
.-c

j ..

NUREG-1452

Review and Eva~ua": ion of
Technology, Equipment, Codes
and Stanc ards for Digitization of
Industria:. Raciograp:aic Film

. . . . . . ..

U.S. Nuclear Regulatory Commission

Task Group on Digitization of Industrial Radiographs

p*"*j %,

k fg)
.....

;sR62E8u4 ' "2

1452 R PDR

,- _ _ .- - . - . . .



- _.__ _ _ . . . _ ._ _ _.m._._ _ __ __ . _ _ . . _ _ _ _ - _. ,_

j* .

'

i

, , i

AVAILABILITY NOTICE
,

i

Availabil4y of Pelorence Materials Cited in NRC Publications |

Most documents cited in NRC publications will be available from one of the following
sources: ;

1. The NRC Public Document Room, 2120 L Street, NW., Lower Level, Washington, DC t

<

20555
f2, 1he Superintendent of Documents U.S. Govemment Printing Cilice, P.O. Box 37082,

Washington, DC 20013 7082

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents tha majority of documents cited in NRC putstica-
tions, it is not intended to be exhaustive.

Referenced documents * rallable for inspection and copying for a fee from the NRC Public
:

' Document Room include NRC correspondence and internal NRC memoranda; NRC bulletins,
circulars, informat;on notices, inspection and investigation notices; licensee event reports;
vender reports and correspondence; Commission papers; and applicant and heensee docu-

i

- ments and correspondence.

The fo!!owing documents in the NUREG series are available for purchase from the GPO Sales
Program; formal NRC staff and contractor reports, NRC-sponsored conference proceed- .

ings, international agreement reports, grant pehlications, and NRC booklets and brochures. ;
',

Also available are regulatory guides, NRC regulMions in the Code of Federal Regulations,
*

and Nuclear Regulatory Commission issuances.

Documents avaitable from the National Technical information Service includo NUREG-series
,

- reports und technical reports prepared by other Federal agencies and reporte prepared by
. the Atomic Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical Wraties include all open literature
items, such as books, journal ardcles, and transactions. Federal Regisfer noticbs, Federal'

and State legislation, arid congressional reports can usually be obtained from these
libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC
conference proceedings a,e available for purchase from the organization sponsoring the {
p;blication cited,

Single copies of NRC draft reports are available free, to the extant of supply, upon written
. request to the Office of Administration, Distribution and Mail Services Section, U.S. Nuclear
Regulatory Commission Washington, CC 20555.

..

Copies of industry codes and standards used in a substantive manner in thw NRC regulatory
~

process are malntained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, for
use by the public, . Codes and standards are usually copyr:ghted and may be purchased

'

from the originating organization or, if they are American National Standards, from the
American National Standards it.wate,1430 Broadway. New York, NY 10018.

.

>

>

>

e .-e+- -*s-+eit- -s-n,+wr E-w ',e,-,,, 5,---,-v, a-a--or,e +is- -le. - - - -.. ,w- * . * v-w ns +v w - n sr-cos er et--s-4-W t- .w,,-et-*ar -1- --T '-h- 4 F-F'



-- _ . . . . - - _ . - _ - - - - - - . - - . - . . . _ - - - -

!

i
,

NUREG-1452
CV,OL,R1,R5,1 A,1B,

.i
1M,1S,1V,9L,9R '

-

._

Review and Evaluation of
Technology, Equipment, Codes
and Standards for Digitization ofo

Industrial Radiographic Film

.i .m

Manuscript Completed: April 1992
Date Publisi ed: May 1992

.

Task Group on Digitization of Industrial Radiographs

U.S. Nuclear Regulatory Commission
Washington, DC 20555

,

e ~. -

@..jif)
'

f
. . . .

s

e

. . - , . . . , _ . . . - - . .. :.---. -...-.-- ,-.. .-- ...- .. . . . . = , . , , .. :--



- _-______-__ _ _ _ _ _. . _ _ _ _ _

ABSTRACT

'Ihis report contains a review and evaluation of the flaw images of interest on the 'ilms. J ustification for the
technology, equipment, and ccK!cs and standards related specJications selected are provided. Performance dem.
to the digitization of industrial radiographic film. The onstration ter.5 for the digitization process are required
report presents recommendations and e,uipment and criteria for such tests is presented. Also severi.1
performanet -;pecifications that will allow the digiti 7ation comments related to imple.nentation of the technology
of radiogrc.phic film from nuclear power plant are presented and discussed.
components in order to r roduce faithful reproductions of

.
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EXECUTIVE SUMMARY

1his report, written by the Nuclear Regulatory 0.01 OD. In addition, a 12-bit system with a
| Commission Task Group on Digitization of industrial signal to-noise ratio of at least 2000;1 at 2.00D and 300:1

Radiographs, contains a review and evaluation of the at 3.5 OD is required. Data storage will require
technology, equipment, and codes 9nd stand:;rds related write-onec/ read many technology. Standards must be
to the digitization of industrial radiogmphic film, The developed to qualify and monitor system performance. i

report presents recommendaticas and eqt ipment- Image processing should be carried out by valified,

performance specifications that will allow the digitization personnel and must riot lead to the loss of data acquired in
'

of radiographic film from nuclear power plant the initial digitization. All of the above represent
components in order to produce faithful ieproductions of minimum acceptable requirements.
the images on the fdms.

'

Thc basis for radiogmphy of components contained in The state-of the art equipment available in today's

nuclear power plants is the Aruerican Society of market seems capable of providing digital copies of

Mechanical lingineers (ASMH) Ilotter and Pressure existing radiographs that are essentially identical to the

Vessel Code, S %n V, Article 2 and Anicle 22 (the originals. In fut, most digitiration techniques provide

section containinh .nc acecped American Society for
some slight improvement in the readability of the digital
image over the original through enhancementTesting and Materials [ ASTM) ctandards). Anicle 2 of techniques. For example, the digitiz.ation processASME Section V establishes the minimum requirements provides an averaging of the density variations in smallfor radiography *lhe requirementsin these codes that are
areas of the film. Ihis improves the signal to noise ratio

important to digitizatkm are the parameters establishing
the actual image recorded by the radiograph. 'lhese are of the image as interpreted by the eye.The main goal in

image enhancement is to accentuate certain often- subtle
optical density, image quality indicator, and geometric image features for subseqtent analysis or disohiy. The
unsharpness. For radiographs of nuclear power plant enhancement process itself does not incrcase the

~

components, optical densities (CDs) of 1.0 to 4.5 must be
inherent informatiot ~catent in the data. Enhancementdigitized. Film digitization is a relatively new technolofJ does, however, increase the visibility of the ci osen

and there are few standards for the digitization of
; radiographs. Ilowever, the ASMl! Section V Appendix leatures so tFat they ctm be detected ruore readily.
'

111 document on digital image methods for radiography
and radioscopy addresses this issue. This recent Storage of the digitized image on write-once-read many

| document outimes m, very broad terms the requirements optical discs or their equal and lossless compression of the
for digitizing radiographs. data will assure that no valuabh records are lost.

1.ife t meof theopticaldiscstorageisanticipatedtobeup
For faithful image reproduction (in terms of equal to Wpas
perfmmance for a film interpreter), the digitization

! system should be capable of displaying density variations As a result of its experiments and evaluations, the task
group feels there is a need for personnel with bothI as small as 0.01 OD and features as small as 100 m.

} Theoretical and experimental considerations leading to radiographie interpretation skills and digitizing
these values are presented in this report. equipment operation skills in order to produce quality

archived radiographic images. These personnel should be
Four basic pammet'ers determine system performance: skilled in the p' roper selection and use of image
(1) digitizing spatial resolution (DSR)(i.e., pixel sire or proecssing techniques cod m mterpreting and analyzing
spacing); (2) dynamic ranget (3) digital fidelity (e.g.,12 , T the digitized radiographic images. Furthermore. -

bits); and (4) minimum detectaHe fihn density change, mipment meeting minimum specifications and capable
DSR is the determining fretor in the system's procedures need to be used by cualified personnel ini
spatial resolution limits.1he minimum detectabic film ordet to develop faithful digital images of flaw indications
density change is dependent upon digital fidehty and of interest on the radiographic films.1herefore, a
noise level. All of these performance f; ' tors may be performance demonstration test for qualification of the
characterited as a single function known as the digitization process which includes the personnel,
modulation transfer function (M IT). 'the MTF should be procedures and equipment is required.
used as a measure of *ystem performance and a
recommended procedur; for this measurement is Although we have cited in this report a number of
described in the report. We determined t hat at 5 line pairs standards related to film digitizati'n it is our opinion that
per millimeter (lp/mm), an MTF of C.33 will be required no existing standard specifies the minimum capability for
to detect a 100- m feature with a contrast sensitiv:ty of a radiographic digitization system.

vii NUltEG-1452
.

%



, _ _ . _ _ _ . _ _ . _ . . _ __ _ _ . _ . _ . _ . _ . . . _ . . . _ . . - _ . . . . . _ . . _ _ _ _ _ _ _ _ _ _ _ _

,

i

Only " Code Acceptable" radiographs should be digi: Sed Generic Letter 88-18, Plant Record Storage on Optical

and stored as the official plant record. Digitii.ation of Disks, dated October 20,198S, provides an acceptabk

radiographic film is not intended to be a means of framework for the storage of digitized radiographic
improving for acceptance an unacceptable radiograph. images.
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LIST OF DEFINITIONS AND NOMENCLATURE

Aliasing-Introduction of error into the reconstructed object. For film digitization systems, it can best be
image because the sampling interval does not allow the approximated using a pattern of alternatinglight and dark
proper representation of higher frequency information. bars which get progressively finer. At very low spatial

ficquencies, the system fully images the light and dark
ASAIE-American Society of Mechanical Engineers bars and full modulation is achieved. As the spatial

frequency of the light and dark bars increases, the
ASTAf-American Society for Testing and Materials blurring introduced by the imaging system will result in a

loss of contrast between the light and dark areas. In the
CCD (Charge Coupled Dedce)- A semiconductor device extreme, the imaging system will no longer be capab!c of
wherein minority charge is stored in a spatially defmed resolving the light and dark bars and the image produced
depletion region at the surface of a semiconductor and it will be a uniform medium gray.The M*1 F for an imaging
moved about the surface by transferring this charge to system is then expressed as a curve relating the image
similar regions. contrast produced (in percent of full modulation) to the

spatial frequency of the input pattern. It is usually
Contrast Sensitirity-The smallest contrast of brightness specified as a contrast level at a given spatial frequency (in
that is perceptible to the human eye under specified line pairs per millimeter [lp/mm]).
conditions.

OD (Optical Density) '1he degree of opacity of the
Data Compression-The technique of reducing the radiographic film expressed by log (I./I) where 1. is the
number of binary digits required to represent data. intensity of the incident ray and I is the intensity of the

Digital filter-An electrical filter that responds to an
input which has been quantified, usually as pulses. Penetrameter (Image Quality Indicator)-Device used to

. indicate the quality of a radiograph. In one type, quality is
DSR-Digital spatial resolution judged by checkmg for the discernability of certain holes

. . in a thin plaque or from the outline of the plaque itself.
Dynarru.c Range-The ratio of the specified maximum Customarily, because many codes are so phrased, the
signal level capability of a system to its noise level. plaque thickness (F)will be 2% of the weld thickness, and

,

visibility on the radiograph of a hole whose diameter is
EPS-Eqm. valent penetrameter sensitivity two times the plaque thickness (2T) will be required. A

wire *ype of penetrameter can also be used. Customarily,
Film Unsharpness-Inherent unsharpness of the at least two thirds of the significant wire length should be
radiograplL film. It is one of the elements of resolved on the film. The wire diameters vary.
unsharpness m high-energy radiography and increases
with increasing radiansn energy and film grain size. Phel-The smallest part of electronically coded picture

! Geometric Unsharpness-Unsharpness in a radiograph (e.'Ihe smallest addressable element in an electronic
I defined ' v the expression Us -F/(D/t) where F is the

'
-

focal not size, D is the distance from the focal spot to the
! front surf ace of the object being radiographed and t is the Refresh Rate-Rate at which one periodically replaces

thickness of the object or the distance from the front data to prevent the data from decaymg.'

surface of the object to the film.
Signal to-Noise Ratio (SNR or S/R) *Ihe ratio of

/QI-Image qunlity indicator amplitude of a desired signal at any point to the amplitude

j of noise signals at that same pomt.
Interlaced Scanning-Process in which the distance fromI

, center to center of successively scanned lines is two or Windowing-The process of selecting, from the data of a
i more times the nominal line widtri. so that adjacent lines digitized image, a limited range of the total dynamic range

L belong to different fields. available and presenting it on the monitor. It may not be
possible to show the entire dynamic range acquired in the

(AfTF) Afodulation Trcnsfer Function-A relationship digitization process, if for example, the data acquisition
which describes the ability ot a system to render detail as a system is 12 bits (4096 levels of gray) and the image
function of the spatial frequency of the subject. It is presentation is 8 bits (255 levels of gray).
defined as the ratio of the image amplitude to the object
amplitude as a function of the spatial frequency of the li'ORAI-Write-once/ read-many device for data storage.
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1 INTRODUCT!ON 40-year life of the facility and beyond. ''hus, digitization
and storage of mdiographic films may be conssed
desirable by Ihe industry to support a request for license

Radiographic information is crucial in ensuring the renewal and et.sure that the quahty of the information is
quality of construction and the structural integrity of maintained during the extended life of the plant.
nucicar power plants. Radiographic film can capture the
needed ilaw information from the many mMerit md 1his report contains (1) technical specifications for the
components found in a nuclear power plant. . ,Jes digitization of radiographic film to faithfully reproduce
require that specific records be kept for the hfetime of the the radiographic image; (2) a rc6 d background
plant, and the radiographic films are part of these information, including codes . J u, jards for the

mandated records, it is impemtive that this information radiographic examinatica of u power plant
be both unaltered and quickly retrievable for at least the components; (3) the technical basis . . justification for
life of the plant. However, radiographic films are known the equipment performance parameters recommended;
to degrade with time; therefore, information may be (4) a review and evaluation of existing equipment,
altered and/or destroyed, and furthermore, the large technology, and codes and standards for the digitization
volume of radiographs at a plant makes retrieval difficult. of rHiographic film images; (5) a discussion of
Recent technology may be able to overcome these implementation issues, including performance
problems. demonstration for personnel using digital imaging

systems;(6) recrime ndations and conclusions; and (7) an

Recently developed technology permits the digitization executive summary.

of industrial radiographic films. Uccause of the problems
mentioned above, the nuclear industry is interested in 2 TECIINICAL BASIS
using this technology; therefore, the Office of the
Executive Director for Operations of the Nuclear
Regulatory Commission (NRC) has requested that a In this section, the codes for radiog aphy of nuclear plant
technknl position on the digitization af radiographic films components will be reviewed and standards relevant to
be developed. In response to this request an action plan the digitization of radiographs will be discussed,
was developed. A task group was formed to review and Determination of the minimum size of an indication to be

evaluate the technology, related codes and standards,' 12 imaged, as estimated from open-literature publications

and technical issues. 8 rid experiments by the task group, wdl be presented.
1.mally, the specifications of a system capable of digitizmg

ra gmp % tk nmpary connast senshty adThis task group consisted of personnel from the NRC
resdutmn mil be discussem(headquarters and regional offices), national

laboratories, and industry who have expertise in
radiography, codes and standards, signal processing, and 2.1 Review of Relevant Codes for
qualification processes for nondestructive testing. The Radiography of Nuclear Power
task group followed the developed action plan and met to pjant ComponeniS
plan activities and conduct interactive technical
discussions and evalur. ions, visited vendors of equipment 1he codes applicable to radiography of components
for digitizing radiographic film, conducted literature contained in nuclear power plants currently opemtional
scarchec, performed experiments, and prepared this or under construction in the United States are the
document. American National Standards Institute (ANSI) B31,1,

ANSI N31.7 code and the ASME Code. ANSI H31.1 is
A major advantage of digitizing radiographic films is that the applicable construction code for piping components
archived radiographs in digital form can eliminate further of plants constructed before the ASME Code took
degradation of data in tht; existing films due to aging. responsibility. Some plants were constructed under the
lherefore, the original filmscan be di', w i or recycled, ANSI N31.7 code for piping components.1his was a code
resulting in a savings of space ,,n e -age costs. formulated specifically for nuclear power plants and also
Furthermore, digitizing provides easy management of the preceded the ASME Code. Most plants fall directly
data and access to the data from multiple sites through under the jurisdiction of the ASME Code. In most cases,
electronic means. The digitized radiograph can takc the radiography of welds was done in accordance with
advantage of image enhancement techniques that may ASME Section V. Specific ASTM standards are
make a discontinuity nu te readily visible to confirm i'.s referenced for guidance by ASME.
presence and/or determine its extent.

Thus, the basis for weld radiography in nuclear power
Hecause radiographic film degrades over time, many films plants, for the most part,is ASME Section V, Article 2
may not remain acceptable throughout the anticipated and Article 22 (the section containing the accepted
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ASThi standards).- Article' 2 of ASME Section V available for radiography: the plaque penetrameter IQI
establishes the minimum requirements for radiography. and the wire 101.

,

'lhe requirements important to digitization are the
pan.metem establishing the actualimage recorded by the
radiograph. Thesc are optical density, irnage quality The plaque penetrameter is the first and still the most

moicator, and geometne unsharpness, popular image quality indicator in use. 'lhe plaque
thickness is 2% of the thickness of the object in the area of
interest. Forpurposesof the AShiECode,theapplicable f

The ASThi standard nee radiographs for steel object thickness for a welded structure is the base
welds 2 is clearly pc because it permits the material thickness. For radiographs of castings, the 1Q1 '

estahlishment of types anu severities of discontinuities thickners is based on the end product thickness of the
encountered in tieel weldments. The ASThi s'andard casting.
that describes radiographic in:pection of welds is also
cited? The scope of this method standard "prmides a
uniform procedure for radiographic examination of The plaque penetrameter contains three holes. For
weldments . . radiographs of AShiE Section Ill Subsection Nil

components taken in the early 1980s, the penetrameter
includes a slot. Diameters of the three holes are 1,2, and

2.1.1 Optical Density 4 times the plaque opthickness. The quality of the
radiographic image is defined by the combination of the

- For single ft .: viewing. the optical density (OD) of a 101 thickness used and the minimum hole tht.: must be
seen by the radiograph,c mterpreter, in AShiE codes,irLliograph produced by X-rays may be no less than 1.8

when measured through 'the body of a plaque only two quality levels are generally specified,2-21 or

penetrameter or when measured immediately adjacent to 2-4T Dusindicates a penetmmeter of 2% thickness (2-)

L a wire penetrameter and in the area of interest. The with the mmimum visible hole 2 times penetrameter
minimum OD for a radiograph produced for single. film thickness (2T) or 4 times the penetrameter thicknvu
viewing with an isotope is 2.0. 'lhe minimum for a single (4T). For more difficult radiographic applications, the
film when used in composite viewing is currently 1.3, Code affords the radiographer greater latitude by
regardless of the radiation source. Some earlier versions requiring only a 2-41 quality level.
of.the ash 1E Code permitted individual films of a
composite series to have optical densities as low as 1.2. It Ilclatively new in the AShiE code is the use of wire
is relatively common to stack multiple films in order to penetrameters, which is allowed through acceptance of

.

obtain acceptable optical density over the full area of the ASThi standard for wire penetrameters ASThi E
interest. 'the maximum OD in all cases is 4.0. A 747,6 That document describes a series of four wire IQls :
tolerance of 0.05 OD is allowed ror variations between that apply to material thicknesses up to 20 in. Each 101 is
densitometer readings. a plastic envelope tiiat contains a series of wires. These

wires are equivalent to the combination -of plaque i

In addition to these overall density limits, the thickness and penetrameter tole as an indicator of
penetrameterdensity must be within -15% and + 30% of radiographic quality. The quaP4 M.s designatmn when
the density in the area ofinterest. In later editions of the using tN wire 101 is the 101 identificetion and wire size .
ash 1E Code, the upperlimit can be exceeded if shims are that must be shown. This type of 101 has been specified

used and the required sensitivity is maintained. hiultiple for many years m the Deutsche Industry Norm (DIN)
penetrameters are often placed on a single film to cover standard used in Germany.

variations in optical density: this ensures the quality of the
area of interest. 2.1.3 Geometric Unsharpness

The geometric unsharpness is the blurring of the
2.1.2 Image Quhlity Indicators mdiographic image caused by the fact that the radiation

source has a finite size.- It is dependent on the physical -
The image quality indicator (IQl)is used to ensure that - size of the radiation source, as viewed from the film

. some minimum image quality is obtained. It is not a direct location, and the ratio of the part thickness to the distance
indication of the minimum flaw size that can be revealed between the source and the part. The geometric
in a radiographic exposure. A popular misemception unsharpness is limited by most radiography codes and
stems from the comparison 'between the minimum standards to control the amount of blurring so produced.

e detectable hole in the penetrameter and the minimum The ASME Boiler and Pressure Vessel Code, Section V,
detectable indication in the object being radiographed. limits the gametric unsharpnest *o one of four values
Since' the issuance of the 1986 edition of AShiE Code dependin on the part thickness as described below in ig

Section V, two distinct and very different IQls have been Table 1.
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Toble1 Allowed Geomrtric Unsharpness as a listing of the parameters that should be given for a digital
Function of Part Thickness. radiologicalfile. Although the purpose of the gui6e is for

the transfer of the digital file, the mformation will also be
hiaterial Thickness hiaximum Geometric useful for a stored digitiicd radiographic file. There arc
(inches) Unsharpness (inches) several other existing standards related to the storage of

radiological data. 012 Ref.12 refers to other related
Under 2 0.020 ASThi and ANSI standards for film storage.
2 through 3 0.030
Over 3 through 4 0.040 A variety of available standards could apply to the control
Greater than 4 0.070 and qualification of the digitization system. These

standards are discussed below. Additional sta:dards may
2.1.4 Area of Interest be required to fully control the digitizatian process.

'ihe area of interest is the minimum area of radiographic
coverage and is defined by the codes. The first three ASTM E-746 4 provides a test method to determine
parameters discussed (Sections 2.1.1, 2.1.2 and 2.1.3) image quality of radiographic film. %c document
essentially define the image qualityof the arca ofinterest. describes a test object and a method for determining
The arca-of interest limits are indicated on the film by radiographic image quality on a finer scale than is
some form of marker. These are nostly lead permitted by conventional plaque-type 1 or wire 5 lOls.
alphanumerics that have twn placed directly on the This method can be used to take into account film
object being radiographed. These matkers are projected characteristics, exposure and viewing conditions, and
onto the film and locate the area of interest; they can also processi.g. The standard was designed specifically to
be used for the location of defects to be repaired and are evaluate the influence of variables that affect film qualLy.
referred to as section markers or stations. The document also describes a procedure for 200-hV

X-ray inspection of a 14mm (3/4 in.)-thick steel plate. A
2.2 Review and Evaluation of serics or thin shims containing small holes of varying sizes

Stamlards for Digitization of is pl ced on the source side of the steel plate for the
radiograph (shim thicknesses as small as 0.13 mm [0.005

Rad.iographS in.,0.67 % contrast] and hole diameters as small as 0.5mm

llecause film digitization is a relatively new technology, it nS ds ty d pmaH Ws at low cenast
is not surprising that there is little in the way of standards presents a challengc for radiographic interpreters. We

rec mmend that fdms of this type, designed to determine
,

for the digitization of radiographs. The only current
document we know is the ASMH Section V, Article 2, eqmvalent penetrameter sensitivity (El S), as judged by

expenenced film interpreters, should be used to assess
Appendix 111 on digital image methods for radiography pe rmance of a digitized radiographic system andand radioscopy.e This recent document outlines in very
broad terms the requirements for digitizing radiographs; establish the equivalence of the digital image to that of

r.pecific details are generally absent except for the film at an OD of 2.0. This would permit a comparison of
the digitized result versus human mterpreter evaluationrequirement to calibrate the system Modulation Transfer

n the basis of a consensus standard.- Function (hflF) using a line-pair test pattern and an
optical density atep wedge. Recommended or minimum ASTM E 746 has limitations in terms of applicability for
performance values for the digital system are not radiographs well beyond the 200-kV X-ray energy range;
specified. We also note that the ASME Code permits the however, ASTM Committec E-7 is actively working on
reproduction of radiographs m selected situations by documents to extend the applicabk energy range. One
microfilm methods.8 These two cited documents confirm document in progress, for exampla, is titled " Standard for
that radiographs prepared for ASME inspection records Determining the Rela!ive Image Quality Response at
may be reproduced * liigh Energy."

Additional related standards are in preparation. For There are other ASTM documents in progress that apply
example, currently in ballot in ASTM Committec E-7 are to radiographicirwrpretation capability. One of Dese is
documents on storage of digital data (see footnote 1 a document that addresses the determination of visual
below) and a data field guide for digital radiological data acuity for radiographic interpreters (see footnote below).
(see footnote 2 below). The data field guide includes a This described procedure uses a series of crack-like

imagMin wM N Uad Mudy a Mimg is pW
" Standard Guide for the Storafa."of the hiedia That Contains Ana-in different orientations and bcations, the images are

e

log or Dhital Radiosc( pic Da ASThi E-7 document in pmgreno9b4 then presented at various contrast levels. This document
'" Standard Gmde for Data ncids for Computerized Tramfer of

I igt Radiological Test Data? ASThi 11-7 document m propess Vj}tg}l y i ot i luc anun nicst.
g
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is based on prior work at the National Institute of the contrast is reduced. If almshaw 0 cites the example of
Standards and Technology.e 'the approach takes into a crack width of 0.025 mm radiographed under conditions
account accepted ideas for visual perception.71his series of total unsharpness of 0.2 mm. Contmst for the crack
of cracklike images at various contract levels could serve image is reduced by a factor of eight from the theoretical
as a method to qualify digitized radiographic methods. maximum. 'lhe example numbers are reasonably rcalistic

as applied to radiographic inspection of nuclear power
Although we have cited a number of standards related to plant components. Note n!so that the film representation
film digilliation, it is our opinion that no existing standard ci the crack is at least as broad as the total unsharpness.
specifies minimum requirements for a radiographic The anticipated film unsharpness of at least 100 m
digitization system; this is the type of information under provides a wnservative estimate of the minimum image
discussica in this NitC Task Group lleport, detail size, because additional factors, including

gec*nctric rasharpness and scattered radiation, would

2.3 hiiniintini Ratliographic Inclication further brraden the image.

TO lle linaget! With these factors recognized, the spatial-resolution
. capability of some available film digitizers is adequate.

Sp:cifitations require the detection of a plaque type 'the resolution is also somewhat confirmed by the recent
penetrameter whose thickness is 296 of the material work of Ciorau 15 which indicates that 300-kV X ray
tl.ickness and the detection of a 4T diameter hok m the examination of 48-mm (1.9 in.)-thick steel under idealplaque, lbt smali thicknesa changes, one can assume that geometry conditions with a slow, fine-grain X ray film
a 2% thickness change w3 give approximately a 296 shows a leveling characteristic for detection of ernks with11

contrast change. In this situation, a minimum density widhf 100 W Im Cie's crack samplesincluded- change of 0.02 OD must be detectabic.
widths down to 5 m.

.

Past resemh indicates that a qualified film interpreter 'lhe results of the experimental work carried out by the
can detect density variations of at least half that value, or Task Group are consistent with the results in the
a density change of 0.01 OD.u." 'Ihcrefore, for faithful literature cited above. The Task Group's work consisted
image reproduction in terms of equal performance for a of radiographing two blocks butted together with gap
film interpreter, the digitization system should be capable width varying from tero to300 pm. Radiography of these
of displaymg density variations that small. samples was performed with parameters that would

produce considerably lower total unsharpness than might
! Ideally, one would prefer a film digi.aation system that is be expected in nuclear plant inspections. Microscopic
! capable of reproducing low-contrast indications of tight examination of the radiographs revealed indications of

cracks.1(adiographic detection of such cracks depends on these gaps as narrow as 30 pm. Digitization of these filna
- many factors, meluding the angular orientation, length'

at 70- m digitizing spatial resolution produced aand depth of the crack. In addition, radiographic
dctection c n vary beetmse of system parameters such as readabic image of the gap in all areas, although with

.

,

i- radiation source size, object-to-film distance, considerably greater width than was indicated on the films

source-to-object distance, source encrey, and film - (and with lower contrast.) Thus the radiographic

L characteristics. Many system parametirs relate to mdication was not faithfully reproduced.
' radiographic unsharpness u." a factor that includes in addition to this experimental work, actual radiographs

geometry, film, screen, and movement parameters. At from an operating nuclear power plant were digitized at
the energies needed for radiographic inspection of several facilities. These films represented a difficult case,

! relatively heavy steel nuclear plant components, the in that they were of a very high density and the indications
unsharpness of doub!c-emulsion film can be significant, were small, low-contrast, and barely visible to trainest
i.c, on the order of 0,1 mm a" The other major observers. The radiographs were digitized on seven ,

|. unsharpness factor in most situations is geometric different systems whose characteristics are tabulated
unsharpness. The ASMit Code places upper limits on - below in Table 2.
g' metric unsharpness varying from 0.5 to 1.8 mm. Total
unsharpness increases as the square root of the sum of the 'Ihc indications of mierest in the films '.ere visible in'

squares of the contributors. liven ii extr- measi ces the digitized image on all systems with 12-bit digital
are used to reduce geometric unst . ,ess, film fidelity and a DSit of less than 70 m. They were not
unsharpness sets a lower limit for image detail size in a all visible on the 8-bit system or on the systern with
radiograph- the DSR of 100 m.

'Ihc impact of unsharpness on crack detection is that the These and the experimental results support the accuracy
film image of a na row crack is spread in the emulsion and of the calculated performance requirements.
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Table 2. Resulu M Digitizing Radiographs with Different Systems

MM Digital
W, Light DSR Fidelity

Facility Detector Source (pm) (bits) Results

la' CCD White 70 12 MarF nali

Ib' CCD White 70 12 %:gmaly%, , . .

%. 2a CCD White 70 12 Unacceptable
'b CCD White D5 12 Good

%J-gf '_Tf,.s

3 CCD White 45 12 Good

A ^ 4 Phil' Coherent 100 12 Unacceptable"

5 Video White Variable 8 Unacceptable
%,5

#

3,
'These two systems usc an older technology chip ? s a olooming problem and --

> @, p W.,,q the systems have a lower intensity light murce than arrent systems.
,,

P 3. PERFORM ANCE resolution Tia sizeof theimage n wr'is fora 14x 17in.
film. Smaller matrices could be used, although in those

REQUIREMENTS cases the film would be reproduced m two or more
,

sections.
W

Fm asic parameters determine system performance:
(1) cigitizing spatbl resolution (DSR), i.e., pixel size or 3.2 Justification of Specifications

. spacmg; (2) dynamic range; (3) digital fidelity (e.g.,12
bits); and (4) minimum detectable ' m density change. Contrast Sensitivity. Arguments for sMection of a value of
DSR is the determmmg factcc m i spatial-resolution 0.01 for optical densities up to 3.0 wrse provided in curlier
limits of the system. Dynamic range is the span of film discussion. (See i<iinimum Radiooraphic Indication to Pe
density that can be scanaed and detected without Imaged.) At optical densities above 3.0, the intensity of
ign k nt noise or detector saturation. Digitallidelity is transmitted light becomcc very ic md reduces the

t e v.nber of bits obtained from the analog data. The detectable change in density. ab:perienu ~sts that a
mim.num detectable film ';nsity change is depcndent density change of 0.03 OD is dete e and is
upon digital fidelity and soise level All of these appropriate for high-density areas, '

performance factos may be characterized as a single
function known as the modulation transfer function
(MTF). & MTF can be obtained from tne imaga of a Digerizing Sput c! Resolutien (DSR). To faithfully '-i

standard that has, for example a periodic rectangular line re, coduce 100 Am features, a OSR providing at least 2

pattern of varying spatial frequency dth optical densities pixels across that width is needed, thus justifying the
of at least 4.0 in the dark bars and less than or equal t00.2 selection of 50-pm spatial resolution. In this documer.t.
OD in the light bars. The hfl F should ideal': ne used as a faithful reproduction implies that the imageCail
measure of system performance. visibili'y ia the digitalimage is equinient to that on the

film.

From a different standpoint, system performance
depends on the size film that can be digitized, the tim < Dynamic Range. ASME code requirements permit films
required to digitize a radiograph, and the maximum irr j to har background densit:es h the range of 1.2 to 4.0, as
size that c:t 3e processed and stored. These variables discussed above. Discontinuity indications may extend

affect prharily the threaghput and efficiency of the that range (either lighter er darker). Fer example, a
emeu and will, therefore, not be addreswd in this tungsten inclusion may produce a film density close to
.eporti base plus fog ( =0.15), while a pore or crack will prodcce

a darirer indication than th: background density.

33 SpeciiicationS for a Film System-Specific Signal-to-Noise Ratio (SNR). The SNR
DigitlZatIon System has a strong impact on the imaging of low.centrast details.

The values specified, in conjunction with the other
ine requirements for a system to digitally capture and parameters. Povide a reasonable assurance ; hat a
store radiographs are presented in Table 3. The 10thpm feature at 0.01 (or 0.03) OD will be detected with
specifications are presented for a 50-pm digitizing spatial at least a 2-to.1 SNR.
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Table 3. Spec;fications for a radiograph digit! ring system capable
of repoducing 100 m features

Parameter Specification

Contrast t,ensitivity < -0.01 OD(< 3 OD)
< -0.03 OD (3-4.5 OD)

Digitizing spatial resolution < -50 m

Dynamic range 0.15 3.5 OD to 1.0-4.5 OD

System-specific > -2000:1 at 2.0 OD
signal-to-noise ratio > =300:1 at 3.5 OD

Modulation transfer function > - 0.33 f . tpatial
frequencies up to 51p!ren

Digitization range > - 12 bits / pixel

Monitor resolution > - 1024 x 1280, noninterlaced
> - 70 Hz refresh rate

Data storage Write once/ read many or
equivalent

Enhancement functions necesor - Histogram equalization
for viewing on CRT Contrast stretching
Windowing

Zoom
Data compression lossless

Modulation Transfer Function (MTF). Detection of a digital-to-analog co erter, video amplifier, and CRT is
100-pm feature tequires a spatial resolution of 5-lp/mm. preferred for digitizmg radiographs.
A contrast sensitivity of 0.01 over a dynamic range of 3.5
OD (a practicallimitation within n single scan) implies a Afonitor Resolution. Monitor resolutions of at least 1000
contrast sensitivity of 12 gray-scale levels (GSL) m a 1 nes, used at normal operating distances, have been
12-bit system. shown to reduce eye fatigue due to the inability to resolve

the scan lines. High resolutions are needed to present the
0.01/3.5 x 4096 - 12 GSL large amount of data collected from the radiographs in a

r-asonable amount of time.
- With a SNR ratio of 2000:1 at 2.0 OD, one would expect a
maximum noise signal of 2 GSL. To ensure detection, the
0.01 feature shouId then have at least a 4 GSL variation

Data Storage. , rite once/ read many (WORM) data

from background. We car therefore tole f e a storage systems provide the maxunum degree of data
,

modulation of the detail contmst to 4/12 (33%) of the
security because data cannot be changed or crased once

theoretical value. Hence the 5-lp/mm detail must have at wntten to the storage media. Current optical-disk

least a 33% modulation. storage media provide high-volume storage capacity for
the large files generated by the required DSR.

Digitization Range. Film pre 41cs a dynamic range of more
than the 12 bits / pixel avai'able for digitization. While the Ddiancement Functions Recommended. The listed
human eye cannot dirrerentiate the resulting 4096 levels functions are considered the minimum required to fully
of gray, an experio ced professional can distinguish interpret the digital radiographic image. High- and
between film digitized at 10 bits / pixel and that digitized at low-frequency filtering as well as inverse video are other
12 bits / pixel (an 8-bit system is clearly inadequate).17 A relevant options. Refer to Appendix A for a full
12 bit / pixel system, including storage (frame buffer), discussion of these and other enhancement fonctions.

I
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Data Compression. Fully reversible Cossless)- data 4. Data compression schemes must bc verified as
compression is required to enshie that no data is lost in lossless. A typical approach would be to digitize one
the compressica proecss. of the standard test films, then compress and

decompress the file. 'lhe decornpreswd file is then

3.3 StanutrdS subtrr j from the original file. If truly lossless
compression was used, the I esulting image shoulo be

Although several standards related to film digitization completely black (all zeros).'

have been discussed, no knov n existing standard specifies One or mors acw standards should be developed tominimum capability for a radiographic digitization control the initul equipment qualification anJ daily
system. performance checks ider tified abose for the digitimtion

Initial system qualification and periodic system cks
must be performed to ensure proper use oi _lm 4 INSTING TECIINOLOGY
digitization systems. To date, no known standards cover
initial system qualification and periodic system checks.
The following tests are recommended: In this section, the technology currently available for

digitizing radiographs will be discussed, in , Jed is a

1. Vertfication that the system meets the identified description of tlye hardware, specifications of varyous

performance requirem$nts. W"* ion relates to the existing technology to perform
" #"E# #" #** P"*

mformat
the needed digitization, storage and handling of the

2. Use of a set of four ARFM E-746 4 films that hav' digitized records.
been read by three film mterpreters ".o establish
equivalent penetrameter sensitivity (EPS) and that 4.1 HackgrOnnd
have shown less than 100% detection of holes. The
scanned films should show at least as many holes as Radiographic film represents an extremely effective
were read by the average of the three interpreters. information system foi presentation of the

,

- density / thickness / composition contrast available from a
3. A stanaard test pattern film will be used to qualify specimen. Film radiopaphs record more than four

the performance of the system in daily use. The decadts c,f radiation absorption information in a true
standard test pattern film should ve tify the dynamic image format that ts readily interprettd and unden;tood.
range, spatial resolution in two directions, and The image may be viewed with mexpensive light sources,
contrast sensitivity of the digitizer, Measurement provides extremely high spatial accuracy, and may be
parameters should be made at the corners of tite archived for long perhids of time. Film is the rnost
digstization Feld and in the center. Dynamic range cost-effective and high-quality system for the acquisition,
will be measu red with a stopped optical-density scale di3 play, and archiving of radiographic information -

overing the range from 1.0 to 4.5 OD. Spatial available at this time.
resolution will be checked using a 5-lp/mm

Ilowever, film also lacks certain desirable charactenstics,resolution target it ooth the vertical and norizontal
directions, and contrast sensitivity wil; be measured Some of these characteristics may be made availab!c

with a pair of test patterns consisting of a 1-cm through digital electroric imagmg, including extended

square with a density slightly lower than the exposure latitude, image communication, improsed
surrounding 4-cm square. One such pattern s'wukt archiving (smaller storage space, longer storage time with

include a 1.95-OD square in a 2.0-OD field. W less loss of image vality, and easier image retrieval) and

other pattern shall include a 3.40 optical 0 ~ , image enharament.

square in a 3.5 OD field. The number o. . . ~ The improvemut.s offered by digital elecuonic imagingvariations must be measured between the are just now becoming nhysically and economically
background and the cantral square. For the 2.0-OD pos ;ible. These improvemems must, however, be
pattern, the GSL vanation must be divided by 5 t obtained without loss of the image information already in
arrive at an equivalent change for an 0,01 OD step. the film on hand. This suinmary was made te examineme
The resulting value must be above the system nois state of the art of digitizatbn of existing radiograpnic
level. For the higher-density pattern, the measured films to improve the storage life and preservation of the
GSL ehange must be divided by 3 to relate to nformation in those F ms.
0.03-OD change, and t, s value also must be abovem
the system noise level The contrast sensit vity ,,g g g
patterns may have a dersity that varies by up 100.15
OD from these snecified as long as the contrast The state-of-the-art equipment available today seems
differentials of 0.05 arel 0.10 are aintained. quite capable of presidmg digital copics of existing

,

%
7 NURIE1452

4

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ __



- _ _ _ _ _ - - _ _ _ _ .

!

radiographs that are essentially identical to the originals. (CCD) linear anay to read white light transmitted
in fact, most digitization technique ; provide some slight through the radiograph from a uniform strip light source
improvement in the readability ef the digital image over and (2) use of a linear array of photodiodes or a
the original. For example, the digitization process photomultiplier tube to read light transmitted through
provides an avemging of the density variations m small the radiograph from a laser beam scanned across the film.
areas of the film. This improves the SNR of the image as Parameters f rom thest systems are listed in Table 4.
interpreted by the eye.

The two major digitization approaches are (1) use of a Digni:cr. De digitizer system converts processed films to
high-resolution, multiclement charge-coupled device a data format that c'm be archived, enhamed,

Table 4. Digitization Parameters and Existing Technology

Parameter Current Capabilities

Digitizing Technique
Illumination so,rce Moving laser spot or white. light strip.
Detector Photodiodes, photom'iltiplier tubes

or charged-coupled device arrays.

Digitizing spatial resolution 35 to > 400 m

Density range 0.0 3.5 to 1.5-5.0 OD

Signal-to-noise ratio 4000:1 to 9700:1 at 2.0 OD
1000:1 to 2900:1 at 3.0 OD
700:1 ai 3.5 OD
540:1 at 4.0 0D

Modulation transfer 5-lp!mm at 0.40 and better
function

Digital fidelity 12-16 bits

Data storage Wnte once/ read many

Film sizes Up to 14 x 17 in.

communicated, and c'.aluated through a computer-based 50- m or smaller spot, where, for example, at an incident
imaging setem. The films are digitized into a pixel array, angle of about 25" from normal, a full pixel of
the sin a chich is dependent upon the spatial resoletion displacement occurs in the digitized ima;c of the two
selectt 4:.; the film size. Common resolution values are emulsions. Light scattering also I;ccomes a problem wt
frmu about 400 down to 35 m. Each pixel array value is either spot scanning or illumination because the thick

6represented as 12-hit or greater values of the optical f im scatters light from the intended pixel to other pixel
density at that point in the film. Optical density ranges of positions. Some systems provide corrections to minimize
O to 3.5 up to 1.5 to 5.0 may be digitized. these problems.

Digitizing techniques typically use eithera uniform line or
area of illumination or a sc:.nning sp(- of light from a There is a significant tradeoff between spatial resolution

laser. Uniformity of the line or area ihumin:. tion is an Spot) versus storage space for the data and time to

inherent problem in the scanning technique, in which a digitizethefilm. If thespotisrelatively argecomparedtoi

spot of light is scanned across the film by a moving mirror. the information resident in the film,information from the

The moving mirror can be a rotating polygon or on a film will be lost in the digitizing process. However, as the

galvanometer. Wear in the moving system can cause loss spot size decreases, considerably more data storage space

of system resolution ard accuracy. A more serious is required and the process takes longer. For example,if
problem is the changir .ngle that the spot of light makes the spot is reduced from 200 to 100 m, four times the
with Ihe film surface. ' is particularly criticalin double space is required for storage and dispb mf theimage,and
emulsion films (up to 180-pm thick)and with the use of a the time required to digitize the film .r times longer.

I
I
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nis is illustrated in Table 5 for a 14 X 17 in. film using a elements. Such electronics are often sold as an integral-
- 12-bit digitizer. package with the detectors.

Table 5. Requirtd Storage Spare as a Function of Other signal handling is rather straightforward. Each
Pixel Size - systc'n will have its own correction % transformations, and

amplification requirements which are readily available
Storage Space and match stanoard technology.

Pixel Size ( m) . . No. of Pixals (Mbytes)
-

Afechanical Consideratiore Other than wear in rapidly
200- 1778 x 2159 7.677 moving mirror - systems, the major mechanical
100 3556 x 4318 30.71 considerations for digitizing systems will most likely be

the au nated film handling systems and the
50 7112 x 8636 122.8

variablevot-size selection arrangements. Film nandling
is an important consideration in the systems that must.

Obviously, extremely small spot sizes can quickly execed have high throughput for economical handling of the
the storage space capacity of even cptical disk media many films that must be digitized at a single nuclear
when many images frcm large films are digitized. facility. Handling is critical in terms of film registratics

Iarge detector arrays made from photomultiplier alignment, and identification, and possibly in recognition
of film sizes. Also recommended are features such astubes, photodiodes, and CCDs have b, en used. Each
audio signals for jams and ot her malfunctions, indicatiorisdetector type has its own advantages at d disadvannges ,

in terms of stability. cost,and auxiliar requNments. f empty input or full output containers, and automatic

Photomultiplier tubes require extrem' y Lole power handling of different film sizes and thicknesses.

supplict to provide stable outputs. Photomultiplier tube Esperimental Evaluation. Experiments have been
output can vary as the 6th to 10th power of the applied conducted with private and commercial film digitizing
voltage change and can transfer ripple from the power systems to determine the acceptability for reproduction

,

supply to the signal. of radiographs from nuclear power plants. There
Photodiodes are availabla in arrays (originally for Fax experiments include digitization of radiographs with a)

machines) that could be appropriate for the digitizing difficult-to-image indications, b) images from two blocks

. system. The length of these arrays is etirrently limited to butted together with varying gap widths (0 to 300 m),c)
- 8.5 in. Production of 14-in, arrays should begin this year, wide optical-density ranges for the varying gap width
The photodiode arrays have excellent linearity of over radiographs and d) image quality indicators (101).
four decades of incident luminous flux with good Results of these experiments have convinced the task

. quantum efficiency. However, the available systems are group that the present state-of-the-art commercial
limited to 85 m sampling cmer a maximum leagth ol 8.5 systems can satisfactorily digitize code-acceptable
in, radiographs for archiving and screen (CRT) display.

CCD linear arrays are now available with 6000 elements 4.3 Image Processing
of about 10 m each, They lack the desired dynamic Radiogranhic interpretation is the skill of applying visual
range and sensitivity and require teniperature regulation acuity to exact needed information from a radiographic
or thermoelectric cooling to reduce dark current to image. The detectability threshold, however, varies from
acceptable levels. With electronic processing, the interpreter to interpreter and is dependent on the
dynamic range of the an tiblooming CCD senurs has been interpreter's training, mperience, and visual perception
made acceptable, ability. The result L. a subjective interpretation of

rafographic images. It is therefore appropriate to use
Data from the CCD arrays can be digitized rapidly to that image proccssing techniques on digitized radiographs as
films can be reac in seconds. With the data leaving the an aid to film intcrpretation.
CCD in two streams at 5 MHz, scan rates of 800 lines /r,
can be obtained. The concept of a " processed image" should not be new to

the experienced film interpreter. One only has to
- Data Processing Data processing in digitization includes understand how an image is formed on a film to realize
analog signa' conditioning, analog-to-digital (A/D) tW a %ograph is one form of a " processed image."
conversion, ' log conversion, and data correction Factors such n exposure parameters, processing

- techniques.- These processes are well known and conditions, and viewing conditions all significantly affect
established for erh of the detector systems described the image enhancement of film systems Furthermore,
abo :. Newer detector systems require corrections for one should not hesitate to apply digital image processing
dark current and for sensitivity variations in the individual techniques as long as the original digitized image data are

9 NUREG-1452
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preserved and the interpreter has a hasic understanding There are many types oi degradation in imaging systems.
of image proce!. sing, : which _ is required for the One type, called point degradation, affects only the gray |
interpretation of processed images. levels of the individual pixels and does not involve spatial,

blur, Other types that do involve blur are called spatial
Conventional digitat image processing is con erned degradations.

'

with the manipulationand analysis o digital images. Itsr

major subarcas include enhancement, restoration, A mmmonly used method for imge restoration involves
analysis, and data comp 4 ession. In addition, simp:e image the use of a Wiener filter. This filter gives the best linear

manipulations such as rotation, flip, and zoom, are often mean square estima:e of the object. He method can be
necessary. implemented in frequency domain via fast unitary

transforms, in spatial domain by two-dimensional
recursive techniques rimilar to Kalman fihering or by

43.1 Image Manipulation Finite Impulse Response (FIR) nonrecursive filters.

Proper positioning of digitized images often requi c the Several other image restoration methods such as least
rotation of the image by 90' or 180 ' It may also be squares, constrained least squares, and spline
desirable to fhp the image because the film has been mterpolation methods can be shown to belong to the
digitized up-side down. Zoom provides magnified class of Wiener filtering algorithms. Other methods
viewing of alca;. ofinterest within a digitized image, such as maximum lika'ihood, maximum entropy, and

maximum a posteriori are nonlinear techniques that

43.2 Image Enhancement require iterative solutions.18

He inain goal in image enhancerrant is to accentuate- 43.4 Image Analysis .

certain and often subtleim< c features for su'osequent
analysis or display. The enhancement process itself Image analysis is concerned with making quantitative
does nct increase the inherent information content in measurements of an image to produce a description of1he

the data, but does increase the visibility of the chosen image. In the simplest form, this task could be the reading

features so that they can bt, detected more readily. The of a label (bar code) such as used on a procery item,
enhancement functions listed in Table 3 are considered sorting parts on an assembly line, or meastt mg the sizes

the minimum required to fully interpret the digital and orientations of blood cells in a medical image. More
radiographic image. Image enhancement techniques are advanced systems measure qwntitative information and
discussed in Appendix A. .ise it to make a sophisticated decision. In (nis sense,

image analysis is quite dif ferent from image enhancement
and image restoration, where the output is another

433 Image Restoration image. Image anrysb btsically involves _ feature
extraction image segmentation, and classification

Image restoration refers to improving the fidelity of an techniques.
image by compensating for image noise and blur,
assuming certain degradation models and/or the use of Feature citraction is the identification of features that
statistical ordeterministic knowledge of signal and oise. ara deemed useful to the interpreter. Examples include
This includes deblurring of images degraded by the spatial feature extraction, transform feature extraction,,

limitations of a sensor or its environment, noise filtering, edge and boundary detection, region representation,
and correction of geometne distortion or nonlmeanties moment representation, and texture analysis. Extraction .
doe to sensors. The effectiveness'of image restoration of nonimage data, such as a cross section, can provice
filters depend on the extent and the accuracy of the important statistical information about the feature and/or

' knowledge of the degradation process, as well as on the image.
filter design criterion.

Image segmentation refers to the decomposition of a
Image restoration differs from image enhancement in scene into its componems. It is a key step in image
that the latter is concerned more with accentuation or analysis. For exampic, a docuraent reader would first
extraction of image features than with restoration of segment the various characters befcre identifying them.
depadations. Image restoration problems can be Image segmentation techniques include amplitude
quantified precisely, whereas enhancement criteria are thresholding, component labeling, boundary labeling,
difficult to represent mathematically. Consequently, region.Sased and cluster labeling, template matching,
restoration techniques often depend only on the class or and texture segmentation.
ensemble' properties of a data set, whereas image
enhancement techniques are much more image A major task after feature extraction and/or image
dependent. segmentation is_ classification of the image. Many
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. classification techniques can be found in loss'ess compressien. 'lypical compression ratios, which
pattern recognition literature. A review of a few are dependct on the texture of the original ['eture,

- techniques will establish their relevance in image range from 2, to 4:1.11xamples of lossless techniques
an. lysis, it should also be mentioned that classification include bitpane encoding, run. length encod:ng,
and segmentation have closely related objectives; predictive coding and adaptive arithmetic coding.
classification can lead to segmentation and vice-versa. Compression efficiency varies somewhat for the different

i

techniques, but each offers certain features and aims at
,

'there are two basic . approaches to classification satisfying requirunents that might exist in a particular 1

(supervised and nonsupenised), depending on whether environment.

or not a set of prototypes is available. Supervised
. |

learning, alta called supervised classification, can be In lossy compression, as the name u.nph.es, some |
distribution. free or statistical. Distribution free methods discrepancy exists hetween the original and recortstructed '

'

do not require kncvledge of a priori probability pixel values. Degradations are allowed in the
distribution functions ano are based on .tascming and recor,structed image in exchange for an increased

i

heuristics. Statistical techniques are based o,i probability compression ratio relative to lossless techniques. 'lhese '

distribution models, which may be parametric (i.e., degradations may not be visually apparent, and greater
Gaussian)or nonparametric. In nonsuper ised learning, compression ratios can be achieved by allowing more
we attempt to identify clusters or natural groupings degradation. The task group considers lossy compression
whose localdensity is high compared to the density of f he techniqacs to be unacceptable.
feature _ points in the surrounding region Clustering
techniques are useful for image segmentation and for M Wr[Orniance neitionstration
classification of rsw data to establish classes and proto-
typesc Clustering is also a useful vector-quantizzien As a result of its experiments and evaluations, the task
technique for image compression. group feel there is a need Lr personnel with both

radiogmphic interpretation skills and digitizing
equipment operation skills in order to prcduce quality4.3,5 DMa Compressiori
archived radiographic images. These personnel should be'
skillcJ in the . proper selection and use of image

Despite the advantages of digital image processing, one processing techniques and in interpreting and analyzingpotential problem with digital images is the large number of the digitized radiographic images. Furthermore,
of bits required to store them. For example, a 14 x 17 m. equipment meeting minimum specifications and capable

: radiagraph scanned at 50 pm and 12-bit resolution results procedures need to be used by qualified personnel in
in a digitized image that contains 7,112 x S,636 pixels, order to develop faithful digital images of flaw indications
which translates into 122.8 Mbytes of data. Fortunt,tely, of interest on the radiographic films. Therefore, a
digital images in their canonical representation generally performance demonstration test for qualification of tne
contain signifient redundancy. Image compression, digitization process which includes the personnel,
which is the nt/ science rf efficient coding of picture data, procedures ano equipment is required. The " digitization
aimsat takingadvaatageof this redundancy to reduce the process" as used in this report is meant to encompass all

~

,

number of bits required to store an image. This can result those actions, procedures, equipment and personnel that
in significant savings in t' memory needed for image are used to digitize radiographic film leading to the

. storage or in th3 channel capacity required for image ICthful reproduction of images that can oc properly
transmission. The efficiency of data compression, known interpreted with respect to image quality and flaw
us the compression ratio, is measured as the nrmber of detection, classification and sizing. Successfully passing
bits in the original image divided by the number of bits in performance demonstration tests that establish, for the
the compressed image. In general, data compression can flaws of interest, high probability of detection, correct
be categorized into lossless or lossy data compression classification of the flaw types and accurate flaw sizing
techniques. adds confidence that faithful digital reproduction of

radiographic film images has been achimed.
In lossless compression, known as bit preserving or
reversible iompression, the reconstructed pixel values The specificatiens defined in previous sections for
(compressed / decompressed) are numerically identical to digitization of radiographs should assure the faithful
the original image on a pixel-by-pixel basis. A s%nple test digital reproduction of films containing flaw indications of
consists of subtracting the original image from the interest. However, performance demonstration results
decompressed new image and verifying that a matrix of from qualification of vs ious digitization processes may
zeros is obtained. Obviously, lossless compression is indicate that some adjustment in the specifications for
tesirable because there is no loss of inforrnation. one or more parameters may be desirabic or acceptable.
However, only a modest savings is accomplished using Appendix H to this report presents infermation, criteria
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tnd requiremenis for performance demonstration test- Comment 3: Dighization and evaluation of digitized
ng for qualification of radiographic film digitization radiographs should be conducted by qualified personnel
processes. who have passed performance demonstration tests

(personnel, proceourcs, equipment) as discussed inw

^PP "di" **" " " * i5 di*' "d d"i"8 th* ""**5 ' IMPLEMENTATIO.N of a digitized radiogi .ph, an mdependent evaluation
should be conducted bya second qualifie( reviewer, and if i

c<msensus cannot be reached, the most conservative l

The task group, through discussions and evaluations of evaluation should be used in determining the acceptance
radiographic film digitizat ori, has d:termined that the of the component. The proper use of image processiag
technology for faithful reproduction of radiographic (enhar wment) functions can be of valuc in reaching such
images is| acceptable if the recommendations and a consensus. 1

specifications in this report are implementedi The task
group further recommends that existing radiographs be Comment 4: After proper digitization, storage, and
digitized as soon as possible to prevent further loss of acceptance of radiographic images, the radiographs may
information due to aging of the current records. be discarded.

- Digitization may also be considered desirable by the
' industry to support reguests for liccnst renewal Discussio.: Tre digitized images become the official

'
,

record after they have been accepted through the Quality

"Ihe NRC position for digitizing radiographic images Assurance (OA) program. The QA program should ,

should be provided in a generie letter G uidance for NRC include considerations atut the proper calibrat,on andi

inspectors can be provided through an update of operational verification of the equipment (see Sec. 3.3).
,,

Inspection Procedure 57090 of the Inspection & Operational verification of the digitizmg eqvpment, by 4

Inforcement Manual. The performance requirements an app [cVed star:dard test pattern radiograph ad
are described in:this report. In additidn, several companion diagnostic software, should be conducted at

comments should be made about the imp!cmentation of the begmnm, g and end of each shift and periodically as

the technology; these comments are primarily of the type required. Each venfication test should bc ar|. hived with
that will assist in the transition from the radiographic film the digitized radiograph;c images aa verification that the

, ,

to the digitized images as the permanent plant record. process worked correcuy. (At a minimum, each optical

The com nents, together with discussion about their disk should contam at least one operational verification.)

:importance, are listed below.
,Ihe Q A program should consider the handling cf special
cases, such as when multiple film viewing was required for

Comment 1: Only " Code . Acceptable" radiographnhou.d tue acceptance of the component.'Ihe equipment should
- be digitized and stored as .the official plant reconi. bc demonstrated as capable of either scanning the
Digitization of radiographic film is not intended to multiple films together as the record or scanning the

--improve for acceptance an unacceptable radiograph. ndividual films separately and then overlaying the
digitizedimages through software to simulate the original

Discussion:- lipsting radiographic cecords are considered composite viewing.
to be Code AccepMble and ready for digitized storage.
However, a statistietd sample o: the radiographs to be Omment 5: The ASME Code Sectio" V, Article 2,
digitized should be reviewed ta ensure acceptable quality. Mandatory Appendix III-Digital Image Acquisition,
Radiographs whose quality has degraded bccause of aging Display and St9 rage for Radiography and Radioscopy,
are acceptable for digitization, and in fact, should be provides an aweptabic framework for the digitization of

'utgitized to 7rever' further loss of information and to radiogmphs.
take advantage of image chancement techniques.

Discussion: This appendix is only a qualitative docu.Radiographs found to have been of unacceptable quality
- rince inception should be handled as a separate issue. ment and must be supplemented with the quantita-

tive specifications and performance demonstrations
presented in this report. Properimplementation of the

For new work (repair, modification and new calibration and performance specifications described ir
construction), radiographs should be reviewed for code this Task Group report will ensure faithful reproduction
acceptance of the radiograph and of the component of radiographic images. For this reason, we believe that
before the radiogtaph is digitized for storage. the viewing considerations requirements of Section

_

111-234 of the appendix can be met by statistictd sampling.
Comment 2: For operating plants, flaws discovered during

' the review of the digitizca radiographic images should be With respect to Section 111-222 of the appendix, we
evaluated according to ACME Section XI rules, believe that information concerning artifacts can be a pact
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of the reader information package, as discussed in the additional image processing techniques as long as the
next comment below, original digitized image data are preserved and the

interpreter has a basic understanding of image processing
Comment 6: Everything that is contained in the record and is qualified, as recommer ded in this report, to
package fer the finar acceptance radiograph should be interpret processed images. The proper use of image
digitized, enhancement can be of value in resolving disagreema

regarding the nature (type, size) of flaw inoications and
Discuasim The reader information package (i.e., the acceptab:lity of components.
radiographic technique sheets, reader sheets, etc.) for
each radiograph should be digitized along with the Comment 9. Data compression for economizing data
radiograph, or digitized in a separate WORM file that is storage rec uirements is useful and acceptable when thei
cross-referenced to the radiagraph file. The support datacompressionisof thelosslesstype. Asimple testfor
information provided by the reader information package determining if the data ompression is lossless was
(including arti' acts) should be stored in a file system that discussed earlier in Section 4.3.5 of tH report.
allows semching the data base by other than weld or
radiograph identification, (e.g., material, pipe size, date, 6 CONCLUSIONS AND
radiographic interpreter, etc.) RECOMMENDATIONS
Each piece of rad" graphic film within the record package
-hould be digitized in its entirety. We have defined the speci9 cations for the digitintion of

radiographs that will satisfy the needs of the nuclear
|omment 7: USNRC Generie Letter 88-18, Plant Record industry. A 12-bit system with a modulation transfer

dtorage on Optical Disks, dated October 20, 1983, function (MTF) of 0.33 at a spatial frequency of 5-lp/mm
(included as Appendix C) provides an acceptable and a spatial rese!ution of 50 pm will be required to
framework for the storage of digitized radiographic adequately capture and store the_ image of a 100 munages.

feature with a 0.01 contrast, the smallest feature likely to
occur on a radiographic fi!m exposed under typical. Discussion: This letter. provides guidelines for the industrial conditions. Film densities in the range of 1.0 to

replacement of paper records with optical disks, but the 4.5 optical density (OD) must be accommodated by the
digitization of radiographic images is much more complex system. A write once/ read many (WORM) storagethan the scanning of paper records and therefore system will also be required.
additional guidelines, such as those discussed earlier in
this report, are required for faithful reproduction. The We t; commend that films, designed to determinerules provided by the Generic Letter should nat be equivalent penetrameter sensitivity (EPS) as judged bylimited to optical disk technology as Iong as the WORM experi .ced film interpreters, be used to assess the
principle is adhered to. p"rformance of a digithed radiographic systera and

establish the equivalenci. of the digital image to that of
To expand on the final bullet of the Generic Letter, film at 2.0 OD. This would permit a comparison of the
which discusses the replacement of the imaging system digitized result with the human interpreter evaluation on
with an incompatible new system, care must be taken to

the basis of a consensus standard (ASTM E-746).preclude loss of records if the existing imaging system fails Although we have cited a number of standards related to
- before the . data are transferred to a new system. the film digitization issue in this repect, it is out opinion
Adequate documentation of the system used to store the that no existing standard specifies minimum capability for
digiti 7ed data, including details of the file fotmat, wil! a radiographic digitizatia system. To ensure system
ensure that the data can be retrieved m the future. performance, we recommend that standards be

Comment 8: _
developed to govern the qualification and operation of

'
_

Digital image processing (enhancement) the system. Image processing must be carricd out by
_

functions are necessary for the proper display of digital qualified personnel.
images. The required enhancement functions are li";ted
in Table 3 and are more fully discussed in Appendix A of The state-of-the-art equipment availabic in today's

- this report. market seems capable of pmvid.ag digital copics of
existing radiographs that are essentially identical to the

Discussion: The concept of a " processed image" should originals. In fact, mest digitization techniques provide
not be new to the experienced film interp eter. One only some slight improvement in the readability of the digital
has to understand how an image is formed on a film ta image over the original through enhancemer,t
realize that a radiograph ia ore form of a " processed techniques, although the enhancement process itself
image." Furthermore, one shedd not hesitate to try does not increase the inherent information content.
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Enhancement does, howe /cr, increa e the visibility of the 6. G. T. Yonemura, " Considerations and Standards
chosen features so that they can be d;tected more readily, for Visual Inspection Techniques," Report

NBSIR-761142, NIST (1976).
- As a result of its experiments and evaluations, the task

'

group conclud_es that - personnel skilled m both 7. E. Wolfe, Editor, Prcessin Optics, Vol. 8, Chapter 2,

radiographic mterpretation and digitizing equipment " Optical Performance of the Hutuan Eye," Am.

- operation are needed m oru,er to produce high-quality El::evier Publ. Co., New York (1970).
-

archived radiographic images. %ese personnel should be
skilled in the procesing, interpreting and analyzing of the 8. " Digital Image Acquisition, Display and Storage for

- digitized radiographic image . ImaEe processmg raust not Radiography and Radioscopy," ASME Sec. V,

lead to the loss of data acqmred in the milial digitization. Article 2, Mandatory Appendix (111)(1991 Addenda,
Dec. 31,1991).The task group, therefore, recommends that a

performance demonstration test be required for 9. " Reproduction of Radiographs," Section- 111,
qualification of the digitization process which includes the NCA-4134.17(c), ASME Code, ASME, New York
combination of personnel, procedures and equipment. (j939),

Only " Code Acceptable" radiographs should be digitized 10. " Specifications for Photographic Film for Archival
and stored as the official plant record. Digi.ization of Records, Silver-Gelatin Type on Cellular Ester
radiographic film is not intended to improve 'for lhse," ANSI PH 1.28.
acceptance an unacceptable radiograph.

11. " Specifications for Photographic Film for Archival

Generic Letter 88-18, Plant Record Storage on Optical Records, Silver-Gelatin Type on Polyesto aase,"
ANSI PH 1.41.Disks, dated October 20, 1988, pr:'vides an acceptable

[ramework for. the storage of digitized radiographic L'. " Standard Guide for Storage of Radiographs and
images. Unexposed Industrial Radiographic Films," ASTM

E-1254-88 (1988).
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APPENDIX A: IMAGE ENHANCEMENT
,

: Introduction edges and other high-pass image charecteristics in the
presence of noise.

The main goal in image enhancement is accentuation of In transform operation enhancement, the image is first. .

certain' often subtle image features for subsequent transfermed with a transform domain operation. -if the
transformation is linear, this simpiv becotaes aanalysis or display. The en'2ancement process itself does

not increase the mhrent information wntent in the data. pixcl-by-pixelmultiplication. Examplesof popularimage

Enhancement does ine. case the visibility of the chosen . transforms are the discrete Fourier transform (IFI),
disvrete cosir.e transform (DC'I), Walsh-Hadamard. features so that they can be detected casily, image transform (WHT), and Karhunen-imeve transformprocessmg meludes contrast and edge enhancement, (KLT). The transform operation provides a spectralhistogram modificat,on, sharpening, magnification, andi decomposition of an image into coefficients that tend tonoise filtenng. The greatest difficulty m image

enhancement is quantifying the cntena for enhancemen t. isolate certain features of the image. For example, the
first DC spectral component is propmtional to the

,the algonthms used for image enhancement are often average image brightness, and the highermteractive ar.d application-dependent. Quite often, one
must experiment with the algonthms before obtammg spatial. frequency components are measures of edge

content. The enhancement techniques are performed in
satisfactory results. Point, spatipi,, and transfonn this domain and then a reversed transformation is done to. operations, along w;th pseudocolonng, are all common

produce the eahanced image,image enhancement techniques.

; Point operations involve the mapping of individual pixel Enhancement of images through the use of pseudocolor -

can be a powerful techniquc, but must be done with carevalues onto another value' according- to some
predetermined - transformation. 'lhese operations to avoid interpietation errors. For example, an image

- include ' contrast stretching, clipping, and histogram with smoothly varying intensity values will appear to have

modeling. The goal of contrast stretching is to improve smoothly varymg gray tones when viewed as a
the contrast of the image by amplitude-rescaliag of each menochrome image. If the mtensity variations are small,

pixeli Ari almost infinite number of schemes exist; the image will appear umform. If the same image is
.

example schemes are sawtooth contrast scaling, sawtooth displayed in pseudocolor, intensity variations can be
reversal, and level-slicing. A special case of contrast shown very graphically. However, care is required to
stretching is. called clipping. In this scheme, certain avoid interpreting." abrupt" color changu as abrupt
ranges of pixel values a;c set to zero and the resultant is mtensity changes. This problem is alleviatcd by
rescaled. This is useful for noise reduction when an input displaying a color scale with the image, and by the
signal is known to lie within a certain range. The C*PCnence of the interpreter. 'Overalt pseudocolor
histogram of an image represents thc relative frequency pr vides visuGly strik*ng and useful images, caabling

.

of occurrence of the various gray levels in tha image. interpretation of difficult areas when imerpreted
: Histogram modeling, a powerful - tool for image carefully.

enhancement, modifies an image histogram so that it has
.a desired shape. 'lhis is usef a m stretching the in image reconstruction, the similarity of the pictere to
low-contrast levels of images v. . narrow histograms. the undisturbed idealized form is the measure of saccess.
Examples- include histogram cyualization, histognm In image enhancenrnt,' subjective prob!cm-dependent

~ modification, and adaptive histogram equalization. A cnteria are used to design image-enhancement
-.particularly useful tnmsformation is from raw digitizer techniques. More-detailed discussion is presented below.
output to some physical attribute such as the density or
thickness of the ooject being evaluated. Compensation of Nonlinear

Characteristics
' Spatial- operations are based on local.neigt.borhood
pixels. Often, the image is convolved with a Image signals can be sensed or displayed v ith nonlinear

. finite-impulse-response filter called a spatial mask. characteristics (e.g., contrast). Corrections are made by
i Examples'of spatial masks are low-pass filters, median pixel-to-pixel mapping. The exponential decay of X-rays
. filters, and high-pass filters. Inw-pass fitteu are useful in radiography, for example. can be largely linearized by
for noise smoothing and interpolation, while high pass the loga:ithmic prescatation of the recorded beam
filters are useful in extracting edges and in sharpening intensity values. Nonlinearity can be established in many
images. - Iland-pass filters are effective in enhanting cases by the image of a linear gray-scale wedge.

.
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Intensity Scaling window are sorted by value. The resulting output image
element is then tne (n + 1)/2 Fighest value of the series.

After determination of the maximum and minimum Bright / dark transitions (such as edges) are retained, they
intensity range (and associated gray-scale values) of the do act lose sharpness as in the case of smoothing.
object of interest, the valtas within the bounds can be F.ructures that enter the window and whose extent is less |

spread over the entire gray scale range to provide more than (n-1)/2 points (lines, corners, etc.) are climinated. j

gray-scale values of the object. liven this simpic pixel j

operator of ten produces images in which defects are more Signal Dependent Smoothing I
readily discerned. '

Operators
llistogram Equ'ilization The disadvantage of suppressing high. frequency unage

. structures (loss of image details, blurring of abrupt
Hecause mtensity scaling can be relatively t.mc light / dark edges) and of aliasing of nonlinear filters in
consummg, an automated schem is often preferred. mage regions with low frequency-intensity fluctuations
Frequeatly, the intensity values of the image must be

, can be avoided somewhat by sigr.al-dependem
distributcJ as evenly as possible over the entire available space-invariant smoothing operators. It is assumed that
gray scale. The result fer dark images is a dramatic the image can be subdivided into regions with low
improvement in contrast and the abili:y to oburve details fluct tation in gray values and regions with sharp
as low-mtensity pixc!s are shifted to higher values. transitions in gray values. Regions with sharp-

light-to-dark transitions can be identified by a gradient
Compensation ofIllum, at,on and operator and n subsequent threshold encration. The

,

m i

Sensor Inhomogeneities improvements obtained with signal-dependent
smoothing operators are much greater than those

Both intensity scaling and histogram equali7ation ate achieved with space-invariant filters.
independent of spatial coordinates. Scaling could, in
principle, be dependent on coordinates. For example, a Image-Sharpening Operatorsshading correctior might be required because of
inhomogeneous exposure of the radiograph. This Fine-image structures are exaggerated with
correction can be made by an image-acquisition system image-snarpening operators. Also, blurred object edges
with a test pattun of constant reflection or transmission. are deblurred, but sigr.al noire is generally amplified in
The resulting image is the reference image used t the image. With image-sharpering operators, low-
compensate for the distortion. spatial-frequency components are attenuated more

stronglythan are high-spatial-frequencycomponents. An
Local operators map into the output inape the intensity appropriate low-pass response c:m generally be chosen
values withm a local . mage window, according to a mtuitively under visual control. 'ither linear or

,

function to be defined. Several possibilities are discussed nonlinear low-pass filtets can be used. '

below.

Linear Low-Pass FiltersL.mear Smootlu.ng Opera. .

1. w-pass filtering suppresses noise in the image.To reduce finc!y structured erroneous intensity Implementation in the spatiaarcquency domain can be
fluctuations, linear smoothing is frequently performed on

am mp ie m p ng the vansMundoW de
the distorted image signals. The operation is typically on
a window of 3 x 3 pixels,9 x 9 pixels, or even larger. A ""#8' 8E, CI'. m : be filtered and then performing theu

uner transkm. An campW a sunpW9nee
simpic example, resulting in smoothing of an image and supp ng n tk Madonah symmetnc
reduction of fine detad, is the averaging of the values in a I wps filter, which has the following transfer function
windo.w and then reassigning the center pixel that value, and bandw,idth wg|

!

or givmg the average value to all pixels m. the window.
.

The effect is a low-pass filter that can reduce noise.
I for (k2 + 13)Y2 < ,,

Median Filter H(kM "
O otherwise

improvements in noisy signals by space-invariant
low-pass filter operations are compromises between The results of this enhancement contain strong gray-level
suppression of noise and retention of fine detail. Use of a fluctuations and may not he satisfactory. This problem
median filter generally climinates ' %dvantage. With can be relieved somewhat with the Gaussian low-pass
this filter, the n (odd) elements . a Iacal cperator filter. The transfer function in this case is

NUkliG-1452 16
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H(k,L) - exp [-(k2 + L2)/ w 2] the digitized data, such as with high-pass filters, can tno

used to enhance the image. De rationale for using
i where wo is chosen to provide the minimal mean square high-pass filters is that small details and edges are
'

error between the cr'unced image and the original high-frequency phenomena, while the low frequency
image, components of the signal provide the overall shading.

Film has a great dynamic range, and the low frequency
Homomorphic hnage Filtering information often obscures significant details. The

high-pass filter reduces the dynamic range, and thus the
resulting image shot'd be processed to increase its range
for adequate visual presentatica. He n.ostThis type of filtering has the benefit of local enhancement

of contrast by reducing th; effect of strongly ciffering straightforward method is to use a linear raap of densities
based t,n the minimum and maximum values of theillumination. De process begins by taking the logarithm

of the signal f(m,n), which allows separation into filtered image. Tb- method can distort the true
contributions from low- and high-frequency components, representadua, nowever, because of the preponderance

and then taking the Fourier transform. A transform f I w energy m, formation m the radiograph. Histogram (--
function such ec tt presented below is then applied. equali/ation is more reliabita r.n example of this -

technique uses a frequency-domain filter of the form
1 for k - O and L - O

H(u) - 2(1 - e-a )
H(k,L) -

a - (a-b)cxp [-(k2 + L2)/c2] othdtwise vihere a is determined by the size of the image and the
scarning ancrture. This filter has evolved from practical

The inverse transform and c.atilsgarithm follow the experience and has no theoretical basis.
application of the transform. This homomorphic filtering
leads to reduction of contrest in low-frequency image A problem with any er ;ncement technique is the
areas and an increase in contrast in high-frequency (fine production of artifacts (unr ;alistic information added to
detail) image areas. the image). Sorne modification of the filters may reduce

the distortions that are characteristic if high pass filters.
,

Application t,f Filters A star.dard (series of holes, grid of lines with varying
spatial frequency, etc.) could be used with c.ny digital

Faithful rligitization of a radiograpF may not be possible system to indicate the extent of artifacts produced by the
without the use of enhancement }. atocols. Filtering of system.

_

>

,

t

17 NUR'IG-1452

. _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _



.. . - ._ _ . . _ _.

S *

-APPENDIX B: PERFORMANCE DEMONSTRATION TESTS FOR THE
RADIOGRAPHIC DIGITIZATION PROCESS

s - IntrOdbCliOli establish, with high confidence, that the digitization
process will faithfully reprod uce, reliably det ect, correctly
classify and accurately size the flaw indications of interest'

Performance demonstration requircments for ultrasonic . on the radiographic film. ;
'

-- inspections havt recently been incorpo Tied into
Appendix Vill'of the ASME Section XI Code. The Other sections of this report have discussed equipment

- concept is based on the fact that effective nondestructive specifications and other requirements for the faithful
testing (NDT) techniques such as ultrasonic testing (UT) reproduction of radiographic images and have concluded
require . special skills 'of the ' operator and capable that equipment and ^ technology are available for _|
proced.ures and equipment. Studies have shown [1-7) accomplish _ing tnir task. Section 6 of this report on
that inspectors using the same equipment and following " Implementation" discusses additional requirements and
the same procedure produced a large variation in issues related to implementation of the technology and
performance indicating a high variability in interpretation acceptance of the results. These requirements include
capability from inspector to huector. Consequently, an quality assurance and performance demonstration
effective means to ensure that an inspector can follow a requirements. Review of the different sections of this
given procedure while using a specific set of equipment is report, including the implementation section, indicates'

to reym;e that the inspector' demonstrate his proficiency that an all-encompassing program is needed for assuring .
in-a blind test. The blind test is called a performance the qualification and acceptance of . the overall

. demonstration and is based on a statistically designed test digiti 7ation process. Equ W ent meeting certain
to measure performance of the overall system; i.e., the minimum specifications is t~ ed, a quality assurance

personnel,; procedures, . and equipreent.. . Since prograr- established, p, imance demonstration
radiography is an NDT technique requiring highly skilled conducted, etc. The key considerations in developing-

. practitioners and good procedures and equipment, it is performance demonstratien criteria are:
proposed that, a similar. performance demonstration
should be considered by the ASME Code forqualification (1) the requirement to review a statistical sample of the
of radiography conducted for new work. For this purpose, radiographs to be digitized to ensure acceptable

'
:

similar concepts and criteria as developed in the following quality,
: discussions . for qualification ' of 'he radiographic ~ (2) the requirement for " viewing considerations" (on a
- digitization process could be used, statistical sampling basis) indicating that the digital

image shall be judged by visual comparison to be
For a number of reasons, there is a - gmficant interest in equivalent to the image quality of the enginal image

- industry to replace the existing radiographic film records at the time of digitizatica and
~

. with digitized records. The thrust is to d.gitize the
(3) . the requirement that the digitization and evaluation

.

radiographs and to' record -the digital information on - f digitized radic;;raphs should be conducted byarchival storage mesa such as optical disks. This will
overcome the problem of aging of radiographs becaum qualified personnel, procedures and equipment that

digital data should not degrade. Hov.ever, development have, successfully passed a performance demon-
stration.of. faithful ; images and correct interpretation of digital

information requires: (a)- minimum equipment "he intent of the performance demonstration is to show
specifications; (b). proper selection and use , f image aat the digiti 7ation process, including the interpreter

, processing techniquest and (c) skills in the use of evaluator) of digitized images, can faithfully reproduce -s

computers, the contrds fcr displaying information oa a flaw . images of interest that are reliably actected,
; - video ' screen, . and . for'. the inte pretation of digital . correctly classified, and accurately sized even when the

-_informatio,. Therefore, a perfocmance demonstration original film vas of acceptable but borderline quality and
test for. te.a digitization ' process which includes the the flaw indications difficult to evaluate. This would

Jprocedures, equipment, and personnelis required. The ensure that the - digitization process captures the
" digitization process" as ured in this appendix is meant to necessary information and that proper image processing
encompass all those actions, procedures, equipment, and functions are used by the interpreter (evaluator) and no

. personnel that are used to digitize radiographic films important data is lost or masked. Thus the key steps for
,

~

leading to the faithful reproduction ofimages that can be performance demonstration are to (1) demonstrate
~

i

properly interpreted with respect to image quality and capability for evaluating the quality of radiographic film,
flaw detection, classification, and sizing. Successfully (2) demonstrate capability for evaluat:ng digitized image

. passing the performance demonstration tests should quality, and (3) demonstrate faithfu! image reproduction

- NUREG-1452 18
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through reliable detection, correct classification, and not changed very much over the years so the current
accurate sizing of flaws of intuest from the digitized film standards can be used to give guidance on the defects to '

- images. be included M the spectmen set for performance
demonstration testing. _|

Performance demonstration testing is to be organized to The ASME code considers welds ti at are shown byevaluate the overall performan:e of the digitization radiography to have any of the fo lowing types ofprocess including all the equipment, procedures, and
personnel used. It is recognized that different personnel discontinuities to be unacceptable. 1

l
may be used for aifferent functions and each individual a. any type of crack or zone of in .aplete fusion or l
n eeds to quaiify only for his specific function (s) within the penetration;

'

process. Aho, personnel whose involvement in the
b. any other clongated indication which has a length

.

! process is limited, whose knowledge of the technology is
not important and whose function would not adversely greater than:

impact the quality of images produced or on the 1. 1/4 in. (6 mm) for t up to 3/4 in. (19 mm),
interpretation of results, need not specifically inclusive;
demonstrate their capability in context of the overall 2. 1/3r for t from 3/4 in. (19 mm) to 2-1/4 in. (57performance demonstration. Once an entire digitization mn ), inclusive;
pre 4 (equipment, procedures, personnel) has been

3. 3/4 in. (19 mm) for i over 2-1/4 in. (57 mm)quatured several times, additional reviewers / interpreters
of digitized data caz. be qualified by performance where is the thickrass of the thinner portion

of the weld;demonstration by evaluating (detection, clussification,
sizing) data fmm films that has e already been digitized

c. any group of aligned indications having an aggregatewah the specific equipment, procedures, and other length greater than t in a length of 121, unless thepersonnel (when appiopnate) for the particular
minimum distance between successive indicationsdigitization process. Whenever an essential variable in exceeds 6L, in which case the aggregate length isthe digitization process is altered, it is considered that a unlimited, L being the ler.gth of the largestnew process results and this new process must be
ndication''qualified through a performance demonstration test. The

temtir.dct of this Appendix presents information and d. rounded indications in exce of that shown as
criteria for developing, conducting and grading the acceptable in Appenda VI of the 1989 edition of the
in portant aspects of performance demonstration for ASME Section 111 Code,i

qualification of the overall digitization process.
Because radiographs to be digitized can be expected to
contain some acceptable indicadons, which should be

Objectives for the Perf.ornance faithfully reproduced, and because assurance is needed
Dentonstration Test that unacceptable indications would be properly

detected, classified and sized from the digitized images,
The principal objective for the performance the specimen set should include both acceptable and

' demonstration testing is to assure (with high probability) unacceptable indications. Areas cc ntaining indications of
that a given radioge lic digitization process produces interest will be considered flawed and will be used to
faithful images that are carrectly interpreted. In other determine the probability of flaw detection. 'D:e flaw
words, processes that produce poor images and/or poor types shall be all of the types listed in the above set of
detecti n, classification, and sizing will have a low stamlards. Approximately equal numbers of the Type 1
probability of passing tFe performance demonstration flaws, cracks, lack of fusion and lack of penetration shall
tests. The performance demonstration test may consist of be used and the range of length shall be 0.15" - 2", and in
four parts: a test of mitial film quality, a detection test, a a few cases running the fulllength of the radiograph. At
classification test for flaw type, and a sizing test. least 50% of the discontinuities shall be 0.15" 0.1 "

long. 40% shall be from 0.25" to 2" long, and 5-10% shall

Radiographs of Defects for Use de stin longer (>2"). For the clongated indications,
aligned indications and rounded indications, at least 70%. .In Pt:rforinance Dernonstration of the indications will be > 0.15" up to 0.75",25% will be

Testing between 0.75" up to a maximum of 2" long, and the
remaining indications will be longer. The flaw sizes

In order to provide guidan::e as to the types, sizes and within each sizing range shall be approximately uniformly
k) cations of defects of interest ror pcrformance distributed.
demonstration, the requirements of the 1989 edition of
ASME Section til Cule were examined to determine w The radiographs produced from specimens containing
acceptance standards. These acceptance standards have the abcve flaws (for the detection, classification, and

19 NUREG-1452
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sizing tests) should be of acceptable quality but provide a process and in order to pass the test, a minimum number
chalenge to the digitization proces3. This means that of flaws would have to be detected from the digitized
films should racet the requirements for image quality, images and have no more than a certain maximum
having high optical density (OD of between 3 to 4) with number of false calls.
small contrast changes (delta OD of less than 0.03).
Furthermore, for the category 1 type of flaws the crack 'lhe number of radiographs with flaw indications and with
indications shall oc no wider than 0.004" on the film. nc indi ations (Manks) and also the passing grade for
Before these radiog7 s are used in performance detections and false calls are determined from binomialh
demonstrations of dipation processes, they must be statistical tables. The sample numbers and passing marks
validated by a group of qualified expeit radiographers. are chosen sa that an ineffective digitization process (i.e.,
The purpose of this didation process is to ensure that one with low POD) has a low probability of passing the
the intended indications from the flawed samples are performance demonstration test, while an effective
recorded on the films, that the indications can be properly digitization process (i.e., high POD) has a high probability
interpreted by expert radiographers and that the of passing. The false call test will fail any process having a
indications are approximately of the intended sizes, fCse call performance higher than a specified level.
Further, the expert group should locate, classify, and size
the indications on mch film to d evelop a "t ue state" for Concepts for Evaluation of
the radiographs against which the results of the

SIZinE Performancedigitization process are graded.
Generally, sizing tests are desigaed to provide assurance

Concepts for Probability of that the NDT measurements can provide estimates of the

netection Tests physical size of defects that are withm an acceptable
talerance band of the true size. However, in the case of

The detection performance for the digitization process digitization of radiographic him, the interest is to show

is described by a pmbabairf value called the prob- that the digitization process faithfully reproduces the film

ability of detection (POD). The POD desctibes the images and that the sizes reported from the digitized

chaaces of finding a flaw of a certain type in the digitized images closely match the sizes of :he indicatiors on the

radiographs. Effective detection performance is repre. film. This adds confidence that faithful reproduction has
been achieved.sented ty a high POD value for digitized radiograph,

comaining the flaw indications of interest. The simplest
objective for this detection test is to assure that the POD To quantify sizing error, a natural statistic to use is root<-

for flaws of interest is "high." In order to insure that mean square error, whict. is defined as the square root of

testmanship is not the cause ror detection performance the average of the square of the difference between the
being high, a sep3r-te test for false calls will be used alse. true e nd measured values; in of her words,

RMSE = i {N
In more specific terms, the objective of the test is to pass'

(Alcasuremew - tmei J2 (1) |
2~

imy digitization process for which the fcilowing criteria
are met: ia1

C

'

POD > specified acceptable detection probability,*
Root mean square error provides a convenient summary

for the flaws of interest, ar d of s zing errw l 'caure it includes both measurement
'

FCP < specified level.e

RhfSE2 - Variance + Bias 2 (2)
In general, the parameters described above quantitatively
summarize the objectives of a detection test. These Therefore, when RMSE is required to be aall, both
parameters are determined by workmanship con. measurement variability AND bias will be small.
siderations and, in general, are based on establishing a
reasonably high confidence that flaws can be detected to Good sizing performance is exhibited by a low RMSE,
demonstrate a high quality product has been fabricated. Therefore, the objective of the sizing test is to fail any
For the digitization pmcess, the parameters are selected digitization process that exhibits an RMSE greater than a
to establish with high confidence that for the flew threshold value. The ap; ropriate choice for this
indications of interest on the film, the digitization process threshold should be detcrmined by an analysis of the
will faithfully reproouce and identify them. In the error expected from experts reading the same radiograph
detection test, radiographs containing the flaw and how close the repo-ted sizes need to be to establish
indications will be digitized through the digitaation faithful reproduction.*

2

NUREG-1452 20

. _ _ _ _ _ _ _ __. - _ . - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ -_-__



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _

|

The flaw indications are classified as to category 1 orTo implement the test, a set of radiographs containing N *

flaws are subjected to the digitization process and the category 2,
sizes reported from the digitized data (images). The flaws .Ile flaw indications are sized in terms of length,,
should be distril-ted over the range of applicable sizes. width (for category I flaws) and spacing.The RMSE capability of the digitization process ic
estimated using formula (1) and to determine whether or From an ar,alysis standpoint, if the digitization proce',s
not the sizing test was passed, this estimate is com pared to passes the detection portion of the test then, the results
a "passir.g grade," which is obtained from a chi-squared are graded in terms of the classification and sizing
distribution table. The " passing grade"is chosen so that priormance. The width sizing will be performed only for
an ineffective digitization process will have low flaws classified as category 1. However, grading of width
probability of passing, and an effective process, a high sizing performance will be conducted only for the cracks
probability. in this category. To successfully pass the performance,

demonstration test, the digitization system raust pass all
elemena ( n tesa) dinued abomTest Protocol

L

There are a number of requirements that must be Application of Performance
addressed with regard to the development and Demonstratiwi Tests to

demonstrationimplementation of a performance ,
, Digitization of RadiograE isl

program. The performance demonstration is conducted

C' Y " "8 " d
r e beingcu lific giv noi mat on r g r ing

e st for fi of t f di tio
the specimen sets or the flaw mdications on the process. This will include all the procedures, equipment,
radiographic film to be digitized, with respect to the and personnel that are used to digitize radiographic film
numbers, types, and sizes present, An mdependent third and interpret the resulting digitized data. Since
party will be present to monitor the performance procedures can be written in vague terms with many
demonstration test to insure that the test remains blind variables, it is necessary to have high confidence limits
and that all procedures are followed. The tests are ~

, selected for the tests and to design the tests using
statistically designed to meet specific performance conservative assumptions for the indication sizes and the
ob,cetives for defining acceptable or passmg quality of the films, it is reasonable to organize the
performance. For tne performance demonstration tests, performance demonstration qualification for the
all the films ccntatnmg category 1 and category 2 flaw digitization process into a four-part test as described in
indications and blank (films contammg no flaw

,

the following sections.
mdications) films are presented to the digitization process
at the same time. The radiographs will be randomly

~

mhed so that the process (personnel) being tested docs 1. Test for film image quality prior to
t ot know which category the films be'ong to. digilizatiom

After the films have been reviewed and the digitized The design objective of this test is to assure with a very

images judged by visual comparison to be equivalent to high confidence level that the radiographers, who are

the image gurut'y of the original image, a random order responsible for reviewing the radiographs prior to
digitizat,on to ensure acceptable quality, can discriminateiwill be used for presenting the digitized images for

subsequent testing since the same radiographs used for between acceptable quality and unacceptable quality

visual comparison will be used for fiaw detection, radiographt The specific objective for this test is to

classification, and sizing. The process to be fellowed in assure that the radiographers' decision for classifying film

the performance demonstration for detection, image quality is correct at least 97% of the time with a

classification, and Fizing of flaw indications is: 959c confidence level. Table 1 shows the sample sizes and
the passifail criterte. for this test. To conduct the test,
radiographs would be selecte:1 so that approximately 25%

The radiographs are digitized according to specified are clearly of acceptable quality, approximately 25% are*

written procedures, equipment, and with given clearly of unacceptable quality and approxaately 50%
personnel, are of borderline quality. For grading this test the *true"

state of a radiograph's quality would be determined byThe digitized radiographs are judged by visuale

comparison to be equivalent to the image quality of using densitometer readings and input f rom a number of
kmwledgeable radiouraphic experts. Ii an interpreterthe originalimage a .ae time of d;gittzation,
had a performance l~ el for a given set of N radiographs

The digitized radiogr aphs are reviewed to determine that is Mss than the number shown in this table, then thee

if there are flaw indications in the image (detection), interpreter would fail the test.
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Table 1. Sample Sizes for a Radio ;raph Quality Test the number nedded fo- the caicgory 2 test. For example,
- 93 category 1 and 93 category 2 samples would be needed '
Sample Size Pass / Fail Criteria for a total of 186 samples with one non-detecti^n beil.g

95% Confidence f.nel allowed for each category 1 and category 2 flaws.

I Table 3. Sample Sizes for a Detection Test

Pass / Fail Criteria

2. Detection test: -
59 59 59

He objective of the performance demonstration test for 93 92 92
detection is to assure with high confidence that the 124 122 122

-

digitization process w;11 produce a high probability of
detecting the flaw indications of interest. The POD will To guard against testmanship, a false call rate > 10% is
be evaluated for - - two different categories of considered unacceptable. A sufficient number of
discontin uities. The first POD test will consist of category tadiographs need to be included in the sample set to be
1 type discontinuitics that are cracks, incomplete fusion digitizeo la order to adequately estimate the false call
and incomplete penetration. The sample set for categcry probability (i.e.,30 to 40 radiogmphs). These radiographs
1 shall include approximately equal numbers of the 3 shall contain no flaw i.idications.
different type discontinuities in the category. The second
test will be for category 2 type discondnuities and include
elongated, aligneJ and rounded indications. The sample 3. Flaw type class.ficat. ion test:i

set for category 2 shall consist of 40% for elongated The flaws that are detected from the digitized data shall
_ dications, 40% for aligned indicat,ons and 20% for be classified as either category - .1 or. category 2.m i

rounded mdications. Table 2: depicts the threshold Consequently, the test will be evaluated by assessing
probabilities and confidence levels for these 2 tests of misclassiGcation errors associated with the classification,, ,

'category 1 and 2 type discontinuities that the digitization scheme. The two probabilities that describe these errors
process has to equal or exceed m order to successfully are'-
pass the testi The test is designed such that a digitization
system whose true performance exceeds the, number in , p gg 3g g
the table will have a high [Wility of passmg the test
and if the true performanct. .ess than the value in the classification 1,

table it will have a .ow probability of passing the test.
Probability of correctly piacing category 2 4aws in*

classification 2.- Table 2. Detection Test Design

Discontinuity Acceptable POD Confidence Good classification performance would be aased on
Type- Threshold Limit having high values for both of these probabilities. Table 4

describes ho'v this test is structured. The same ret of
Category 1 95 % 95 %

; cracks, Table 4. Sample Size for Correct Flaw Classincation
j incomplete

fusion and Acceptablet

penetration Discontinuity Classification Confidence
. Type Leve! Limit
! Category 2 95 % 95 %
' clongated, Category 1 95 % 95 %

p aligned Category 2 95 % 95 %
, and rounded

- indications radiographs will be used for both the detection test and
the classification test. The detection test is associated

For the target POD threshold and specific ii alidence with detecting an indication while the classification test
!

! level the data in Table 3 provides the listing of the sample concerns the correct classification 01 the detected flaws
|' sizes needed and the pass / fail criteria for both the into category ! and category 2 classifications. The

category ? and category 2 type discontinuities. For a nurnbers from Table 3 are then used for the pass / fail
.

performance demonstration the tota' number of samples enteria. If a test was designed for no misses then all flaws
in the set willinclude the number for the category 1 plus must be classified correcGy and if the test was designed

|
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for one miss for cetection then one misclassification is accurately than smaller tests and they will have a higher
also permitted. pass rate for efSctive cigitization processes.

4. Flaw sizing test: REFERENCES

Evaluation of flaw sizing accuracy will be conducted with
1. Becker, F. L S. R. Doc;or, P. G. Heasier, C. J.

the RMSE and the values of performance that have been
Morris, S. G. Pitman, G. P. Selby, and F. A. Simoncu.

selected are shown in Table 5. 1981. Integration of NDE Reliability and Fiacture
Mechanics. Phase 1 Report. NUREGICR-1696,

Table 5. Flaw Siring Test Design PNL-3649, prepared by Pacific Northwest
laboratory for the U.S. Nuclear Regulatory

Size Range Acceptable RMSE Confidence Commission, Washington, D.C.

Threshold Leva 1 Chockie, L J. 19S0. "PVRC Round Robin
Ultrasonic Program, Results and Assessment of

0.15" - 2" and > 2" 0.1 " 95 % Rehability," Proceedings of Third International
Conference on NDE in the NuclearIndustry, Salt Iske

The design is ccmstructed to use the same flaws for City, Utah, American Fociety for Metalr
detection and sizing. The evaluation of pe,formance is
the RMSE, and the smaller the si7e of the sample set, the 3. Commission of the European Cc;mmunities. 1979,
smaller the acceptable threshold will need to be in order Report on Plate Inspection Steering Committee
to account for measutement error. Table 6 shows a list of (PISC-I], EUR-6371 (Vols. I-V), Brussels,

passing RMSE values as a function of the sample set size Luxembourg.
for t,n RMSE threshold of 0.1".

4. Commission of the European Communities.1986.
Evaluation of the P/SC- Il Results, PISC II Report No.Table 6. Flaw Sizing Sample Set Design of 2 assing

RMSE lut for an RMSE Threshold of 0.1~ 5, Joint Research Center, S.PJ1.07.Cl.86.62,1spra
Establishment.

Simple Size Passing RMSE Value for
RMSE Threshold of 0.1" 5. Doctor, S. R., F. L Becker, and G. P. Selby.1982.

" Effectiveness and Reliability of U.S. Inservice
118 0.089" Inspection Techniques " Periodic Inspedian of
180 0.091 ~ Pressurized Components,1 Mech E Conf. Pub.1982-9.
200 0.092" Institute of Mechanical Engineers, London,
220 0.092" England.
250 0.093"
300 0.093* 6. Doctor, S. R., F. L Becker, P. G. Heas:cr, and G. P.

Selby. 1984. " Effectiveness of U.S. Inservice
Inspection Techniques: A Round Robin Test," in

As an example, for ? total of 118 flaws that are equally - Defect Detecti n and Si:ing, Proceedings of a Specialistmixed between category 1 and category 2, the
Meeting, Vol. II. CSN1 Report No. 75, Joint Rescarch

corresponding RMSE threshold (from Table 6)is 0.089". Centre, Ispra Establishment, Varese, Italy, pp.
This means that the measured value in the test mest be 669-678.
less than or equal to this value in order to successfully
Pade test. 7. Heasier, P. G., D. J. Bates, T.T. Taylor, S. R. Doctor.

N Perf rmance Demonstration Testsfor Detect |onIn addition, the category I flaw indications from cracks of Intergranular tres Corrosi n Crackmg.
that have a maximum widta of 0.004" on the radiograph, NUREG/CR-4464, PNie5705, prepared by Pacific
are required to be sized in this width dimension to N rthwest Laboratory for the U.S. Nuclear

0.002*. Regulatory Commission. Washington, D.C.

Recommendations 8. Taylor, T T., J. C. Spanner, P. G. Heasier, S. R.
There are a range of tests that are shown in the tables in Doctor, and J. D. Deffenbaugh. 1989. "An
this section. The size of test that is recommended will be Evaluation of Human Reliability in Ultrasonic
the ones where there can be at least one error that can be in-Service Inspection for Intergranular
made while taking tN test. These tests normally have Stress-Corrosion Cracks through Round. Robin
larger sample sizes bm N j estimate performance more Testing," Materials Evaluction. Vol. 47, pp. 338-344.

t
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APPENDIX C:
UNITED STATES NUCLEAR REGULATORY COMMISSION

GENERIC LETTER 88-18;-

PLANT RECORD STORAGE ON OPTICAL DISKS

N

.

_

>
,

> NUREG-1452 24

_ - _ _ _ _ - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ - _ -



_
- - _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ __

:

# o, UNITED STATES

[ NUCLEAR REGULATORY COMMISSION
$ a W ASHINGTON, 0. C. 20555

k ..o
October 20, 1988

TO: ALL LICENSEES OF OPERATING REACTORS AND HOLDERS OF C0hSTRUCTION
PERMITS

SUBJECT: PLANT RECORD STORAGE ON CPTICAL OISKS (GENERIC LETTER 88-18)

The NRC ha been requested by two utilities and an NSSS supplier to approve
the use of optical disk document imaging systems for the storage and retrieval
of record copies of quality assurance records. The purpose of this generic
letter is to inform addressees that the staff approves the use of this method
of record keeping when appropriate quality assurance controls are applied. J

Appendix B of 10 CFR 50, under criterion XVII, " Quality Assurance Records,"
establishes requirements for a iteord keeping system, and chapter 17 of the
Standard Review Plan (HUREG-0800) expounds on these requirements, The purpose
of the record keeping system is to ensure that records are available when
needed. ANSI N45.2.9-1974, " Requirements for Collection, Storage, and
Maintenance of Quality Assurance Records for Nuclear Power Plants," as,

endorsed by Regulatory Guide 1.88 (Rev. 2) and Basic Requirements 17,
Supplement 175-1, and Appendix 17A-1 of ANSI /ASME-HQA-1 1983 edition, " Quality
Assurance Program Requirements for Nuclear Facilities," as endorsed by
Regulatory Guide 1.28 (Rev. 3) both describe quality assurance controls
regarding records. Appropriate quality controls for an optical disk document
imaging system include the following:

* The optical disk technology does not allow deletion or modification
of record images.
The image of each record is written onto two optical c 'sks.*

The legibility of each record image is verified te ensure that*

the image is legible on both disks. If the inage is illegible, the
hard copy record is maintained as the record copy. F
One optical disk is stored in tt.2 document imaging system for'

on-line retrieval.
The second (backup) optical disk is stcred in a records storage*

facility meeting the requirements of ANSI N45.2.9-1974 for single
copy storage or '.r, a separate re.aote location.
To ensure permanent retention of records, the records stored on an*

optical disk are acceptably copied onto a new optical disk before the
manufacturer's certified useful life of the original disk is exceeded.
This includes verification of the records so copied.
Periodic random inspections of images stored on optical disks are*

performed to verify that there has been no degradation of image quality.
) If the opticai disk document imaging system in use is to be replaced by*

an incompatible new system, the records stored on the old system's
disks are acceptably converted into the new system before t.he old
system is taken out of service. This includes verification of the

d1 records so copied.

Contact: J. Spraul, Performance & Quality Evaluation Branch
(301) 492-1021

881025016a
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- Licensees-'using optical--disks- for record storage should notify 'the NRC in an
updated FSAR per 10 CFR 50.71(e) or by letter per 10 CFR-50.4(b)7. License

: applicants should notify the_ NRC.-in the' SAR per_10 CFR 50.34.

Sincerely,

NQ W p
Dennis H. Crutchfield
Acting Associate Director for Projects'

.

Office of Nuclear Reactor Regulation
.
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