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A b s t r a c t  
 

I n  t h e  p a p e r  a  d i g i t a l  i m a g e  p r o c e s s i n g  a l g o r i t h m  u s e f u l  f o r  v i d e o -b a s e d  
a n a l y s i s  o f  p o w e r  l i n e s  s p a c e r s ’  m e c h a n i c a l  c o n d i t i o n  i s  p r o p o s e d . F o r  
t e s t i n g  p u r p o s e s  t h e  s e m i -s y n t h e t i c  i m a g e s  o f  s o m e  d a m a g e d  t y p i c a l  
s p a c e r s  h a v e  b e e n  u s e d  b u t  f o r  t h e  v e r i f i c a t i o n  o f  t h e  d e t e c t i o n  o f  s p a c e r s ’  
l o c a t i o n  w o r k i n g  p r o p e r t i e s  t h e  r e a l  i m a g e s  t a k e n  f r o m  t h e  c a m e r a  h a v e  
b e e n  u s e d . Pr e s e n t e d  m e t h o d  i s  b a s e d  m a i n l y  o n  t h e  g e o m e t r i c a l  f e a t u r e s ’  
e x t r a c t i o n  t e c h n i q u e s  a n d  c a n  b e  a p p l i e d  i n  t h e  s y s t e m s  f o r  t h e  a n a l y s i s  o f  
d a t a  a c q u i r e d  b y  e .g . a e r i a l  f l y -b y  p a t r o l s . 
 
K e y w o r d s :  s p a c e r ,  g e o m e t r i c a l  f e a t u r e s ’  e x t r a c t i o n ,  f a u l t  d e t e c t i o n . 
 
W i zyj n a  te c h n i k a  d e te k c j i  u szk od ze ń  
od stę p n i k ó w  p od c za s i n sp e k c j i   
l i n i i  e n e rg e tyc zn yc h  

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

 
W  p r a c y  z a p r o p o n o w a n o  a l g o r y t m  c y f r o w e g o  p r z e t w a r z a n i a  o b r a z ó w  
u ż y t e c z n y  w  a n a l i z i e  w i d e o  u s z k o d z e ń  m e c h a n i c z n y c h  o d s t ę p n i k ó w   
w  l i n i a c h  e n e r g e t y c z n y c h . D o  c e l ó w  t e s t o w y c h  z o s t a ł y  u ż y t e  
p ó ł s y n t e t y c z n e  o b r a z y  u s z k o d z e ń  t y p o w y c h  o d s t ę p n i k ó w ,  n a t o m i a s t  
w e r y f i k a c j a  d z i a ł a n i a  d e t e k c j i  p o ł o ż e n i a  o d s t ę p n i k ó w  z o s t a ł a  p r z e p r o w a -
d z o n a  w  o p a r c i u  o  o b r a z y  r z e c z y w i s t e  u z y s k a n e  z  k a m e r y . Pr o p o n o w a n a  
m e t o d a  j e s t  o p a r t a  g ł ó w n i e  n a  t e c h n i k a c h  e k s t r a k c j i  c e c h  g e o m e t r y c z n y c h  
i  m o ż e  b y ć  u ż y t a  w  s y s t e m a c h  a u t o m a t y c z n e j  a n a l i z y  d a n y c h  
u z y s k i w a n y c h  n p . p o d c z a s  i n s p e k c j i  l o t n i c z y c h . 
 
S ł o w a  k l u c z o w e :  o d s t ę p n i k ,  e k s t r a k c j a  c e c h  g e o m e t r y c z n y c h ,  d e t e k c j a  
u s z k o d z e ń . 
 
1 .  Au tom a ti c  p ow e r l i n e s i n sp e c ti on  

te c h n i q u e s 
 

T h e  m o s t  c r u c i a l  e l e m e n t s  o f  e l e c t r i c a l  p o w e r  s y s t e m s  a r e  t h e  
p o w e r  p l a n t s  a n d  t r a n s m i s s i o n  l i n e s .  T h e  m a l f u n c t i o n  o f  e a c h  o f  
t h e i r  e l e m e n t s  m a y  c a u s e  t h e  s e r i o u s  e c o n o m i c  l o s s e s  a n d  
d a m a g e s .  T h e  p o w e r  p l a n t s  a r e  c o n t r o l l e d  c o n t i n u o u s l y  b y   
a  n u m b e r  o f  t h e i r  e m p l o y e e s  r e a d y  f o r  t h e  i m m e d i a t e  s o l v i n g  o f  
t h e  p o t e n t i a l  p r o b l e m s .  H o w e v e r ,  t h e  w i d e  s p r e a d  o f  t r a n s m i s s i o n  
l i n e s  m a k e s  t h e  f a s t  r e a c t i o n  a l m o s t  i m p o s s i b l e  i n  t h e  c a s e  o f  a n y  
m e c h a n i c a l  d a m a g e s .  T h e  m a i n  s o u r c e s  o f  s u c h  d a m a g e s  o f  t h e  
o v e r h e a d  t r a n s m i s s i o n  l i n e s  a r e  w e a t h e r  c o n d i t i o n s  a n d  t h e  l a p s e  
o f  t i m e  c a u s i n g  t h e  a g i n g  o f  t h e  i n f r a s t r u c t u r e .  F o r  t h e  h i g h e s t  
v o l t a g e  l i n e s  s o m e  p e r i o d i c  i n s p e c t i o n s  a r e  p e r f o r m e d .  
N e v e r t h e l e s s ,  s u c h  p r o c e d u r e s  a r e  t i m e  c o n s u m i n g  a n d  
t r o u b l e s o m e  b e c a u s e  o f  t h e  l e n g t h  o f  t h e  l i n e s  a n d  s o m e  o t h e r  
d i f f i c u l t i e s  w i t h  t h e  a c c e s s i n g  t o  t h e  l i n e s  i n  t h e  v a r i o u s  t e r r a i n  
c o n d i t i o n s .  

C o n t e m p o r a r i l y ,  i n s p e c t i o n s  f r o m  t h e  g r o u n d  a s  w e l l  a s  t h e  
a i r b o r n e  p a t r o l s  a r e  u s e d  w o r l d w i d e .  T h e  m o s t  p r o m i s i n g  s o l u t i o n  
f o r  t h e  f u t u r e  s e e m s  t o  b e  t h e  a u t o m a t i c  i n s p e c t i o n  u s i n g  
a u t o n o m o u s  f l y i n g  r o b o t  v e h i c l e s  [ 1 ] .  S o m e  r e s e a r c h  e f f o r t s  i n  t h i s  
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f i e l d  c a u s e  t h e  r a p i d  d e v e l o p m e n t  o f  t h e  m e t h o d s  r e l a t e d  t o  t h e  
a u t o m a t i c  i n s p e c t i o n  o f  t h e  a e r i a l  p o w e r  l i n e s  [ 2 ,  3 ,  4 ] .  S u c h  
a u t o m a t i c  a p p r o a c h  c a n  b e  v e r y  u s e f u l  e v e n  i f  t h e  p r e s e n c e  a n d  
t h e  a s s i s t a n c e  o f  h u m a n  g r o u n d  s e r v i c e  i s  n e c e s s a r y .  A p p l y i n g  t h e  
a u t o m a t i c  i n s p e c t i o n s  m a y  c a u s e  t h e  i n c r e a s e  o f  t h e  i n s p e c t i o n s ’  
f r e q u e n c y  w i t h  l o w e r i n g  t h e i r  a v e r a g e  c o s t  r e l a t e d  t o  t h e  
i m p r o v e m e n t  o f  t h e  n e t w o r k ’ s  r e l i a b i l i t y .  A n o t h e r  a d v a n t a g e  m a y  
b e  t h e  a u t o m a t i o n  o f  t h e  i n s p e c t i o n  d o c u m e n t a t i o n  p r o c e s s e s .  

O n e  o f  t h e  s o u r c e s  o f  m e c h a n i c a l  f a i l u r e s  o f  t h e  t r a n s m i s s i o n  
l i n e s  a r e  t h e  d a m a g e s  o f  t h e  s p a c e r s  a n d  t h e  l i n e s  i n  t h e  d i r e c t  
n e i g h b o u r h o o d  o f  t h e  s p a c e r s .  S o m e  r e s u l t s  o f  t h e  r e s e a r c h  i n  t h i s  
f i e l d  b a s e d  o n  t h e  s y n t h e t i c  i m a g e s  a n d  m o d e l s  a r e  p r e s e n t e d  i n  
[ 5 ] .  T y p i c a l  s p a c e r  f a u l t s  i n  t w o -w i r e  l i n e s  a r e  m i s s i n g  c l a w s ,  
l o o s e  o f  c l a w s ,  r e l e a s e d  s p r i n g s  a n d  m e c h a n i c a l  s p l i t .  T h e  l o o s e  o f  
c l a w s  i s  e x t r e m e l y  h a r d  t o  d e t e c t  a s  i t  r e q u i r e s  s p e c i f i c  3 -D  s p a t i a l  
c o n f i g u r a t i o n  o f  t h e  h i g h  r e s o l u t i o n  c a m e r a  r e l a t i v e l y  t o  t h e  s p a c e r  
w i t h  t h e  l i g h t i n g  c o n d i t i o n s  t a k e n  i n t o  a c c o u n t .  B e c a u s e  o f  t h e  
p o o r  a v a i l a b i l i t y  o f  t h e  i m a g e s  i l l u s t r a t i n g  d a m a g e d  s p a c e r s ,  
u s u a l l y  s y n t h e t i c  3 -D  m o d e l s  a r e  u s e d  [ 5 ] .  

 
2 .  E sti m a ti on  of th e  sp a c e r l oc a ti on  
 

T h e  f i r s t  s t e p  o f  t h e  s p a c e r s ’  f a u l t  d e t e c t i o n  i s  t h e i r  e x t r a c t i o n  
f r o m  t h e  i m a g e ,  p r e c e d e d  b y  t h e  e x t r a c t i o n  o f  t h e  w i r e s ,  w h i c h  c a n  
b e  p e r f o r m e d  u s i n g  a  n u m b e r  o f  l i n e  p o s i t i o n  e s t i m a t i o n  
t e c h n i q u e s  e . g .  H o u g h  t r a n s f o r m ,  M a r k o v  C h a i n ,  m o r p h o l o g i c a l  
o p e r a t i o n s .  B e c a u s e  o f  t h e  s a g  o f  t h e  w i r e s  ( e s p e c i a l l y  i n  s u m m e r )  
s o m e  a l g o r i t h m s  m a y  f a i l  i n  d e t e c t i o n  o f  s u c h  c u r v e s .  H o w e v e r ,  
u s i n g  l o c a l  a n a l y s i s  a p p r o a c h  a n d  n a r r o w  a n g l e  c a m e r a  t h e  v i s i b l e  
p a r t s  o f  t h e  w i r e s  a r e  a l m o s t  l i n e a r .  

I n  o r d e r  t o  s i m p l i f y  f u r t h e r  s t e p s ,  t h e  i m a g e  i s  r o t a t e d  a f t e r  t h e  
d e t e c t i o n  o f  t h e  w i r e s ’  e n d  p o i n t s  a t  t h e  b o r d e r s  o f  t h e  i m a g e  s o  
t h a t  t h e  l i n e s  r e p r e s e n t i n g  t h e  w i r e s  a r e  a l m o s t  h o r i z o n t a l .  T h e n  
t h e  i m a g e  c l i p p e d  t o  t h e  a r e a  o f  i n t e r e s t  i s  a n a l y s e d  l o c a l l y  u s i n g  
t h e  s l i d i n g  w i n d o w  f o r  t h e  n o i s e  r e d u c t i o n  a n d  t h e  d e t e c t i o n  o f  t h e  
s p a t i a l  d i f f e r e n c e s  ( F i g .  1 ) .   

 
 

Sliding window Sp a c e r

  
R y s .  1 .   S l i d i n g  w i n d o w  a p p l i e d  t o  t h e  r o t a t e d  i m a g e  
F i g .  1 .   P r z e s u w n e  o k n o  z a s t o s o w a n e  d o  o b r a z u  p o  r o t a c j i  

 
I n  t h e  e f f e c t  o f  t h e  l o c a l  a n a l y s i s  t h e  a v e r a g e  l u m i n a n c e  v a l u e  

o f  e a c h  r o w ,  r e p r e s e n t i n g  t h e  l o c a l  v e r t i c a l  p r o f i l e  o f  t h e  i m a g e  
( F i g .  2 ) ,  i n s i d e  t h e  w i n d o w  i s  s u b t r a c t e d  f r o m  t h e  l u m i n a n c e  o f  i t s  
c e n t r a l  p i x e l .  F o u r  s m a l l  p o s i t i v e  p e a k s  v i s i b l e  o n  t h e  p l o t  o n   
F i g .  2  ( n e a r  t h e  g r e a t e r  n e g a t i v e  o n e s ,  r e p r e s e n t i n g  t h e  w i r e s )  a r e  
c a u s e d  b y  t h e  l o s s y  J P E G  c o m p r e s s i o n  o f  t h e  i m a g e  ( i m p l e m e n t e d  
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inside the camera). In the case when the spacer is not visib l e 
inside the sl iding  window on the imag e the ob tained dif f erence 
imag e corresponds to the noise onl y . F or the parts of  the imag e 
containing  the spacer the sig nif icant peak s can b e easil y  detected 
on the ob tained dif f erential  imag e af ter additional  l ow-pass 
f il tration ( F ig . 3 ).  
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F ig .  2 .   E x a m p l e  v e r t ic a l  p r o f il e  o f  t h e  im a g e  
R y s .  2 .   P r z y k ł a d o w y  p r o f il  p io n o w y  o b r a z u  

 
 
 

  
F ig .  3 .   O b t a in e d  a b s o l u t e  d if f e r e n t ia l  im a g e  a f t e r  l o w -p a s s  f il t r a t io n  
R y s .  3 .   U z y s k a n y  o b r a z  r ó ż n ic o w y  ( w a r t o ś c i b e z w z g l ę d n e )  p o  f il t r a c j i 

d o l n o p r z e p u s t o w e j  
 
A  rel iab l e method f or the estimation of  the spacer’ s centre 

position is the appl ication of  C entre of  G ravity  f or su ch imag e. 
O b tained coordinates are g iven as:  
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where A i,j denotes the l u minance of  the pix el  and i, j  are the 
coordinates. T he most rel evant in su ch conf ig u ration is the 
horiz ontal  coordinate x c. 
 
3. F a u l t  d e t e c t i o n  t e c h n i q u e  
 

H aving  estimated the position of  the spacer, reg ardl ess of  its 
mechanical  condition, the l ocations of  b oth cl aws shou l d b e 
detected. A f ter the l ow-pass f il tration of  the imag e f or the 
el imination of  noise additional  threshol ding  has b een al so u sed. 
T hen searching  f or the cl aws is perf ormed in paral l el  f rom the top 
and f rom the b ottom of  the previou sl y  ob tained imag e. It is worth 
noticing  that horiz ontal  coordinates of  b oth cl aws af ter rotation 
may  b e dif f erent b ecau se the perspective shou l d b e tak en into 
accou nt. F or each row of  the imag e the max imu m val u es are 
compu ted and then they  are compared to those f rom the 
neig hb ou ring  rows. T he rapid chang e of  them can b e easil y  
ob served at the ends of  b oth cl aws.  

T he imag e is then rotated in order to ensu re the same horiz ontal  
position of  b oth cl aws ( vertical  orientation of  the spacer). F or the 
col u mn representing  the spacer ( b etween two dif f erent l ocal  
max imu m val u es) the horiz ontal  prof il e of  that col u mn is 
cal cu l ated as the rel ative chang e of  the val u e in comparison to the 
max imu m one. F or the homog eneou s stru ctu re of  the spacer the 
resu l ting  cu rve does not contain very  l ow val u es and b oth 
b ou ndary  val u es shou l d b e cl ose to 1 . T he presence of  l ow 
minimu m val u es ( b el ow 0 .5 ) indicate the possib l e damag e as wel l  
as any  of  the b ou ndary  val u es b el ow 0 .5 . In the f irst case the 
spacer can b e b rok en and in the second case the missing  cl aw f au l t 
occu rs. R esu l ts ob tained f or variou s ty pes of  f au l ts with orig inal  
semi-sy nthetic imag es are presented in F ig . 5 . 
 

  
F ig .  4 .   O r ig in a l  im a g e s ,  r o t a t e d  d if f e r e n t ia l  im a g e s  a n d  h o r iz o n t a l  p r o f il e s   

o b t a in e d  f o r  s p a c e r s  w it h o u t  a n y  f a u l t s  
R y s .  4 .   O r y g in a l n e  o b r a z y ,  o b r ó c o n e  o b r a z y  r ó ż n ic o w e  i p r o f il e  p o z io m e   

u z y s k a n e  d l a  o d s t ę p n ik ó w  b e z  d e f e k t ó w  
 

 
 

  
F ig .  5 .   O r ig in a l  im a g e s ,  r o t a t e d  d if f e r e n t ia l  im a g e s  a n d  h o r iz o n t a l  p r o f il e s   

f o r  v a r io u s  t y p e s  o f  s p a c e r  f a u l t s  
R y s .  5 .   O r y g in a l n e  o b r a z y ,  o b r ó c o n e  o b r a z y  r ó ż n ic o w e  i p r o f il e  p o z io m e   

d l a  r ó ż n y c h  r o d z a j ó w  d e f e k t ó w  o d s t ę p n ik ó w  
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