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Method of Evaluation of Roundness Profiles of Machine Parts  
U sing  T he W avelet A naly sis 
 
Dr inż. Włodzimierz M A K I E Ł A   
Je s t  a d i u n k t e m  w  K a t e d r z e  T e c h n o l o g i i  M e c h a n i c z n e j   
i  M e t r o l o g i i  P o l i t e c h n i k i  Ś w i ę t o k r z y s k i e j  w  K i e l c a c h .  
W  s w o i c h  p r a c a c h  z a j m u j e  s i ę  z a g a d n i e n i a m i  i n ż y n i e r i i  
j a k o ś c i  o r a z  p o d s t a w  m e t r o l o g i i  i  p o m i a r ó w  w i e l k o ś c i  
g e o m e t r y c z n y c h ,  a  w  s z c z e g ó l n o ś c i  a n a l i z ą  a m p l i t u -
d o w o -c z ę s t o t l i w o ś c i o w ą  z a r y s ó w  c h r o p o w a t o ś c i ,  
p r o s t o l i n i o w o ś c i  i  o k r ą g ł o ś c i .  P o s i a d a  p o n a d  2 0 -l e t n i ą  
p r a k t y k ę  p r a c y   w  p r z e m y ś l e  w  z a p l e c z u  n a u k o w y m  
b r a n ż y  a r m a t u r y  p r z e m y s ł o w e j .  
 
 
e-m a i l :  w m a k i el a @ t u . k i el c e. p l    
 

A b s t r a c t  
 

I n h i t h e rt o p ra c t i c e , rou nd ne s s  a nd  c y li nd ri c i t y  p rof i le s  h a ve  b e e n 
e va lu a t e d  u s i ng  t h e  F ou ri e r t ra ns f orm . I n nu m e rou s  m e t rolog i c a l b ra nc h e s , 
h ow e ve r, c onc e rne d  w i t h  t h e  e va lu a t i on of  va ri a b le  s i g na ls , t h e  w a ve le t  
a na ly s i s  i s  a p p li e d . E f f ort s  h a ve  b e e n u nd e rt a k e n t o a p p ly  t h i s  m e t h od  t o 
t h e  e va lu a t i on of  g e om e t ri c a l s u rf a c e  s t ru c t u re . T h i s  p a p e r d e s c ri b e s  t h e  
a p p li c a t i on of  t h e  H a a r e x p a ns i on t o t h e  a p p rox i m a t i on of  rou nd ne s s  
p rof i le s  a nd  t o t h e  p re s e nt a t i on of  t h e  c onc e p t  of  c om p a ri s on of  t w o 
rou nd ne s s  p rof i le s  d e c om p os e d  b y  t h e  w a ve le t  m e t h od . T h e  e x a m p le s  
p re s e nt e d  i n t h e  p a p e r w e re  u s e d  f or p re li m i na ry  e va lu a t i on of  t h e  
p rop os e d  c onc e p t . 
 
K e y w o r d s :  H a a r w a ve le t , F ou ri e r t ra ns f orm , w a ve le t  t ra ns f orm , 
g e om e t ri c a l s u rf a c e  s t ru c t u re , rou nd ne s s , c y li nd ri c i t y . 
 Z a stosow a n ie a n a l izy fa l k ow ej  do oc en y za rysó w  ok rą g łoś c i c zę ś c i ma szyn  

 
S t r e s z c z e n i e  

 
W  d ot y c h c z a s ow e j  p ra k t y c e  w  oc e ni e  z a ry s ó w  s t ru k t u ry  g e om e t ry c z ne j  
p ow i e rz c h ni  s z e rok o w y k orz y s t u j e  s i ę  z a s a d ę  t ra ns f orm a c j i  F ou ri e ra . 
Z na la z ł o t o s z c z e g ó lne  z a s t os ow a ni e  w  a na li z i e  p om i a ró w  ok rą g ł oś c i   
i  w a lc ow oś c i . Z  t e g o w z g lę d u , ż e  w  w i e lu  d z i e d z i na c h  m e t rolog i i  d o 
oc e ny  z a ry s ó w  z m i e nny c h  s t os u j e  s i ę  z  d u ż y m  p ow od z e ni e m  
t ra ns f orm a c j ę  f a lk ow ą , p od j ę t o p ra c e  na d  a p li k a c j ą  t e j  m e t od y  d o oc e ny  
z a ry s ó w  s t ru k t u ry  g e om e t ry c z ne j  p ow i e rz c h ni . N i ni e j s z y  re f e ra t  
p oś w i ę c ony  j e s t  z a s t os ow a ni u  roz w i ni ę c i a  H a a ra  d o a p rok s y m a c j i  
s y g na ł ó w  z a ry s u  ni e ró w noś c i  p ow i e rz c h ni  c z ę ś c i  m a s z y n ora z  p re z e nt a c j i  
k onc e p c j i  p oró w ny w a ni a  z a ry s ó w  c h rop ow a t oś c i  p ow i e rz c h ni , k t ó re  
z os t a ł y  p od d a ne  d e k om p oz y c j i  f a lk ow e j . Prz e d s t a w i one  w  re f e ra c i e  
p rz y k ł a d y  p os ł u ż y ł y  d o w s t ę p ne j  oc e ny  z a p rop onow a ne j  m e t od y . 
 
S ł o w a  k l u c z o w e :  f a lk a  H a a ra , t ra ns f orm a t a  F ou ri e ra , t ra ns f orm a t a  
f a lk ow a , s t ru k t u ra  g e om e t ry c z na  p ow i e rz c h ni , ok rą g ł oś ć , w a lc ow oś ć . 
 1 .  In trodu c tion  
 
T h e  g e o m e t r i c a l  s u r f a c e  s t r u c t u r e  h a s  u s u a l l y  b e e n  e v a l u a t e d  b y  

m e a n s  o f  t h e  d i s c r e t e  F o u r i e r  t r a n s f o r m  [ 1 ,  2 ] .  T h i s  m e t h o d  
r e q u i r e s  c o n d u c t i n g  t h e  h a r m o n i c  a n a l y s i s  o f  t h e  e x p e r i m e n t a l l y  
o b t a i n e d  s u r f a c e  p r o f i l e s .  S u c h  a n  a n a l y s i s  u s u a l l y  a l l o w s  
e s t a b l i s h i n g  t h e  f o l l o w i n g  p a r a m e t e r s  o f  e x p a n s i o n  o f  t h e  p r o f i l e s  
i n t o  a  t r i g o n o m e t r i c  F o u r i e r  s e r i e s :  

nA  a n d  
nB  c o e f f i c i e n t s  o f  

i n d i v i d u a l  h a r m o n i c  c o m p o n e n t  o f  r o u n d n e s s ,  w a v i n e s s  a n d  
r o u g h n e s s  p r o f i l e ,  a m p l i t u d e s  

nC  o f  e a c h  h a r m o n i c  c o m p o n e n t ,  
p h a s e  s h i f t  ϕ n  o f  i n d i v i d u a l  h a r m o n i c  c o m p o n e n t s  [ 1 ,  2 ] .  
A l g o r i t h m s  o f  t h e  a b o v e  m e n t i o n e d  m e t h o d s  a l l o w  p e r f o r m i n g   

a  f r e q u e n c y  a n a l y s i s  t h a t  m a k e s  i t  p o s s i b l e  t o  i n v e s t i g a t e  t h e  
p r o p e r t i e s  o f  t h e  s i g n a l  c h a n g i n g  i n  t i m e  i n  t h e  d o m a i n  o f  
f r e q u e n c y  [ 3 ] .  T h e s e  m e t h o d s  e n a b l e  a n a l y s i s  o f  s t a t i o n a r y  
s i g n a l s .  H o w e v e r ,  m o s t  p h y s i c a l  p h e n o m e n a  a r e  n o n -s t a t i o n a r y  
a n d  t h e y  c a n  b e  r e g a r d e d  a s  s t a t i o n a r y  o n l y  a f t e r  a p p l y i n g  s p e c i f i c  

Dr inż. K rzy s zt of  S T Ę P I E Ń   
D r  i n ż .  K r z y s z t o f  S t ę p i e ń  j e s t  a d i u n k t e m  w  K a t e d r z e  
T e c h n o l o g i i  M e c h a n i c z n e j  i  M e t r o l o g i i  P o l i t e c h n i k i  
Ś w i ę t o k r z y s k i e j  w  K i e l c a c h .  W  s w o i c h  p r a c a c h  z a j m u j e  
s i ę  z a g a d n i e n i a m i  p o d s t a w  m e t r o l o g i i  i  p o m i a r ó w  
w i e l k o ś c i  g e o m e t r y c z n y c h ,  a  w  s z c z e g ó l n o ś c i  
p o m i a r a m i  z a r y s ó w  o k r ą g ł o ś c i  i  w a l c o w o ś c i .  Je s t  
w s p ó ł a u t o r e m  3 7  p r a c  p r e z e n t o w a n y c h  w  c z a s o p i s m a c h  
k r a j o w y c h  i  z a g r a n i c z n y c h  o r a z  n a  k o n f e r e n c j a c h  
m i ę d z y n a r o d o w y c h .  
 
 
e-m a i l :  k s t ep i en @ t u . k i el c e. p l    
 

a p p r o x i m a t i o n  t e c h n i q u e s  [ 4 ] .  B e c a u s e  t r a d i t i o n a l  f r e q u e n c y  
a n a l y s i s  d o e s  n o t  a l l o w  a c c u r a t e  o b s e r v a t i o n  o f  p r o p e r t i e s  o f  n o n -
s t a t i o n a r y  s i g n a l s ,  t h e r e f o r e  i n  s u c h  c a s e s  j o i n t  t i m e -f r e q u e n c y  
r e p r e s e n t a t i o n s  o f  s i g n a l s  s h o u l d  b e  a p p l i e d .  T h e s e  r e p r e s e n t a t i o n s  
c a n  b e  d i v i d e d  i n t o  t w o  g r o u p s :  t i m e -f r e q u e n c y  r e p r e s e n t a t i o n s  
a n d  t i m e -s c a l e  r e p r e s e n t a t i o n s .  I n  o r d e r  t o  i m p r o v e  q u a l i t y  o f  
F o u r i e r  t r a n s f o r m  a n a l y s i s ,  t h e  m e t h o d  o f  w a v e l e t  a n a l y s i s  i s  
g e t t i n g  m o r e  c o m m o n .  W a v e l e t  a n a l y s i s  i s  a p p l i e d  i n  n u m e r o u s  
a r e a s  o f  s c i e n c e  a n d  t e c h n o l o g y .  I t  s e e m s  t h a t  t h i s  m e t h o d  s h o u l d  
b e  a d o p t e d  t o  a n a l y s i s  o f  s i g n a l s  r e p r e s e n t i n g  i r r e g u l a r i t i e s  o f  
s u r f a c e s  o f  m a c h i n e  p a r t s .  I n  t h e  f i r s t  s t a g e  o f  t h e  i n v e s t i g a t i o n  
d e v e l o p i n g  o f  t h e  m e t h o d o l o g y  o f  e v a l u a t i o n  o f  r o u n d n e s s  p r o f i l e s  
a n d  c o m p a r i s o n  o f  i t s  e f f i c i e n c y  t o  t h e  F o u r i e r  a n a l y s i s  e f f i c i e n c y  
i s  p l a n n e d .  T h e  a i m  o f  t h i s  p a p e r  i s  d e s c r i p t i o n  o f  t h e  m e t h o d  o f  
d e c o m p o s i t i o n  o f  t h e  s i g n a l  r e c o r d e d  d u r i n g  r o u n d n e s s  
m e a s u r e m e n t  b y  t h e  H a a r  w a v e l e t s  a n d  p r e s e n t a t i o n  o f  t h e  c o n c e p t  
o f  c o m p a r i s o n  o f  d e c o m p o s e d  p r o f i l e s .  
 2 .  D ec omp osition  of mea su red sig n a l  w ith  u se of H a a r w a v el ets 

 2 . 1 .  D efin ition  of H a a r w a v el et 
 
T h e  b a s i s  o f  t h e  w a v e l e t  t h e o r y  i s  H a a r  w a v e l e t ,  w h i c h  i s  

d e f i n e d  a s  f o l l o w s  [ 5 ,  6 ] :  
 

  1)( =tψ   f o r   0   ≤  t  <  0 , 5  
1)( −=tψ   f o r   0 , 5   ≤  t  <   1              ( 1 )  

  0)( =tψ   f o r  o t h e r  t  
 
T h i s  f u n c t i o n  g e n e r a t e s  t h e  s e t  o f  w a v e l e t s  c o n t a i n i n g  f o l l o w i n g  

e l e m e n t s :  
 

)2(2)( 2/ ntt mm

mn −⋅=
−− ψψ   f o r   m , n  =  . . . , -2 , -1 , 0 , 1 , 2 …      ( 2 )  

 
T i m e  i n t e r v a l s ,  i n  w h i c h  e l e m e n t a r y  s i g n a l s  a r e  n o t  e q u a l  t o  

z e r o  a r e  c a l l e d  s u p p o r t .  O n  t h e  b a s i s  o f  t h e  e q u a t i o n  ( 2 )  w e  c a n  
s a y  t h a t  w i d t h  o f  s u c h  i n t e r v a l  f o r  H a a r  w a v e l e t s  i s  e q u a l  t o  2 m ,  s o  
w e  c a n  c o n c l u d e  t h a t  s u p p o r t  o f  t h e  f u n c t i o n  )(tmnψ  e q u a l s  2 m ,  
w h e r e  i n t e g e r  v a l u e  m i s  c a l l e d  a  s c a l e  c o e f f i c i e n t .  A c c o r d i n g l y ,  n  
i s  c a l l e d  a  s h i f t  c o e f f i c i e n t ,  a l t h o u g h  c o m p l e t e  s h i f t  o f  t h e  b a s i s  
w a v e l e t  Ψ d e p e n d s  a l s o  o n  t h e  s c a l e  c o e f f i c i e n t  a n d  i t  i s  e q u a l  t o  
nm2  [ 6 ] .  
 2 . 2 .  Wa v el et tra n sform 

 
C o n t i n u o u s  w a v e l e t  t r a n s f o r m  ( C W T )  o f  t h e  s i g n a l  x ( t )  f o r  

g i v e n  w a v e l e t  Ψ ( t )  i s  d e f i n e d  b y  t h e  f o r m u l a  [ 3 ,  4 ] :  
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w h e r e :  

τ – t i m e  s h i f t   
σ – s c a l e  ( f r e q u e n c y ) . 

 
D i s c r e t e  w a v e l e t  t r a n s f o r m  ( D W T )  c a n  b e  d e v e l o p e d  a s s u m i n g  

d i s c r e t i z a t i o n  o f  t h e  s i g n a l  x ( t )  a n d  f o l l o w i n g  c o n d i t i o n s :  
 

Iss
⋅==

−− 2,2 τσ             ( 4 )  
 

w h e r e :   
I – s h i f t  c o e f f i c i e n t . 

 
T a k i n g  t o  a c c o u n t  r e l a t i o n s h i p s  ( 4 ) , o n e  o b t a i n s :  
 

∑
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A f t e r  d e v e l o p i n g  a b o v e  m e n t i o n e d  d e f i n i t i o n s  o n e  c a n  

f o r m u l a t e  e x p a n s i o n  o f  t h e  f u n c t i o n  i n t o  w a v e l e t  s e r i e s :  
 

)2(2)(
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2/
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,,

Itt

tWtx

ss
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−⋅⋅=
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ψψ

ψ .              ( 6 )  

 
 
2.3. A p p r o x i m a t i o n  o f  t h e  s i g n a l  u s i n g  H a a r  

e x p a n s i o n  
 
E q u a t i o n  o f  t h e  f u n c t i o n  )()( 0 tf m− , w h i c h  i s  a s s u m e d  t o  b e   

a  m e a s u r e d  s i g n a l  i s  d e s c r i b e d  b y  f o r m u l a  7  
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T h e  s c h e m e  o f  t h e  a l g o r i t h m  p r e s e n t e d  a b o v e , w h i c h  i s  b a s e d  

o n  a v e r a g i n g  o f  t h e  f u n c t i o n  v a l u e s  f o r  a d j a c e n t  d e t e r m i n a t i o n  
i n t e r v a l s  a n d  o n  r e s p e c t i n g  t h e  d i f f e r e n c e  o f  d e t a i l s  i n  e a c h  
i n t e r v a l  i s  p r e s e n t e d  i n  t h e  F i g . 1 . 
 
 

  
F i g .  1.   T h e  t r e e  o f  t h e  w a v e l e t  d e c o m p o s i t i o n :  )0(f  - r e c o r d e d  s i g n a l ,   

)(if  – i-s t e p  a p p r o x i m a t i o n ,  )(id  – d e t a i l  i n  t h e  s t e p  i 
R y s .  1.   D r z e w o  d e k o m p o z y c j i  f a l k o w e j :  )0(f  - s y g n a ł  z a r e j e s t r o w a n y ,   

)(if  - a p r o k s y m a c j a  w  i – t y m  k r o k u ,  )(id  - e l e m e n t  w  i – t y m  k r o k u .  
 

 

2.4. E x a m p l e  o f  t h e  m o d e l  d e c o m p o s i t i o n  
 
I n  o r d e r  t o  i n v e s t i g a t e  o f  t h e  p r o c e s s  o f  t h e  a p p r o x i m a t i o n  o f  

t h e  m e a s u r e d  s i g n a l  ( f o r  e x a m p l e  i n  m e a s u r e m e n t  o f  t h e  s u r f a c e  
i r r e g u l a r i t i e s )  w i t h  H a a r  w a v e l e t s  p r a c t i c a l l y , s i m u l a t i o n  
c a l c u l a t i o n s  o f  t h e  n o n -r e a l  s i g n a l s  a s s u m i n g  l o w  v a l u e s  o f  
p a r a m e t e r s  0m  a n d  1m  w e r e  p e r f o r m e d . 
T h e  a s s u m p t i o n s  a r e :  

O u t p u t  f u n c t i o n  o f  t h e  p r o f i l e  )0(f  i s  d e f i n e d  i n  t h e  s e c o n d  r o w  o f  
t h e  T a b l e  1 , C a l c u l a t i o n  p a r a m e t e r s :  00 =m  a n d  31 =m . 
 

T a b .  1.   V a l u e s  o f  t h e  o u t p u t  d a t a  a n d  c a l c u l a t i o n  o f  t h e  s i m u l a t i o n  r e s u l t s  o f  t h e  
a p p r o x i m a t i o n  o f  t h e  f u n c t i o n  )0(f  f o r  p a r a m e t e r s  00 =m  a n d  31 =m  

T a b .  1.  Z e s t a w i e n i e  d a n y c h  w y j ś c i o w y c h  i  w y n i k ó w  o b l i c z e ń  s y m u l a c y j n y c h  
a p r o k s y m a c j i  f u n k c j i  )0(f  d l a  p a r a m e t r ó w  00 =m  i  31 =m  

 
t )0(f  )1(f  )1(d  )2(f  )2(d  )3(f  

-8 -2 -2 0 -0. 25 -1. 75 0. 375 

-7 -2 -2 0 -0. 25 -1. 75 0. 375 

-6 1 1. 5 -0. 5 -0. 25 1. 75 0. 375 

-5 2 1. 5 0. 5 -0. 25 1. 75 0. 375 

-4 0 0. 5 -0. 5 1 -0. 5 0. 375 

-3 1 0. 5 0. 5 1 -0. 5 0. 375 

-2 1 1. 5 -0. 5 1 0. 5 0. 375 

-1 2 1. 5 0. 5 1 0. 5 0. 375 

0 1 2 -1 2. 75 -0. 75 1. 75 

1 3 2 1 2. 75 -0. 75 1. 75 

2 3 3. 5 -0. 5 2. 75 0. 75 1. 75 

3 4 3. 5 0. 5 2. 75 0. 75 1. 75 

4 4 3. 5 0. 5 0. 75 2. 75 1. 75 

5 3 3. 5 -0. 5 0. 75 2. 75 1. 75 

6 -2 -2 0 0. 75 -2. 75 1. 75 

7 -2 -2 0 0. 75 -2. 75 1. 75 
 
 
3. T h e  p r i n c i p l e  o f  p r o f i l e s  c o m p a r i s o n  u s i n g  

w a v e l e t s  
 
I n  o r d e r  t o  c o m p a r e  p r o f i l e s  t r a n s f o r m e d  b y  t h e  w a v e l e t  

a n a l y s i s , i t  i s  n e c e s s a r y  t o  p r e s e n t  o b t a i n e d  p r o f i l e  i n  a  d i s c r e t e  
f o r m  i n  t h e  v a r i a b i l i t y  i n t e r v a l  ( m e a s u r e m e n t  d i s t a n c e ) , w h i c h  i s  
d i v i d e d  b y  t h e  n u m b e r  o f  i n t e r v a l s , b e i n g  t h e  m u l t i p l i c i t y  o f  
n a t u r a l  p o w e r  o f  2 .  
T h e  c o m p a r i s o n  s h o u l d  b e  s t a r t e d  f r o m  t h e  e x p a n d i n g  o f  t w o  

p r o f i l e s :  d a t u m  o n e  (
wf )  a n d  c o m p a r e d  o n e  (

pf )  a c c o r d i n g  t o  
f o l l o w i n g  e q u a t i o n s :  
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The comparative analysis of individual profiles should b e 
preceded b y assuming  values of indicators „ 0m ” .  defining  the 
leng th of the q uantiz ation interval „ 1m ”  and measurement distance 
( function domain) .  w hose leng th is eq ual to 12*2 m  in the rang e 

>< − 11 2;2 mm .  Then profiles are compared b y the indicator of 
partial fitting  pD  and the indicator of full fitting .  w hich are 
calculated b y the three different values of the parameter jw  for 
g iven value of the parameter 12mk = : 
 

∑ −+−=
=

1

1

2211 )()( m

j jwjpj
m
w

m
ppi ddwffD       ( 1 0 )  

 
∑= −

−=

1k

ki pip DD                 ( 1 1 )  
 

w here: 
012 mmk +

=               ( 1 2 )  
 

A pplication of three versions of the fitting  indicator is the result 
of the fact that presented method is still in the stag e of tests and 
therefore different criteria allow ing  determination of the 
dependence b etw een profiles should b e investig ated.  
V alues of jw  used in the calculations are follow ing : 

1=jw      -  contrib ution of the main component is eq ual to the 
contrib ution of other sub seq uent corrections.  

j
jw −

= 2   - contrib ution of corrections in relation to the 
contrib ution of the main component is g etting  smaller 
as the numb er „ j ”  of the corrections g row s 

12 m
jw −

=  - all the corrections have the same sig nificance in 
relation to the main component.  b ut their contrib ution 
into the value of the fitting  indicator is much smaller.   

 
4. V e r i f i c a t i o n  o f  t h e  m e t h o d  f o r  t h e  c a s e   

o f  r o u n d n e s s  m e a s u r e m e n t  
 
I n F ig .  2 ,  3  and 4  real roundness profiles ob tained throug h 

measurement of the cylindrical w ork piece in three cross-sections 
w ith Talyrond 2 0 0  measuring  device and the profiles ob tained 
throug h the discretiz ation ( F ig ures c)  are presented.  D iscretiz ation 
w as performed assuming  that the domain of the profile should b e 
divided into 1 6  intervals.  The numb er of intervals is the result of 
assumed approx imation parameters.  i. e.  00 =m  and 31 =m .  R eal 
profiles are presented in polar ( fig ures a)  and C artesian ( F ig ures b )  
coordinates.  E ach profile in discrete form had b een processed 
throug h approx imation b y the w avelet analysis and then selected 
couples of profiles w ere compared according  to proposed method.  
R esults of the calculations for different methods of comparison 

of profiles are presented in Tab le 2 .  
 

 
a )  
 

  

b )  
 

  
c )  

  
F i g .  2 .   R o u n d n e s s  p r o f i l e  o f  t h e  c y l i n d r i c a l  w o r k p i e c e  – c r o s s -s e c t i o n  n o .  1  

a )   r e a l  p r o f i l e  m e a s u r e d  w i t h  T a l y r o n d  2 0 0  ( p o l a r  c o o r d i n a t e s )  
b )   r e a l  p r o f i l e  m e a s u r e d  w i t h  T a l y r o n d  2 0 0  ( C a r t e s i a n  c o o r d i n a t e s )  
c )   t h e  f r a g m e n t  o f  t h e  p r o f i l e  a f t e r  d i s c r e t i z a t i o n  s e l e c t e d  f o r  t h e  w a v e l e t  

a n a l y s i s  
R y s .  2 .   Z a r y s  o k r ą g ł o ś c i  m i e r z o n e j  c z ę ś c i  – p r z e k r ó j  p o p r z e c z n y  n r  1 :  

a )  z a r y s  z m i e r z o n y  z a  p o m o c ą  p r z y r z ą d u  T a l y r o n d  2 0 0  ( w s p ó ł r z ę d n e  
b i e g u n o w e ) ,  

b )  z a r y s  z m i e r z o n y  z a  p o m o c ą  p r z y r z ą d u  T a l y r o n d  2 0 0  ( w s p ó ł r z ę d n e  
p r o s t o k ą t n e ) ,  

c )  o d c i n e k  z a r y s u  p o  d y s k r e t y z a c j i ,  w y b r a n y  d o  a n a l i z y  f a l k o w e j  
 
a )  
 

  
b )  
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c) 

  
F i g .  3.    R o u n d n e s s  p r o f i l e  o f  t h e  cy l i n d r i ca l  w o r k p i e ce  – cr o s s -s e ct i o n  n o .  2 

a )  r e a l  p r o f i l e  m e a s u r e d  w i t h  T a l y r o n d  20 0  ( p o l a r  co o r d i n a t e s ) 
b )  r e a l  p r o f i l e  m e a s u r e d  w i t h  T a l y r o n d  20 0  ( C a r t e s i a n  co o r d i n a t e s ) 
c)  t h e  f r a g m e n t  o f  t h e  p r o f i l e  a f t e r  d i s cr e t i z a t i o n  s e l e ct e d  f o r  t h e  w a v e l e t  a n a l y s i s   

R y s .  3.   Z a r y s  o k r ą g ł o ś ci  m i e r z o n e j  cz ę ś ci  – p r z e k r ó j  p o p r z e cz n y  n r  2:  
a ) z a r y s  z m i e r z o n y  z a  p o m o cą  p r z y r z ą d u  T a l y r o n d  20 0  ( w s p ó ł r z ę d n e  

b i e g u n o w e ),  
b ) z a r y s  z m i e r z o n y  z a  p o m o cą  p r z y r z ą d u  T a l y r o n d  20 0  ( w s p ó ł r z ę d n e  

p r o s t o k ą t n e ),  
c) o d ci n e k  z a r y s u  p o  d y s k r e t y z a cj i ,  w y b r a n y  d o  a n a l i z y  f a l k o w e j  

 
a ) 
 

  
b ) 
 

  
c) 

  
F i g .  4 .    R o u n d n e s s  p r o f i l e  o f  t h e  cy l i n d r i ca l  w o r k p i e ce  – cr o s s -s e ct i o n  n o .  3 

a )  r e a l  p r o f i l e  m e a s u r e d  w i t h  T a l y r o n d  20 0  ( p o l a r  co o r d i n a t e s ) 
b )  r e a l  p r o f i l e  m e a s u r e d  w i t h  T a l y r o n d  20 0  ( C a r t e s i a n  co o r d i n a t e s ) 
c)  t h e  f r a g m e n t  o f  t h e  p r o f i l e  a f t e r  d i s cr e t i z a t i o n  s e l e ct e d  f o r  t h e  w a v e l e t  a n a l y s i s   

R y s .  4 .   Z a r y s  o k r ą g ł o ś ci  m i e r z o n e j  cz ę ś ci  – p r z e k r ó j  p o p r z e cz n y  n r  3:  
a ) z a r y s  z m i e r z o n y  z a  p o m o cą  p r z y r z ą d u  T a l y r o n d  20 0  ( w s p ó ł r z ę d n e  

b i e g u n o w e ),  
b ) z a r y s  z m i e r z o n y  z a  p o m o cą  p r z y r z ą d u  T a l y r o n d  20 0  ( w s p ó ł r z ę d n e  

p r o s t o k ą t n e ),  
c) o d ci n e k  z a r y s u  p o  d y s k r e t y z a cj i ,  w y b r a n y  d o  a n a l i z y  f a l k o w e j  

 

T a b .  2.   R e s u l t s  o f  t h e  ca l cu l a t i o n s  o f  p r o f i l e s  co m p a r i s o n  
T a b .  2.   W y n i k i  o b l i cz e ń  p o r ó w n y w a n i a  z a r y s ó w  
 
C o m p a r e d  p r o f i l e s  V a r i a n t  o f  t h e  ca l cu l a t i o n  V a l u e  o f  t h e  f i t t i n g  i n d i ca t o r  

pD  [ µ m 2] 
1=jw  20 . 4 9  

j
jw −

= 2  9 . 9 9  1  - 2 
12 m

jw −

=  6 . 1 6  
1=jw  4 5 . 9 2 

j
jw −

= 2  1 6 . 5 9  1  - 3 
12 m

jw −

=  8 . 9 2 
1=jw  1 7 . 0 0  

j
jw −

= 2  6 . 38  2-3 
12 m

jw −

=  4 . 1 2 
 
5. S u m m a r y  a n d  c o n c l u s i o n s  
 
T h e  a l g o r i t h m  d e s c r i b e d  i n  t h e  p a p e r  h a s  b e e n  p r e s e n t e d  i n   

a  m o d e l  w a y  f o r  v e r y  s m a l l  v a l u e s  o f  t h e  s i g n a l  d e c o m p o s i t i o n  
p a r a m e t e r s . i .e . 00 =m  a n d  31 =m . I n  p r a c t i c e  t h e s e  p a r a m e t e r s  
s h o u l d  b e  m u c h  l a r g e r ,  b u t  t h e n  t h e  a l g o r i t h m  p r e s e n t e d  i n  t h e  
p a p e r  w o u l d  r e q u i r e  s p e c i a l  c o m p u t e r  s o f t w a r e  a n d  i t  w o u l d  n o t  b e  
c l e a r  f o r  p u r p o s e s  o f  p r e s e n t a t i o n  o f  t h e  m e t h o d . A m o n g  t h e  
i n v e s t i g a t e d  c a l c u l a t i o n  v a r i a n t s ,  t h e  v a r i a n t  o f  e q u a l  c o n t r i b u t i o n  o f  
t h e  a p p r o x i m a t e d  p r o f i l e  a n d  s u b s e q u e n t  c o r r e c t i o n s  ( 1=jw )  s e e m s  
t o  b e  t h e  m o s t  a p p r o p r i a t e . F u r t h e r  r e s e a r c h  w o r k  o n  a p p l i c a t i o n  o f  
t h e  w a v e l e t  t h e o r y  t o  e v a l u a t i o n  o f  s u r f a c e  i r r e g u l a r i t i e s  o f  m a c h i n e  
p a r t s  s h o u l d  b e  c a r r i e d  o u t  i n  f o l l o w i n g  r e s e a r c h  a r e a s :  
D e v e l o p m e n t  o f  t h e  c o m p u t e r  s o f t w a r e  p e r f o r m i n g  t h e  p r o c e s s  

o f  t h e  a p p r o x i m a t i o n  a n d  e x p a n s i o n  o f  t h e  m e a s u r e d  s i g n a l  u s i n g  
w a v e l e t s  f o r  a n y  v a l u e  o f  p a r a m e t e r s  0m  a n d  1m . 
P e r f o r m i n g  p r a c t i c a l  v e r i f i c a t i o n  o f  t h e  s o f t w a r e  t h r o u g h  i t s  

a p p l i c a t i o n  t o  e v a l u a t i o n  o f  r e a l  s i g n a l s  o f  r o u n d n e s s  p r o f i l e s  a n d  
c o m p a r i s o n  o f  i t s  r e s u l t s  t o  t h e  r e s u l t s  o f  F o u r i e r  a n a l y s i s . 
D e v e l o p m e n t  o f  t h e  c o n c e p t  o f  c o m p a r i s o n  o f  p r o f i l e s  o b t a i n e d  

w i t h  d i f f e r e n t  m e a s u r i n g  i n s t r u m e n t s  o r  w i t h  t h e  s a m e  i n s t r u m e n t  
f o r  d i f f e r e n t  w o r k p i e c e s  w i t h  u s e  o f  t h e  w a v e l e t  a n a l y s i s . 
C o n d u c t i n g  o p t i m i z a t i o n  i n v e s t i g a t i o n s  a i m i n g  a t  d e f i n i n g  

c r i t e r i a  a l l o w i n g  c o r r e c t  s e l e c t i o n  o f  c a l c u l a t i o n  p a r a m e t e r s  a n d  
f o r m  o f  b a s i c  w a v e l e t  a n d  d e t e r m i n a t i o n  i f  t h e i r  i n f l u e n c e  o n  t h e  
q u a l i t y  o f  p e r f o r m e d  c a l c u l a t i o n s . 
 
T h e  w o r k  w a s  p r e s e n t e d  d u r i n g  t h e  I V . I n t e r n a t i o n a l  C o n g r e s s  o n  

P r e c i s i o n  M a c h i n i n g  – I C P M  2 0 0 7 ,  S a n d o m i e r z -K i e l c e ,  S e p t . 2 0 0 7 . 
R e s e a r c h  s u p p o r t e d  b y  K B N  u n d e r  g r a n t   N  N 5 0 5  1 2 0 1  3 3 . 

 
6 . R e f e r e n c e s  
 
[1] A d a m c z a k  S . .  J a n e c k i  D . :  M e t h o d  o f  c o m p a r i s o n  o f  r o u n d n e s s  

p r o f i l e s  u s i n g  c r o s s -c o r r e l a t i o n  f u n c t i o n  ( i n  P o l i s h ) .  M e t r o l o g y  a n d  
m e a s u r e m e n t  s y s t e m s .  v o l .  5 .  z .  3 .  W a r s a w  19 9 8 .  p p .  14 1-15 1.  

[2 ] A d a m c z a k  S .  M a k i e ł a  W . :  C o n c e p t  o f  s t a t i s t i c a l  c o m p a r i s o n  o f  
m e a s u r i n g  d e v i c e s  a c c u r a c y  ( i n  P o l i s h ) .  P r o c e e d i n g s  o f  t h e  
s y m p o s i u m  „ M e t r o l o g y  i n  q u a l i t y  m a n a g e m e n t  s y s t e m s  -4 ”  K i e l c e  – 
A m e l i ó w k a .  2 2 -2 4  S e p t .  2 0 0 3 .  

[3 ] R i o u l  O . ,  V e t t e r l i  M . :  W a v e l e t e s  a n d  s i g n a l  p r o c e s s i n g .  I E E E  S i g n a l  
P r o c e s s i n g  M a g a z i n e ,  O c t .  19 9 1,  s .  14 -3 8 .  

[4 ] C o i f m a n  R .  R . ,  W i c k e r h a u s e r  M .  V . :  A d a p t e d  w a v e f o r m  a n a l y s i s  a s  a  
t o o l  f o r  m o d e l l i n g ,  f e a t u r e  e x t r a c t i o n  a n d  d e n o i s i n g .  O p t i c a l  
E n g i n e e r i n g ,  v o l .  3 3 ,  n o .  7 ,  19 9 4 ,  s .  2 17 0 -2 17 4 .  

[5 ] R i o u l  O . ,  D u h a m e l  P . ,  F a s t  a l g o r i t h m s  f o r  d i s c r e t e  a n d  c o n t i n u o u s  
w a v e l e t  t r a n s f o r m s .  I E E E  T r a n s a c t i o n s  o n  I n f o r m a t i o n  T h e o r y ,  v o l .  
2 8 ,  n o .  2 ,  19 9 2 ,  s .  5 6 9 -5 8 6 .  

[6 ] M a k i e ł a  W .  : T h e  w a v e l e t  a n a l y s i s  a s  a  m e t h o d  a p p r o x i m a t i n g  s u r f a c e  
p r o f i l e s ”  C E E P U S  S c i e n c e  R e p o r t  P r o j e c t  P L -0 0 0 7  “ M o d e r n  
M e t r o l o g y  i n  Q u a l i t y  M a n a g e m e n t  S y s t e m s ”  p p . 12 9 -14 2 .  K i e l c e  2 0 0 6  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Artykuł recenzowany 


