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What is GPS ?

GPS - A Synergy between disciplines a critical factor

GPS operates on Geometrical Products form:

Design -> Manufacturing -> Metrology -> Product Life -> End of Life
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GPS provides a unified system:

* A common Language
* A common Usage
* A common understanding

Amongst Designers, Production Engineers
and Metrologists.

ISO GPS Standards provide a basis for legal
contracts amongst manufacturers, their
supply chain, product lifecycle managers
and customers.



Category Model of Stable e Fure

Hub

Measurement

A measuring procedure is considered stable if a
small difference in the Observed measured value
implies a small difference in the measurand.

In Topology a neighbourhood (open set) can be
used to define a small difference and the above
definition implies that the mapping is a
continuous mapping

There is a one-to-one duality between discrete
topologies and partial pre-order categories

Category theory provides a philosophical
framework and a toolbox of techniques for the
investigation of inverse measurement models.
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Duality Principle
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The GPS Matrix (ISO 14638 ) e
The GPS Matrx was

early attempt to organise
the standards documents
within the GPS system.

Symbols Feature Feature Conformance Measurement Measurement Calibration
requirements properties equipment

|nd|cat|ons and non-

conformance

Each ISO document is
allocated to a cell (or a
group of contiguous cells). FrmET

This indicates possible
missing 1ISO documents or
possible duplicate 1SO
documents. A,Face
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Chain of GPS Standards iy
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Manufacturing Process
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Flow of Information between

ISO documents

It is proposed that the current 150
ISO documents be partitioned into
four groups that form a hierarchy:
1. Foundational;

2.  Fundamental;

3. Matrix documents;

4. Other General documents;

As can be seen:
* They do not start with a single
document

* Some foundational documents
depend on fundamental
documents.

* The information flow is a mess!

ISO/IEC

ISO/IEC Guide 98
Guide 99
ISO 17450 -1 ISO 17450-2 ISO 1 ISO 14253-2
ISO 8015
ISO 25378
ISO 22432
ISO 17450-3 ISO 17450-4
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ISO 3534

ISO 14253-1

Current ISO GPS structure for Foundational documents (green)



Flow of iInformation between

Metrology

ISO documents

ISO/IEC

Guide 98

ISO 3534

As can be seen:
* |t starts with a single document 15O 1
ISO 17450-1

*  Foundational documents do not ISO 17450 -1 ISO 17450-2 ISO 17450-3 ISO 17450-4
depend on fundamental

documents.
ISO 8015 ISO 14253-2

* The information flow is similar to
a deductive system and takes the 1SO 14253-1
form of a POSET

* The structure can be captured in 1SO 22432 1SO 25378

the newly developed Category 3
Semantic Language (CSL) Proposed 1SO GPS structure for Foundational documents (green)
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Al Ready Smart Knowledge

Thus it is essential that human knowledge is translated into Al ready smart
knowledge for future Al systems to use, which are:
readable, queryable and interpretable. Machine “Underetandable”

Machine Awareness l

Cognitive, Creative
. Universal application
Machine Queryable l of domain knowledge

h and beyond...
Machine Readable l Autonomous Systems
Aware/map/modify of
Interpret the local environment for
h knowledge: includes their own utility

Query the knowledge deductive & abductive

e.g. OWL, CG... reasoning, e.g. CSL

Structured

Read and process
e.g. .xml, .docx, .txt, ...

Machine Interpretable l

Al Readiness Level



Smart Manufacturing

Metrology

- Informatics GPS System Hub

Smart master controller & interface Measurement data analytics

1 1 .
i ; O ni : & Manufacturing control
; . Direct access to Library knowledge
i Informatics ISO GPS System i i
i . Knowledge and measurement analytic results Verification
i 8 Standards ! 0 P
) i : Interactive knowledge interface for i
' 9 Supporting knowledge ! retrieval & & g
! 1 : end-users £
4 . - reasoning
! Related manufacturing ! : o
! materials I Production  tasks \)(e«\ NGO
1 1 efa% ec_,\)
! 9 etc. i W et
: T : N
. AN
1 1
v ! I
o i . Production line
g‘vrméénprx : ' with embedded Measurement data
e B ;
IS R oWLEDGE. : 5 metrology and flow and control
r— ; ! control
1
i i
: Category Semantic Language ! _ WO
1
I .
! CSL Syntax CSL Reasoning :
I [} .
1 : h ”f\ II%FS:‘(S;,“S;_EMFEO(O,)EC.O[_ ) !
i r u x ,l.. l“. uo. r/ N m ﬁgj;;f:ﬂf'gfg:gﬁz);zc‘[ing{a;;f 30(0,)eC |
1 i i e ¥ O ———0s So,.Sn, M =72 50,8 0, M| =713 80,5 4, -Ma= 41, 55,5 0, Mz = Ao, |
. R o i 4 (M, | M)&A (M | M), ;
1 (a) Product structure b) € (c) Triangle structure & then 35 (S, {5 ). L)), !
" ' YS o, cod(S oS n,. M) :
1 @ £ By {u} = Hom(dom(S .S .M ), dom(m); M
1 . T~ J o J if3s.eC. i
1 O —.‘ e \ A—"—B c i ‘ﬂhzrc:m(,h) x dom(A2): I
”"I 82801 I J Sl e "\ 3 p1.My : dom( A1) x dom(22) — dom(1s): |
! 0 L C G ~lE 3 pa. My 1 dom(2y) x dom(2) - dom(A,); |
1 (d) Rectangle strueture 0 (@) A pullback structure [T (f) A pushout structure [ 3t uMy: dom(i) x dom(lo)  dom(r). :
I .



Any Questions?
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