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A b s t r a c t  
 

I n t h i s  p a p e r a  m e t h od  of  m ob i le  rob ot  loc a li z a t i on i n a n u nk now n i nd oor 
e nvi ronm e nt  i s  p re s e nt e d . T h e  rob ot  i s  e q u i p p e d  w i t h  a  s i ng le  om ni -
d i re c t i ona l c a m e ra  a nd  la s e r ra ng e  s c a nne r. T h e  d a t a  of  t h e  2D  s c a nne r i s  
u s e d  t o d e t e c t  w a lls  i n t h e  rob ot  e nvi ronm e nt . T h e  i m a g e s  t a k e n f rom  
om ni c a m e ra  a re  u s e d  t o d e t e c t  ve rt i c a l li ne s  on t h e  w a lls . T h e  m e t h od  of  
p a rt i c le  f i lt e rs  i s  u s e d  i n ord e r t o d e t e rm i ne  t h e  p os i t i on of  t h e  rob ot . T h e  
m e t h od  h a s  b e e n t e s t e d  w i t h  t h e  u s e  of  t h e  m ob i le  rob ot  E le k t ron 1  i n  
a  re a l of f i c e  e nvi ronm e nt . 
 
K e y w o r d s :  na vi g a t i on, loc a li z a t i on, m a p p i ng . 
 
L o k al i z ac j a ro bo t a m o bi l n e g o  p rz y  
w y k o rz y s t an i u  k am e ry  d o o k ó l n e j   
i  d al m i e rz a l as e ro w e g o  

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

 
O k re ś le ni e  p oł oż e ni a  j e s t  j e d ny m  z  p od s t a w ow y c h  z a d a ń  rob ot a  
m ob i lne g o. J a k o p od s t a w ow e  ź ró d ł o o p rz e m i e s z c z e ni u  p oj a z d u  p rz y j m u j e  
s i ę  w s k a z a ni a  od om e t ri i . D a ne  t e  s ą  ob a rc z one  b ł ę d a m i , k t ó re  m og ą  m i e ć  
c h a ra k t e r s y s t e m a t y c z ny  lu b  ni e s y s t e m a t y c z ny . W i a ry g od noś ć  w s k a z a ń  
od om e t ri i  m a le j e  w ra z  z  p rz e b y t ą  p rz e z  rob ot a  od le g ł oś c i ą . D la t e g o  
w  p ra k t y c e  s t os ow a ne  s ą  d od a t k ow e  m e t od y  ok re ś la ni a  p oł oż e ni a  rob ot a . 
W  m e t od a c h  t y c h  op ró c z  i nf orm a c j i  z  c z u j ni k ó w  od om e t ry c z ny c h  
w y k orz y s t y w a na  j e s t  i nf orm a c j a  z  s e ns oró w  ob s e rw u j ą c y c h  ot oc z e ni e .  
W  op i s y w a ny m  w  t e j  p ra c y  s y s t e m i e  w y k orz y s t y w a ne  s ą  d a ne  p oc h od z ą c e  
z  d a lm i e rz a  la s e row e g o ora z  k a m e ry  d ook ó lne j . N a  p od s t a w i e  d a ny c h   
z  d a lm i e rz a  ok re ś la ne  s ą  k ra w ę d z i e  p oz i om e  w y k ry t y c h  p rz e s z k ó d , a  na  
p od s t a w i e  d a ny c h  z  k a m e ry  d ook ó lne j  k ra w ę d z i e  p i onow e . Z a s t os ow a no 
m e t od ę  f i lt ró w  c z ą s t e c z k ow y c h  d o ok re ś la ni a  p oł oż e ni a  rob ot a   
w  g lob a lny m  u k ł a d z i e  w s p ó ł rz ę d ny c h . W  p roc e s i e  g e ne row a ni a  c z ą s t e c z e k  
u w z g lę d ni a na  j e s t  i nf orm a c j a  o k i e ru nk a c h  g ł ó w ny c h  d a ne g o 
p om i e s z c z e ni a . I nf orm a c j a  t a  u m oż li w i a  z m ni e j s z e ni e  li c z b y  c z ą s t e c z e k . 
Ag re g a c j a  i nf orm a c j i  z  ró ż ny c h  s e ns oró w  u m oż li w i a  d ok ony w a ni e  
lok a li z a c j i  w  ró ż ne g o t y p u  p om i e s z c z e ni a c h . 
 
S ł o w a  k l u c z o w e :  na w i g a c j a , lok a li z a c j a , t w orz e ni e  m a p y . 
 
1 .  I n t ro d u c t i o n  
 
L oc al iz at ion is  one of  t he f u ndament al  t as k s  of  mob il e rob ot s . 

U nt il  now ,  nu merou s  l oc al iz at ion met hods  hav e b een propos ed. 
T he mos t  w idel y  u s ed is  odomet ry . I t  is  inex pens iv e and prov ides  
a g ood s hort  t ime ac c u rac y  b u t  errors  in det ermining  t he pos it ion 
of  t he rob ot  inc reas e proport ional l y  w it h t he dis t anc e t rav el l ed b y  
t he v ehic l e. O domet ry  errors  c an b e s y s t emat ic  and non-
s y s t emat ic . I n t he papers  [ 1 ,  2 ]  t he met hod c al l ed U B M mark  t es t  
w as  des c rib ed. T he al g orit hm al l ow s  u s  t he redu c t ion of  
s y s t emat ic  errors  of  a mob il e rob ot  w it h a dif f erent ial  driv e.  I t  is  
v ery  dif f ic u l t  t o redu c e non-s y s t emat ic  error.   I n order t o u pdat e 
t he pos it ion of  t he rob ot  w hic h has  t rav el l ed f or a prol ong ed 
period of  t ime,  addit ional  met hods  s hou l d b e u s ed. T hes e met hods  
u s u al l y  b el ong  t o one of  t w o c l as s es :  

• grid-m a p -b a s e d l o c a l iz a t io n  [ 3 ,  4 ]  is  a t ec hniq u e in w hic h  
a l oc al  map of  an env ironment  is  b u il t  b as ed on t he s ens or 
reading s . T he l oc al  map is  t hen c ompared t o a g l ob al  map 
s t ored in t he memory . M ap-b as ed pos it ioning  c an b e u s ed t o 
g enerat e and t o u pdat e t he g l ob al  map of  t he rob ot ' s  
env ironment ,  b u t  t he met hod is  t ime c ons u ming .  

• L andmark -b as ed l oc al iz at ion [ 5 ,  6 ,  7 ]  is  a met hod in w hic h t he 
s t at ionary  f eat u res  of  an env ironment  are t he t arg et s  t o b e 
t rac ed. T he met hod c ons is t s  of  t w o s t ag es :  F irs t l y  t he l andmark s  
are det ec t ed in t he rob ot ' s  env ironment  t hen t he pos it ion of  t he 
rob ot  rel at iv e t o t he l andmark s  is  det ermined. W hen t he rob ot  
t rav el s  a s hort  dis t anc e,  new  s ens or indic at ions  are ob t ained and 
new  pos it ions  of  t he l andmark s  rel at iv e t o t he rob ot  are 
c ompu t ed.  
U s u al l y  t he K al man f il t er met hod is  u s ed t o s imu l t aneou s l y  

es t imat e t he rob ot  pos it ion. I n t his  met hod,  t he enc oder reading s  
are u s ed as  an inpu t  and s ens ors  meas u rement s   as  ob s erv at ions . 
Det ermining  t he dis pl ac ement  of  t he rob ot  in rel at ion t o t he 
l andmark s  al l ow s  u s  t o u pdat e t he pos it ion of  t he rob ot  in t he 
env ironment . I n ou r approac h t he part ic l e f il t er is  u s ed in order t o 
det ermine t he rob ot  pos it ion w it hin t he env ironment . T he main 
part  of  t he al g orit hm is  t o det ec t  and t o mat c h c harac t eris t ic  
f eat u res  of  t he env ironment . T he dec is ion as  t o w hic h k ind of  
l andmark s  s hou l d b e u s ed f or l oc al iz at ion depends  on t he rob ot ' s  
s ens ors . W hen s onars  or l as er rang e f inders  are u s ed,  t hen t he 
w al l s ,  edg es  and dis c ont inu it ies  are t he b es t  f eat u res . I n t he 
met hod des c rib ed in t his  paper,  b ot h omni-c amera s ens or and l as er 
rang e f inder are u s ed as  a s ou rc e of  inf ormat ion ab ou t  t he rob ot ' s  
env ironment . 
 

2 .  H ard w are  
 
T he rob ot  E l e k t ro n  1  is  u s ed in t he ex periment s  ( s ee F ig . 1 ) .  I t  

is  eq u ipped w it h S I C K  L M S  2 0 0  l as er s c anner and a panoramic  
c amera.  

 

 
 
F i g .  1 .   M o b i l e  r o b o t  E l e k t r o n 1    
R y s .  1 .   R o b o t  m o b i l n y  E l e k t r o n   
 
T he omni-direc t ional  s ens or is  c ompos ed of   a C -M O S  c ol ou r 

c amera point ed u pw ards  at  t he v ert ex  of  t he hy perb ol ic al   mirror. 
T he opt ic al  ax is  of  t he c amera and t he opt ic al  ax is  of  t he mirror 
are al ig ned.  O mnic amera s ens ors  hav e b een v ery  popu l ar ov er t he 
l as t  dec ade b ec au s e t hey  g iv e 3 6 0  deg ree inf ormat ion ab ou t  an 
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environment. Based on the information obtained from the visual 
sensor, it is p ossible to built a 3 D  model of a sc ene [ 8 ] . T he 
ac c urac y  of the sensor dep ends on the distanc e betw een the op tic al 
ax is and the detec ted obj ec t.  F ig . 2  p resents the interdep endenc e 
betw een the distanc e to the obstac le and the error of measurement.  
 
 

  
F ig .  2 .   E r r or  of  om n ic a m er a  m ea s u r em en t s  
R y s .  2 .   Z a l eż n oś ć  m ię d z y  od l eg ł oś c ią ,  a  b ł ę d em  w s k a z a ń  k a m er y  d ook ó l n ej  
 
 

a )  

  
b )  

  
F ig .  3 .    L a s er  r a n g e f in d er  r ea d in g s :  a )  r ea d in g s  t a k en  in  t h e  in it ia l  r ob ot  p os it ion ,  

b )  r ea d in g s  t a k en  a f t er  3 0  c m  
R y s .  3 .   W s k a z a n ia  d a l m ier z a  l a s er ow eg o:  a )  p oc z ą t k ow e p oł oż en ie r ob ot a ,   

b )  od c z y t y  ot r z y m a n e w  od l eg ł oś c i 3 0 c m  od  p oł oż en ia  p oc z ą t k ow eg o 
  

T he laser rang e sc anner g ives the set of p airs { ( ri, φi ) } , w here ri 
denotes the distanc e to the nearest obstac les in the direc tion φi. 
T he ang ular resolution of the sensors eq uals 1 .0 o.  T he laser finder 
is very  ac c urate but it only  p rovides 2 D  information about the 
robot’ s environment. I n some situations 3 D  information is 
req uired. F or ex amp le, w hen the robot moves along  a very  long  
c orridor, it is imp ossible to determine the disp lac ement of the 
robot based on laser rang e finder indic ations. F ig s. 2 a, 2 b p resent 
the sensors reading  tak en in the c orridor for tw o different p osition 

of the robot.  T he disp lac ement of the robots eq uals 3 0 c m. F ig s. 2 a 
and 2 b are very  similar. F ig s. 3 a,, 3 b p resent the omnic amera 
imag es. T he disp lac ement of the robot eq uals 3 0 c m.  F ig . 3 a 
differs from F ig . 3 b.  
 
 

a )  

  
b )  

   
F ig .  4 .    I m a g es  t a k en  f r om  t h e om n ic a m er a  s en s or :  a )   in it ia l  r ob ot  p os it ion ,   

b )  r ea d in g  t a k en  a f t er  3 0  c m  
R y s .  4 .   O b r a z y  ot r z y m a n e z  k a m er y  d ook ó l n ej :  a )  p oc z ą t k ow e p oł oż en ie r ob ot a ,   

b )  ob r a z  ot r z y m a n y  w  od l eg ł oś c i 3 0 c m  od  p oł oż en ia  p oc z ą t k ow eg o  
 
 

3. A l g o r i t h m  
 
T he alg orithm used for the mobile robot loc aliz ation c onsists of 

the follow ing  step s:  
• c alibration of the omnic amera sensor, the method of 
omnic amera c alibration is desc ribed in [ 9 ] , 

• data c ollec tion, 
• detec ting  the natural landmark s of the environment, 
• g enerating  the set of p artic les, 
• building  ( for eac h p artic le)  2 D  map  of an environment based on 
the laser reading s and imag es tak en from the omnic amera, 

up dating  the map  of the environment 
Based on the laser rang e finder reading , the p osition of the 

obstac les are c alc ulated. 
T he c oordinates of the obstac les c an be c omp uted based on 

follow ing  formulae:   
 

.sin
,cos

ϕ
ϕ

iiRi

iiRi

ryy
rxx

+=

+=      ( 3 )
 

 
W e c an desc ribe a line seg ment using  the normal notation:  
 

,sincos cyx =+ αα                                 ( 2 )  
 
w here c  is the distanc e from the orig in to this line c omp uted along  
a normal, and α   is the orientation of the normal w ith resp ec t to the 
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X axis. For points (xi, yi ) , wh ich  b el ong to th e same l ine, th e 
parameters α , c are th e same. T h e H ough  transf orm and  regression 
meth od  are used  to d etermine th e parameters (α , c )  [ 1 0 ] .   T h e error 
in d etermining th e parameters d epend s on th e l ength  of  th e wal l  
and  th e numb er of  read ings. W h en th e rob ot mov es al ong th e 
corrid or,  th e error of  computing c d oes not increase 0 .5 cm, and  
th e error of  d etermining  α  d oes not increase 0 .4 o.  
T h e v ertical  ed ges of  th e env ironment l ook  l ik e rad ial  segments 

in th e images tak en f rom th e camera. T h e coord inates of  th e 
intersection of  h oriz ontal  l ines computed  b ased  on th e l aser range 
f ind er ind ications and  v ertical  l ines computed  f rom images tak en 
b y th e omnicamera, are natural  f eatures of  th e env ironment. Fig. 5  
presents th e id ea b eh ind  th e meth od .  
 
 

  
F i g .  5 .    T he  i d e a  be hi n d  t he  m e t ho d  o f  t he  n a t u r a l  l a n d m a r k  d e t e ct i o n  
R y s .  5 .   I d e a  m e t o d y  w y k r y w a n i a  n a t u r a l n y ch z n a cz n i k ó w   

 
T h e al gorith m of  computing th e rad ial  l ines consists of  th e 

f ol l owing steps:  
• th e S ob el  meth od  is appl ied  in ord er to d etect ed ges in th e 
image[ 1 1 ] , 

• th e image is th resh ol d ed  [ 1 2 ] , 
• th e rad ial  l ines are extracted  f rom th e image. 
T h e rad ial  l ines are d etected  using th e H ough  transf orm. T h en 

coord inates of  intersection points (xi,yi )  are computed .  
Fig. 6  presents th e stages of  rad ial  l ine d etection. Fig. 6 a 

presents th e Fig. 5 a af ter ed ges extraction, Fig. 6 a is a resul t of  
th resh ol d ing. R ad ial  l ines are presented  in Fig. 6 c. 
E ach  pair (L R F d ata, omnicamera image)  is d escrib ed  as a set 

of  f eatures:  
 

{ ( α1, c1 ) ,… ..,( αn, cn) ,( x1,y1) ,… .( xk,yk ) } , 
 
wh ere n is th e numb er of  h oriz ontal  l ines, and  k  is th e numb er of  
intersection points. 
 
 

a ) 

  

b) 

  
c) 

  
F i g .  6 .    D e t e ct i o n  o f  t he  r a d i a l  l i n e s :  a )  F i g .  5  a ) a f t e r  t he  e d g e s  d e t e ct i o n ,   

b) t hr e s ho l d i n g  c) r a d i a l  l i n e s   
R y s .  6 .   W y k r y w a n i e  l i n i  r a d i a l n y ch:  a ) k r a w ę d z i e ,  R y s .  5 a ),  b) p r o g o w a n i e ,   

c) l i n i e  r a d i a l n e  
 
 

4. M a p p i n g  
 
M apping tech niq ues f or mob il e rob ots can b e cl assif ied  

accord ing to th e f orm in wh ich  th e env ironment is represented . 
O ne of  th e most popul ar is th e occupancy grid  map. T h is meth od  
al l ows us th e rapid  generation of  a col l ision-f ree path  f or a mob il e 
rob ot, b ut th e accuracy of  th e map d epend s on th e grid  resol ution. 
I f  a v ery precise map of  th e env ironment is req uired , th en th e 
meth od  is computational l y expensiv e and  a h uge amount of  
memory is necessary. Feature-b ased  maps are attractiv e b ecause 
th ey are concise and  so are v ery usef ul  d uring a l ocal iz ation 
process [ 1 2 ] .  H owev er, path  pl anning b ased  on th is k ind  of   map 
is time consuming. I n our approach , a d ual  representation is used  
(b oth  grid -b ased  and  f eature-b ased ) .  E ach  cel l  of  th e map 
contains th e set of  f eatures – l ines eq uations and  coord inates of  th e 
points wh ich  represent th e intersections b etween th e v ertical  and  
th e h oriz ontal  l ines.  
T h is k ind  of  map al l ows f or rapid  generation of  inf ormation 

ab out th e main d irections in th e rob ot env ironment. T h is 
inf ormation is v ery usef ul  d uring th e process of  sel f  l ocal iz ation. 
Fig. 7  presents th e h istogram of  th e main d irections of  th e 
env ironment wh ich  is presented  in Fig. 4 a.  T h e h istogram h as 
b een b uil t f or two d if f erent rob ot positions (green and  red  pick s) . 
T h e rob ot h as ch anged  its orientation of  ab out 3 o. 
T h e maximum v al ue of  th e crosscorrel ation f unction (Fig. 8 )  

ind icates th e approximate d if f erence in v al ues b etween th e 
orientations of  th e rob ot in two positions. 
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F i g .  7 .    H i s t o g r a m  o f  m a i n  d i r e c t i o n s  
R y s .  7 .   H i s t o g r a m  k i e r u n k ó w  g ł ó w n y c h  
 
 

  
F i g .  8 .    T h e  f u n c t i o n  o f  c o r r e l a t i o n   
R y s .  8 .    F u n k c j a  k o r e l a c j i  w z a j e m n e j  
 
 
5. P a r t i c l e  f i l t e r s  
 
Th e space of  possibl e l ocations of  th e robot is represented  by  a 

set of  m particl es St = {  xti ,  wt
i } i = 1, .., m.  E ach  sampl e xti  

represents a possibl e robot l ocation. Th e w eig h t wt
i is attach ed  to 

each  particl e.  
Th e al g orith m [ 12 ]  consists of  th e f ol l ow ing  steps:  

• Th e v al ues {  xti} represent th e set of  possibl e positions of  th e 
robot and  th eir uncertainty . Th e w eig h ts wt

i are non-neg ativ e 
v al ues cal l ed  importance f actors and  th ey  sum up to one. Th ese 
f actors ind icate h ow  important each  sampl e is.  

• I n th e nex t step th e new  v al ue xt+1i  is computed . Th e particl es 
are iterativ el y  propag ated  using  th e control  input ( motion 
mod el ) .   

• O n th e basis of  th e measurement mod el ,  a w eig h t wt+1
i is 

attach ed  to each  particl e. Th e v al ue wt+1
i  is d escribed  by  

eq uation:  

,
2

1
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w h ere p

s
δ−  is th e d if f erence betw een pred icted  and  measured  

v al ues of  th e parameter p
s
,  and  2

sp
σ  is th e v ariance of  th e 

parameter p
s
. 

 

• Th e w eig h ts are normal iz ed  accord ing  to th e f ormul ae:  
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• Th e particl es w h ich  h av e th e max imum v al ues of  wt+1

i are 
mul tipl ied ,  and  particl es w ith  th e v al ue of  wt+1

i bel ow  some 
th resh ol d  are red uced . 
Th e number of  particl es d epend s on th e uncertainty  of  

od ometry . I n th e case of  th e mobil e robot E l e k t r o n 1,  th e error of  
d etermining  th e orientation of  th e robot surpasses 2 0 o. A  l arg e 
number of  particl es h as to be used  d uring  th e l ocal iz ation process. 
I n ord er to improv e th e od ometry ,  th e inf ormation about th e main 
d irections is tak en into account d uring  th e propag ation of  th e 
particl es. Th e error in d etermining  th e orientation d oes not surpass 
3o. Th is approach  al l ow s us a red uction in th e number of  th e 
particl es. 
 
6 . C o n c l u s i o n s  a n d  f u t u r e  w o r k s  
 
I n th is paper,  I  h av e presented  an improv ed  approach  to th e 

mobil e robot l ocal iz ation using  particl e f il ters. Th e meth od  
maintains f eature maps and  g rid  maps to represent th e structure of  
th e env ironment. Th e meth od  al l ow s th e robot to sel ect th e mod el  
of  th e env ironment. I t is d emonstrated  th at th e presented  tech niq ue 
al l ow s th e robot to l ocal iz e w ith in d if f erent ty pes of  env ironment.  
Th e approach  is much  better th an th e trad itional  approach  th at 
uses onl y  f eatures or g rid  maps. 
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