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Abstract: This standard applies to security screening systems that utilize x-ray or gamma 
radiation and are used to inspect people who are not inside vehicles, containers, or enclosures. 
Specifically, this standard applies to systems used to detect objects carried on or within the body 
of the individual being exposed. The purpose of this standard is to provide standard methods of 
measuring and reporting imaging quality characteristics and establish minimum acceptable 
performance requirements. 
Keywords: body scanner, gamma-ray, imaging performance, materials detection, minimum 
requirements, penetration, personnel scanner, security screening, spatial resolution, wire 
detection, x-ray 
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American National Standard  

An American National Standard implies a consensus of those substantially concerned with its scope and 
provisions. An American National Standard is intended as a 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, whether he has approved the standard or not, from manufacturing, marketing, purchasing, or using 
products, processes, or procedures not conforming to the standard. American National Standards are 
subject to periodic reviews and users are cautioned to obtain the latest editions.  
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withdraw this standard no later than five years from the date of publication. Purchasers of American 
National Standards may receive current information on all standards by calling or writing the American 
National Standards Institute.  

Authorization to photocopy portions of any individual standard for internal or personal use is granted by 
the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to 
Copyright Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1-978-750-8400. Permission 
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Introduction 

This introduction is not part of ANSI N42.47, American National Standard for Measuring the Imaging Performance of 
X-ray and Gamma-ray Systems for Security Screening of Humans 

This standard is the responsibility of the Accredited American Standards Committee on Radiation 
Instrumentation, N42. The standard was approved by N42 letter ballot. 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE 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 IEEE Standards Association Web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA Web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL 
for errata periodically. 
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Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence 
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying 
Essential Patent Claims for which a license may be required, for conducting inquiries into 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, if any, or in any licensing agreements are reasonable 
or non-discriminatory. 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vi 
Copyright © 2010 IEEE. All rights reserved. 

Authorized licensed use limited to: Stanford University. Downloaded on December 09,2014 at 08:40:47 UTC from IEEE Xplore.  Restrictions apply. Full document details: IEEE N42.47-2010

http://www.avadocuments.com/doc/ieee-n42-47-2010
http://www.avadocuments.com/doc/ieee-n42-47-2010


 

Participants 

At the time it approved this standard, the Accredited Standards Committee on Radiation Instrumentation, 
N42, had the following membership: 

 
Michael P. Unterweger, Chair 

Louis Costrell, Deputy Chair 

William Ash, Administrative Secretary 
 
Organization Represented ...........................................................................................Name of Representative 
 
Bartlett Services ........................................................................................................................... Morgan Cox 
Canberra...................................................................................................................................................Bob Huckins 
Chew, M.H............................................................................................................................................. Jack M. Selby 
Commerce Dept, U.S. NIST .................................................................................................. Michael P. Unterweger 
.....................................................................................................................................................Louis Costrell* (Alt.) 
Consultant ........................................................................................................................................... Frank X. Masse 
Department of Homeland Security .........................................................................................................Peter Shebell 
Entergy-ANO......................................................................................................................................... Ron Schwartz 
Health Physics Society ..............................................................................................................................Sandy Perle 
Harvard University ................................................................................................................................... Joseph Ring 
IEEE.....................................................................................................................................................Louis Costrell* 
................................................................................................................................................. Anthony Spurgin (Alt.) 
........................................................................................................................................Michael P. Unterweger (Alt.) 
International Medcom .................................................................................................................................Don Sythe 
Lawrence Berkeley National Lab ................................................................................................... Edward J. Lampo 
Computer Dependability Associates, LLC............................................................................................Gary Johnson 
NASA, GSFC ..........................................................................................................................R. Sachidananda Babu 
Nuclear Standards Unlimited............................................................................................................Al N. Tschaeche 
Oak Ridge National Laboratory..................................................................................................... Peter J. Chiaro, Jr. 
.....................................................................................................................................................Charles Britton (Alt.) 
Ortec-Ametek Corp ........................................................................................................................ Ronald M. Keyser 
Pacific Northwest National Laboratory.............................................................................................Richard Kouzes 
Swinth Associates.......................................................................................................................... Kenneth L. Swinth 
U.S. Army.......................................................................................................................................... Edward Groeber 
U.S. Nuclear Regulatory Commission ............................................................................................ Cynthia G. Jones 
Members-At-Large.....................................................................................................................Joseph C. McDonald 
................................................................................................................................................................Paul L. Phelps 
............................................................................................................................................................... Joseph Stencel 
................................................................................................................................................................Lee J. Wagner 

 
* Deceased 
 
 
 
 
 
 
 
 
 
 

vii 
Copyright © 2010 IEEE. All rights reserved. 

Authorized licensed use limited to: Stanford University. Downloaded on December 09,2014 at 08:40:47 UTC from IEEE Xplore.  Restrictions apply. Full document details: IEEE N42.47-2010

http://www.avadocuments.com/doc/ieee-n42-47-2010
http://www.avadocuments.com/doc/ieee-n42-47-2010


 

At the time this standard was completed, Subcommittee N42.HSI had the following membership: 

Michael P. Unterweger, Co-Chair 

Morgan Cox, Co-Chair 

 
Peter J. Chiaro, Jr. 
David Gilliam 
Mark D. Hoover 
 

Cynthia G. Jones 
Ronald Keyser 
Richard Kouzes 
Joseph C. McDonald 

Leticia Pibida 
Peter Shebell 
David Trombino 

 

At the time this standard was completed, the ANSI N42.47 Working Group had the following members: 

Frank Cerra, Chair 

Steve Smith, Vice Chair 

Martin Annis 
Paul Bergstrom 
Randy Broadright 
Michael Cluff 
John Ely 
Tony Frudakis 
Gordon Gillerman 
David Hamel 

Gerard Hanley 
Larry Hudson 
Roy Lindquist 
Bill Maguire 
Barry Masters 
David Montion 
Nick Paulter 
Jeff Schubert 

Richard Schueller 
Stephen Seltzer 
Jerel Smith 
John Santos 
Scott Trosper 
Amit Verma 
Douglas Wicks 
Michael Wilson  

 
 
The Working Group acknowledges the contributions of Binmei Yang who provided the technical drawings, 
and the following individuals who contributed to the discussions: Bonnie Kudrick, Dan Kassiday, Dean 
Devlin, Doreen Hill, Ed Ocker, James Barnes, Jill Segraves, John Wojtowicz, Justin Smith, Kurt Fischer, 
Lee Spanier, Luke McCormick, Mario Saucier, Mershad Abdu, Michael Dow, Robert Jennings, Surender 
Ahir, Wade Sapp, and Whit Weller.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

viii 
Copyright © 2010 IEEE. All rights reserved. 

Authorized licensed use limited to: Stanford University. Downloaded on December 09,2014 at 08:40:47 UTC from IEEE Xplore.  Restrictions apply. Full document details: IEEE N42.47-2010

http://www.avadocuments.com/doc/ieee-n42-47-2010
http://www.avadocuments.com/doc/ieee-n42-47-2010


 

Contents 

1. Overview .................................................................................................................................................... 1 
1.1 Scope ................................................................................................................................................... 2 
1.2 Purpose ................................................................................................................................................ 2 

2. Normative references.................................................................................................................................. 2 

3. Definitions and special terms ..................................................................................................................... 3 
3.1 Definitions ........................................................................................................................................... 3 
3.2 Special terms........................................................................................................................................ 5 

4. General considerations ............................................................................................................................... 5 
4.1 Special word usage .............................................................................................................................. 5 
4.2 Environmental factors.......................................................................................................................... 5 
4.3 Radiological safety .............................................................................................................................. 6 
4.4 Electrical and mechanical safety.......................................................................................................... 6 
4.5 Electromagnetic compatibility............................................................................................................. 6 

5. Imaging performance evaluation procedures.............................................................................................. 8 
5.1 Documentation..................................................................................................................................... 8 
5.2 Image quality measurement objectives and scope ............................................................................... 9 
5.3 Location of testing ............................................................................................................................. 10 
5.4 Body phantom and test objects .......................................................................................................... 10 
5.5 Spatial resolution test......................................................................................................................... 11 
5.6 Wire detection test ............................................................................................................................. 12 
5.7 Materials detection on body test ........................................................................................................ 13 
5.8 Materials detection in air test............................................................................................................. 14 
5.9 Penetration test .................................................................................................................................. 15 

6. Minimum acceptable imaging performance ............................................................................................. 16 

Annex A (normative) Mechanical drawings of the test objects.................................................................... 17 

Annex B (informative) Imaging test report .................................................................................................. 40 

Annex C (informative) Image resolution measurement using the pentalith ................................................. 43 
C.1 Introduction....................................................................................................................................... 43 
C.2 Strategy ............................................................................................................................................. 43 
C.3 Pentalith construction........................................................................................................................ 43 
C.4 Pass/fail criterion .............................................................................................................................. 45 
C.5 Repeatability ..................................................................................................................................... 47 

 
 
 
 
 
 
 
 
 
 
 

ix 
Copyright © 2010 IEEE. All rights reserved. 

Authorized licensed use limited to: Stanford University. Downloaded on December 09,2014 at 08:40:47 UTC from IEEE Xplore.  Restrictions apply. Full document details: IEEE N42.47-2010

http://www.avadocuments.com/doc/ieee-n42-47-2010
http://www.avadocuments.com/doc/ieee-n42-47-2010


 

 
  
 

 

 

 

 
 
 

 

Authorized licensed use limited to: Stanford University. Downloaded on December 09,2014 at 08:40:47 UTC from IEEE Xplore.  Restrictions apply. Full document details: IEEE N42.47-2010

http://www.avadocuments.com/doc/ieee-n42-47-2010
http://www.avadocuments.com/doc/ieee-n42-47-2010


 

American National Standard  
for Measuring the Imaging 
Performance of X-ray and  
Gamma-ray Systems for Security 
Screening of Humans 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection. Implementers of the standard are responsible for determining appropriate 
safety, security, environmental, and health practices or regulatory requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers appear in all publications containing this document and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” 
They can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/ 
disclaimers.html. 

1. Overview 

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

Additionally, this standard provides a number of safety requirements, derived from a variety of standards 
documents and federal regulations that are essential to the responsible operation of the systems covered. 
These include: electromagnetic compatibility, and radiological, electrical, and mechanical safety. 

Three annexes are included. Annex A (normative) provides mechanical drawings of the imaging test 
objects. Sample test report forms are given in Annex B (informative). Annex C (informative) provides a 
generic description of the pentalith—the spatial resolution test object developed for this standard. 

1 
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1.1 Scope 

This standard applies to security screening systems that utilize x-ray or gamma radiation and are used to 
inspect people who are not inside vehicles, containers, or enclosures. Specifically, this standard applies to 
systems used to detect objects carried on or within the body of the individual being exposed. 

The following types of systems are included in the scope of this standard: 

⎯ Systems designated as fixed, portal, re-locatable, transportable, mobile, or gantry.  

⎯ Systems employing detection of primary radiation (transmission systems), or scatter radiation 
(backscatter systems), or a combination of both. 

⎯ Systems that are primarily imaging but that also may have complementary features such as material 
discrimination, or automatic active or passive threat alerts. This standard will not address how to 
test these complementary features. 

1.2 Purpose 

The purpose of this standard is to provide standard methods of measuring and reporting imaging quality 
characteristics and to establish minimum acceptable performance requirements for the systems described in 
1.1.  

2. Normative references 

The following normative documents contain provisions that, through reference in Clause 4 of this standard, 
constitute requirements of this standard. For dated references or those with specified editions, subsequent 
amendments or revisions do not apply. For undated references, the latest edition of the normative document 
referred to applies. Users of this standard should note that standards referenced herein may not fulfill the 
legal requirements and practices in all states, countries, or jurisdictions. Care should be taken to ensure 
regulatory compliance. 

ANSI/HPS N43.17, Radiation Safety for Personnel Security Screening Systems Using X-ray or Gamma 
Radiation.1 

ASME B20.1, Safety Standard for Conveyors and Related Equipment (only for systems employing 
conveyors).2 

CISPR 11, Industrial, scientific and medical (ISM) Radio-frequency equipment disturbance 
characteristics—Limits and methods of measurement, Edition 5.0, 2009-05.3 

Code of Federal Regulations, Title 47— Part 15 (47 CFR 15),Telecommunications, Chapter I—Federal 
Communications Commission, Part 15—Radio Frequency Devices.4 

                                                 
1 Available from Health Physics Society, Health Physics Society, 1313 Dolley Madison Boulevard, Suite 402, McLean, VA 22101, 
USA (http://www.hps.org), or from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New 
York, NY 10036, USA (http://www.ansi.org/). 
2 ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10016-5990, 
USA (http://www.asme.org/). 
3 CISPR documents are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, 
rue de Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United 
States from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, 
USA. 

2 
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Code of Federal Regulations, Title 47— Part 18 (47 CFR 18) Telecommunications, Chapter I—Federal 
Communications Commission, Part 18—Industrial, Scientific, and Medical Equipment. 

IEC 60204-1, Safety of machinery—Electrical equipment of machines—Part 1: General requirements.5 

IEC 60601-2-28 (1993), Medical electrical equipment—Part 2: Particular requirements for the safety of X-
ray source assemblies and X-ray tube assemblies for medical diagnosis. 

IEC 61000-4-2, Electromagnetic Compatibility (EMC)—Part 4-2: Testing and measurement techniques—
Electrostatic discharge immunity test. 

IEC 61000-4-3, Electromagnetic Compatibility (EMC)—Part 4-3: Testing and measurement techniques—
Radiated, radiofrequency, electromagnetic field immunity test. 

IEC 61000-4-4, Electromagnetic Compatibility (EMC)—Part 4-4: Testing and measurement techniques—
Electrical fast transient/burst immunity test. 

IEC 61000-4-5, Electromagnetic Compatibility (EMC)—Part 4-5: Testing and measurement techniques—
Surge immunity test. 

IEC 61000-4-6, Electromagnetic Compatibility (EMC)—Part 4-6: Testing and measurement techniques—
Immunity to conducted disturbances, induced by radio-frequency fields. 

IEC 61000-4-11, Electromagnetic Compatibility (EMC)—Part 4-11: Testing and measurement techniques 
—Voltage dips, short interruptions and voltage variations immunity tests. 

IEC 61010-1 and/or UL 61010-1, Safety requirements for electrical equipment for measurement, control, 
and laboratory use—Part 1: General requirements. 

 

3. Definitions and special terms 

3.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.6  

backscattered radiation (also backscatter): Radiation deflected at angles greater than 90° from the initial 
direction of travel. 

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

 
4 CFR publications are available from the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402, 
USA (http://www.access.gpo.gov/). 
5 IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue 
de Varembé, Case postale 131, CH-1211 Geneva 20, Switzerland (http://www.iec.ch/). IEC publications are also available in the 
United States from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 
10036, USA. 
6 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 
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contrast sensitivity: The ability to discern a change in the thickness of an otherwise uniform material as a 
change in brightness in the x-ray or gamma-ray image.  

edge detection: The ability to discern edges of objects or anomalies even when the bulk of the objects or 
anomalies may appear with the same brightness as the background. 

mobile system: A system that is mounted on a vehicle that moves while scanning. 

operator: The person who controls the activation and adjustment of the imaging system and interprets the 
image. 

partial body field of view: The field of view of systems designed to scan parts of the body, such as cast 
and prostheses scanners or shoe scanners. 

primary radiation: Radiation coming directly from the radiation source to the detector without being 
scattered. 

radiation source: The location from which radiation emanates (e.g., the anode of an x-ray tube or the 
radioactive material employed). 

relocatable system: A system that is mounted on a vehicle for ease of deployment at different locations. 
The system normally requires some setting up at the location of use and is stationary while scanning. 

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

scan speed: The speed at which the radiation beam and object to be imaged move relative to each other.  

scattered radiation (also scatter): Radiation deflected from a straight or direct path by intervening 
material. 

security screening: The non-destructive inspection of personal goods, cargo, vehicles, and other objects to 
detect prohibited, controlled, or dangerous items. In the case pertaining to this standard the objects 
inspected are carried on or within the body of a person.  

spatial resolution: The minimum separation between two objects for which objects with widths equal to 
the separation can be distinguished as separate entities. 

transmission system: A system using the conventional means of radiographic imaging in which x rays or 
gamma rays pass through a target (e.g., person or container) and create shadow-grams of enclosed objects 
(e.g., contraband) based on their radiation attenuating properties.  

transportable system: A system that is designed to be easily redeployed and transported. 

whole body field of view: The field of view of systems designed to completely scan and image one person 
at a time. 

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

wire detection test: A test to determine the smallest diameter wire that can be detected through the use of a 
given imaging system. 
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3.2 Special terms 

In this standard, the following special terms and definitions apply. 

pentalith: a spatial resolution test object designed for this standard. The pentalith consists of five equal 
spheres placed at the vertices of a regular pentagon.  The space between the spheres is equal to the sphere 
diameter.  (See 5.5 for a complete description). 

reference location: a required location where test objects are placed for assessing imaging performance 
according to this standard.  The reference location is specified in 5.3. Other testing locations may be used 
for additional information.  

system: In the context of this standard, a security screening system that uses x-ray or gamma radiation and 
is utilized to inspect people.  

type test: For the purpose of this standard, a test that can be performed by manufacturers or other parties 
on one or more samples of the system, representative of production of the system, with the objective of 
determining if the system, as designed and manufactured, meets the requirements of this standard. 

4. General considerations 

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

4.1 Special word usage 

The following word usage applies: 

⎯ The word “shall” signifies a mandatory requirement (except where an appropriate qualifying 
statement is included to indicate that there may be an allowable exception). 

⎯ The word “should” signifies a recommended specification or method. 

⎯ The word “may” signifies an acceptable method or an example of good practice. 

4.2 Environmental factors 

To provide for uniformity of test results, all tests in this standard shall be performed under standard 
environmental test conditions. The ranges of acceptable test conditions are shown in Table 1 under 
“Standard test conditions.” 

If the system is intended for operation in environmental conditions significantly outside the ranges 
specified in Table 1 additional testing should be done to demonstrate that the imaging performance reported 
for “Standard test conditions” remains unchanged at the low-temperature/low-humidity limit and at the 
high-temperature/high-humidity limit of the intended range. 
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Table 1 —Standard test environmental conditions 

Influence quantity (ambient) Standard test conditions 

Air temperature 22 ºC ± 5 ºC 
(71.6 ºF ± 9.0 ºF) 

Relative humidity 30 % to 75 %, non-condensing 

Atmospheric pressure 86 kPa to 106 kPa 
(645 mm Hg to 795 mm Hg) 

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 take priority 
over other environmental conditions stated in the referenced standards. 

4.3 Radiological safety 

Systems shall comply with the requirements of ANSI/HPS N43.17, Radiation Safety for Personnel Security 
Screening Systems Using X-ray or Gamma Radiation. 

4.4 Electrical and mechanical safety 

Screening systems shall meet the following existing fire, electrical, and mechanical safety requirements of 
the indicated standards: 

a) IEC 61010-1 and/or UL 61010-1 

b) IEC 60601-2-28 (1993), as noted below:  

1) Products having a high-voltage cable external to the high-voltage assembly shall comply with 
Clause 16, Enclosures and protective covers. 

2) Products having field-replaceable x-ray tubes shall comply with Subclauses 45.2 and 45.7, 
Pressure vessels and parts subject to pressure. 

c) ASME B20.1 and/or IEC 60204-1 

4.5 Electromagnetic compatibility 

Systems shall meet the following electromagnetic compatibility requirements of the indicated regulations 
or standards. Subclauses 4.5.3, 4.5.4, 4.5.5, 4.5.6, 4.5.7, and 4.5.8 specify testing parameters to be used in 
conjunction with the indicated IEC 61000 testing standards. Performance criteria pertaining to the 
requirements listed in Subclauses 4.5.3, 4.5.4, 4.5.5, 4.5.6, 4.5.7, and 4.5.8 below are classified in Table 2. 
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