1 mx 1.Im

—  Provide a single-view direct-projection image as the primary image

—  Are used 10 examine ilems to detect prohibited and iflicit materials at security-checkpoing locations
{c.g., airports, scaports, land border crossings, office buildings, court houses, correctional
institutions, nuciear power facilities, military facilities. commercial shipping and receiving stations,
stations used for manifest verification)

For further clatification, systems included in this standard can be those with or withou! organic/inorganic
dilferentiation, with or without active or passive threat alerts, and those incorporating multi-view and
computed-tomography (CT) imaging (if” the primary image presented is a single-view projection image), if
they have afl of the characteristies found in the list above.

This standard therelore Is not intended for x-ray imoging systems with any of the folfowing characteristics:

—  Operate at polentials that are less than 120 KV

—  Are nof cabinet systems (e.g., open bomb-squad systems)

— Do not present a direct-projection image

—  Can provide a projection image only through image reconstruction rom multiple views
—  Are based primarily on the use of CT

—  Are used for medical diagnostic imaging

—  Are used for non-destructive evuluation (NDE) or non-destructive testing (ND'T), industrial quality
control {e.g., food inspection), industrial sortation of recyclables or natural resource extraction,
systems used for scientific rescarch purposes

—  Are based only on backscattered or coherently scaitered x-rays
This standard specifies minimum requirements and (est procedures for x-ray imaging performanee,

rachiation-firsitation mquirunenlq and ¢lectrical, mechanical, and cenvirornmental requirements, This
standard addresses technical image-quality performapee, not tiireal-detection performance. -
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1.2 Purposs

Screeners frequently use the images provided by checkpoint x-ray systems to detect weapons and
conlrabamd materials, as well as o verify manifests (lo determine that the conients of a packape are what
they are purported to be). For these applications, this standard is intended 1o provide procurers andfor
prospective users of checkpeint x-ray systems with: test methods that facilitate performance comparisons
among systems, and the minimum acceptable imaging-performance requirements, These values are
achigvable in the current state of the art of production checkpoint x-ray systems. Additionally, a variely of
factors essential for the safe operation of checkpoint x-ray systems sire assembled and standardized in this
document.

While it appears logical that better imaging performance will resull in belter screening performance, the
user is cantioned that the correlation between specilic imaging-performance metrics and detection
performanee has not been established on a striet scientific basis. In addition, there may be trade-offs among
imaging-performance parameters, For example, higher penetration may result in decreased contrast
sensitivity, Consequently, users are encouraged to evaluale candidate checkpoint x~ray systems against
their specific requirements whenever possible, and especially in cases in which the application is atypical.

The tests specified in this standard may be used for type testing. Type {ests are intended to demonstrate that
production systems made according 1o a speeific design meet defined performance criteria.

2. Normative references

The following normative documents contain provisions which, through reference in the {ext of this
standard, also constitute provisions of ANSI Nd2.44. For dated references or those with specified editions,
subsequent amendments to, or revisions of, any of these publications do not apply. For undated references,
the latest edition of the pormalive document referred to applies. Users of this standard should note that
alternative referenced standards specified in this standmrd may not fulfill the lepal requivements and
practices in all countries, Care should be taken to ensure regulatory compliance,

ASMI: B20.1, Safety Standard for Conveyors and Retated Equipment.?
ASTM F792-01¢2, Standard Practice for Evaluating the Imaging Performance of Security X-Ray Systems.

ASTM F1039, Standard Test Method for Measurement of Low Level X-Radiation Used in X-Ray Security
Screening Systems,

CISPR {1, Indusirial, Scientific and Medical (I8M) Radio-Frequency Equipment:
Disturbance Charactetistics—TI buits and Methods of Measurement.”

Electromagnelic

FDA Rules, Code of Federal Regulations. Title 21, Part 1020, Performance Standards for lonizing
Radialion Emitiing Products, Section 1020.40—Cabinet x-ray systems (hereinafter referred to as 21 CFR
1020.40).°

T ASME publications are availuble from the American Society of Mechanical Engingers, 3 Park Avenue, New York, NY 10016-5990,
USA (hup:/www psme.ore),

ASTM publications are available o the American Seciety for Testing and Materiels, $00 Barr Harbor Drive, West
C'onshohocken, A 19428-2959, USA (hitp:#wwerastm.org).
1 CISPR documents nre availible from the Interontional Blectrotechnicnl Commission, 3, rue de Varemié, Case Postide 131, CH
1211, Gendve 20, SwitzerlandiSuisse (http://www.iec.chf). They are also avaifable in the United States from the Sules Depariment,

f
American National Standards Institute, 11 West 42nd Street, § 3th Floor, New York, NY 10036, USA,
% Title 21 of the CFR is reserved for rates of the US Food and Drug Adminisiretion. Title 21 publications are available from he 1JS
Foud and Drag Administration online at bttp//iwww fdagov. / 9? ‘m f#
% wnshod e 508 e (o -
<oy @ ot K i ke
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ANSI N42,44-2008
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FCC Rutes, Code of Federal Regulations, Title 47—Tclecommunications, fart 15--Radio Frequeney
Devices (hereinafier referved to as 47 CFR 15).°

FCC Rules, Code of Federal Regulations, Fitle 47—Telecommumicalions, Part 18—Industrial, Scientifie,
and Medical Equipment (hereinafler refrred to as 47 CFR 18).

[EC 60204-1, Safety of machinery—Ulectrical equipment of machines—Paet 1: General requirements,”

IEC 60601-2-28 (1993), Medical electrical cquipment—Part 2: Parlicular requirements for the safety of X-
ray source assemblies and X-ray fabe assemblies for medical diagnosis,

IEC 61000-4-2, Electromagnetic Compatibility (EMCy—Part 4-2: Testing and measurement techniques—
Eleetrostatic discharge immunity test,

IEC 61000-4-3, Lilcctromagnetic Compaiibifity (EMC)}—Part 4-3: Testing and measurement techniques
Radiated, radie-frequency, clectromagnetic (ield immunity test,

IEC 61000-4-4, Electromagnetic Compatibility (EMCi—Part 4-4: Testing and measuremenl techniques
Electrical fast transicat/burst immunity test.

{EC 61000-4-5, Electromagnetic Compatibility (EMC)—Part 4-5: Testing and measurement technigues—
Surge immunity lest,

1EC 61000-4-6, Electromagnetic Compatibility (EMCY—Part 4-6: Testing and measurcment technigues—
Immunity to conducled disturbances, induced by radio-frequency fields.

IEC 61000-4-11, Electromagnetic Compatibility (EMCy—Part 4-11: Testing and measurement
techniques—Vollage dips, short interruptions and voltage variations Immunily tests,

IBC 61010-1, Safety requirements for electrical equipment for measurement, control, and laboratory use
Part |: General requirements,

3. Definitions

The following definitions apply to ANSHIEEE standards that have been developed at the request of the
Department of Homsland Security (DHS) for instruments to be used by DHS and emergency responders.

3.0 air kerma: The sum of the initial kinelic energies of all the charped particles fiberated by uncharged
particles (e.g., photons) in a mass of air, divided by that mass, in the Himit as the mass goes to zero, The

special name for the unit of kerma Is gray (Gy). with 1 Gy = 1 joule per kilogran.

3.2 backseattered x-rays: X-~rays that are scatiered at backward angles, roughly loward the x-ray source,

SR publiestions are available from the Superintendent of Documents, U.S. Govemment Printing Office, £.O. Box 37082,
Wasiingion, DC 200137082, USA.

e publications are available from the Sales Deparinient of the [nterrational Electrotechnical Commission, Case Postale 131, 3 rue

de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (latp/fvww.ice.chv). 15C publications are also available in the United States
from the Sales Department, Americas National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.

¥ This standard is also kiown us UL 61010-1, Standard for Safety Electrical Equipment for Measurement, Conisel, and Loboratory
Use; Part 1: General Requirements and is available from Underwriters Laboratories vis COMM 2000 at htip//wwiw.comime .
2000.convdefaulLaspx.
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3.3 cabinet x-ray system: An x-ray system with the x-ray tube ingtalled in an enclosure that, independent
of existing architectural structures except the floor on which it may be placed, is Intended to contain at least
thal portion of a material being irradiated, provide radiation attennation, and exclude personnel from its
interior duving generation of x radiation,

3.4 checkpointt For the purposes of this standard, an area where x-ray equipment is used to examine
items to identify security threal malerial or other illicit or prohibited malertals, which may be placed in
haggage or parcels and/er is concealed within an Hem.

3.5 coherently seattered x-rays: X-rays that are efastically scattered with no loss in enerpy.

3.6 degradation {(of performance): An undesired departure in the operational performance of the system
from its intended performance.

3.7 exposure: The absolule value of the total charge of the ions of one sign produced in a mass of (dry) air
when all the electrons and positroas liberated or created by photons in the air are completely stopped in air,
divided by that mass of aiv, in the Iimit as the mass goes to zero. The special name for the unit of exposure
wwas roentgen (R), with 1 R = 2.58 % 107 C kg™ (exactly). Note that the roentgen is no longer recognized In
the nterpational System of Units (S1) snd exposure has been largely replaced by alr kerma, At the x-ray
energies of interest bete, the relation between air kerma (Ky;,) and exposure (X) is Ky, = 0.00876 Gy REX,

3.8 projection (or fransmission} image: Perlaing to conventional x-ray technology in which x-rays pass
through an object and create a shadowgram, which is the result of the differential attenuation due to
variations of composition, density and thickness of every portion of the object in the path of the x-ray
beam.

3.9 type test: For the purpose of {his standard, a test that can be performed by manufacturers or other

parlics on one or more samples of the system, representative of production systems, with the objective of
determining if the system, os designed and manufactured, meets the requirements of this standard.

4. General considerations

Al tests in this standard may be considered as type tests.

4.1 Special word usage

The following word nsage applies:

we  The word “shall® signilies a mandatory requircment {except where an approprinte qualilying
statement is included to indicate that there may be an aflowable exception).

e The word “should™ signifies a recemmended specilication or method.

——  Theword “may™ signifies an acceptable method or an example of good practice.

4.2 Environmental factors
It is recognized thal checkpoint x~ray systems are used predomlinantly in controlled environments. To

insure uniformity of test results, alf tests in this standard shali be performed under standard environmental .
test conditions. The ranges of acceptablo test conditions are shown in Table 1 under “Standard test {

conditions.” - . d
< 5 A
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If the system is infended for operation in environmental conditions significontly oulside the ranges
specified in Table 1, additional testing should be done to demonstrate that the imaging performance
reported for staneard test conditions remains unchanged ot the low-temperature/low-humidity fimit and at
the high-temperaturehigh-humidity limit of the intended range.

Table 1—Standard test environmantal conditions

Influenee quantity {ambient) Standard test conditions
2°CL5°C

{71.6°F £ 9.0 °F)

Relative humidity 30% to 753%, non-condensing

86 kl’a 10 106 kPa
{645 mm Mg 10 795 mm Hg)

AJr femperature

Atmospheric pressure

The value of ambient air temperature, relative humidity, and atmospheric pressure at the time of the test
shall be recorded (see, e.g., Annex A), The environmental conditions stated in this standard tuke priority
aver uiher environmental conditions stated in the referenced standards.

4.3 Radiological safety

Checkpoint x-ray systems shall comply with the requirements of 21 CFR 102040

4.4 Fire, electrical, and mechanical safety

Checkpoint x-ray systems shall meel the existing fire, clecirieal, and mechanical sufety requirements of the
loliowing indicated standards:

a}  TEC61010-1 and/or UL 61010-1

by IEC 60601-2-28:1993 for:

1) Products having a high-voltage cable extemal to the bigh-voltage assembly. These praducts
shalf comply with Clause 16 of TEC 60601-2-28:1993.

2)  Products having field-replaceable x-ray tubes, These products shall comply with subelauses
45.2 and 45.7 of 1EC 600601-2-28:1993,

¢} ASME B20.1 and/or IEC 60204-1 for requirements for safety of machinery

4.5 Electromagnetic compatibility

Checkpoint x-ray systems shall meet the electromagnetic-compatibility requirements of the indicated
regulations or standards. Subclauses 4.5.3 10 4.5.8 specify testing parameters to be used in conjunction with
the indicated [BEC 61000 testing standards. Performance criteria {classifications) pertaining lo the
requirements listed in 4.5.3 to 4.5.8 are detailed in Table 2.

i Gt ML i e ks e O

0
1 A anpn =\ - s é}/

6
Copyright © 2008 IEEE. Alf rights reserved.

Authorized ficensad wse limited to: Chulalongkorn University provided by UniNst. Downloadad on March 15,2048 at 09:44:42 UTC from IEEE Xplors. Resticlions apply.




ANSI N42 44-2008
American Nattonal Staridard for the Perforinarce of Checkpolnt Cabinel X-Ray Imaging Securily Systems

Table 2—Performance criteria for electromagnetic-compatibility requirements

Performance Deserintion
criteria il

A The apparatus shall continue to operate as intended during and afler the disturbance, Ne
degradation of imoging performance {see Clause 53 or loss of function is allowed.

Temporary loss of function or degradation of performance that ceases afler he disturbance ceases,
and (rom which the equipment under fest recovers ils nonmal performance, without operafor
B intervention. No change of actual operating stafe or stored data is allowed. No degradation of
petformance or loss of fonction s allowed below a performance level specified by the
manulacturer, when the apparatus is used as intended,

Temporary loss of function or degrudation of performance, the correetion of which requires
C operator itervention, No degradation of performance or loss of function is allowed befow a
performance level specified by the manufacturer, when the apparatus is used as intended.

4.5.1 Conducted emissions

47 CFR 15, 47 CFR 18, and/or [EC CISPR_ [ {Class A)

4.5.2 Radiated emissions

47 CFR 18, 47 CFR 18, anddor IEC CISPR 11 (Class A)

4.5.3 Electrostatic discharge

1EC 61000-4-2, with the following settings and conditions:

4y Conltact discharge mode at 2kV, 4 kV, and 6 kY
by  Air discharge moade at 2kV, 4kV, 8 kV, and 15 &V

¢} Ten equipment discharge est points plus both vertical and horizontal coupling plancs, positive and
negative discharge waveform polarities

d)  Performance criterion, Class B
4.5.4 Radiated RF immunity

IEC 61000-4-3, with the foliowing settings and conditions:

a) 80 MHzto 1.0 GHz, 10 V/m

by 1.4GHzto 2.0 GHz, 3 Vim

¢)  20GHzto 4.0 Ghz, | Vin

d)  Four sides of BEUT, 1% steps, 2.8 s dwell, AM, 80%, | kiz sine wave
¢) Class A

~~ £35, (9’/“,5{—-« ﬁﬁg \J‘Lﬁ?ﬂ/& //@fm \SUQ/S P @ g&’m Cl/sﬁ
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4.5.5 Electrical fast transfent/burst immunity test
IEC 61000-4-4, with the following settings and conditions:

a)  AC and DC power ports at 0.3 kV, L kV, and 2 kV
b)  Signallines over 3 mat $.25 kV, 0.5 kV, and 1 kV
¢y Class B

4.5.6 Surge immunity test

IEC 61000-4-5, with the following setlings and conditions:

a)  AC power port at 2 kV line-to-¢arth, 1 kV line-to-line at 0°, 90°, 180°, and 270°
by DC power ports at 0.5 kV line-lo-carth, (1.5 kV line-to-line

¢)  Signal lincs.over 5mat [ kV line-to-earth

&) Positive and negative polarity, 3 surges per mode of appeurance

¢)  For non-lincar devices contained in the circultry, lower vollage levels up 1o the limit are also to he
tested

i ClassB

4.5.7 Immunity to conducted disturbances, induced by radio-frequency fields

LEC 61000-4-6, with the following settings and conditions:

a) 10V rms, 150 kifz to 80 MEz
by  Power ports and signal lines over 3 my, 1% steps, 2.8 s dwell
¢) ClassB

4.5.8 Voltage dips, short interruptions, and voltage variations immunity tests

IEC 61000-4-11, with the following settings and conditions:

a)  30% reduction for 0.5 periods (10 ms), performance criterion, Class B
by 60% lor § periods (100 ms), performance criterion, Class C
¢)  60% for 50 periods (1 s), performance criterion, Class C

d)  95% for 250 periods (5 ), performance criterion, Class C

4.6 Limitation of x-ray exposure to photographic film

In order to fimil the effects of x-ray exposure on photographic {ilin, the radialion exposure in a single
sereening, as measured using ASTM Test Methed FEO39, shall be less than 2.58 = 107 C/kg (i.e. nn air
kerma of less than 8.76 UGy or, cquivalently, an exposure of less than 1 mR). Compliance with this limit
assures what is generally regarded as filim-safe inspection, at least for most unprocessed consumer {ilms
(i.c., speeds below [SO 800) undergoing a limited number of sereenings. However, itis acknowledged that
newer technologies, such as multi-view and CT cheekpoint systems, might offer improved security

performance but with increased exposure. ( o ﬁﬂN ‘f:f
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The radiation exposure in a single screening shall be reported for the technique (i.e., x-ray (ube voltage and
currend, and conveyor belt speed) that produces the maximum exposure to scanned objects, and the
technique parameler setlings, if known, shall be recorded in test documentalion (see, for example,
Annex A). 1t is recommended that exposure be similarly reported for routine sereening, and for any special
lechniques available to the operator.

5. imaging-performance evaluation procedures

The test procedures in this standard are meant to add specificity to the test procedures of ASTM F792-01¢2
for the system. This standard shall be used in conjunction with ASTM F792-01¢2. Available ASTM F792-
01e2 test objects (see ASTM ADJIIFO792) have an ouler case similar to that of a briefcase, To more
realistically simulate routine screening and to simplify and betier facilitate reproducibility of imape-
performance test results, this slandard has more restrictive requirements on test-cbject placement and
orientation (see 5.2) than does ASTM T792-01e2, Thus, if the procedures of this standard are more
restrictive than those of ASTM F792-01e2, this standard’s procedures take precedence.

5.1 Imaging-performance test object

The test object used in this document is that specified in ASTM F792-01¢2. 1t is composed of lixtures for
the following nine tests:

Test |—Wire display

Test 2—LUscful penetration

Test 3—Spatial resolution

Test 4—Simpic penetration

Test 5—Thin organic imaging

Test 6—Image-quality-indicator (1Q1) sensitivity

Test 7—Orpanic/inorganic differentiation

Test 8—Organic differentiation

Test 9-—-Useful organic ditferentiation

Available ASTM F792-01e2 test objecls have solid copper wires thal are not tinned (see
ASTM ADIFOT792). The use of non-linned, solid copper wires is required for Test 1, Test 2, and Test 3 in
this standard. Note also that the indicated positions of the plastics in Test 9 of the test object in Figure 1 of
ASTM F792-01e2 are reversed from the actual positions in the available test objects (see
ASTM ADJF0792), so care should be taken in interpreting and reporting results for that test.

5.2 Imaging-performance test procedure

The test object shall be placed alone and in its case such that one surface of the case is in contact with the
x=ray conveyor belt. The surface in contact with the conveyor belt should be chosen such that the test abject
is more nearly perpendicular to the x-ray beam axis. Thus, if the x-ray beam is primarily directed vertically
upsvard (“up-shooter™), the case should lie flat; it the s-ray beam is primarily directed horizontally (“side-
shooter™y, the case should be positioned on edge. An exception is permitted for systems in which the x-ray
beam is primarily directed vertically downward (“down-shooter”), for which the lest object shall be

v,
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positioned with the bottom surlace of the case parallel to the conveyor surface but may be clevated to a
height above the conveyor bell of up to one-fourth of the vertical tunnel dimension.

[n aft cases, the test ohject {in its case) shafl be scanned with iis long dimension parallel to the direction of
ihe conveyor motion, The case may be positioned laterally {with respect to the direction of the canveyor
maotion} for optimal performance in any (est,

In all cases, the placement and orientation of the test object shall be reported in the test procedure with the
corresponding lest results (see, for example, Annex A).

5.3 Imaging-performance evaluation considerations

a)  If image-cnhancement features are available to the operator in normal use. these may be used o
achieve the best possible x-ray image. Examples are zoom, high penciration, edge enhancement,
expanded density, black-and-white reverse, and pseudo-color. The use of these features shall be
recorded in test documentation (sce, for cxample, Annex A).

by  Any deviation {ron specified measurement procedures shall be described in test documentation,

6. Minimum acceptable imaging performance

Table 3 shows minimum acceptable performance for each of the Imaging tests. Different minimum
acceptable performance requirements are given for tunnels for which any dimension, width or height, is
cither <70 em or 270 cm. This reflects the fact that tunnel dimension and the consequent size of bags or
parcels being sereened can influence imaging performance Tor certain of the tests, Therefore, a large tunnel
system, with greater source-io-object distance, can degrade performance when compared 1o a smaller
tunne! with o smaller source-to-object distance. This phenomenon is refiected in a relaxation of acceptable
miniraum performance for cerlain of the tests for the larger tunnel systems.

Note that for systems without organic/inorganic differentialion there is no reguirement for meeting the
minimum acceptable performance indicated for Test 7, Test 8, and Test 9.
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Table 3—Minimum acceptable performance

Larges ]
Test it Deseription argest tunnel dimension
<70 cm 270 cm
Wire display;
| A .
Smallest wire noted under § mm Al J2AWG 2 AWG
Useful penetration: ;
2 Smallest wire noted under 9.5 mm Al IAWG 0 AWG
Smallest wire noded under 15.9 mm Al JAWG 24 AWG
Smullest wire noled under 22.2 mm Al 30 AWG 24 AWG
3 Vertical wire resolution: L6 mm 1.6 mm
Haorizontal wire resolution: 1.6 mm 1.6 mm
4 , .
Simpie penctration (steef): 22 mm 22 min
Thin organic imaging (thicknesses of Delrin®y
3 Distinguish | mm azd 3 mm Yes Yes
Distinguish 3 mm and 5 nun Yes Yes
[QI sensitivity {smailest hole discemed):
Delrin® (plastic); 41 3 (9.6 eum) 4 {12.8 mmj}
_ 2T 4 (6.4 mm) 4 (6.4 mm)
6 I'r No minimum No minimum
Stech 4T No minimum No mininwm
2T No minimum No minimom
iT No mininwm N minimum
™ . S .
Inorganicforganic dilferentiation: Yes Yes
Organic differentistion: }
g Behind 0 mim steel: PVC/M*E Yes Yes
XM hylon Yes Yes
Useful organic differemtiation: ]
Behtind 1.6 mm steel: PYC/XM™ Yes Yes
XM¥nylon Mot required Not required
9* Behind 3.2 mm steel: PYC/XMY Not required Not required
XM*myton Not required Not required
Behind 4.8 mm steel; PYCIXMS Not requsired Not required
XM nylon Not required Nol required

® Detrin™ is 5 registered trademark of BT Du Pont de Nemoms amd Compuny Corporation. This information is given for the
converience of users and does not constitute an endorsement by the 1ERE of these products. Bquivalent products may be used if they

cun be shown to lead 1o similar resuits,
® Nl required for systems without erganic and inotganic differentiation.

XM is a division of Van Aken Internadional. For purposes of this table, XM represents the TNT stimutant XM-02-X manufsctured
by the XM Divisian of Vunn Aken tnfernational, Rancho Cucaimompa, CA, This informuation is given for the convenieace of usess aind
does not constitule an endorsement by the JEET of these products. Equivaient products may be used if they can be shown ta lead 1o
shmilay resulis.
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Annex A
{(informative)

Test reports

Sample test reports, covering measurements of hinaging performance and of exposure lo scanned objects,
are given in this annex.

The imaging-performance check form is directly modeled after that used in ASTM F792-01e2, bul with
guidance on Test 9 to clarify an inconsistency in position of the plastic samples. The cheek form should
greatly simplify the recording of distinguishable {eatures according to ASTM F792-01c2 and facilitaic the
transfer of the test resulls to the sammary table that follows.

The x-ray exposure test report includes only exposure to the scanned object (sce sample report),
Conformance with leakage-radiation requirements is covered in the FDA Code of Federal Regulations,
Fitle 21, Part 1020. Most of the x-ray security-screening systems covered here have only one scanning
mode, and the parameter seltings (x-ray tube kV and mA; belt speed} might not be displayed. In that case,
place an appropriate indication, such as “standardiroutine,” in the “Parameter seitings” column,
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ANSI N42.44 Cabinet X-Ray System Test Report

Droe. Ref. #: ,Page Lol 4
Tester: Place: Dateftime:
X-ray system miT: Model: Serial #&;
Tunnel height, H {em): Tunoel widlh, W {cm); Total FHW (em):
Beam orientation {up-, down-, side-shooter): Software version:
Monitor manufacturer: Model: Serfal #:
Ambient temperature: Relative humidity: Pressure:

Test-Object Placement

Lateral position on belt {lefl, middle, cight, facing diregtion of motion):

Orientation (horizontal/flal, vertiealfupright):

Height above belt (em) (for down-shooters ondy):

e G2 I et et 5955 (5 AN
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ANSI N42.44 Cabinet X-Ray System Test Report

Doc. Ref, #: ,Page 2 of 4

Test Image enftancement features ssed

{. Wire display

. Useful penetration

2
3. Wire resolation
i

. Simple penetration

. Thin organic imaging

. O sensilivity

5
6
7. Inorganic/organic differestiation
8

. Organie differentiation

9. Useful orpanic differentiation

Test-Object Imaging-Performance Check Form

=m==

WU - 5.

2.0

Test 3

9.6 159 222

0.16

0.32

0.48
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ANSI N42.44 Imaging-Test Results Summary
Doe. Rel #: , Page 3 of 4
(If system does not claing orpanic differentiation, place NA in Test resulls and Pass cofumus)
Minimum requirement
. - : ~ o Pass
Fest Deseription Largest tunnel dimension T'est resulis )
<70 ¢m =70 em
| Wire display:
Smallest wire under 0 mm Al 32 AWG I2AWG
Liseful penctration:
5 Smallest wire under 9.5 mm Al 30 AWG 30 AWG
Smallest wire under 15.9 min Al 30 AWG 24 AWG
Smallest wire under 22.2 mm A) I0AWG 24 AWG
Vertical wire resolution: 1.6 mm 1.6 mm
3
Haorizontal wire resolution; 1.6 mm 1.6 mm
4 Simple penetration (steck): 22 mm 22 mm
Thin organic imaging:
3 Distinguish | mm and 3 mm Yes Yes
Distinguish 3 mm and 3 mm Yes Yes
Q1 sensitivity (smullest discerned):
Delrin™ (plasticy: 4T 3(9.6 mm) 4 (12.8 mm)
T 4 (6.4 mm) 4 (6.4 mm)
6 T No msinimum No minmum
Steel: 41 Mo minimam Na minimuir
2 No minimum No minimum
1T No msnimum No minimum
7* norganicforganic differentiadion: Yes Yes
Organic differentiation: ]
gb 0 mm steel: PYC/XM™ Yes Yes
X nmylon Yes Yes
Liseful organic differentiation:
1.6 mm steel: PYC/XMY Yes Yes
XM"/nylon Not required Not required
9 3.2 mm steel: PYCXM® Not required Not required
AM™ylon Nut required Not required
4,8 mm steel: PVCIXM® Not required Not required
XM*nylon Nof requived Nof required
* Delrin is a repistered trademark of E.1. Du Pout de Nemours and Company Cotporation. This information is given for {he conveniance of users
and does ot constitule an endorsement by the 1EEE of these products. Equivalent products may be used if they can be shown 1o Temd 1o similar
resalts.
¥ Mot required for systems without erganic and inorganic differentiation.
© WM is a division of Van Aken International, Tor purioses of this table, XM represents the TNT stimuiang XM-02-X manufactured by the XM
Division ol Yan Aken Interational, Rancho Cucamoinga, CA, This infonsntion is given for the conveniznce of users and does not constitute an
endorsement by the TEEE of these products. Equivalent products may be used it they cur be shown 10 lead (o similar resubts.
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ANSI N42.44 X-Ray Exposure Measnrement Results

Doe, Ref. #: , Page d of 4
Tester: Place: Date/time:
X-Ray system manufacturer: Model: Serial #:

Instrument Used for Exposure-of-Contents Measurements

Manufaclurer: Muodel: Serial #:

Catibration dale;

Requirement: < 8.76 pGy (< 1 mR) in a Single Scan

Measurcment Pass

Test conditions Parameter settings (x-ray tube kV and mA; belt speed)

Muximum expasure’

Routine exposure®

Optional scan

Optional scan

? Pertains to parameter settings 1hal produce the maxinum air kermn or exposure in a sean
" Pertains to parameder seltigs for routine sercening
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Annex B
(informative)

Human-factors engineering considerations

Screening performance is a function of both the system imaging performance and the operalor
performance, Operator performance can be enhanced by more oplimal engineering of the controls and
display of the system. Commonality of features can simplify operator teaining and help avoid confusion,
particularly for large-scale screening applications involving multiple system manufacturers. Many
important human-factors cansiderations can be identified for standardization. Some of the most important
are included in this annex. Without question many of these have a divect, if unguantifiable, bearing on
serecning performance. Delined testing proceduares are not proposed for the human-laclors considerations
in this document,

Human-faclers issucs considered to be most important for sereening performance are indicated below,

IFalt functionality for operalors meeting personnel reguirements is specified in the TSA Code of Federal
Regulations, Tiile 49, Part 1544,

The operater control panel (OCP) should provide s-ray image-analysis tools (e.g., mgdniu'inurg.mit,
stripping, magnificalion, inverse imaging) for the screencr/operator to enhance the dlbpiil)’ed image. The
displays should provide good resolution and color saturation to enable the operator to discern common and
familiar objects. The system manufacturer should foltow the human factors guidelines found in Chapler 7
and Chapter 8 of the Federal Aviation Administration Technical Report DOT/FAA/CT-96/1 and in the
revigion to Chapter 8 {DOT/FAA/CT-01/08). Specific considerations should address the following:

—  Displays should indicate syslem status, threal resobution, bag jams, and faully lmage svents,

—  System should respond to inpuls by the operator in 1 5 or less,

—  OCP and display icons, symbols, and abbreviations should be intuitive and casily recognized, with
minimuem character height of 2.3 mm (0.1 in) or !arg,u, preferred height would be 2.9 mm to
3 3mm {0116 in to 0,128 in).

—  Text labels, system actions, and fecdback shoudd be placed in close proximity to the event wilh
which they are assochaled.

—  Display image should toHow a cofor and grayseale look-up table such that all manufacturers use a
universal color scheme to represent density, inorganic, organic, and heavy metals,

——  Function keys and icons preferably should be assigned a single function. 1f & funclion key or icon
has mulliple functions, the system should display which function is activated.

-~ Use of embedded menu systems or multi-step processes shouid be intuitive and follow
conventional palterns of usc,
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Absfract: Test methods and test articles for the evaluation of the image quality of CT security-
screening systems are provided. The quality of data for automated analysis is the primary
concern. This standard does not address the system’s ability to use its image data to
automatically detect explosives or other threat materials, which is typically verified by an
appropriate regulatory body.

Keywords: ANSI N42.25, computed tomography, contraband, detection, explosives, image
quality, luggage, screening, security
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assures that the system is capable of meeting the required criterig, but how does one assure that all copies
of the system meel ihe ceiteria? Normal manufacturing variability, quality control issues, or aging of the
equipment may degrade performance versus what was observed on the article tested by the regulator,
Replicating the original test on cach machine in question is impractical. Transporting the regulator’s threat
set to a factory site or o locations where the machines are In use, presents significant securily and in some
cases safety concerns, This standard seeks to address this issue by specifying a suite of test methods that
cin be carried out on site without need for hazardous malterials.

The performance testing carried out by the regulators essentially evaluaies the combination of the system’s
ability 1o produce an image of the parcel along with ils automatic analysis of that image data fo reach a
decision of threat or clear, The second prt of this sequence, the analysis, is bnplemented through software,
It should be noted that the regulators generally require that this software be designed so as to NOT evolve
through use. The soflware used at alt locations in the field must perform the same as the software did at the
time of evaluation by the repulator, Configuration management of such software is 4 well known and
slraightforward art. Therefore, the reat opportunity for performance variation comes from the imaging
system that provides the data o the analysis soflware, [f one can guantitatively validate that the quality of
the hmage produced by the syslem in question is statistically equivalent to the image preduced by the arliclke
evalunted by the regulator, one can be highly confident that the performance of the system in guestion is the
same as what was approved by the repulator.

Purchasers of CT systems for securily screening applications are generally not CT expents. Inconsistencies
in methods for measuring seemingly standard image quality values (resolulion, signal-to-noise, ctec.) can
confuse the potential user of such CT systetns, Other standards exist for testing aspects ol CT image
qualily, particularly in the medical feld. This standard specifies a sel of methods to apply in assessing CT
image quality geared towards security screening. An application of this standard would be in the factory
acceplance testing of equipment. The standard could be used to indicate whether the unit offered for sale
produces the equivalent image guality as the unit that was tested by the cognizant regulatory agency. Since
various image quality melrics can be traded off against one another and achieve similar levels of threat
detection, it is generally not valid, in contrast to medical CT, (o make model-to-mode! or manufacturer-to-
manufacturer comparisons of individual test resuils lor CT systems used for sceurity-sereening.

This standard does not address Iimage qualily presented 10 the operalor. The image quality provided to the
operator is not necessaclly at the same level as that vsed by the automated onalysis. The data may be
degraded before presenting to the operator to deerease resources required for rendering the image on the
sereen. Conversely, Lhe data used in the automated analysis may be intentionally degraded o conlrol the
computationat loading of the analysis computer, The user of this standerd may want to separately assess the
quality of the images prescnted to the system’s operator. A wide range of methods is available for this
purpose including the use of visual fine pair gauges and ASTM F792-08 [B1}.

2. Normative references

The following referenced documents ave indispensable for the application of this decument (1.e., they must
be understood and used, so each referenced document is cited in the texl and its refationship to this
document is explained). For dated references, only the edition ciled applies. For undated references, the
talest edition of the referenced document (including any amendments or corrigenda) applies.

ASTM E1695-95 (2006), Standard Test Method for Measurement of Computed Tomography (CT) System
Performance.”

ASTM D6100-03, Standard Specification for Extruded, Compression Molded ond Injection Molded Acetal
Shapes (POM).

Conshohocken, PA 19428-2959, USA {hitp://www._astm.orgs). ! p
&m‘M @ wilond G e S
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3. Definitions

For the purposes of this standard, the following terms and definitions apply. The IEEE Standards
Dietionary: Glossary of Terms & Definitions should be referenced for terms nol defined in this clause.?

computed tomography (CT): The process of making a three-dimensional image of a volume based on
two-dimensional projection data,

CT value: Value reported hy C1 systems an a per voxel basis that is a function of the matertal’s density
and atontic number,

coronal image: An image produced by summing a volume along the y-axis.
NOTE— As defined in Figure 1.}

effective atomic number (Z.): A material property tha represents the atomic number of a theoretical
clement that, if the material were replaced by the element, would produce the same x-ray attenuation
characteristics,

multi-energy: An x-ray imaging system that collects image data af more than one Xeray energy spectrum.
This can be accomplished, lor example, by varying the x-ray tube voltage, using an encrgy discriminating
detecior, or using multiple sets of detectors with diflering energy response,

projection image: An x-ray image created by delecting the x-ray intensily transmitted through the subject,
resuiting in an fmage in which all the subject’s components appear to be projected onto a single image
plane,

registration: The spatiaf relationship between (he coordinate systems of multiple imaging subsystems. It
determines the ability to accurately correlate observations from one image to the others.

slice: A cross sectional image of the inspected objeet. The normal of the plane of the image is in the
direction of the z-axis (divection of belt motion),

standard mode of operation: A mode of operation normally vecommended by the munufictarer for
inspection of parcels, Some systems have special modes Tor collecting extra data for training. This would
not be considered a standard mode of operation.

test article: An item, to be imaged by the system, contalning mulliple test objects in a specific geometric
layout.

NOTE~Asz used in this standard, test article refers to the specific items defined in Clause 5.

test ebjeet: An individual object having specific properties (size, shape, materials, ete.) that when imaged
by the system allows a certain image quality evaluation to be carried out,

voxel: A volume clement representing a rectanguiar prism-shaped region in space within 2 volumetric
image.

4, General test-performance requirements

These tests shall be conducted under ambient temperature and humidity conditions defined as 23°C 2 5°C
(734 °F £ 9 °F} and non-condensing hunidity. The temperature and relative humidily shonld be reported
with the {esting results,

If performance is required outside of the above specified environmental conditions, the user should not
assume that reported image quality performance metrics are equivalent to those reported under ambient
condilions, The user may wish (o require testing outside of ambient conditions or request engineering
analysis to gauge performance in the field,

! The IEEE Standards Dictionary: (Hessary of Terms & Definitéons is available ot hilp:/ishop. ivee wre/

* Notes int text, tables, and figures are given for information otly apd-do not contain requirements needed Lo implenent tas . : "m 1’:* ‘##
R / ;b . .
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System compenents and adjustments should be as for the standard commercial product in normal security
screening operation made; any deviations shalf be noted by the evaluators in the manually recorded data, 1T
the system is approved to operate under more than one configuration, the user may want (o request the lest
be carried out al all appropriate seltings. Evaluation is to be based on images or other data aormatly used in
standard mode of operation. The exposare time und level shall be chosen as that used when the CT system
is operated for the inteaded use in the securily screening application. A calibration of the CT system shali
be carried out prior to any testing. Any recalibration of the CT syslem shall be allowed according to the
standard operation of the system. In order to assure that the system is using a configuration approved by the
appropriaie regulatory agency, the user imay wish Lo request that the vendor provide ihe specific seltings
used during the evaluation sucl as: tube voltage(s). amperage, voxel size, bell speed, efe.

The test articles (see Clavse 5) shall be presented Lo the system in a controtled position and orientation. The
main axis of each test article should be parallel to the conveyor belt motion direction and the front of (he
article shall enler the system first (ftont designated via labeling), The test method described in 6.3
delermines the angle of rotation and side to side offset of the test arlicles relative to the center line of the
system conveyor. Results for rotations more than 2 degrees off parallel from conveyor center fine shall be
rejected. This standard requires that the test articles be measured at the conter of the belt, directly on the
belt, within % 2 em of the conveyor center line. [ the user decides 10 also run the test articles ofT center line,
the parallel requirement shall still be met, and the data shall be segregated and treated separately,

For reference, Figure | shows the coordinate system that shall be used for all procedure descriptions. The
7 axis is aligned along the direction of the conveyor motion, The y axis is in the vertical direction and the
x axis is across the belt, The positivemepative direction of the axis system is immaterial os used in this
standard,

Y

Figure 1—Reference axes for procedures

Not all the methods stated are applicable te all €T systems, Eoch method shall identify whether it is
applicable to all CT types or only a subset.

Each of the test methods specified in this standard can include required procedures and examples of
optional techniques for achieving the required results, This is necessary because of the range of
implementations used in security CT equipment. Each test method identifies where fatitude for deviation
Irom the analysiy sechniques exists. Any deviation from provided example techniques shali be documented
includiag rationale (or deviating from the suggested standard method of analysis. Such documentation shall
be provided to the end vser of the image quality evaluation.

5. Description of the test articles

f‘\u.ution of this standard rt,quires‘ two test articles. They are designated “test article A™ and “test article

* and are represented in Figure 2 and Fignre 3. The articles consist of several test objects supported in a
|na<.h1nul frame within a commercial carrying ease. The placement of the tost objects has been selected to
minimize artifacts (rom one test objecl interfering with the image of another test object. Additionally, the
commerciul cases have been modified Lo eliminate unnceessary arlifnets (steel hinge pings replaced with
plastic, some reinforcing structures have been machined off, ete.)

When fubricating test articles (or use in this standard, the test objeets and the supporting stroctural frame
shall be built in aceordanee with the detailed drawing package included in Annex B, ‘The outer casg niay
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selected for durability. It shall be large cnough to contain the specified supporl siructure. The case shall be
modified to remove any metal structores (hinges, hundles, fsteners, ete.) from the sides, top and bottom.
{Removing structures on the front and buck surfaces is optional.) Also, the case shall be modilied $o
remove ony signilicant plastic steucture along the sides, top, and bottom that mighl interfere with the
iruaging of the test objeet,

The onter case shall be outfitted with appropriate low-density foam inserts to hold the (est article support
structure firmly in place, parallel to the botiom plane of the case and aligned with its centerline.

{ . N
1.1 T Y
T?Z.ﬁ
2138 Ba
Y obfect_offsef
X Z
T FRONT
-y
¥ Z
419.0
X
157.8
Xobject_offset
| 686.2 ] dimensions in mm

Figure 2—Test article A
Test article A conlaing the Lest objects for the methods covered in the foltowing subclavges:
— 6.3 Object length accurney
— 6.4 Path length CT value and 74
—— 6.7 Zerr 10 CF walue uniformity
— 6.8 Streak artifacts

— 610 Image
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Figure 3—Test article B

Test article B contains (he test objects for the methods covered in the following subclauses:
— 63 Obiecl length aceursey
— 6.5 Noise equivalent quanta {(NEQ)
— 6.6 CT valuc consistency

— 60 Slice sensitivity profile (S8P)
6. Test procedures for image quality

6.1 General

This standard specifies procedures for measuring a wide range of Image quality indicators. Table
provides a fist of the test procedures, the image quality indicators they measure, and the test object they use.
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Table 1—List of test methods and indicators measured

Test procedure Image quality indicaler Test objeet Test article
Ve £ af : W satal® s Wi achii
Object fength aceuricy Length of abjects relative to their expecled f\ueh_;l plate with machined A&D
values ole in each end
Path length CT value | Consisteney of density and Z,q measured Acctal triangle A
and Zeff elong a variable x-ray path length
Noise equivalent quanta | En-plane spatial resolution of the system .
(NEQ) normalized by the systen’s naise Acetal cylinder B
(a) Measurement of the average €7 volue
- . for a reference object .
CT value consistency . s ot eylinde
lue consistency {b} Variance of CT values within reference Acetul eylinder B
object
Zeffand CT value Mensurement of Zyy and CT value through ﬁfﬁ:?::gﬁ;ﬂgfl‘wa? P;g A
unifonnity different thicknesses of atlenuating melals e summum,
coppet, tin, and lead
Level of variation in a nominal Zy Acetnl eylinder with
Strenk arlifacts material indwced by the presence ofa bigh | imbedded tanpsten altoy A
Z.material in close proximity ping
Stice sensitivity profile Resolution of the image along the direction | Acetal rectangslar bur n
(SSP) of belt tmovement presented at 5°
: . T Acetnl and aluminum plates
Mayraieal] ¢ 7 1]
Tmage repistratiot Physical :111gnment l{et\yeczr Imagng arranged 1o forim 3 box with A
subsystem frames of reference X
a diapobal acetal plate

*FULL SPECIFICATION:
D6100-05 S-POMO21ILP.

Use acctal copolymer (also calfed acetal, polyoxymethylene or POM) designated as ASTM

This is a general-purpose grade thermoplastic, with a density near 1.4 g/em”, and that daes
} 3

not include fitlers, tmpact modifiers or other additives including colorant, fiber, chemical lubricant, or heavy metals.
ftefore construction of the NE(Q test object, the core of the delivered acetal rod should be verified for fow conterline
porosily using the procedure specified in ASTM D6 100-G5.

In addition to carrying out the ciled image guality methods, it is importanl (o maaually record certain data
aboui the system being lested and the environment of the test. The manual data to be collecled is specified
in 6.2. The following subclauses discuss each method, detailing how the measurements are to be made,

6.2 Manually recorded data
6.2.1 Purpose

Manufacturers wmay produce a number of models under the same general product name, and they may
perform differently under different environmental conditions. When looking at results from this evaluation
method, it is important (o be sure you are comparing similor machines under simitar conditions, This
section specifies the minimum data that shall be manually recorded about the system and the evaluation
conditions.

8.2.2 System data

The following data are available from the manufacturer of the system, or in some cases, provided by the
syslem #self, I is not intended that the evaluation team actually meuasure any of the data 1o record lor this
seclion,

6.2.2.1 General information

a} ‘Test method: Staie that the evaluation was carrded oul in accordance with this standard.
b) Manulzcturer: Record the name of the company producing the system,

¢) Model: Record the {ull model name/number for the system.

7
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d)y Serial number: Record the unique serial number lor the system under evaluation.

¢} Configuration: Deseribe the configuration of the system under evataation. Is it set up for in-line
use ot stand alone use?

) Scanning mode; Describe the system’s mode of scanning, (Helical scan, static slice, non-
rotating gantry, ete.)

g) Belt speed: Record the speed of the systemn’s conveyor belt based on manufacturer specification.
If the sysiem operales at pruliiple speeds during the cvaluation, state the maximum speed and
any speeds applicable for actual scanning,

6.2.2,2 X-ray source informaticn

3)  X-ray soarce type: If multiple sources are used. stote how many. Describe source characteristics,
such as anode material, multi-anode, muli-cathode, continuous emigsion or vollage prid
controlled, scanning beam, ete. 17 more than one source fype is used, describe all applicable
types and state the number of each type,

b)  X-ray source voltage: State voltage in XV, I more than one voltage is used, state all
¢} X-ray source current: State current in mA, if more than one current is used, state atl.

d) Number of houss: If the system records the number of hours of operation for the x-ray source,
record it here. Otherwise, stale not applicable (N/A). 1f data is available for more than one
source, record all available.

{n some systems, multlple sources may be used. In those cases, the lotal number al sources should be stated
and deseriptions of unique opualmg conditions should be provided. For example, if a system has six
sources of the same type and running at the same current, but two run al 100 kV and four a1 180 kV, then
the description would be as foliows:
Type: 6 tungsten catbode, continuous cmission source
Voltage: 24t 100 KV and 4 af 180 kV
Current: 0 mA
Number of Hours:  Tubes 13,4, 5, 6 —2122 hours, Tube 2 — 135 howrs

6.2.2.3 Reconstruction information

a)  Reconstruction method: Record the method for reconstruction, (Filtered Back Proigetion,
Fourier Inversion Method, Iterative, ete.).

b} Voxel spacing: State the distoance belween reconstructed voxels in mm in the x, y, and 2
direciion.

6.2.2.4 System software

Record the nmnuficturer’s version numbers for cach of the following clements of sollware, 1t the
manuficturer does not separate out a particular clement, state what software element it is included within.

a) Display: Software controliing the operator display.
) Reconstruction: Software that converts projection data in to CT images.

¢)  System Contral: Soltware that manages control of the system, driving system staie, hardware
contred, inferaction with baggage handling system, cte.

d) Operating system: Operating system(s) for the computers of the system. (Windows Vista®,
Fedora Core 6 Linux, etc.),”

$ Thig information is given for the convenience of users of this stindard and does not constitate an endorsement by the {EEE of these
products. Eqnivalent products may be used if they can b shew (o fead to the same resulis.
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6.2.3 Evaluation environment data

The following dala are related (o the environment in which lhe evaluation was carried out. In general, the
evaluation is based on single scanning of each Lest article and reporling results, In cases where many scans
would be run, such as establishing a baseline expectation for a particular scanner, the environmental data
should be modified 1o show the daie, time, temperature, ete, for the beginning of the scanning and for the
end.

The evaiuators shall pravide the following data:

a)  Local date: Record the local date in year/month/day formal.

b} Local time: Record the local time for the st of the evaluation in hours:minutes format, where
hours run from ¢ to 24,

¢) Location: Record the full address of the focation where the scanning for the evaluation was
carried out.

d)  Ambient {emperature: Recard the temperature of the environment surrounding the system in
degrees Celsius.

¢} Ambient humidity: Record the refative humidity of the envirorment surrounding the system,

)  Delector temperature: B the system provides lemperature readings for its defector array(s),
record the value after the system has been allowed Lo warm up and just before scanning the test
articles. If the system provides muitiple detector readings, record the max, min, and median
values, Record in degrees Celsius.

g) Personnel: Record the [l names and affiliations of the personnel who carried out the
evaluation.

h) Telephone number: Record a telephone number where the tead of the evaluation teum may be
contacled in case of questions about the evaluation.
) Test article manufacturer; Record the manufacturer of the test articles used in the evaluation,

i} Test article serial numbers: Record the unique seviai numbers for cach of the Lest articles used
for the evaluation,

§.2.4 Comments

tnder the comments section, the evaluators shoudd note any issues or problems encountered while running
the evaluation. If the system tested differed from the standard commercial produet used in normal security
screening operation mode, the evaluators shall note those differences here {eg., “system was operated
without its air conditioner running to simulate operation in a hoiter climate®).

6.2.5 Deviations from specified methods

Some of the test methods described in this standard expliciily allow the cvaluator to use altemate
approaches o colculating their values. Under the deviations scction, the cvaluators shafl note any
deviations fiom the test methods as specified in this standard. The notation shall specity which specific
methods were modified and deseribe the modifications and the reasens for each.

8.2.6 Presentafion of results
The manually recorded data shall be attached o (he corresponding resulfs of the other image cvaluation
methods specified in this standard. The data showld be grouped in the same fashion as it is covered in the

previous {ext. Figure 4 shows an example format, but other logical formats for the data presenlation would
be acceplable as well.

9
Copyright © 2011 |{EEE. All rights reserved.

8
e - .
x%fnht]\g ar ik ("\ (o} fg”

EE Xplore, Restrictions apply

Ay



ANSI N42 45-2011
American Nalional Slandard for Evaluating the tmage Quality of X-ray Computed Tomography (CT)
Security-Screening Systems

Image Quality Report
Evaluated in accordance with American National Standard for Evaluating the image Quality of X-ray
Computed Tomography (CT} Security-Screening Systems

Manual Data Record

Systerm Under Evaluation

Manutacturer: Reconstruction Method:
Model:
Serial Number: Vaoxel Spacing:
Configuration: X
Seanning Mode: ¥
Belt Speed: 2
X-ray Souyrce Seftware Versions
Type: Display:
Voltage: Reconstruction:
Current; System Condrob
Number of Hours: Operating Systen:

Evaluation Conditions
Local Time: Scanning Personnel;
Date:

Location:

Telephione Number:

Test Article Manufacturer:

Ambient Temperature: Test Article 8/Ns:
Ambtent Humidity:
Detecior Temperature:

Conunents;

Deviations from Specified Methods:

Figure 4—Format example for manually recorded data

6.3 Object length accuracy

6.3.1 Purpose

This test assesses the system’s aceuracy of measuring the fength of an object. This accuracy can be affected
by the coordination between belt speed and gantry rotation speed {or other source motion). Evrors in length
aceuracy can affect the system”s abllity 1o consistently determine objcel size and mass.

This test shali apply to all systems.

Because mass is & critical parameter in most security screening applications, i is imporlant o ensure that it
is measured with a high-fevel of consistency. The absolute accuracy of the measurement Is not as important
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as the consistency. [f o systom consistently measures an object shorl or long, the detection sollware can
compensate appropriately. [owever, if the measurement varies from machine to machine, the software
would not be able to compensate and the system’s abllity to estimate mass of an object would vary.

This method alse measures the angle of test object presentation. Due io the sensitivity of some of this
standard's test methods (o test object angle, this measurement is used as a go/mo-go on whether to perform
the test methods on this partieular scan. A copy of the test oblect will be housed in both test articles, so this
tes{ methad shall be run on both articles.

6.3.2 Test object description
The test objeet for this assessment is shown in Figure 5. [t congsists of a long reclangular aceta plate with a

19.1 mum dianeter hole drilled at each end. “Fhe object is placed in the test article such that its long axis is
parallel 1o the Jong axis of the test article, and the axes of the holes are perpendicular to the test article

botlom.
dirmensions in mm

« LI

HT T 11 IL I 1T 1%

*;- 686.2 |

H{IL5
lo q o ¢ O o
g e 400
Z AXIS
Figure 5—0bject length test object

6.3.3 Test method

The test method shali meagure the angle of presentation of the ohiect and the measured fength in mm. It
shall isolate the voxels representing the circular holes in the test object ends and caleulate their centers of
mass. Because this caleulation is over many voxels, it delermines the location of the hole to a precision less
than the voxel size. The locations of the centers of mass shall then be used to determine the length of the
ohject and that the dest article is presented at un aceeptable angle.

The foltowing method is an example of how the centers of mass for the holes may be calculated and used
where contituous volumetric data are available, Alternative procedures are acceptable as long as they find
the center of mass for each of the two holes and base the length and angle measuremcents on the relative
locations of the cenfers.

a)  Within the CT data, designate a subvolume that isofates Lhe test object,

b)  Sum all CT values olong the y axis direction to create a coronal image, f{x.z), of the test object
whose length and widlh is equal to the length and width of the subvolume.

¢)  Find the maximum value, flusx.

d) Create fifx.2) f o &M /ﬁ%\n)){éﬁ{(f’
Lif fx,z) > £33 o

~ e ~
fHl )= fz Kds S é{ /QoﬁN #H f{“ﬂe”
0,1 fix,2) S ';‘“ - ‘
Ans ey aphQ @&ﬁ& ~ Ay
i1
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¢)  Starting at the edpe of fi{x,2), replace the outer image zero pixel values with ones. Make sure
that the process progresses to all edges of the Image. This process will vesult in o mask Image
that has zeros only in the focation corresponding to the holes in the test object.

) Create fifx,z} such that fifx.z)= 1- fifx.2). fafx,2) represents the pixels that correspond to the
holes in the Lest object,

g} Caleulate the center of mass for the first hole.

For cach pixel in fa(x,z} that equals 1 in the aree of the first hole

xsum =3, 5 folx, 2Y (s 12— (32X
zsm =3, 9 (X2 e /2= Sl 2 X2
nstum =39 (8, 23% fyae /2 F(2,2))

X = XSHIBSTN

S = Syuhhstm

h)  Repeat caleulation for second hole.
i}y Convert Yo, Zop, Yoo a0d Zea to millimeters.
iy Caleufate

Tength = J{:c, —m g V4 (X = Xo)?

g —x,
o =sin! B 2%a)

length

k} Caleulate
Acester = ("'c] + xcz)lz

1} Calculate
bag _affsety = Xuer — ¥widm £ 2 ~ ¥abject_offet
where
Xuideh is the width of the full image volume in mm
Yasicer otises 15 the physical offset in x direction of the center of the test ebject trom
the center of the test article (value shown in Figure 2)
m) Using the original subvolume that isolaled the tesi objeot, designate two additional vectongular
subvolumes that fully conlain each hole. These subwolumes shall be centered on the hole and

have dimensions twice the diameter of the hole in x and = and twice the thickness of the plate in
y. Designate (hese subvolurnes as (¥, y.z) and fp(x,0.2).

i} Find the maximum value in the two subvolumes. Revord it as /i
o) Set all values in Ayx,3z) and hyfx,2) thal are less than /. /2 o zero,

) Caleulsic the y center of mass for the first hole.
For each voxel in yfxp5)

yeum=Y ¥ ¥y, y0)xy

oy

nsum =y o 9 hlx,y,0)
£y X

Ver= YSUmYRYUnt

q} Repeat caleulation for second hole.
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¢} Convert ¥, and 2 fo millimeters.
3}  Caleulate
Yoewter = {Per T Y2} 2

1} Calculate
bag _ offset y = Meemer ™ Pheiphe f2m Yobjest_offsel
wlicre
Picight is the height of the full image volume in mm

Yovieet ot 15 the physical offset in y direction of the center of the test object from the
cenler of the test article (value shown in Figure 3)

6.3.4 Presentation of results

The results shall be presented as shown in Figure 6. The results shall siate the version of the test article run
{A or B), the hotizontal and vertical offsels in mem, the measured angle of presentation in degrees, and the
altowed tolerance on the angle® in degrees. If the angle is within the rotational tolerance, the length of the
test object shall be reported in mitlimeters and as o percentage of the physical value, as

vale = mw-"e—"ﬂ——xlﬂo
fer 18 r‘h;)h‘w_nsicul
where

lengthoeica is the specified distance between the centers based on the test object drawing,

Test Article Version: (4 or B)

Presentation Sinfistics

xx.x mm Bag horizontal offset from center of system

pv.y mm Vettical offset from center of system
oo Angle of presentation

e bbb ¢ Alowed angular tolerance

Object Length: {17 mm, v, 1% of physical length

Figure 6—OCutput from object length procedure when test article is submitted
within angular tolerance

1f the angle is outside of the rotational lolerance, the report shall indicate so and no length shall be reported,
as shown in Figure 7.

e £ YT O é%’%qp/ s /M AS How g%m

g

T4 Asde saun N~ ag o%;,.j’

6 . . [
The rotationat tolerance is specified in Clause 4.

13
Copyright € 2011 IEEE. All rights reserved.

Astharizad licensed use fimited o: Chulalengkorn Usdverslly provided by LiniNet. Dowaloaded on March 15,2018 a1 09:37:23 UTC from IEEE Xplore, Rastrictions apply.



ANSI N42.45-2011
American National Standard for Evaluating the limage Qualily of X-ray Computed Tomography (CT)
Security-Screening Systems

Test Article Version: (4 or B)

Presentation Statistics

xx.x nun Bag horizontal offset [rom Center of system

yvy mun Vertical offset from Center of system
aeee®  Angle of presentation

L8 bbb ®  Allowed angular talerance

Warning: Angle of presentation for the test article is outside of allowable
tolerance. Please re-scan.

Figure 7—0Output from object length procedure when test article rotation
is outside of angular tolerance

6.4 Path length CT value and Z.q

6.4.1 Purpose

Objects with a large dimension in the CT stice planc (resulting in a Tong path lengih) can appear to have a
different CT value and Zg than objects of the same material with smaller dimensions. How much they
differ in a given system depends on several aspects of the system’s design, This procedure deseribes how to
measure this difference,

6.4.2 Test object description

The test object for this assessment {s shown in Figure 8. It consists of a flat triangular piece of acetal. The
test object is placed flat and parallel to the belt.

[ o1 ] 14.0

A4
T

dimensions
inmm

E i i ! ] |
E 394.0 [

Figure 8—Path length test object
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6.4.3 Test method

The {est ebjeet is scanned. The maximum separation between slices shall be 10 mm, The CT slices will
contain conseculively longer lines. The method shal! isolate the object within each skice, determine the
{ength in the slice, und find the maximum CT value at the center of the object in the slice.

For multi-cnergy CT systerns, the procedure shall be repeated for all image values used by the detection
algorithm, Some systems might use an image buill from the high-energy data and a second from a Z.y
caleulation. Others might use & Z,y image and a Compton seatlering image, The measurements shall be
made and reported for each type of CT image nsed.

The feHowing method is an exampie of hew to calcutate the path length dependency of the density and Zgy:

a)  Establish an RO1 that conlaing the test abicel, but excludes any mounting region.

b)  Within this ROL. threshold each stice to eliminate air. Project maxinum afong cach vertical
column to a line. Find the ends of the line to calealate path length. Select ali the pixels within
the center 2 e of the line and caleulate the median value. Record the path length and median
value for ench slice.

¢y Using the slice that has the path Tength closest to 10 cm, caleulate the median of the projected
maximums for the entire line length, Normalize all center median values by this value.

6.4.4 Presantation of resulfs

‘The results shall be presented as a plot of the normalized center median values against their path lengths for
: cuch image used. Figure 9 shows an cxample of a resuits plot. A plot shall be generated for cach image
used by the slgerithm with notation citing the image used.

Path Length CT Value and Zeff Resulls
High Energy GT Image

1.200 T

1.006

g

0,600

Normalized Median CT Vatue

5

0.200

0800
0.000 5.000 10.000 15.000 20,000 26.000 30.000 35.000 40.000

£3lh Length (em}

Figure 9—Example plot of path length test results
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6.5 Noise equivalent quanta (NEQ)
6.5.1 Purpose

NEQ is the spatial-Irequency-dependent SNR. I can be computed from measuremenis of average CT value
of the object, MTF, and noise power spectrumm as shown in the (oliowing equation:

NEQ = SNR? = Sy MIE?_
NPS
where
SN is the signal-to-noise rlio
Sont is the average C1 value of the object
MTFE s the modulation transfer function
NPS  Is the noise power spectiium

The noise power spectrum quantifies the frequency characteristic of the variations in the image and can be
mensured by computing the Fourier transform of the noise images as shown in the following equation:

w2
W(J;,f,-)m%([ﬁ dx dy g(x,y)e"*”*”f=“fr’l}

where
W5y is the noise power spectrum
D(x) is the noise image
A is the area over which D{x.p} is defined
( ) is the ensemble average over all noise images

6.5.2 Test object description

The test object for the determination of the NPS and the MTE shall be a cylinder (sce Figure 10). The
circumilerence of the eylinder is used as an edge 1o measure the MTE. The inside of the cylinder is used to
calculate NPS.
=605
31480 4/ 00 * 336.6 +
~+ 3198 {

dirensions in oum

Y

Z AXIS

Figure 10 ~NEQ test object = : j
X G C::,_ ﬁ \p:gw! /,&4 ‘gvg\s Ao @ )5& 13/4;.
P
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6.5.3 Test method
6.5.3.1 Modulation transfer function

The modulation transfer funclion {MTF) shall be measured according to the ASTM E1695-95,

£.5.3.2 Noise power spectrum {NPS)

6.5.3.2.1 General

The following procedures shall be used lo estimate NPS from a series ol images obfnined by scanning a
uniform cylindrical test object. These methods are a stight modification of that vsed by Hanson [B2]. The
NPS shail be caleulated using both of the {ollowing methods. In method one, any contribution due to
stationary noise is eliminated, while in method two, it is included in the estimation of the NPS. The
methods as stated below are required. There are no optionul methods in this procedure.

6.5.3.2.2 NP3 method 1

a)  Obtain 64 images of the cylindrical test objeet. 11 the system cannol create 64 images of the test
abject {due to slice size, etc.), take the maximum number possible while avoiding the leading
and trailing edges of the ohject.

NOTE—In some systems, there may be stationary image artifucts related to speeific angles in the tolation
of the gantry. Under this condition, it may be preferable to use image pairs thet are one {full rotation apart,
This is acceptable, However, the manufacturer must specifically indicate this deviation is necessary and the
deviation, afong with the specific separation used, shall be noted in the presented results,

b)  Form 32 peirs of adiacent images, If fewer than 64 images were obtained, form as many pairs as
possible using each image only once,

¢} Calendate the average center of mass Tor the eivele images in each pair.,
d) Create a noise imoge for sach puir by taking the difference between the paired images,

¢) For each noise image, establish a circle of interest with radius, &, equal to the radius of the test
object centered on 1hé average cenler of mass for the pair. Apply a radial Hanning window
delined as shown in the following equation:

2 I
cos”—ma, PR

firy= IR
0, rzR
where
’ the radial distance of the voxel from the center of the circle of Interest
R the radius of the circle of inferest.

3 Apply aiwo-dimensional Fouricr transform to each image from step e).

g) Compute the square amplitude of the Fourier transformed images from step f). This results ina
two dimensional NPS,

h)  Average all the 21D NPS obtained in step g).

i} Obtain the 1D radial frequency NP8 hy averaging the 212 NP$ oblained in step h) aver anbuli in
frequency space.

;

? For information on references, see Clise 2. 7 § /(ﬁm 1::/ # i
A%_W C:%s,n % U’}TEMS /%f(/é’-' uﬁwﬁ«S %&3 - {
-
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6.5.3.2.1 NPS method 2
a)  Using the same oviginal images, subtract the average cylinder value in each image from the
entire iimage (forming up to 64 noise images).
b) Repeat steps ) through i) from the previous NPS method 1 procedure using ull original imuages
to create the 1D radial frequency NPS.

6.5.3.3 Calculate NEQ

For cach NPS calculated above, calculate an NEQ estimate as follows:
a) Calculule mean values of the original images inside the circle ot interest and average together.
b}  Use the mean value obtained (S,,). the 1D NPS obtained, and the MTF as shown in the first
equation in 6.5.1 1o estimate the NEQ.
8.5.4 Presentation of results

The measurement resuits for NEQ shall be given as numbers in a table. The NEQ shall be reporled at
0.5 em™ intervals starting at 0.5 em™ and continuing to the first interval beyond the fiequency at which the
MTTF value is befow 20%. The values shall be reported logarithmically as follows:

i0log(NEQ)

The values of the MTF at those inlervals shall also be reported. Additionally, the report shalf state the
numbet of images used for each method and the number of pairs and separation of pairs for NEQ methed L.

Table 2—NEQ procedure results

Frequemcy NEQ NEQ MTF
{em™ Methed | Method 2
0.5 aq, o bh.bb fl.ece
1 del dd cece 0.4
1.5 £LEE hirhh O.5if
Fan rnay R A .zzz
NEQ NEQ
Method | Method 2
Number of images| xx »y
Number of Paies bo -

6.6 CT value consistency
6.6.1 Purpose
The purpose of this measurement is 1o delermine spatial consistency of CT value in a uniform object,

6.6.2 Test object description

and NPS i 6.5, e
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6.6.3 Test method

Define a cirele ol interest in cach image used in 6.5.3.2 that has a radius 10 mn less than the vadius of the
test ofjoct, centered on the test object within the image. Define the group of voxels that are completely
enclosed within the circle of interest for cach image.

Calculaie mean and standard deviation of the CT value for each voxel group. Caleulate the median and the
standard deviations of the set of means and the set of standard deviations.

NOTE-—In certain systems, the test object’s CT value in each slice image will vary with (he specific rotational position
of the gantry. Consequently, using an arbitrary number of shices can result in & significant variance in the reported
overall median C1' value on a given machine. This makes machine-to-machine comparisons mare difficult. Under this
condition, it may be preferable o cateulate the specified statistics for the object across @ number of images cquivalent
to one Tufl rotation. This is acceptable. However, the manufacturer must specifically indieate this devialion is nocessary
and the deviation, slong with the specific mumber of slices used, shall be noted fn the presented results.

6.6.4 Presentation of results

Report the median and standard deviation values for Both the means and the standard devialions.

8.7 Zoi and CT value uniformity
6.7.1 Purpose

"This lest assesses the system’s ability 10 measure effective stomic number (Zer) and CT value of scunned
objects, Variation in the values for a given object in the presence of different materiuls is expecied and can
he compensated for by the systems detection sofiware. Consistency from machine to machine, however, is
important o assure proper opetation.

This procedure describes how to measure the Zos and CT values in the presence of various metals as well as
the variance of those measurements. The procedure is applicable to botly multi-energy machines as well as
single energy. Single encrgy machines, hewever, shall only report resulls for the CT values.

6.7.2 Test ohject description

The test object is divided into two sections: one for evatuating the Zgr and CT uniformity and the other for
measuring streak artifacts (used in 6.8). The portion of the test object for Zyy i formily measarement
consists of an acetal eylinder with scetions covered by different thicknesses of aluminum, copper, tin, and
lead as shown in Figure b1, The sireak test objecl consists of tungsten alloy pins inserled into four holes
drilled along the axis of the cylinder as shown In the figure.
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dimensions in mm

mounting
extensions Al Sn acetal
0.25 760
14 thfckness diameter W pmS
thickness

Pb 12

1.4 0.15 diameter

thickness thickness

Z AXIS

Figure 11— Z uniformity test object and streak artifact test object

-

6.7.3 Test method

The Zyy and CT values of acetal in sections covered by different metals are measured 1o test the aceuracy
and uniformity of the systems image. The ratio of CT and Z,q values measured in sections covered by
mefals to CT and Zyy values measured in the area outside metal is also reported. In addition, the aluminum
material is measured Lo lest the gy acouracy. AN steps in this procedure shall be perfornied as described.

a}  Within the image f(x,32), designate a subvolume thal isolates the portion of the test object that

is used for Zyy uniformity measurement. The subvolume is defined by the first slice Ay and the
last slice Ay,

b) ldentily stices that pass through the center of the aluminum. copper, lin, and lead bunds and also

through acetal alone as follows: %m
G S B @
o~ m & Oy Z/%{/ wilens 7% m
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1y Center-most slice of each metal section is defined as 4.
2} Selected slice oudside of the metal section is denoted as k.
¢}  Compulte the center ol the {est object cross-section in cach slice .,

d) For each metal section:

13 Inslice k,, define an ROL as the largest set of voxels compietely enclosed withina 4 cm = 4
cm RO centered within the test object.

2}  Compute means of the CT values and Zyg in the ROL
3)  Compute standard deviation of the CT values and Zp in the ROF,
&) Compule CT volue and Z value stadistics in the slice in the control vegion.

i} Inslice 4, define an RO as the fargest set of voxels completely enclosed withinad cm % 4
cm ROI centered within e test object,

2} Compuie the means of the CT values and Zy in the ROL
3} Compuie standard deviation of the CT values and Zgp in the ROL

f} Compute the ratio of the mean CT value measured in each metal section to the mean CT value
mensured in the control region.

g) Compute the ratio of the standard deviation of the CT value measured tn cach metal section to
the standard deviation of the CT value measured in the control region.

hy  Compute the ratio of the mean Zy value measured in each metal section to Lthe mean Zyy value
measured in the control region,

i) Compute the ratio of the standard deviation of the Z,r value measured in each metal section to
the standard deviation of the Z,4 value measured in the countrol region.

i) Inthe slice &, for the aluminum, {ind the set of voxels within the aluminum band,

1) Select voxels comprising the largest sel of voxels completely enclosed between two cireles
centered on the test object. The circle radii shall be equai to the inner and oater radii of the
aluminum band.

k) Compute the mean and standard deviation of CT values over voxels belonging to aluminum.

) Compute the mean and standard deviation of 7, valucs over voxels belonging to aluminum.

6.7.4 Presentation of results

Resulis of the CT and Z.y uniformity test are summarized and reported as shown in Table 3.

The first section reports resulls tor CT value unilormity in the region outside of the metal sections (CTRL),
within the metal-covered sections and in the sluminum band. The mean and standard deviation are

reporied.

The seeond section reports results for Zgy uniformily in the control area (CTRL), within the metal-covered
sections and in the aluminum band, Mcan and standard deviation are reported.
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Table 3—2Z4 and CT value uniformity results

Measurementis refative to
Absolute measurcments Fags
CTRL values
MEAN STh MEAN STP
CT Acetal CTRI. aorLam [y e e H 1
value Al LA m
uniformity / ; o0 O L aa. oo
Cu JIOH.DUR 00,00 IR aooa
Sn numm oO. 00 L Im PeieReiod
Ph Rt ag. oF i Lo fe ol
Alpminum | Band N Pors gered n/a n/a
CT
value
Loy Acctal CTRL mm.ns oo.oT I i
uniformify
Al i n felode ot maL AN Ferefeled
Cun wn ac oo honmm T (FT
Sn mm.nn oo o0 LI ao.co
b MR o0, O T OFOF
Aluminum | Band BUNLIH o oG n/a nfa
Z'el‘f

6.8 Streak arfifacts
6.8.1 Purpose

Metals are common in scanned luggage and produce streaks in the images. This procedure measares the
amount of streaks prodoced by metal pins in a plastic objectl.

6.8.2 Test object description

The test object Is shown it Figure 11. The test object is divided into two sections: one for evaluating the
Zr and CT value uniformity and the other {or measuring streak artifacts. The stresk test object section
consists of tungsten olloy pins inseried into four holes drilled along the axis of the cylinder.

6.8.3 Test method

The streak artitacts are evatuated by measuring the CT value of acetal in a RO! in the sfice with fungsten
wire inserts. In the same slice, the peak-to-peak variation of CT valucs across diagonal profiles halfway
between the tungsten inserls is also measured. The same measurements are performed in the aren without
metal pins to provide “control™ measurermenis,

a) Locale the center most slice kgyr (relative to the tungsten pins) for the streak artifact
measarements (STR)

b} Locate the center most slice Aegpy, for the control (CTRL) measurement

¢)  For streak arfifact measurements, perform the following computations in the shice s

) Find the center and radius of the test object in the slice.

2)  Befine the set of all voxels completely contained within a circle centered on the tegt objest |

with radius equal 1o the acetal rod.
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3} Find the metal pins using an appropriate threshold.
4)  Define two Hines, LT and 1.2, passing through the midpoints between the neighboring pins:

i) L1: Line passing through the midpoint belween ping #1 and #2 and through ihe
midpoint between rods #3 and #4, see Figure 12,

iy L2: Line passing twough the midpoint between pins #1 and #3 and through the
midpoint between pins #2 and #4, see Figure 12,

Figure 12—Pins in test object axial slice {large circle}, midpoints between neighboring
pin pairs {small circles), traced line, and rectangular ROI

5} Tdentify the set of voxels P whose boundaries cross over or touch line 1.1 or line 1.2 within
the {est abject,

6) Compute line streak CT value statistics
i) Compitte the mean CT value of the voxels within P
i) Compute the standard deviation of the CT values of the voxels within P
fif)  Compute the peak to peak variation of the CT values of the voxels within P

7)  Compute region streak CT value statistics for an RO1 defined as the largesl sel of voxels
completely enclosed within a 4 cmy x 4 om square RO centered within (he test abject.

i) Compuie the mean CT value of the voxels within the ROI
i) Compute the standard deviation of the CT values of the voxels within the RO
fii)  Compute the peak to peak variation of the voxels within the ROI
dy Forslice CTRL, perform the following computations for slice Acype
i} Find the center and radius of the test object

2) Define the set of all voxels completely contained within a circle centered on the test object
with radius equal to the acetal rod,

3} Define two lines, L1 and L2, passing through the center of mass of the test ohject at +435°
and —45° from the v axis,

4)  1dentify the set ol voxels # whose boundaries cross over or touch fine L1 or line 1.2 within
the test object.

5)  Compule line CTRL CT value statistics,

i) Compute the mean CT value of the voxels within P . . m
N .
- sl ¢ S0 G %
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iy  Compute the standard deviation ot the CT values of the voxels within P
iii}  Compule the peak to peak variation of the CT values of the voxels within P

6) Compute region CTRL CT value statistics for an ROI defined as the targest sct of voxels
compietely enclosed within a 4 cm = 4 em square ROI centered within the test object.

i Cormpute the mean CT value of the voxels within ROI

if) Compule the standard deviation of the CT values of the voxels within ROI

iiiy  Compute the peak 1o peak variation of the CT values of the voxels within ROI
6.8.4 Presantation of resuits
Report streak artifacts results in the slice with metal ping and n the controf area (CTRL). Measurements in
the rectangular ROI and along the lines interseeting the dest object are to be reported. Mean, standard

deviation, and peak-to-peak variation are o be reported.

The first vertical section Table 4 reporls absolute vilues of the measuremenis, The second vertical section
reporls measurements refative to the CTRL values (acetal area withoui pins for streak artifacts test).

Table 4—Streak artifact procedure resulis

Absolute measurements Measaremenis relalive to CTRL values
Sireale artifact vesults | MEAN STD 5T/ {Mas— | MEAN STD STD/ {Max ~
MEAN Min)/ MEAN Min)f
Mean Mean
Line Hunmin co.go | W PP 1 1 | 1
CTRL
Region manL ogoT | ML pppp I | [ l
Pin area Line . o asre s RTINS pp.po [N fere e BT bR
Region ALY agooo | mnan pppp mamm oEoe | nman pppp

6.9 Slice sensitivity profile (SSP)

6.9.1 Purpose

This test assesses the resolution along the stice direction by analyzing CT values in coronal slices through
the center of the SSP sianted edge (est object mounied within the test article at an angle of 5° £ 0.5° off
perpendicular to the fong axis of the test article.

The analysis is analogous {o the procedure cited in ASTM E1695-95 and amounts to meusaring the
resolution using the slice sensitivity profile derived from the variation in CT values across the slanted edge
ol the test object,

6.9.2 Test object description

The test object for this assessment is a rectangular block of acetal of dimensions 411.5 x 35 = 24 mm®

;
presented as shown in Figure 13,
9@6\1 C{ 4
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Figure 13—Slanted Edge Test object used to measure z resolution

240j=—

6,9,3 Test method

The acquired 3D images Ax,y.2) are analyzed o generate the slice sensitivity profile as follows:

a) Locate the est abjeet and designete a rectangular RO{ containing the leading, trailing, top nnd
holtom faces of the test objeel but not the side faces.

b) Generate a coronal inage [_(¥,2) of the test object by projecting the ROI along the y-axis.
The coronal image Is orienied so (hat each horizontal row is specified by a different x value.

¢} Compute the center line of the test object

1} Calcutate & center of mass, com,, for each tow in the ROT as shown in the following
equation:

ZWIJ\

Y z1(x,2)

com, ="
iy
D> 1,(x,2)
z=0
where
x is the x coordinate of the row

Zane 18 the maximum 2 value in the ROI
2) Fitaline in the x-z plane to the set of all com,.
dy Forcach row in the ROE, compule the edge spread function as follows:
{} Compute the 7 distance of cach pixel in the ROI from the center line,

2y Scale the pixel values by the maximem CT valoe messured within the ROI to correct for
beam hardening and scatter cffeots.

3) Generate a table of oll pixe! values within the RO in the order of their distance from the
center line,

~ED G S (S ool o 85 o0 @%“‘m #
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4) Using the methods specified in ASTM E1695-95 starting at 7.1.1.5 and continuing through
7.1.3.3, generate the edge response function, point spread funclion, and the modulation
transfer funetion,

6.9.4 Presentation of resulis

The values for the SSP shalf be given as numbers in 3 table reQecting the magnitude of the MTT at various
spatiaf [requencies. The SSI shall be reported ot 0.5 em™ inlervals starting at 0.5 em™ and continuing 1o
the first interval beyond the frequency at which the SSP is below 0.2,

Table 5—-S8P procedure results

Freq. {em™) Ssp

0.5 Oy

1.0 By

1.5 .20
Sy [ ¢<0.200)

6.10 Image registration
6.10.1 Purpose

Some CT-based security systems are made up of multiple imnging subsystems. The data collected from the
subsystems are combined to reach and/or display a final result, 1 is important 1o assure that the data from
the different subsystems are corretated spatially along the z-axis with regard to the frame of reference of the
item being inspected, This correlation is commonly referred to as image registration,

This procedure measures how waoll the data from one subsyslem s correlated to another. i also applies to
systems with one imaging subsystem that make multiple data collection passes for the bag. Systerns that
create mulliple images but use only one imaging subsystem and one data collection pass do not need fo
execute this procedure.

§.10.2 Test object description

The vegistration test object is desigped so that
a) 1t can be identified in both CT and projection images.
b} The position may be measured accurately in an x-ray projection image.

¢) The z position of a CT slice refative to the {est object can be measured accurately.

Figure 14 shows a top view of the registration test ohjeet (not to scale), The lest object has on acetal top and
bottom Jor rigidity. The sides and diagonal section are also acetal, The front and back are aluminum,
selected to provide good contrast in a projection image.

i
- E35y (" = ﬂﬁfﬁ gotted A 153,95 T ‘@9@??\1:144
2

s Lk

Anacds ayhin @;}\jj& g

26
Copyright © 2011 JEEE. All rights resarved.

Aulhorized licensed vse limited to: Chulalongkorn Univarsily provided by UniNet. Downloaded on March 15,2018 a1 09:37:23 UTC from IEEE Xplore. Reslrictions apply.

g
{
H



ANSI N42.45-2011
American National Standard for Evaluating the Image Quality of X.ray Computed Tomography (CT)
Security-Sereaning Systems

dirnensions in mm

88.9
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Figure 14 —Registration test object (not to scale)

6.10.3 Test method
The tmage registration method consists of the following steps:

a)  Aequire images nonually used in sutomated detection,

b} Establish a region of interest in each image that contains the registration test object only,

¢)  Meusure the test object position in the z direction in each image,

dy Compute registration accuracy, which is the difference befween the z-axis position
measurements in each image.

6.10.3.1 Measuring the test object position using a CT slice

The procedurs lor linding the test object in a CT slice uses the nuture of the intersection of the three plastic
walls with the slice plane. If the slice is taken af the center of the object, the inlersection of the cenier,
diagonal wall shall be cquidistant from the side walls. Slices taken off center shall show the cenler wall
proportionally displaced to one side or the other, By measuring the amount of displacement, the exact
focation of the slice relative to Lhe center of the object can be calculated.

a)  Select a CT slice (x-y plane) that passes through the test object within 20 mn of its cenler. The
example in Figure 15 shows a portion of a CT slice conlaining the test object, slightly off center
in the z axis.
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———- Diagonal section

Figure 15—CT image of registration test object, slice plane 1

b) Designate a region of inferest (ROD) within the slice that contains the plasiic side walls plus at
least one layer of air voxels, but exciudes the aluminum plates and any other test objecl.

¢} Within the RO, select the horizontal line (x-axis direction) closest to the cenler of the test
object and examine the profile of the line {as shown in Figure 16). Sel threshold o equal 20% of
the maximum value on this line.

————— — Diagonal section

Figure 16 —-Horizontal line profile through CT slice of the registration test object

&) For each horizontal line in the RO, examine the profite of the line and find all focal maxima

1) Working from one end of the line, find the first point greater than threshold, Sel edgel
equal to the location of this point.

2y Continuitig in the same direclion, find the last consecutive point afier edgel that is greater
than threshold and set edge? equal to its focation.

3) 1fedgel or edge? are not found before reaching the end of the line, ten no local maxima is
found.

4}  Compute the position of the peak based on its center of gruvity as shown in the fellowing
equation:

velge . ;
position = Zjmsiged SO
* eelre2 .
2 et L)
where
i} is the value of the line profile at location j
. p
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3y Continue fo process the line until all focal maxima are found,

¢)  For each horizontal line, if there are exactly three peaks, and the distance between the fivst and
last peak is within 5% of the width of the test object, select the line. Otherwise, do not inciude
the line in the computation.

i Calculate the average position of the {irst, middle, and last peak for the set ol sclected lines
(pLeft, pRight, and pCenter, respectively, in mm),

g} Compute the position of the slice, with respeet to the center of the test obiect, as shown in the
toliowing cquation:

o pCenter— pleft
“rel 7 =fengih” -0.5+
pRight — plLeft
where
Tlengn 18 the distance in mm between intersections of the centertine of the diagonal
piece and the centerlines of the test object’s twvo vertical acrylic sides, (specified
in test artiele drawing in Annex B)
e 18 (he distance it mm of the slice from the center of the test abjeet

h) Compuie zpy, the position of the center of lhe registration test object as measured with CT
stices, as shown in the following equation:

Zep = Pggice T ¥y

where
Zuie 18 the z coordinate in mm of the slice used for the analysis in the CT frame of
reference

6.10.3.2 Measuring the test object position using a projection image

The procedure for finding the test objeet position in a projection image makes use of the aluminum plates ot
Ihe Teading and traifing edge of the objeet. Tn a projection imape created with lincar arrays of deteciors
across the direction of bell motion, these plates shall line up with the source/detector planc creating a large,
sharp attenuation penk. By finding both peaks, the center of the objest In the image can be caleulated,

a) Designate an ROI within the projection image that contains the entire test object and a buffer of
“air voxels” in the z-axis dircetion and the central 80% of the object in the x-axis direction.

by Seclect a vertical fine (z-axis direction). Figure 17 shows a projection image of the test object
along with a line profile taken along the z-uxis direction. Set treshold equal lo 2% ol the
maxinum value on this line.
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Verlicai profile location

Figure 17 —Projection image of the registration test object and vertical profile through image

¢} For each vertica! line in the RO, examine ihe profile of the line and find olf local maxima using
the same method described in 6.103.1.

dy  For each vertical line, if there are at least two peaks and the distance between the first and the
last peak is within 5 % of the length of the test objeet, select the line. Otherwise, do not include
the line in the computation,

¢) Caleulate the average position of the first and last peak for the set of selected fines (P ond
Pias TESpECtivEly i nim).

f) Celeulate (he position of the test object’s center in the projection imege as shown in the
following equation:

1
Z.\'P - 'i(pl"il'ﬂ + pl;usl)
6.10.4 Presentation of results
The reported result shall be the dilference between the test object’s center location in each image used by
the system. If the system uses only two imaging subsystems, the results shall be reported as a single signed
rumber, labeled as “Registration Error” and reported in mm with one decimal place as follows:
Registration Trror xx mm
If the system uses more than two imaging subsystems, the results shall be reported as a table showing the

differences from each image to @l other images. The report shall also separately report the maximum
difference.
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Annex B
(normative)

Detailed test article drawings

B.1 Generat

This anex provides details sufficient to build compliant copies of the test articles necded to carry out this standard.
Ih conjunction with the drawings of the assembled lest articles (Figure 2 and Figure 3) and the malerial
specifications cited in Table 1, the user should be able o fabricate the test objects and build the test articles for use
with this standard, It provides a list of commercinl purts required to build the test articles. It provides a list of
modifications done to a specific example of an outer case. (The actual modifications would be based on the exact
case chosen by the user), It also provides detailed drawings of the custom parts that would need to be fabricated in
order lo assemble the test arlicles required.

B.2 Commercial parts

Tn addition to the materials noted on the drawings, the assembied test article requires the parts listed in Table B.1,

Table B.1—Commercial parts required for test arficle fabrication

Degeription Qnantity
Hard-plastic transportable case 2
Support structure A {asteners; M5-20 (nylon} 76
Support siructure A fasteners: M6-20 (nylon) 14
Support sirueture A threaded rod: M6-35 (niylon) 2
Support structure B fasteners; M35-20 (nylon} 76
Support structure B fusteners: M6-20 {nylon) 2
Support structure B threaded rod: M6-35 (nylon) 2
polyearbonate rods, approx. 4.5 mm diameler lor case hinge pins b
pelycarbonate rods, approx. 3.0 mm diameter lor clamp hinge pins [
Tin oil; 2.90 om = 23.5 em x 0.04 cm; 99.9 % pure 1
Lead [oil; 2.90 cm x 2348 ¢m = (L0115 cm; 99.9 % pure i
Tungsten wire (pins); 0,15 em OD, 5.0 om long 4

B.3 Outer case modifications

The test articles described in this standard can be easily dumaged. Therefore it is important (o enclose them in an
appropriate, rugged ouler case to protect thern from damage. The case may be sefected for its size, ruggedness, and
convenience, it shall not have any metal components or significant structures that might cause unintended artilacts
in the images, 1t is permissible to use a commercially available case and modily it to remove problematic structures, )
As an example, (his subclzuse discusses such modification made on a Pelican™ brand transportable case, model f
1:{
A -

1650-001-110 (the test article does not Lit into the model currently in production, 1650-021-110, due o wheel

wellg)? =Y
o £3y ((B— opm W bl b EyS Fon g@ 99'\{“
e ), ;
Aerdy aranba L r Af hr s

% pelican drand cases are trademarks of Pelican Products, Inc., 5 altilfates ot subsidisries.
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Pelican™ Transportable 1650 Case
shown for illustration only

Figure B.1—Examples of modifications and their Jocations to prepare a commercial case for use
in the test articles

The example case has nominal inner dimensions of 72 em (z divection) by 45 em (x direction) by 26 em (y direction,
refer to Figure 8.1). To climinale potential for image artifacts, the following sleps swere performed:

— Remove any handle along tbe sides (see “H” on drawing Figure B.1)
— Remove any plastic ribbing along the sides (see “R™ on drawing Figure B.1)

—— Replace any metal cose hinge pins with = 4.5 mm diameter polycarbenale rods, enlarging hinge siots if needed
{see “M™ on drawing Figure B.1).

e Replace any metal clamyp hinge pins with 2 3 mm diameter polycarbonate rods, enlarging hinge slots if needed
(see “M* on drawing ligure B.1).

—  Any other metal components, such as a purge valve, should alse be removed (see “M*™ on drawing Figure B.1). /
Note that in this case, the handles at the front and back edges were feft in place. as they are not imaged al the smne H
L i

time as the interior case. » , /()ém
oy (Y Lo otled st .05 Shoe (g’
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To fiemly support the test article support structure and test obiects the following steps were performed:

— Line the lid of the case with rectangutar open-celi polyurcthane foam of 2,5 em thickness {see Figure B.2).

— Line the bottom of the case with rectangular elosed-cell polyethylene foam of 2.5 em thickness (see Figure 13,2),
——  Line the four sides of the case with custom closed-cell polyethylene foam wedges (see Figure B.2).
— The closed-cell polyethylene foam shall Jave a density of 27 kg/m (o 35 kg/m? (1.7 Ibs/6% 10 2.2 1bs/R).

— This support shall be suflicient to ensure that the iest article is centered within the case in the x direclion to

+ 2 mm,
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Figure B.2—Foam inserts for example outer case

B.4 Detailed drawings of custom components

Figure 8.3 through Figure B.7 show the components needed (o build fest article A, while Figure B.8 through Figure
B.11 show the components for test article B.
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ANS] N42,45-2011
American National Slandard for Evaluating the Image Guality of X-ray Camputed Tomography (CT)
Security-Screening Syslems

Annex C
(informative)

Sample report

C.1 General

The following is an example of a report that would be generated in exccuting this standard. The first part is manually
recorded observations of the est environment, The second part is the result ol analysis of test article A, and the third
part is from the analysis of test article B, The example machine is o single energy C1' system with only one imaging
subsysten. A dual energy system report would also include Zp data for several of the procedures. A system with
multiple imaging subsystems or passes would also perform the Image method and report resulls (not shown here).

Image Quality Report
Evabuated in accordance with American National Standard for Evaluating the Tmage Qualily of X-ray Computed
Tomography {(CT) Security-Sereening Systems

Manual Data Record

System Under Evaluation

Muanufacturer: K-ray Corp of Amnerica Reconstruction Method: Fillered Back Projection

Model: Ameriscan 2000

Serial Number: 54321678 Voxel Spacing

Configuration: Stand Alone X 3 mnt

Scanning Mode:  Helical Sean v 3 mm

Belt Speed: 20 emds z 3 mm
X-ray Source Software Versions

Type: 1 tube, Continuous Display: 1.2

Voltage: 180 kV Reconstruction: 16,1

Current; 3 mA System Conlrol: Am09.3

Number of Hours: 253 Operating System:  linux FCa

Evaluation Conditions

Local Time: 18:00
Dt 41172009
Scanning Personnel: John Do, TSA
Luacation; 234 22nd St., Sam Smith, S’FO A‘IFPOI't
San Francisco, CA Lisa Jones, X-ray Corp.
Ambient Temperature: 224 C Telephone Number: 412 555 1234
Ambient Humidity: T2 % .
Detector Temperalure: A Test Article Manulacturer: NIST Labs
Test Article S/N's: A 021
Comments: All tests went as planned. B-034

m-‘?/} @%/:gfﬁ-ﬁ ﬂﬁﬁ;‘/ \}").‘:));;A{f /‘.',_/Qz S o Qﬁw gvgh%m g} %m 4.
Aosdy omia ey, - < f;ﬁf
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ANSE N42 . 45-2011
American National Standard for Evaluating the Image Quality of X-ray Computed Tomography (CT)
Security-Screening Systems

Test Article Version: A

Presentation statistics
—1,8mm  Bagp horizontal offset from center ol system
161.6 mm Vertical offset from center of system
0.17° Angle of presenfation
+2.0° Allowed angular tolerance

Object fength: 607.35 mm  99.63 % of physical length.

Path Length CT Value and Zelf Results
High Energy CT Image

1,200

+.000

&
g2

0,600 -

Normalized Medizn CT Value

0.400

0,500 : i R e -
0.000 5.000 10.600 15.000 20,000 25.000 30.000 36,000 40.000
Path Lergth {em)
Zer and CT value uniformity results
Absolute measurements Mensurements relative to
CTRL values
Mean Std Mean Sid
CT value Acetat CTRL 1419.13 6.02 1.00 £.00
uniformity Al 1458.84 10.60 1.03 1.76
Cu 1844.14 84.80 1,30 14.08
Sn [681.29 53.90 1.18 G.28
Pb 1755.87 90.61 124 15.05
Al Ring Density | 2590.73 426,12 £.83 70.76
Ty S
. . i :
< £y @/‘/»;’5’—" @% \J"Jﬁﬁ’\r( /2’“’"-4‘ i e REN .
-

U

1 g Aedy agen =gy o - Y {/A&
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ANSI N42.45.2011
Amarican Nalional Standard for Evaiuating the image Quality of X-ray Computed Tomography (CT)
Security-Screening Systems

Strealc artifacts resulés

Absolute measurements Measurements refalive fo CTRL values
Stre“l{ alﬂtifacf MEAN STD STDYf (M‘d.‘{ - MEAN STD ST/ (MBX -
i It MEAN Min)/ MEAN Min)y/
resulis e Mean
Line 1401.74 46,19 1033 .20 I ] 1 i
CTRI,
Region 1420.99 s.a7 0.004 0.02 1 ] i i
Rod area Line 1398.11 85.24 f.061 0.32 1.00 1.88 1.89 1.66
Region 1411.93 81.37 1.058 0.32 0.99 15,99 16,14 18.44
Image Resulis
Not Applicable to this machine
Test Article Version: B
Presentation statistics
—6.93 mm  Bag horizontal offset from center of system
16455 mm  Vertical offsel from center of system
030° Angle of presentation
20 Allowed Angolar Toleranee
Obhject length: 60522mm  99.28 % of physical length,
Noise equivalent quanta (NEQ) results
Frequency NEQ Method 1 NE(Q Method 2 MTF
(em™ (dR) {un)
0.5 17.8 £ 018 4.1 4027 .79 £ 0.604
[17.5,18.1] [13.7, 14.5] 10.787, 0.799]
1.0 3.6 031 1L6£0.33 .45 + 0,010
[13.2, 14.1] [11.0.12.3] [0.426, 0.459]
1.5 T0+£0.57 51:+0506 16+ 0.011
[6.2,7.7] 4.2, 6.0] [0.145, 0.174]
NEQ Mcthod | NEQ Method
1 2
Number of Images 64 64
Number of Pairs 32
CT value consistency results
Median of means: 1414.43
Standard deviation of means: 747
Mean of standard deviations: 2130
Standard deviation of standard deviations: 3.96
Slice sensifivity profile (S8P) results
Frequency (em™) 880
.5 080+ 0.03

R\ 631 & 0.04
0,08 + 0.03

"‘Q)M M/’%f‘s/ vl e« (8L 05 %sfgffm d’ff
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