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Standard Practice for
Fan Beam Computed Tomographic (CT) Examination’

This standard is issued under the fixed designation E1570; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This practice ts-establishes the minimum requirements for computed tomography (€F);—which-(CT) examination of test
objects using fan beam systems (systems that generate one or a few CT cross sectional slices at a time). The examination may be

used to nondestructively disclose physical features or anomalies within a test object by providing radiological density and
geometric measurements. This practice implicitly assumes the use of penetrating radiation, specifically X-ray and y-ray.

1.2 CT is broadly applicable to any material or test object through which a beam of penetrating radiation passes. The principal
advantage of CT is that it provides densitometric (that is, radiological density and geometry) images of thin cross sections through
an object without the structural superposition in projection radiography.

1.3 There are areas in this practice that may require agreement between the purchaser and the supplier, or specific direction from
the cognizant engineering organization. These items should be addressed in the purchase order or the contract. Generally, the items
are application specific or performance related, or both.

1.4 —Techniques and applications employed with CT are
diverse. This practlce is fe—addfess—t-he—genefa-l—ttse—ef—not 1ntended to be limiting or restrictive. Refer to Guides E1441 and E1672€F
technotogy-and-therebyfacttitateits—ase: that provide additional information and guidance on CT fundamentals and tradeoffs in

designing or purchasing a CT system, or both.

1.5 Units—The values stated in SI units are to be regarded as standard. No other units of measurement are included in this
standard.

1.6 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate Sﬂfety—sategy health, and hea-l-ﬂ‘tenvzronmental practices and determme the
applicability of regulatory limitations prior to use.For-s ~—safety-staten : e

1.7 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

E1316 Terminology for Nondestructive Examinations

E1441 Guide for Computed Tomography (CT) Imaging

E1672 Guide for Computed Tomography (CT) System Selection

E1695 Test Method for Measurement of Computed Tomography (CT) System Performance

E2339 Practice for Digital Imaging and Communication in Nondestructive Evaluation (DICONDE)

! This practice is under the jurisdiction of ASTM Committee EO7 on Nondestructive Testing and is the direct responsibility of Subcommittee E07.01 on Radiology (X and
Gamma) Method.

Current edition approved J-u-}yHG-l-Hune 15, 2019. Published Futy—26+HAugust 2019. Originally approved in 1993. Last previous edition approved in 26052011 as
E+576—00E1570 — 11 (7"_‘995-)— DOI: +6-+520/E+576-+:10.1520/E1570-19.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

*A Summary of Changes section appears at the end of this standard
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E2767 Practice for Digital Imaging and Communication in Nondestructive Evaluation (DICONDE) for X-ray Computed
Tomography (CT) Test Methods

2.2 ASNT Documents:>
SNT-TC-1A Recommended Practice for Personnel Qualification and Certification in Nondestructive Testing
ANSI/ASNT-CP-189 Qualification and Certification of Nondestructive Testing Personnel

2 3 AIA Standard 4
NAS-410 Certification and Qualification of Nondestructive Testing Personnel
2.4 ISO Standards:’

ISO 9712 International Standard for Nondestructive Testing Personnel Qualification and Certification

ISO 15708-1:2017-02 International Standard for Non-destructive Testing - Radiation Methods for Computed Tomography - Part
1: Terminology

ISO 15708-2:2017-02 International Standard for Non-destructive Testing - Radiation Methods for Computed Tomography - Part
2: Principles, Equipment and Samples

ISO 15708-3:2017-02 International Standard for Non-destructive Testing - Radiation Methods for Computed Tomography - Part
3: Operation and Interpretation

ISO 15708-4:2017-02 International Standard for Non-destructive Testing - Radiation Methods for Computed Tomography - Part
4: Qualification

2.5 SMPTE Standard:®

SMPTE RP 133 Specifications for Medical Diagnostic Imaging Test Pattern for Television Monitors and Hard-Copy Recording
Cameras

3. Terminology

3.1 Definitions—ForThe definitions of terms used-in-thisguide, refer-torelating to CT, that appear in Terminology E1316-and
AnnexAt+-in-Gutde, shall apply to the terms used in this Ei444-practice.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 digital driving level (DDL), n—for computer graphics display boards, the digital value that corresponds to a particular
monochrome grayscale level.

3.2.1.1 Discussion—

A particular DDL “drives out” a particular visible shade of gray. For example, in an 8-bit display, a DDL assumes 256 values from
0 to 255.

3.2.2 effective energy, n—the equivalent monoenergetic energy for a polyenergetic CT system; thus, the actual, polyenergetic
CT system yields the same measured attenuation coefficient for an examination object as a theoretical, monoenergetic CT system
at the effective energy.

3.2.3 fan beam, n—a beam of radiation that is restricted to one dimension in linear extent with a thickness limited to the detector

height.
3.2.4 purchaser, n—as used within this document, the purchaser of computed tomographic services refers to the entity that
requires the computed tomographic services; the purchaser may be a part of the same organization as the supplier, or an outside

organization.

3 Avallable trom Amencan Somety for Nondestructlve Testmg (ASNT), PO Box 28518 1711 Arhngate Ln Columbus OH 43228- 0518 http //www asnt.org.
4 Avallable from Aero@pace Industries A€§0c1at10n of America, Inc. (AIA) 1000 Wilson Blvd Suite 1700 Arhngton VA 22209-3928, http //www aia- aerospace org

6

e 7 e A stde Zatton .Avallable from Soc1ety of Motlon Plcture and Televmon Engmeers (SMPTE) Whlte Plalm Plaza
445 Hamllton Ave Ste 601 Whlte Plams NY 10601 1827 https //www smpte.org.
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3.2.5 supplier, n—as used within this document, the supplier of computed tomographic service refers to the entity that physically
provides the computed tomographic services; the supplier may be a part of the same organization as the purchaser, or an outside

organization.

4. Summary of Practice

4.1.1 Section 7 describes CT Equipment;

4.1.2 Section 8 describes the minimum requirements of a CT examination; Section 9 describes the CT system performance
requirements; and

4.1.3 Section 10 describes the documentation for an archive of the CT examination.

5. Significance and Use

5.1 Th1s practlce ts—apphe&b’:&estabhshes the bas1c parameters for the sysfematte—assessmeﬂt—ef—the—mtemal—smtetuf&ef—a

pfeeed-ufes—fer—ﬂew—eﬁfeﬂﬂﬂetes{—ebjeefs—apphcatlon and control of fan beam CT examinations. Th1s practlce is written so it can

be specified on the engineering drawing, specification, or contract. It will require a detailed procedure delineating the technique
or procedure requirements and shall be approved by the Cognizant Engineering Organization (CEQO).

5.2
sf&ndafdﬁ&t-reﬂ—fefemﬂeeThe requ1rements in this practlce shall be used when placmg a CT system into NDT service and
establishing a baseline of system performance measures. Monitoring the system performance over time shall be performed,
including calibration procedures, performance measurements, and system maintenance in accordance with Section 9samples;

inspeetion—plans;-and-procedures:.

6. Basis of Application
6.1 The following items are subject to contractual agreement between the parties using or referencing this standard.
6.2 ts—pract

m-tefpfeta-t-ren—ef—resu-l-ts-Personnel Qualzﬁcatzon

6.2.1 If specified in the contractual agreement, personnel performing examinations to this standard shall be qualified in
accordance with a nationally or internationally recognized NDT personnel qualification practice or standard such as ANSI/ASNT-
CP-189, SNT-TC-1A, NAS-410, ISO 9712, or a similar document and certified by the employer or certifying agency, as applicable.
The practice or standard used and its applicable revision shall be identified in the contractual agreement between the using parties.

6.3 Procedures and Technigues—The procedures and techniques to be utilized shall be as specified in the contractual agreement.

6.4 Reporting Criteria/Acceptance Criteria—Reporting criteria for the examination results shall be in accordance with Section
10 unless otherwise specified. Since acceptance criteria are not specified in this standard, they shall be specified in the contractual

agreement.
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7. System—Configaration-Equipment

7.1 Many different CT system conﬁguranons are posstble-an
each—possible. It is important that the eptimam-syste
anatysts-of-the-benefitsuser understands the advantages and 11m1tat10ns of t-he—avar}a-b}e—sysfemeach (see Guide El441eempenents
). The provider and the chosen—system—eonfiguration-user of the system should be fully aware of the capabilities and limitations

of each system proposed.

radiation source, radlatlon detectors, mechanical handling system, and computer system. The following represents the requlrements

on each subsystem for a CT examination.
7:2.1 Source Setup—#-single

source shall be selected to provide the maximum signal-to-noise ratio (SNR), contrast to noise ratio (CNR) and contrast sensitivity

while maintaining the necessary spatial resolution. See Guide E1441 te—be—rm-p}emen-ted-for a detalled discussion.
722 Radlanon Detection Systems— e y g ; CrOss

array of sensing elements, or a two- d1mens10nal array in an area detector. The more detectors used, the faster the requlred scan

data can be collected; but there are important tradeoffs to be considered.

7.2.2.1 The detector cannot be operated without computing hardware and software for image acquisition.

7.2.2.2 The acquisition software shall be capable of acquiring images projection by projection from the detector and integrating,
or averaging frames, or both.

7.2.2.3 The acquisition software shall perform an image calibration to correct the inhomogeneities of the detector.

7.2.2.4 Users shall comply with the detector manufacturers’ requirements of temperatures and humidity conditions for both
operation and shipping.

7.2.2.5 The detector shall be calibrated using the manufacturers’ recommendation both for frequency of calibration and the
method used. Other calibration methods are allowed as long as approved by the CEO.

7.2.2.6 The user shall ensure that all exposures are within the linear operating range of the detector, using either information
obtained from the manufacturer or data obtained by the user/CEO.

Note 1—Collimation (the restriction of the possible paths for radiation by placement of absorbing material) near the radiation source is used to limit
the radiation beam to correspond to the general shape of the detection apparatus. In some cases, further collimation near the detector bank or for each
detector is used to determine the thickness of the slice and to reduce or eliminate scattered radiation from that which will ultimately be measured.

72.3 Mampulatzon/Handlmg System— -area

a-nd—sh-te’rd-xfrg—eha-l-}eﬂges-The mampulatlon system has the functlon of holdmg the test oblect and prov1d1ng the necessary range

of motions to position the test object between the radiation source and detector. Two types of scan motion geometries are most
common: translate-rotate motion and rotate-only motion.

7.2.3.1 Users shall comply with the handling system manufacturers’ requirements of weight, size, temperatures, and humidity
conditions for both operation and shipping.
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7.2.3.2 The handling system shall be calibrated using the manufacturers’ recommendation both for frequency of calibration and
the method used. Other calibration methods are allowed as long as approved by the CEO.

7.2.3.3 The user shall ensure that all exposures are within the fan-beam envelope of the source-handling system, using either
information obtained from the manufacturer or data obtained by the user/CEO.

7.2.4 Computer System(s)—The computer system provides the Operator Interface and performs the tasks of acquisition,
reconstruction, visualization, and storage. The system shall have the necessary storage and device interfaces to work with the

system provided.

7.3 Image Display—The-An additional key element of the CT system is the function of the image disptay-tsdisplay, specifically
to convey derlved information (that is, an 1mage) of the test object to the system operator—Fef—ma-n*ual—evﬁiaﬁOﬂ—sys-tems—t-he

minimum. Alternate image displays or requirements may be used with CEO approval.

7.3.1.1 The minimum brightness as measured off the image display screen at maximum Digital Driving Level (DDL) shall be
250 cd/m2.

7.3.1.2 The minimum contrast as determined by the ratio of the screen brightness at the maximum DDL compared to the screen
brightness at the minimum DDL shall be 250:1.
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7.3.1.3 The image display shall be capable of displaying linear patterns of alternating pixels at full contrast in both the horizontal
and vertical directions without aliasing.

7.3.1.4 The display shall be free of discernable geometric distortion.

7.3.1.5 The display shall be free of screen flicker, characterized by high frequency fluctuation of high contrast image details.

7.3.1.6 The image display shall be capable of displaying a 5 % DDL block against a 0 % DDL background and simultaneously
displaying a 95 % DDL block against a 100 % background in a manner clearly perceptible to the user. An image display test
pattern, in accordance with the requirements of SMPTE RP 133, shall be configured for the system display resolution and aspect
ratio. Alternate test patterns may be used provided they include the features described in SMPTE RP 133 required to perform the
quality tests specified in this practice.

7.3.1.7 The monitor shall be capable of discriminating the horizontal and vertical low contrast (1 %) modulation patterns at the
display center and each of the four corner locations.

Ae o both men b o : The examination record arch1v1ng system
should be chosen on the basis of t-hese—and—spemﬁc requlrements as to archlval storage properties, equipment, and media cost and
other pertinent parameters, as agreed upon by the supplier and purchaser of CT services. The reproduction quality of the archival
method should be sufficient to demonstrate the same image quality as was used to qualify the CT system. Storage of images to
the DICONDE standard Practices E2339 and E2767 is recommended.
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