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A b s t r a c t  
 

T h e  p a p e r p re s e nt s  t h e  E L E C T R O N  R 1  m ob i le  rob ot  a nd  i t s  a p p li c a t i on t o 
t h e  re s e a rc h  of  na vi g a t i on a nd  c ont rol of  s u c h  d e vi c e s . T h e  rob ot  wa s  
d e s i g ne d  i n c oop e ra t i on b e t we e n t h e  I ns t i t u t e  of  Au t om a t i c  C ont rol a nd  
R ob ot i c s  a nd  t h e  I ns t i t u t e  of  C ont rol a nd  C om p u t a t i on E ng i ne e ri ng   
W a rs a w U ni ve rs i t y  of  T e c h nolog y . I t  c ons i s t s  of  a  s i x -wh e e le d  m ob i le  
p la t f orm  wi t h  a ll of  t h e  wh e e ls  p owe re d  a nd  a  c ont rolle r b a s e d  on a  s i ng le -
b oa rd  PC  t y p e  m i c roc om p u t e r. D u e  t o t h e  m od u la r s t ru c t u re  t h e  rob ot  c a n 
b e  e q u i p p e d  wi t h  d i ve rs e  s e ns or m od u le s , t h a nk s  t o wh i c h  i t  c a n b e   
c om p re h e ns i ve ly  u s e d  f or re s e a rc h  p u rp os e s . 
 
K e y w o r d s :  m ob i le  rob ot i c s , na vi g a t i on, s e ns ors , la s e r s c a nne r. 
 
B ud o w a i zast o so w an ia l ab o rat o ry j n e g o   
ro b o t a m o b il n e g o  ELEKT RON  

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

 
W  a rt y k u le  op i s a no la b ora t ory j ne g o rob ot a  E L E KT R O N  R 1  i  j e g o  
z a s t os owa ni a  w p ra c a c h  b a d a wc z y c h  na d  s y s t e m a m i  na wi g a c j i   
i  s t e rowa ni a  rob ot ó w m ob i lny c h . U rz ą d z e ni e  z os t a ł o op ra c owa ne   
w I ns t y t u c i e  Au t om a t y k i  i  R ob ot y k i  i  I ns t y t u c i e  Au t om a t y k i  i  I nf orm a t y k i  
S t os owa ne j  Poli t e c h ni k i  W a rs z a ws k i e j . B a z a  j e z d na  j e s t  s z e ś c i ok oł ową  
p la t f orm ą  m ob i lną  z  na p ę d e m  na  ws z y s t k i e  k oł a . Pod s t a wowy m  
e le m e nt e m  s t e rowni k a  rob ot a  j e s t  k om p u t e r p ok ł a d owy  o d u ż e j  m oc y  
ob li c z e ni owe j  z b u d owa ny  na  b a z i e  j e d nop ł y t k owe g o m i k rok om p u t e ra  
t y p u  PC . D z i ę k i  m od u ł owe j  b u d owi e  rob ot  m oż e  b y ć  wy p os a ż a ny  
ró ż norod ne  wy p os a ż e ni e  s e ns ory c z ne , d z i ę k i  c z e m u  m oż e  b y ć  
ws z e c h s t ronni e  wy k orz y s t y wa ny  w p ra c a c h  b a d a wc z y c h . 
 
S ł o w a  k l u c z o w e :  rob ot y k a  m ob i lna , na wi g a c j a , s e ns ory k a , s k a ne r la s e rowy . 
 
1 .  In t ro d uc t io n  
 
T h e interest in mob ile rob ots is v isib ly  increasing  now aday s.  

T h is ty pe of  rob ot is b eing  implemented b oth  in new  f ields of  
tech nolog y  and ev ery day  lif e.  N ot only  are mob ile rob ots u sed in 
indu stry ,  b u t th ey  are also present in ordinary  h ou seh olds.  I t is 
possib le du e to th e rapid dev elopment of  new est tech nolog ies and,  
conseq u ently ,  low er costs of  a rob ot constru ction.  E x amples of  
su ch  rob ots inclu de rob o-v acu u m cleaners,  rob o-law nmow ers,  etc.  
T h e aim is to let a rob ot w ork  on its ow n in an env ironment 
created b y  a h u man.  A part f rom th at,  a rob ot sh ou ld su pport 
people b oth  in ev ery  day  and emerg ency  situ ations.   
T h e dev elopment of  th is f ield is to a g reat ex tent dependent on 

scientif ic research ,  particu larly  on su ch  aspects as A I  meth ods,  
sensors or nav ig ation.   
I n research  centres,  u niv ersal mob ile platf orms are u sed,  on 

w h ich  new  alg orith ms tog eth er w ith  sensoric and nav ig ation 
sy stems are tested.  M ak ing  u se of  th ose u niv ersal mob ile 
platf orms redu ces considerab ly  th e costs and time of  research .  
A part f rom th at,  su ch  rob ots can b e u sed to perf orm many  
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dif f erent task s.   ELEKTRON R1 mob ile rob ots w ere desig ned and 
b u ilt in cooperation b etw een th e I nstitu te of   A u tomatic C ontrol 
and R ob otics and th e I nstitu te of  C ontrol and C ompu tation 
E ng ineering  of  W arsaw  U niv ersity  of  T ech nolog y .  F ou r identical 
platf orms w ere b u ilt.  W h ile desig ning  th e rob ots,  th ree b asic 
assu mptions w ere tak en into accou nt:  au tonomou s w ork ,  b oard 
compu ters w ith  h ig h  lev el of  compu ting  pow er and a modu lar 
stru ctu re of  h ardw are and sof tw are,  du e to w h ich  a f u rth er 
ex pansion w ill b e easier if  su ch  need arises.  S u ch  possib ilities are 
h ig h ly  limited in commercial solu tions of  mob ile rob ots.  
E x perience g ained du ring  th e dev elopment of  nu merou s miniatu re 
constru ctions of  mob ile rob ots tu rned ou t to b e of  g reat v alu e 
w h ile desig ning  ELEKTRON R1 rob ots.  [ 1 ] .  
ELEKTRON R1 mob ile rob ot is mainly  u sed f or edu cational 

pu rposes.  I t f u nctions as a b asis f or scientif ic research  on mob ile 
rob ot nav ig ation and control.  D u e to th e open and modu lar 
stru ctu re,  th e rob ot can b e eq u ipped w ith  div erse sensor,  ef f ector 
and control modu les,  and its sof tw are can b e easily  modif ied as 
w ell.  F or th ese reasons,  ELEKTRON R1 mob ile rob ot is an 
ex cellent platf orm prov iding  a w ide rang e of  possib ilities.    
 

2 .  Mo b il e  ro b o t  st ruc t ure  
 
T h e rob ot is b ased on a six -w h eel driv e platf orm ( F ig u re 1 ) .  T h e 

f ollow ing  req u irements constitu ted th e proj ect assu mptions:   
• concise modu lar stru ctu re  
• load capacity  u p to 1 5 k g ,  
• h ig h  du rab ility  and mech anical reliab ility ,  
• ab ility  to mov e b oth  indoors and ou tdoors,   
• h ig h  manoeu v rab ility ,  
• au tonomy  .  
T h e R ob ot is b u ilt f rom modu les and consists of  driv e u nits,   

a central u nit – a f rame,  a control u nit,  a pow er su pply  u nit and 
replaceab le sensor u nits or actu ator u nits.  T h e rob ot is b ased on  
a six -w h eel driv e platf orm siz ed 5 0 0  x  3 8 0  x  2 2 0 mm.  T h e ch assis 
is manu f actu red f rom lig h t alu minu m alloy  and cov ers th orou g h ly  
th e control and pow er u nits.  T h e driv e u nit consists of  tw o 2 4  V  
D C  motors integ rated w ith  tw o redu ction g earb ox es driv ing  lef t 
and rig h t w h eels independently .  T u rning  is ach iev ed du e to th e 
speed dif f erentiation of  th e lef t and rig h t w h eels of  th e rob ot.  E ach  
electric motor driv es independently  th ree w h eels on each  side.  
B oth  th e main control u nit and th e control modu les are placed 
ab ov e th e driv e u nit.  T h e control u nit is installed on an special 
platf orm th at can b e easily  disassemb led,  w h ich  enab les a direct 
access to th e control u nit.  I n th e rear part of  th e rob ot th ere is  
a control panel integ rated w ith  th e su pply  sy stem.  ELEKTRON R1 
rob ot is eq u ipped w ith  a nu mb er of  independent sensors inclu ding  
an odometer sy stem and optical rang ef inders emb edded arou nd th e 
b ody  of  th e rob ot.  T h e odometer sy stem comprises tw o rotational 
encoders placed in th e driv e u nit.  A dditionally ,  th e rob ot w as 
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equipped with  a  S I C K  L M S  2 00 sca nning l a ser ra ngef inder 
insta l l ed a bove th e control  unit on a  specia l l y  designed turnta bl e 
mech a nism.  A  servomech a nism integra ted with  th e turnta bl e 
ena bl es a  precise rota tion of  th e ra ngef inder sensor in th e 
h oriz onta l  pl a ne.  A  specia l  bea ring sy stem ena bl ed a  h igh er l oa d 
ca pa city  up to 1 00 k g.  B oth  el ectric motors tra nsmit power by  
mea ns of  tooth ed bel t gea r sy stems.   
B oth  sy stems were designed a s independent modul es.  E a ch  

modul e consists of :  a  body ,   a n el ectric motor with  a n integra ted 
gea r,  tooth ed bel t gea r sy stem,  bea ring sy stem a nd a n encoder.  
T h e body  of  th e drive modul e comprises inside a l l  th e el ements 
l isted a bove.  T h is sol ution protects th e modul e pa rts a ga inst 
impurity .  E a ch  of  th e six  wh eel s is of  1 00mm in dia meter.  S pecia l  
screens a re used to protect th e el ectronic pa rts a ga inst 
el ectroma gnetic interf erence f orm el ectric motors a nd power 
suppl y  units.  T h e pa nel  is equipped with  switch es a nd L E D  l igh ts 
responsibl e f or a ctiva ting pa rticul a r circuits of  th e robot.  T h e 
source of  power suppl y  is two 1 2 V  ch a rgea bl e ba tteries connected 
in series or one ex terna l  2 4 V  f eeder.  T h e power suppl y  unit is 
equipped with  converters genera ting vol ta ge of  5 V ,  1 2 V  i 2 4 V .   
 
 

 a 

b 

c 

  
F i g .  1 .  M ob i l e  r ob ot  E L E C T R O N  R 1 :  a )  w i t h  3 D  u n i t ,  b )  w i t h  s t e r e o v i s i on  

s y s t e m,  c )  w i t h  3 D  s c a n n e r  u n i t  a n d  omn i d i r e c t i on a l  v i s i on  s y s t e m 
R y s .  1 .   R ob ot y  M ob i l n y  E L E K T R O N  R 1 :  a )  r ob ot  z  mod u ł e m 3 D ,  b )  r ob ot   

z  mod u ł e m s t e r e o-w i z y j n y m,  c )  r ob ot  z  mod u ł e m s k a n e r a  3 D   
i  k a me r ą  d ook ó l n ą  

 
E L E K T R O N  R 1  R obot is equipped with  a  f ew independent 

sensor units.  T h e ba sic ones incl ude:  odometer sy stem a nd optica l  
ra ngef inder sy stem embedded a round th e body  of  th e robot a s wel l  
a s  incl inometers a nd – optiona l l y  insta l l ed – el ectronic 
compa sses.  T h e odometer sy stem consists of  two optica l  encoders 
buil t in th e drive unit.   

T h e optica l  ra ngef inder sy stem is used f or detecting obsta cl es in 
th e immedia te neigh borh ood of  th e robot.  T h e sensors work  in th e 
inf ra red ba nd.  T wo ty pes of  ra ngef inders were used:  sh ort 
( 3 -3 0cm)  a nd l ong ra nge.  ( 1 0-1 2 0cm) .  E igh teen sensors a re pl a ced 
on th e robot:  f ive l ong ra nge a nd th irteen sh ot-ra nge.  I n th e f ront 
pa rt of  th e robot,  th ere a re el even ra ngef inders.  I n order to a void 
mutua l  interf erence,  th e sh ort-ra nge a nd f a r-ra nge sensors a re 
situa ted a l terna tel y .   T h e ra ngef inders a re opera ted by  one-unit 
microcomputers a tta ch ed to th e ma in computer by  mea ns of  a n 
R S -4 8 5  bus.  T h e two-a x l e incl inometers a nd th e el ectronic 
compa ss unit a re connected to th e sa me bus.  T h e incl inometers 
pl a ced inside th e mobil e ba se a re used f or mea suring a  til t in th e 
X-Y  a x is with in ± 6 0° ra nge.  T h e compa ss is used f or determining 
th e a bsol ute ( l oca l l y )  orienta tion of  th e robot.   
T h e robot ca n work  with  a dditiona l  sensors a nd ef f ectors.  T h e 

open structure of  th e control  unit togeth er with  a  specia l l y  
designed mech a nic construction ena bl e a n ea sy  incorpora tion of  
a dditiona l  modul es.  I n th e construction described h ere,  th e ma in 
a ttention wa s pa id to designing a dditiona l  equipment ( sensor 
modul es) . T h e f irst modul e consists of  a  S I C K  L M S  2 00 sca nning 
l a ser ra ngef inder a nd a n omnidirectiona l  vision sy stem stif f l y  
a tta ch ed to a  specia l  bra ck et insta l l ed on th e body  of  th e robot.  
T h e sca nning l a ser a l l ows us th e mea suring th e dista nce to th e 
obsta cl e with in 1 8 0° .  T h e omnidirectiona l  vision sensor wa s 
pl a ced on th e top of  th e ra ngef inder.  I t consists of  a  ca mera  pl a ced 
vertica l l y  a nd a  pa ra bol ic mirror mounted a bove th e ca mera  in th e 
optica l  a x is.   
T h e omnidirectiona l  vision sensor provides a n opportunity  to 

observe th e surroundings with in  3 6 0° by  mea ns of  one ca mera  
[ 5 ] .  T h e optica l  a x is a nd th e ca mera  a x is coincide.  
T h e second modul e prepa red f or E L E K T R O N  R 1  robots is  

a  h ea d modul e f or 3 D  sca nning.  T h e modul e consists of  a  S I C K  
L M S  2 00 sca nning l a ser ra ngef inder insta l l ed on a  rota ting h ea d.  
T h e h ea d ca n rota te th e sca nner a round th e h oriz onta l  a x is with in 
th e a ngul a r ra nge f rom -1 5 ° to + 9 0° . T h e modul e is powered by   
a  D C  pl a neta ry  gea r motor.  T h e power is th en tra nsf erred by  
mea ns of  a  tooth ed bel t tra nsmission,  th a nk s to wh ich  th e motor 
wa s pl a ced in th e bottom pa rt of  th e robot.  T wo rota tiona l   
encoders mea sure th e sca nning vel ocity  a nd a ngl e.  T h e f irst 
encoder insta l l ed on th e motor sh a f t is used f or positioning 
wh erea s th e oth er is responsibl e f or mea suring th e rota tion a ngl e 
directl y  on th e rota tion a x is of  th e sca nner.  T h e two mea suring 
sy stems a l l ow us th e precise positioning of  th e sensor,  wh ich  is 
not inf l uenced by  ma rgins ex isting in th e tra nsmission bel t.   
T h e th ird modul e is a  combina tion of  th e two a bove described 

sol utions.  I t comprises a  3 D  sca nning h ea d a nd a n omnidirectiona l  
vision sensor pl a ced a bove th e h ea d ( F igure 1 c) .  T h e ca mera  wa s 
pl a ced on a  specia l  construction a bove th e sca nning l a ser due to 
wh ich  th e l a ser ca n rota te with out ch a nging th e ca mera  a ngl e 
vision a t th e sa me time.  T h e modul a r construction of  th e unit 
ena bl es using interch a ngea bl y  th e omnidirectiona l  vision ca mera  
a nd th e tra ditiona l  ca mera  insta l l ed on a  rota ting h ea d.   
T h e f ourth  modul e is a  stereo vision sy stem ( f igure 1 b) .  I t 

comprises two C C D  h igh -resol ution ca mera s.  T h e ca mera s were 
insta l l ed in th e f ront pa rt of  th e robot on a  specia l l y  prepa red 
bea m.  T h a nk s to th e rota ting ba sis,  th e ca mera s ca n opera te with in  
0° - 1 8 0° ra nge.  
 

3. C o n t r o l  s y s t e m  
 
T h e ma in el ement of  th e control  sy stem is th e ma in boa rd 

computer th a t ma na ges th e work  of  th e wh ol e sy stem a nd 
impl ements a l l  th e h igh -l evel  control  f unctions.  A n Advant e c h  
singl e-boa rd P C M -9 5 7 9  E B X computer wa s used h ere.  T h e 
computer conta ins a  C el eron or a  P entium I I I  processor ( 6 5 0M H z  
or 9 00M H z  cl ock  respectivel y )  designed f or th e embedded use 
a nd equipped with  a l l  el ements ty pica l  f or a  P C  computer such  a s 
gra ph ics a nd a udio control l ers,  E th ernet,  I D E  control l ers,  pa ra l l el  
a nd R S -2 3 2  series ports a nd a  P C I  bus.  A pa rt f rom th ese,  th e 
computer conta ins a l so a  P C -1 04  a nd a  P C -1 04 +  buses,  a n R S -4 8 5  
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bus and a Compact F lash  memory  slot.  T h e P C-1 0 4  and P C-1 0 4 +  
buses th at are a standard solution f or embedded computers enable 
th e control sy stem to be easily  ex panded and modif ied by  adding  
th e adapter cards.  S uch  sy stems are relativ ely  of  small siz e and use 
little pow er.  B esides,  a g reat v ariety  of  ready  periph eral modules 
are av ailable f or th em.  T h e computers described h ere w ere 
eq uipped w ith  a w ireless netw ork  interf ace card w ork ing  in 
accordance w ith  E th ernet 8 0 2 . 1 1 g  standard used f or f ast ( 5 2 M b/ s)  
communication as w ell as a f rame g rabber.  
A  specially  desig ned microcomputer is responsible f or th e 

direct control of  all th e robot ef f ectors ( eng ines,  sensors,  etc. ) ,  as 
w ell as f or detecting  and dealing  w ith  emerg ency  situations.  I t is 
built on th e basis of  an A tmel T 8 9 C5 1 A C2  sing le-board 
microcomputer.  O ne of  th e f unctions perf ormed by  th e 
microcomputer is controlling  th e electric motors of  th e robot 
( v elocity  or position control) .  F or th at purpose integ rated P I D  
controllers w ere used.  S pecially  desig ned sy stems are used f or th e 
motor control by  implementing  a dig ital alg orith m of  th e P I D  
control.    
 

4. R o b o t ’ s  s o f t w a r e  
 
R obot sof tw are is lay er - structured.  B asic f unctions such  as 

data acq uisition f rom th e odometric sy stem or I R  rang ef inders are 
perf ormed by  sy stems built on th e basis of  sing le-sy stem 
microcomputers connected to th e robot main board computer.  T h e 
main computer ex ecutes prog rams th at control th e robot and 
analy z e th e measurement data.   
T h e main computer w ork s under Gentoo Linux .  S uch  ch oice 

ensures a rich  sof tw are ( ready  dev ice controllers included)  
av ailable f or th is platf orm.  T h e distribution w as ch osen due to  
a w ell-dev eloped conf ig uration sy stem.  T h e w h ole sof tw are 
compiled w ith  optimiz ation options f or a P entium processor tak es 
about 1 0 0 M B  on th e memory  card.   
P l a y er / S ta g e [ 3 ,  1 1 ]  env ironment is used f or controlling  th e 

robot.  A  g eneral structure of  th e sof tw are using  P l a y er  is 
presented in F ig ure 2 .  T h e env ironment h as a th ree-lay er  
structure.  T h e top lay er comprises client prog rams perf orming  th e 
user task s.  T h e middle lay er is eng ag ed by  a M ulti P lay er S erv er 
process including  interf aces and controllers.   T h e bottom lay er 
consists of  prog ram controllers of  particular dev ices.  E ach  client is 
connected to th e P lay er serv er by  means of  a T CP  sock et.  I f   
a client is activ e on th e same computer as P l a y er ,  th en th e 
connection is prov ided by  th e local loop back  interf ace.  
O th erw ise,   it is a ph y sical connection by  means of  th e net ( th e net 
can be w ireless) .  
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  T CP/  I P communica tion 
Pl a y er S E R V E R  
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C om p u te r  U nit 

O S  d riv ers  
C a m e r a   
d r iv e r  

n  
d r iv e r  

M otor s O d om e tr y  
S e nsor  

I r   
U nit 

O th e r  d e v e c e  

Client 

  
F i g .  2 .  A  g e n e r a l  s t r uc t ur e  of  t h e  s of t w a r e  us i n g  P l a ye r  
R ys .  2 .   O g ó l n y s c h e m a t  s t r uk t ur y op r og r a m ow a n i a  P l a ye r  
 

 
5 . E L E C T R O N  R 1  r o b o t  a p p l i c a t i o n s  
 
E LE K T R O N  R 1  robots are used in laboratories f or teach ing  

purposes or f or research  on mobile robots control sy stems and 
nav ig ation.  D uring  laboratory  classes students h av e an opportunity  

to g et f amiliar w ith  th e robot structure and sof tw are and th ey  may  
test th eir ow n prog rams and control alg orith ms.  O w ing  to modular 
structure,  th e robots can also f unction as ex perimental platf orms 
f or testing  new  modules.  W ith in th e f ramew ork  of  students’  
proj ects and post-g raduate th e students’  task s,  low -lev el sy stem 
units and controllers f or basic sensors and actuators of  th e robots 
are built tog eth er w ith  new  ty pes of  sensors.  T h e proj ects inv olv e 
both  desig ning  and building  electronic control units ( of ,  e. g . ,  data 
acq uisition,  actuator control) ,  as w ell as prog ramming  controllers.   
T h e f act th at th e E LE K T R O N  R 1  robot is rich ly  eq uipped w ith   

a considerable number of  dif f erent sensors mak es it possible to use 
th e sensors f or v arious task s.  T h e basic sensor ( all th e E LE K T R O N  
R 1  robots are eq uipped w ith  it)  is a set of  rang ef inders embedded 
around th e robot f rame.  A  rang ef inder perf orms one of  th e basic 
task s in robotics,  i. e.  mov ing  w ith  simultaneous av oidance of  
obstacles.  Complete distance data is tak en w ith  th e f req uency  of  
2 5  times a second,  w h ich  enables th e robot to k eep on mov ing  
w ith out stopping  to tak e measures.  L ong -distance rang ef inders ( up 
to 1 . 5  m)  placed in th e f ront bumper are used preliminarily  f or 
localiz ation of  obstacles,  w h ereas sh ort-distance rang ef inders ( up 
to 0 . 5 m)  can accurately  determine th e robot’ s position and 
precisely  f ind a path  th at is obstacles-f ree.  T h e sensors use up  
a g reat deal of  pow er so it is possible to activ ate th em w h ile th e 
robot is in th e w ork ing  mode.  D epending  on th e direction of  robot 
mov ement,  some of  th e sensors can be sw itch ed of f  ( e. g . ,  w h ile 
th e robot is mov ing  straig h t ah ead,  th ere is no need to control th e 
area beh ind th e robot) .  
 
 

 a 

b 

  
F i g .  3 .  2 D  m a p  b ui l d i n g  b a s e d  on  t h e  d a t a  f r om  a  l a s e r  s c a n n e r :  a )  i n i t i a l  

oc c up a n c y g r i d  m a p ,  b )   oc c up a n c y g r i d  m a p   a f t e r  t h r e s h ol d i n g  
R ys .  3 .   B ud ow a  d w uw ym i a r ow e j  m a p y z b ud ow a n e j  n a  p od s t a w i e  od c z yt ó w   

z e  s k a n e r a  l a s e r ow e g o.  a )  w s t ę p n a  m a p a  r a s t r ow a  b )  m a p a  r a s t r ow a   
p o p r og ow a n i u 

 
A  laser scanner is one of  th e most precise and th e most 

univ ersal sensors,  and tw o of  th e E LE K T R O N  R 1   robots are 
eq uipped w ith  such  a dev ice.  I n mobile robots,  a laser scanner is  
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a source of information about the position of the robot, as well as 
about distances to the obstacles surrounding  the robot.  A  laser 
scanner is mounted on the robot – either on a non-mov able part 
( then a 2 D  map can be built)  or on a rotational head ( then a 3 D  
map can be built) .  A  3 D  model of the scene within which a robot 
mov es is essential for implementing , testing  and v erify ing  g lobal 
nav ig ation alg orithms.  I t is important for the nav ig ation sy stem to 
be prov ided with a map that in the best possible way  reflects the 
real scene in which the robot mov es as well as all the obj ects 
within this scene.  
F ig ure 3  presents the result of a prog ram building  2 D  

occupancy  g rid map based on the data obtained one robot ride 
performed in a laboratory .  T he robot made one compete loop 
around the laboratory .  T he final map is built in a g rey  scale – 
dark er areas v isible on the map represent free spaces while lig ht 
places stand for walls, obstacles, etc.  I n-between areas, i. e. , areas 
which are neither dark  nor lig ht denote places where the data 
collection was either incomplete or obtained results are 
contradictory , which mig ht be the case when some surfaces or 
materials create reflections.  
 
 

 a 
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F i g .  4 .  3 D  m a p  b u i l d i ng  b a s e d  on d a t a  f r om  t h e  h e a d  m od u l e  f or  3 D  s c a nni ng :   
   a )  a  r e a l  v i e w  of  of f i c e  s p a c e  , b )  a  v i e w  of   a  3 D  m a p  
R y s .  4 .   B u d ow a  m a p y  t r ó jw y m i a r ow e j b a z u ją c a  na  d a ny c h  z  g ł ow i c y  3 D :   

a )  r z e c z y w i s t e  p om i e s z c z e ni e ,  b )  m a p a  t r ó jw y m i a r ow a  
 
ELEKTRON R1 robots with an installed 3 D  laser scanning  unit 

are used for creating  3 D  representations of the env ironment in 
which the robot mov es.  3 D  maps are built by  putting  tog ether all 
the measures tak en by  the rotating  laser scanner.  A  complete map 
is created on the basis of a number of reading s tak en while the 
robot is on the mov e.  A n ex ample of application of such a map is 

modeling  building s for architectural purposes.  F ig ure 4  presents 
an ex ample of a 3 D  map.  
 
6. C o n c l u s i o n s  
 
R esults obtained from the research and ex ploitation of four 

ELEKTRON R1 robots confirmed the rig htness of the adopted 
assumptions and v ersatility  of the dev ices described.  A  modular 
structure of the robot enabled us both an easy  testing  of  
a number of control sy stems as well as the use of the robots in 
big g er research proj ects.  I n the future it is planned to desig n and 
to build additional actuator modules such as manipulators which 
enhance the operational capacity  of a g roup of a heterog eneous 
robots.  A part from that, such modules will allow us to conduct 
research on mobile transport and manipulation structures and on 
teleoperation techniq ues performed by  mobile dev ices.  G ood 
mov ing  properties of the v ehicles will also allow us to perform 
nav ig ation task s outdoors.  T he ambition of the research team is 
to build a g roup of robots that would directly  cooperate with 
humans, helping  them in their ev ery  day  life and in emerg ency  
situations.  S uch task s would include transportation task s, 
cleaning , constructing  monitoring  or task s consisting  in 
searching  for sources of dang er, or searching  for casualties of 
disasters.  
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