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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general GPS
standard (see ISO 14638). It influences chain links C and E in the GPS matrix structure.

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

For more information on the relationship of this document to filtration matrix model, see Annex C.

For morg detailed information on the relationship of this document to other standards and theGHS matrix
model, s¢e Annex E.

This dociiment develops the terminology and concepts for profile segmentation.

This docyiment will replace part of ISO 21920-2 as the source document for profile segmentation. ISQ 21920-2
is under fevision and its definitions will be aligned with this document.

© IS0 2025 - All rights reserved
\%


https://standardsiso.com/api/?name=3a13b562b7a5a5d389759f55de26bc85



https://standardsiso.com/api/?name=3a13b562b7a5a5d389759f55de26bc85

International Standard ISO 16610-45:2

025(en)

Geometrical product specifications (GPS) — Filtration —

Part 45:
Morphological profile filters: Segmentation

1 Scope

This dochment defines the terminology and develops concepts for profile morphological segmen
particuldr it specifies the watershed segmentation method, the Wolf pruning method andthe cros
line method. This document assumes a continuous surface.

2 Nor
The follo

the lates

ISO 1661

3 Terl

For the p|

[SO and [EC maintain terminology databases for use'in standardization at the following addresses:

— ISO
— IECH

3.1 Te

3.11
topogra

line or p¢int feature onaprofile

3.1.1.1
line feat|

hill or dafle

3.1.1.2

mative references

edition of the referenced document (including any amendments) applies.

0-1, Geometrical product specifications (GPS) — Filtration’—"Part 1: Overview and basic con(

ms and definitions

urposes of this document, the terms and defiditions given in ISO 16610-1 and the followin

nline browsing platform: available athttps://www.iso.org/obp

flectropedia: available at https://fwww.electropedia.org/

rms related to geometrical features

bhic feature

Lre

ration. In
sing-the-

iving documents are referred to in the text in such a way that some‘gp all of their content constitutes
requirenpents of this document. For dated references, only the edition cited applies. For undated re

ferences,

epts

by apply.

point feature
peak or pit

3.1.2
peak

<watershed segmentation> point on the profile which is higher than all other points within the
neighbourhood of that point

Note 1 to entry: There is a theoretical possibility of a plateau. In this case, the peak is the middle single point on the
plateau. Alternatively, techniques given in Annex B can be used.

© IS0 2025 - All rights reserved
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3.1.3
peak
<reference line> highest point of a hill (3.1.7)

Note 1 to entry: There is a theoretical possibility of a plateau. In this case, the peak is the middle single point on the
plateau. Alternatively, techniques given in Annex B can be used.

3.1.4

pit

<watershed segmentation> point on the profile which is lower than all other points within the neighbourhood
of that point

Note 1 to. entry: There is a theoretical pnccihi]ifv of a p];\tp:m In this case the pit is the middle cinglp pajnt on the
plateau. Alternatively, techniques given in Annex B can be used.

3.1.5
pit
<referenge line> lowest point of a dale (3.1.9)

Note 1 to|entry: There is a theoretical possibility of a plateau. In this case, the pit is the{middle single pojnt on the
plateau. Alternatively, techniques given in Annex B can be used.

3.1.6
hill
<watershed segmentation> region around a peak such that all maximal upward paths end at the pdak

Note 1 to pntry: See Figure 1.
Y

X
e
B
Key
X  X-axig (reference line)
Y height
A peak
B pit
C  hill lgcal height
D  dale |ocaldepth

Figure 1 — Hill local height and dale local depth (watershed segmentation)

3.1.7

hill

<reference line> outwardly directed (from material to surrounding medium) contiguous portion of the profile
above the reference line bounded by the two adjacent points where the ordinate values change their sign

Note 1 to entry: See Figure 2.

© IS0 2025 - All rights reserved
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Y
A >
A
F
C 'i/
E E X
D G
B
Key
X  X-axip (reference line) D dale
Y height E  change of sign of the ordinate valu€s
A peak F  peakheight
B pit G pitdepth
C il
Figure 2 — Peak height and pit depth (reference line)

3.1.8
dale

<watershed segmentation> region around a pit such that all maximal downward paths end at the pijit
Note 1 to pntry: See Figure 1.

3.19
dale
<referenfe line> inwardly directed (from surrounding medium to material) contiguous portion oftTe profile
below thg reference line bounded by the two-adjacent points where the ordinate values change their sign

Note 1 to pntry: See Figure 2.

3.2 Tefms related to segmentation

3.2.1
segmentfation
<profilex method which-partitions a profile into distinct topographic features

Note 1 to pntry: In this,document, there are two types of segmentation:
a) watefshed segnientation (see 4.3);

b) crosging-the-line segmentation (see 4.4).

3.2.1.1
watershed segmentation
filtration operation that spatially decomposes a profile into mutually exclusive portions of that profile

3.21.2

crossing-the-line segmentation

operation based on crossings of the reference line by a profile in conjunction with a combination algorithm,
to leave a set of significant segments

Note 1 to entry: The crossing-the-line segmentation requires height discrimination (see 3.3.6.2).

© IS0 2025 - All rights reserved
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<profile> mutually exclusive profile portions whose union covers the profile

EXAMPLE Ordinate values, motifs.

3.2.2

segmentation function
<profile> function which splits a set of events into two distinct sets, called the “significant events” and the
“insignificant events”, and which satisfies the three segmentation properties

Note 1 to
can be fot

entry: A full mathematical description of the segmentation function and the three segmentation properties
nd in Reference [8]

3.2.3
first seg
<profile3

events biit not both

Note 1 to

P1

where
P1

P (.
@

Note 2 to

3.2.4

mentation property
property where each event is allocated to the set of significant events or the set ‘of insignificant

entry: This property can also be given as a mathematical equation as follows:

VA CE, ¥ (A)Ud(A)=Aand¥ (A) N (A)=F

is a first segmentation property;
is the set of all events;
is a subset of E;

maps events onto the set of significant events;

maps events onto the set of insignificant events,(see Figure 3).

Figure 3 — Venn diagram of first segmentation property

entry; (3;-and throughout this document, the dot is a placeholder for any set of events.

second segmentatiom property

<profile> property where a significant event is removed from the set of events, then the remaining significant
events are contained in the new set of significant events

Note 1 to entry: This property can also be given as a mathematical equation as follows:

© IS0 2025 - All rights reserved
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P2 VACBCE, ®(A)c®(B)
where
P2 is a second segmentation property;
E is the set of all events;
Aand B are subsets of E;
D() maps events onto the set of insignificant events (see Figure 4).

NOTE The shaded areas are the significant events for subset A.

Figure 4 — Venn diagram of second segmentation property

3.2.5

third segmentation property
<profilex property where an insignificant event is removed from the set of events, then the saie set of

significant events is obtained

Note 1 to pntry: This property can also be given as a matheématical equation as follows:

P3 VACBCE, Y (B)ycA=Y (A)=¥(B)
where

P3 is a third segmentation property;

E is the set of all events;

Aand B are subsets of E;

Y. maps events ontog the set of significant events (see Figure 5).

|
( | v =wm
|
|
W

Figure 5 — Venn diagram of third segmentation property

© IS0 2025 - All rights reserved
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3.3 Terms related to pruning

3.3.1

hill change tree
graph which describes the relationships between peaks and pits sorted by their hill local heights (3.3.5.1)

Note 1 to entry: Peaks are represented on a hill change tree by the ends of lines. Pits are represented on a hill change
tree by joining lines.

Note 2 to entry: See Figure 6.

Y P1
p2
Ps
PS P4 ]
P6 Ve
V5 Z7’¢
V3
[V2
V1
Key
X  X-axip (reference line)
Y height
P peak
V  pit
NOTE The filled areas indicate hills for watershed segmentation.
Figure 6 — Hill change tree
3.3.2
dale change tree
graph which describes the relationships between pits and peaks sorted by their dale local depths (3
Note 1 to pntry: Pits are represented on‘a-dale change tree by the ends of lines. Peaks are represented on a d3
tree by jolning lines.
Note 2 to pntry: See Figure 7.

3.5.4)

le change

© IS0 2025 - All rights reserved
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[P2

P3

P6 / Ve

v N\

P5

V2
V1

X X-ax:r (reference line)
t

Y heig
P  peak
V  pit

NOTE

3.3.3
change t
hill chan

3.34
profile p
method
are remd

3.3.5
height

The filled areas indicate dales for watershed segmentation.

Figure 7 — Dale change tree

ree
be tree or dale change tree

runing
fo simplify a change tree in which lines from‘peaks (or pits) to their connected pits (g
ved

signed n¢rmal distance from the reference profile to the profile

Note 1 to
Note 2 to
Note 3 to

3.3.5.1
hill loca
height di

Note 1 to

3.3.5.2

entry: The distance is defined nornal to the reference profile.

entry: Throughout this,document, the term “height” is used either for a distance or for an absolute ¢

height
fference betWweén a peak and the highest pit connected to that peak

entry: See\Figure 1.

peak het

ght

height difference between a peak and the reference line

Note 1 to entry: See Figure 2.

3.3.5.3
depth

height multiplied by minus one

© IS0 2025 - All rights reserved
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3.3.5.4
dale local depth
height difference between a pit and the lowest peak connected to that pit

Note 1 to entry: See Figure 1.

3.3.5.5
pit depth
depth difference between a pit and the reference line

Note 1 to entry: See Figure 2.

3.3.6
height djscrimination
profile he¢ight used as a threshold during segmentation

Note 1 to pntry: Height discrimination is a nesting index.

3.3.6.1
height djscrimination
<watershed segmentation> minimum hill local height or dale local depth of the profile

3.3.6.2
height djscrimination
<referenfe line> minimum peak height or pit depth of the profile

3.3.6.3
peak height discrimination
minimum peak height used as a threshold during segmentation

3.3.6.4
pit depth discrimination
minimum pit depth used as a threshold during segmefitation

3.3.6.5
Wolf pryning height
w
height discrimination used during watershed segmentation using Wolf pruning (3.3.8)

3.3.6.6
profile peak height discrimination
Hl.l

height discrimination used.during the profile crossing-the-line segmentation method

3.3.7
depth discrimination
profile depth used as a threshold during segmentation

Note 1 to pntry:\Depth discrimination is a nesting index.

3.3.71
profile pit depth discrimination

H

depth discrimination used during the profile crossing-the-line segmentation method

3.3.8

Wolf pruning

pruning where lines are removed in order from a peak (or pit) with the smallest hill local height (or dale
local depth) up to the peak (or pit) with a specified hill local height (or dale local depth)

Note 1 to entry: The peak local heights and pit local depths will change during Wolf pruning as removing lines from a
change tree will also remove the associated pits and peaks.

© IS0 2025 - All rights reserved
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3.4 Terms related to the motif method

3.4.1
motif

portion of the primary profile between the highest points of two local peaks of the profile, which are not
necessarily adjacent

3.4.2

S characteristic
height between the smallest of the end peaks to pit within a motif

Note 1 to entry: “Valley” instead of “pit” has been used in ISO 12085:1996.

Note 2 to pntry: See an example of a motif in Figure 8.
B
P
Y A
D E
X
C
F £
Key
X X-axip (reference line) C * pit of motif
Y height D" height difference between A and C
A left peak of motif E  height difference between B and C
B right|peak of motif F  motif defined by peaks A and B and pit C
NOTE Since D < E, the S characteristic’s yalue’is D.
Figure 8= Example of a motif and S characteristic
3.4.3
profile watershed criteria
criteria Which uses the-concept of filling a motif with water and the adjacent motif, which the w
overflows into, being«hesen for possible combination
Note 1 to pntry: Seé Figure 9.

hter first

© IS0 2025 - All rights reserved
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1
Key
1  combination
NOTE The middle motif overflows to the right and so the right motif is chosen for,possible combination
Figure 9 — Profile watershed criteria
4 Segmentation details
4.1 General
A profile vatershed segmentation using Wolf pruning glaiming to conform to this document shall confo
A profile|crossing-the-line segmentation method(¢laiming to conform to this document shall confor
4.2 Basic segmentation

Originally based upon a graphical segmentation of the profile into motifs that are then quantified

and widt]
during th

In this dd
a profile

Segment
— theg

— thern

h. First approachesl!?l were developed by a consortium involving PSA Peugeot Citroen and
e 1980s and 1990s.

cument segmentation is a filtration operation (as defined in ISO 16610-1) that spatially ded
into mutually exelusive portions of that profile (see Figure 3).

htion filtration requires:
bjectsdbeing filtered, i.e. the segments;

ule for segment combination through profile pruning (e.g. the watershed rule);

'm to 4.3.

m to 4.4.

in height
Renault,

omposes

— the rule which states which segments are significant (e.g. Wolf pruning).

From these mutually exclusive portions, the desired topological features are determined.

Associated with each segmentation method is a nesting index such that large values of the nesting index
correspond to large surface portions and smaller values of the nesting index correspond to smaller surface
portions.

© IS0 2025 - All rights reserved
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4.3 Watershed segmentation using Wolf pruning

4.3.1 General

Watershed segmentation using Wolf pruning is based on motifs with a profile. The profile is initially
segmented based on motifs between adjacent peaks and a procedure is then applied to prune out the least-
significant motifs through a combination algorithm, defined in 4.3.2, to leave a set of significant motifs,
which is the resulting watershed segmentation using Wolf pruning.[81(9]

The nesting index for watershed segmentation using Wolf pruning is defined as a Wolf height, with a Wolf
pruning height, W, being set as a predefined height.

Watershj
containe

4.3.2 (
For wate

a) iden

NOTE

(seel
b) Calc
¢) Find
d) Ifth
adja
reca

e) Ifthg
they

Fd segmentation using Wolf pruning is a stable alternative to the motif combination algo
d in [SO 12085, and the subsequent calculation of the R and W parameters.

alculation method for watershed segmentation using Wolf pruning
shed segmentation using Wolf pruning that uses height discrimination, W:
ify all motifs between internal adjacent peaks.

The ends of a profile do not count as peaks, resulting in the loss of@pertion of the profile at
Figure 10).

hlate the S characteristic for all the motifs.
the motif with the smallest S characteristic.

e smallest S characteristic is lower than the Wolf ‘discrimination height, W, combine it

culate the S characteristic for the new combined 'motif.

bre are two or more motifs with the smallest’S characteristic, then it does not matter in w
are processed.

2
1,5 |
1 |
0,5

0 tet—rt—+t= o= -

os| 16 | N1
-1
-1,5

") ——
0 1 2 3 4 5 6 7 8

Figure 10 — Initial set of motifs with loss of profile at both ends

kithm, as

both ends

with an

ent neighbouring motif using the profile watershed criteria so they become one njotif and

hat order

Continue until all motifs have S characteristics that are above the Wolf discrimination height, W. The
remaining motifs are the required motifs for the watershed segmentation using Wolf pruning (see Figure 11).

© IS0 2025 - All rights reserved
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1,5

-0,5

-1,5

Key

*  eliminated peak

44 Cr

441 (

Crossing
segment
significa

Figure 11 — Combined motifs

pssing-the-line segmentation

Leneral

Lthe-line segmentation is based on crossings of the referenceline by a profile. The profile i
bd based on crossings of the reference line and a procedure is then applied to prune out
ht through a combination algorithm, defined in 4.4.2, te l1€ave a set of significant segments

the resulting crossing-the-line segmentation.[10]

NOTE 1

The nest
discrimil

NOTE 2

4.4.2 (
Use the f
a) Step

1)
1

2)
1

3)
1

An alternative procedure is given in Annex A.

ng index for crossing-the-line segmentationdsspecified as the vector (H,, H;), where H is t
nation for the peaks and H, is the depth dis¢rimination for the pits; both values shall be prg

H, and H, can take the same positive value ot different positive values. One or both can also take the Y

alculation method for crossing-the-line segmentation
bllowing method:
1: Mark profile portiens-as follows:

fthe profile contains positive, negative or zero values, mark all portions of the profile over
he reference lifie-Keep zero values as part of the profile (see Figure 12 a)).

f the profile~contains positive and zero values, mark all portions of the profile over and
he reference line.

f the profile contains zero and negative values, mark all portions of the profile matching a
he reference line.

b initially
the least
which is

he height
defined.

ralue zero.

or below

matching

hd below

b) Step

2: Set profile values to zero which meet the following criteria (see Figure 12 b)):

1) the first and the last portion;

2) portions lower than their associated discrimination levels (H,, for peaks and H; for pits).

c) Step 3: Combine as profile elements pairwise adjacent peaks/pits or pits/peaks (including zero values

that

can be in between) from left to right (see Figure 13 a)) and vice versa (see Figure 13 b)).

Zero values shall be expressed by the concept of hyperreal values.

© IS0 2025 - All rights reserved
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i~
™
>,
| A

Key
A Hyp
B -H 1
C zero

NOTE

0 1 2 3 4 5 6 7 8

a) Keep zero values as part of the profile

A M N L,

~4 L
17

1
o
U1
el
~ul

0 1 2 3 4 5 6 7 8

b) Set profile elements to zero which meet the discrimination criteria

rofile peak height discrimination

hinus profile pit depth discrimination

values

Portions above the referenceline are light-grey filled. Portions below the reference line are filled w|

Figure 12 — Crossing-the-line segmentation calculation method (steps 1 and 2)

© IS0 2025 - All rights reserved
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0 1 2 3 4 5

a) From left to right

0 1 2 3 4 5 6
A

b) Fl‘OI-lkl'nght to left

Key

rofile peak height discrimination

xO

A Hyp \\C\){‘
B -H| thinus profile pit depth discriminati(G)

NOTE All detected profile eleme@e coloured by alternating grey-filled rectangles. Mosaic-filled {

mark excluded profile sections. CJ

-

(step 3)

O
&

rmation

eral i

entation information is given in Ann
A 1 m-an A gl A1 Aninn A hao o anch

concept &iagra H s
GPS matrix model is given in Annex E.

Segmentation filters according to this document are designated:

— Watershed segmentation using Wolf pruning: =~ FPMSW

— Crossing-the-line segmentation: FPMSC

© IS0 2025 - All rights reserved
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Annex A
(informative)

Crossing-the-line segmentation to determine profile elements

A.1 General

This annlex specifies the determination of profile elements for feature parameters using crossing

segment

Step
Step
Step
Step

NOTE

n

=

Xk P
Zr P

HD,

Xleft 4
H,, pd
H, pit

htion. Crossing-the-line segmentation is separated into four steps:
1: Determination of hills and dales within the evaluation length;
2: Determination of significant profile hills and profile dales;
3: Merging of adjacent significant profile hills or adjacent significant profile’dales;
4: Determination of profile elements.

The following variables are used:
Limber of profile values;
psition on the X-axis of profile value z; with k=1, 2, ..., n;
rofile value with k=1, 2, ..., n;
tal number of profile hills and profile dales;

profile hill or profile dale with k = 1, 2, .53 p; HD, has four members:

HD.te —1,0,1 to indicate a dale, a zero elément or a hill;
HD. h peak height or pit depth;
HD.i; index of the left boundary. XHD.i; of a profile hill or a profile dale;
HD.i, index of the right beundary XHD.i, of a profile hill or a profile dale;
Kright intersection points with the reference line;
ak height discrimination € Rg ;

depth diserimination € RE)L;

reshold-to suppress numerical noise € Rar (outwardly directed);

-the-line

rachold to cunnrace numarical noica e RY finumrdlu diractad):
roshold lo-suppress numerical nois e-c Ry—{inwardly directed);

n, total number of profile elements;

X;,m spacing of a profile element withm =1, 2, ...

Zi m height of a profile elementwithm=1, 2, .., n

) npe;

pe’
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A.2 Modified signum function

Function to determine the sign of a real number z depending on the positive real numbers u and I, see

Formula (A.1):
1 if zZ2U
sgm(z,l,u)=4-1 if z<-1 (A1)

0 otherwise

A.3 Root function

Function[to determine the Intersection of the assessed prof1ile with the reference line by linear interj| polation,

see Formula (A.2):

X, +X
(a +Xp) 5 b) if Z, =27y
root(x,,z,,Xy, 2 )= (.25 —xp2, ) A.2)
min| max| ~—3-b_"b%a’ y | x| otherwise
(Zb_Za)

where x},z, €R and x;,,z,eR are the coordinates of the profile whoSe linear connection interpects the
referencg line.

NOTE If the intersection point lies outside the interval [x,, x,], themthe associated interval limit is used jnstead of
the intersection point.
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A.4 Step 1: Determination of hills and dales within the evaluation length

This clause defines an algorithm in order to detect hills and dales with arbitrary height and depth within the
evaluation length. The result is a sequence HD of hills and dales. See Figure A.1.

(ZI._I sOynzz -0,)
v
(Z,.z 2-0,Az< 0,)

kh =arg maxk:i'__‘j_1(|zk|)
t:= sgm(zkh, min(0,, H), min(0,, H))
HD, ={t|z|.ij1}
i=jn,=n, +1

ji= et

k= arg max,_, (|z,])
t:= sgm(zkh, min(0,, H), min(0,, H))
HD"HD*I ={t, |Zkh|, i, n}
Nypi=ng +1

!

Figure A.1'< Step 1: Determination of hills and dales within the evaluation length
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A.5 Step 2: Determination of significant profile hills and profile dales

This clause defines an algorithm in order to delete insignificant hills and dales applying the peak height
discrimination and the pit depth discrimination. See Figure A.2.

NOTE The maximum operator between H, and Oy as well as H, and O, is needed if Oy and Oy, are constants.

start step 2

HD,.t=-1
A
(HD,.h < max(0,,H))

HD,t=1
A

(HD,.h < max(0,,H ))

delete HD,

Ny =Nyl

no

Figure A.2 — Step 2: Determination of significant profile hills and profile dales
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A.6 Step 3: Merging of adjacent significant profile hills or adjacent significant
profile dales

This clause defines an algorithm to merge adjacent hills or adjacent dales after applying the peak height
discrimination for profile hills and the pit depth discrimination for profile dales. The result is a sequence HD
of adjacent hills and dales or adjacent dales and hills. See Figure A3.

k:=n

HD

yes

yes

(HD, ,.h := max(HD, ,.h, HD,.h)
HD, i,:=HD,J,
delete HD,

Ny = 1yp-1

Figure A.3)— Step 3: Merging of adjacent hills or dales
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A.7 Step 4: Determination of profile elements

This clause determines the individual spacing X ; and height Z ; of profile elements. Profile elements are
determined from the beginning to the end of the evaluation length and vice versa. See Figure A.4.

start step 4

m:=0,k:=2 ki=n, -1
/\ no /\ o
k<ng -2 k=3
yes yes
i:=HD,i,j:=HD,, i i:=HD, i, j:=HD,i
Xiege = rOOt(Xi-P Zip Xy Zi) Xiegt = root(x,., Zy Xy Zi+1)
Xiigne = root(xj_l, Z,,X, z].) Kiigne = root(xj, Z,X,, ZM)
m:=m+1 m:=m+.1
o= Xeight ~ Xiete X = Xt Klest
Z, =HD, h+HD,h Z, = HDYA + HD, .h
k:=k+2 ki=k-2

Figure A.4 — Step 4: Determination of profile elements
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Annex B
(informative)

Other segmentation information — Hyperreal numbers

B.1 General

The hypé¢rreals, or non-standard reals, *R, are an extension of the real numbers R that contain [numbers
greater than any finite positive integer. Such numbers are infinite and their reciprocals are infinitesimals.

The ideq of the hyperreal system is to extend the real numbers R to form a systeny *R’that|includes
infinitesimal and infinite numbers, but without changing any of the elementary axioms of algdbra. Any
statemer)t of the form “any number z...” that is true for the reals is also true for the\liyperreals (for more
details, see References [11] and [12]).

B.2 Usage

In this dpcument, only hyperreal numbers with reals and infinitesimals*are used. Therefore, a Hyperreal
number, f{,.,, will consist of two parts of the form:

H.,+z+e

where

z s areal number;
€ s a positive infinitesimal.

Non-starjdard reals are used to make sure-that profile heights are all different, i.e. no two heights qre equal.
This greatly simplifies the segmentationtalgorithms. This is achieved by adding an infinitesimal {ilt to the
original profile height profile, as follows:

— Let (x,z) be the profile co-ordinates and let 6 be a given infinitesimal.
— Defipe the hyperreal heightas H., =z+xX9.
Then itis|trivial to showthatall such hyperreal heights take different values with the following comparjison rule:

H. .>H

rzl| rz2

If and only if z, %z, or if z; = z,, then x; > x,, where H,,; =z; +x; x dand H,,, = z, + x, x 6.

Itis triviplte convert a hyperreal height H,, =z + xxJ back to a real height as follows:

Real(z+xx0)=z i.e.justignore the infinitesimal part.

B.3 Computer implementation
One possible computer implementation is as follows:
— Assume that the profile consists of N heights stored as double precision floats z; withi =1, ..., N.

NOTE It is assumed that double precision floats consist of a sign bit, an 11-bit excess — 1023 binary exponent
and a 52-bit mantissa, plus the implied high-order 1 bit.

© IS0 2025 - All rights reserved
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— Also assume that the resolution of the height values can be represented as a small number of significant
bits, for example n, and let the given infinitesimal be the least significant bit § (leaving approximately
m =52 - n bits for the infinitesimal part of the hyperreal numbers). Then the real part of the height is the
upper n bits of the mantissa of the double precision float and the infinitesimal part is the lower m bits.

— The hyperreal number of the ith profile point becomes H.,; =z; +ixd withi=1, .., N and the algebraic

operations of this artificial hyperreal number (including comparison) are then just the standard algebraic
operations of double precision floats, greatly simplifying the segmentation algorithms.
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