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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Part 49: Morphological profile filters: Scale space techniques
Part 60: Linear areal filters: Basic concepts

Part 61: Linear areal filters: Gaussian filters

Part 71: Robust areal filters: Gaussian regression filters

Part 85: Morphological areal filters: Segmentation
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Introduction

This part of ISO 16610 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences the chain links 3 and 5 of all chains of standards.

The ISO/GPS Masterplan given in ISO 14638 gives an overview of the ISO/GPS system of which this
part of ISO 16610 is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this part of
ISO 16610 and the default decision rules given in ISO 14253-1 apply to specifications made in accordance
with this part of ISO 16610, unless otherwise indicated.

For more
Annex C.

This part
including

Vi

letailed information about the relation of this part of ISO 16610 to the GPS matrix model,

bf ISO 16610 develops the terminology and concepts for morphological operations-arrd filtg
envelope filters.

bEe
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© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=20cdeb178588aa4396a13eb57a4a12f7

INTERNATIONAL STANDARD

ISO 16610-40:2015(E)

Geometrical product specifications (GPS) — Filtration —

Part 40:
Morphological profile filters: Basic concepts

Th
filt

2

Th
ind
ref]
ISQ
geq

IS(
ba

Fo1
fol

3.1
md
bin

No
sed

No

3.2
mg
mo

3.3

Scope

s part of ISO 16610 sets out the basic concepts and terminology for morphological operations and
ers, including envelope filters.

Normative references
e following documents, in whole or in part, are normatively referenged in this documett and are
ispensable for its application. For dated references, only the edition cited applies. Fof undated
erences, the latest edition of the referenced document (including.any amendments) applieg.

17450-1:2011, Geometrical product specifications (GPS) —~Geometrical concepts — Part 1} Model for
metrical specification and verification

16610-1:2015, Geometrical product specificationsNGPS) — Filtration — Part 1: Ovefview and
bic concepts

Terms and definitions

the purposes of this document, the ternis and definitions given in ISO 16610-1, ISO 17450}1, and the
owing apply.

rphological operation
ary operation involving tiwo geometrical objects as sets, resulting in another geometrical pbject

e 1 to entry: Dilation ahd érosion are two primary morphological operations, and closing and openfng are two
ondary morphologicalioperations.

e 2 to entry: Géometrical objects are point sets, i.e. set of points.

rpholegical filter
rphological operation (3.1) that is both monotonically increasing (3.11) and idempotent (3.1L)

envelope filter
closing (3.10) or opening (3.9) filter, whose output envelops the input profile or surface

Note 1 to entry: A closing filter generates the upper envelope; an opening filter generates the lower envelope.

3.4
Minkowski addition
vector sum of points in two given geometrical sets

© ISO 2015 - All rights reserved
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3.5

Minkowski subtraction
binary operation defined using Minkowski addition (3.4) of two sets

Note 1 to entry: It is the complement of the Minkowski addition of the complement of the first set with the second

set.

3.6

structuring element
(morphological filters) second geometrical object used in morphological operations

3.7
dilation
(morpholg

Noteltoe

3.8
erosion
(morpholg

Noteltoe

39
opening
(morpholg
dilation (3]

Note 1 to ¢
morpholog

3.10
closing
(morpholc
erosion (3|

Note 1 to
morpholog

3.11
monoton
(morpholg
operands

3.12
idempote
property

gical) morphological operation that expands one input set by another

htry: Dilation is not a morphological filter because it is not idempotent.

gical) morphological operation that shrinks one input set by anothep

htry: Erosion is not a morphological filter because it is not idempotent

gical filters) morphological operation obtained by applying the erosion (3.8) followed by
L7)

ntry: An opening is both a morphological filter and(ene of the two basic building blocks for ot
jcal filters.

gical filters) morphological operation-obtained by applying the dilation (3.7) followed by
8)

entry: A closing is both a monphological filter and one of the two basic building blocks for ot

ical filters.

cally increasing
gical filters) preperty of an operation that preserves the set containment condition on

nt
fan gperation such that applying the operation more than once does not change the outco

3.13

the

her

the

her

its

me

extensive
(morphological filters) property of an operation that the output of the operation contains the input

3.14

anti-extensive
(morphological filters) property of an operation that the output of an operation is contained in the input

3.15

fill transform
operation that converts a profile into a two-dimensional object and a surface into a three-
dimensional object
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3.16
umbra transform

fill

transform (3.15) applicable to open profiles and open surfaces

3.17

rigid body transformation
operation on a geometric object involving translations and rotations that do not change the distance
between any two points in the object

3.18

rigid motion invariant

:2015(E)

pr1

perty of an operation that does not change under rigid body transformation (3.17)

4 | Basic concepts

4.1 Minkowski sums

4.1.1 General

Mihkowski sums refer to Minkowski additions and Minkowski subftractions involving sets of|geometric

objects in any dimension. Geometric objects are represented by sets of points.

NO[TE A concept diagram for the concepts for morphological filters is given in Annex A. The relgtionship to

thefiltration matrix model is given in Annex B.

4.1.2 Minkowski addition

Mihkowski addition of two sets, A and B, is denoted A @ B, and is defined as the vector additipn
A®B={a+b:acA,beB} D

Figure 1 illustrates the Minkowski addition of two sets, A and B, in two dimensions.

NO[TE1 Sets A and B can be oftany dimensionality. They can also be of mixed dimensionality, e.p. A can be

three-dimensional and B can betwwo-dimensional. Sets in one, two, and three dimensions are of intergst.

NO[FE 2  Minkowski addition can be viewed as the sweep of one set over the other set. This can be[seen in the

corjstruction of A @ B imEigure 1. Minkowski addition leads to an enlargement of the sets that are added.

NO

TE3  Minkowskivaddition is commutative, i.e. A @ B = B @ A, as can be verified from the d

Mihkowski additiony

bfinition of

B@%

A B A®B

NOTE Shaded areas are the sets.

Figure 1 — Minkowski addition of two sets

© ISO 2015 - All rights reserved
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4.1.3 Minkowski subtraction

Minkowski subtraction of set B from set 4 is denoted A© B and is defined as

AOB=A®B (2)

where the bar denotes complementation. Figure 2 illustrates the Minkowski subtraction of set B from
set A in two dimensions.

NOTE1 As in Minkowski addition, sets A and B can be of any dimensionality. They can also be of mixed
dimensionglity, e.g. A can be three-dimensional and B can be two-dimensional. Sets in one, two, and thjree
dimensiong are of interest.

NOTE 2 Minkowski subtraction leads to a reduction of the set 4, as shown in the construction-of V4 © B| in
Figure 2.

NOTE 3 |Minkowski subtraction is not commutative, i.e. A© B is not the same as BO A.

NN

A B AeB
NOTE Shaded areas are the sets.

Figure 2 — Minkowski subtraction of two sets

4.2 Morphological operations

4.2.1 General
The following morphological operations involving sets A and B are defined using Minkowski sums. It is

customary to refer to the’set 4 as the input set and the set B as the structuring element. A symmefric
version ofthe structuring element B is obtained by a reflection of B through the origin of B and is denofed

B = {+{b:bc B} (3)

The structuring element B shown in Figures 1 and 2 is already symmetrical about its origin; hence
Vv

B =B in these cases. It is possible to define two primary morphological operations, called dilation and

erosion, and two secondary morphological operations, called opening and closing.

4.2.2 Dilation

Dilation of A by B is defined as

D(A,B):A(JBI\E/? (4)

4 © IS0 2015 - All rights reserved
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NOTE1 Dilation expands the input set A by the structuring element B.

NOTE 2

same as A @ B. An example where B is not symmetric is shown in Figure 3.

NO

4.2

Er¢sion of A by B is defined as

NO

NO
sar

P

A B D(4 B)

TE The reference point of the structuring element is the lower left corner.

Figure 3 — Dilation of input set A by a non-symmetric structuring element B

.3 Erosion

E(A,B)zA@zva

TE1 Erosion shrinks the input set A by the-structuring element B.

TE2 An example of erosion is shown in Figure 2. Due to the symmetry of B in this example, E|
he as A© B. An example where B is net symmetric is shown in Figure 4.

o %

A B E(A B)

An example of dilation is shown in Figure 1. Due to the symmetry of B in this example, D(4,B) is the

(5)

[A,B) is the

NO

my £ e ] - - - 1 FRER | 1 1
'L TTIIT TTITITIILT pUITTT UL UIT STTHUCTUT TITE TITIITITULS LI TOWET ITTU CUTTITT.

Figure 4 — Erosion of input set A by a non-symmetric structuring element B

4.2.4 Opening

Op

ening of A by B is defined as

O(A,B):D{E(A,B),lv?}

© ISO 2015 - All rights reserved
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NOTE1 Opening is obtained by applying the erosion followed by the dilation. The sequence is important.
Figure 5 illustrates the opening of A by B in two dimensions.
NOTE 2  Using a round structuring element, such as the one shown in Figure 5, sharp convex corners of the
input set A can be rounded.
A B O(4 B)

Figure 5 — Opening of input set 4 by structuring element B
4.2.5 C(Closing
Closing of{4 by B is defined as

NOTE 1
Figure 6ill

NOTE 2
A can be fil

NOTE 3

C(A,B)zE{D(A,B),Z?}

Closing is obtained by applying the dilation.fgllowed by the erosion. The sequence is import
istrates the closing of A by B in two dimensions.

Using a round structuring element, such as the one shown in Figure 6, concave corners of the input
leted.

See 5.3 for the relation with enyelope filters.

B

(7)

nt.

set

LA

4 I»] yal 2
1 D C{Z D)

Figure 6 — Closing of input set A by structuring element B

4.2.6 Higher order morphological operations

It is possible to define higher order morphological operations other than closings and openings by
combining the dilation and erosion operations in various sequences to obtain different useful results.
For example, by applying the operation O(C (4,B),B) on sets A and B of Figure 5, we can obtain both
rounding and filleting of the input set A. Examples of higher order morphological operations can be
found in ISO 16610-49.

© ISO 2015 - All rights reserved
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4.2.7 Properties of morphological operations

Morphological operations have several important properties. If F(A,B) denotes a morphological
operation where A4 is the input set and B is the structuring element, then the following properties follow:

a) rigid motion invariant: F(4,B) is rigid motion invariant if tF(4,B) = F(tA,B), where t is any rigid
body transformation;

b) monotonicallyincreasing: F(A,B) increases monotonically if 41 2 A implies that F(41,B) 2 F(A2,B);

c) idempotent: F(4,B) is idempotent if F[F(4,B), B] = F(4,B), i.e. applying the operation more than
once does not change the outcome;

d) | extensive/anti-extensive: F(4,B) is extensive if F(A,B) D A4, and F(4,B) is anti-extensive if ¥(4,B) C A.

Talple 1 summarizes the properties for the four morphological operations defined in4.2.2 to 4.2.5.

Table 1 — Summary of properties of morphological opérations

Property Dilation Erosion Closing Opening
rigid motion invariant Yes Yes Yes Yes
monotonically increasing Yes Yes Yes Yes
idempotent No No Yes Yes
extensive Yes No Yes No
anti-extensive No Yes No Yes

5 | Morphological filters

5.1 General

Marphological filters are morphological operations that are monotonically increasing and idempotent.
Twio types exist:

— | opening filters;
— | closing filters.

For metrology data:processing, the filtering operations are performed on profiles and surfaces. For
filgering profiles{the most commonly used structuring elements are circular disks and strpight line-
segments. For filtering surfaces, the most commonly used structuring elements are sphericaj balls and
redtangularplane-segments.

\
These structuring elements have the symmetric property such that B=B. To apply the morphological

Opera

5.2 Fill transform

Fill transforms convert profiles to two-dimensional sets and surfaces to three-dimensional sets. If the
profile or surface is closed, then the fill transform produces the interior region of the closed profile or
surface. Figure 7 shows the result of fill transform for a closed profile. If the profile or surface is not
closed, then a special fill transform called the umbra transform may be applicable. Figure 8 illustrates
the umbra transform with a simple example. In this example, a profile f(x) is defined over a finite interval
of x. Its umbra is the entire two-dimensional region under the graph of the function f(x). Similarly, the
umbra of a surface f(x,y) is the entire three-dimensional region under the graph of the function.

© IS0 2015 - All rights reserved 7
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O

Figure 7

NOTE

Figure

5.3 Dis

Input fung
a finite se

— Fill transform of a closed profile (on the left) to a two-dimensional set (on the rith)

Y

The set on the right, shown shaded, extends downwards to infinity.
B — Umbra transform of a profile (on the left) to a two*dimensional set (on the right

crete morphological filters

tions for morphological filters can be either cositinuous or discrete. If the input is derived fr
L of points sampled from a surface, as is oftén the case, it provides a discrete representat

of the inpfit function. A continuous function can then'be created by an appropriate interpolation of

discrete d

hta.

Discrete fnorphological filters are morphological filters that take discrete representations of

input fung

Efficient glgorithms are available to implement the discrete versions of dilation, erosion, opening, 3

closing filf
Figure 9 s
Figure 10

discrete s
can be thd

Figure 11
Figure 12

tion and the structuring element‘and output a discrete representation of the filtered res

ers.
hows the input and ottput profiles of a discrete dilation filter.

shows the input-and output profiles of a discrete erosion filter. If the input represents

bm
on
Lhe

Lhe
h1t.
nd

Lhe

hmpled data of.the locus of the centre of a round stylus, then the output of the erosion filter

approximatérepresentation of the underlying surface.
shows<the’input and output profiles of a discrete opening filter.

shows the input and output profiles of a discrete closing filter. It leads directly to

the

envelope #i

TIceTs

5.4 Envelope filters

An example of an envelope filter is shown in Figure 12. The input profile (the bottom line in Figure 12) is
enveloped using a circular disk of finite radius to produce the output profile (the top line in Figure 12).
From Table 1, it can be seen that, irrespective of the type of structuring element used, the envelope

filters are

rigid motion invariant, monotonically increasing, idempotent, and extensive.

5.5 Sampling and reconstruction

Discrete morphological operations and filters are applied on sampled data. There is no theorem for
morphological operations and filters equivalent to the Nyquist theorem, i.e. for morphological operations

8
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and filters, no universal equidistant sampling can be found which has no loss of information. Instead,
there are a number of morphological sampling theorems, which limit the amount of information that is
lost. Details on sampling and reconstruction for morphological operations can be found in ISO 14406.

Y A
400 F

300 +

ZUU T
100 | 2

ol
-100 t

-200 |

-300 |
0 100 200 300 400 500 600,700 800 1000 )Z

Key

X | distance, um
Y | height, pm

1 | filtered result
2 | input function

NO[TE The input function is sampled at 055-im intervals. The structuring element is a circular di$k of 50 pm
radius. The filtered result is shown above the-input function.

Figure 9 — Discrete dilation filter
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Y A
400 |
300 |
200 |
1
ok 2
-100
-200 -
-300
0 100 200 300 400 500 600 700 800 @00 1000 X
Key
X  distanfe, pm
Y  height| pm
1 input Imction
2 filteredl result
NOTE The input function is sampled at 0,5 pm intervals. The structuring element is a circular disk of 50 jum
radius. The filtered result is shown below the input function.
Figure 10— Discrete erosion filter
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400 -

300 -

200 -

" |
1) A AA

-200

-300 -

1 1 1 1 1 1 1 1 1 1 r.-

0 100 200 300 400 500 600 700. 800 900 1000 X

Key
distance, pm
height, um
input function

NP X

filtered result

NO[TE The input function is sampled at 0;5tm intervals. The structuring element is a circular di
radius. The filtered result is shown below the input function.

Figure 11 — Discrete opening filter
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1

Figure 12— Discrete closing filter

100 200 300 400 500 600 700 800 ~900 1000 X

The input function is sampled at 0,5 pm intervals. The structuring element is a circular disk of 50 jum
filtered result is shown above the input function.

Y A
400
300
200
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0
-100
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0
Key
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1 filterelllresult
2 input function
NOTE
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Concept diagram

The following is a concept diagram for this part of ISO 16610.

3.6 structuring 3.18 rigid motion| 3.17 rigid body 3.1 call
element invariant transformation 'monoto- ically
inereasing
3.5 Minkowski 3.4 Minkowski 3.1 morphological 3.12 idgmpotent
subtraction addition operation
3.7 dilation 3.8 erosion 3.2 ) 3.14 3.13 extlensive
morphological anti-extensive
filter

3.3 envelope

filter

ISO 16610-1
filter

3.9 opening 3.10 closing
3.15fill 3.16 umbra
transform transform
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