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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  R ob ot i c  E le m e nt s  p lu g i n f or t h e  PE x S i m  w h i c h  
p rovi d e s  m a ny  f u nc t i ons  t h a t  a re  re q u i re d  i n rob ot i c s , a nd  a d d re s s e s  a re a s  
s u c h  a s  k i ne m a t i c s , d y na m i c s , a nd  t ra j e c t ory  g e ne ra t i on. T h e  p lu g i n i s  
u s e f u l f or re s e a rc h , m od e lli ng  a nd  s i m u la t i on of  rob ot  m a ni p u la t ors . I t  c a n 
a ls o b e  a  p ow e rf u l t ool f or e d u c a t i on. A s h ort  p re s e nt a t i on of  b loc k s   
t h a t  a re  t h e  p a rt  of  t h e  p lu g i n, i s  i nc lu d e d . Als o a  s i m p le  e x a m p le  of  
a p p li c a t i on i s  p re s e nt e d . 
 
K e y w o r d s :  rob ot i c , m a ni p u la t or, m od e lli ng , s i m u la t i on. 
 
Zastosow an ie p ak ietu  P Ex Sim d o 
mod el ow an ia oraz symu l ac ji  
ru c h u  man ip u l atoró w  

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

 
W  ni ni e j s z y m  op ra c ow a ni u  p rz e d s t a w i ony  j e s t  p lu g i n R ob ot i c  E le m e nt s  
d la  p a k i e t u  PE x S i m , k t ó ry  d os t a rc z a  w i e le  f u nk c j i   ni e z b ę d ny c h   
w  d z i e d z i ni e  rob ot y k i  ora z  na u k  z  ni ą  z w i ą z a ny c h  t a k i c h  j a k  k i ne m a t y k a , 
d y na m i k a  ora z  p la now a ni e  t ra j e k t ori i . Prz y g ot ow a ny  z e s t a w  b lok ó w  
s t a now i  u ż y t e c z ne  na rz ę d z i e  d o b a d a ń , m od e low a ni a  ora z  s y m u low a ni a  
m a ni p u la t oró w . M oż e  z os t a ć  t a k ż e  w y k orz y s t a ny  d o c e ló w  e d u k a c y j ny c h  
z  d z i e d z i ny  rob ot y k i . W  re f e ra c i e  z a w a rt y  j e s t  op i s  p os z c z e g ó lny c h  
b lok ó w , k t ó re  w c h od z ą  w  s k ł a d  p lu g i n-u . Pona d t o p rz e d s t a w i ono p rz y k ł a d  
p ra k t y c z ne g o z a s t os ow a ni a . 
 
S ł o w a  k l u c z o w e :  rob ot y k a , m a ni p u la t or, m od e low a ni e , s y m u la c j a . 
 
1 .  In trod u c tion  
 
PExSim ( P r o c ess E x p lo r er  an d S im u lat o r )  [1 ]  is a p o w er f u l 

p ac k ag e t h at  c an  b e u sed f o r  em u lat io n  o f  c o m p lex  dy n am ic  
sy st em s, c o m p o sed o f  p r edef in ed dy n am ic  b lo c k s o r  c o r r esp o n din g  
m u lt iv ar iab le m o dels ( est im at ed w it h  t h eir  o w n  p r o c edu r es) , c an  
c o o p er at e in  r eal t im e w it h  in du st r ial en v ir o n m en t  an d w ill b e easy  
an d f lex ib le t o  ex t en d b y  t h e u ser  w r it in g  it s o w n  p lu g in  o b j ec t s.  
T h e p ac k ag e is w r it t en  in  C + +  an d c an  b e r u n  o n  W in do w s o r  U n ix  
( c alc u lat io n  r u n t im e o n ly )  p lat f o r m .    
T h e R o b o t ic  El e me n t s  p lu g in  p r o v ides m an y  o f  t h e essen t ial 

b lo c k s n ec essar y  f o r  m o dellin g  an d sim u lat io n  o f  r o b o t  
m an ip u lat o r s.  T w o  w ell k n o w n  r o b o t  m an ip u lat o r s dy n am ic  
m o dels ar e im p lem en t ed:   t w o  – lin k  p lan ar  m an ip u lat o r  m o del 
an d t h r ee – lin k  m an ip u lat o r  m o del.  T h e dec isio n  o f  m o delin g  
t h o se k in ds o f  m an ip u lat o r s w as j u st ifi ed b y  t h eir  w idesp r ead u se 
w it h in  in du st r y .  F o r  ex am p le, t w o -lin k  p lan ar  m an ip u lat o r  m o del 
is t h e sec o n d an d t h ir d ar m  in  P U M A  5 6 0  m an ip u lat o r .  T h ey  ar e 
t h e g lo b al p ar t  o f  t h e m an ip u lat o r  an d t h ey  c ar r y  o u t  t r an sp o r t at io n  
t ask s ( in  c o n t r ast  t o  t h e lo c al p ar t  w h ic h  is u su ally  r esp o n sib le f o r  
o r ien t at io n  o f  t h e t o o l) .  I n  t h is w ay , t h is st r u c t u r e m ay  c au se t h e 
g r eat est  er r o r s o f  t h e c o n t r o l p r o c ess.  T h e m et h o d b ased o n  t h e 
L a g r a n g e  f o r m u l a t i o n  [2 ]  is u sed f o r  der iv at io n  o f  eq u at io n s o f  
m o t io n  o f  m an ip u lat o r s in  j o in t  sp ac e an d C ar t esian  c o o r din at es.   
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T h e p lu g in  p r o v ides b lo c k s f o r  m an ip u lat in g  an d c o n v er t in g  

b et w een  dat at y p es su c h  as in v er se k in em at ic , f o r w ar d k in em at ic , 
g eo m et r ic  J ac o b ian , in v er se J ac o b ian  an d t r an sp o se J ac o b ian .  T h e 
t r aj ec t o r y  g en er at io n  b lo c k  is also  in c lu ded.   
U sin g  t h o se b lo c k s, w e c an  easily  sim u lat e c o m m o n  r o b o t ic  

m o t io n  c o n t r o l st r at eg ies su c h  as:  
• P D  c o n t r o l 
• P D  c o n t r o l w it h  g r av it y  c o m p en sat io n  
• I n v er se dy n am ic  c o n t r o l  
in  j o in t  sp ac e an d C ar t esian  c o o r din at es.   
T h is p ap er  is div ided in t o  f o u r  m ain  sec t io n s.  I n  S e c t i o n  2  

b lo c k s t h at  ar e in c lu ded in  t h e p lu g in  ar e p r esen t ed w it h  so m e 
elem en t ar y  r o b o t ic  t h eo r y .  I n  S e c t i o n  3 , t h er e is an  ex am p le o f  t h e 
R o b o t ic  El e me n t s  p lu g in  ap p lic at io n  t o  t h e m o t io n  c o n t r o l o f  
m an ip u lat o r s.  I n  S ec t io n  4 , t h er e is a sh o r t  su m m ar y .  
 

2 .  Desc rip tion  of R ob otic  El emen ts b l oc k s 
 
B lo c k s t h at  ar e p ar t  o f  t h e R o b o t ic  El e me n t s  p lu g in  c an  b e 

div ided in t o  t h r ee m ain  g r o u p s ac c o r din g  t o  t h eir  f u n c t io n s:  
• K in em at ic s b lo c k s 
• T r aj ec t o r y  p lan n in g  b lo c k s 
• D y n am ic  b lo c k s 
 
 

  
F i g . 1 .  L i s t  o f  t h e  R o b o t i c  E l em en t s  b l o c k s  i n  t h e  P E x S i m   
R y s . 1 .  L i s t a  b l o k ó w  R o b o t i c  E l em en t s  w  p a k i e c i e  P E x S i m  
 
T h e f ir st  g r o u p  o f  b lo c k s is u sed f o r  c o m p u t in g  t h e k in em at ic s 

an d dif f er en t ial k in em at ic s o f  r o b o t  m an ip u lat o r s.   
I n  o r der  t o  m an ip u lat e an  o b j ec t  in  sp ac e, it  is n ec essar y  t o  

desc r ib e t h e p o sit io n  an d o r ien t at io n  o f  t h e en d-ef f ec t o r .  T h e 
dir ec t  k in em at ic s [3 ]  is t h e p r o b lem  o f  so lv in g  t h e C ar t esian  
p o sit io n  an d o r ien t at io n  o f  t h e en d-ef f ec t o r  g iv en  t h e k n o w ledg e 
o f  t h e k in em at ic  st r u c t u r e o f  t h e r o b o t  m an ip u lat o r  an d t h e j o in t  
c o o r din at es.  F o r  n -lin k  r o b o t  m an ip u lat o r , dir ec t  k in em at ic s 
f u n c t io n  c an  b e ex p r essed as h o m o g en o u s t r an sf o r m at io n :  
 
 ( ) ( ) ( ) ( )

( )qK
AAAqT n
n
n
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1
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0
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= K   ( 1 )  

 
w h er e:  

( )ii
i q1−A    ( f o r  i =  1 ,… ,n ) , 
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homogenous transformation matrix rel ating the descrip tion of  
a p oint in F rame i to the descrip tion of a p oint in F rame i-1 
(describes the rel ationship s betw een the C artesian coordinate 
frames in terms of the C artesian transl ation and orientation) .  
T he D e n a v it  – H a r t e n b e r g  convention is used for the 

construction of the direct k inematics function by  comp osition of 
the individual  coordinate transformations ( )ii

i q1−A  into one 
homogenous transformation matrix as in (1 ) .  
A  K in e m a t ic  b l o c k  (F ig.  2 )  is imp l emented to comp ute the 

direct k inematics of tw o-l ink  – p l anar manip ul ator and three – l ink  
manip ul ator.  I n the K in e m a t ic  b l o c k ,  w e have to define tw o main 
p arameters:  ty p e of manip ul ator and l ink  l engths.  
 
 

 
 
Fig. 2.  D ir e c t  k in e m a t ic s  b l o c k   
R y s . 2.  B l o k  k in e m a t y k i p r o s t e j   
 
T he inverse k inematics [ 3 ]  is the p robl em of sol ving j oint 

variabl es corresp onding to a given end – effector p osition and 
orientation.  I t is much more comp l ex than the direct k inematics.  
F irst of al l ,  eq uations to sol ve are in general  nonl inear.  A l so 
mul tip l e sol utions or no sol ution (i. e.  if the sp ecified transform 
describes a p oint out of reach of the manip ul ator)  may  exist.  F or 
any  n-l ink  robot manip ul ator,  inverse k inematics can be derived 
sy mbol ical l y  [ 4 ] .  H ow ever,  in some cases it can be difficul t to 
obtain  a cl osed – form sol ution.  T hen numerical  sol ution [ 5 ]  
techniq ues shoul d be ap p l ied.  I n the Robotic Elements p l ugin,  
a l g e b r a ic  s o l u t io n  techniq ue is used to derive the inverse 
k inematics of tw o-l ink  – p l anar manip ul ator and three – l ink  
manip ul ator.  T he main reason of choosing this techniq ue w as the 
fact that sol utions for those manip ul ators are w el l  described in 
l iterature [ 4 ,  5 ,  6 ] .  I n the p l ugin,  the inverse k inematics function is 
used for defining the initial  conditions in the motion eq uations.  
T he other crucial  issue in model l ing and simul ation of the robot 

manip ul ators is differential  k inematics [ 3 ] .  I t gives the rel ationship  
betw een vel ocities in j oint sp ace and corresp onding end – effector 
l inear and angul ar vel ocity .  I t is real iz ed by  the manip ul ator 
geometric J acobian matrix GJ .  I t is p ossibl e to comp ute the 
J acobian matrix via differentiation of the direct k inematics 
function.  T hen it is cal l ed the anal y tical  J acobian ( AJ )  and w e use 
it w hen it is necessary  to refer to differential  q uantities of 
variabl es defined in the C artesian coordinates.  F or n-l ink  
manip ul ator,  the end – effector vel ocity  in C artesian sp ace can be 
exp ressed as:  
 ( ) ••

= qqJx A   (2 )  
 
w here:  

•

x  - vector of end - effector vel ocities in the C artesian 
coordinates (n  x  1) ,  

•

q  - vector of j oint vel ocities (n  x  1) ,  q  - vector 
of  general iz ed j oint coordinates describing the p ose of the 
manip ul ator (n  x  1) .  
T he anal y tical  J acobian is al so very  useful  for designing control  

schemes in the C artesian sp ace.  M any  control  schemes req uire the 
inverse,  transp ose and derivative of the J acobian.  F or examp l e,  w e 
use those transformations in the inverse k inematics al gorithm [ 3 ] .  
I n the Robotic Elements p l ugin,  those transformations are 

imp l emented in a bl ock  cal l ed the J acobian transformation (F ig.  3 ,  
4 ,  5 ,  6 ) .  F rom the bl ock  op tions w e can choose the ty p e of  the 
transformation and the ty p e of the manip ul ator (tw o – l ink  p l anar 
manip ul ator or three – l ink  manip ul ator) .  
 
 

  
Fig. 3 .  A n a l y t ic a l  J a c o b ia n  b l o c k   
R y s . 3 .  B l o k  J a k o b ia n u  a n a l it y c z n e go  
 
 

  
Fig. 4 .  I n v e r s e  J a c o b ia n  b l o c k   
R y s . 4 .  B l o k  J a k o b ia n u  o d w r o t n e go  

 
 

  
Fig. 5 .  T r a n s p o s e  J a c o b ia n  b l o c k   
R y s . 5 .  B l o k  J a k o b ia n u  t r a n s p o n o w a n e go  
 
 

  
Fig. 6 .  T r a n s p o s e  J a c o b ia n  b l o c k   
R y s . 6 .  B l o k  J a k o b ia n u  t r a n s p o n o w a n e go  
 
A  second group  of bl ock s is used for comp uting the dy namic 

model s of the robot manip ul ators.   
A n exact dy namic model  of the robot manip ul ator is req uired 

for the model -based control  and simul ation of the robot 
manip ul ator motion.  T o describe the manip ul ator motion,  it is 
necessary  to k now  the k inematic structure (l ink  l engths,  ty p e of 
j oints - rotational  or transl ational )  and l ink  inertial  p arameters of 
every  l ink  (mass,  p osition of center of mass,  moment of inertia) .  
T here are tw o main methods for comp uting the eq uations of 
motion.  T he first method is based on the L a g r a n g e  f o r m u l a t io n .  I n 
this method eq uations of motion are derived starting from the total  
L agrangian of the sy stem.  I t req uires the comp uting the total  
k inetic and p otential  energy  of the  mechanical  sy stem.  T he 
second method is based on the N e w t o n  – E u l e r  f o r m u l a t io n  [ 7 ] .  
T his formul ation is based on the bal ance of al l  forces acting on the 
generic l ink  of the robot manip ul ator.  I t is an inherentl y  recursive 
method that is comp utational l y  efficient.  F or n – l ink  robot 
manip ul ator,  the eq uations of motions can be exp ressed as:  
 
 ( ) ( ) TqTqGqqqCqqD f =+++

•••••

)(),(   (3 )  
 

w here:  q  - vector of  general iz ed j oint coordinates describing the 
p ose of the manip ul ator ( n  x  1) ,  

•

q  - vector of j oint vel ocities  
( n  x  1) ,  

••

q  - vector of j oint accel erations ( n  x  1) ,  T  - vector of 
j oint torq ues w hich are needed to generate the motion ( n  x  1) ,  ( )qD  - inertia matrix (inertia tensor)  of the manip ul ator in j oint 
sp ace ( n  x  n ) ,  ),(

•

qqC  - matrix that describes the C oriol is and 
centrifugal  effects ( n  x  n ) ,  ( )qG  - vector that describes the gravity  
forces ( n  x  1) ,  )(

•

qTf - vector that describes the viscous and 
C oul omb friction ( n  x  1) .  
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In the Robotic Elements p l ug in, eq uatio ns  o f  mo tio n ar e 
der iv ed us ing  the Lagrange formulation f o r  tw o  – l ink  p l anar  
manip ul ato r  and thr ee – l ink  manip ul ato r .  
In the M anip ulator b lock  ( F ig . 7 ) , w e hav e to  def ine the ty p e o f  

manip ul ato r , k inematic s  and iner tial  p ar ameter s  o f  the 
manip ul ato r . T he s p ec ial  us er  inter f ac e is  made to  enter  the 
r eq uir ed p ar ameter s  ( F ig . 8 ) . 
 
 

  
F i g .  7 .   M a n i p u l a t o r  b l o c k   
R y s .  7 .   B l o k  M a n i p u l a t o r  
 
 

  
F i g .  8 .   U s e r  i n t e r f a c e  o f  t h e  M a n i p u l a t o r  b l o c k   
R y s .  8 .   I n t e r f e j s  u ż y t k o w n i k a  d l a  b l o k u  M a n i p u l a t o r a  
 
F o r  s p ec if ied ty p e o f  manip ul ato r  f o r  ev er y  l ink , w e c an def ine:  

l eng th, mas s , c o o r dinates  o f  mas s  c enter , mo ment o f  iner tia. A l s o  
w e c an deter mine the f r ic tio n mo del :  
• C o ul o mb  f r ic tio n, 
• C o ul o mb  f r ic tio n p l us  v is c o us  f r ic tio n. 
T her e is  al s o  a p o s s ib il ity  to  def ine initial  c o nditio ns  f o r  the 

eq uatio ns  o f  mo tio n. It is  v er y  us ef ul  if  o ne w ants  to  av o id the 
k inematic s  s ing ul ar ities  o f  the manip ul ato r  at the s tar t o f  the 
s imul atio n. 
T o  al l o w  us  the s imul atio ns  o f  c o ntr o l  diag r ams  w hic h ar e 

b as ed o n the mo del  o f  the r o b o t manip ul ato r , tw o  us ef ul  dy namic  
b l o c k s  ar e imp l emented in the p l ug in:  I nertia matrix  b lock  ( F ig . 9 )  
and h ( q ,q q )  matrix  b lock  ( F ig . 1 0 ) .  
 
 

  
F i g .  9 .   I n e r t i a  m a t r i x  b l o c k   
R y s .  9 .   B l o k  m a c i e r z y  I n e r c j i  
 
 

  
F i g .  1 0 .   h ( q , q q )  m a t r i x  b l o c k  
R y s .  1 0 .   B l o k  m a c i e r z y  h ( q , q q )  
 
T ho s e b l o c k s  c an b e us ed, f o r  ex amp l e, to  imp l ement comp uted  

torq ue c o ntr o l  al g o r ithm. A  s ho r t des c r ip tio n o f  this   c o ntr o l  
metho d is  p r es ented in S ec tio n 3 . 
T he o ther  v er y  imp o r tant thing  in the r o b o t manip ul ato r  

s imul atio n is  the tr aj ec to r y  p l anning . G ener al l y  the main tas k  f o r  
the r o b o t manip ul ato r  is  to  mo v e f r o m o ne p o int to  ano ther  w ith 
the b es t p o s s ib l e ac c ur ac y . T he g o al  o f  the tr aj ec to r y  p l anning  is  to  
c o mp ute des ir e inp uts  to  the mo tio n c o ntr o l  s y s tem w hic h ens ur e 
that the r o b o t manip ul ato r  w il l  f o l l o w  a s p ec if ied tr aj ec to r y . T he 
tr aj ec to r y  c an b e def ined in j o int s p ac es  o r  in C ar tes ian 
c o o r dinates . P l anning  tr aj ec to r y  in C ar tes ian s p ac e is  muc h mo r e 
c o mp l ex  than in the j o int s p ac e, es p ec ial l y  w hen ther e ar e 
c o ns tr aints  o n the end – ef f ec to r  v el o c ity , j o int ac c el er atio n, and 
the tr aj ec to r y  er r o r . T r aj ec to r ies  p l anned w itho ut p r o p er  
c o ns ider atio n o f  thes e c o ns tr aints  o f ten r es ul t in p o o r  p er f o r manc e 
( o v er s ho o ts , undue v el o c ity  f l uc tuatio ns )  [ 8 ] .  
In o ur  ap p r o ac h, the tr aj ec to r y  p l anning  is  do ne b y  g ener ating  

the anal y tic al  mo tio n p r imitiv e and the r el ativ e tr aj ec to r y  in  
a p unc tual  w ay  [ 3 ] . A  s p ec ial  b l o c k  c al l ed the T raj ectory  
generation is  imp l emented to  c o mp ute the tr aj ec to r y  in the 
C ar tes ian s p ac e.  
 

  
F i g .  1 1 .   T r a j e c t o r y  g e n e r a t i o n  b l o c k   
R y s .  1 1 .   B l o k  d o  g e n e r o w a n i a  t r a j e k t o r i i  
 
U s ing  this  b l o c k , w e c an g ener ate tr aj ec to r y  in tw o  o r  thr ee 

dimens io ns  w ith the tr ap ez o idal  v el o c ity  p r o f il e. W e hav e to  def ine 
the initial  and f inal  p o int, time o f  mo tio n and max imal  v el o c ity . T he 
s p ec ial  us er  inter f ac e is  made to  enter  the r eq uir ed p ar ameter s  and 
v er if y  c o r r ec tnes s  o f  c o mp uted tr aj ec to r y  ( F ig . 1 2 ) .  
 
 

  
F i g .  1 2 .   U s e r  i n t e r f a c e  o f  t h e  T r a j e c t o r y  g e n e r a t i o n  b l o c k   
R y s .  1 2 .   I n t e r f e j s  u ż y t k o w n i k a  d l a  b l o k u  G e n e r a t o r  T r a j e k t o r i i  
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3. A p p l i c a t i o n  o f  t h e  R o b o t i c  E l e m e n t s  p l u g i n  
 
I n t his  s ect ion, a s imple ex ample of  us ag e is  pres ent ed t o s how  

main adv ant ag es  of  us ing  t he Robotic Elements plug in in 
modelling  and s imulat ion of  t he rob ot  manipulat ors . A s  an 
ex ample, t he Computed torque mot ion cont rol of  t hree – link  rob ot  
manipulat or is  pres ent ed. 
T he C omput ed t orq ue is  w ell k now n mot ion cont rol s t rat eg y  

[ 9 , 1 0 ] . I t  is  b as ed on t he inv ers e of  t he dynamic model of  t he 
rob ot  manipulat or. T he approach is  f ounded on t he idea t o f ind  
a f eedb ack  s ig nal t hat  cancels  t he ef f ect s  of  g rav it y, f rict ion, t he 
manipulat or inert ia t ens or, C oriolis  and cent rif ug al f orces . T his  
s ig nal can b e ex pres s ed as :  
 
 )()(

•

+= qq,hyqDu   (4 ) 
 

w here:  
 ( ) )(),()(

••••

++= qTqGqqqCqq,h f   (5 ) 
 

T he v ect or y repres ent s  a cont rol s ig nal and can b e ex pres s ed as :  
 
 )),()((1

••••••
− −++= qqqJEKEKxqJy pvd AA   (6 ) 

 
w here:  dx

••

 - v ect or of  des ired end - ef f ect or accelerat ions  in 
C art es ian coordinat es  ( n  x  1 ), 

•

E  - v ect or of  errors  b et w een 
des ired and meas ured v elocit ies  in C art es ian coordinat es  ( n  x  1 ), 
E  - v ect or of  errors  b et w een des ired and meas ured pos it ions  in 
C art es ian coordinat es  ( n  x  1 ), vp KK ,  - diag onal g ain mat rices  
f or pos it ion and v elocit y loops  ( n  x  n ). 
T he b lock  diag ram implement ed in t he P Ex S im is  illus t rat ed in 

F ig . 1 3 . 
 
 

  
F i g .  1 3 .   B l o c k  d i ag r am  i m p l e m e n t e d  i n  t h e  i n v e r s e  d yn am i c  c o n t r o l  i n  t h e   

C ar t e s i an  s p ac e   
R ys .  1 3 .   S c h e m at  b l o k o w y u k ł ad u  s t e r o w an i a p r z y p o m o c y m o d e l u  o d w r o t n e g o   

w  p r z e s t r z e n i  K ar t e z j ań s k i e j   
 
T he paramet ers  of  t he s imulat ed rob ot  manipulat or are 

pres ent ed in T ab . 1 .  
 

T ab .  1 .   M an i p u l at o r  p ar am e t e r s  
T ab .  1 .   P ar am e t r y m an i p u l at o r a 
 

Manipulator parameters V alue[ unit]  
L e n g t h s  o f  l i n k s  1 [ m] 
M as s e s  o f  l i n k s  5 [ k g ] 
M o m e n t s  o f  i n e r t i a (r e l at i v e  t o   t h e  c e n t r e s  o f  m as s ) 1 [ k g m2] 
 
 
T he des ired end – ef f ect or t raj ect ory has  a t ypical t rapez oidal 

prof ile and pat h is  a mot ion f rom t he init ial point  ]1;8.0;0[=ix  t o t he 

f inal point ]2.1;4.0;5.0[=fx . T he s imulat ion t ime is  of  2 .5 [ s]  and t he 
max imum v elocit y of  0 .3 [ m/ s] . T he diag onal g ain mat rices  are def ined 
as  f ollow s :  ]16;16;16[diag=vK  and ]100;100;100[diag=pK . 
I n order t o demons t rat e adv ant ag es  and dis adv ant ag es  of  t he 

Computed torque cont rol s t rat eg y, t hree ex periment s  w ere carried out :  
 

I  E x periment  i n v e r s e  d yn am i c  m o d e l  i s  i m p l e m e n t e d  w i t h  e xac t  
k n o w l e d g e  o f  r o b o t  m an i p u l at o r  p ar am e t e r s  

I I  E x periment 
I I I  E x periment 

i n v e r s e  d yn am i c  m o d e l  i s  i m p l e m e n t e d  w i t h  
u n c e r t ai n t i e s  i n  t h e  r o b o t  m an i p u l at o r  p ar am e t e r s .  T h e  
ar m  i s  s u p p o s e d  t o  c ar r y a l o ad :  

][2 kg∆mL =  ( I I  e x p e r i me n t ) 
][5 kg∆mL =  ( I I I  e x p e r i me n t ) 

 
 
A s  a res ult  of  t hos e ex periment s  w e ob t ained t raj ect ories  of  

mot ion in C art es ian coordinat es . 
 
 

  
F i g .  1 4 .   T r aj e c t o r i e s  o f  m o t i o n  d u r i n g  t h e  s i m u l at i o n  (a) I  E xp e r i m e n t ,   

(b ) I I  E xp e r i m e n t ,  (c ) I I I  E xp e r i m e n t  
R ys .  1 4 .   P r z e b i e g i  t r aj e k t o r i i  r u c h u  d l a p r z e p r o w ad z o n yc h  s ym u l ac j i :   

(a) I  E k s p e r ym e n t ,  (b ) I I  E k s p e r ym e n t ,  (c ) I I I  E k s p e r ym e n t  
 
A s  w e can s ee (F ig . 1 4 ), t he implement at ion of  t he inv ers e 

dynamic cont rol s t rat eg y indeed req uires  t hat  t hat  paramet ers  of  
t he rob ot  manipulat or dynamics  model are accurat ely k now n. 
T hen it  is  pos s ib le f or t he cont roller t o f ollow  t he des ired 
t raj ect ory. I f  w e hav e an imperf ect  k now ledg e of  t he rob ot  
manipulat or paramet ers , it  is  impos s ib le t o f ully compens at e t he 
dynamics  of  t he s ys t em. A s  a res ult  w e hav e poor perf ormance of  
t he cont roller. U ncompens at ed mas s  added t o t he end – ef f ect or 
caus es  t he t raj ect ory t rack ing  errors .  
I n pract ice, rob ot  manipulat ors  f ace many uncert aint ies  in t heir 

dynamic models , in part icular t he paramet ers  des crib ing  t he 
unk now n g ras ped payloads , as  w ell as  t he unk now n f rict ional 
coef f icient s . T o compens at e f or t hes e uncert aint ies , many 
res earchers  hav e propos ed v arious  adapt iv e cont rol and rob us t  
cont rol s t rat eg ies  [ 1 1 , 1 2 , 1 3 ] . 
 
4. S u m m a r y  
 
T his  paper has  demons t rat ed t he main f eat ures  of  t he Robotic 

Elements plug in f or t he P Ex S im pack ag e. F rom t he s hort  
des cript ion of  b lock s  t hat  are t he part  of  t he plug in, w e can s ee 
t hat  it  prov ides  many es s ent ial t ools  neces s ary f or modelling  and 
s imulat ion of  rob ot  manipulat ors . T he plug in is  f lex ib le enoug h 
f or t he us er t o t ry t heir ow n alg orit hms .  
A ls o s uch a modular t oolb ox  s hould clos e t he g ap b et w een 

res earch in rob ot ics  and current  t eaching . I t  can b e applied in 
t eaching , demons t rat ing , ex ercis es  and lab  clas s es  at  univ ers it ies . 
T his  w ill improv e and increas e t he at t ract iv enes s  of  t eaching  
proces s . 
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In the near future, new  res earc h w il l  b e d o ne to  ex tend  the 
p l ug in c ap ab il ities .  W e p l an to  im p l em ent s o m e new  c o m m o n 
ro b o tic  c o ntro l  s trateg ies , s uc h as :  fo rc e c o ntro l , hy b rid  p o s itio n – 
fo rc e c o ntro l  and  s l id ing  m o d e c o ntro l .   
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I N F O R M A C J E  

 
X I  M i ę d z y n a r o d o w e  T a r g i  A n a l i t y k i   

i  T e c h n i k  P o m i a r o w y c h   
E u r o L a b  2 0 0 9  

 
 
 
W  d niac h 4 - 6  m a r c a   w  w ars z aw s k im  C entrum  M T  P o l s k a, 

o d b ę d z ie s ię  j ed enas ta ed y c j a M i ę d z y n a r o d o w y c h  T a r g ó w  
A n a l i t y k i  i  T e c h n i k  P o m i a r o w y c h  E u r o L a b  2 0 0 9 .  
O rg aniz ato rz y  z ac hę c aj ą  d o  o d w ied z in i p o z nania ak tual ny c h 
p ro p o z y c j i w io d ą c y c h firm  i ins ty tuc j i z w ią z any c h, m . in.   
z  p rz em y s ł em  s p o ż y w c z y m  o raz  s ek to rem  z aj m uj ą c y m  s ię  
b ez p iec z eń s tw em  i hig ieną  ż y w no ś c i.   
Z naj d z iem y  tu p eł ną  o fertę  d l a l ab o rato rió w , z aró w no  

urz ą d z enia, j ak  i niez b ę d ne w y p o s aż enie i ak c es o ria.  
O d w ied z aj ą c y  targ i m o g ą  na w ł as ne o c z y  p rz ek o nać  s ię  j ak  
d z iał aj ą  w y s taw iane s p rz ę ty , p o z nać  naj no w s z e m eto d y  b ad aw c z e, 
tec hno l o g ie i o s ią g nię c ia nauk o w e l ub  naw ią z y w ać  b ez p o ś red nie 
k o ntak ty  b iz nes o w e, c z y  też  w z ią ć  ud z iał  w  l ic z ny c h 
m ery to ry c z ny c h s p o tk aniac h p ro w ad z o ny c h p rz ez  uz nany c h 
s p ec j al is tó w  o raz  w y k ł ad o w c ó w  uc z el ni w y ż s z y c h.  Z a ic h s p raw ą  
p o s z erz y m y  s w o j ą  w ied z ę  i p o d nies iem y  z aw o d o w e k w al ifik ac j e.   
N a teg o ro c z ny  p ro g ram  s k ł ad aj ą  s ię , m . in. :  c e r t y f i k o w a n e  

w a r s z t a t y  n a  t e m a t  m e t r o l o g i i  c h e m i c z n e j  „ T r a i n M i C ”  - 
T r a i n n i g  I n  M e t r o l o g y  i n  C h e m i s t r y  ( s z k o l enie j es t o d p ł atne, 
s z c z eg ó ł y  na s tro nie:  w w w . targ ieuro l ab . p l ) , s em inaria „ J ak o ś ć  
w y nik ó w  anal ity c z ny c h o c z am i p rak ty k ó w ” , „ B ad ania em is j i z e 
ź ró d eł  s tac j o narny c h.  A k red y to w ane em is y j ne l ab o rato ria 
b ad aw c z e – w y m ag ania i k ry teria ak red y tac j i” , „ W s p ó ł c z es na 
M etro l o g ia” , „ B io tec hno l o g ia – s z ans e i w y z w ania” , „ J ak o ś ć   
w  o c hro nie z d ro w ia”  o raz  c y k l  w y k ł ad ó w  na tem at s tand ard ó w  

j ak o ś c i w  p ro fil o w any m  l ab o rato rium  d iag no s ty c z ny m  i referat nt.  
„ M ię d z y naro d o w ej  w s p ó ł p rac y  l ab o rato rió w  k ry m inal is ty c z ny c h” .  
O rg aniz ato rz y  p o l ec aj ą  p o nad to  „ J o b v e c t o r  C a r e e r  D a y ” ,  

w  ty m  g ieł d ę  p rac y  o rg aniz o w aną  p o  raz  p ierw s z y ( ! )  w  P o l s c e 
p rz ez  p o rtal  b io k ariery  – w w w . j o b v e c t o r . p l .  J eg o  id eą  j es t 
s tw o rz enie k o m p l ek s o w ej  o ferty  d l a o s ó b  p o s z uk uj ą c y c h p rac y  na 
ry nk u „ L ife S c ienc e” , o b ej m uj ą c eg o  d z ied z iny  b io tec hno l o g ii, 
farm ac j i, c hem ii, fiz y k i i b ad ania m ed y c z ne.  W arto  d o d ać , ż e 
J o b v ec to r z  p o w o d z eniem  w s p ierał  d o tą d  k arierę  nauk o w ą   
w  w iel u inny c h k raj ac h.  
T arg i E uro l ab  p o  raz  p ierw s z y  o d b ę d ą  s ię  no w y m  o b iek c ie – 

C entrum  T arg o w o -K o ng res o w y m  M T  P o l s k a ( W a r s z a w a ,  u l .  
M a r s a  5 6  c ) , k tó re m ieś c i s ię  na w ars z aw s k im  p raw o b rz eż u,  
w  o k o l ic ac h z w ień c z enia T ras y  S iek ierk o w s k iej , p o m ię d z y  
ul ic am i:  M ars a, O k ul aro w ą , B l us z c z o w ą , a R ek ruc k ą .  
K o m unik ac j ą  m iej s k ą  d o trz em y  tu z e ś ró d m ieś c ia, k o rz y s taj ą c   
z  l inii auto b us o w y c h:  1 1 5 , 1 7 3 , 1 8 3 , 40 8 , 5 1 4, 5 1 5  i 5 2 0 .  
N ato m ias t p o d ró ż uj ą c y  W ars z aw s k ą  K o l ej ą  M az o w iec k ą , p o w inni 
w y s ią ś ć  na s tac j i  W ars z aw a G o c ł aw ek , z naj d uj ą c ej  s ię   w  p o b l iż u 
C entrum  M T  P o l s k a.  
W aż ną  info rm ac j ą , j es t z  p ew no ś c ią  fak t, ż e z aró w no  

p ro fes j o nal iś c i, j ak  i inni l ud z ie z w ią z ani z  b ranż ą  l ab o rato ry j ną  
m o g ą  uc z es tnic z y ć  w  targ ac h b ez p ł atnie.  B y  j ed nak  up ro ś c ić  
niez b ę d ne fo rm al no ś c i, o rg aniz ato rz y  z ac hę c aj ą  d o  rej es trac j i  
o n-l ine.  W ię c ej  info rm ac j i p o d  ad res em :  w w w . t a r g i e u r o l a b . p l  

 
 


