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Synonyms

Geometrical Dimensioning and Tolerancing; Dimensional Tolerancing and Metrology; Product
Manufacturing Information

Definition

There are two definitions for the phrase ‘geometrical product specifications’ (GPS). In a narrower sense,
it refers to geometrical dimensioning and tolerancing (GD&T) and surface texture for specifying
allowable geometric variations in a manufactured product. The International Organization for
Standardization (1SO) has adopted a broader definition of GPS that includes specifications as well as
verification (using measurements) of allowable geometric variations in a product. This essay adopts the
broader I1SO definition. In this context, the acronym GPS should not be confused with its more popular
usage as the ‘global positioning system.’

Theory and Applications

Introduction

The phrase ‘geometrical product specifications’ was formally introduced in 1996, when a new ISO
Technical Committee 213 (ISO/TC 213) titled ‘Dimensional and geometrical product specifications and
verification’ was formed. The committee’s scope is the “standardization in the field of geometrical
product specifications (GPS), i.e., macro- and microgeometry specifications covering dimensional and
geometrical tolerancing, surface properties and the related verification principles, measuring equipment
and calibration requirements including the uncertainty of dimensional and geometrical measurement. The
standardization includes the basic layout and explanation of drawing indications (symbols).” All the
standards produced by this technical committee start with the label ‘Geometrical Product Specifications
(GPS),” thereby establishing GPS as a brand for this committee’s ISO standards.

GPS standards follow a set of well-founded axioms and principles. Two of the basic GPS axioms
are:

Al. Axiom of manufacturing imprecision: All manufacturing processes are inherently imprecise and
produce parts that vary. In fact, no manufactured object can have ideal form.

A2. Axiom of measurement uncertainty: No measurement can be absolutely accurate, and with every
measurement there is some finite uncertainty about the value of the measurand (particular quantity
subject to measurement).

In addition, these standards have adopted recent mathematical and computational advances in areas such
as the classification of continuous symmetry groups (Srinivasan 2004; Nielsen 2012) and computational
coordinate metrology (Srinivasan 2007).



GPS Language

GPS standards define a GPS language, whose syntax consists of a well-structured set of symbols and
numbers. The semantics (geometric meaning) of the GPS language is defined by a theoretical inspection
procedure (Requicha 1983), which is a gedanken experiment (thought experiment). Fig. 1 illustrates the
GPS language using a simple flatness tolerance example (1SO 2012).
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(b) Semantics of GPS flatness tolerance specification

Geometrical Product Specifications, Fig. 1. A simple illustration of the GPS language.

Fig. 1(a) shows the syntax of GPS flatness tolerance that includes a flatness symbol and a
numerical value of 0.12, both enclosed within compartments in a rectangular tolerance frame. Fig. 1(b)
defines the semantics of the GPS flatness tolerance specification using graphics; what it stipulates is that a
set of points extracted from a surface feature in an actual workpiece shall be contained within a tolerance
zone bounded by two parallel planes that are separated by the specified flatness tolerance value (0.12 mm,
in this case).

This simple example illustrates several aspects of the GPS language. As Fig. 1(a) shows, the GPS
language has a well-defined syntactic structure. In fact, most computer-aided design (CAD) systems and
standards for exchange of product model data (popularly known as STEP) are beginning to provide
human-readable, three-dimensional presentations as well as machine-readable representations of such a
rich syntactic structure (ISO 2014; Feeney et al. 2015).

The semantics of the GPS language, as illustrated in Fig. 1(b) here and in ISO standards (ISO
2012), implies several steps that are not currently fully stated either in this figure here or in the ISO



standards. In a first step, a gedanken experiment in the form of a theoretical inspection procedure invokes
an imagined geometric model of a workpiece whose boundary is covered by surface features of non-ideal
form; such a model is also called a ‘skin model,” appealing to the physical metaphor of a human skin —
full of bumps and wrinkles — that does not adhere to any ideal geometric forms such as planes, cylinders,
and spheres. Such a skin model is a direct consequence of the application of the Axiom Al
(manufacturing imprecision) mentioned earlier. The next step in defining the semantics of the GPS
language involves several GPS operations described below.

GPS Operations
The surface of non-ideal forms, as imagined in the skin model, is subjected to GPS operations such as
(Srinivasan 2001; Dantan et al 2008):

OLl. Extraction: It is a theoretical inspection procedure in which several points (discrete or continuous) are
measured on the surface. Such a (dense) cloud of points is amenable to further operations.

0O2. Partitioning: The measured surface is partitioned into distinct surface features that have one-to-one
correspondence with the nominal, ideal-form surface features (such as those shown in an engineering
drawing or represented in a three-dimensional geometric model in a CAD system).

O3. Filtration: The measured surface, or surface feature, is filtered to separate geometric information at
various scales, as demanded by further applications such as form, surface texture, and datum
establishment. Filtration is often performed by a mathematical convolution operation.

0O4. Association: The measured surface feature, which has non-ideal form, is associated with an ideal form
surface feature using a fitting procedure (e.g., using an algorithm). Association is often performed by
a mathematical optimization procedure.

The set of discrete points, as illustrated in Fig. 1(b), is the end result of applying these GPS operations. It
is the goal of the ISO GPS language to define these operations as clearly and unambiguously as possible.
Such a goal has not yet been reached. However, several 1SO standards are actively under preparation to
reach this goal (Nielsen 2013; GPS Roadmap 2015).

GPS Verification and the Duality Principle

ISO/TC 213 is responsible for standards that govern specifications as well as verification (i.e.,
conformance to the specifications) of product geometry. A duality principle adopted by ISO/TC 213
stipulates that the GPS verification should follow the GPS specifications (as detailed, for example, in the
GPS operations mentioned above), with the only difference that the Axiom A2 (measurement uncertainty)
mentioned earlier comes into effect in the verification phase (Srinivasan 2001; Nielsen 2013). In other
words, the verification operations are dual to the specification operations, with appropriate invocation of
the measurement uncertainty rules and methods.

Recent advances in dimensional, surface, and coordinate metrology have been the prime force
behind the adoption of the duality principle. Coordinate measuring machines (CMM) — both tactile and
optical — and computed tomography (CT) are revolutionalizing the 21% century geometric metrology.
These metrological developments have moved product geometrical verification beyond the use of the
traditional surface plates, gauge blocks, dial indicators, height gauges, and micrometers. But they have
also introduced vast variations in how the modern metrological tools are used to test the products for
conformance to the specifications. A rigorous application of the duality principle is needed to reduce such
variations.



The ubiquitous use of modern metrological systems, such as CMMs, in product geometric
verification has also influenced the specifications. Fig. 2 shows the syntax of a size tolerance specification
on a cylindrical feature according to a new GPS standard (ISO 2010). The presence of a newly introduced
GG notation inside the cartouche alters the semantics considerably. Here, a least-squares (Gaussian)
cylinder should be associated with the manufactured cylinder, and the diameter of this fitted cylinder shall
lie between 9.9 mm and 10.1 mm. Such an approach is feasible only with the use of CMMs and related
computational coordinate metrology software for least-squares fitting.
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Geometrical Product Specifications, Fig. 2. A new way to specify size tolerance for a cylinder.

The duality principle marks a clear departure for the new 1SO GPS system from the traditional
dimensional and geometrical tolerancing and metrology standards issued by ISO in the past. It shifts
considerable responsibility to the geometrical product specifications, which are primarily the
responsibility of product designers. There will be standardized default GPS operations if the designer
does not want to specify the details. In either case, the designer can rest assured that the interpretation of
the specified tolerances is not left completely to the metrologist.

Cross References

CMM

CT

Form Error

Inspection

Metrology

Tolerancing

Tolerancing (Kinematic Approaches to)

References

Dantan JY, Ballu A, Mathieu L (2008) Geometrical product specifications — model for product life cycle,
Computer-Aided Design, 40: 493-501.

Feeney AB, Frechette S, Srinivasan V (2015) A portrait of an ISO STEP tolerancing standard as an
enabler of smart manufacturing systems, ASME J of Computing and Information Science in
Engineering, 15(2).

GPS Roadmap (2015) Dimensional and geometrical product specifications and verification, Roadmap,
www.isotc213.ds.dk

ISO (2010) ISO 14405-1:2010 Geometrical product specifications (GPS) — Dimensional tolerancing —
Part 1. Linear sizes, International Organization for Standardization, Geneva.



http://www.isotc213.ds.dk/

ISO (2012) ISO 1101:2012 Geometrical product specifications (GPS) — Geometrical tolerancing —
Tolerances of form, orientation, location and run-out, International Organization for Standardization,
Geneva.

ISO (2014) ISO 10303-242:2014 Industrial automation systems and integration — Product data
representation and exchange — Part 242: Application protocol: Managed model-based 3D engineering,
International Organization for Standardization, Geneva.

Nielsen HS (2012) The 1SO geometrical product specifications handbook — Find your way in GPS,
International Organization for Standardization, Geneva.

Nielsen HS (2013) Recent developments in International Organization for Standardization geometrical
product specification standards and strategic plans for future work, Proc IMechE Part B, J of
Engineering Manufacture, 227: 643-649.

Requicha AAG (1983) Toward a theory of geometric tolerancing, Int J of Robotics Research 2(4):45-60.

Srinivasan V (2001) An integrated view of geometrical product specification and verification, Proc 7"
CIRP Seminar on Computer Aided Tolerancing, Cachan, France.

Srinivasan V (2004) Theory of dimensioning: An introduction to parameterizing geometric models,
Marcel Dekker, New York.

Srinivasan V (2007) Computational metrology for the design and manufacture of product geometry: A
classification and synthesis, ASME J of Computing and Information Science in Engineering 7(1):3-9.



