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Abstract:

This technical report contains procedures that may be used to sample images converted to electronic
or micrographic images. Its purpose is to provide guidance in selecting a sampling procedure. This
report provides background information and simple examples.
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Foreword This technical report contains procedures that
may be used to sample electronic or micrographic images.
Its purpose is to provide guidance in selecting a sampling
procedure.

The procedures are based on ISO 2859-1 and ISO 8422.
ISO 2859-1 in turn is based on MIL STD 105 which has
been replaced by ANSVASQC Z14. Following the
procedures in this technical report will take on added
significance for those organizations requiring the ISO

9000 Quality Management and Quality Assurance
Standards series of guidelines.

Figure 1 of this report is taken with permission from
Modern Methods for Quality Control and Improvement,
page 457, written by Dr. Harrison Wadsworth and
published by Wiley and Sons, Inc., ©1986. Figure 2 is
used with permission from the American Society for
Quality Control. Table 3 is used with permission from
F.E. Grubbs, “On Designing single sampling inspection
plans,” Annuals of mathematical statistics, Vol. XX
(1949)

p. 256.

Tables 5, and 13 through 29 are taken with permission
from ISO 8422:1991. Tables 7 through 9, 30 through 33,
35, and 36 are taken with permission from
ISO 2859-1:1989. Table 10 is taken with permission from
ISO CD 2859-1:1994. This material is reprinted from
1SO 8422 and ISO 2859 with permission of the American
National Standards Institute (ANSI) under an exclusive
licensing agreement with the International Organization
for Standardization. Not for resale. No part of ISO 8422
or ISO 2859 may be reproduced in any form, electronic

retrieval system or otherwise without the prior written

consent of the American National Standards Institute,
11 West 42nd Street, New York, NY 10036.

The users of this technical report must be familiar with
sampling schemes and knowledgeable in _developing
procedures to implement quality control techniques. This
report provides background information, simple
cxamples, and methods of incorporating EIM and
micrographic attributes. The attributes provided in this
technical report are not all inclusive. Users should
incorporate their own attributes to satisfy their quality
requirements.

i

are based on duplicating the quality of the original
document, not improving it. Electronic image capture
systems also have measurable attributes. The recorded
image may be “cleaned up” to remove superfluous noise
and reduce the amount of storage required, but normally
not to change the original document’s data content.

A producer of source or electronic documents may
guarantee 100% or other levels of quality. How and when
the established product is accepted can be a problem.
Except when there are specific contractual agreements, it
may be rare that 100% of the product, in this case images,
is individually inspected against the original document. In
some instances it may be necessary t0 perform 100%
inspection of the film or electronic images. This report
does not apply to that situation. Rather, the first ime the
product is produced, the producer and the client might
need to establish a level of workmanship. They establish
this level, each for his or her own reasons, even when the
producer is willing to correct all identified errors. Further
discussion on the role of sampling versus 100% inspection
in the process of making decisions regarding the
unacceptability of images is found in annex B.

A converter might want to establish Acceptable Quality
Levels (AQL) based on a system of causes. This system is
a method to statistically monitor the processes to assure
that they are operating to established production
standards. Users might want to have an AQL that meets
their “pormal course of business” to reduce costs
associated with re-work or for legal requirements when it
is possible that documents are to be used as (hearsay)
evidence or in place of the originals. Often specific codes
and regulations permit destruction of the original if the
copy can be validated.

In any case, a statistical sampling method based on a valid
procedure is very beneficial because converted images
might not be used in business or for reference until some
time after conversion. It may be impossible or very
expensive to collect the source material for rework if
problems are not addressed within a reasonable time.

Suggestions for improving this technical report are
welcome. They should be sent to the Chawr, AIIM
Standards Board, Association for Information and Image
Management International, 1100 Wayne Avenue, Suite
1100, Silver Spring, Maryland, 20910-5603.
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Technical Report for
Information and Image
Management —

Technical Report — Sampling
Procedures for Inspection by Attributes
of Images in Electronic Image
Management (EIM) and Micrographics
Systems ANSI/ATIM TR34-1996

1 Purpose and scope

1.1 Purpose :
This technical report contains procedures that may be
used to select and apply sampling inspection plans to
determine if a lot or batch of electronic or micrographic
images meets specified quality requirements. Its purpose
is to do the following:

— provide guidance to the user when selecting a
sampling procedure that will meet risk requirements

— enable the user to develop a sampling plan for
individual images in a scientific manner

1.2 Scope

The sampling plans in this technical report apply to
document management programs for microform and paper
scanning as well as to microfilm of paper and coded data
and electronic images of coded data. The sampling
procedures will apply to most types of document
management proprams, including in-house and
subcontracted conversion programs.

Only attributes sampling will be addressed and only as it
is appropriate for the inspection of images. Furthermore,
only single sampling plans and item-by-item sequential
plans will be presented. Single sampling plans are the
easiest to use and will probably be used most often. If
average sample size is a critical consideration, sequential
sampling will result in the most savings and is thus

recommended. This report does not address multiple and
double sample plans.

The sampling plans may be used when the extent of
nonconformity is expressed in terms of either proportion
(or percent) of nonconforming images or the number of
nonconformities per image (per 100 images) when an
image may have more than one nonconformity.

The sampling plans are based on the assumption that
nonconformities occur randomly and with statistical

1

independence. If it is known that ore nonconformity in an
image could be caused by a condition also likely to cause
other nonconformities, the images shall be considered just
as conforming or not and multiple nonconformities shall
be ignored.

Plans are included that may be used for single, isolated
lots; or for a small number of lots (or rolls) of images.
Other procedures are included for a continuing series of
lots or rolls of images (for example, 100 rolls) that are
sufficient to allow switching rules to be applied. These
procedures provide the following:

— an automatic protection to the consumer if a
deterioration in quality is detected (by switching to
tightened inspection or discontinuing inspection)

— an incentive to reduce inspection costs by switching
to reduced inspections if consistently good quality is
achieved

Clause 11 contains procedures for developing sampling
plans that may be used for isolated or a small number of
lots or rolls of images. For a large number of lots or rolls,
clause 12 contains a discussion of

— the sampling procedures used for a continuing series

of lots

— single plans used in ISO 2859-1 (ANSIVASQC Z1.4.)
— item-by-item sequential plans using ISO 8422

2 References

The following standards contain provisions that, through
reference in this text, constitute parts of this technical
report. At the time of publication, the editions indicated
were valid. All standards are subject to revision, and
parties to agreements based on this technical report are
encouraged to investigate the possibility of applying the
most recent editions of the standards listed in this clause.
Members of IEC and ISO maintain registers of currently
valid international standards.

2.1 Referenced international standards

ISO 2859-1:1996, Sampling procedures for inspection by
attributes — Part 1: Sampling plans indexed by
acceptable quality level (AQL) for lot-by-lot inspection.

ISO 2859-2:1985, Sampling procedures for inspection by
attributes — Part 2: Sampling plans indexed by Limiting
Quality (LQ) for isolated lot inspection.

1S0 8422:1991, Sequential sampling plans for inspection
by attributes.

ISO 3534-1:1993, Statistics — Vocabulary and symbols
— Part 1: Probability and general statistical terms.
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ISO 3534-2:1993, Statistics — Vocabulary and symbols
— Part 2: Statistical quality control.

ISO  8402:1994, Quality management and quality
assurance — Vocabulary.

2.2 Referenced American national standards

ANSVASQC Z1.4:1993, Sampling procedures and tables
for inspection by attributes.

ANSVAIIM MS1-1988, Recommended practice for
alphanumeric Computer Ousput Microforms (COM) —
Operational practice for inspection and quality control.
ANSUAIIM MS23-1991, Practice for operational
procedures/inspection and quality control of first-
generation silver-gelatin microfilm of documents.
ANSI/AIIM MS32-1996, Microrecording of engineering
source documents on 35mm microfilm.

ANSIVAIIM MS43-1988, Recommended practice for
operational proceduresfinspection and quality control of
duplicated microforms of documents and from COM.

2.3 Referenced publications

ANSVAIIM TR2-1992, Technical report for the
Association for Information and Image Management
International — Glossary of imaging technology.

Grubbs, F. E., “On designing single sampling inspection
plans,” Annuals of mathematical statistics, Vol. XX
(1949).

3 Definitions

3.1 Definitions of terms

For the purpose of this technical report, the definitions
given in ISO 3534-1, ISO 3534-2, ISO 2859-1, and
1SO 8422, together with the following definitions, apply.
Some of the definitions are slight modifications of those
found in the ISO standards. They are modified for the
purposes of this report, but their meaning is not changed.

Other terms may be defined in ANSUVAIIM TR2, Technical
report for the Association of Information and Image

Management International — Glossary of imaging

technology.

3.1.1 Acceptable Quality Level (AQL): When a
continuing series of lots is considered, the AQL is the
quality level that, for the purposes of sampling inspection,

2

is the limit of a satisfactory process average. (See clause 6
for further explanation.)

3.1.2 defect: Nonfulfillment of an intended usage
requirement (e.g., blurred, cut off, etc.). Clause 9 includes
a partial list of defects.

Notes:

The tern “defect” is appropriate for use when a quality
characteristic of an image is evaluated in terms of usage (as
contrasted to conformance to specifications).

Since the term “defect” has a definite meaning within the law, it
should not be used as a general term.

This report does not describe defects; however, clause 9 contains
a partial list of attributes that may be nonconforming enough to be
classed as defects. Refer to ANSVAIIM standards and technical
reports for compiete listings of such image attributes.

3.1.3 image: Unit of inspection. An image is inspected to
determine its classification as conforming or not, or to
count the number of nonconformities. An image will have
a number of components or attributes that may be
nonconforming. Refer to clause 9 for a list of attributes.

3.1.4 inspection by attributes: Inspection whereby cither
the image 1is classified simply as conforming or
nonconforming, or the number of nonconformities in the
images inspected is counted, with respect to a given list of
atiributes.

3.1.5 Jot: Definite quantity of images, each having
uniform characteristics, collected together and submitted
for examination. A lot may also be a single roll or set of
rolls of images received at one time, an optical disk, a
magnetic tape, or a single box of microfiche, etc.

3.1.6 lot size: Number of images in a lot, disk, or roll.

3.1.7 nonconforming image: Image with one or more
nonconformities.

Note: Nonconforming images generally will be classified by their

degree of seriousness, such as:

- class A. An image that contains one or more nonconformities
of class A and may also contain nonconformities of class B
and/or class C.

— class B. Animage that contains one or more nonconformities
of class B and may also contain nonconformities of class C,
but contains no nonconformity of dass A.

3.1.8 nonconformities per 100 images: One hundred
times the number of nonconformities contained in the
sample (one or more nonconformities being possible in
any image) divided by the total pumber of images.

Association for Information and Image Management International

Copyright AlIM International
Provided by IHS under kcense with AllM
No reproduction or networking permitted without license from IHS

Sold 10:PUBLIC. RESOURCE.ORG, W1277258
2C12/4/18 22:4:16 GMT



ANSI/AIIM TR34-1996 Sampling Procedures for Inspection by Attributes of Images in EIM and Micrographic Systems

3.19 nonconformity: Nonfulfillment of a specified
requirement.
Notes:

In some situations, specified requirements coincide with customer
usage requirements (see defect). in other situations, they might
not coincide, being either more or less stringent, or the exact
relationship between the two might not be fully known or
understood.

Nonconformities generally will be classified according to their
degree of seripusness such as:

- class A. The most serious nonconformities (e.g., loss of
information). Such nonconformities will be assigned a very
small AQL vaiue.

— class B. Less serious nonconformities (e.g., slightly skewed
image). These can be assigned a higher AQL value than
those in Class A and a smaller AQL value than those in class
C, it a third class exists, etc.

The user is cautioned that adding characteristics and classes of
nonconformities  generally will affect the overall probability of
acceptance of a lot.

3.1.10 percent nonconforming: One hundred times the
number of nonconforming images divided by the total
number of images inspected.

3.1.11 sample: One or more images taken from a lot,

disk, or roll and intended to provide information on the lot
or roll.

3.1.12 sample size: Number of images in the sample.

3.1.13 sampling plan: Specific plan that states the sample
size to be used and the associated criteria for accepting the
lot.

Notes:

An example of a _criterion is the number of nonconforming images
in a sample is less than or equal to the acceptance number.

A sampling plan does not contain the rules on how to take a
sampie.

A distinction should be made between the terms sampling plan,
sampling scheme, and sampling system.

3.1.14 sampling scheme: Combination of sampling plans
with rules for changing from one plan to another.
Sampling schemes are used when there is a continuing
series of lots to be submitted for acceptance inspection
purposes.

3.1.15 sampling system: Collection of sampling schemes,
each with its own rules for changing plans, together with

criteria by which appropriate schemes may be chosen.
ISO 2859-1 is such a sampling system.

32 Parameters and variables used in sequential
sampling schemes

3.2.1 Acceptance number for a corresponding single
sampling plan (Ac): This is the acceptance number for a
single sampling plan that has essentially the same
operating characteristic as the sampling plan under
consideration.

3

3.2.2 Acceptance number for sequential sampling (A):
Value calculated from the specified parameters of the
sampling plan and the cumulative sample size. The
cumulative count is compared to the acceptance number

after each image is inspected to determine if the lot may
be accepted.

3.23 A;: Acceptance number corresponding to the
curtailed value of the cumulative sample size.

3.2.4 cumulative count (¢): When sampling inspection
from a lot is performed sequentially, ¢ is the total number
of nonconforming images found during inspection,
counting from the start of inspection and including the last
image inspected.

3.25 cumulative sample size (n_): When sampling
inspection of images is performed sequentially, n__ is the
total number of images inspected, counting from the start
of inspection and including the last image inspected.

3.2.6 h,: Constant that is used to determine the acceptance
number; A, is the intercept of the acceptance line.

3.2.7 h,: Constant that is used to determine the rejection f;
number; A, is the intercept of the rejection line.

3.2.8 multiplier of the cumulative sample size (g):
Multiplier of the cumulative sample size that is used to
determine the acceptance and rejection numbers; g is the
slope of the acceptance and rejection lines.

3.29 n_: Average sample size.

3.2.10 n, : Sample size for a single sampling plan that has
essentially the same operating characteristic as the
sampling plan under consideration.

3.2.11 n;: Curtailment value of the cumulative sample
size.

3.2.12 p: Lot quality level in proportion nonconforming,

3.2.13 Rejection number for sequential sampling (R):
Value calculated from the specified parameters of the
sampling plan and the cumulative sample size. The
cumulative count is compared to the rejection number

after each image is inspected to determine if the lot should
be rejected.

3.214 R: Rejecion number comresponding to the
curtailed value of the cumulative sample size.
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4 Acronyms and abbreviations

AQL  Acceptable Quality Level

CRQ Consumer’s Risk Quality

EIM  Electronic Image Management

EIMS Electronic Image Management System
PRQ  Producer’s Risk Quality

S Expression of nonconformity

The extent of nonconformity may be expressed in terms
of either percent nonconforming or nonconformities per
100 images. The procedures assume that nonconformities
occur randomly and with statistical independence. If it is
known that a nonconforming component may be caused
by a condition also likely to cause others, the image shall
be considered as either conforming or nonconforming and
muitiple nonconformities shall be ignored.

A component may be nonconforming for a number of
reasons depending on the system and the peeds of the
user. A pardal list of atributes that may be
nonconforming is provided in clause 9. Depending on the
user requirements, these nonconformities may be
classified as class A, class B, class C, etc.

6 Use and application of Acceptable
Quality Level (AQL)

The AQL, together with the sample size code letter, is
used for indexing the sampling plans and schemes
provided by ISO 2859-1 (ANSI/ASQC Z1.4) and ISO
8422 which are discussed in clause 12 of this technical
report. The AQL has no meaning for isolated lot
inspection. (See clause 11 of this technical report for
information about isolated, or single, lot inspection.)

6.1 AQL designation

To use the sampling schemes (i.e., sets of plans with rules
for switching between plans), an AQL must be designated
for each class of nonconformities. The effect of this
designation is that the majority of lots submitted with
quality levels (percent nonconforming or nonconformities
per 100 images) equal to or less than this value will be

accepted.

The sampling plans provided by ISO 2859-1 and ISO
8422 are arranged in such a way that the probability of
acceptance at the designated AQL value depends upon the
sample size (and thus the lot size) being higher for large
samples than for small ones.

4

6.2AQL and process average

The AQL is a parameter of the sampling scheme and
should not be confused with the process average, which
describes the operating level of an imaging process. The
process average is cxpected to be less than or equal to the
AQL to avoid excessive rejections.

The designation of an AQL does not imply that the
supplier has the right to knowingly supply any
nonconforming images. The term AQL does not apply to
isolated lot sampling plans. For such plans, the producer’s
nisk and producer’s risk quality along with the consumer’s
risk and consumer’s risk quality are used. These concepts
are discussed in 10.1 and 10.2.

7 Types of sampling plans

7.1 Attributes and variables sampling plans

Sampling plans may be classified as attributes or variables
plans. The sampling plans discussed in this technical
report are all of the attributes type. Each component
inspected is classified as conforming or not conforming to
specifications.

Variables plans require the calculation of one or more
statistics and are not practical for the type of inspections
with which this technical report is concerned.

Atributes inspections are usually easier to make because
they may be of the “Go, No—Go” variety or they may be
visual inspections.

7.2 Single attribute sampling plans

The simplest type of sampling plans are those involving a
single sample. That is, in the attributes case, a sample of
size n is selected from the lot, and the lot is accepted if no
more than ¢ nonconforming images are found in the
sample. Otherwise, the lot is rejected.

Procedures for selecting single sampling plans for isolated
lots are found in clause 11. Procedures for selecting single
plans for a continuing series of lots are found in clause 12.

7.3 Sequential attributes sampling plans

Item-by-item sequential sampling requires that one of the
following three decisions be made after each image is
inspected:

— accept the lot

— reject the lot

— inspect another image

This process is continued until the lot is accepted or
rejected.
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8 Considerations when choosing an
attribute sampling procedure

The use of sequential sampling results in an average
sample size savings over single plans. However,
sequential sampling is harder to administer, so that the
administrative costs must be balanced against cost savings
due to decreased sample size. A simple cost model to
assist in the choice of one of these sampling procedures is
presented as annex A.

9 Image attributes

The attributes listed in table 1, Some EIM attributes, and
table 2, Some film attributes, can be identified visually to
determine the quality of images during -capmre,
presentation, and distribution in an Electronic Image
Management System in accordance with a prescribed
sampling scheme.

The person(s) evaluating the image can do so by
comparing the original page to the image on @ monitor or
on a printed output. The attributes listed in tables 1 and 2
should be measured in an output mode similar to their
intended application. A quantified measure of each
attribute must be made to determine the Producer’s Risk
Quality (PRQ) and the Consumer’s Risk Quality (CRQ)
for each sample. (PRQ and CRQ are explained in 10.1 and
10.2)

For each batch, lot, or document, the producer’s and
consumer’s risk factors must be specified for each
attribute to be factored with the PRQ and the CRQ. This is
necessary to determine the acceptance and rejection
criteria for each lot. Each attribute listed in table 1 and
table 2 must have these measurable parameters so that
statistically valid acceptance and rejection decisions can
be made on a lot basis. This process is described in clause
10.

EIM Attribute

Class A Class B

Size of image relative to the original (measured in both horizontal and vertical direction) X

Adequate contrast

— For text there should be a high contrast ratio between the text and the background
— For gray scale images the contrast should represent the original image

Adequate brightness (more of a mouitor problem)

Color dropout (dropout of specific colors from a test target)

Poor thresholding (dropped low contrast features, dark background obscuring foreground)

Image skew on the page

Incomrect image orientation on the page

Speckle or noise in the background of the image

I IR R R R

Character dropout (a missing character)

Legibility of small characters or features (poor focus)

Separation of black from white features (bar chart may be required)

Scan line drop out (missing scan lines, single or multiple, across the image, either white or black)

Repeated scan lines on successive images

IR I R ke

Repeated pixel on successive images (consistent noise or spot on each image at the same location) X

Borders not cropped

Missing portion of edge of image

Table 1 — Some EIM attributes
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Film Attribute Class A Class B
(Major) {Minor)

Blank film

Blurry images

Chemical residue

Double exposure

Dust*

| Edge fog (not affecting coding or image)

Edge fog (affecting coding or image)
| Fingerprints* ’

Fog (all types, not affecting coding or image)*
Fog (all types, affecting coding or image)
Frilling
Nllegible
Milky film*

Mottle

Newton rings

Off wacking*

Out of focus*

Pressure marks*

Excessive residual thiosulfate
Resolution loss (more than one pattern)*
Reticulation*

Scratch (base)*

Scratch (emulsion not affecting image)*
Scratch (emulsion affecting legibility) X
Static mark*

Streaks, light or dark*

Density too high (dark images)*
Density too low (light images)*
Uneven density*

‘Washboard* X
Waterspots*
Image contraction
Image overlap X
Table 2 — Some film attributes

bl Ead Eaf et Ead Ead

bl Lt b

>4

* All defects not identified as major, minor, or cosmetic must be determined by the application and by referring to 12.2.2. of
ANSIVAIIM MS23.
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10 Sampling risks and costs

Whenever sampling inspection i1s used (as opposed to
100% inspection) certain risks of making errors are
always incurred. In situations where 100% inspections are
not used, we cannot know everything about the lot. We
only know about the images in the sample. Thus, we incur
risks of making two types of errors in our decision to
accept or not accept.

We can reject (not accept) a lot that should have been
accepted. The risk of doing this is called the producer’s
risk. The second error is that we can accept a lot that we
should not have accepted. The risk of doing this is called
the consumer’s risk. Although sampling always incurs
both of these risks, the risks can be measured and
controlled if proper statistical procedures are used.

10.1 Producer’s risk and Producer’s Risk Quality
(PRO)

Often, the producer’s risk is stated in terms of a
probability or risk level denoted by the Greek letter alpha
(). The producer’s risk is the probability that a lot with a
quality level (e.g., the fraction nonconforming) at a
certain acceptable level or better is not accepted by the
sampling procedure. (Stated another way, a good lot is not
accepted.) For the purposes of this guide, the symbol PR
will be used for this risk. The producer’s risk quality is the
quality level for which the probability of non-acceptance
is just equal to the producer’s risk. The producer’s risk
quality is denoted by the symbol PRQ.

10.2 Consumer’s risk and Consumer’s Risk Quality
(CRQ)

The consumer’s risk is sometimes denoted by the Greek
“letter beta (B). However, in this guide it will be denoted
by the symbol CR. The consumer’s risk is the probability
that a bad lot is accepted. The quality level associated
with the consumer’s risk is called the consumer’s risk
quality (CRQ).

103 Allowable nonconformities and risks associated
with complete inspection

Both the consumer’s risk and the producer’s risk should
be small, but they can only be zero when 100% inspection
is used. Both the PRQ and the CRQ should be small also.
The PRQ cannot be zero without the use of 100%
inspection, and the CRQ must be larger than the PRQ.In
general, the smaller the values of these risks and quality
levels and the closer the two quality levels are to each
other, the larger the sample size must be. That is, we must

7

pay for additional discrimination in our sampling
procedure.

The fact that the PRQ (our definition of acceptable
quality) must be greater than zero does not mean that a
certain fraction of a lot may be nonconforming to
specifications. It means that we are recognizing that since
we have not completely inspected a lot, it is possible for a
small number of nonconforming images to be present. If a
series of lots are submitted with a quality level equal to or
better than the PRQ, the sampling procedure will reject
only a small fraction (PR) or less of them.

If the images being inspected are of a critical nature and
inspection is not destructive, complete inspection may be
necessary. Even complete inspection may not be enough,
however, to assure us that only conforming images are
present. This is because of errors in inspection. If a large
number of images must be inspected, the chance of such
inspection errors increases rapidly. For this reason,
complete inspection may actually result in more
nonconforming images being passed than under sampling,
when more care may be made during the inspection of
each image and the risks are known.

11 Sampling plans for single lots

The sampling procedures described in 11.1 and 11.2 are
for use in situations in which all of the lots (images) are
received at one time. In cases where there is a continuing
series of lots of technically equivalent images from the
same supplier, sampling systems such as those described
in clause 12 are preferred. The procedures in clause 12
provide a means to

— reduce the sampling intensity when a supplier

regularly submits superior quality images

— increase the sampling intensity when a supplier has a
history of submitting product that does not meet
specifications

When the number of lots to be submitted is not sufficient

to permit the use of switching rules to change the

sampling intensity, the procedures described in 11.1 and

11.2 should be used in preference to merely selecting a

plan from one of the tables provided in clanse 12.

Single sampling plans are described in 11.1. Item-by-
item sequential plans are described in 11.2. In both cases,
it is necessary for the user to have chosen a definition of
good and bad quality (i.e., PRQ and CRQ), along with
producer’s and consumer’s risks.
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11.1 Single sampling plans

The sampling procedures described here are the simplest
plans that can be used when an isolated lot is submitted
for inspection. A single sampling plan is described by a
sample size, n, and an acceptance number, Ac. A sample
of n images is selected from the lot submitted for
inspection. If no more than Ac of the images inspected are
nonconforming, the lot is accepted.

11.1.1 Sampling risks

To choose a sampling plan, the user must decide the risks
he/she is willing to take that a roll or platter is accepted
when it should be rejected, or is rejected when it should
be accepted.

To simplify the process of selecting sampling plans and
for the purpose of this guide, a Producer’s Risk (PR) of
5% and a Consumer’s Risk (CR) of 10% have been used.
The user must choose the producer’s risk quality, PRQ,
and the consumer’s risk quality, CRQ. In other words, the
user must decide what percent nonconforming levels
should be accepted 95% of the time, and what percent
nonconforming levels should be accepted 10% of the
time. These two quality levels define the sampling plan to
be used.

11.1.2 Tabular method for selecting a plan
A single sampling plan may be derived using table 3,

Values for single sampling plans.
AC n x CRO nxPRQ CRO/PRQ
0 2.303 0.0513 44.84
1 3.890 0.355 10.96
2 5322 0.818 . 6.51
3 6.681 1.366 4.89
4 7.994 1.970 4.06
5 9.274 2613 3.55
6 10.532 3.286 3.21
7 11.771 3.981 2.96
8 12.995 4.695 2.77
: 9 14.207 5.426 2.62
10 15.407 6.169 2.50
1 16.598 6.924 2.40
12 17.782 7.690 2.31
13 18.958 8.464 2.24
14 20.128 9.246 2.18
15 21.292 10.035 2.12

Table 3 — Values for single sampling plans*

* Used with permission from F. E. Grubbs, “On designing
single
mathematical statistics,

Vol. XX (1949), p. 256.

sampling inspection plans,” Annuals of

3

The following steps illustrate the use of table 3.

A. First, we choose a PRQ and CRQ. Suppose we
choose a PRQ of 4% and a CRQ of 12.5% (i.e., PRQ
is 0.04; CRQ is 0.125). That is, we wish to find a
sampling plan that will accept lots that are 4% or less
nonconforming 95% of the time (because PR is 5%)
and accept lots that are 12.5% nonconforming only
10% of the time (because CR is 10%).

B. We determine ratio of CRQ to PRQ.
CRQO/PRQ = 0.125/0.04 = 3.125

C. Next, we look in the CRQ/PRQ column of table 3,
Values for single sampling plans, and locate the value
nearest to our calculated value. From the CRQ/PRQ
column, we find that 3.21 is the number nearest to
3.125.

D. We locate the acceptance number in table 3 by
looking at the AC value that corresponds to 3.21. Our
acceptance number is 6.

E. Next, we determine the sample size by dividing
n x CRQ by the CRQ and n x PRQ by the PRQ
(rounding up).

n=nX CRQ/CRQ = 10.532/0.125 = 85
n=nXxXPRQ/PRQ = 3.286/0.04 = 83

F. Finally, we choose the sampling plan. We use the
highest result of the two calculations for our sampling
plan. In this case, we would choose the following
sampling plan:

n=385
Ac=6

We would sample 85 images. If no more than 6 of the
images inspected are nonconforming, the lot would be
accepted.

11.1.3 Nomograph method for selecting a plan

Another way to select a sampling plan is to use the
nomograph method. Figure 1, Nomograph, can be used to
select a sampling plan. The following steps describe how
to use the nomograph.

A. First, we choose a PRQ and CRQ. We will choose the
same PRQ and CRQ used in 11.1.2 — a PRQ of 4%
and a CRQ of 12.5% (ie, PRQ is 0.04; CRQ is
0.125). We wish to find a sampling plan that will
accept lots that are 4% nonconforming 95% of the
time and accept lots that are 12.5% nonconforming
only 10% of the time.
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B. Draw astraight line between the following:
— CRQ (0.125) on the left-hand scale
-— consumer’s risk (0.10) on the right-hand scale

(In figure 1, the left-hand scale is labeled “fraction
defective” and the right-hand scale is labeled “probability

of acceptance.”)

C. Draw another line between the following:
— PRQ (.04) on the lefi~hand scale
—— the one-minus-the-producer’s-risk
(1 - .05 = 0.95) on the right-hand scale

9

(In figure 1, the left-hand scale is labeled “fraction
defective” and the right-hand scale is labeled “probability
of acceptance.”)

D. Determine the point at which the two lines cross.

E. Read the sample size and the acceptance number
from the two scales in the middle of the graph.

For this example, the nomograph results in the same plan
as the tabular method described in 11.1.2. The sampling
plan is one in which # is 85 and Ac is 6. We would sample
85 images. If no more than 6 of the images inspected are
nonconforming, the ot would be accepted.
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11.1.4 Operating Characteristic (OC)

The operating characteristic is the probability of
acceptance as a function of the fraction of the lot that is
nonconforming. When this function is plotted it is called
an operating characteristic curve, or OC curve. This
function can be used to determine the likelihood that a lot
of any stated quality will be accepted.

The chart in figure 2, Curves for determining probability
of acceptance, can be used to determine the probability of
acceptance for any lot quality. The abscissa (horizontal
axis) of the chart is the product np (the product of the
sample size, n, and the fraction nonconforming, p). This
product is the average number of nonconforming images
in submitted lots.

Each curve on the chart is an acceptance number, Ac. The
ordinate (vertical axis) of the chart is the probability of
acceptance expressed in percent. For the example used in
both 11.1.2and 11.1.3 »

n x (PRQ) = 85(0.04) = 3.4
n x (CRQ) = 85(0.125) = 10.625.

It may then be observed that the curve for Ac = 6 does
indeed go through the two points 3.4,95 and 10.625,10.

We also could determine from the chart in figure 2 that,
with the plan n = 85, Ac=6, an np of 6.7 gives 2 p of
6.7/35 = 7.9% nonconforming and has a 50% chance of

acceptance.

290 \Q \\\ N
NN NN

LIS IBLARN RN RN

2oLV A VNN
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Figure 2 — Curves for determining probability of acceptance

11

Association for Information and Image Management International

Copyright AllM International
Provided by IHS under license with AllM
No reproduction or networking permitted without license from IHS

Sold to:PUBLIC.RESOURCE.ORG, W1277258
2012/4/18 22:4:16 GMT



ANSVATIM TR34-1996 Sampling Procedures for Inspection by Attributes of Images in EIM and Micrographic Systems

11.2 Item-by-item sequential sampling plans
The procedure and tables in 11.2.1, 11.2.2, and 11.2.3 are

based on ISO 8422, To obtain complete sequential
sampling procedures, refer to that standard.

11.2.1 Principles of sequential sampling

When using a sequential sampling plan by attributes,
images are selected at random and subjected to inspection
one at a time. A cumulative count is kept of the number of
nonconforming images (or number of nonconformities)
and the number of images inspected. After each image is
inspected, this count is used to assess whether sufficient
information exists to either accept or reject the lot. Table
4 outlines the sequential sampling decision process.

If the cumulative Then... And then...

count...

is such that the risk | the lot is the inspection is

of accepting a lot considered terminated.

with unsatisfactory | acceptable

quality (the

consumer’s risk) is

sufficiently low

is such that the risk | the lot is the inspection is

of not accepting a considered terminated.

lot with satisfactory | not

quality (the acceptable

producer’s risk) is

sufficiently low

does not allow you | an additional | this process is

to decide if the lot is | image is continued until

considered selected and | you have

acceptable or not inspected accumulated

acceptable sufficient
information to
make a decision
as to the
acceptability of
the lot.

Table 4 — Sequential sampling decision process
11.2.2 Choosing PR and CR

As with single sampling, to evaluate the consumer’s risk
and the producer’s risk, the producer’s and consumer’s
risk qualities must be chosen. As with single sampling, we
will use, for the purpose of this guide, a producer’s and
consumer’s risk of 5% and 10%, respectively. This leaves
only the PRQ and CRQ to be selected by the user.

The average sample size is the average number of images
for a series of lots that will be inspected, all at a stated
quality level, before a decision is made to accept or reject
the lot. Using a sequential plan leads to a smaller average
sample size than a single sampling plan with the same

12

operating characteristic. For very good lots, this savings
may reach or exceed 50%.

On the other hand, the actual number of images o
atributes of images inspected for a particular lot ma)
exceed that required by a single sampling plan with the
same operating characteristic. In fact, a sequential
sampling plan may not reach a decision until the entire lot
has been inspected. To preclude such events, a curtailment
rule has been established and is discussed in 11.2.4.

Because the ultimate sample size for a particular lot when
using sequential sampling is not kmown in advance,
selecting images for inspection can present operational
difficulties. The user must decide if a smaller average
sample size outweighs a sample size that is not known in
advance. This becomes a matter of evaluating inspection
costs versus the cost of selecting images for inspection. A
simple cost model to assist this evaluation is found in
annex A, Sampling costs.

It should be pointed out that the type of sampling plan
must be selected before sampling begins. If a switch is
made during inspection of a lot, the operating
characteristic of the resulting plan may be changed
drastically because the inspection results would influence
the choice of acceptance criteria.

11.2.3 Selecting sequential sampling plan parameters

The general procedure described here is to be used when
both the producer’s risk quality and the consumer’s risk
quality have been designated. Thus, the sampling plan
will have approximately the same operating characteristic
as the single sampling plan, which was developed in 11.1,
using the same two points (PR = 5% and CR =10%).

A. The first step is to choose the two values — CRQ and
PRO.

B. The next step is to use table 5, Sequential sampling
plans for inspection for percent monconforming for
producer’s risk = 0.05 and consumer’s risk = 0.10, to
determine the values of the plan parameters b, h,,
and g.

1. Locate the CRQ value (column).
2. Locate the PRQ value (row).

3. Identify the plan parameter values listed in the
column/row intersection.
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An example of the steps follows:

A. Determine the producer’s and consumer’s risk
quality. In this example, a sequential sampling plan is
desired for a producer’s risk quality (PRQ) of 4% and
a consumer’s risk quality (CRQ) of 12.5%. (These
criteria mean that a lot with 4% nonconforming
images has a probability of acceptance of 95% and a
lot with 12.5% nonconforming images has a
probability of acceptance of 10%.)

B. Use table 5 to locate the parameters of the sequential
plan that satsfy the criteria. The values are as
follows:

— h,=1827
— h,=2346
— g=00752

11.2.4 Determining the curtailment value of the sample
size

A curtailment rule ensures that a sequential sampling plan
decision is made before an entire lot has to be inspected.
If the sample size of the single sampling plan that matches
the sequential plan is known, the curtailment number is
1.5 times the single sample size rounded up to the nearest
integer. (It was determined in 11.1 that a single sampling
plan with a sample size of 85 images and an acceptance
number of 6 would meet the criteria.)

For the example in 11.2.3, the curtailment value (n) is
n, =(1.5n
n, = (1.5)(85) =128.
If the sample size of the equivalent single sampling plan is
unknown, the curtailment value is calculated as
n, = 2y
g (1-g)
rounded up to the nearest integer.
In this case, n, is
[2(1.827)(2.346))/10.0752(1-0.0752)) = 124.

11.2.5 Operation of the plan

For each value, n_, that is less than the curtailment value,
the acceptance number A is found by rounding the
quantity gn__ - &, down to the nearest integer.

The rejection number, R, is found by rounding the
quantity gn__+ h,up to the nearest integer.

The acceptance number corresponding to the curtailed
sample size, A, is determined by rounding the quantity,
gn,, down to the nearest integer.

The corresponding rejection number is A, + 1.

If the acceptance number, A, is negative, the cumulative
sample size is too small to allow acceptance of the lot.
Conversely, if the rejection number, R, is larger than the
cumulative sample size, the cumulative sample size is too
small to reject the lot.

The smallest cumulative sample size permitting lot
acceptance can be obtained by rounding k,/g up to the
nearest integer. The smallest cumulative sample size
permitting rejection of the lot is obtained by rounding
h,/(1-g) up to the nearest integer.

The example started in 11.2.3, has the following
parameters:
— h,=1.827

— h,=2.346
— g=0.0752
The curtailment sample size is 128.

The curtailment acceptance number, A, is found by
rounding gn, = 9.63 down to the nearest integer. The
curtailment acceptance number, A, is 9.

The curtailment rejection number, K, is A, + 1, which
would be 10.

The formula for the acceptance number, 4, is
0.0752n__ — 1.827

rounded down to the nearest integer. See table 6, Example
chart for sequential sampling plan.

The formula for the rejection number, R, is
0.0752n__ + 2.346

rounded up to the nearest integer. See table 6, Example
chart for sequential sampling plan.

The acceptance and rejection numbers corresponding to
the cumulative sample sizes n_ = 1,2,.., 127 are
determined by successively inserting the values of n__ in
these  formulas and rounding appropnately. The
acceptance number cannot be more than 9, and the
rejection number cannot be more than 10. The results are
shown in table 6.
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Table 5 — Sequential sampling plans for inspection for percent nonconforming for producer’s risk = 0.05 and

consumer’s risk = 0.10 (concluded)
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Cumulative Acceptance Number Rounded Acceptance Rejection Rounded Rejection
Sample Size Number Number Number
B &n.. -h, A gn_+h, R
1 -1.752 * 2421 . hod
2 -1.677 * 2496 -
3 -1.912 . 2572 3
4 -1.526 * 2.647 3
8 -1.225 * 2.948 3
9 -1.150 * 3,023 4
20 -.323 * 3.850 4
21 -.248 * 4925 4
22 0.173 * 4.000 4
23 -0.097 . 4.076 5
24 -0.022 - * 4.151 5
25 0.053 0 4226 5
31 0.050 0 4.677 5
35 0.805 0 4978 5
36 0.880 0 5.053 6
37 0.955 0 5.128 6
38 1.031 1 5.204 6
48 1.783 1 5.956 6
49 1.858 1 6.031 7
50 1.933 1 6.106 7
51 2.008 2 6.181 7
61 2.760 2 6.933 7
62 2.835 2 7.008 8
63 2.911 2 7.084 8
64 2.986 2 7.159 8
65 3.061 3 7234 8
75 3.813 3 7.986 8
76 3.888 3 8.061 9
77 3.963 3 8.136 9
78 4.039 4 8.212 9
88 4.791 4 8.964 9
89 4.866 4 9.039 10
S0 4.941 4 9.114 10
91 5.016 5 9.189 10
104 5.994 _ 5 10.167 10
105 6.069 6 - 10
117 6.971 6 - 10
118 7.047 7 - 10
127 7.723 : 7 -- 10
128 -~ 9 - 10

Table 6 — Example chart for sequential sampling plan
* Cumulative sample size is too small to permit acceptance. ** Cumulative sample size is too small to permit rejection.
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Two examples of the operation of sequential sampling
plans follow.

A. Assume that the first 20 images inspected were
conforming to specifications. The 21st image was
nonconforming. If no other nonconforming images
were found, the lot may be accepted after 38 images
are inspected. (This can be seen by looking at A in
table 6. At image 38, a lot can be accepted if only 1
image has been rejected. Until the 38th image has been
checked, a lot with one image rejected cannot be
accepted.)

B. On the other hand, suppose the 5th, 10th 18th, 24th,
and 31st images were found to be nonconforming. The
lot would then be rejected after inspection of the 31st
image. (This can be seen by looking at R in table 6. At
the 31st image, the lot can be rejected if 5 images are
rejected. In this example, 5 images have been rejected,
the 5th, 10th, 18th, 24th and 31st)

The earliest that a lot may be accepted is after the
inspection of 25 images, if all are found to be conforming.

8 1 Reject Lot

Continue
Sampling

11.2.6 Graphical method of operating the plan

The examples above also can be presented graphically, if
desired. Figure 3, Graph for example sequential plan,
illustrates the same information shown in table 6. To use
the graph, do the following:

A. Start inspection at the origin.

B. For each image inspected, move one unit to the right.
C. If an image is nonconforming, move up one unit.
D

. Check if the lower or upper line is crossed.

— If the lower decision line is crossed, accept the
lot.

— If the upper line is crossed, reject the lot.

E. Continue sampling as long as the location is between
the two lines.

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Figure 3 — Graph for example sequential plan
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12 Sampling plans for a continuing series of
lots

12.1 Single sampling using ISO 2859-1

ISO 2859-1 is an international standard that was updated
and improved in 1989 and again in 1996 to use modern
concepts of quality assurance. The 1996 edition is used in
this technical report. Early versions were similar to MIL-
STD 105, which has now been discontinued and replaced
by ANSI/ASQC Z1.4

ISO 2859-1 uses the concept of sampling, each designated
by AQL and sample size code letter, which is addressed
in 12.1.1. Each sampling scheme consists of three
sampling plans — normal, tightened, and reduced plans
— together with rules for switching between the plans.

ISO 2859-1 contains single, double, and muitiple
sampling plans that are matched as closely as possible;
that is, they give approximately the same protection to
both the producer and the consumer. Double plans have a
smaller average sample size than single plans. Multiple
plans have a smaller average sample size than double
plans. However, single plans are the easiest to use because
they always require the same sample size.

Details on the use of double and multiple plans are found
in the standard; however, they will not be discussed in this
technical report. Sequential plans with approximately the
same protection as the schemes in ISO 2859-1 can be
found in ISO 8422. Sequential sampling using ISO 8422
is discussed in 12.2.

12.1.1 Sample size code letters and inspection levels

The sample size code letter depends on the lot size and the
inspection level. The sample size code letters are found in
table 7. The inspection level is designated by the user. The
purpose of inspection levels is to allow the user to
maintain greater discrimination for some suppliers of
conversion services and lesser discrimination for others.
Inspection level I is usually used.

At each inspection level, the switching rules shall operate
to require normal, tightened, and reduced inspection as
specified in 12.1.3. The choice of inspection level is quite
separate from these three forms of inspection intensity.
Thus, the inspection level that has been specified shall be
kept unchanged when switching between normal,
tightened, and reduced inspection.

The amount of information about the quality of a lot
gained from examining samples drawn from the lot
depends on the absolute size of the sample, not on the

_fraction of the lot sampled, providing the lot is large

relative to the sample size. In spite of this, three reasons
exist for varying the sample size with the lot size.

— When the risk is high, it is more important to make
the correct decision.

— With a large lot, a sample size can be afforded that
would not be economical for a small lot.

~— A truly random selection is relatively more time
consuming if the sample is too small a proportion of
the lot (e.g., a sample of 5 images from a lot of
35,000 images). '

12.1.2 Obtaining a sampling plan

The AQL and the sample size code letter should be used to
obtain the sampling plan from tables &, 9, and 10, which
are respectively the normal, tightened, and reduced plans.

When no sampling plan is available for a given
combination of AQL and sample size code letter, the
tables direct the user to a new letter by means of arrows.
The sample size to be used is given by the new sample
size code letter, not the original letter. If this procedure
leads to different sample sizes for different classes of
nonconformities, the sample size code letter
corresponding to the largest sample size can be used for
all classes of nonconformities.
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Lot or batch size Inspection levels
I I m
2108 A A B
9to 15 A B C
16 10 25 B C D
26 to 50 C D E
511090 C E F

91 to 150 D F

151 10 280 E G H
281 t0 500 F H J
501 to 1200 G J K
1,201 to 3,200 H K L
3,201 to 10,000 J L M
10,001 to 35,000 K M N
35,001 to 150,000 L N P
150,001 to 500,000 M P Q
500,001 and over N Q R

Table 7 — Sample size code letters
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Table 8 — Single sampling plans for normal inspection (Master table)
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M 318 4.70’ 1 2]2 3|3 4[5 8|8 9|1213]1813
N 600 JL 01 1 2/23/3 4|8 68 3|1213[1819
P 800 [N t 22 3|3 4/8 6j8 8j121311819
Q t 22 3/3 4/86 8|8 8]12131819
]

)
=)

1250 OIJL
R | 200 o 1|4 1223

s 3150 12

w
o
o>

JL = Use flist sampling plan below asrow. If sample size equats, o1 exceeds, lot or batch size, cerry out 100 % Inspection.

= Uso first sampling plan sbove srow.
Ac = Acceptance number
Re = Rejectlon numbes
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12.1.3 Normal, tightened, and reduced inspection

Normal inspection shall be camed out at the start of
inspection. Normal, tightened or reduced inspection shall

by the supplier to improve the quality of the submitted
product. Tightened inspection shall then be used as if the
switching from normal to tightened inspection procedure
had been invoked.

continue unchanged on successive lots of images until the
switching procedures require a change. The switching
rules should be applied to each class of nonconformities
independently. Table 11 provides the switching rules.

12.1.4 Determination of acceptability

The number of sample images inspected shall be equal to
the sample size given by the plan. Table 12, Inspection
types and determinations, provides information about

cumulati r of lots not accepted in a .. . "
If the ulative numbe P percent nonconforming inspection and nonconformities

sequence of consecutive lots on original tightened

inspection reaches five, this acceptance sampling per 100 images inspected.
procedure shall not be resumed until action has been taken
Switching Procedure Rules

From normal to tightened When normal inspection is being carried out, tightened inspection shall be
put into operation when 2 out of 5, or fewer, consecutive lots have been
rejected on original inspection (that is, ignoring resubmitted lots).

From tightened to normal When tightened inspection is being carmied out, normal inspection shall be
reverted to when S consecutive lots have been considered acceptable on
original inspection.

From normal to reduced Reduced inspection is an optional procedure which should be approved by
all parties prior to its use. If approved, when normal inspection is being
carried out, reduced inspection may be put into operation provided that all of
the following conditions are satisfied:

— when the acceptance number is 0 or 1, the preceding 15 lots have been
submitted to normal inspection and all have been accepted on original
inspection, or

— when the acceptance number is 2 or more, the preceding 10 lots have
been submitted to normal inspection and all would have been accepted

on original inspection if the AQL were one step tighter.
‘From reduced to normal When reduced inspection is being carried out, normal inspection shall be
B reverted to if a lot on original inspection is not accepted.
Table 11 — Switching rules
Inspection Type Sample Result Determination

Percent Number of nonconforming images found is The lot is considered acceptable.

nonconforming equal 1o or less than the acceptance number

inspection

Number of nonconforming images is equal to The lot shall be considered not
or greater than the rejection number acceptable.

Nonconformities per Number of nonconformities found is equal to The lot is considered acceptable.

100 images or less than the acceptance number

inspection

Number of nonconformities is equal to or The lot is considered not acceptable.
greater than the rejection number

Table 12 — Inspection types and determinations
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ANSI/ATIM TR34-1996 Sampling Procedures for Inspection by Attributes of Images in EIM and Micrographic Systems

12.1.5 Operating Characteristic (OC) curves

The operating characteristic curves for normal and
tightened inspection, shown in tables 13 through 29
indicate the percentage of lots that may be expected to be
accepted under the various sampling plans for a given
percent nonconforming. (The tables are organized by
sample size code letter.)

24

The OC curves for AQLs greater than 10 are based on the
Poisson  distribution and are applicable for
nonconformities per 100 images inspection

The OC curves for AQLs of 10 or less are based on the
binomial distribution for percent nonconforming
inspection and on the Poisson distribution for number of
nonconformities per 100 images inspection
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Chart A — Operating cheractesistic curves for single sampling plans

{Curves for double and muitiple sampling are msiched as closely as practicable)

100

a0

60 F¥F

o
v <

i

N

100 200 30 400

500 600

70 800 900

1000

1100 1200 1300 1400 1500

Quality of submitiad product [p, In parcant noncanforming for AGLs < 10; in noncontormitiss pas 100 units fos AGLs > 10)

NOTE — Values on curves aro Acceptabls Qualily Lavels [AQLs) for nosrnst Inspection.

1600 1700 1600 1900 2000

Tebul U tor opsrating ch Istic curveas for single sampling plans
Accoptable quality tavets (normal Inspection)
A 65 8 [ % [0 [ [0 | w [>T = [S><] @ [5<| 80 [><] 100
n:n::‘gn’::;mlgl ’ p (in nonconformities per 100 units)
890 0,501 083| 743 ] 218 | 412 ] 3| 146 78 Fr) 206 3] 517 7} ) 937
95,0 253 256 | 17.8 w9 | ‘®3] W 169 238 28 34 482 7] 45 g5 | 1122
90,0 5.13 521 | 208 X 87.2 | 158 PEs) m 35 432 515 684 81z | 1072 | 1206
7%, 3.4 e | .y w4 | W m 28 ) ) 521 612 795 934 | 1214 | 1354
0.0 23 7 839 | M 184 P 383 e 533 633 73 e | 1083 | 1383 | 153
26.0 50,0 ®3 | 15 196 28 n 454 540 851 781 870 | 1087 | t243 | is568 | 1728 |
0.0 . 9.4 18 154 266 ] 64 59 850 770 B9 | 1006 | 1238 | 1409 | 1788 | 1918
) 7.8 150 a7 316 %8 528 e | 12 | o 9722 | 109¢ | 135 | 1512 | 1862 | 2035
1.0 90,0 20 n2 @ 502 58 000 80 | 1007 | 1141 | 1272 | 18 | 17 | 2088 | 2270
© 3 100 160 260 400 60 1000
Accepiable qusiity tevels hlnhl;n-d Inspaction}

NOTE — Binomial distribution used for percent

1

: Poisson for

per 100 unils.
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Tables for sampls size code letter B {Individus! plans)

Chert 8 — Operating characteristic curves for single sampling plans

expected to be {Curves (or double and multiple sampling are matched as closely as practicable)
sccepted {7}
100
N
P, -
80 ] N ]
60 N 1
o 3./ "D}_
4 - ¢ T
! N 3 ¢
2 N N [
,
2 A N h
N '
A
0 > = =L
100 200 300 400 S0 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
Quskity of submitted product {p, in p 1 forming for AQLs < 10; In nonconformities per 100 units for AQLs > 10)
NOTE — Valuas on curves are Acceptable Quslity Levels {AQLs) for noima) Inspection.
Tabulsted vat for op ing characteristic curves for single sampling plans
Accopteble quality levels {normal (ngpection}
n 40 0 | s | 23 | @ | e | 100 ST wo [><] w0 [T><| w0 T5<T] 0 [><T 1w |
£ lin percent . N
one o) p lin nanconformities per 100 units}
99,0 0,334 0,338 488 148 274 8.6 96,9 m 159 20 249 345 418 672 851 847 109
%0 | 10 | s 23| 45| @1 | = 167 208 268 308 418 06 e | 7a8 | 1085 | 1182
90.0 345 3,51 17.7 3.7 882 105 185 181 234 288 343 458 B4t 718 804 113 1222
70 AL 9.59 R0 87.6 84,6 14t 199 228 287 347 408 630 823 603 903 1249 134
50,0 20,8 231 5.9 89,! 122 189 2508 289 358 422 489 622 -T2 922 1022 1389 1439
6.0 ano 46,2 0.8 13 170 F14 ke r] 360 LY 607 680 24 832 1 045 1152 1639 1644
10,0 63,8 8.8 130 m 2 309 k. 43 614 503 87 (2] 833 1 165 1277 1 683 1793
6,0 63,2 99,9 158 210 28 350 438 4 665 648 730 890 1008 1241 1358 1723 1886
1,0 7,8 154 2 280 35 437 580 (1] 781 848 to19 1145 1332 1513 1854 2089
8,5 88 % 40 (-3 100 160 260 400 650 1000
Accuptable quatlity lsvels (tightensd inspection)
NOTE — Binomial diaiibution used for foiming p 1 Paisson for nonconformities per 100 units.
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Percentage of lots

Tabies for sample slze code Istter C lindlvidual plans}

Chart C — Operating characteristic curves for singles sampling plans

expected to be {Curves for doubls and multiple sampling are mstched as closely as practicsble)
accepted (/)
100 100 -
N N-
8ot N 80 .
- A {)
50 60
5 + %
&0 LB - 40 ju.u g
\> . a %;" q" A P\
20 F" 20 A ]
0 50 00 150 200 250 300 0 100 200 30 400 500 600 700 800 900 1000 1100 {200
Qusfity of submiited p

duct {p in pe forming for AQLs < 10; in noncontormities per 100 untts for AQLs > {01

NOTE -- Vahies on cutves are Acceplable Quality Levels IAQLs) for normal inspaction.

Tabulated val for op ing charactesistic curves for single sampling ptans

Acceptabla quality lavela {notmael nspaction)
n ____ w_ | 28 o | 8 | 5 |« | e 0 [><] i ST 5%6_[ <]
ngn‘c:n‘;:’x:v;:;)  tin noncontarmiiiss per 100 units)
3,0 0.201] 327 ] 0201] 2.97] 872] 18] 5] 1] 1] 4] 12 160 27 ) 291 568 818
“Tes0 | 1m 784 ] 108 71| 164 73| 623| 16| 839 12 154 185 29 798 249 69 | 69
80.0 209 ] 12 ] 211 | 168 ] 20| 38| eo]| @i 100 | 14 7 | 08 | 23 ere
%0 869 | 154 | 876 | 192 ] M5 | 607] see| 1 137 | 2 200 | 246 | 38
50,0 128 | 914 | 138 | 336 | 636 ]| 74| 13 | 189 73 | zia | 3 | 293 | ara
260 (242 | 4 | 27 | 98| B4 | w2 149 184 28 | 200 08 | 340 as
" 00 |38 | 84 | 461 | 7.8 | t08 (7] 185 | 235 80 | 308 356 203 a5
6.0 5.1 5.7 | 539 849 | 128 155 210 283 88 | 39 | 3 a8 634
1.0 02 | 778 | 820 | ™ 168 20 202 77 M8 | 403 8 | 509 512
0 a0 1 % %0 68 100 150 250
Acceptable qualiity teve!s {tightened Inspection)
NOTE — Binomla! distribution used tor forming putath Polsson for 1 par 100 units.

)
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Tables tor sample size code {etter D {Individual plans)

Parcentago of fote Chart D — Operating characteristic curves for single sampling plans
expected to be iCurves for double and multipie sampling are matched ss classly as practicable)
sccepted (A7)
100 = 100
h N
80 P 80
\
\ N 60 \
\ -~
TS %0 FEEEN )
A 2 < N (F
& N
20 20 \ N 7
PN -
0 0
2 40 60 80 100 120 140 160 100 200 300 400 500 600 700
Quelity of submitted product {p, in p torming

for AQLs <10 In nonconformities psr 100 units for AQLs > 10)

NOTE — Values on curves are Acceptabla Quality Levels {AQLs) for narmal inspection,

Tabulated values for operating characteristic curves for single sampling plans

Accepiable u'uamv lsveis (normel inspection}

n |16 | 85 [0 s [ es [0 |6 [ a8 | e [S<] 6 [><] w [><]

p {in percent £ tin nonconformitles per 100 units)

noncentorming} .
990 | 0128] 167 | 608 ]| 0.126] 188 | 545] 13| 23| 83| 48| 696 | 72| 838 ] 128 | 167 | 216 | 248 | 385 | 368
850 | 0619| 464 1.1 | o6 | 44 | 02 | 171 | 327 | 498 | 687 | 71| 61 | 16 18 | 186 | 240 | 281 | 399 | 422

200 | 131 | ess| 147 | 132 | ees | 138 | 218 | 394 | 62| 679 | 628 | ws | 129 17 | 203 | 288 | 30t | 42 | 488
750 | 383 | 121 | 221 | 360 ) 120 | 218 | 37| 627 | 745 | 886 | 18 | 130 | 18 199 | 234 | 303 | 39 | <8 | 4
60,0 8,30 20,4 321 8,68 210 334 45,9 70,9 85,9 108 13 158 183 33 m 8 383 621 658
20 | 169 | 303 | 43 | 773 | 37 | 490 | e3s | 28 | 121 | 13 | 163 | wo | 217 22 | 312 | 302 | a2 | sm | &1
00 | 260 | @6 | 538 | 208 | 4.6 | 665 | 836 | 116 | w7 | 162 | 199 | 222 | 252 309 | 352 | ax | 419 | e | erz
B0 |32 | 411 | &0 | ;4 | 893 | 787 | 889 | 131 ¢ |10 |22 |23 | 214 3 | a8 | 465 | 603 | 668 | 707
10 [438 | 690 | 707 | 678 | &,0 | 108 126- | 184 | 200 | 210 | 22 | 285 | 318 38 | a2 | 522 | 668 | 732 e
26 | w0 25 | 10 15 28 0 €5 100 150 250 a0

Acceptable quality lsvels [tightensd lnspection)

NOTE ~ Blnomis! distribution used for percent nonconfoiming camputations ; Polsson tor noncanformities per 100 unlis.
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Tables for sample slze code letter E (Individusl plans)

Chart E — Operating characteristic curves for single sampling plans

expected 10 be {Curves for double and multipl wling sre hed as clossly gs practicable)
sccepted (P}
100 T 100
1
80 > g0 VY N
- ~i.—
80 3 60 1
4 -4 \
o =
40 : VAN A 40 %
NG n
y 11 . > \ N
20 " - A 0 \ u
0 - 5 0 3 b = »
10 20 30 40 S0 80 50 100 150 200 250 300 350 400 4SO 500
Quality of submitted duct {p in

forming for AGLs < 10; in noncanformitles per $00 units tor AOLs > 10}

NOTE — Vahios on curves ara Acceptsbis Qusiity Levels (AQLs) for normsl inspection,

Tebulated values for

h

tstlc curves for single sampling plans

p

Acceptable quality levels (normal Inspection)

NOTE — Blnomist distribution used for percent

ol Taefes|w Twlwleln [ [n [5<]e 5] 6 <]in [S w [>] %
n "”"2:“'::::;:; " 1 lin nonconformitles por 100 units)

%0 | 0077] 1.18] 368 | 685] 0077] 1.06] 335 633 | 17| 224] 270 ] 387 | 40 ] 625 ] 6] 067 132 | 150 | 218 | 73

‘%0 [ o3i| 281 | 66 | 13 | 0395] 273 | 629 105 | 201 | 28 | Se1 | 478 | 5.2 A esr s e T3 | 2e8 | 266
200 +6§n7' 417 | 880 | 142 | 0810| 408 | 848 | 134 | 242 | ®s | a8 | 640 | eas
750 | 213 | 747 ] 134 | 199 | 221 ] 738 | 133 | 195 | 325 | 458 | 526 | 663 | 80.2
500 | 519 | 126 | 200 | 27258 | 83 | 129 | 208 | 22 | 436 | 690 | €87 | &1 | 1.4
250 J10.1 | 194 | 280 | 361 J 107 | 207 | a2 | 393 | sn1 | 45| 81 [ 100 | 117
100 |162 | 208 | 380 | 44 | 1727 | 29 | ¢009 | 514 | 713 808 |00 | 119 | 137
" Ts0 }208 | 316 | 40 | 495 | 280 | 385 | 484 | 596 | o8]0 | | | w0
10 |78 | @13 |06 |08 |354 | 619 |67 J 722 | o1 | +23 Jisa |5 | v
15 | 65 | 10 15 | 88 | 10 03 2 @ &

Accaptable quality levels [tightened Inspection)

: Polsson for nonconformities per 100 units,
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Tables for sample size code latter F (Individual pians)

Parcantage of lots
expected to bs

Chart F — Operating oharacteristic curves for single sampling plane
{Curves for double and muitiple sampiing ere matched as closely es practicsbla)

acceptad {F,}
100 100
- .

80 80 3 .
60 3 - 60 X %
s EHRHN: A 40 : Y

o, \
20 d 20
0 0 ] =

(] 20 30 40 50 20 Ld 80 100 140 160

Quality of submiited product {p In percant nonconforming for AOLs < 10: tn noncanfosmities per 100 units tor AQLs > 101

NOTE — Values on cuivas a1 Aceeptahie Duality Levels {AGLs} for normal inspection.

Tabulated valuas for operating characteristic ourves for single sampling plans

Acceptsbls quulity levels [normsl Inspectionl

0@ [ 28 [ &

as | 0 085 | 25 | a0 [es [0 | [~><] 7

’l. - —————fl e e aum s W e
nfnLI: ts:"c':;;' p lin nonconformities pee 100 unhst

99,0 00802] 0.75% .27 4,38 8,78 00503 0.743 2,18 4,12 8,93 14,5 178 29 30,5 34 81,7 629
85,0 0,258 1,81 4,22 2.14 14,0 0,258 1.78 4,08 883 13,4 19.9 26 30,8 384 46,2 62,2 74,5
90,0 0,628 2,09 $,64 2,0 168 0,527 2,68 6,81 a7 15,8 39 a2 35,1 43,2 61.5 634 81,2
8.0 1.8 4,91 8,20 128 218 1,4 48 8,64 127 21,1 29 3.2 43, 82,1 81,2_- 9.5 934
50,0 kX 1] ., 8,26 13,1 18,1 78 e 8,39 13.4 18,4 8.4 303 433 63.3 a3 n3 «s.3 108
28,0 8,70 [ }X:} 18,7 4.2 us 6,83 1386 19,8 255 .1 48,4 84,0 65,3 76,1 8.0 109 125
10,0 10.9 19,1 28 0.4 as 1.8 194 28,6 34 45,4 £8.9 65.0 7.0 889 101 124 21

50 | 139 N8 | 23 | 344 | 458 | 180 07 N5 | Ws | 628 | €7 | 122 e8| 972 | 1 133 B

1.0 2,0 89 358 42,1 53,2 230 3,2 420 50,2 65,8 800 82.0 101 14 127 153 172

1.0 40 85 10 1,0 40 6.5 10 16 25 40 65
Acceptatia quality lsvels (tightened inspection) T
NOTE ~ Binomiat distribution used for percant noncon! ] ; Potason fos f les por 100 units.
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Pescentage of fois

expacted tc be
accepted (1)

Tatiles for sample size code lsiter Q (Individual plans}

Chart @ — Oparating characterletic curves for singls ssmplilng plans

{Curves for double and multipla sampling are matched as clossly as practicable)

100 N 100 Q
N
h ~
\ N
80 N 80
X A
60 N a N’ 60 e
X N : A I
M A A 4’0
- I
4 [ S S N N
2
g 20
» ND 118 ~
1
0 1 ot el 0
[ ] 5 0 23 3 35 40 2 1) & 1] 100
Quality of submitted praduct (p, in paicent nonconfoiming for AQLs < 10; in nonconformities per 100 units for AQLs > 10}
NOTE -- Values on cirves are Accepisbls Quality Levels [AQLsi for normal Inspeciion. ’
Tabulated values for operating characteristic curves for singls sampiing plans
Acceptable quslity levels (normesl Inspection)
n |o® [16 726 a0 [ es [0 <IN
p lin porcent .
nonconforming) » lin nonconlfeimities per 100 units}
99,0 0031 4] oen 1,40 2,67 508 | 973 | 00314 o048a | 138 2.87 5,58 908 | 1.0 14,9 19,1 234 323 383
860 | 0160 | 112 | 260 | e38 | 850 | 131 | 0160 | 151 | 296 | 427 | 817 | 126 | wr | 193 | 240 | 288 | 383 | 465
80,0 0329 187 343 6.60 10,2 15,1 0,228 1.68 Ju 6.45 8,85 1458 170 21,9 2.0 32,2 427 508 b
""" 70 08 | 301 842 | 708 | 134 | 190 | 089 | 300 640 | 792 | 132 | 188 aze | "854
0.0 2,14 619 | 827 | 104 | 198 | 27 | 20 4 83 | 18 | 127 | 240
%0 4,24 819 | 19 16,4 23 20 | 48 841 123 16.0 2.2 03
- 10,0 694 1ne 158 19,7 71 0 1.0 122 188 09 2.0 0.8
80 8.4 14,0 18,4 2,8 20,1 72 | 9.3 148 19,7 1.2 329 a
1,0 13,4 19,0 238 281 380 432 |14 27 83 34 410 50,0
0,68 2.6 40 (X3 10 [X) 25 40 68 10

Acceptsble quslity tevels (tightened Inspsction)

NOTE — 8inomial distribution usad for percent nonconforming computations: Polsson for nonconformitiss per 100 units.
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NOTE - Valuss on curves are Acceptable Quatlly Lavels (AQLs} for normal Inspecilon.

Chert H — Operating characteristic curves for single sampling plans
[Curves for doubils and mutiiple sampling ere matched as clossly as practicablel

Tehles for sample size cods lstter H {Individual plans)

100 —
80 Y- )
60 ’
| | N
-
40 ‘{ ? S
NE\CA S (-
20 [ Yo NG N =
0 1
5 10 15 20 25 30 35 40 45 50 55 60 65

Quality of submiited product [p, in percent nonconforming for AQLs < 10; in nonconformitles par 100 uniis tor AGLs > 10)

Tsbuiated velues for opsrating charactaristio curvas for single sampling plans

Accoptsble quality lavels {normal Inspection

03 | 10 [ 18 | 25 [ a0 ] &8 [><] w0

o5 [ 10 [ 25 Jaofas o] [S<]s [><] &

h »p lin percont nonconforming) p {In nonconformitles per 100 unita)
89,0 0,0201}) 0300f 0888 1,68 3,69 0,07 7,36 10,4 [00201] o297 | 0672 1,65 387 6,81 7.0t 9,54 12,2 15,0 20,7 25,1
950 }o,103 0718 1,68 21| 638f 822 | 972 | 128 (0103 | 0711 | v64 273 823} 298 | 935 | 123 154 185 | 209 | 298
80,0 0,210 1.07 222 3563 643 85¢ | 112 146 o211 108 222 34 6.30 a3 10.9 140 173 28 2723 328
75.0 0.874 1.92 3,48 8.10 8,61 120 138 176 |0678 192 345 5,07 844 | 119 13,7 17.2 208 %48 ns 3.4
600 (1.2 3.0 | 834 22 | W3 182 | 172 212 |19 338 | 838 73 | 13 | 183 173 | 213 283 283 | 73 | 22
250 (273 62 | 269 | 100 146 B8 | 0 ] 82 {47 63 | 784 | 102 148 | 194 | 218 | 280 30.4 M8 | a5 | #8
100 |[4,60 7.5 | 103 12,9 78 | 24 | 247 2,1 |40 778 | 100 124 188 | 238 | 260 | 308 356 | 403 | 465 | 564

B0 {682 8,14 | 120 “s 199 | 247 | 270 30 {68 849 |12, 86 | 210 | 283 | 289 | 3,9 389 | 438 | 634 | 608

1.0 8,00 126 158 18,7 242 2.2 3,2 33 {9 13,3 16,8 20,t 8.2 320 s 4.3 48.08 60,0 61,2 €87

0,40 16 25 40 85 | 10 0,40 1.5 28 40 [X] 10 15 26 R

Acceptable quaiity favels (tightened Inspection)

NOTE — Binomiat distsibution used for percent nonconfouming computations; Poissen for nonconformitles per 100 tnits,
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Percentage of lots

Chart J — Opsrating charactaristic curves for single aampling plans

Tables tor sample size code fetter J (Indlvidus! plane)

{Curves for doubls snd multipls ssmpking are matchad as clossly es practicabls)

sxpected to be
accepted ()
100 =
N L o =
80 1]
N\
N
-+ \ & ra N A N g
2 P ’u O Y .
REVP oy \ b
- N
YEAYN
0 ANEAN .
0 =
2 4 [ 8 10 7 1% % B 20 2 w2 % 30 £ 74 B 3 38 40
Quskity of submitted product {p, in percent noncanferming for AQLs < 10; in nonconformities per 100 unils for AGLs > 10}
NOTE -~ Vslues on curves ste Accentsbls Quality Levels {AQLE) tor normel inspaciion. '
Tebuisted values for operating ch Istic curves for single asmpling plans
Acceptable guality levels (normal lmpoetlonl
o (o0 Joes oo | e [[28 a0 [T a8 [5<Tw Jows | oss [0 [ is |28 B<J s w ST
£ {in percent nongonforming) p lin noncontosmities per 100 units)
990 00126 0,187 | 055 1,04 228 an 451 017 7.93 9,78 0.0122 0,_\30_ 0,548 123_ 2N 363 438 598 7.62 9351 129 16,7
95,0 f00641] 04481 103 | 173] 332 507 ] 600 701 | 0895 ] 156 [oosar{o44a| 102 | 171 [ 327 ]| a8 5087 | 7291 | 96 | we | 158 { 100 |
200 [0132 | os67| 1391 220] 399 ] 601 | €90 | @es| 110 | 132 Jo132 Joeas | 138 | 218 | 304 | 6oz | 6| s8] 108 [ 120 | 7 | 703
| o TORhacly Mot .
750 0‘359—‘ 1,20 2,18 318} 630] 7250] 86t) 109 132 158 039 | 120 218 Ny L7 745 ) 865 ) 108 130 15,3 199 | 234
500 00663 | 2,09 3,33 457 7.00 § 9,65 | 108 133 158 18,3 0,868 | 2,10 3 453 | 709 | 959 { 108 133 158 183 233 | 2711
250 172 § 303 | 484 | 630) o914 110 | 133 | 160 | w6 | 212 |1,13 | 337 | 490 ] 638 | 028 [ 120 |35 |83 Jwe |27 | 272 § 312
00 {284 | 478 | 652 | e8] 11,0 [ 143 | 157 | a6 | 214 |22 |208 | 488 | 665 | 835 | 1.8 [1a7 {182 | 183 | 222 | 282 | 309 | 32
50 [368 | 670 | 7.66 | o4r| 127 | 158 1723 | 203 | 232 | 280 {374 {693 | 767 | 969 | 131 | 184 | 180 | 212 1243 | 274 | 334 | 3.8
10 |659 | 80y J101 | 120 | 56 | 188 | 208 | 236 | 266 | 205 [678 [830 |w5 [128 |84 [ 200 |218 [252 [288 | 318 | 382 | 429
0,26 1,0 1.5 28 4,0 X3 10 025 Lo 15 25 4.0 85 10 15
' Accsptabdle quality fevels {tightened inspaction)
formi ; Palsson for f pas 100 units.

NOTE — Binomiat distribution uted for parcent
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Pearcantage of lota

Tables for sampte size code letter K {Individust plans)

Chart K — Operating characteristic curves for single sampling plans

expacted to be {Curves for double and multiple sampling are matchad as closely as practicable)

sceapted 7))

100 gy 100

a
1
80 80 FHH
.
60 - 60
s \ ) {1 Y
&0 N 40 At ~ N
N© Ay .
ST 1IN "‘
20 b Ny 20 he. N
T N N A §
0 1 0 Sms
10 20 30 40 5.0 6,0 70 5 15 20 25
Quslity of submitted product in percent florming of in formitles par 100 units
NOTE — Veuss on curves sre Acceptable Quality Levels AQLs) for normal inspeciien.
Tabulsted values for operating charaateristio curves for singla sampling plans
Acceptable quality lsvels Inormael Inspection)
n ot0 | o 068 | o | s | 2s [>T w0 [><<] a8 [ ><<] w
p {in percent forming or itfes per 100 units)
99,0 0,008 04 0.9 0.349 0,859 1,43 2,32 281 3.82 4,88 6,88 8,28 10,1
85,0 0,0410 0,284 0.654 1,09 209 318 378 4,54 8,15 7.40 9,95 1.9
90,0 0,084 3 0,425 0,802 1.4 2,52 372 4,38 5.62 8,82 8,24 10.8 130
76,0 0.230 0.769 1.38 2,03 338 4,76 547 6,90 8,3¢ 8,79 12,7 149
80,0 0,888 1,34 2,14 2,94 464 (AL 8,54 8,83 10,1 1n? 14,9 173 ]
5,0 1.1 2,16 3.4 4,09 5,94 1,78 9.64 104 12,2 ne 174 20,0
10,0 1,84 wmn 4,26 6,34 7.42 942 10,4 123 14,2 16,1 19.8 256
80 240 3,60 8.04 8,20 841 106 11,6 13.8 158 176 4 242
1.0 3.68 631 e.n 8.0 10,6 128 3.9 16,1 18,3 204 245 278
0,18 065 1.0 1.6 25 40 . 65 10

Accaptable quality levels {tightsned Inspacticn)

NOTE — AB the values given In the tsble sbove ar9 baisd on Poiston distribull

83 80 8pp

to the bi
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Tables for sample size code latter L (Individual ptens)

Pescentege of lots Chart L — Operating characteristic curves for single sampling plans
expecied to bo {Curves for double and multiple sampling sre matchad as closcly s practicablel
sccepted ()

100 -

y.

80

60 ‘bz S - o N

40 £ ) -
o ]
.GP

P
e
4

JV;L\I

20

V.
Y

10 20 30 40 50 60 10 80 90 10.0 1m0 120 13,0 16,0 5.0 16,0

Quslity of submitted product in percent forming o1 in formities per 100 unita

NOTE — Values on cuives are Acceptable Quality Lovels (AQLsil for normat inspection.

Tabulated vatues for opearating characterlstle curves for singie sampling plans

Accepteble quality levsls normal inspection) ~
n ooes | 0% | oe | oes | 1o | 18 [—><—] 8 [C5S<] w [T=<_1 8
P {in percant g or f e pesr 100 units)
9.0 000503 | 00743 0.218 0.612 0.093 1.45 1,75 2.39 3.05 374 5.17 6.20
95.0 | oome 0,178 0,409 0,683 131 1.9 2,36 3.8 38 | PR Y R
80,0 00627 0,288 0,65 0.872 158 2,3 272 2,61 2 5,15 6.84 8.12
75,0 0,144 0,481 0,854 127 21 2,98 342 o 5.21 612 295 93
5.0 0,347 0,%9 1.4 1.84 284 38 an 5.33 en 3 9.33 08
[ 25,0 oe3 | 1.3 1.96 255 an ) 5.40 85t | 161 | &m0 109 | 128
0.0 116 ) 2,66 3.4 464 ) 6,50 7.0 E:) 10,1 124 14 ]
e
5.0 1.60 2.37 215 3.00 6.26 .87 122 2.48 [X:) 10.9 133 151
1.0 2% 3,32 4.20 .02 8,55 .00 8,70 10.1 14 12,7 16.3 7.2
0.10 0,40 0.65 .0 6 2,8 Y] 65
- Acceptable qusiity levais (tightened I'lllileﬂo‘l:!; T
NOTE — All the values given in tho table sbove ava based on Polsson distribution as an spproximation to the binomlal distribution.
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Yables for sampls stze code letter M [Individual plans)

Chart M —~ Opsrating charaateristic curves for single sampling plans
(Curves for double snd multipte sampling are matchad as closely 98 practicabla)

Percentsgs of lots 100 >
expected 10 be
sccaptsd (7)) 1t A
80 Y -
 ,
60 - 2
- O
0 I PN
o Xr) \Z .
& A N
20 - SANL ™
0 o ——— -
10 20 30 (] 5.0 60 70 8.0 90 09
Quatity of submitted product in parcent { g arin farmitiss per 100 unils
NOTE —~ Valuss on curvas sre Acceplable Quaty Leveals (AQLs} for normal inspection.
Tabulated values for opsrating ch Istic curves for single sampling plans

Acceptable qus! ¥ tevels inorma} lmpl_c([ﬂ_nl
. 000 [omm | om | ow | ees | w0 ST TS
p lin petceny f g or fties per 100 unhs)

9.0 20013 | 00472 0.138 0.281 0.567 0.023 XI] 1.8¢ 1.4 2.3 3.2 3.9
9.0 0.0183 [XIE] 0,260 0,434 0,630 128 ) 1.98 2.4 234 3.95 473 |
900 00138 0,169 0.35 0,954 1,00 1,48 112 223 2,78 227 an S8
750 0.0913 0,308 0,58 0,805 1.4 1.9 217 214 331 389 505 | 693
50,0 0,220 0,6 0,6% 1.1 1.0 2,93 2.7 339 402 4,68 5.9 688
250 0,440 0,658 124 .62 2.38 3,07 EXH) 13 I §.52 .90 Er)
10,0 0,731 " 169 212 254 3,74 an 4.8 5.64 6.30 7.86 895

5.0 0,95 181 2,00 248 FXT) 417 458 6.3 017 6.95 847 9.60

0 1.4 21 287 FXT) 18 5.08 5.52 6.40 7.24 8.08 on 109

0,088 0.8 0.40 0.65 1.0 18 2.5 40
Acceptable quality levetls {tightened (nspection)
NOTE — All the values given In the table sbove sre bessd on Polszon di: lon ge an 19 the bl iod di
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Parcentane of Ints
axpected 10 bs
sccepted (1%}

100

80

Tables iov sampls size code lstter N {Individual plans)

Chert N — Opersting characteristic curves for single sampling plans
{Curves for double and muitiple sampiing are matchad as closely as practicabis)

- - - - » »
A A
N ) B s - 4~ 1 -
1 -1 ‘ i
T 3 A ey I
X s THEFEERE
 2e 2 -4»—1\/ « 1
2 A J o 4-
0 (B 2 > L4114} { -
BaAvE, Mzausy .5
| 1. i
0S 10 15 20 25 30 35 4,0 4,5 50 S5 60 6,5
Qustity of d in psscent g orin formitias per 100 units

NOTE - Vatuas an cusvas are Acceptshis Quality Lavets {AQLxl lor nosmal inspeclion.

Tabulated valuss for oparsting characteristic curvas for single sampling plans

Acceptebte quaiity levels (normal Inspection)

“Acceptuble quatity isvels (tightensd inspection)

R w o > s [><] s
piin {orming o mitins par 100 units)
0,357 0.881 0,701 0.954 1.22 150 2,07 2.5¢
T 0623 om T 69@ . l.-n 1,54 1.85 i.‘s 298
o 6330 h 093! T 1‘@ 1 l..do - ‘).73 u 2.08 2’.741 3.i5
Fosu [ e T T T T 208 245 3.18 3.3
T Tl s [T [T [ 2ss | 2 L 433
Cadl e ] e T em | oam | se | oam |
1,88 235 2,60 308 158 4,03 4,85 5.64
“200 7 2ea [ Tzm 338 ] see | am |7 54 6.0
e T a0 [ Taae T aes [ ass | ses | sa2 | em
065 1.0 i 25 <

NOTE — All the values qiven in the tabia shova ara based on Polsson as sn eppraximation ta tha hinomial ks
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Tables for sampte slze coda latter P (Individual plans)

Chart P — Oparating characteristic curves for single saampiing plans

(Curves fo: doubls and wling are as clossly as practicabdle)
Pucentage of lots 100 -y
sxpected to ba “g -
secepted (£} h
80
-
1 b
114 =] A 7 2, 8
No I\ d a
a\e X
ma R AN A .
Ly N
N A
0
0,5 10 15 29 25 30 35 40
Quslity of submittad product in percent ing ot In formitias pst 100 units
NOTE — Values on curves Bre Acceptsble Quaily Lovels {AQLs) for noimai inspaction.
Tebuiated velues for operating characteristic curves for single sampling plans
Accaptable quality lsvels (normal Ingpection)
A 006 | oo | 010 | o1 | o3 [ 0% [ 088 [ < | W0 [ ><_] 18
p {In percent forming or formitles per 100 unite}
98,0 0,001 28 00188 0,0545 0,100 0223 0,353 0,439 0.5% 0,762 0,835 1.2 1,87
8.0 0,008 41 00444 0,102 0. 0,327 0,438 0,587 om 0,961 1,16 1,68 188
800 00132 0,068 8 0,138 0,218 0,384 0,582 0.879 0,878 108 1.20 w 20
75,0 0,038 0 0,120 0,216 0.317 0627 0,748 0,655 1,08 1,3 1,53 1,99 234
50,0 0,080 6 0,210 0,34 0,459 0,709 0,959 1,08 1,33 158 1.8 23 wm
25,0 0,173 0,337 0,490 0,639 0,928 12 1,35 1,8 1,80 2,17 2,712 32
10,0 0,286 0,488 0,668 0,836 )18 1,47 1,62 1.63 2.2 2,52 3,09 3,52
B0 0,374 0,683 0,787 0,989 1,3 184 1,80 2,12 24 2,74 334 3,78
1,0 0,878 0,830 1,06 1.28 1,64 2,00 2,18 2,82 2,88 3,18 38 4.2
0,025 0,10 0,18 0,28 0,40 065 [X] 6
Accaptabis quafity levels (tightensd inspsction}

NOTE — Al tha values given in the table sbove are based on Polisson disulbution es an

ian to the b o ibution.
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Tables for sample size code tatter Q (Individual plans)

Chart O —~ Operating characteristic curves for single sampiing plans
(Cusves for double and muftiple sampling are mstiched as closely es practicabte)

Percentage of fata 100 "
expected to be h
accepted (£} N A 3
80 N8
N
A
60 - )
N
40 A ?qr . h
] ,3 6w 6‘—‘5‘ “\
- AN Y
AC '%. Z] & N .
1} A ”\(‘ TN N . .
. N
-
02 04 06 08 10 12 1.6 16 18 20 22 24 2,6
Quality of submitted product in percent forming or in f per 100 units

NOTE — Vslues on curves sre Accentabla Quelity Levels |AQLs) for normal inspection,

Tabulsted values for operating characterlatic curves for single sampling plans

Accaptable quality lgvels inormal inspsction)
s ooio | oow | oo [ oi0 | o | om [ os [ ] o
p lin gescent forming or fosmities pes 100 units)
99.0 0000804 | 00110 0,049 0,068 0 0.10 0.2 0,28 0.382 0,49 0.598
5.0 0.004 10 0,028 4 0.088 4 0109 | 0209 0.318 0,378 0,434 0616 | 0740
%00 0.008 43 0.0476 06,0892 0,140 0,262 0,372 0,435 0,562 0,692 oM
T 80 0,000 0,018 8 0,138 0.203 0330 0,476 0.547 060 | osn 0,979
00 | 00356 0.134 02 | o024 0.454 0.614 0,854 088 | 100 T
250 0,011 0,218 0.314 0,409 0,554 0.775 0.864 o | h: 1.3
10,0 0,184 0311 0,428 0534 0742 0.542 104 T | 142 181
5.0 0,240 0,330 0,604 0,620 0,881 1.8 118 1.3 1.68 1.75
10 0,363 0,531 0.672 0,804 1.06 1.28 139 | t8l 3 208
0.018 0,063 0,10 0.15 0.5 0,40 065
Accaptable quality tavals {fightened tnapection}
NOTE — Afl the values given in the tadle sbove are based on Poissan d as an imatlon (o the binomial disti
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Tablos for sample size code letter R {Iindividual plans)

Chart R — Opsrating charscteristic curvas for single sampling plans

SHI WoJ) asusol] Inoylm pajiwsad Buppomisu 1o uononpoldal oN
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Tabiles for sample size code letter S (individual pians)

Pacent of o Chart S - Operating characteristic curve for single sampling plans
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800 0.0169 0.0
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[ 250 a.0888 0.0855
10.0 o1 0.123
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Table 29 — Tables for sample size code letter S (individual plans)
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12.2 Sequential sampling using 1SO 8422

The purpose of 12.2 is to provide sequential sampling
procedures that correspond to the single sampling plans
discussed in 12.1. The sequential plans discussed here
maich, as closely as possible, the plans described in 12.1.
The sampling schemes again are indexed by AQL and
sample size code letter. The procedure for selecting these
indexes is the same as that described in 12.1.

The sampling plans described here are for use in situations
where

— there is a continuing series of lots, and

— inspection is by atributes for either percent
nonconforming or number of nonconformities per 100
images.

The sampling plans are based on the assumption that

nonconformities occur randomly and with statistical

independence.

In the case of inspection of isolated lots, the procedures in
11.2, Item-by-item single sampling procedures, should be
used. Those procedures require selecting the following risks:
— rejecting lots with an acceptable level

— accepting lots with an unacceptable quality level

The principles of sequential sampling by attributes were
discussed in 11.2.1. The definitions and symbols used here
are the same as those used in 11.2.1. Presented here are the
values of the sequential sampling parameters that result in
operating characteristic curves approximately the same as
those of the single sampling plans described in 12.1 for the
same AQL and sample size code letters.

12.2.1 Operation of the procedure

For each value, n__, of the cumulative sample size that is less
than the curtaitment number n, the acceptance number, A, is
found by rounding the quantity gn__ - h, down to the nearest
integer (see the example that follows).

The rejection number, R, is found by rounding the quantity
gn_ + h,up to the nearest integer (see the example that
follows).

Values of h,, h,, and g for normal inspection are given in
table 30, indexed by AQL and sample size code letter.
Values of the same parameters for tightered inspection are
given in table 31.

Curtailment values for the normal and tightened inspection
plans of tables 30 and 31 are provided in tables 32 and 33,
along with the acceptance number, A, , for the curtailment
sample size.

The rejection number for the curtailment value of the
cumulative sample size, R , is one more than the acceptance
pumber, A,

An example follows.

For the sequential sampling plan with AQL = 2.5% and
sample size code letter J, table 30 gives the following values
for normal inspection:

— h,=1910

— h,=1.650

— g=0.0706

The corresponding single sampling plan from table 32 is 80.
The curtzilment value from table 32 is 120 with an

acceptance number of 8 and a rejection number of 9
(8 +1), for the curtailment sample size.

The value of the acceptance number, A, is
A=gn_ -h,
A=0.0706n_ - 1910

rounded down 1o the nearest integer (see table 34).

The value of the rejection number, R, is
R=gn_+h,
R=0.0706n_+ 1.650

rounded up to the nearest integer (see table 34).

The rejection number cannot exceed the curtailment
rejection number, R and the acceptance number cannot be
less than zero.

The acceptance and rejection numbers corresponding to the
cumulative sample sizes 1,2,..., 120 are calculated from these
expressions by successively inserting the values of n__ in the
expressions and rounding appropriately. The resuits are
indicated in table 34.

The example also can be presented graphically, if desired.
Figure 4, Example graph for sequential sampling using
ISO 8422, illustrate graphically the same information that is
in table 34.

To use the graph, do the following:

A. Startinspection at the origin.

B. For each image inspected, move one unit to the right.
C. If an image is nonconforming, also move up one unit.
D. Check if the lower or upper decision line is crossed.

— If the plot crosses the lower decision line, the lot

can be accepted.
— If the plot crosses the upper line, the lot is rejected.

E. Continue sampling one image at a time as long as the
plot is between the two lines.
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Table 30 — Sequential sampling plans for normal inspection for percent nonconforming (Master table)
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Table 32 — Curtailment values for sequential sampling plans for normal inspection for percent nonconforming
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Table 33 — Curtailment values for sequential sampling plans for tightened inspection for percent nonconforming
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Cumulative Sample Acceptance Rounded Acceptance Rejection Rounded Rejection
Size Number Number Number Number
n.. gn..- h, A gn_ +h, R

1 -1.839 * 1.721 **

2 -1.769 * 1.791 2

3 -1.698 * 1.862 2

4 -1.628 * 1.932 2

5 -1.557 * 2.003 3
20 -0.498* * 3.062 4
28 0.067 0 3.627 4
34 0.490 0 4.050 5
42 1.055 1 4.615 5
48 1.479 1 5.039 6
56 2.044 2 5.604 6
63 2.538 2 6.098 7
70 3.032 3 6.592 7
76 3.456 3 7.016 8
84 4.020 4 7.580 8
90 4444 4 8.004 9
98 5.009 5 9
113 6.068 6 9
119 6 ..
120 8 9

Table 34 — Example sequential plan
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Figure 4 — Example graph for sequential sampling using ISO 8422

12.2.2 Switching rules and operating characteristic
curves .

With the exception that reduced inspection is not possible
with the sequential plans given in this technical report, the
switching rules provided in 12.1.2 apply. The operating
characteristic curves provided in 12.1.5 also apply to the
sequential sampling plans provided.

12.2.3 Average sample size

The average sample size is the average of the various
sample sizes that can occur before a decision to accept or
reject a lot is made. The average sample size for four
values of the process average are given in table 35 for
normal inspection and in table 36 for tightened inspection.

50

In the tables, 0.00 means no nonconforming images exist
in the lot being inspected. The symbol p, refers to the
quality level, in terms of percent nonconforming, or
nonconformities per 100 images, that would lead 1o 90%
of the lots being accepted by the sampling plan. The
symbol p, refers to the quality level that would lead to
10% of the lots being accepted by the sequential sampling
plan. The symbol g refers to the parameter g of the
sampling plan. When the quality is equal to 100g (in
terms of percent nonconforming or number of
nonconformities per 100 images), the average sample size
is at its highest level. Values of the average sample size
for quality levels not given in the tables can be found by
interpolation.
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Average sample size for sequential sampling plans for normal inspection for percent
) nonconforming
Qnam: Acceptable quality level In percent nonconforming (normal inspection)
Code letter | {proportion
AONCON- .
forming) | 0025{ 0.0¢0 | 0065| 0,10 { 095 | 025 | 040 | 08 | 10 15|25 | 40 | 65 | w0
0,00 5 4
o Pa 60 59
z 85 | 66
P 41 48
000
] 6 5
. Pa 98 | 88 | 83
4 103 9.4 89
3 ‘ 64 | 64 | 67
0
00 13 10 ] 6
e Pa 155 | 138 | 133 | 125
I 4 156 | 147 | 154 | 154
P 9,2 94 100 | 108
0,00 21 16 14 1 :]
P Pa U8 | 222 ) 215 | 204 ) 1994
g 247 | 36 | 200 | 242 | 235
Pu 44 | 148 | 153 | 160 | 160
X
00 k] 28 22 17 1 12
" Pa 378 | 358 {1 337 | 316 | 208 | 298
s 77 |'sr2 312 | oo |ar2 | 72
Pr 219 | 229 | 230 | 232 | 247 | 254
0,00 52 4@ 35 28 24 20 16
3 Pa 812 | 564 | 539 | 511 | 500 | 483 | 457
' €07 | 58,7 | 591 | 59,1 | s93 | 582 | 589
P M8 | 359 | 366 [ 378 | 308 | 396 | 402
0,
00 80 64 54 43 36 30 25 19
X Pa S38 | 972 | 818 | 768 | 732 | €93 | 654 | 60,4
g 827 | 902 | 891 | 878 [ 861 | 844 | 810 | 763
Pr 528 | 547 | 546 | 554 | 556 | 555 | 543 | 523

Table 35 — Average sample size for sequential sampling plans for normal inspection for percent nonconforming
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Quatity Acceptadie quality level in percent ing { inspection)
level, p
Code jetter (proportion
noncon-
forming| 0.025| 0,040 0,065} 010 | 0,145 | 0,25 | 040 | 085 10 15 25 4,0 65 10
0,00 129 | 103 87 69 58 E 41 3
L Pa 152 141 133 125 120 116 109 103
4 150 145 145 143 141 139 134 130
Pr 849 | 878 | 88,1 899 | 903 | 911 89,2 | 88,1
0,00 205 | 162 | 138 | 111 85 80 67 54
“ Pa 241 | 221 | 219 | 200 § 192 | 186 | 173 | 17
8 237 227 228 229 225 224 221 215
Pa 135 137 139 143 144 148 146 145
0,00 326 260 220 177 152 128 108 88
- Pa 333 354 35 317 311 298 289 280
8 3 365 363 362 384 ass 355 351
Pr 243 220 220 226 232 233 235 236
0,00 522 | 41S | 3584 | 285 | 245 | 208 175 | 143
P Pa 613 566 540 513 488 481 470 458
2 605 583 586 584 584 877 517 5§74
Pr 342 | 351 | 355 | 365 | 372 | 375 | 380 | 385
0,00 820 649 556 446 383 326 276 27
Q Pa 965 886 850 804 779 788 742 28
8 952 912 924 916 910 919 909 12
Pr 539 | 549 559 573 580 596 | 899 611
0,00 1303 | 1040 889 716 815 521 440 | 363
A Pa 1531 ] 1419|1357 1293 | 1252§ 1221 ) 1178} 1159
F 4 1500 | 1461 | 1473] 1475 | 1484] 1465 1441 | 1449
Pr 853 | 879 | 892 | 921 | 932 | 9«9 | 849 | 970
NOTES
1 Values of p, (', w 0.90) and py (P, = 0,10) are shown in table X of ISO 2858-1:1888.
2 Average sampile size for p= 1,0 (00 % forming) Is an Integ! iately above Ap/(7 ~ %)

Table 35 — Average sample size for sequential sampling plans for normal inspection for percent nonconforming
(concluded)
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Average sample size for sequential sampling plans for tightened inspection for percent
nonconforming
Quality Accepisbie qualily tevel in percent forming (tig! d insp )
tevel, p
Code teiter | (proportion
fnoncon-
forming] [ 0025 0,040 [ 0,065{ 0,10 | 015 { 025 {040 | 065 { 10 | 15 { 25 | 40 { 65 | 10
0,00 .5
D Pa 6.0
8 65
Pn 41
0,00 8 6
€ Pa 98 | 886
z 103 | 94
Pn . 64 | 62
0,00 13 1 [
- Pa 155 | 138 | 133
4 158 | 147 | 154
Pr 9.2 94 | 100
0,00 2 16 14 1
P Pa . 248 | 22 | 215 | 204
g 247 | 236 | 240 | 242
Px 144 | 148 | 153 | 160
0,00 32 2% | 22 7” 13
" Pa 378 | 356 | 337 | 315 | 304
4 377 {372 | ar2 | 370 | 372
Pr 219 1 229 | 230 | 238 | 249
0,00 52 “ 35 | 28 22 18
3 Pa 812 | 564 | 539 | 51,9 | 483 | 470
2 607 | $8,7 | 59,1 [ 594 | 596 { 58.4
Px 348 [ 359 | 366 | 378 | 393 | 394
0,00 80 64 s4 43 | 34 27 2
x Pa 938 | 872 | 818 | 766 | 71.8 | 675 | 612
] 827 | 902 | 89 [ 8758 } 853 | 62,7 | 768
Pa 528 | 547 | 546 | 554 | 555 | 550 | 523

Table 36 — Average sample size for sequential sampling plans for tightened inspection for percent nonconforming
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Quaaity Acceptable quality level In percent nonconforming (tightened inspection)
tevel, p
Code letter | (proportion
noncon-
forming 0,025} 0040 ]| 0065 010 { 015 | 025 | 040 | 08BS 10 15 25 40 8.5 10
0,00 129 103 87 69 56 45 36
L Pa 152 141 23 125 119 112 105
R 150 145 145 143 141 137 131
Pa 849 | 87.8 | 88.1 899 | 80.8 | 906 | 885
0,00 205 162 128 " a8 73 59
™ Pa 241 | 229 | 211 | 20n | 188 | 182 | 17«
R 237 227 229 n9 23 222 217
Pr 135 137 139 142 144 148 146
9,00 326 | 260 | 220 | 177 | 43 | 117 | 95
N Pa 383 354 335 317 307 294 283
R 3n 365 | 382 | 362 363 | 357 352
Pr 213 220 220 226 213 234 235
0,00 522 415 354 285 231 iy 155
'S Pa 613 568 S40 | 513 | 496 478 465
4 605 583 586 | S84 586 530 578
Pr 342 354 ass 385 are 330 336
0,00 820 649 556 446 361 299 243
Q Pa 965 | 885 | 650 | 804 | 774 | 754 | 723
8 852 812 94 816 | 916 | 916 897 :
Pr 539 549 559 | 573 587 | 600 597
0,00 1303 1040 | 889 716 579 478 392
R Pa 153111419} 1357 | 1293 1242 | 1203 ] 1168
4 1508] 1461 1473 | 1475} 9467 | 1460 1449
Pr 853 879 892 21 940 854 964
0,00 2058
s Pa 2418
8 2384
Pr 1347
NOTES -
1 Vatues of p,, (P, = 0,90) 3nd py (7, = 0,10) are shown in table X of ISO 2853-1:1969.
2 Aversge sample size for p= 1,0 (100 % nonconforming) is an integer immeately above Ag/{(1 - 2)

Tal_ile 36 — Average sample size for sequential sampling plans for tightened inspection for percent nonconforming
(concluded)
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13 Examples

This clause provides specific examples of how to use this
report. The examples may or may not be similar to actual
user situations.

13.1 Example one: Film conversion/isolated lots
(clanse 11)

Film is supplied by the vendor in rolls of 2000 images. A
total of 10 rolls is supplied in separate shipments. Each
roll is to be sampled. Since 10 rolls are not enough to be
considered a continuing series of lots, we treat each roll
separately using the procedures of clause 11. First in
13.1.1, we will use the single sampling procedures from
11.1. Then in 13.1.2, we will use the sequential
procedures of 11.2.

13.1.1 Single sampling

The film attributes 10 be inspected are found in table 2,
Some film attributes, of clause 9. These attributes are
classified as class A or B according to their seriousness.

A. We must first choose producer’s and consumer’s risk

qualities for each class of nonconformity. This is

> done in the following table. Recall that we are using
5% for producer’s risk and 10% for consumer’s risk.

. Class PRQ CRQ
A 1% 4%
B 49 10%

Table 37 — Example one: risk qualities

B. Next, we use table 3, Values for single sample plans,
to find the sampling plan for class A attributes.

CRQ/PRQ =004/001 =40  Ac=4

nx CRQ =7.994
n=7.994/0.04 = 200
nx PRO=1970

or n = 1.970/0.01 = 197

C. We choose the higher n possibility. Therefore, we
might use the plan n = 200, Ac = 4. Alternatively, we
could have used the nomograph in figure 1. This
would result in the same plan.

D. Next, we use table 3 to find the sampling plan for
class B attributes.

CRQ/PRQ =0.10/0.04 =25 Ac=10

nx CRQ = 15.407
n=15.407/0.10 = 154
n X PRO =6.169

or n=6.169/0.04 =154

The sampling plan is n = 154, Ac = 10. Again, the
nomograph in figure 1 gives us the same plan.

E. We review the sampling plans for each class and
determine the following:

— class Aisn =200,Ac= 4.
— class Bisn =154, Ac=10.

Because the largest sample size found was 200, we should
select 200 images from the roll. For class B
nonconformities, 154 of these would be inspected; for
class A, all 200 would be inspected. We would accept a
roll if we find

— no more than 4 of the 200 images contain class A
nonconformities, and

— no more than 10 of the 154 images contain Class B
nonconformities

Otherwise, we would reject the roll.
13.1.2 Sequential sampling

For the same situation as in 13.1, we have decided to use
the sequential sampling procedure of 11.2, Item-by-item
sequential sampling plans. We again have rolls of 2000
images and the same producer’s and consumer’s risk
qualities shown in table 37 — 5% producer’s risk and
10% consumer’s risk — for the two classes of
nonconforming images.

A. Afier we decide to use the sequential sampling

procedure, we use table 5 to find the parameters for
the three plans. These are found in table 38.

Class h, h, g n, A, R,
A 1.589 | 2040 1 00217 | 300 | 6 7
B 2295 | 2947 | 0.0658 | 231 | 15 16

Table 38 -— Parameters for sequential plans

B. Then, we construct tables similar to tables 39 and 40.
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n,.. A R n,. A R
1 * e 137 1 6
2 * * 166 2 6
3 * 3 183 2 7
4 * 3 212 3 7
45 * 4 258 4 7
74 0 4 299 4 7
91 0 5 300 6 7
120 1 5
Table 39 — Class A sequential plan
n,. A R n_, A R
1 * b 111 5 11
2 * - 123 5 12
3 * ** 127 6 12
4 * 4 138 6 13
17 * 5 142 7 13
32 * 6 153 7 14
35 0 6 157 8 14
47 0 7 168 8 15
51 1 7 172 9 15
62 1 8 184 9 16
66 2 8 187 10 16
77 2 9 203 11 16
81 3 9 218 12 16
92 3 10 230 12 16
9 4 10 231 15 16
108 4 11

Table 40 — Class B sequential plan

C. Because there are no fixed sample sizes in this case,
we would start inspecting both classes of
nonconformities.

D. Finally, we would
— stop inspecting if either of the classes reached its
rejection value, R

— stop inspecting for either class when its
cumulative count, ¢, reaches its acceptance
number, A

— accept a roll only after both classes have reached
their respective values of A (ie., we cannot
accept aroll until both classes have reached their
respective values of A)

13.2 Example two: EIM/series of lots

Electronic images are submitted on magnetic or optical
disks with 2000 images per disk. Fifty disks are to be
submitted in separate shipments. That is, we have 50 lots
(disks) of 2000 images each.

ANSVAIIM TR34-1996 Sampling Procedures for Inspection by Atributes of Images in EIM and Micrographic Systems

13.2.1 Single sampling

Because we have a continuing series of disks or lots we
use the sampling methods of clause 12

A

56

The first thing we must do is choose the acceptable
quality level (AQL) for each class of nonconformities.
We use the classifications in table 1, Some EIM
arributes, in clause 9.

The class A nonconformities are given an AQL of 1%
and those in class B an AQL of 4%.

We can choose either
— the single sampling methods in 12.1, or
— the sequential methods of 12.2.

The single sampling approach will be used here and
the sequential method will be used in 13.2.2.

Next, we consult table 7, Sample size code letters.
The lot size is 2000 and table 7 indicates that for
inspection level II we must use sample size code
letter K.

Then from tables 8, 9, and 10, we find the sampling
plans for normal, tightened, and reduced inspection,
respectively, for each selected AQL. These results are
shown in table 41, Single sampling plans for each
class.

For the first disk submitted, we would select a sample
of 125 images to be inspected on normal inspection.

We would accept the disk if there are no more than
the following number of nonconforming images in
the sample:

— 3 class A nonconforming images. (A class A
nonconforming image has one or more class A
nonconformities.)

— 10 class B nonconforming images. (A class B
nonconforming image has one or more class B : .
ponconformities and no  class A
nonconformities.) ;

Next, we would follow the inspection guidelin&c::
outlined in table 42. f
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Normal Tightened Reduced
Class | AQOL n Ac n Ac n Ac
A 1% 125 3 125 2 50 2
B 4% 125 10 125 8 50 6

Table 41 — Single sampling plans for each class

If we... Then we...

reject 2 disks out of any 5 inspected switch to tightened inspection, and .
remain on tightened inspection until we have accepted 5
disks in succession

accept 10 consecutive disks under normal inspection can switch to reduced inspection with its corresponding

using an acceptance number of 2 for class A and 7 for smaller sample size for each class

class B

reject a lot while on reduced inspection switch back to normal inspection for the next disk

reject as many as 5 disks while on tightened inspection should discontinue inspection of the entire shipment of 50
disks

Table 42 — Inspection guidelines (from table 11)

13.2.2 Sequential sampling C. We might again develop tables, such as tables 44
As an alternative to the single sampling procedure in and 45, using these parameters to assist in the use of
13.2.1, we could use the sequential procedure of 12.2. To these plans.

illustrate this procedure, we would do the following: :
D. As before, we start inspection with the two normal

A. Again, we will assume the AQL values used in 13.2.1 plans. The switching rules are carried out as in 13.2.1,
for each class — 1% for class A and 4% for class B. except there are no reduced inspection plans with
sequential sampling. Table 46 outlines the inspection
B. Using tables 30, 31, and 32, we find the plan guidelines for sequential sampling.
parameters indicated in table 43. Recall that we are
using code letter K from table 7.
Acceptable Acceptable Rejection Slope of Decision
Quality Level Parameter Parameter Lines Curtailment Numbers
(AQL) k) (h,) @®
n__ | A | R
Normal Inspection
Class A 1% 1.575 1.262 0.0296 188 5 6
Class B 4% 2.514 2.259 0.0857 188 16 17
Tightened Inspection
Class A 1% 1.359 0.980 0.0215 188 4 5
Class B 4% 2.303 2.025 0.0697 188 13 14

Table 43 — Parameters for sequential plans
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Normal Inspection Tightened Inspection
" A R n.. A R
1 * A% 1 * **
2 * 2 2 * 2
25 * 3 48 * 3
54 0 3 64 0 3
59 0 4 94 0 4
87 1 4 110 1 4
93 1 5 141 1 S
121 2 5 157 2 3
127 2 6 187 2 S5
155 3 6 188 4 5
187 3 6
188 S 6

Table 44 — Class A sequential plans (example two)

Normal ection Tightened Inspection
A A R R A R
1 * *% l * **
2 * *% 2 #* *¥
3 * 3 3 * 3
9 * 4 14 * 4
21 * 5 29 * 5
30 0 5 34 0 5
32 0 6 43 0 6
42 1 6 48 1 6
44 1 7 58 1 7
53 2 7 62 2 7
56 2 8 72 2 8
65 3 8 77 3 8
67 3 9 86 3 9
77 4 9 91 4 9
79 4 10 101 4 10
88 5 10 105 5 10
91 5 11 115 5 11
100 6 11 120 6 11
102 6 12 129 6 12
112 7 12 134 7 12
114 7 13 144 7 13
123 8 13 148 8 13
126 8 14 158 8 14
135 9 14 163 9 14
138 9 15 177 10 14
147 10 15 187 10 14
149 10 16 188 13 14
158 11 16
161 11 17
170 12 17
182 13 17
187 13 17
188 16 17

Table 45 — Class B sequential plans (example two)

If we...

Then we...

nonconforming images

reject 2 out of 5 or fewer consecutive lots for class A or class B

switch to tightened inspection for both classes

accept 5 consecutive disks while on tightened inspection

switch back to normal inspection plans

reject a total of 5 disks while on tightened inspection

discontinue sampling inspection under this procedure

Table 46 — Inspection guidelines for sequential sampling (from table 11)

Copyright AlIM International
Provided by IHS under license with AHM
No reproduction or networking permitted without license from IHS

Association for Information and Image Management International

Sold 10:PUBLIC.RESOURCE.ORG, W1277258
2012/4/18 22:4:16 GMT




ANSI/AIIM TR34-1996 Sampling Procedures for Inspection by Attributes of Images in EIM and Micrographic Systems

Annex A
Sampling Costs

To illustrate the type of decisions that must be made
regarding the two types of attributes plans — single and
sequential plans — consider the cost model provided in
the following equation.

C=a+bn*+c¢n,
where:
C is the total cost;
n* is the maximum sample size;
n_ is the average sample size when the quality level is
at the producer’s risk quality (PRQ);
a is the overhead cost;
b is the cost of selecting the sample (per image);
¢ is the cost of inspection (per image).
To illustrate the use of this equation, assume the overhead
cost, a, to be as follows:
$0.20
$0.50

— single
— sequential

Now assume the following:

— The cost of selecting the sample is $0.002 per image.
— The cost of inspection is $0.02 per image.

— We are dealing with batches of 10,000 images.

— The PRQ is 0.015 (i.e., 1.5% nonconforming).

If the consumer’s risk quality (CRQ) is 0.05 (i.e., 5%
nonconforming), the producer’s risk is set at 5%, and the
consumer’s risk is 10%, the plans in table A1 would be
equivalent in their protection.

59

Type Plan Plan Parameters
Single n=410,Ac=10
Sequential | R = 2.4075 + 0.0292n
A =-3.6720 + 0.0292n

Tablie A1 — Equivalent plans

For these plans, table A2 illustrates the values of n* and n,
for PRQ = 0.015. The resulting total costs are shown in
the last column of the table.

Type Plan n* n, Cost
Single 410 410 $9.22
Sequential 725 237 $6.69

Table A2 - Cost comparison 1

In this case, the most economical plan is the sequential
plan. Remember that both plans satisfy our requirements
regarding risks. If, on the other hand, the unit cost of
selecting a sample is increased to $0.10 and the inspection
cost per image is reduced to $0.01, the mode] would give
the results displayed in table A3, Cost comparison 2.

Type Plan Cost
Single $45.30
Sequential $75.37

Table A3 — Cost comparison 2

For this illustration, we see that the single sampling plan
1s the lowest cost plan. These two extreme examples serve
to illustrate the fact that high costs of selecting sample
units and low inspection costs lead to the decision to use
single sampling plans. An additional advantage of such
plans is their simplicity.
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AnnexB
Flowcharting inspection procedures using applicable
ANSI standards and specifications and a sampling
system (based on the example provided in clause 7 of
this technical report)

This publication provides a more statistically valid
method for selecting the number of images that should be
inspected. It replaces the random image inspection
scheme described in MS23. That publication recommends
a detailed visual image examination criteria for roll films
where approximately 0.5% or 10 images would be viewed
with 2 magnifier. MS23 does not establish an acceptance~
rejection criteria but does describe what the attributes are
and how to inspect. Employing a statistical plan may
establish a sample that will accurately determine the
product quality based on the needs of the user. However,
there is a need to understand
— the inspection criteria listed in various ANSI
standards and guidelines
— the inspection tools to use to be qualified to inspect
the film

Also, a sampling plan is not a replacement for specific
inspection procedures developed by film technologists.

Micrographic methodology can use 100% inspection of
specific criteria target images. Often, this level of
inspection is a “Go, No-Go,” or a circuit breaker that
would increase inspection if certain quality conditions
were not met. Unfortunately, quality criteria in the form
of specific resolution and density readings are usually
based on the assumption that all of the material in a film
batch is of equal quality or that the necessary “Go, No—
Go,” acceptance criteria have been established through an

60

examination of the source documents. A sampling plan
probably will indicate conditions where MS23 image
capture inspection methods may be unsatisfactory. f

Three major micrographic technology quality criteria are

— resolution, which is the ability of the system to
capture or film the smallest necessary character at the
first generation at significant quality at the user level.
This is done by using a quality index chart (MS1,
MS23, MS43, and implied in MS32). Readings are
made of filmed resolution target arrays.

— background density, which represents an arbitrary
relationship between the data on the page and its
background. Background depsity is determined by
comparing the documents to be filmed to applicable
Background Density Groups (MS32, MS43, and
MS32). Specific targets, usually in the form of
reading the density using a calibrated densitometer,
are used.

— inspection for lost data. This class A attribute is
evaluated by passing the film over a light box and
noting any unusual condition.

Unlike the sampling plan, the technology inspections are
100%.

The flow chart, illustrated in figure B1, Technical
inspection and sampling plans, is based on the use of
micrographic standards to establish fundamental film
attributes based on the selected microform, technical
inspection, and a sampling technique described in clause 7
of this technical report.
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Establish necessary
delivery/pickup
document preparation
criteria, and other
logistics.

Incorporate
necessary attributes
using applicable
standards:

Resolution Density

Format standards specifications specifications

|

Have resolution target array
and blank copy
paper filmed at

beginning and end of roll.

Y

Establish other criteria
(Number of splices,
certificares, etc.).

Establish indexing and
other identifier and
information requirements.

!
g

Figure B1 — Technical inspection and sampling plans (sample of micrographic plan)
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Establish sampling
plan Producer’s Risk.
(Sec 131)

4 \J
Class A Class B
\
4 Nonconformities per 10 Nonconformities per
200 inspected images 154 inspected images

!

Technical inspection |}

Inspect resolution target
array at beginning of roll.

Determine if roll
should be rejected or
if other inspection is

required!

Read density
measurements

= -

[ -

Figure B1 — Technical inspection and sampling plans (sample of micrographic plan) (continued)
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Determine if roll should
No rejected or increased
image inspection
through sampling
plan or other means!

Pass roll over light box.

Determine if roll shovld
be rejected or if

other inspection is

required!

Inspect resolution target
array at end of roll.

Determine if roll should
be rejected or if other
inspection is required!

Yes ‘

Inspect first of random
images for Class A (200
images), B (154 images),

nonconformities over
light box using loupe.

No
Record Class Conforming?

nonconformity.

Yes

Proceed to next
random image

G E

Figure B1 — Technical inspection and sampling plans (sample of micrographic plan) (continued)
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Inspect next random
- image for Class
| nonconformities.

N
° Record Class

Conforming? ponconformity.

Yes

Proceed to pext
random image.

Count number of
o formiti

{

Reject Roll!

Reject Roll!

Figure B1 — Technical inspection and sampling plans (sample of micrographic plan) (concluded)
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