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Abstract
The Geometrical Product Specification (GPS) and the Geometrical Dimensioning and Tolerancing (GD&T) are communica-
tion languages to code the tolerablemorphology ofmanufactured parts and assemblies. Both languages should be unambiguous
tools to communicate such information between designers, process engineers, and Coordinate Measuring Machines operators
(CMM). GPS is the one developed in the ISO (International Organization for Standardization) environment. GPS language is
a complex code of 143 standard with further 15 under development. Moreover, as in each complex body of standards, most
of them recalls other standards in a very intricate manner. So, the need to have a flexible tool to search and navigate through
the standards is great, as is the need to optimize the work of the designer and to minimize the design, production, and control
costs. The basic effort in building such a tool has been the development of the database and the structure for the search engine,
called “GPS Navigator”. In the following, the requirements for the coding phase have also been issued, to realize a powerful,
efficient, fast, robust, and rigorous tool to navigate through the GPS standards. The final step of the “GPS-Navigator project”
is the delivery of a software tool able to help and guide the designer to quickly consult the appropriate standard or set of
standards.

Keywords Geometrical product specifications (GPS) · Database · Advanced search criteria · Design methods

1 Introduction

The Geometrical Product Specification (GPS) and the Geo-
metrical Dimensioning and Tolerancing (GD&T) languages
are the most powerful tools available to link the “perfect”
geometrical world of the CAD models to the imperfect
world ofmanufactured parts and assemblies.GPSandGD&T
should be unambiguous common languages between design-
ers, process engineers, and Coordinate Measuring Machines
operators (CMM) in the ISO (International Organization for
Standardization) and ASME (American Society of Mechan-
ical Engineers) environments, respectively [1]. Teaching of
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this subject is well established in all the technical universi-
ties, as there are also good reference books and texts on the
subject [1–3].

Being able to understand this language is paramount for
design engineers as for production quality control technicians
as well as for manufacturing operators.

There have been countless efforts in the direction of the
simplification of the workload of the tolerancing or product
specifications on the operators in all the phases of the product
lifecycle, as exemplified in [4–6] about the design phase or
in [7] about the inspection phase.

In the sameway,many tools havebeendeveloped to help in
the analysis of the tolerance stack, once it has been assigned
as in [8, 9]. The problem is double sided: it can be seen
from the tolerance analysis side (typical during fabrication
or during final controls) or from the designer point of view; in
this latter case it is a typical synthesis problem.Approaches in
the development of preparatory material [3] or in the coding
of support software [10] are as old as the subject of tolerances
itself.
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Since the information chain about Product Specifications
and tolerances originates during the design phase of a project,
it could be seen as a typical decision-making problem in a
project initial stretch of road [11]

In this paper we would like to narrow the field to the GPS
standards, because they are the ones adopted in almost all
Europe and because they are also the most numerous. Conse-
quently, it is easier “to get lost” among them. The whole GPS
standards set is under continuous development through the
cooperation of 26 participating members and 27 observers,
and currently includes 143 standards, while 15 others are
currently being developed [12].

GPS standards have been considered in several works as
an integral part of the production chain of a product, from
its design to its final control, passing through production and
processing. Their knowledge and correct application have
often been considered as fundamental medium to reduce the
overall cost of a certain product [13–16]. Even if GPS stan-
dards have been increasingly taught at engineering schools
or in basic tolerancing classes, many circulating drawings are
still prone to ambiguity of interpretation and do not commu-
nicate true functional requirements of the parts.

Potential savings related to the correct implementation
of GPS language are generated by trying to eliminate all
the losses related with an incorrect management of toler-
ances. All companies involved in designing ormanufacturing
mechanical parts can benefit from a correct usage of GPS,
but advantages are greatest for those companies outsourcing
the manufacturing of parts because these companies, more
than any others, need their drawings to clearly communi-
cate functional requirements, univocally, not ambiguously;
it is worth to say that extra cost are not only due to rejected
parts but also with unnecessary operations related with tight
dimensional prescriptions [14–17].

Being GPS such a wide set of standards it is very common
that an operator bounces from a standard to the other follow-
ing the flux of cited references, somehow getting lost in the
“mare magnum” of formulas and information. It is useful to
recall here that some standards could be identified as more
related with the measurement process than with the design
phase.

There have been many attempts in synthesizing GPS stan-
dards [14, 18–20], providing guidelines or simplifications [1,
13, 14, 17–20] or otherwise creating a new language [21]; in
all cases, authors of these studies highlighted the need to pro-
vide guidance in choosing and applying standards, in order
to reach the best communication level during the first phase
of the product lifecycle.

Moreover, the product specification for a physical object
is not a problem with a one and only solution, the task is to
give correct functionality to this object, while using the sim-
plest way of expressing it and at the same time choosing the

prescriptions that translate in themost economic flux of oper-
ations with the following measurement campaign. The basic
task could have potentially lots of solutions, while the best
solution must be sought after, looking through the standards.

Designer is typically aware of the functionalities of the
product but lacks the ability to translate this into correct spec-
ifications.

In the moving chain of information related with product
design and development, designer is often the weakest link
since hemust formalize and express the desired prescriptions
with clear terms and a proper language that can sometimes
be cryptic. Whatever the complexity of a drawing, not all the
143 standards are needed to understand it, therefore having
a tool that allows the designer to find the group of appro-
priate standards to reach the functional requirements of the
component can be extremely useful.

Present work originates from all the aforementioned
needs, first of which is the correct choice of the most appro-
priate set of rules to convert the functional requirement into
an appropriate graphic sign on the drawing. The aim is to
provide users with a list of related standards that makes it
easy to consult them. It appears from the authors’ experience
that this aspect is by no means a given, in fact, in each stan-
dard the related ones are not indicated. It is possible to find
them only by cross-referencing the reading of the standards
with consultation of the ISO (or UNI-ISO) site. Such work
is time-consuming, because often not all the standards indi-
cated by a search of the specific sites are really relevant to
the specification of interest.

This paper presents the first step of a project aimed to
deliver a software tool able to help and guide the designer to
quickly consult the appropriate standard or set of standards
[22]. In particular, the presented work describes the develop-
ment of an advanced search engine, named “GPSNavigator”,
to help designers in untangling themselves among ISO GPS
standards. The database and the structure of this system have
been developed and made available, and the specifications
for the coding of the GPS Navigator search engine were
studied and provided as well. All standards were included
in the database following the setting from the GPS matrix,
and three macro-search modalities were defined. Each of the
threemacro search criteria is detailed in sub-criteria, depend-
ing, for example, on the type of information to search for, the
initial information from which to originate the search itself,
or the type of purpose the search has (i.e., search for a set of
standards, for a specific standard, for the bibliography on a
certain specification, etc.…).

2 Methods

GPS Navigator is an advanced search engine that facilitates
designers in their search for GPS information or standards,
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starting from a simple keyword, e.g., the functional aim of
the component, or the required form.

ISO 14638:2015 standard, defines the geometrical speci-
fications through the GPS Matrix shown in Fig. 1. The GPS
Matrix is composed of 9 rows and 7 columns: the rows are
the geometric properties, and the columns are the position
of the product in the production chain. Here, three sections
are highlighted: specification (first 3 columns, highlighted
in red in Fig. 1); comparison and decision rules (fourth col-
umn, highlighted in green in Fig. 1); verification (remaining
3 columns, highlighted in yellow in Fig. 1). These three sec-
tions should correspond to the possible search areas of the
user of the proposed search engine. The search result can be a
standard or a set of standards belonging to one of the sections
listed above.

ISO 14638:2015 also specifies the classification of all the
GPS International Standards into three categories, according
with matrix model in Fig. 1:

• fundamental standards, which occupy all boxes of the
model of matrix;

• general standards, which occupy one or more boxes of the
model of matrix;

• complementary standards, which occupy one or more
boxes of a row occasionally added at the bottom of matrix
model.

2.1 Database development

Currently, the database is an Excel table whose rows con-
tain ISO GPS standards identification numbers while the
columns represent the attributes that will be exploited during
the search process which define the standard from different
points of view.

Each standard of the ISO GPS has been analysed so far,
and consequently different attributes representing probable
search criteria have been inserted in an Excel spreadsheet for
each standard: (i) ISO coding; (ii) UNI coding; (iii) Title; (iv)
Type (Fundamental, General, or Complementary, according
to ISO 14638); (v) Position in the GPS matrix (Matrix Posi-
tion Coordinates ((1 … 9); (A, …, G)), i.e., Relationship to
matrixmodel, according to ISO14638); (vi) 3 levels of topics
from general to specific (Type); (vii) Keywords; (viii) Index;
(ix) Purpose; (x) Notes.

Each of these listed attributes is one of the possible search
criteria.

In the following, three examples of how UNI EN ISO
standards have been classified within the database.

The first example is about the fundamental standard ISO
8015:2011:

• UNI Code: UNI EN ISO 8015:2011.

• Class: Fundamental.
• Relationship to the GPS matrix model as in Fig. 2.
• 1st level topic: Fundamental indications.
• 2nd level topic: Fundamental concepts.
• 3rd level topic: Fundamental concepts, principles and rules
valid for the creation, interpretation and application of all
other International Standards.

• Keywords: GPS specification, drawings, principles, invo-
cation principle, duality.

• Scope: This standard specifies fundamental concepts, prin-
ciples, and rules valid for the creation, interpretation and
application of all other International Standards, Technical
Specifications and Technical Reports concerning geomet-
rical product specifications (GPS) and verification

The second example is about the general standard
ISO:2017:

• UNI Code: UNI EN ISO 1660:2017.
• Class: General.
• Relationship to the GPS matrix model as in Fig. 3.
• 1st level topic: Form.
• 2nd level topic: Profile and/or Surface tolerance.
• 3rd level topic: Profile tolerancing.
• Keywords: profile tolerancing, line profile, surface profile,
integral feature, derived feature.

• Scope: This international standard gives the rules for geo-
metrical specifications of integral and derived features,
using the line profile and surface profile characteristic sym-
bols as defined in ISO 1101.

The third example is about the complementary standard
ISO 8062–1:2007:

• UNI Code: UNI EN ISO 8052-1:2007.
• Class: Complementary.
• Relationship to the GPS matrix model as in Fig. 4.
• 1st level topic: Moulded parts.
• 2nd level topic:Moulded parts—dimensional and geomet-
rical tolerances.

• 3rd level topic: Vocabulary.
• Keywords: moulded parts, geometrical tolerances, man-
ufacturing equipment, manufacturing process, mismatch,
surface imperfections.

• Scope: ISO 8062-1:2007 establishes a vocabulary of terms
and definitions used to describe the features, form and tol-
erance types when assigning dimensional and geometrical
tolerances to moulded parts in geometrical product speci-
fications (GPS).

This type of classification has been performed for all the
standards of the ISO GPS system.
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Fig. 1 GPS matrix structure

Fig. 2 Relationship of the ISO 8015:2011 to the GPS Matrix Model

Fig. 3 Relationship of the ISO 1660:2017 to the GPS Matrix Model
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Fig. 4 Relationship of the ISO 8062–1:2007 to the GPS Matrix Model

2.2 Definition of the search criteria

Each of the following attributes described in the Excel
spreadsheet database is a possible research criterium: (i) ISO
coding; (ii) UNI coding; (iii) title; (iv) type; (v) position in
theGPSmatrix; (vi) 3 levels of topics fromgeneral to specific
(Type); (vii) keywords; (viii) index; (ix) purpose; (x) notes.

The output of the search activity could be essentially a
standard or a list of standards presented to the user with a
configurable list of the attributes stored in the database.

The following search modalities have been hypothesized:
(i) free search; (ii) simple guided search; (iii) advanced
guided search.

Free search. (FS) This search is the simplest one and can
be accomplished in two ways:

1. free keyword search: the user can type a keyword and
search for all standards that have the requestedword in the
title, summary, or at least one of the possible ’attributes’
defined in the database.

2. search by ISO coding: the user can type in the ISO code
and search for the corresponding standard.

Simple guided search. (SGS)The following are the types
of guided search that the proposed system provides:

1. guided keyword search: one or more keywords have been
associated with each of the standards; when the operator
decides to use the keyword searchwizard the alphabetical
list of keywords should appear allowing the user to select
the one of interest.

2. guided symbol search: by selecting the symbol search
the user is presented with a list of symbols found in the
various standards and usable in the specification; when

the symbol is chosen, a brief description appears with the
normative reference of the standard(s) introducing it.

3. macro-topic attribute search: each standard has been
assigned macro-topic definitions to summarise its con-
tent. macro topics have three levels, so that each standard
is assigned three macro-topics that go from level 1 to 3,
gradually detailing the subject of the standard. Searching
by macro topics can therefore also be performed on three
levels.

a. 1st level macro topic search: as mentioned above,
each standard has a ’1st level macro-topic’ attribute,
which summarises in less than one line (sometimes
one word) the main topic it deals with. When the
operator decides to use this type of search, the alpha-
betical list of 1st level macro topics appears, allowing
the user to select the one of interest. Once the topic of
interest has been selected, it is possible to proceed to
the list of 2nd level macro topics and then to the list of
3rd level macro topics, or to provide immediately the
list of all standards belonging to the different levels.

b. 2nd level macro-topic search: as mentioned, each
standard has a ’2nd level macro topic’ attribute which
very briefly describes the topic declared in level 1.
When the operator decides to use this type of search,
the alphabetical list of 2nd level macro topics appears
alongside the list of level 1macro topics, allowing the
user to select the one of interest. The path is the same
as for the 1st level macro topic search, the user in this
case skips the first level.

c. 3rd level macro-topic search: as mentioned, each
standard has a "3rd levelmacro-topic" attributewhich
very briefly describes the topic enunciated in levels
1 and 2. When the operator decides to use this type
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of search, the alphabetical list of 3rd level macro top-
ics appears next to the path of the different levels,
allowing the user to select the one of interest.

4. Search by GPS standards classification: GPS standards
have a hierarchical structure and are classified into Fun-
damental, General, Complementary. The user has the
possibility of listing for each of the categories the rules
that belong to them, and the search provides the 3 options
with their definition:

a. fundamental: such standards are fundamental rules
and procedures for the whole system, they occupy all
the boxes of the matrix.

b. general: such standards affect one or more rows or
one or more columns, but they are not fundamental,
they occupy one or more but not all the boxes in the

c. complementary: these rules are specific to individual
machining processes or specific machine elements; a
line is added to the bottom of the matrix if needed.

5. Search by position in GPS Matrix. The system exploits
a classification according to the matrix illustrated in the
ISO 14638 standard, which places each standard in a
two-dimensional matrix in which the columns with 7
divisions follow the product’s production cycle and the
9 rows specify the subject(s) dealt with. By indexing the
columns with the letters from a to g and the rows with
the numbers 1 to 9, the operator can request, for exam-
ple, the list of standards that deal with the specific topic
"symbols and indications" on the topic "orientation" by
entering the two-dimensional coordinate a4 in the search,
or alternatively, the user can select the box of interest in
the matrix model. When necessary, any complementary
standard rows are also added to the matrix.

Advanced guided search. (AGS) The intent is to guide
the user through different paths or collections of standards
with a pre-established order, which should enable a spe-
cific subject to be dealt with. The suggested order should
consent a didactic approach to the user, who gradually is
introduces to the standards of the collection, looking at each
topic with the necessary preliminary knowledge. Different
types of searches are possible:

1. the “preparatory path” aims to enable the user to acquire
the background knowledge needed to understand how the
GPS system is structured and the specific content of the
various standards that it is composed of. The path to be
followed is shown in Fig. 5, described as follows:

a. System basics
(1) ISO 14638 (Matrix model)
(2) ISO 21619 (Type of GPS document)
(3) ISO 23605 (ISO GPS and TPD index for TPS)

Fig. 5 Preparatory path

(4) ISO 17450 (General concepts)
(5) ISO 14460 (Extraction)
(6) ISO 22432 (General terms and types of features)
(7) ISO 8015 (Fundamental principles)
(8) ISO 1 (Reference temperature)

b. Detailed rules
(1) ISO/TS 17863 (Tolerancing ofmoveable assem-

blies)

3. the “drawing comprehension path” aims to enable
the user to understand the specification requirements
expressed on a drawing. Before using the standard search
criterion for drawing understanding, it is advisable to
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Fig. 6 Drawing comprehension
path

Fig. 7 Form error path

Fig. 8 Location error path

have acquired the skills of the preparatory course. The
path to be followed is shown in Fig. 6, described as fol-
lows:

i. basic standards
(1) ISO 8015 (Fundamental principles)
(2) ISO286 (ISOprinciples – hole/shafts tolerances)
(3) ISO 1101 (Geometric tolerances)
(4) ISO 2768–1 (General tolerances)
(5) ISO 2768–2 (General tolerances)
(6) ISO 1302 (Surface texture indications)
(7) ISO 14405–1 (Dimensional tolerances—sizes)
(8) ISO14405–2 (Dimensional tolerances—Dimen-

sions other than linear or angular sizes)
(9) ISO 14405–3 (Dimensional tolerances—angular

sizes)
j. deepening

(1) ISO 5459 (Datums)
(2) ISO 5458 (Location tolerances)
(3) ISO 2692 (Maximum material, least material,

reciprocity requirement)
(4) ISO 1660 (Profile tolerancing)
(5) ISO 3040 (Dimensioning and tolerances of

cones)
(6) ISO 4287 (Roughness – definitions and parame-

ters)

3. the “form errors” path aims to guide the user in deepen-
ing form errors comprehension, considering both speci-
fication and verification aspects. The path to be followed
is shown in Fig. 7, described as follows:

k. preparatory standards (general concepts and defini-
tions):
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(1) ISO 1101 (Geometric tolerances)
l. specific standards (linearity errors)

(1) ISO 12780-1 (Straightness definitions)
(2) ISO 12780-2 (Straightness specification opera-

tors)
m. 3specific standards (flatness errors)

(1) ISO 12781-1 (Flatness definitions)
(2) ISO 12781-2 (Flatness specification operators)

n. specific standards (roundness errors):
(1) ISO 4291 (Classification methods of instru-

ments for roundness detection)
(2) ISO 12181-1 (Roundness definitions)
(3) ISO 12181-2 (Roundness specification opera-

tors)
o. specific standards (cylindricity errors)

(1) ISO 12180-1 (Cylindricity definitions)
(2) ISO 12180-2 (Cylindricity specification opera-

tors)
p. specific standards (profile and free-form surface

errors)
(1) ISO 1660 (Profile tolerancing)

4. the“location errors path” aims to show the user the avail-
able standards to comprehend location errors considering
both specification and verification aspects. The path to be
followed is shown in Fig. 8, described as follows:

q. preparatory standards (general concepts and defini-
tions):
(1) ISO 1101 (Geometric tolerances)
(2) ISO 5459 (Datums)

r. specific standards
(1) ISO 5458 (Location tolerances)
(2) ISO 2692 (Maximum materials, least material,

reciprocity requirement)
the “surface micro-geometric errors” path aims to show
the user the available standards to understand surface tex-
ture errors considering both specification and verification
aspects, through two possible strategies:
the profile method. The path to be followed is shown in
Fig. 9, described as follows:
(1) preparatory rules (general concepts and defini-

tions)
i. ISO 1302 (Surface texture indications)
ii. ISO 4287 (Definitions and parameters of

roughness)
iii. ISO 13565–1 (Filtration and measurement

general conditions for surfaces having strat-
ified functional properties)

iv. ISO13565–2 (Definitions parameters by lin-
ear material ratio curve)

v. ISO 13565–3 (Definitions parameters by
material probability curve)

vi. ISO 12085 (Waviness terms and definitions)

Fig. 9 Surface micro-geometric errors path
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Fig. 10 Example of a complete
topic search. (a) Example of the
standard for specification
operators in the case of a second
level search for “Cylindricity”.
(b) Result if the third level search
is “specification operators”

vii. ISO 4288 (Rules and procedures for the
assessment of surface texture)

(2) Deepening
i. ISO3274 (Nominal characteristics of contact

(stylus) instruments)
ii. ISO 5436–1 (Material measures)
iii. ISO 5436–2 (Software measurement stan-

dards)
iv. ISO 12179 (Calibration of contact instru-

ments)
v. ISO 8785 (Surface imperfections)

the areal method. The path to be followed is shown in
Fig. 9, described as follows:
(1) preparatory rules (general concepts and defini-

tions)
i. ISO 25178-1 (Indication of surface texture)
ii. ISO 25178-2 (Terms, definitions, and sur-

face texture parameters)
iii. ISO 25178-3 (Specification operators)
iv. ISO 25178-6 (Classification of methods for

measuring surface texture)
v. ISO 25178-600 (Characteristics of areal

instruments for measuring surface topogra-
phy)

vi. ISO 25178-601 (Nominal characteristics of
contact instruments)

vii. ISO 25178-701 (Calibration and measure-
ment standards for contact instruments)

(2) Deepening
i. ISO 25178-602 (Nominal characteristics

of non-contact instruments: confocal chro-
matic probe)

ii. ISO 25178-603 (Nominal characteristics
of non-contact instruments: phase-shifting
interferometric microscopy)

iii. ISO 25178-604 (Nominal characteristics of
non-contact instruments: coherence scan-
ning interferometry)

iv. ISO 25178-605 (Nominal characteristics of
non-contact instruments: point autofocus
probe)

v. ISO 25178-606 (Nominal characteristics of
non-contact instruments: focus variation)

vi. ISO 25178-607 (Nominal characteris-
tics of non-contact instruments: confocal
microscopy)

vii. ISO 25178-70 (Material measures)
viii. ISO 25178-71 (Software measurement

standards)
ix. ISO 25178-72 (XML file format x3p)
x. ISO 25178-73 (Terms and definitions for

surface defects on material measures)

3 Results and discussion

In the following, examples of possible research methods are
detailed.

Figure 10a shows a complete topic search, included in the
simple guided searchmode.This researchflows through three
different levels. The 1st level topic sums up the main search
argument in less of a line, and a list of alphabetically ordered
1st level topics are presented to the user. In the presented case
the user chooses “FORM”, as 1st level topic, then a list of
2nd level topics related to the chosen ones is shown. The user
chooses “Cylindricity”, then a list of 3rd level topics appears.
The user chooses “Specification operators” and finally the
related standard is retrieved.

Figure 10b shows a third level topic research: when the
user selects the topic of interest, the path of different levels
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Fig. 11 Relationship of general ISO standards to the matrix model
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appears to avoid ambiguity. In Fig. 10b the choice is the third
level topic "Specification operators", and all the second level
topics that has such a third level are presented.

Figure 11 shows the relationship of general ISO standards
to the matrix model, included in the “simple guided search”
mode. The columns and rows are indexed with letters from
A to G and numbers from 1 to 9, respectively, and user can
request standards indicating bidimensional coordinates. For
example, the two-dimensional coordinate B1, provides the
list of standards dealing with "Feature Requirements" on the
subject "Size", and in the cell of the presented matrix all the
standards regarding these attributes are listed.

4 Conclusions

The created database contains attributes to characterize each
GPS Standard. Thanks to this work, it is possible to create
an indexing strategy to cover the various searching meth-
ods of the GPS Navigator. The illustrated coding strategies
(flowchart of search strategies) can create an environment
where users can perform different searches according to the
needs, from the simplest to the most structured one.

Current work results can be exploited for: (i) updating
information about new standards or updated standards; (ii)
data enrichment, especially the section of keywords and
symbols; (iii) vocabulary enlargement, for example with the
translation into other technical languages about product spec-
ifications, (iv) structured designer-oriented searches.

The final result will be soon online as a search engine
supporting users in orientating themselves in GPS system to
find and apply the standards of interest.

Acknowledgements This paper is presented as an extended version of
the work published in [22], so some of the methods and results are the
same as those found in [22].
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