
 

 
  

 

  

Abstract: Rap
personal com
hardness meas
factor in meas
On the other 
when the spec
processing alg
measurement. 
advanced ima
Modeling (A
technique ca
measurement 
effect of specim
Key words: mi
 
1. INTRODU
 

More soph
construction m
hardness. At 
products and 
tools for test
important for 
final industria
amount of lo
market there h
the quality. 
interesting for
they must, how
properties. H
technologies w
quality materi
process. Auto
measurement 
to manual me
affected by hu

Several d
measurement w
Mendes et al.,
hardness mea
applicable for 
 
2. EXPERIM

 
Hardness i

the constructio
in technical p
tests is their 
many cases th
product or on 
mechanical tes

Hardness 
(surface of th
deformation c
of a specific g
hardness is d
deformation. 

KNOOP 

pid increase o
mputers has en
surement in the
surement and sp
r hand, the au
cimen surface is
lgorithm is cru

The article 
age processing
SM) and a 
alled Particle
of rough polis
men surface pro
icrohardness, k

UCTION  

histicated prod
materials and th

the current g
final products
ing material p
testing quality 

al products. In 
ow quality mat
has been a grow

These impor
r a number of 
wever, pay atte

Hence it is n
which enable f
ial and help to
omatic hardnes
process and pro
easurement tha

uman factor. 
different appr
were presented
, 2003). The ar

asurement but 
Knoop hardnes

MENT 

is one of the im
on materials an
practice. The m
easiness, repea

he measuremen
samples produc
sts.  
can be define

he material in 
caused by a pre
geometrical shap
etermined by t

Annals of DA

HARDNE

HRUZ

of computation
nabled employ
e last decade. It
peeds up the me
utomatic measu
s not well prep
ucial for the a
introduces a 
g technique ca

sophisticated 
e Filtering 
shed specimens
operties. 
knoop, active sh

ducts require b
heir properties, o
global market 
, it is necessa

properties. Mea
of the processe
recent years d
terials importe

wing need to tes
rted semi-finis
manufacturers 
ention to the in
necessary to 
fast and reliabl
 prevent its us
s measurement
ovide repeatabl
at is time cons

roaches to a
d in the past (Su
rticles mainly fo
most of the is
ss measurement

mportant mech
nd therefore is v
main advantage
atability and a
t can be perfor
ced and designe

ed as the resi
the measured 

essing material 
pe, at a defined
the size of the

AAAM for 2010 & 
ISBN 978-3-90

SS MEASU

Z, M[arek]; SI

nal performanc
yment of autom
t reduces the hu
easurement pro
urement often f
pared. Robust im
automatic hard
combination o
alled Active S

model estim
(PF). It en

s and minimize

hape modeling

better knowledg
one of which is
with semi-fin

ary to have sui
asuring hardne
ed materials an
due to the incre
ed to the Euro
st hardness to v
shed products
for their low p

nput control of 
use such te

le discovery of
se in the produ
t can speed up
le results in con
suming and al

automatic hard
ugimoto et al., 1
focus on the Vi
ssues discussed
t as well.  

hanical properti
very often meas
e of these hard
also the fact th
rmed directly o
ed for other typ

istance of ma
spot) against 
(so-called inde

d load. The degr
e permanent p

Proceedings of the 
01509-73-5, Editor 

Make Harm

UREMENT

  

IROKY, J[an

ce of 
matic 
uman 
ocess. 
fails, 
mage 
dness 
of an 
Shape 

mation 
ables 

es the 

ge of 
s also 
ished 
itable 
ess is 
nd the 
eased 
opean 
verify 
 are 
price; 
f their 
esting 
f low 
uction 
p the 
ntrast 
lways 

dness 
1997; 
ckers 
d are 

ies of 
sured 
dness 

hat in 
on the 
pes of 

aterial 
local 

enter) 
ree of 
lastic 

H
In te
test, 
of th
hard
micr
dete
inde
micr
dete
high
mea

T
meth
ISO 
ISO 
 
3. R
 

A
Tim
unde
face
med
KNO
diam
diffe
The 
stati
 
x =

 
whe
mea
eige
is a 
in l
resem
we c
savin
is a 
set o
In g
para
repre
appr
(Šim
Impo
algo
distr
prop
distr
ends
repre
chos

21st International D
B. Katalinic, Publis

mony Between Tech

  

T USING C

n] & MANAS

Hardness tests c
erms of princip
impact test and

he loading forc
dness. Further
rohardness. The
rmined by ve

entations. Very
rohardness is s
rmined by usu

her precision d
asuring the inden
The most frequ
hods of Brinell
6508), Vickers
4545). 

RESULTS AN

ASM is a statis
m Cootes (Coot

er various appe
 recognition,

dicine to descr
OOP hardness 
mond as a resu
erent mark dep

differences i
stically depend

Pbx +=      

re x is a vecto
an of all train
nvectors of the
vector in the re
imited interval
mble the ones u
can find an op
ng computation
model estimati

of particles to d
general, the pa
ameters' space
esenting their 
roaches on how

mandl et al., 200
ortance Resam

orithm a set of p
ribution. Impor
pagated. From
ribution of part
s when require
esented as a se
sen by hand for

DAAAM Symposiu
shed by DAAAM In

hnology and Nature,

COMPUTE

S, D[avid] 

can be divided 
ple we recogni
d rebound test. 
ce we recognize
r we recogn
e name “microh
ery small load
y often the bo
stated as 19.8 
ual hardness tes
during load ap
ntation (Stanek

uent methods of
l (ČSN EN ISO
s (ČSN EN ISO

ND DISCUSS

tical shape desc
tes, 2000) to d
earances. It has
lip tracking (

ribe the shape 
test the mod

ult of the inde
ending on the 
in the appear

dent. 

                      

or form R2N rep
ning shapes, P
e covariance m
educed dimensi
ls we obtain n
used in training
ptimal solution 
n time and rejec
ion technique b
describe a distr

articles are vec
. Weights are

importance. 
w to estimate th
07). In our case 

mpling. This me
possible particle
rtance of thes

m the importa
ticles is estimat
d conditions ar
et of landmark
r more complex

um, Volume 21, No
nternational, Vienn
, and Your Mind wi

Annals of DA

ER VISION

according to di
ize a scratch te
In terms of the 
e static and dy

nize tests of
hardness” is use
ds causing on
rderline betwe
N. Microhardn

ster because it 
pplication as 

k et al., 2005). 
f measuring har
O 6506), Rock
O 6507) and Kn

SION 

cription method
detect an objec
s been successf
(Krňoul et al.

of bones or 
deled shape is
ention. An ind
quality of the t
rance of the 

                     

presenting a sh
is formed co
atrix of training
ion. By changin
new plausible 

g. The advantag
in a lower dim

cting improbabl
based on simul
ribution of mod
ctors belonging
e associated 
Generally, th

he model param
 we use a versio
eans that in ea
es is drawn from
e particles is 

ance sampling 
ted and so on. 
re met. In ASM

ks. The landmar
x shapes or alt

. 1, ISSN 1726-967
a, Austria, EU, 201
ill Fly Free as a Bir

DAAAM Internationa

N 

ifferent criteria:
est, indentation
speed of effect
namic tests for

f macro and
ed for hardness

nly very small
een macro and
ness cannot be
requires much
well as when

rdness are static
kwell (ČSN EN
noop (ČSN EN

d introduced by
ct in an image
fully applied in
, 2007) or in
organs. In the

s an elongated
denter leaves a
tested material.
indention are

              (1) 

hape, x is the
lumn wise by
g shapes and b
ng the vector b
shapes which

ge of this is that
mension space,
le solutions. PF
ation. It uses a
del parameters.

g to the model
with particles

here are more
meters using PF
on of Sampling
ach step of the
m an estimated
measured and
step a new

The algorithm
M the shape is
rks are usually
ternatively they

 

9
0

rd
al

: 
n 
t 
r 
d 
s 
l 
d 
e 
h 
n 

c 
N 
N 

y 
e 
n 
n 
e 
d 
a 
. 
e 

e 
y 
b 
b 
h 
t 
, 

F 
a 
. 
l 
s 
e 
F 
g 
e 
d 
d 
w 
m 
s 
y 
y 



 

 

can be synthesized. They should describe the shape well and 
they should be easily detectable. Landmarks usually lie on the 
edges of the shape. Their connectivity is recorded by ordering. 
Next, the set of connected landmarks is turned into a vector. 
Usually a set [x(1..N),y(1..N)] becomes a vector 
[x(1),x(2),...,x(N),y(1),...y(N)]T. Each shape generates a vector 
in a R2N space. When we obtain more shapes they form a 
distribution in this space. The idea is to find a statistical 
description of the distribution. It is an efficient method to 
reduce the dimensionality of statistically dependent data 
(equation 1). First, we synthesized samples of indention shapes 
to train ASM. The shape was modeled as four vertexes of an 
elongated diamond. The relative position of the vertexes is 
defined by the shape of the indenter. In reality the shape of the 
indention is rarely a perfect diamond shape. This is caused by 
non-ideal conditions of the hardness test (Mendes et al., 2003). 
The variations in the appearance under our scope include the 
position, scale and rotation. ASM is used to model the rotation 
and the scale. The position is handled by PF in later stages of 
the algorithm. A set of possible landmarks is synthesized using 
a scale and rotation transforms (equation 2). 
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where si is the ith scale parameter, αi is the ith angle and V is a 
matrix containing vertexes of an aligned indention shape.  

The third step is to estimate the position, rotation and scale 
of a model shape using PF. At first, a set of particles is 
generated. The particles are samples from the model parameter 
space. At the beginning we pick the particles equidistantly from 
an experimentally chosen interval. Next, we measure 
importance of these particles. It is the intensity of edge points in 
the observation image along the edges of the model shape. This 
way we want to respect the shape of the indention. The weights 
are computed as normalized results of the importance 
measurement. The best scoring particle is remembered as the 
parameter estimation in this step. Particles are resampled 
according to the distribution of the weights. The better score a 
particle achieves the better chance it has to be resampled. We 
add additional noise to the resampled particles. This assures 
that one particle is not resampled several times at the same 
position. Importance of the resampled particles is measured in 
the image and the process repeats until the estimation 
converges. 

 

 
 
Fig. 1. Edge detection using a bank of filters 
 

The results we achieved are promising. The detection is 
robust and fails only on very damaged specimens. Usually it 
occurs in cases where the indention does not fulfill the 
predefined norm. Our results are shown on the selected 
examples of KNOOP hardness test. 

 
Fig. 2. Examples of algorithm detection 
 

The results show that our goal is not to detect the indention 
shape perfectly, but rather estimate the state of an ideal 
indention. This is an important property of our method. Knoop 
hardness test is based on the deterministic relation between the 
indentation size in the image and the hardness of the tested 
specimen. Therefore, the aim is to estimate the whole shape of 
indentation in the image instead of detecting the exact profile of 
each edge (possibly affected by the specimen surface 
properties). It can be seen in Figure 2. 
 
4. CONCLUSION 
 

The novel image processing technique for Knoop hardness 
measurement was presented. The results are encouraging and 
confirmed that the presented technique can handle rough 
polished specimens as well as rust or inclusion particles. The 
technique was implemented for Knoop hardness measurement 
but thanks to the application of the Active Shape Model it can 
be used for Vickers or Brinell hardness testing as well. This 
will be the focus of the future developments. 
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