
PAK 5/ 2 0 0 6     19 
 
Tomasz BURATOWSKI, Tadeusz UHL 
AKADEMIA GÓRNICZO-H U T NICZA,  W Y DZIAŁ  INŻ Y NIERII MECH ANICZNEJ  I ROB OT Y KI,  KAT EDRA ROB OT Y KI I DY NAMIKI MAS ZY N 
 

The project and construction  of  group of wheeled mobile robots 
 
Dr inż. Tomasz BURATOWSKI 
 
J e s t  p r a c o w ni k i e m  w  K a t e d r z e  R o b o t y k i  i  D y na m i k i  
M a s z y n A G H . J e g o  z a i nt e r e s o w a ni a  s k u p i a j ą  s i ę  na  
m e c h a t r o ni c e  o r a z  w y k o r z y s t a ni u  s z t u c z ne j  i nt e l i g e -
nc j i . J e s t  a u t o r e m  p r a c  na d  z a s t o s o w a ni e m  p o w y -
ż s z y c h  t e c h ni k  d o  z a d a ń  z w i ą z a ny c h  z  m o d e -
l o w a ni e m ,  i d e nt y f i k a c j ą  i  s t e r o w a ni e m  m o b i l ny m i  
r o b o t a m i . 
 
 
 
 
e-m a i l :  t b u r a t o w @ a g h . ed u . p l   

 
 

Abstract 
 
T h i s  w o r k  d i s c u s s e s  t h e  p o s s i b i l i t y  o f  w h e e l e d  m o b i l e  r o b o t s  d e s i g n  f o r  
c o o p e r a t i o n  i n  g r o u p  o f  r o b o t s .  T h e  p a p e r  p r e s e n t s  p r o b l e m s  c o n n e c t e d  
w i t h  t h e  m o d e l l i n g  o f  k i n e m a t i c s  a n d  d y n a m i c  m o t i o n  e q u a t i o n s  d e r i v e d  
o n  t h e  b a s i s  o f  M a g g i  e q u a t i o n s  f o r  a  2 -w h e e l e d  m o b i l e  r o b o t .  
 
P r oj ek t  i  k on st r uk c j a g r up y  mob i l n y c h  
r ob ot ó w  k oł ow y c h  
 

S tre sz cz e n i e  
 

W  a r t y k u l e  p r o b l e m y  z w i ą z a n e  z  p r o j e k t o w a n i e m  m o b i l n y c h  r o b o t ó w  
k o ł o w y c h  z d o l n y c h  d o  w s p ó ł p r a c y  w  g r u p i e .  Pr z e d s t a w i o n o  z a g a d n i e n i a  
z w i ą z a n e  z  m o d e l o w a n i e m  k i n e m a t y k i  i  d y n a m i k i  t e g o  t y p u  u k ł a d ó w  o r a z  
p r z e d s t a w i o n o  r o z w i ą z a n i e  k o n s t r u k c y j n e  g r u p y  m o b i l n y c h  r o b o t ó w  
k o ł o w y c h .  
 
1 .  In t r oduc t i on  
 
N ow  t h e  m a in  p r ob l e m  in  r ob ot ic s  is  t o c on t r ol  m or e  t h e n   

1  r ob ot  in  t h e  s om e  t im e . W e  c a n  d is t in g u is h  s w or m  of  r ob ot s  a n d   
a  g r ou p  of  r ob ot s . I f  w e  t a l k   a b ou t  a  s w or m  it  m e a n s  t h a t  w e  h a v e  
m or e  t h e n  1 0 0  r ob ot s  t o c on t r ol . T h e  g r ou p  of  r ob ot s  c on s is t s  of  
m a x im u m  1 0 0  r ob ot s . I n  t h is  p a p e r  w e  a r e  t r y in g  t o p r e s e n t  
w h e e l e d  m ob il e  r ob ot  p r oj e c t  c a p a b l e  of  c oop e r a t in g  in  a  g r ou p . 
W e  d e c id e d  t o b u il d  3  r ob ot s   c a p a b l e  t o c om m u n ic a t e .T h os e  
r ob ot s  c a n  b e  u s e d  in  in d oor  l oc a l iz a t ion  ( f ig . 1 ) . 
  
 

  
 
F i g . 1 .  T h e  g r o u p  o f  r o b o t s  u s e d  i n i nd o o r  l o c a l i z a t i o n 
 
I n  t h os e  m e c h a t r on ic  s y s t e m s  w e  h a v e  s e v e r a l  p r ob l e m s  t o s ol v e . 
F ir s t  p r ob l e m  is  c on n e c t e d  w it h  c om m u n ic a t ion  b e t w e e n  r ob ot s ,  
a l s o t o f in d  r ob ot s '  p os it ion  b y  t h e m s e l v e s  is  a n  e s s e n t ia l  p r ob l e m  
b u t  it ' s  n ot  e a s y  t o s ol v e .   I f  w e  t a k e  in t o c on s id e r a t ion  a  p os s ib l e  
s c e n a r io f or  a  g r ou p  of  r ob ot s  w e  h a v e  ( f ig . 2 ) :  
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J e s t  k i e r o w ni k i e m  K a t e d r y  R o b o t y k i  i  D y na m i k i  
M a s z y n,  A k a d e m i i  G ó r ni c z o -H u t ni c z e j  w  K r a k o w i e . 
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 ni e ni a m i  d y na m i -
k i  k o ns t r u k c j i ,  a  z w ł a s z c z a  i c h  a na l i z y  m o d a l ne j . J e g o  
z a i nt e r e s o w a ni a  o b e j m u j ą  t a k ż e  u k ł a d y  a k t y w ne j  
r e d u k c j i  d r g a ń ,  u k ł a d y  s t e r o w a ni a  i  s z e r o k o  p o j ę t ą  
m e c h a t r o ni k ę . J e s t  a u t o r e m  1 5  k s i ą ż e k  i  k i l k u s e t  
a r t y k u ł ó w  d o t y c z ą c y c h  w s p o m ni a ny c h  z a g a d ni e ń . 
 
 
 
e-m a i l :  t u h l @ a g h . ed u . p l   

 
 

Sc e ne rio I 
T h e  R o b o t s  s t a r t i ng  p o i nt  i s  k no w n 
T h e  o b s t a c l e  p o s i t i o n i s  k no w n 
T h e  t a r g e t  p o s i t i o n i s  k no w n  
 
Sc e ne rio II 
T h e  R o b o t s  s t a r t i ng  p o i nt  i s  k no w n 
T h e  o b s t a c l e  p o s i t i o n i s  u nk no w n 
T h e  t a r g e t  p o s i t i o n i s  k no w n 
     
Sc e ne rio III 
T h e  R o b o t s  s t a r t i ng  p o i nt  i s  u nk no w n 
T h e  o b s t a c l e  p o s i t i o n i s  u nk no w n 
T h e  t a r g e t  p o s i t i o n i s  k no w n 
  
Sc e ne rio IV  
T h e  R o b o t s  s t a r t i ng  p o i nt  i s  u nk no w n 
T h e  o b s t a c l e  p o s i t i o n i s  u nk no w n 
T h e  t a r g e t  p o s i t i o n i s  u nk no w n 

 
F i g . 2.  T h e  p o s s i b l e  s c e na r i o s  
 
I n  ou r  p r oj e c t  w e  a s s u m e d  t h a t  t h e  g r ou p  of  r ob ot s  m u s t  b e  a b l e  t o 
op e r a t e  in  a l l  t h os e  s c e n a r ios  f r om  f ig . 2 . 
 

2.  Th e model l i n g  of  t h e k i n emat i c s of  t h e 
2-w h eel ed mob i l e r ob ot  

 
T h e  a n a l y s is  of  t h e  k in e m a t ic s  h a s  b e e n  c a r r ie d  ou t  f or  t h e  m od e l  

of  a  r ob ot  w h ic h  h a s  b e e n  s h ow n  in  a  s c h e m a t ic  m od e  in  f ig . 3 .  
 

l =AC  =ABz1 z11

l =AS
l =AH

l =AD
l =AH

2

3

4

5

x S

x S

zS

x S

���
� �
���
�

1
2

B
C
�

1 2

B C

���

x 2

H�

1 2K L

y

z

0

0
x 00

β

φ

φ

αα

y
1

y�

F

1x 2x3
	

S

y3

��


C
�

��

x

x 


y x 4S
� , y 4

B
�

C

�
1

2
A

  
F i g . 3.  C o m p u t a t i o na l  m o d e l  o f  a  m o b i l e  r o b o t  
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The basic elements of the model are: wheel unit drive of wheels  
1  and 2 ,  self-adj usting  sup p orting  wheel 3  and the frame of unit 4 . 
W hen describing  motion p henomena for a comp lex  sy stem such 

as mobile 2 -wheeled robot,  it is beneficial to attach the 
coordinates sy stem to the p articular robot’ s elements. S y stem 
coordinates x4 y 4 z 4  have been attached to the element 4 . The 
sy stem coordinates x0 y 0 z 0  is motionless and based.     
The sy stems of coordinates x1 y 1 z 1,  x2 y 2 z 2 have been attached 

to the unit drives 1  and 2 . The nex t sy stem of coordinates can be 
transformed to the p revious coordinates sy stem by  means of three 
elementary  translations and three elementary  rotations,  which is 
connected with the transformation matrix  descrip tion. I n order to 
describe a mobile robot,  the k inematics eq uations for 
characteristic p oints have been ap p lied with the use of D enawit-
H artenberg  notation. A fter ap p rop riate comp utations the 
k inematics  eq uations for circular motion have been received in 
the following  form ( G ierg iel,  et al.,  2 0 0 2 ) : 
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The above sy stem of seven eq uations g ive p ossibility  to calculate 
basic k inematics p arameters under the condition that we k now the 
velocity  of the characteristic p oint A  and the radius R  of circular 
motion. E q uations ( 1 )  are oblig atory  for circular motion,  if we 
tak e into consideration an assump tion that β = 0 ,  φ = 0 ,  R = 0 ,  then 
we receive eq uations for straig ht motion ( G ierg iel,  et al.,  2 0 0 2 ) . 
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W hen desig ning  a comp lex  traj ectory ,  it is necessary  to analy z e 
motion p henomena in sep arate intervals,  p ractically  there are 
straig ht and circular section. 
 
2.1. T h e  t e s t  r i g  o f  k i n e m a t i c s  e q u a t i o n s  
 
D ue to the nonlinearity  of k inematics eq uations describing  

wheeled mobile robot it is necessary  to mak e comp uter 
simulations of k inematics for ex amp le in M ap le and M atlab 
environment. F or our simulation we assumed the following  
p arameters: 
                                                                                          

Tab. 1 .  Th e  bas ic  p ar am e t e r s  f o r  k in e m at ic s  c o m p u t at io n s                                            
 

 
vA [ m / s ]  

 

 
m1 [ k g ]  

 
m2 [ k g ]  

 
l1 [ m ]  

 
l2 [ m ]  

 
l3 [ m ]  

 
l4 [ m ]  

0.1 5 0 0.8 00 0.8 00 0.1 6 3  0.1 4 0 0.06 0 0.7 00 
 

l5 [ m ]  
 

 
m4 [ k g ]  

 
r1 [ m ]  

 
r2 [ m ]  

 
r3 [ m ]  

 
R [ m ]  

 
β 

0.2 7 0 5 .6 7 0 0.04 2  0.04 2  0.02 3  1 .5  0-1 7 ° 
 
F ollowing  the descrip tion above we assumed a traj ectory  for our 
robot and p rep ared time courses of velocity  v a and traj ectory  
sig nal p resented in fig . 4 . 

  
F ig . 4 .  Th e  t im e  c o u r s e s  o f  v e l o c it y  v a an d  t r aj e c t o r y  s ig n al  
 
I n M atlab-S imulink  environment k inematics simulation sy stem 
has been p rep ared and p resented in fig . 5 . 
 

  
F ig . 5 .  Th e  k in e m at ic  s im u l at io n  s y s t e m  m ad e  in  M at l ab-S im u l in k  e n v ir o n m e n t  
 
A fter test rig  with the use of k inematics simulator ( fig . 5 )  we 
received time courses of k inematics p arameters. I n the fig . 6  have 
been p resented time courses of radius way  for p articular wheels. 
 

  
F ig . 6 .  Th e  t im e  c o u r s e s  o f  r ad iu s  w ay  f o r  p ar t ic u l ar  w h e e l s  
 
I f we mak e op eration of radius way  derivative we receive time 
courses of ang ular velocity  for p articular wheeles,  p resented in fig .7. 
 

  
F ig . 7 .  Th e  t im e  c o u r s e s  o f  an g u l ar  v e l o c it y  f o r  p ar t ic u l ar  w h e e l s  
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Another imp orta nt k inema tic s  p a ra meter is  c onnec ted  w ith f ra me 
4  a nd  d es c rib ing  rota tion β of  this  f ra me. T he time c ou rs es  of  
a ng u l a r β a nd  its  d eriv a tiv e ha v e b een p res ented  in f ig . 8 . 
 

  
F i g .  8 .   T h e  t i m e  c o u r s e s  o f  a n g l e  β a n d  i t s  d e r i v a t i v e   f o r  p a r t i c u l a r  w h e e l s  
 
T hos e k inema tic s  p a ra meters  rec eiv ed  a f ter s imu l a tion of  inv ers e 
k inema tic s  w il l  b e u s ed  in d y na mic  s imu l a tions . 
 
3. M o d e l l i n g  o f  t h e  d y n a m i c s  o f  t h e  

2-w h e e l e d  m o b i l e  r o b o t  
 
As  a  res u l t of  s y mb ol ic  c omp u ta tions  of  d y na mic  motion 

eq u a tions  b a s ed  on M a g g i eq u a tions  f or the mod el  ta k en ha v e 
b een rec eiv ed .  I n  thes e  eq u a tions    the  inf l u enc e  of    the ma s s   
of    the s el f -a d j u s ting   s u p p orting   w heel   ha s   not  b een ta k en into 
c ons id era tion ( Ż y l s k i, et al., 20 0 2) . 
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w here: 
 

   

( 4 )

  
how ev er: 
m2 =  m1,  m4 – ma s s  of   p a rtic u l a r  u nit  el ement. 
I x 2 =  I x 1, I z 2 =  I z 1, I z 4 – moments  of  inertia  in rel a tion to  p a rtic u l a r a x is . 
M1, M2 – d riv e moments . 
N1, N2 – the p res s u re f orc es  of  p a rtic u l a r w heel . 
f1, f2 – rol l ing  f ric tion  f a c tors  of  w heel s  1  a nd  2. 
α1,  α2 – a n g l e s  o f  r o t a t i o n  w h e e l s  1  a n d  2 .  T a k ing   into c ons id era tion s ta te v a ria b l es  a s  f ol l ow s : 
 

4323221111 ,,, xxxxxx ====== &&&& αααα       ( 5 )  
 
the d y na mic  motion eq u a tions  ( 1 )  ha v e b een w ritten a s  ( Ż y l s k i, et 
al., 20 0 2) : 
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V ec tor u s ta nd s  f or the d riv ing  moments  M1 a nd  M2 w hic h c a n b e a v a il a b l e b y  mea s u rement or w hic h c a n b e g enera ted  on the 

b a s is  of  the d y na mic  motion eq u a tions . T his   p a p er c onta ins    
c omp u ta tions   b a s ed  on motor torq u es  w hic h ha v e b een rec eiv ed  
b y  mea ns  of  c omp u ter s imu l a tions . 
T he f orm of  the d y na mic  motion eq u a tions  f or 2-w heel ed  

mob il e rob ot a s  ( 6 )  a l l ow s  f or id entif ic a tion of  the ma thema tic a l  
mod el  of  the rob ot. D riv ing  moments  of  the w heel s  ha v e b een 
c a l c u l a ted  s ol v ing  the inv ers e d y na mic  p rob l em f or the a s s u med  
mod el  of  rob ot w hic h mov es  w ith the v el oc ity  va ( v el oc ity  of  p oint A in f ig . 4 ) . I n M a tl a b -S imu l ink  env ironment d y na mic s  s imu l a tion 
s y s tem ha s  b een p rep a red  a nd  p res ented  in f ig . 9  ( B u ra tow s k i, et 
al., 20 0 2) . 
 
 

  
F i g .  9 .   T h e  d y n a m i c s  s i m u l a t i o n  s y s t e m  m a d e  i n  M a t l a b -S i m u l i n k  e n v i r o n m e n t  
 
E x emp l a ry  time c ou rs es  of  d riv ing  moments  f or the mov ement 
mod el : s ta rting , d riv ing  s tra ig ht, d riv ing  on c irc u l a r c u rv e w ith 
tu rning  a x is  of  f ra me β a nd  ra d iu s  of  w heel s  r, b rea k ing  a nd  
c ons tru c tion d a ta  inc l u d ed  in ta b l es  1 , 2 ha v e b een p res ented  in 
f ig . 1 0 . 
 
 

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

s i m u l a t i o n  
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Tab. 2 .  Th e  bas i c  p ar am e t e r s  f o r  d y n am i c  c o m p u t at i o n s  
 

 
Iz1[ k g m 2] 

 

 
Ix 1 [ k g m 2] 

 
N1 [ N ] 

 
f1 [ m ] 

 
Iz2[ k g m 2] 

 
Ix 2 [ k g m 2] 

 
N2 [ N ] 

0 .0 0 0 5  0 .0 0 5 8  7 .8 5 0  0 .0 0 5  0 .0 0 0 5  0 .0 0 5 8  7 .8 5 0  
 

f2 [ m ] 
 

 
Iz4 [ k g m 2] 

 

- -  

 

- -  

 

- -  

 

- -  

 

- -  

0 .0 0 5  0 .0 4 0  - -  - -  - -  - -  - -  

 
T h e k i n em a t i c s  p a r a m et er s  g en er a t ed  o n  t h e b a s i s  o f  a  s i m u l a t i o n  
a n d  t h e d r i v i n g  m o m en t s  w er e u s ed  t o  c h o o s e a p p r o p r i a t e d r i v es . 
 
4. T h e  c o n s t r u c t i o n  o f  m o b i l e  r o b o t  
 
O n  t h e b a s i s  o f  k i n em a t i c s  a n d  d y n a m i c  s i m u l a t i o n s  w e d ec i d ed  

t o  b u i l d  a  g r o u p  o f  i d en t i c a l  3  2 -w h eel ed  m o b i l e r o b o t s ,  p r es en t ed  
i n  f i g . 1 1 .  
 
 

  
F i g . 1 1 .  Th e  c o n s t r u c t i o n  o f  m o bi l e  r o bo t  
 
O u r  r o b o t  ex c ep t  f o r  t h e p h i s i c a l  l a y er  i s  eq u i p p ed  w i t h  t h e s en s o r  
l a y er . T h i s  l a y er  c o n s i s t s  o f  i n f r a r ed  a n d  u l t r a s o n i c  s en s o r s  
c a p a b l e o f  c o l l ec t i n g  d a t a  a b o u t  t h e s u r r o u n d i n g  en v i r o n m en t  
i n c l u d i n g  o b s t a c l es  ( f i g . 1 2 ) . E a c h  r o b o t  w i l l  b e eq u i p p ed  w i t h   
a  P C  c o m p u t er  a n d  H i g h  S p eed  T r a n s c ei v er  M o d u l e  b a s ed  o f  
B l u et o o t h  t ec h n o l o g y  a n d  i t  i s  a  p a r t  o f  t r a n s m i s s i o n  l a y er  i n  o u r  
p r o j ec t . 
 
 
 
 
 
 
 
 
                                                        

  
 
 
 
 
F i g . 1 2 .  Th e  r o bo t s  bas i c  e q u i p m e n t  
 
T h e g r o u p  o f   r o b o t s ’  m o v em en t  p r es en t a t i o n  a n d  o b s t a c l e 
a v o i d a n c e h a v e b een  p r es en t ed  i n  f i g . 1 3 . 
 

  

  

  

  
F i g . 1 3 .  Th e  r o bo t s  i n  i n d o o r  e x p l o r at i o n  
 
5 . S u m m a r y  a n d  c o n c l u s i o n s  
 
E a c h  r o b o t  s u c c es s f u l l y  p a s s es  t h e t es t  c o n n ec t ed  w i t h  t h e 

m o v em en t  o n   t r a j ec t o r y  a p p l i ed  f o r  s i m u l a t i o n .  
A n o t h er  i m p o r t a n t  p r o b l em  f o r  g r o u p  o f  r o b o t s  i s  c o o p er a t i o n . 

I n  t h i s  p r o j ec t  w e h a v e b een  t r y i n g  t o  f i n d  a p p r o p r i a t e a l g o r i t h m s  
r el a t ed  w i t h  l o c a l i z a t i o n ,  c o m m u n i c a t i o n  a n d  d a t a  ex c h a n g e 
b et w een  ea c h  r o b o t . 
 
T h i s  w o r k  i s  s u p p o r t ed  b y  S t a t e C o m m i t t ee f o r  S c i en t i f i c   

Res ea r c h   u n d er   c o n t r a c t    4  T 1 2 C  0 4 6  2 9  
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