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A contradiction is shown in this paper that, fomtact surface measurement, if a measured surfaafdepis
exactly coincident with the USL (upper specificatiomit), the measured result may sbi out of specification. To
understand and avoid this contradiction, a relaioconstruction of measurement is proposed basethei
representational measurement thedy observirg the connection between measurement and inversdemnpl
measurement is modeled as a mapping from the peeeddset of measurands (objects to be measureihet
partially ordered set of measured values. Theralgesired property of the specifications limiteléived, and a
correction of the USL of surface profile is propdse

NOMENCLATURE

M = preordered set of measurands (objects to be megasure:
X = specified numerical relational system (NRS)

D = partially ordered set of observed data

w = homomorphism, a structure preserving mapping

¢ = deterministic measurement process

h = forward mapping of the measuremeénp, = ¢

g = the inverse or pseudo-inversehof

Ds = (function processing) dilation filter

Es = (function processing) erosion filter

Cs = (function processing) closing filter

1. Introduction

In surface metrology, the upper and lower specificatimits

he functions can be defined las |,, if and only if (iff) 1,(x) <I ,(x)

for all xel . Letl be a function representing the real surface profile
of a work piece fabricated according to the nompnefile, then it is
within specification iflg <1 < I.

The canonical method of measuring surface profileantact
measuremenby moving a tactile stylus along the surface to be
measuredo obtain the locus of the centre point of the styips
called the traced profile (see figure 1). Letbe a function
representing the traced profile and assume the gdtglissan ideal cir
cular diskS in the plane of the surface profilthenc is the dilation
of |, and the real surface profilean be estimated by the erosiorcof
with S as the structuring element, which is called as resdhamnical
profile in [3], denoted ak. Denote the dilation filter a®:1 —c
and the erosion filter akg: c— I', the combination obDg followed
by Esis a closing filter [2], denoted &3, : 11— 1". Sin@ Csis not an
identical operation, the estimated profile is not sile same as the
real surface profile.

Assume there is a real surface profilghich is exactly the same
as the USLIy, i.e. | is marginally within specification. By the

(USL and LSL) ofafree-form surface profile are defined in ISO 1101 extensive property o closing filter [4], we havé = Cs(1), thus the

(2005 [1) as two curves enveloping circles of certain diamigtire
centers of which are situated on the nominal surfeafie. Letl,, I,
Ig be the functions representing the nominal profiie, USL and the
LSL respectively in a specified interviall; (x) <l (x) <I () for all
xe | . Then it can be observed that, by taking the cotidiametert
as a structuring element of morphological operatidnlfZandlg are
respectively the dilation and erosionlofA partial order= between t

estimated profile is always above the real surfacél@rélence we
havel = |1 < [’, which shows a contradiction that the measurement
result ofl can be out of specification.

To be able to understand this contradiction, a freonke of
measurement is proposed base on representationaunereast
theory in section 2. For solving this contradictiargesired property
and a correction of the specification of free-form stefarofile is
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proposed in section 3.

Fig. 1 Measurement of surface profile with tactileistyl
2. Rdational Structure of M easurement

2.1 Relational construction

In representational measurement theory a measurement
possible only if there is a structure-preserving magppi (called
homomorphism) from the empirical relational system (ERSa
specified numerical relational system (NRS) & ERS consists of
a set of measurands with certain relational strastule.g.
concatenation structure, conjoint structure) cadiegbirical structure.
There are always certain ordered relagi between the measurands
which aredetermined by the ‘value’ of the common attribute(s) to be
measured. For different empirical structures, tla@eemany types of
ordered relations, like simple order, weak order amrtigh order, but
normally they all belong to a type of very general tiete called
preorder, which is transitive and reflexive. Both tHeSEand the
specified NRS are preordered, denotetandX respectively.

A practical measurement process can be modeled as fEngap
between the ERS to a NRS of observed data, deastgdM — D ,
but due to the limitation of measurement resolutioth @easurement
error, normallygp is not a homomorphisnMoreover the output of a
measurement process is not necessarily the measuued yaf the
measurands), since in many cases the measured aoeet be
directly observed. For simplicity, we assume no randsmor is
involved in the observed data, which means the meamnt process
@ is deterministic. To be precise, is deterministic iff for any
measuransl a,be M, a~ b= ¢(a =¢(h, wherea~ b meansa
is equivalent tdp.

Take the measurands true values and observedsipteadered
setsM, X andD respectively, the following connection betweéeand
D can be derived. For a deterministic measurement epsoc

¢:M —>D,lety:M — X be a homomorphism between the ERS

M and a specified NRX, there exists a unique mappihg X — D ,
such thathy = ¢ (see figure 2proof omitted). The derived diagram
is called the relational construction of measurement.

@

X ----3>0

M
7

Fig. 2 Relational construction of measurement

2.2 Inver se problems of measurement

In many cases the measurands are measured indlvgatyother
related quantity, e.g. electrical resistance of atmrsisan be measured
by the observed data of electric current under ticevoltage. To
estimate the true values of the measurands fromitbereed data is

an inverse problem [6], and its forward mapping & ttappinch in
the relational construction.

The inverse or pseudo-inversehpflenoted ag: D — X can be
used to find the inverse solution. The outpuy &f thus the measured
value. Hence a deterministic measurement can be &skarmapping
O:M —>X ,andd=ggp.

For the measurement afsurface profile mentioned in section 1,
the forward mapping i®s, which is not invertible, and its pseudo-
inverse isEg, in the sense thab E;D = D ;[4]. The essential reason
of the contradiction is thdds is nota oneto-one mappingand thus
the inverse solution is not unique.

3. A Correction in Specification of free-form surface

s We expect that if the true value of a measurand ighan
specification, its measured value is also initbpecification. Hence
the following desired property of specification (P&hould be
satisfied. Leta be a specification limitg € X, thengh(a) = a.
Moreover, when P1 is satisfied, the measurementutasolcan be
reflected by the specification limitust like from3.00+/-0.5mm, we
can see the measurement resolution is expectedQdimm.

The problem is how to make sure Pl is satisfied. Rer t
measurement of surface profile, since the closing fiétédempotent
[4], i.e. C,C = C, andC, = E;Dq, if the USL and LSL are in the
range ofCs, we haveE,Dg(a) = a, a = [ or Iy, thus P1 is satisfied.
Therefore, the closing filter can be used as a diwredor the
specification limits of surface profiles defined in 19M01 (2005).
The contradiction can be solved by correcting the W8m [ to
Cs(ly). For the LSL, it is the erosion of the nominal peoby a disk
of diametert, denoted a€,(l,) . By the basic properties of erosion
and dilation [4], we hav&egDEs= Eg, andt is normally bigger than
the diameter of the styluS, so E;(l,)=EDE(I)=CE(l) .
That meand = Cs(lp), the LSL does not need to be corrected.

4. Conclusions

The relational structure derived in this paper is usdfr
understanding measurement in the perspective ofseveroblems.
The correction of a contradiction in the specificatiof free-form
surface is demonstrated as an application of treytHEhe next stage
of research is to model measurement with uncertaintyiad as a
system of mappings base on the deterministic framework
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